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RESUMEN (en espaiiol)

Los paragangliomas abdominales y feocromocitomas (PGLs/PCCs) y los pargangliomas de
cabeza y cuello (HNPGLs) son tumores que surgen, respectivamente, de los paraganglios (PG)
simpaticos y parasimpéticos. Son tumores raros, generalmente benignos con una incidencia de
1:1.000.000 de habitantes por afio. La mayoria son esporadicos, pero se estima que 1/3 son
hereditarios debido a mutaciones germinales én genes de predisposicién. Hemos analizados la
frecuencia de mutaciones en ¢l gen de predisposicion MAX en 1694 pacientes con PGL/PCC y
HNPGLs. Se encontraron 16 mutaciones patogénicas en 23 pacientes con PCC, pero no en los
pacientes con HNPGLs. El mecanismo patogénico implicado en el desarrollo de los HNPGLs
esporadicos no es conocido. Para profundizar en las bases moleculares involucradas en el
desarrollo de los HNPGLs se intentaron definir los perfiles de expresion de genes, miRNAs y
HIF-1a que distinguen los HNPGLs de los PG normales. Los resultados mostraron que los
HNPGLs comparten un perfil de expresidn génica comun que difiere del de los PG normales y
es independiente de |a presencia de mutacidn en genes SDH o de las caracteristicas clinicas
de los pacientes. No se encontré enriquecimiento en los genes implicados en la respuesta
hipoxica en contra de estudios publicados sobre PGL/PCCs. Se encontrd que los HNPGLs
tienen alteradas la expresion de genes implicados en locomocion, respuesta inmune e
inflamatoria y morfogénesis. Encontramos activacion de los genes relacionados con HIF-1a
solo en 3 de 17 HNPGLs esporadicos. La firma pseudohipoxica (pHx) consistia en la
sobrexpresion de HIF-1a, su miRNA diana, miR-210, y represion de ISCU1/2 (IFe-S Cluster
Scaffold Protein1/2), diana de miR-210. Tras la validacion de los resultados en una serie
independiente de 12 HNPGL encontramos otra muestra que presentaba activacion de la via de
pHx y que ademas tenia una disminucidn de los niveles de la proteina SDHB, que contiene 3
centros Fe-S en esta muestra, Este estudio desveld la existencia de una nueva via de
sefializacion (HIF-1a/miRNA-210/ISCU) que podria afectar la estabilidad de la proteina SDHB
por un mecanismo independiente de mutaciones en SDH. Encontramos mutaciones somaticas
en el gen VHL en 2 de los 4 pHx-HNPGLs y se identificd pérdida de heterocigosidad (LOH) de
VHL en uno de ellos. No se encontraron mutaciones en VHL en una serie de 29 HNPGLs
esporadicos que carecian de la activacion de la via de pHx. Por lo tanto, las mutaciones
somaéticas del gen VHL pueden ocurrir en alrededor del 6% de HNPGLs esporadicos y podrian
ser responsables de la activacién de pHx. El estudio del nimero de copias del gen VHL reveld
que el 12% de los HNPGLs esporadicos tienen delecién y tienden a expresar niveles de mRNA
de VHL inferiores respecto a muestras con nimero de copias normales. Ademas encontramos
que el 22% de los HNPGL mostraban silenciamiento o niveles mas bajos de pVHL. Esto se
observé en HNPGLs con y sin mutacion en SDH. A diferencia de los resultados de expresion
génica hallados en pHx-HNPGLs con mutaciones en VHL, los tumores con delecién del gen o
expresion baja de proteina no presentaban sobre-expresion de genes de hipoxia pero, a
diferencia de HNPGL con mutacién en VHL, mantenian niveles normales de expresién de
genes de la fosforilacién oxidativa. Por lo tanto, el gen VHL, que participa en la tumorigénesis
de algunos PCC y de los carcinomas renales de células claras (ccRCC), puede tener un papel
importante en la patogénesis de los HNPGLs, y es la diana mas frecuente de alteraciones
somaéticas hasta ahora encontrada en HNPGLs. Mediante el uso de lineas celulares que no
expresan VHL (RCC4-) o que no expresan VHL y HIF-1a (782_OpRV-) y tejidos de ratones
knock-out para HIF-1a, hemaos puesto de manifiesto que la expresion de miR-210 requiere HIF-
1a (no HIF-2a) y la forma nativa de VHL. Ademas, la expresion de miR-210 se incrementa por
sobre-expresion de la mutacién de VHL, p.F76del. Sin embargo, el descenso de los niveles de
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expresion de pVHL no parece ser suficiente para activar la respuesta pHx. El estudio del perfil
de expresion de miRNA en HNPGLs versus PG normales revel6 que 15 miRNAs se encuentran
reprimidos en los HNPGLs. Ademas dentificamos 2 grupos de tumores con perfiles diferentes
de expresion de miRNAs. La mayoria de los HNPGLs sobre-expresaban el cluster miR-
379/miR-656, ademas de los genes DLK1 y MEG3 adyacentes al cluster de miRNA. Estos
miRNA ejercen papel importante en la regulacién de la diferenciacion neuronal, embriogénesis
y mantenimiento de las células madres.

RESUMEN (en Inglés)

Paragangliomas, pheocromocytomas (PGL/PCC) and head and neck paraganglioma (HNPGLs)
are tumors arising from sympathetic and parasympathetic paraganglias (PG), respectively. Are
rare, generally benign tumors, with an incidence of 1:1000000 people per year. Most of them
are sporadic but about one-third are hereditary, due to a germinal mutation in susceptibility
genes. We analyzed MAX mutations frequency in 1694 pacients with PGL/PCC and HNPGLs.
We found 23 patients with PCC that carry pathogenic mutation, but no in patients with HNPGLs.
The pathogenic mechanisms involved in the development of HNPGLs are unknown. To get
some insights into the molecular basis of HNPGLs, we attempted to define the gene, micro-
RNA and HIF-1a expression patterns that distinguish tumors from healthy PG. Results show
that the HNPGLs share a common expression profile that differ from normal PGs and is
independent from SDH mutation or the clinical characteristics of patients. We did not find
enrichment in the hypoxia- régulated genes in contrast to previously publication on PGL/PCC.
We found deregulation in genes involved n locomotion, inflammation and morphogenesis. We
found activation of a canonical HIF-1a-related gene expression signaling only in 3 of 17
HNPGLs from patients that did not harbor germline or somatic SDH mutations. The
pseudohypoxic (pHx) signature consisted in the over-expression of both, HIF-1a-target genes
and the HIF-1a-inducible miRNA, miR-210, and downregulation of the miR-210 target gene,
ISCU1/2 (Fe-S cluster scaffold protein1/2). We validated the results in a independent series of
12 HNPGLs and we found another sample carrying the pHx activation and furthermore
presented lower levels of SDHB protein which carry 3 Fe-S centers. Collectively, this study
unveiled a putative signaling axis of HIF-1a/microRNA- 210/ISCU in a subset HNPGLs that
could impact on SDHB protein stability by a mechanism independent on SDH mutations. We
found somatic VHL gene mutations in 2 of 4 of the pHx-HNPGLs and concomitant LOH of VHL
in one of them. We did not find VHL mutation in a series of 29 HNPGL that lack pHx activation.
Therefore, somatic VHL gene mutations may occur in about 6% of sporadic HNPGLs and may
be responsible of pHx activation. The analysis of VHL copy number revealed that the 12% of
HNPGLs present deletion y tent to express lower mRNA levels of VHL. Furthermore we found
silencing or lower levels of pVHL in the 2% of HNPGLs. This was observed in HNPGL with or
without SDH mutation. In contrast to the data of gene expression found in pHx-HNPGLs
carrying VHL mutation, tumors with deletion in VHL or lower protein expression do not present
over-expression of hypoxia-related genes and maintain normal levels of oxidative
phosphorilation in contrary to what observed in presence of VHL mutation. So VHL that is
involved in the pathogenesis of PCCs and clear cell renal cell carcinomas (ccRCC) could be
important also in the tumorigenesis of HNPGLs and is the most frequent somatic alteration so
far know in HNPGLs. Using a cell lines which do not express pVHL (RCC4-) or pVHL and HIF-
1a (786_OpRV-) and tissues from mice knock-out for HIF-1a, we showed that miR-210
expression required HIF-1a (no HIF-2a) and native form of pVHL. Furthermore miR-210 is over-
expressed in presence of the VHL mutation p.F76del; however lower levels of pVHL seem to be
not sufficient to activate the pHx pathway. The analysis of the miRNA expression profile in
HNPGLs versus normal PG revealed 15 miRNAs to be downregulated in HNPGL. Furthermore
we found two groups of tumors with different miRNA profiles. The majority of HNPGLs over-
expressed the cluster miR-379/miR-656, in addition to DLK and MEG3 that map in the same
chromosome region. These miRNA are involved in the regulation of stemness, embryonic
development and neuronal differentiation.
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1.INTRODUCTION



1. INTRODUCTION

Paragangliomas and pheocromocytomas are rare tumors arising from parasympathetic
and sympathetic paraganglias through the body. Paraganglias are part of the

autonomic nervous system that derives from embryonic neural crest.

1.1 The neural crest.

The neural crest is an embryonic stem cell population unique to vertebrate that
contribute to a wide variety of cells derivatives like sensory and autonomic ganglia of
peripheral nervous system, adrenomedullary cells, cartilage and bone of the face, and
pigmentation of the skin (1). During its formation, in the embryonic development, neural
crest undergoes an extensive morphogenetic movement (Fig.1). Initially the cells that
will form neural crest are located in the neural plate border, at the edges of the neural
plate which is the embryonic region that will form the central nervous system. During
the neurolation, the neural plate invaginates by elevation of the edge forming a
cylindrical structure called neural tube which will later form the brain and spinal cord.
The premigratory neural crest cells, during the process of neural tube closure,
converge toward the midline and are located in the dorsal part of the neural tube. Then,
they lose the intercellular connection and undergo an epithelial to mesenchymal

transition (EMT), and acquire the ability to migrate and leave the neural tube (2, 3).
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Figure 1. Neural crest formation. (A) Schematic diagram of transverse sections through embryo during
neurulation. Cells that will form neural crest are located in the neural plate border (green), a territory
between the neural plate and the non-neural ectoderm. (B) The neural plate invaginates, resulting in the
elevation of the neural folds, which contain neural crest precursors. (C) After neural tube closure, neural
crest cells lose intercellular connections and undergo an epithelial to mesenchymal transition and adcquire

the capacity of migrate. (Image taken from reference 1).

Neural crest cells emigrate and populate different niches throughout the embryo giving
rise to different cell types and contribute to the formation of a variety of tissues and

organs.

1.2 The paraganglion system.

Some of the neural crest cells migrate beyond the pre-vertebral and para-vertebral
parasympathetic chains or beyond the sympathetic chains and take on glandular

character resulting in the paraganglion system. Paraganlia are dispersedly diffuse from




the middle ear and the skull base to the pelvic floor and are classified as either
sympathetic or parasypathetic (4).

Sympathetic paraganglia are located along the prevertebral and paravertebral
sympathetic chains and sympathetic nerve branches of pelvis and retroperitoneum;
they usually secrete cathecolamines. The most representative paraganglia of this
category is the adrenal medulla. The parasympathetic paraganglia are located almost
exclusively along the cervical and thoracic branches of the glossopharyngeal and

vagus nerves. The typical representative is the carotid body (Fig.2).

At birth, small patches of paraganglionic cells are located internally and centrally
around major arteries and nerves; however, during the development, they are mostly
obliterated. The organ of Zuckerland (OZ), located around the origin of the inferior
mesenteric artery, is the major paraganglionic organ that secretes catecholamines in
the fetal and new born period. As the OZ regress the carotid body and the adrenal
medulla take over as the major paraganglionic organs (5).
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Figure 2. Anatomic distribution of paraganglia. (A) Parasympathetic paraganglia are located along the
cervical and thoracic branches of the glossopharyngeal and vagus nerves. APP, aortic-pulmonar
paraganglia; CBP, carotid body paraganglia; JTP, Jugulo-timpanic paraganglia; VP, vagal paraganglia. (B)
Sympathetic paraganglia are located along the prevertebral and paravertebral sympathetic chains and
sympathetic nerve branches of pelvis and retroperitoneum. The most important sympathetic paraganglia
are the organ of Zuckerkland and the adrenal medulla. (Image modified from reference 6).

Microscopically all paraganglia have a similar morphologic appearance characterized

by two types of cells (Fig. 3):




o Glomus cells, or type 1 cells, are large and spherical shaped organized in well
defined rounded nests; they are electrically excitable and sensitive to oxygen
delivery, arterial oxygen and carbon dioxide levels, blood pH, reduced blood
flow, inorganic phosphate and sodium cyanide (7);

e Sustencular cells, or type Il cells (analogous to astrocytes), are tiny enlarged
cells that encircled type 1 cells and are characterized by S-100 positive
staining. They are not excitable and maintain stem cell proprieties with the

ability of self-renewal and differentiation into type 1 cells and muscle cells (8).

Paraganglia are rounded by a fenestrated endothelium and a basal membrane and
play an important role in maintaining the homeostasis of the organisms. They produce
catecholamines and other neuroendocrine markers (9)

Figure 3. Representation of the parenchima of paraganglias. Type 1 cells are in purple, while type 2

cells are in red.

1.2.1 The carotid body.

Carotid bodies are sensory receptors that detect changes in oxygen concentration in
arterial blood and release sensory information to the control centre of breath in the
brain. They are located in the carotid bifurcation (Fig. 4) (10). This is crucial for
mammalian life and may play a life or death role in situations of acute hypoxia. The
sensory complex of carotid body is formed by a branch of the glossofaringeal nerve
that innervate clusters of glomus cells that are the primary oxygen-sensing cells (11,

12, 13). The mechanisms of sensory transduction are still unclear. There are two major

5



hypotheses that try to explain this event: first a heme or a redox-sensitive enzyme is
the oxygen sensor and a biochemical event associated with heme triggers the
transduction cascade. The other hypothesis suggests that a K* channel protein is the
primary oxygen sensor. According to this hypothesis, low oxygen level is detected by
molecular sensors in the carotid body that inhibit K* channels in the cells membrane.
Then the depolarization of the cell activates voltage-dependent-Ca™ channels,
resulting in a Ca’" influx and neurotransmitters release (10). There are evidences that
reactive species of oxygen (ROS) could function as signaling molecules to activate the
response to hypoxia (14). Carotid body cells synthesize and store a variety of
neurotransmitters (Table 1) that are released under hypoxic conditions (15, 16).

Glossopharyngeal

nerve /4 External
Internal carotid
carotid artery artery
Vagus > V ay 4
nerve—g -\ N

Sinus nerve
Superior

cervical
ganglion

Carotid body

Carotid sinus

Common
carotid artery

Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

Figure 4. Representation of the carotid sinus and carotid body and their innervation (17).

Table 1. Neurotrasmitters in carotid bodies cells.

Biogenic Amine Neuropeptides Gas Molecules
Acetylcholine Enkephaline Heme
Dopamine Substance P Oxygenase-2
Norepinephrine Atrial Natriuretic peptide NADPH-cytochrome ¢
5-Hydroxytrptamine Endotheline Oxidoreductse




1.2.2 Adrenal medulla.

The adrenal glands are two triangulated organs located in the inner part of the kidneys
(Fig. 2) and are formed by two type of tissues: the adrenal cortex that is the exterior
part of the gland, produce vital hormones like cortisol and aldosterone that regulate
blood pressure and stress response and the adrenal medulla, that is the interior part of

the adrenal gland.

The most abundant cells in the adrenal medulla are the chromaffin cells; so called
because, if adrenal gland is fixed in a solution containing chromium salts, it takes on a

brownish appearance due to oxidation of catecholamines to melanin.

In the adrenal medulla the chromaffin cells, that have differentiated from the neural
crest-derived simpathoadrenal (SA) progenitor cells, acquire an endocrine phenotype
and the capacity of synthesize and secrete cathecolamines, furthermore these cells
produce and secrete a variety of substance like neuropeptides, cytokines,
enkephalines and neurotrophic factors (18, 19). They are also characterized by plastic
proprieties as they can proliferate through life and acquire neural-like phenotype in
response to neurogenic stimulation (20, 21). Adrenal medulla contributes to maintain
body homeostasis in presence of stress signals from the environment by releasing
catecholamine into the blood circulation in response to splanchnic nerve activation.
Once delivered into the blood circulation, catecholamines act on the cardiovascular
system, leading to appropriate adjustments of blood pressure and cardiac rhythm, and
on the energy metabolism (22).

1.3 Paraganglioma and pheocromocitomas.

Pheochromocytomas and paragangliomas (PCC/PGL) are tumors of the autonomic
nervous system that arise from chromaffin tissue in the adrenal medulla or extra
adrenal ganglia along the sympathetic system many of those tumors have
catecholamine hypersecretion (23). According to the 2004 World Health Organization
classification, the term “pheochromocytoma” should only be used for adrenal tumors.
Head and neck paragangliomas (HNPGLSs) are referred to the tumors that originate
from the parasympathetic paraganglia in the cranial region (Table 2), the vast majority
are non-secretory (23, 24, 25, 26). HNPGLs are rare tumors, representing less than
0.5% of all head and neck tumors. Approximately 3% of paragangliomas occur in the
head and neck area (27) being carotid body tumors the most common; other frequently

HNPGLs are vagal (Table 2) (28, 29). HNPGLs in the nose or the paranasal sinuses,




the parotid gland, cervical sympathetic chain, larynx, thyroid gland, parathyroid gland,

esophagus, or the orbit are extremely rare (30).

HNPGLs, PGL/PCC have an incidence of 2—8 per million people per year, with a peak
incidence in the third to fourth decade of life (31). They are usually benign, but in rare
cases they could metastasize; metastases can occur at initial diagnosis, or even 20
years later and this is not predictable by histology, The only evidence of a malignant
HNPGL is the presence of local or distant metastases (i.e., PG cells in non-
neuroendocrine tissue) (23, 26, 32, 33, 34). These tumors are treated by radiotherapy
and/or complete resection depending on the location, extent of the tumor and the

morbidity associated with treatment (35, 36).

They are associated with high morbidity and mortality secondary to mass effects, high
circulating catecholamines (in the case of PGL/PCC) and surgical complications.
Classical symptoms of PGL/PCC are episodic headaches, palpitations, diaphoresis,
and anxiety, but they could also be asymptomatic (37). HNPGLs are space-occupying
tumors that normally are not vasactive and do not secrete cathecolamine. Thus,
symptoms as tachycardia, hypertension and sweating attacks are not frequent (34).

Table 2. HNPGL main location.

Largely asymptomatic except for a mobile, non tender growing lateral neck
Carotid body mass. Mass effect may cause hoarseness, dysphagia, vertigo and/or paresis

resulting from cranial nerve compression.

Jugular tumors grows in the jugular foramen where the jugular vein and

Jugular bulb ) )
several important nerves exit the skull.
Glomus tympanicum tumors arise with the tympanic branch of the
glossopharyngeal nerve. Jugular and tympanic glomus have similar symptoms
Middle ear cavity that are pulsates tinnitus, conduction earring loss, aural pain, vertigo and

hoarseness. When these tumors cannot be differentiated, they are referred to

as jugulotympanic paragangliomas.

Cervical vagus nerve Typical slow growing mass in the peripharyngeal space.

1.4 Genetic background of HNPGLs and PGL/PCC.

Although HNPGL and PGL/PCC are rare tumors they are more commonly associated
with an inherited mutation than any other cancer type (23). Various studies on

population have shown that about 1/3 of patients with apparently sporadic PCC/PGL
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carry a germline mutation in a known susceptibility gene (38—40). However this number
could rise to 79% of cases if we consider the presence of family history and it can be
54% in the case of HNPGLs (41, 42).

In the last years the number of genes that predispose to PCC/PGLs and HNPGLs has
raise exponentially also thanks to the new techniques of massive sequenciation, being
the tumors with more genes of predisposition known to the date. Furthermore there are
a certain percentage of clearly familial PCC/PGLs and HNPGLs that do not seem to be
associated with any of the germline mutations described so it is possible that other

genes may be involved in the development of these tumors (43)

To the date 12 genes of susceptibility are known. Three of them are associated to well
known syndromes as: VHL for the Von Hippel Lindau disease, NF1 for the
Neurofibromatosis Type 1 and RET for the Multiple Endocrine Neoplasia Type 2. The
Succinate Dehydrogenase (SDH) complex subunit genes (SDHA, SDHB, SDHC,
SDHD); one of the SDH complex cofactors, SDHAF2; TMEM127, MAX, KIF1B, HIF-2a
and two recently recognized susceptibility genes FH and PHD2 are involved in PGL

development.

1.4.1 Von Hippel Lindau disease.

VHL is a tumor suppressor gene that encodes for a protein involved in the regulation of
the hypoxia-inducible factors (HIF-1a and HIF-2a). In normoxic conditions pVHL binds
a residue of hydroxyproline on the a subunity of HIFs targeting it to ubiquitinization and
subsequent degradation in the proteasoma (44). In hypoxic conditions the proline
residue of HIF-1a can not be hydroxilated so pVHL can not bind it leading to a
stabilization of HIF-1a that can bind HIF-1B subunity and activate the transcripcion of

hypoxia inducible genes (45).

Von Hippel-Lindau disease (VHL) is a syndrome characterized by a variety of benign
and malignant tumors including PCC (10-20%), hemangioblastomas of the central
nervous system, renal cysts, clear cell renal cell carcinoma (ccRCC), pancreatic cysts,
pancreatic neuroendocrine tumors, endolymphatic sac tumors and epididymal

cystadenomas (46).

Type 1 VHL disease is usually associated with VHL truncating mutations or exon
deletions and show lower penetrance for PCC and a higher penetrance for ccRCC.

Type 2 VHL disease is frequently associated with missense mutations in the VHL gene




and higher penetrance for PCC. It has been shown that mutations around the site of
the VHL-HIF protein interaction tend to lead to ccRCC development, whereas
mutations in other parts of the VHL protein tend to lead to PCC development (47, 48).
This suggests that PCC formation is independent of HIF regulation (23). Patient with
VHL syndrome can develop HNPGLs in rare cases (0,5%) (34).

1.4.2 Neurofibromatosis Type 1.

NF1 encodes for neurofibromin that is a GTPase protein involved in the inactivation of
Ras and the inhibition of the MAPK signaling pathway. NF1 mutations cause the
activation of Ras and hence, the downstream MAPK, PI3K and mTOR pathways (49,
50). The estimated rate of PCC in NF1 is 5-7%, whereas HNPGLs are extremely rare.

1.4.3 Multiple Endocrine Neoplasia Type 2.

RET is a proto-oncogene that encodes for a transmembrane tyrosine kinase protein.
When ligand binds to the RET receptor, or there is an activating mutation, a cell
signaling cascade is triggered through the PI3 kinase pathway to regulate cell
proliferation and apoptosis (51). Multiple Endocrine Neoplasia Type 2 (MEN 2) is an
autosomal dominant syndrome. The risk of PCC in MEN 2 syndrome is associated with
specific RET mutations. HNPGLs have been very rarely described (40).

1.4.4 SDH mutation.

SDH, also known as complex I, is an enzymatic complex involved in Krebs cycle and
in the respiratory chain in the mitochondria, associates the oxidation of succinate to
fumarate with an electron transport to ubiquinone as the final acceptor (Fig. 5). It is
composed by 4 subunits, SDHD and SDHC that anchor the complex to the
mitochondrial inner membrane, SDHA and SDHB that are the active core of the
complex located in the mitochondrial matrix. The SDHA subunit has a FAD molecule

covalently bonded. (52).
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Figure 5. Representation of SDH complex. The enzymatic complex associates the oxidation of
succinate to fumarate with the transport of an electron (represented by green arrows) to a final acceptor
ubiquinone. During succinate oxidation to fumarate by SDHA, a two-electron reduction of FAD to FADH,
occurs. Electrons are transferred through the iron—sulphur centres on SDHB and to ubiquinone (Q) bound
to SDHC and SDHD in the mitochondrial inner membrane, reducing it to ubiquinol (QH). Quinones are
mobile redox centres of the ETC (dotted green arrows). Ubiquinol transfers its electrons through complex

I, in a mechanism called the Q-cycle, to cytochrome c. (Image modified from reference 53).

Mutations in any one of the subunits can lead to the development of PCC/PGL or
HNPGL.

¢ SDHD mutations give rise to PGL syndrome type 1, that is the most common
PGL (24, 30, 40), the gene is formed by four exons and maps on chromosome
11923 (54, 55). It encodes for an anchor subunit with a ubiquinone binding site
to which the electrons are transferred from the iron sulfur clusters within the
SDHB subunit (23). About 91-98% of patients with SDHD germline mutation are
at high risk for the development of HNPGLs (42, 4). Typically they present
multiple HNPGLs (60% to 79% of the patient) that could arise at the same time
or even many years later of the first tumor. There is also a risk of developing
PCCs and extra-adrenal PGLs (16% to 21%) (4, 42, 40, 56). These mutations
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are inherited in an autosomal dominant manner and disease susceptibility
occurs when the mutation is inherited from the father (42, 57).

SDHAF2 mutations cause PGL syndrome type 2 that was the first PGL
syndrome to be described in 1982 (58), although the gene was identified in
2009 (59). SDHAF2 maps on chromosome 11913 and encodes for a matrix
protein involved in the flavination of SDHA (59). SDHAF2 mutations are very
rare, only a Spanish family and a Dutch family that carry SDHAF2 mutation
have been described to the date and are associated with the occurrence of
multiple HNPGLs, but not extra-adrenal PGLs or PCCs. Transmission occurs
exclusively via the paternal line; penetrance has been described to be very high
in both the Dutch as well as the Spanish family (88% to 100%), and the average
age at diagnosis is 33 to 34 years (59, 60, 61).

SDHC mutations are cause of PGL syndrome type 3. The gene has 6 exons,
maps on chromosome 1g23.3 and encodes for an anchor subunit (4). Mutations
in this subunit are less frequent than SDHD and SDHB mutations and occur in
only 0-6.6% of PCC/PGL patients (42, 62-65). The average age at diagnosis is
higher than for the other PGLs (range: 38-46 years) (42, 65). In contrast to
patients with PGL1 and PGL4, SDHC mutation give rise to mostly benign, single
HNPGLs (35) Multiple HNPGLs are found in 19% to 31% of patients and PCCs,
extra-adrenal PGLs, malignant PGLs are very rare (65, 42, 40, 66, 67).

SDHB mutations are involved in the PGL syndrome type 4 described for the first
time in 2001 (68). The gene contains 8 exons, maps on chromosome 1p36.1—

p35 and encodes for a subunit with 3 iron sulfur centers.

Patients with SDHB mutation mostly develop extra-adrenal PGLs (52-84%) and
PCCs (18-28%), while HNPGLs are less frequent (27-31%) (57, 40, 4, 69). The
average age at diagnosis is reported to be between 30 and 37 years (57, 42, 4)
SDHB mutations are inherited with an autosomal dominant manner. Tumor
penetrance is somewhat lower than that seen in SDHD mutation carriers. Benn
et al (70) estimated the tumor penetrance in SDHB mutation carriers to be 29%
at age 30 rising to 45% at age 40. The risk of malignant PGLs is higher in
SDHB than in SDHD mutation carriers with an incidence of 17% (71). Recently
it has been shown that p16INK4A promoter was heavily methylated in extra-
adrenal PGLs with SDHB mutation and malignancy (72). SDHB mutations are
associated to other type of cancers like gastrointestinal stromal tumors (GIST),
papillary thyroid cancer, neuroblastoma and various types of renal cell

carcinoma, including clear cell and papillary RCC (57, 24, 73-76).
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o SDHA gene contains 13 exons, maps on chromosome 5pl15 and encodes for a
flavoprotein and the major catalitic subunit of SDH complex. The Leigh’s
syndrome is associated with SDHA biallelic mutation (77, 78). Germline SDHA
mutations have been founded only in few cases of PCC/PGL (79, 80). Moreover
it is quite difficult to analyze SDHA mutations due to the presence of two
pseudogenes on chromosome 3 and 5. Only two cases of HNPGL with SDHA
mutation have been described to date (80).

1.4.5 Trasmembran protein 127 (TMEM127).

TMEM127 mutation was first described in 2010 in a patient with familial PCC. The gene
is located in chromosome region 2g11 and encodes for a transmembrane protein that
is probably involved in the mTORCL1 signaling pathway (81). TMEM127 mutations are
rare and are mostly associated with PCCs. Only two cases of HNPGLs patients
carrying TMEM127 mutations have been described to date (82).

1.4.6. Myc-associated factor X (MAX).

MAX mutations were identified in association with PCC/PGL (83), the gene is formed
by 5 exons and is located in chromosome 14923 and codifies a protein which
heterodimerizes with MYC to act as a transcription factor for genes involved in cellular

proliferation, differentiation and apoptosis.

1.4.7 Hypoxia inducible factor 2 alpha (HIF-2a).

HIF-2a mutations were recently identified in PCC/PGLs (85, 86, 87, 88, 89). The gene
is constituted by 16 exons and is located in chromosome 2p21 and codifies for the
subunity 2 alpha HIF complex. Mutations predominatly occurs in proximity of the HIF-
20-stabilizing prolyl sites and led to stabilization of the protein (DAHIA 2014).
Intriguingly, despite the somatic nature of the pheochromocytoma and paraganglioma
mutations, a substantial proportion of patients also developed somatostatinomas that
carried the same HIF2A variant (89, 90). Approximately 50% of the patients with

HIF2A-mutant tumours developed early onset or congenital polycythemia (85, 87, 90).
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1.4.8. Fumarate Hydratase (FH).

FH encodes for an enzymatic protein involved in the Krebs cycle and catalyzes the
formation of L-malate from fumarate. Recently FH mutations were found in patients
with PCC (91).

1.4.9. Prolyl hydroxylase domain 2 (PHD2) and Kinesin family member 1B (KIF1B).

PHD2 encodes for the main oxygen sensor responsible of HIF-1a regulation. Germline
mutations in this gene have been described in patients with familial erythrocytosis and
recurrent paraganglioma (84). KIF1B functions as a tumor suppressor that is needed
for apoptosis. KIF1B mutations were described in two patients with PCCs (92).
Currently, it is too early to predict the role KIF1B, PHD2 mutations in the pathogenesis
of hereditary paraganglial tumors.

1.5. Genetic testing

The genetic screening of all the genes described above in patients with PCC/PGLs and
HNPGLs would be unaffordable due to the high cost of Sanger sequenciation. Based
on the known genotype-phenotype correlation, there are several recommendation for
genetic screening. In patients with PCC screening for mutations in SDHB, SDHD, VHL,
and RET are recommended (38, 93).

For HNPGLs Carsten et al recommended testing first SDHD, followed by SDHB and
SDHC in the cases of patients with multiple HNPLs; or solitary HNPGLs but positive
family history; or in the case of concomitant HNPGLs and PCC. They recommend
testing first SDHB followed by SDHD and SDHC in patients with solitary HNPGL and

negative family history or in case of malignant HNPGLSs.

A routine screening of patients with HNPGLs for mutations of the genes SDHAF2, VHL,
TMEM127, SDHA, RET, NF1, MAX, KIF1B, and PHD2 does not seem to be useful, as
mutations in these genes are very rare (43). Nerveless, next generation sequencing will
offer the potential of faster and less expensive testing of multiple genes simultaneously
in the very next future so it is probably that platforms to sequence all the genes that
predispose to PCC/PGL and HNPGLs will be developed very soon at low cost allowing

extensive genetic screening for all the patient.
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1.6. Hypoxia and tumorogenesis

The molecular mechanisms involved in the tumorogenesis of PGLs are poorly
understood. The most accepted hypothesis suggest HIF-1 may play a central role
activating the hypoxia signaling pathway at least in the case of SDH and VHL
mutations (94, 95). HIF-1 is a heterodimer formed by the HIF-1B constitutively
expressed subunit and the HIF-1a subunit which is regulated in an oxygen-dependent
manner. In the presence of oxygen, prolyl hydroxylases, PHDs, hydroxylate two
prolines of HIF-1a and convert the tricarboxylic acid cycle intermediate 2-oxoglutarate
to succinate (96). Hydroxylated HIF-1a is targeted by VHL to ubiquitinization and
degradation in the proteasoma. Under hypoxic conditions, PHDs activity is diminished
due to the oxygen-limiting conditions thereby allowing HIF-1a stabilization and

transcriptional activation of genes with adaptive functions.

It has been shown that PHDs may be regulated not only by oxygen, but also by
succinate-fumarate reactive oxygen species (ROS), that are generated in the
mitochondrial electron transport chain. These factors may lead to “pseudohypoxic”
stabilization of HIF-1a (97-99) (Fig 6). As SDH mutations have been shown to result in
the accumulation of succinate and ROS, the most accepted hypothesis is that the
“pseudohypoxic” HIF-1a stabilization drives PGLs development. HIF-1a induces
expression of a broad range of target genes, including those that stimulate cell
proliferation and angiogenesis that may contribute to tumorigenesis (Fig. 6).
MicroRNAs play also an important role in regulating downstream signaling of the HIF-
1a pathway (100). MicroRNAs are short non-coding RNAs that post-transcriptionally
control gene expression through translational repression and/or mRNA degradation by
binding to the 3' UTRs of genes. There are recent evidences that HIF-1a induces the
expression of several biologically interesting microRNAs such as miR-23, miR-24, miR-
26, miR-210, and miR-373 being miR-210 the most consistently and robustly induced
microRNA under hypoxia (101). Interestingly, upregulation of miR-210 has been
recently shown to modulate mitochondrial function and activate the generation of
reactive ROS via downregulation of ISCU1/2 (iron-sulfur cluster scaffold homolog)
(102) However the role of hypoxia-related miRNAs in the pathogenesis of PGLs is

presently unknown.

Recent studies support the role of hypoxia in the pathogenesis of PGLs in presence of
mutation in SDH or VHL, however these study are based on global expression profile

that do not include healthy control (102, 103, 104); therefore, a possibility remains that
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these data could reflect differences in the magnitude of a hypoxic response gene

profile common to all PGLs and PCCs independently on the genetic defects.
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Figure 6. HIF stabilization. In hypoxic conditions, PHD is inhibited and HIF is stabilized. Disfunction of
fumarate hydratase (FH) and succinate dehydrogenase (SDH), enzymes of the tricarboxylic acid (TCA)
cycle, led to HIF stabilization. (Image taken from reference 105).
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Objectives

The global purpose of this work was to understand the molecular mechanisms

involved in the development of HNPGLS. The particular objective were:

1. Identificate the gene and miRNA profiles deregulated in HNPGLSs incomparison
with normal paraganglias.
Identificate de molecuar markers of sporadic and familial HNPGLs.
Unveil the role of the intracelular signaling pathway activated by hypoxia in the
pathogenesis of sporadic and familial HNPGLs.

4. ldentificate genic alteration involved in the development of sporadic HNPGLSs.
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3. Materials and Methods

3.1 Biological sample

The studies performed in this work were realized on human tissues, derived from head
and neck paragangliomas (HNPGLs) and normal paraganglia and cells lines described

below.

e Hela cells derived from cervix adenocarcinoma,

e SCC38 and SCC42B cells head and neck squamous cell carcinoma;

e RCC4 - and RCC4+ cells were kindly provided by Manuel O. de Landazuri,
RCC4- cells derived from clear cell renal cell carcinoma (ccRCC) carrying
loss of VHL and RCC4+ cells derived from RCC4- cells stably transfected
with a plasmid encoding wilde type VHL;

e 786 _OpRV- and 786 OpRV-VHL were kindly provided Manuel O. de
Landazuri, 786_OpRV-VHL derived from renal carcinoma lacking hypoxia
inducible factor (HIF)-1a and VHL, 786_OpRV-VHL derived from OpRV-
stably transfected with plasmid encoding wilde type VHL.

3.2 Tumors and normal paraganglia samples

Tumor samples were obtained from 52 patients with parasympathetic HNPGLSs,
diagnosed and treated between 1996 and 2014 in the Hospital Central de Asturias,
Oviedo, Hospital Gregorio Marafién, Madrid and Hospital de Sant Pau, Barcelona,
Spain. Three normal carotid bodies were obtained from organ donors. Carotid artery
bifurcations were excised from organ donors and placed in RNAlater (Ambion). Each
carotid body was then carefully dissected from the artery and cleaned of surrounding
connective tissue under a magnifying glass. The quality of the tissues for subsequent
RNA-based studies was always assured by histological analysis. Informed consent was
obtained from all patients and the legal representatives of organ donors. For RNA-DNA
based studies, fragments were obtained from the core of the tumor. Both, normal
carotid body and tumor specimens were snap-frozen at time of surgical resection and
stored at —-80 °C in RNAlater (Ambion) until processed. Clinical data are summarized
in table 3.
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Table 3. Patient’s characteristics.

Gene® _ Somatic VHL VHL VHL

sample gender Age' Localization? mutation Somcalgs/‘}/HL

mutated Mutation® mRNA®  Protein’

PGL5 F 50 T SDHD c. 367G>A del VHL none 3.92 UN
PGL71 M 44 CB SDHD €.337_340delGACT del VHL none 6.06 UN
PGL58 M 39 CB SDHD €.191 del192delTC del exon2 none 5.65 NEG
PGL81 F 39 J SDHB €.201-?_286+7del del VHL none 0.73 POS
PGL86 F 54 J SDHB c.79C>T del exon2 none UN UN
PGL12 F 29 CB SDHD €.386dupT none none 0.73 NEG
PGL7 F 55 CB SDHB C.725G>A none none 6.84 UN
PGL14 F 25 CB SDHD €.33C>A none none 4.66 POS
PGL32 F 39 CB SDHD €.386dupT none none 0.61 NEG
PGL54 M 44 CB SDHD €.191_192delTC del VHL none 1.34 NEG
PGL60 F 40 \ SDHD €.383InsT none none UN NEG
PGL63 M 36 CB SDHD €.190-192dupTC none none 19.49 NEG
PGL68 M 25 CB SDHD €.337-340delGACT none none 3.62 NEG
PGL61 M 45 CB SDHD c.374delA none none 1.56 POS
PGL55 F 45 J SDHB c.544 _550delGGGCTCT none none 4.23 POS
PGL87 M 44 SDHB €.166_170delCCTCA none none 0.82 POS
PGL38 F 27 T SDHC c.21-?_77+?del none none 3.29 NEG
PGL46 F 41 \ SDHB C.761C>A none none UN NEG
PGL51 M 29 AR SDHB c.-151-?_72+7?del none none 0.87 NEG
PGL75 F 35 CB SDHD UN none none UN NEG
PGL56 F 36 CB SDHD C.129G>A none none UN POS
PGL57 F 36 CB SDHD €.129G>A none none UN NEG
PGL74 F 36 CB SDHD €.129G>A none none UN NEG
PGL83 M 53 CB UN UN none none UN NEG
PGL95 M 43 CB SDHD ¢.50G>T pR17L UN none UN NEG
PGL96 M 43 J SDHD ¢.50G>T pR17L UN none UN UN
PGL100 F 42 J none - UN none UN UN
PGL2 F 79 T none - UN none UN UN
PGL3 F 53 J none - del VHL €.227_229delTCT p.F76del 0.32 UN
PGL23 M 43 CB none - none €.482G>GA p.R161Q UN POS
PGL47 M 41 \ none - none ¢.551C>CT p.L184L 0.37 POS
PGL6 M 39 JT none - del exonl none 0.15 UN
PGL9 F UN \% none - del exonl none 3.32 UN
PGL19 F 66 J none - del exon 1 none 1.38 POS
PGL21 M 40 CB none - del exonl+3 none 1.95 POS
PGL35 F 61 JT none - del exonl none 4.66 NV
PGL52 M 29 JT none - del exonl+3 none 0.76 NEG
PGL84 F 33 J none - del exon 2 none UN UN
PGL91 F 31 JT none - del VHL none UN UN
PGL49 F 62 CB none - del exon 1 none 0.64 NEG
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PGL88
PGL22
PGL44
PGL66
PGL17
PGL18
PGL24
PGL25
PGL27
PGL29
PGL36
PGL62
PGL76
PGL77
PGL79
PGL80
PGL82
PGL89
PGL90
PGL93
PGL94
PGL97
PGL98
PGL99
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57 J none none none UN
32 J none none none 21.78
56 JT none none none 0.43
34 J none none none 8.59
30 J none none none 25.19
UN CB none none none 5.23
UN JT none none none UN
57 \ none none none 0.48
51 J none none none 1.08
41 J none none none 1.89
60 J none none none 3.23
45 J none none none 27.47
UN UN none none none UN
30 CB none none none 1.05
37 JT none none none UN
42 J none none none UN
55 J none none none 26.55
52 CB none none none 2.28
49 J none none none UN
75 CB none none none 0.54
63 J none none none UN
50 UN none none none UN
65 T none UN none UN
53 CB none UN none UN

UN
NEG
NEG

UN

UN

UN

UN

UN
NEG
NEG
NEG

UN

UN
POS

NV

UN

UN
NEG

UN
NEG

NV
POS
POS

UN

3.3 Cell culture

PGL38 and PGL33 cell lines were obteined from two HNPGLs carrying SDHC mutation
(SDHC del EX2) or without SDH mutation respectvely. Both tumors arised from
tympanic glomus. Tumor tissues were enzymatically dissociated in PBS (OXIOD)
containing 0.6 mg/ml Bovine Serum Albumin (Sigma), 50 uM CaCl,, 0.05 ug/ml
DNasel (Applichem) 1 mg/ml Collagenase Type IV (Serva) and 0.3 mg/ml Trypsin
(Invitrogen) for 30 min at 37°C, with shaking and mechanic disruption every 10 min.
After the enzymatic treatment, dissociated cells were centrifuged for 5 min at 200 x g.
Afterward, the pellet was resuspended in Quantum 263 medium (PAA Laboratories)
supplemented with 10% Fetal Bovine Serum Gold (PAA Laboratories), 100 IU Penicillin
(PAA Laboratories), 100 ug/ml Streptomycin (PAA Laboratories), and 2mM L-glutamine
(PAA Laboratories). Cells were maintained at 1% oxygen in a hypoxic incubator
(HERAcell 150) that maintained a constant environment (5% CO2 and 1% O2
balanced with N2).
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The established human head and neck squamous cell carcinoma-derived cell line
SCC38 and SCC42B has been previously characterized (106, 107). SCC38, SCC42B
and HelLa cells were grown in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% Fetal Bovine Serum Gold (PAA), 100 IU Penicillin (PAA
Laboratories), 100 ug/ml Streptomycin (PAA Laboratories), 2mM L-Glutamine (PAA
Laboratories), 20 mM Hepes Buffer (PAA Laboratories), 1X MEM NEAA (non-essencial

aminoacid) (PAA Laboratories).

786 _O0pRV-VHL/- and RCC4+/- cell lines were cultured in Roswell Park Memorial
Institute medium (RPMI) (GIBCO®) supplemented with 10% Fetal Bovine Serum Gold
(PAA Laboratories), 100 IU Penicillin (PAA Laboratories), 100ug/ml Streptomycin (PAA
Laboratories) and 1 pg/mL Geneticin® (GIBCO®). Cells were routinely cultured in 95%
air, 5% CO, (normoxic conditions) at 37°C. For hypoxic treatments, cells at 70-80%
confluence were either exposed to normoxia or placed in a hypoxic incubator
(HERACcell 150) at 1% O, for 24 or 48 hours.

3.4 Chemical treatments

3.4.1 DMOG treatment

To mimic hypoxic condition different chemical agents can be used.
Dimethyloxaloyglycine (DMOG) is an inhibitor of prolyl hydroxylase (PHD) and
asparaginyl hydroxylase FIH-1 (Factor inhibiting HIF, FIH) and it has been observed to
upregulate HIF-1a. A stock solution of DMOG (kindly prepared by.., Sevilla) 500 mM
was prepared by adding 90 mg of DMOG in 500 uyL of Dimethyl sulfoxide (DMSO)
(Sigma). Cells were cultured in a 6 well plate and incubated at 37°C in normoxic
condition until they reach the 80% of confluency. Cells were then treated with DMOG at
1mM final concentration. Control cells were treated with DMSO to check the possible
effect of this solvent on cell survival. Protein levels of HIF-1a and CalX mRNA levels

were analyzed to confirm DMOG induced activation of HIF-1a pathway.

3.4.2 TTFA treatment

Thenoyltrifluoroacetone, CgHsF3;0,S, (TTFA) (Sigma) is an inhibitor of the Complex Il
(SDH) of the respiratory chain in the mitochondria. 786_OpRV-VHL /- and RCC4+/-
cells at 80% confluence were treated with TTFA at final concentracion of 500 uM for 24

hours. Control cells were treated with DMSO.
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3.5 SIRNA treatment and transient transfection

Pools of three to five target-specifics sSiRNAs, VHL siRNA (Santa Cruz Biotechnology),
HIF-71a siRNA (Santa Cruz Biotechnology) were used to knockdown VHL or HIF-1a
expression respectevly. siCONTROL Nontargeting pool (Dharmacon Research,
Lafayette, CO, USA) were used as transfection control. siRNAs were transfected using
Lipofecamine 2000 (Invitrogen, Life Techonologies™) following manifacture’s
instruction. Briefly, 250.000 cells were cultured in a 6 well plate and grown overnight at
37°C in normoxic condition in DMEM without antibiotic. Next day 100 pmol siRNA or 4
ug of plasmid DNA (Figure 1) was diluted in 250 pL of Opti-MEM®l Reduced Serum
medium (GIBCO®, Life Techonologies™). In another tube, 10 L of Lipofectamine 2000
was diluted in 250 pL of Opti-MEM | Reduced Serum medium and incubated for 5 min
at room temperature. Then the diluted siRNA was combined with the diluited
Lipofectamine 2000, mixed gently and incubated for 20 min at room temperature. 500
ML of the mix were added to each well containig cells. After 5 hours of transfection,
medium without antibiotic was replaced. Inhibition of the target genes were confirmed
by real time q-PCR 48-72 h after transfection.

3.6 In situ mutagenesis

This protocol was realize with GENEART® Site-Direct Mutagenesis System
(Invitrogen, Life Biotechnologies™) following manifacture’s instruction to obtein two
plasmid which carry de two VHL mutations founded in PGL3 and PGL23 (one mutation

each).

Briefly, first of all especific primers were designed as follow:

e Both primers (forward and reverse) conteined the desired mutation ;
e The mutation site was located centrally on both primers;
e Both primer was of 35 to 45 nt lenght, not including the mutation site.

¢ Oligonucleotides was purified by HPLC to increse the mutagnesis efficiency.

The VHL mutation founded in PGL3 was ¢227-229 delTCT, primers designed for this

mutation were:

e PGL3mutFW 5’-CCTCCCAGGTCAGCAATCGCAGTCCGC-3’
e PGL3mutRV 5-GCGGACTGCGATTGCATATGACCTGGGAGG-3
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The VHL mutation founded in PGL23 was c482 G>A, primers deigned for this mutation

were:

e PGL23mutFW 5-GTATACTCTGAAAGAGCTATGCCTCCAGGTTGTCCG-3
o PGL23mutRV 5’-ACAACCTGGAGGCATTGCTCTTTCAGAGTATAC-3’

For each mutation the following reactions were performed using the HA-VHL-CDNA 3.1
(see Fig 1).

PCR Reaction

1X Accurime™ Pfx Reaction mix
1X Enhancer

0.3 uM Primer mix

20 ng Plasmid DNA

4U DNA Methylase

1X SAM

1U AccuPrime™ Pfx

PCR water to 50 pyL

PCR Programm

Step 1. 37°C for 20 min

Step 2. 94°C for 2 min

Step 3.94°C for20s

Step 4. 57°C for30s } 18 cycles
Step 5. 68°C for 2min and 30 s

Step 6. 68°C for 5 min

Step 7. 4°C forever

After reaction 5 pyL of product were analyzed in a 0.8% agarose gel and then the

Recombinaion Reaction was performed.

Recombination Reaction
1X Reaction Buffer

10 uL PCR water

4 uL PCR sample

1X Enzymer mix
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Reaction was mixed well and incubated at room temperature for 10 min, then was

stopped by adding 25mM EDTA and store on ice; trasformation was immediatly
performed.

Trasformation into DH5a™-T1R E.coli

50 uL of DH5a™-T1R E.coli was placed on ice for approximatey 5-7 min. 2 uL of the
Recombination Reaction was added to the bacterias and mixed by tapping gently. Vials
was covered with ice and incubated for 12 min. The remaining Recombination Reaction
was stored at -20°C.Then was incubated at 42°C for 30 s in a water bath then was
immediately placed on ice (covered completely) for 2 min. The vial was removed from
ice and 250 uL pre-warmed SOC (see 2.16) were added in sterile condition and
incubed 1 h at 37°C at 225 rpm in a shaking incubator (Trasformation Reaction).
During this time 5 plates with LA with Ampicillin (50 pyg/mL) (see 2.8) were warmed in
an incubator at 37°C. The Trasformation Reaction was diluyed 1:10 in 100 yL of SOC
and transfered in the pre-warmed LA plate. The remaing reaction was stored at 4°C.
Plates were inverted and incubated at 37°C for 16-20h. 10 colonies for mutation were
selected; plasmid was isolated by Wizard® Plus SV Minipreps DNA Purification System
(Promega) and analyzed by sequenciation.

Belll(12)  Nnut(208)

Ndel(484)

CAG_enh(315, 602
CMV_immearly_pro(236, 852

HA-VHL

T7_pro(863, 881)
BGH_rev_pri(1021, 1038) i
bGH_PA_term(1024, 1251)] .-*

pcDNA3.1(-)

v\"fﬂl origin

BstBI(2943)

Figure 1. HA-VHL-CDNA 3.1 map. This plamid was used as mold for the in situ mutagenesis. It confers
procariote Ampicillin resistance and eukariote Neomycin resistance.
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3.7 Plasmid isolation

Plasmids were purificated from bacterias using the kit Wizard® Plus SV Minipreps DNA
Purification System (Promega) following manifacture’s instruction. Briefly, a single
colony of transformed bacteria was picked and grown in 5 mL LB with Amp (50 pg/mL)
(see 2.8) in a shaker incubator at 37°C overnight. The day after grown bacterias were
centrifugated 5 min at 10.000xg, the media was discarted and the pellet was
resuspended in 250 pL of Cell Resuspension Solution by vortexing. 250 uL of Cell
Lysis Solution were added, mixed by inverting the tube 4 times and incubated 5 min.
Then 10 pL of Alkaline Protease were added and mixed by inverting the tube 4 times
and incubated at room temperature for 5 min. 350 pL of Neutralization Solution were
added and mixed immediately by inverting te tube 4 time. Tube was centrifuged at
14.000 rpm for 10 min at room temperature. The clear lysate was transferred into a
Spin Column placed in a 2 mL microcentrifuge tube by decanting and centrifuged at
14.000 rpm for 1 min. The flowthrough was discarded and 750 yL of Column Wash
Solution were added to the column. Centrigugacion was performed at 14.000 rpm for 1
min, the wash was repited with 250 uL of Column Wash Solution and centrifugated for
2 min at maximum speed. The column was placed in a new 2 mL microcentrifuge tube
and centrifuged for 1 min at maximum speed. The column was transferred to a new
sterile 1.5 mL microcentrifuge tube and plasmid DNA was eluted with 50 uL of

Nuclease-free water. DNA was stored at -20°C

3.8 Bacterial culture medium

Luria Broth

10g Tryptone
10g NacCl

59 Yeast Extract
H20 to 1L

LB was autoclaved.

Luria Broth agar (LA) with Ampicilli

10g Tryptone
10g NaCl

5g Yeast Extract
15 g Agar

H20 to 1L
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LA was autoclaved and Ampicillin was added to the final concentration of 50 ug/mL.

Super Optimal Broth with Catabolite Repression (SOC)

10 g Tryptone

2.5 g Yeast extract
0.5 g NacCl
1,25mM KClI

pH was adjusted to 7 with NaOH 5N. Mixture was autoclaved and then 5mM of MgCl,

(2M) filtrated and 10 mM of glucose filtrated were added in steril condition.

3.9 DNA extraction

For tissue DNA extraction “QlAamp DNA Mini and Blood Mini KIT” (QIAGEN) was used
following manifacture’s instruction. Briefly, about 30 mg of tumor tissues were cutted
into small pieces and placed in a microcentrifuge tube with 180 yL ATL buffer and 20
ML of proteinase K (1mg/mL), mixed by vortexing and placed at 56°C until tissue was
complitely dissolved (1-2 days). Then 200 yL of AL buffer were added, mixed by
vortexing and incubated at 70°C for 10min. 200 yL of absolute ethanol were added to
the sample and mixed by vortexing for 15 s. The sample was carefully applied to a
QIAamp minicolumn located in a 2 mL collection tube and centrifuged at 6000xg for
1min. The column was placed into a new collection tube and washed with 500uL of
AW1 buffer followed by wash with 500 uL of AW2 buffer. The column was placed into a
new collection tube and centrifuged at full speed for 1 min. For the DNA elution, the
QIAamp minicolumn was placed into a clean 1,5 mL microcentrifuge tube and 50 pL of
AE buffer were added. The sample was incubated at room temperature for 1min and
then centrifuged at 6000g for 1 min.

DNA quantity was routinely assessed on a NanoDrop 1000 spectrophotometer
(Thermo Scientific) or on DeNOVIX DS-11 spectrophotometer. For the exoma
secuencing analysis DNA was quantified with Qubit (Life Technologies) following the

instruction of the manifacturer. DNA was stored at -20°C.

DNA was extracted from blood using DNAzol Reagent Invitrogen. 4 mL of whole blood
were added into a 50 mL tube and mixed with 45 mL of Erythrocytes Lysis Buffer
(150mM NH4CI, 10mM KHCOs3;, 0,21mM N4EDTA). The sample was mantained for 15
min at room temperature and carefully mixed every 2-3 min by inverting the tube. The

liquid becomes more brillant and less dense. The sample was centrifuged at 700xg for
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30 min at 4°C. Supernatant was discarded and the pellet was resuspended in 0,8 mL of
Erythrocytes Lysis Buffer and transferred to a new 1,5 mL microcentrifuge tube.
Sample was centrifuged at 300xg for 3 min at 4°C, the supernatant was discarted and
the white pellet was resuspended in 500 yL of DNAzol Reagent (Invitrogen). Sample
was mixed well with a micropipette and manual agitation for 3 min. 250 pL of absolute
ethanol were added and strongly vortexed; sample was centrifuged at 400xg and the
supernatant was removed carefully. Pellet was washed twice with 0.8 mL ethanol 70%
and DNA was resuspended in 100 uL of NaOH 8 mM. DNA was stored at -20°C.

3.10 RNA extraction

“miRVANA miRNA lIsolation KIT” (Life Technologies®) was used to obtain total RNA

from cultured cells or tissues following the manifacture’s instruction.

Briefly, cells grown in a 75 cm? flask with at 80% confluency were washed with PBS
before addiction of 500 uL of Lysis Buffer, lysed cells were recollected with a scraper
and placed into a 1,5 mL microcentrifuge tube. For tumor tissues 700 ul of Lysis Buffer
were added to about 50 mg of tumor and homogenized in a 2 mL microcentrifuge tube
with a T-10 Basic Ultraturrax (IKA). 1/10 volume of miRNA Homogenate Additive was
added to the sample and immediatly mixed with vortex and incubated on ice for 10 min.
1 volume of acid Phenol:ChCl; 5:1 pH 4 solution was added to the sample and mixed
by vortex for 30 s then centrifuged at maximum speed for 5 min. Sample was separed
in two fases: the upper one, with RNA, was recollected and placed into a new 1.5 mL
microcentrifuge tube. 1.25 volumes of absolute ethanol were added and well mixed.
The sample was placed into a miRVANA column in a 2 mL tube and centrifuged at
10000 rpm for 6s. The column was washed by addiction of 700 yL of miRNA Wash
Buffer 1, centrifugation for 6 s at 10.000 rpm, followed by addiction of 500 uL of miRNA
Wash Buffer 2 and centrifugation at 10.000 rpm for 6 s. This last wash step was repited
twice. The column was centrifuged 2 min at maximun speed and then placed into a
new 1.5 mL microcentrifuge tube. RNA was eluted with 70 pL of 95°C pre-heated
mMiRNA Elution Buffer. RNA was quantified with a NanoDrop 1000 spectrophotometer

(Thermoscientific) and stored at -80°C.
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3.11 cDNA synthesis withSuperScript First-Strand Synthesis System for RT-PCR” KIT
(Invitrogen)

cDNA synthesis was performed by using the “SuperScript First-Strand Synthesis
System for RT-PCR” KIT (Invitrogen), 1 pg of RNA in a volume of 7 yL in a 0,1 mL
microcentrifuge tube. 3 uL of Pre-Reaction Mixture was prepared as follow:

-3.3 mM of dNTPs mix (10mM)
-0.16 pg/uL of Oligo (dT)12.15 (0.5 pg/ulL)
-16.6 ng/uL of Random hexamers (50 ng/uL)

Pre-Reaction Mixture was added to each RNA mixture and incubate at 65°C for 5 min
and at 4 °C for at least 1 min in a 2720 Thermal Cicler (Applied Biosystem). Then 1X
Reaction Mixture was prepared as follow:

-2X of RT Buffer (10X)

-10 mM of MgCl, (25mM)

-20 mM of DTT (0.1M)

-1U RNasa OUT Recombinant RNAse Inhibitor (1U/uL)

9 WL of reaction mixture were added to each RNA mixture, mixed gently and incubated
at 25°C for 2 min. 1 uL (50 units) of SuperScript Il RT was added to each tube and
incubated at 25 °C for 10 min, then at 42 °C for 50 min and at 70 °C for 15 min in a
2720 Thermal Cicler (Applied Biosystem). Sample was chilled on ice, 1 yL of RNAse H
(1U/uL) was added and incubated at 37°C for 20 min. cDNA was directly used for real
time g-PCR or stored at -20°C untill used. For RNA derived from PGL derived cells,
PGL33 and PGL38, 1 ng of total RNA was used in 1 pl RT reaction using the
AmpliGrid Single Cell One-Step RT-PCR System in an AmpliSpeed slide cycler
(Advalytix, Olympus Life Science Research Europa Gmbh) following the instruction

recommended by the manufacturer.

3.12 Real Time g-PCR with Syber Green® Master Mix (Life Technologies)

For the Real Time q-PCR was relized with Syber Green® Master Mix (Life
Technologies) following manifacture’s instruction. Briefly, reaction was performed using
3.75 pL of a dilution 1/10 of cDNA synthetized from 1 ug RNA. In a sterile 1.5 mL

microcentrifuge tube were added the following reactive on ice:
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7.5 uL Water, nuclease fre
0.3 uyM Primer FW

0.3 yM Primer RV

18.75 uL Syber Green®

The reaction mixture was mixly gently and centrifuged. 33.75 pL of the reaction mixture
were aded to the cDNA mixture and 10 uL the sample was placed in triplicated in a
MicroAmp Fast Optical 96-Well Reaction Plate with Barcode (0,1 mL). Plate was
placed in Step One Plus Real Time PCR system (Applied Biosystem) device and the

following programm was started.

Step 1. 95°C for 15 min

Step 2. 95°C for 15 s

Step 3. 60°C for 1 min

Step 4. 95°C for15s —» goto step 3 and repite 40 times
Step 5. 60°C for 1 min

Step 6. 95°C for 15 min

Data analysiswere performed using dCT-dCT method and the endogenouse gene

Cyclophylin was used for normalization.

3.13 cDNA synthesis “RT-PCR TagMan MicroRNA Assay Kit” (Applied Biosystem)

This KIT was used to synthetize cDNA from singles miRNAs following manifacture’s

instruction. Briefly, the reaction was prepared on ice has follow:

1 mM dNTPs (with dTTP)
1U Reverse Transcriptase
1X Reverse Buffer

2U RNAase Inhibitor
Nuclease free water to 15 pL
1X miRNA primer

10 ng RNA

The reaction was carefully mixed and centrifuged and incubated at 16 °C for 30 min,
42°C for 30 min, 85°C for 5 min than chilled to 4°C. cDNA was used directly for real
time g-PCR using TagMAnN assay or stored at -20°C.
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3.14 Real Time g-PCR with TagMan 2X Universal PCR Master Mix, No AmpErase
UNG (Applied Biosystems)

In a sterile 1.5 mL microcentrifuge tube reaction was prepared has follow.

1X TagMan (2X) Universal PCR Master Mix, No AmpErase UNG
7.67 uL Nuclease free water

1XTaq Man MicroRNA Assay (20X)

1.33 uL cDNA

The reaction mixture was mixly gently and centrifuged. 20 uL of the reaction was
placed in quadruplicated in a MicroAmp Fast Optical 96-Well Reaction Plate with
Barcode (0,1 mL). Plate was placed in Step One Plus Real Time PCR system (Applied
Biosystem) device and the following programm was started.

Stepl. 50°C for 2 min

Step2. 95°C for 10 min

Step3. 95°C for 15 s

Step4. 60°C for 1 min — go to step 3 and repite 40 times.

Relative miRNA expression was normalized against endogenous small nucleolar RNA,

RNU44, control using the comparative delta-delta CT method.

3.15 Multiplex Ligation Probe-dependent Amplification (SALSA MLPA P016-C2 VHL,
MRC Holland, The Netherlands)

To determine the copy number of VHL gene in PGLs tumors “Multiplex Ligation Probe-
dependent Amplification” (SALSA MLPA PO016-C2 VHL, MRC Holland, The

Netherlands) was used following the manifactire’s instructions.

Briefly, DNA from healty blood donor was used as reference. This P0O16-C2 probemix
contein 9 probes for the VHL gene (two or more probe for each exon), as well as 6
probes for genes located close to VHL (FANCD2, C3orfl0/HSPC300, IRAK2 and
GHRL) and 2 probes on 3p wich are further telomeric or centromeric from VHL. In
addiction, 12 reference probes detecting sequences on other cromosomes are

presents (Table 3).
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Table 3. SALSA MLPA P016-C2 VHL Probemix

Length (nt) | SALSA MLPA probe Chromosomal Position
Reference | Other | VHL

64-70-76-82 | Q-fragments: DNA quantity

88-92-96 D-fragments indicates incomplete denaturation

100 X-fragment: Specific for the X chromosome

105 Y-fragment: Specific for the Y chromosome

166 Reference probe 09890-L10303 16p13

175 VHL probe 13624-L16363 Exon 2

184 CNTNS6 probe 06307-L05830 3p26.3

193 C30RF10 probe 14676-L16328 3p25.3

201 VHL probe 02390-L16140 Exon 2

211 Reference probe 13450-L14905 5q31

219 VHL probe 01626-L01211 Exon 1

229 IRAK2 probe 02264-L01750 3p25.3

238 MLH1 probe 00892-L00480 3p22.1

247 VHL probe 01162-L00718 Exon 3

256 Reference probe 01055-L00628 17921

265 Reference probe 02454-L01898 15921

274 VHL probe 01628-L01213 Exon 1

283 FANCD2 probe 02138-L01631 3p25.3

301 GHRL probe 02266-L01752 3p25.3

310 FANCD2 probe 02140-L01633 3p25.3

319 Reference probe 05981-L05406 20p12

328 VHL probe 13625-L15079 Exon 1

337 Reference probe 01082-L00660 22911

346 Reference probe 01335-L00879 7911

355 Reference probe 00547-L00116 11922

364 C30RF10 probe 14675-L16327 3p25.3

373 VHL probe 01158-1.13266 Exon 1

382 Reference probe 00973-L00560 10921

391 VHL probe 13322-L14735 Exon 2

400 Reference probe 00801-L00639 13q14

409 Reference probe 00669-L00373 11p13

428 VHL probe 01161-L00717 Exon 3

427 Reference probe 00680-L00121 7934

DAY 1: DNA denaturation

5 pL of DNA sample (50 ng) were added to 0.2 mL labeled microcentrifuge tube. DNA

was incubated for 5 min at 98°C and cooled to 25°C.

DAY 1: Hybridisation Reaction

Hybridisation Master Mix was prepared adding, for each reaction, 1.5 yL MLPA Buffer
and 1.5 mL Probemix. After denaturation 3 pL of the Hybridisation Master Mix were
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added to each sample tube. Sample was incubated for 1 min at 95°C and for 16-20 h at
60°C.

DAY 2: Ligation Reaction

Ligase-65 master mix was prepared as follow.

25 pL Nuclease free water
3 uL Ligase Buffer A

3 uL Ligase Buffer B

1 yL Ligase -65 enzyme

Ligase-65 Master Mix was well mixed and 32 puL were added to each reaction tube at
54°C mixing gently by pipetting up and down. Ligation reaction was continued at 54°C
for 15 min followed by 5 min at 98°C for heat inactivation of the ligase and then paused
at 20°C.

DAY 2: PCR Reaction

Polymerase Master Mix was prepared on ice by adding 7.5 pL dH,0, 2 yL SALSA PCR
Primer mix and 0.5 mL SALSA Polymerase. It was mixed well by pipetting up and
dorwn. At room temperature 10 uL of Polymerase Master Mix were added to each tube

and the PCR Reaction was performed with the following thermocycler programm.

Step 1. 30 s at 95°C

Step 2. 30 s at 60°C 35 cicles
Step 3. 60 s at 72°C

Step 4. 20 min at 72°C

Pause at 15°C

Tubes with PCR poducts were sent to the “Tecnical Scientific Service” of the
University of Oviedo in where the Fragment Separation by Capillary Electroforesis was

performed.

Data Analysis and Results Interpretation

Prior to probe ratio calcultaion, MLPA peak patterns (electropherograms) were

inspected to determine the quality of the MLPA experiment. For this pourpose raw data
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and size-called data were valueted using the software Peak Scanner following the

instruction of the manifacture.

When the data met all the criteria Dosage Quotient (copy number) was calculated.
Data that has passed raw data and peak pattern evaluation was used for data
normalization. Two step-model normalization was performed using a self-made
analysis sheets. First the relative fluorescence intensity of each peak is determined
(intra-normalization); in a second step, this relative peak was compared to that in the
ther samples (inter-normalization). The final ratio for a given probe in a test sample
compared to that same probe in the reference samples is called the Dosage Quotient

of that probe. The dosage quotient results sholud meet two criteria:

1. the standard deviation of all probe of the reference runs shold be < 0.1;
2. the dosage quotient of the reference probes of the sample runs should be
between 0.8 and 1.2.

When this criterias were met, the interpretation of results was performed. Keeping in
mind that MRC-Holland designed probes avoids known SNPs and that copy number
changes detected with MPLA need to be confirmed with another methods, we used the
following cut-off values for the dosage quotient (DQ) of the probes to identify abnormal
VHL copy number (Table 4).

Table 4. Dosage quotient summary

Copy Number Status Dosage Quotient
Normal 0.85<DQ < 1.15
Heterozygous duplication | 1.35 < DQ < 1.55
Homozygous duplication |1.7 <DQ < 2.2

Heterozygous deletion 0.35<DQ <0.65
Homozygous deletion 0

3.16 Real time g-PCR method to confirm results from MLPA

DNA copy numbers for VHL gene were confirmed by real time g-PCR optimizing a
previously described sensitive and specific method (108). Real-time PCR was done in
an ABI Prism 7500 Sequence Detection System using SYBR Green PCR Master mix
(AppliedBiosystems) and the following thermocycler conditions: 10 min at 95°C, 40

cycles at 95°C for 15 s and 1 min at 60°C. GPR15 gene was used as a reference locus

35



on chromosome with normal copy number. Primers for amplification of the three VHL
exons were as described in (108) Primers concentrations were adjusted by using an
optimization protocol with normal human blood DNA as template. For exons 1 and 3,
each forward and reverse primer was used at 70 nM final concentration. For exon 2,
primers were used at 333 nM. Each assay included a no-template control (in duplex),
30 ng of DNA from normal blood sample (in triplicate) and 30 ng of test DNA (in
triplicate). Relative DNA quantity was determined using the delta-Ct formula as
described in (108). For normalization of the relative quantities, the VHL copy numbers
were divided by the geometric mean of the reference GPR15 copy number. Using this
method, a haploid copy number of 1 is expected for a normal sample and a value of 0,5
for a sample with a VHL deletion. Primers used are described in table 3.

3.17 Western blot

Protein extracts were obtained from HNSCC-derived cell lines at 80—-90% confluence
by scraping on ice in Lysis Buffer (50 mmol/L HEPES at pH 7.9 , 250 mmol/L NaCl, 5
mmol/L EDTA, 0.2% NP40, 10% glycerol, and protease inhibitors: 0.5 mmol/L
phenylmethylsulfonyl fluoride, 1 Ag/mL aprotinin, 10 Ag/mL leupeptin, 1 mmol/L
Na3V04). The protein concentration was determined in the supernatant with Bradford
protein assay reagent (Bio-Rad). Equal amount of protein were separeted on SDS-
PAGE (7.5% for HIF-1a and 12% for SDHB and ISCU) and transferred to Immun-Blot
polyvinylidene difluoride membrane (Bio-Rad). Membranes were inmunaoblotted with
anti-HIF-1a (BD Biosciences), anti-SDHB (Sigma-Aldich, St Louis, MO, USA, anti
ISCU1/2 (ProteinTech) at 1:1000 dilution. For protein load control, mouse monoclonal
anti- a-tubulin or anti-B-actina (Sigma-Aldrich, St. Louis, MO) was used at 1:10.000
dilution. Bound antibodies were detected using enhanced chemiluminescence reagent

(Amersham Pharmacia Biotech) according to the protocol of the manufacturer.

3.18 Bisulfite Conversion and Pyrosequencing

This protocol was used for the methylation analyisis of VHL. In the presence of sodium
bisulfite no methylated cytosine are converted to uracil while methyleted cytocines are
not modified. After the PCR amplification uracils are converted to thymine so and they
can be distiguisced from cytocine that was metilated in the original sequence by

sequencing.
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3.18.1 Bisulfite Conversion

500 ng of DNA was used for the bisulfite conversion that was realized with EZ DNA
Methylation-GoldTM Kit (Zymo Research) CT Conversion Reagent was prepareted by
adding 900 pl water, 300 pl of M-Dilution Buffer, and 50 pl M-Dissolving Buffer to a
tube of CT Conversion Reagent. It was mixed by vortexing 10 min at room tempeture.
130 L of CT conversion Reagent were added to 20 uL of each DNA sample in a PCR
tube and mixed by pipetting up and down. The tubes were placed in a thermal cycler

and the following steps were performed:

Step 1. 98°C for 10 minutes
Step 2. 64°C for 2.5 hours
Step 3. 4°C storage up to 20 hours

3.18.2 Bisulfite Pyrosequenciation

It is a quantitative method that allows determines the cytosine/thymine proportion in the
CpG island of the gene in study. Primers in two regions of VHL promotors (V1 and V2)
were designed by PyrosequencingTM Assay Design Software v1.0, de Biotage AB in
the Laboratory of Epigenetic of the Univesity of Oviedo, avoiding CpG aisland or SNPs
(Table 5). PCR was performed following the instruction of (109). 5uL of the PCR
product were separeted on a 1% agarose gel in TAE 1% to check the intensity and the
especifity. Product was purified in the PyroMarkTM Q24 Vacuum Prep Workstation and
desnaturalized at 80°C for 10 min. The primers were added and the pyrosequenciation was
performed in PyromarkTM Q24 (Qiagen) device. Results were analyzed with Pyromark
Q24 v2.0.6 sotware (Quiagen) obteing a porcentaje of methylation for each CpG analyzed.
DNA extracted from carotid body of organ donor was used as control.

Table 5. Primers used for amplification and pyrosequenciation.

Primer for pyrosequenciation Sequence
Pyro-VHL-V2 seq TTAAATAATAAATAAAAATAATTAG
Pyro-VHL-V1 seq AAATTTTATAGTGGAAATATAGTA
Pyro-VHL-V1F GGTTAAGGTTGTAGTGAGTTAAGT
Bio-Pyro-VHL-V1R CAAAAAAATCCTCCAACACC
Pyro-VHL-V2F AGGAGGATTATTTGAATTTAGGGTT
Pyro-VHL-V2R ATACAACCTTAACCTCCTAACT
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3.19 Mutation analysis

Patients studied for germline SDH mutations were performed by direct sequencing and
for SDH exon deletions by MLPA (P226-B1-SDHB-SDHC-SDHD, MRC-Holland) in the
laboratory of Molecular Oncology of the Hospital Central de Asturias and by the
laboratory of Gregorio Marafion. Somatic SDHB, SDHC, SDHD, SDHA, and SDHAF2
gene mutations were explored by direct sequencing in the 3 tumor tissues of cluster C1
and in PGL47 at the level of both cDNA and genomic DNA. Mutation analysis for VHL
and HIF-2a gene was performed by direct sequencing of germline and tumor DNA for
each patient of cluster C1. Mutation analyses for VHL gene in non-pHx-HNPGLs were
limited to tumor DNA. Tumors of cluster C1 was also analyzed for the presence of
somatic mutation HIF2-a and in Pro402 and Pro564 residues of HIF1-a. Primers used

are described in Table 4.

3.20 Polymerase Chain reaction (PCR)

For the sequencation the exons were amplified by PCR using BIOTAQDNA
Polymerase™ (Bioline), following the manifacture’s instruction. Briefly, the followinf

mixture was prepared in a total volume of 20 L.

PCR MIX

1X NH, reaction Buffer

2mM MgCl,

0.8mM dNTPs

0.4 pL Primer Forward

0.4 pL primer Revers

1U BIOTAQ DNA Polymerase

In a PCR tube were added 5,4 uL of the PCR mix and 200 ng of DNA template in ain a
final volume of 20 uL. For each gene a negative control without DNA template was
performed. In the case of region with high percentage of GC 10% DMSO was used.

PCR tubes were placed in a Thermocycler and the following program was performed

PCR pogram
1.95°C 5 min

2.95°C 30 sec
3.55°C 30 sec (could vary depending on the primers used)

4.72°C 30 sec (go to step 2 and repite 25 times)
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5.72°C 7 min
6.4°C hold

To check the PCR product size, 5 uL of PCR product were separed in an electroforesis
gel of agarose 1%. DNA was visualized trough the incorporation of Etidium Bromide
(Sigma Aldrich) using UV transillumiator and molecular weight ladder used used was
Gene Ruler 100 bp DNA Ladder (Thermo Scientific). Primers used for sequenciation

and amplificacion are in Table 6

Table 6. Primers used for amplification and sequenciation

Primer Sequence Company
SDHAF1 CTTTGCCTGGCTGCTATCTC invitrogen
SDHAF2 GGGGAGTTCCACTTCAACAA invitrogen
SDHAF3 CCAACAGATTCCCAAAAGGA invitrogen
SDHAF4 CTCGTTAATCAGGCGGTCAT invitrogen
SDHAF5 CTTCCGGCTCAGCTCCTC invitrogen
SDHAF6 TCCTTTTGGGAATCTGTTGG invitrogen
SDHAF7 GAACCTCTATGACCGCCTGA invitrogen
SDHAF8 CACGCAGTCTCTGCTCTTTG invitrogen
SDHAF9 TGCCCCAGATCTTGAGTACC invitrogen
SDHAF10 ATCACTTGAGGCAGGACCAG invitrogen
SDHAF11 GGGTTCAGTCTGTGGATGGT invitrogen
SDHAF12 AGAGATAGCAGCCAGGCAAA invitrogen
SDHAF13 CATGCGCAGGGACGCACCTT invitrogen
SDHA1 TGGGAAAATCAGCAAGCTCT invitrogen
SDHA2 CACAGTCAGCCTCGTTCAAA invitrogen
SDHA3 TCAAGGCGAAAGGTTTATGG invitrogen
SDHA4 AGGACCTGCCCCTTGTAGTT invitrogen
SDHA5 TCGCACTGTGCATAGAGGAC invitrogen
SDHAG6 GCCTCTTCCTTCTCGGATCT invitrogen
SDHA7 TTATAACATGGGCGGCATTC invitrogen
SDHAS8 TTTTCCCACAACCTTCTTGC invitrogen
SDHA9 CCCTGTCCTATGTGGACGTT invitrogen
SDHA10 TCAAATGGATTTGGAAATAAAAGA invitrogen
SDHA11 AGGAACCCGAGGTTTTCACT invitrogen
SDHA12 GAAATGCCACCTCCAGTTGT invitrogen
SDHA13=11 AGGAACCCGAGGTTTTCACT invitrogen
SDHA14=12 GAAATGCCACCTCCAGTTGT invitrogen
SDHA15 GACAACTGGAGGTGGCATTT invitrogen
SDHA16 CCAAACTTGAGGCTCTGTCC invitrogen
SDHA17 GGACAGAGCCTCAAGTTTGG invitrogen
SDHA18 TTGCTCTTATGCGATGGATG invitrogen
SDHA19 TACTGCACCGATCCTGTCTC invitrogen
SDHA20 GGACCTCAGCGTTCCCTTA invitrogen
SDHA21 AGTGAAAACCTCGGGTTCCT invitrogen
SDHA22 AAAATGTTGGTGCCCACCAC invitrogen
SDHA23 GCAACAGCAGACATGTCGGG invitrogen
SDHA24 CGTAGCCTCCTGTGGCAACA invitrogen
SDHA25 ATCGGACTGGCCACTCGCTA invitrogen
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SDHA26
SDHA27
SDHA28
SDHA-HMG-1
SDHA-HMG-2
SDHA-HMG-3
SDHA-HMG-4
SDHA-HMG-5
SDHA-HMG-6
SDHA-HMG-7
SDHA-HMG-8
SDHA-HMG-9
SDHA-HMG-10
SDHAF14
SDHAex14F
SDHAex14R
SDHAex6F
SDHAex6R
SDHAex1F
SDHAex1R
SDHAex2F
SDHAex2R
SDHAex3F
SDHAex3R
SDHAex4F
SDHAex4R
SDHAex5F
SDHAex5R
SDHAex7F
SDHAex7R
SDHAex8F
SDHAex8R
SDHAex9F
SDHAex9R
SDHAex10F
SDHAex10R
SDHAex11F
SDHAex11R
SDHAex12-13F
SDHAex12-13R
SDHAex15F
SDHAex15R
SDHA ex6 F new
SDHA ex6 F new
VHL proF
VHL pro R
VHL 1aF

VHL 1bF

VHL 1R

VHL EX1 R
VHL EX2 F
VHLEX 2R
VHL EX3 F
VHL EX3 R

TTGTAGTTGGTGGGAATGCC
CGCCTGCCTGGCATTTCAGA
CGTGCCTCTGCTCCGTAGAT
ACTGCGCGGCGGCAACAGCAG
TCTAGCTCGACCACGGCGGC
ATCCACTACATGACGGAGCA
CATATATGCCTGTAGGGTGGA
TTGTTGCCACAGGAGGCTAC
GACTTTATCTCCAGGCCTGCA
TTGGACCTGGTTGTCTTTGG
CATCAATCCGCACCTTGTAG
TGCAGGCCTGGAGATAAAGTC
GGCAAGCTCCCAGCCACTA
AAAATGGCGGTGTCTACAGT
GCTCTGTTAGAGTAATAAGAAAC
GAAGCCCGACTGCTGTCG
CTGCCTTGTCTGTACTGCTC
CAAGGCCTGTGTCTAAACCGT
CGCTCGACTCCGGCGTGGT
TCCCGATCCCGGGACAGA
GTTTGCAAGGGGAAATTACTATC
TTTACTTGATCTAAATTTAAATCTAG
AGGTGCGAATGTGCCCACC
GGCCATGTGGCTGGAGCAGG
GCCTGGAAGACAAAGTTGGC
TTCTTTTGGCTGCCACATCC
TCTTTTTCCGTTATGAACTATGC
CGCTGCATGCGCCCCACGCT
TGTCCATTCTGTGATCTCACC
AGTTAGGACCTGAGAGCTGA
TCTAGCAATTGTTAGGTAATAAAT
AGACGCCTGCCAGCAGCTA
CACACTTCCAAGATGACGTAT
TGCGAGGTGGGCCCCGTC
GACACCCTGTTGGGGAAG
AAAAAGAAAAAAGACTTTCTAACG
GTTAGCTCAGGAGACTTACA
CACTTGGAAGTGGAAGCTGAAT
TCCTAATTTTTCTGTTTAATTTATG
CTGAGTCCCACCAGGTGGC
GAATCTTAAAGTTCACATGCCA
GAATCTTAAAGTTCACATGCCA
TCTCTGCGATATGATACCAGC
CCTGTGGCAACAACAGTGTT
GTTACAACAGCCTACGGTG
CCGTCTTCTTCAGGGCCG
CGAAGACTACGGAGGTCGAC
TCCGGCCCGGGTGGTCTGGAT
CCGAAGTCTGGCACGATAGCA
GGCTTCAGACCGTGCTATCGT
ATTACAGGTGTGGGCCACCG
ACGTGCCTGACATCAGGCAA
GTTCCTTGTACTGAGACCCTA
GCTGAGATGAAACAGTGTAA
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invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
invitrogen
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VHL EX3 F new
VHL EX1F lab inv
VHL EX1R lab inv
GPR15F
GPR15R

VHL EX2 F Lab Invest
VHL EX2 R Lab Invest
VHL EX3 F Lab Invest
VHL EX3 R Lab Invest
vhl pro newl

vhl pro new2
SDHBF

SDHBR

SDHC EX1F
SDHC EX1R
SDHC EX2F
SDHC EX2R
SDHC EX3F
SDHC EX3R
SDHC EX4F
SDHC EX4R
SDHC EX5F
SDHC EX5R
SDHC EX6F
SDHC EX6R
VHL cDNA F
VHL cDNA R
CF123

CF124

Ca9 FW

Ca9 RV
VHLseq3

HIF2 EX1f

HIF2 EX1r

HIF2 EX2f

HIF2 EX2r

HIF2 EX3f

HIF2 EX3r

HIF2 EX4f

HIF2 EX4r

HIF2 EX5,6f

HIF2 EX5,6r
HIF2 EXT7f

HIF2 EX7r

HIF2 EX8f

HIF2 EX8r

HIF2 EX9f

HIF2 EX9r

HIF2 EX10f

HIF2 EX10r

HIF2 EX11f

HIF2 EX11r

HIF2 EX12f

HIF2 EX12r

TTGTTCGTTCCTTGTACTGAG
CGCCGCATCCACAGCTA
GGCTTCAGACCGTGCTATCG
TTGCTGGTAATGGGCACACA
TTGCTGGTAATGGGCACACA
CAATGTTGACGGACAGCCTATTT
GTCTATCCTGTACTTACCACAACAACCT
GACCTGGAGCGGCTGACA
TACCATCAAAAGCTGAGATGAAACA
TAACGAGTTGGCCTAGCCT
AGGATCCTTCTGCGCACGC
CATATGCAGACTTATGAAGTT
ATTAAAGCATCCAATACCATG
CACATGACACCCCCAACCCC
GACGGGTCCGTGTCCTATTTGT
TATTTTATCTATCCCTTCAC
AGAGGTCTGAATGTTTGAAT
CATGCCTGCTTGGTATTGC
AGTCTTGAAAGTGGGTGATGGAG
CTATGGTGTCATCTTTTCCTTTT
CTCGTGTGACGTTTGAGTATTA
TCATATTAGTTGTAACTTATGAGCAGC
GAGGGGTGAGGGAATGAC
TGTTAATGTCCTATTTACTGAA
ATTTGTTTATTCCTCTTGAAAA
CCCAGGTCATCTTCTGCAAT
ACATTTGGGTGGTCTTCCAG
CATCTGCACTGCCAAGACTGA
TTGCCAAACACCACATGCTT
CGCTGAGGAAGGCTCAGAGA
GGCAGGAGTGCAGATATGTCC
AGCCTAGTCAAGCCTGAG
CCCAGTCACCTTTCTCCAC
GAAGACCTCTCAGCACTCTTC
ATGTCCTGGCCAGAGGT
GGAACATGCTGGTAAGGC
AATGCCTATCTGTGCCAGT
GATTGTGGCTAGCACCTTC
GGAAGGTGGCTCAGCTTA
CTCCCTTATACCCGTAGACAA
ATATAAACAATAGGCTGCCAAG
TCCCCACACACACAGGTAAG
TCTGGGGTTAGCTCCTGC
CACTCAAGGCCACATACCAC
GATCTGCTGAGCCTGTGG
CTGAGTCTGGGAAGCTTGG
CGGAGAGCTTAGCTATGAGG
GGGGTAGCTCTGGTTAAGAA
GGCATGCCTTCCAGAC
CCCTTCAGCCATCTGG
TCTTCTTCCATGCTGGACT
CAAGAATGGATGTGAGCCT
AGGAGCTGAGTTGGAATAGTG
CCAGCTATCTTACTAGTGGGTG
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vwr-thermo
vwr-thermo
vwr-thermo
vwr-thermo
vwr-thermo
vwr-thermo
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vwr-thermo
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vwr-thermo
vwr-thermo
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vwr-thermo
vwr-thermo
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vwr-thermo
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vwr-thermo
vwr-thermo
vwr-thermo
vwr-thermo
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HIF2 EX13f CCTAAGATGAGAAGGCACTGA vwr-thermo
HIF2 EX13r CTATGCTGGCTTGGAAGG vwr-thermo
HIF2 EX14f AAGCCAGCAAGTGCCAG vwr-thermo
HIF2 EX14r GAGCCCCAGTCCTTCCAC vwr-thermo
HIF2 EX15f AAGGGATGCTAGGGCTTC vwr-thermo
HIF2 EX15r GCCTGGCACTGTGCAGAC vwr-thermo
HIF2 EX16f GGAGCAGAGTGAAATTAG vwr-thermo
HIF2 EX16r CCACTGCTTGGTGACCTG vwr-thermo
EX9HIF1a-f CAATTTCTCTTGTTTTGACAG vwr-thermo
EX 9HIFla-r ACACAATTTAGGGGATTAACA vwr-thermo
EX 12HIF1a-f AAGGTGTGGCCATTGTAAAAA vwr-thermo
EX 12HIFla-r TTGCGTTAGGGCATATATATCAGA vwr-thermo
VHLmutdelCTT-f CCTCCCAGGTCATCTGCAATCGCAGTCCGC vwr-thermo
VHLmMutdelCTT-r GCGGACTGCGATTGCATATGACCTGGGAGG vwr-thermo
VHLmMutG-A-f GTATACTCTGAAAGAGCAATGCCTCCAGGTTGTCCG  vwr-thermo
VHLmMutG-A-r CGGACAACCTGGAGGCATTGCTCTTTCAGAGTATAC vwr-thermo

3.21 Purification of PCR products

PCRs products were purified using ATP™ Gel/PCR Fragment DNA extraction KIT
(ATP Biotech Inc.) following the manifature’s instruction. Briefly 20 pyL of reaction
products were transfered into a microcentrifuge tube and 5 volumes of DF Buffer were
added. The sample mixture was added to a DF columne in a microcentrifuge tube and
centrifugated at 13.000 rpm for 30 sec; the flow-trough was discarded. 600 pL of Wash
Buffer were added and centrifugated for 30 sec; the flow-trough was discarded and
centrifugation was repited to dry the filter at full speed for 3 min. Column was
transferred into a new microcentrifuge tube and DNA was eluted with 15 pL of Elution
Buffer.

3.22 Immunocitochemestry

Cells grown in CultureSlides (BD Falcon) were washed twice with PBS, fixed with
absolute ethanol for 1h and rendered permeable with successive treatment with
ethanol at concentration of 95%, 80%, 70%, 50% and water for 5 minutes each. Cells
were then covered with EnVision™ FLEX WASH BUFFER 1X (Dako) for 5 minutes,
treated with EnVision™ FLEX PEROXIDASE_BLOCKING REAGENT (Dako) for 5
minutes and washed again with EnVision™ FLEX WASH BUFFER 1X (Dako) for 5
min. Cells were incubated with specific antibody diliuted as indicated in the table 3 and
incubated over night at 4°C.After the incubation cells were washed with PBS for 5 min
and incubated for 20 min with EnVision™ FLEX HRP (Dako), washed with PBS for 5
min and incubated with DAB (Dako) prepared following the manufacture’s instruction

for 5 min. To stain the nuclei cells were incubated with EnVision™ FLEX Hematoxylin
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(Dako) for 8 min. Sample was dehydrated with successive wash with ethanol 50%,
70%, 96%, 100% and xylol and covered with a microscope cover glass. Images were

taken with Olympus BX61 microscope.

3.23 Inmunofluorimetry

Cells grown in u-Plate 24 well ibiTreat (ibidi) were washed twice with PBS, fixed with
methanol for 5 min and permebilized with PBS for 5 min. Fixed cells were treated with
EnVision™ FLEX PEROXIDASE_BLOCKING REAGENT (Dako) for 5 minutes and
then washed with PBS twice. Cells were incubated with anti-VHL (1:100) for 1h at room
temperature, after the incubation cells were washed with PBS twice and incubated with
Labeled-Chiken Anti-Mouse Alexa Fluor 555 (Invitrogen) for 1 hour at room
temperature in darkness. Sample was washed twice with PBS and incubted with
VECTASHIELD Mounting Medium with DAPI (VECTOR® laboratories). Images were

taken in a Zeiss Axio Observer Z Inverted Microscope.

3.24 Immunohistochemestry

Tumor samples were fixed with formol and inclused in paraffin then were cutted in 4 ym
cut and were attached on a slide trated with silicon (ChemMate, BioTEK Solution;
Santa Barbara, CA, USA). Sample were desparafinized and unmasked with PTlink
device (DAKO) using a specific pre-treatment (table 3) for 20 minute at 95°C. Then
sample were located in the Autostainer (DAKO) device that automatically perform the
immunohistochemestry using EnvisionFLEX (DAKO) reagents. Conditions used for

each antibody are shown in table 7.

Table 7. Antibody condition for immunohistochemestry.

Antibody Commercial House Pre-treatment Dilution Time (min)
anti-HIF-1a BD EDTA 1:50 60
anti-CalX abcam EDTA 1:1000 30
anti-SDHB SIGMA EDTA 1:800 30
anti-SDHA abcam EDTA 1:1000 30
anti-VHL BD citrate 1:100 15
anti-MBP SIGMA EDTA 1:150 30
anti-TGFBR3 abcam EDTA 1:15 50
anti-nestin abcam citrate 1:1000 20
anti-S100 DAKO proteinase K 1:1000 20
ant-TH abcam EDTA 1:400 30
anti-CD31 abcam EDTA 1:100 10
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3.25 Microarrays and TagMan Low-Density Array (TLDA)

RNA quality was determined using Bioanalyser 2100 (Agilent Technologies, Palo Alto,
CA) following the manifacture’s instruction and only RNA samples with an RNA
integrity number (RIN) between 8 and 10 were used. About 3-10 pg of total RNA (0.1
Mg per mg of tissue) were obtained from the carotid bodies extracted from healthy
donors. For microarray hybridization, RNA was processed for hybridization to
Affymetrix GeneChip Human Genome U133 Plus 2.0 Arrays according to the
manufacturer’s instructions. TLDA (Applied Biosystems) was used to assay the
expression of 369 human miRNAs present in miRBase release 16.0. For TLDA, 100 ng
of total RNA obtained from tumor and healthy tissues was used in the megaplex
reverse transcription (RT) reaction containing about 450 miRNA-specific RT primers
provided by the manufacturer. No prior miRNA preamplification step was needed. The
RT product was mixed with 2X TagMan Universal PCR Master Mix, No AmpErase
UNG (Applied Biosystems) and loaded onto the TLDA containing the 48-plex PCR
reaction mix. TLDAs were run on a 7900HT Thermocycler (Applied Biosystems) using
Sequence Detection Systems (SDS) software version 2.3. A single TLDA was used per
sample. Manual inspection of all amplification plots was performed and miRNAs were
excluded from the analysis if: Ct values were too high (above 35, indicating a miRNA
expression too low for accurate detection), or if amplification was not achieved in all
samples. Data analysis was performed using SDS RQ manager v1.2 (Applied
Biosystems) which utilizes the delta-delta CT method. The endogenous small nucleolar
control RNA, RNU44, was used for normalization. miRNAs that were expressed
differentially between normal and tumor samples were detected with one-way analysis
of variance (ANOVA) using the Partek Genomics Suite. The recovered P-values of the
comparisons were then corrected using a step-up false discovery rate value of 5%. The
resulting list of significantly differentially expressed miRNAs was filtered to include only

those that demonstrated 2-fold or greater up or down-regulation.

3.26 Vascular Density

To measure vascular density, the number of CD34 immunostained blood vessels was
counted in 3 “hot spot” fields of 1 squared millimetre in tissue sections with the use of
stereological grids overimposed to the microscopic field. We used the free image
processing and analysis program UTHSCSA Image Tool. Vessels were counted

according to the stereological rules (110).
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3.27 Statistical Analysis

Statistical analyses were performed using the SPSS statistical software version 8.0
(SPSS Inc., Chicago, IL.). Correlations between tumor size or tumor location were

computed using the Chi- Square test.

3.28 Microarray data analysis

Raw signal intensities for each probe set in the .CEL files were analyzed using version
6.5 of the Partek® Genomics Suite ™ (Partek Inc., MO, USA). The robust multiarray
average (RMA) normalization method was used for RMA background correction,
guantile normalization and medianpolish probe set summarization. Examination of the
frequency of expression values after normalization of the data revealed consistent
values between all samples. Expression values were transformed to log2 before
statistical analysis. To identify outliers in our sample sets and to investigate global
similarities of samples, a principal component analysis (PCA) was performed. Genes
that were expressed differentially between two groups of samples were detected with
one-way analysis of variance (ANOVA). The recovered P-values of the comparisons
were then corrected using a step-up false discovery rate (FDR) value of 5%. The
resulting list of significantly differentially expressed genes was filtered to include only
genes that demonstrated 2-fold or greater up or down-regulation. To search for
enrichment of specific biological processes, the genes showing significantly differential
expression between two groups were analyzed using the Gene Ontology Enrichment
tool in the Partek Genomic Suite Software and DAVID (Database for Annotation,
Visualization, and Integrated Discovery). Significant processes (GOTERM) with

Benjamini P<0.05 were generated.

3.29 Bioinformatics Analysis of Oncomine Cancer Gene Microarray Database

We used Oncomine Cancer Microarray database (http://www.oncomine.org/) to
compare the gene expression signature of pHx-HNPGLs to that of other cancer
tissues. The analysis type <cancer vs. non-tumor> was applied to filter microarray
datasets exploring cancer relative to its non-tumor tissue. Then, two types of analysis
were performed: (1) we searched the Oncomine database using the literature defined
concept: “Upregulated genes in response to hypoxia and in response to HIF-1
expression” which yielded 47 gene lists from 10 types of solid tumors (odds ratio=2; p
value=1E-4; Oncomine analysis). These gene lists were then compared with the pHx-

HNPGL gene lists for overlap. The percentage of overlapping genes was then
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calculated for each microarray study. (2) Expression of genes not contained in the
Oncomine <Upregulated genes in response to hypoxia and in response to HIF-1
expression> concept but found upregulated in pHx-HNPGLs were individually
examined in the 47 datasets previously identified using a threshold p-value of 1E-4,
threshold fold change of 2 and threshold gene rank of “top 10%”. Gene rank reflects
the rank of that gene in the dataset, based on its p-value. The percentage of pHx-
HNPGL-related genes found upregulated in each study was then calculated. Student's

t-test was used for analyzing differences between published datasets in the database.
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4. RESULTS
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4. RESULTS

4.1 Expression profiles analysis of HNPGLS vs normal samples.

The most accepted hypothesis of the pathogenesis of PCC/PGLs is the activation of
the hypoxia pathway via HIF-1a stabilization, however studies of expression profiles,
untill the date, are centred on PGL/PCC and do not include many HNPGLs, in addition
they do not use normal paraganglia for the comparation. To get further insight the gene
expression program of HNPGLs we compared the global expression profile of 17
HNPGLs (Table 1) and 3 normal paraganglia obtained from healty donors (Figure 7).
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Figure 7. Histological examination of two normal carotid bodies obtained from healthy whole body
donors. Hematoxylin eosin staining was performed in two normal carotid bodies used for molecular
studies. (A, B) Images of two carotid bodies were taken in an AxioObserver.Z1 microscope (Zeiss) using
an EC Plan-Neofluor 10x/0.30 Ph1 objective and a 4x4 tile. Stitching was performed with the Zen software.
(C) Higher magnification (x200) of the area outlined in the panel A.
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Table 8. Patient’s characteristics.

Age at | Family history | Tumor | Tumor | Gene mutation mutation
Patient | Gender

diagnosis | (PCC/PGL) | Site' | Size? | Mutated® | nucleotide |  protein
PGL 2 F 79 No JT 1 None
PGL3 F 53 No JT 1 None
PGL6 M 27 No JT 3 None
PGL7 F 55 No CB 1 SDHB | c.725G>A | p.Arg242His
PGL8 F 48 Yes CB 1 SDHD | c.14G>A p.Trp5x
PGL9 F 39 No V Un None
PGL11 F 49 No V 3 None
PGL14 F 25 No CB 1 SDHD | c.33C>A p.Cysllix
PGL15 M 32 No JT 1 SDHB | c.269G>A | p.Arg90GIn
PGL18 F Un Un CB Un None
PGL19 F 66 No JT 2 None
PGL21 M 40 No CB 1 None
PGL22 F 29 No JT 2 None
PGL23 M 41 No CB 2 None
PGL28 M 63 No T 1 None
PGL32 F 29 No CB 1 SDHD |c.386dupT | p.Leul29fs
PGL34 F 29 No JT uUn None

(1) JT, jugulotympanic; CB, carotid body; V, vagal. (2) Tumor size (mm? was calculated by the ellipsoid
volume formula /6 x a x b x ¢ where a, b, and c are the three major diameters (a=width, b=length, and
c=depth) of the tumors (mm). 1, small tumors (less than 50 mm3); 2, medium size-tumors (50-100 mm3); 3,

large tumors (above 100 mm3). (3) Some tumors did not harbor any mutation and were sporadic (None).

Microarrays were performed using the GeneChip Human Genome U133 Plus 2.0
Arrays (Affymetrix). Examination of the frequency of expression values after
normalization of the data revealed consistent values between all samples (Figure 8).
Principal component analysis (PCA) revealed that HNPGLs grouped together and
separated from normal carotid bodies; the same result was obtained with unsupervised

hierarchical cluster analysis (Figure 9A and 9B).

Global expression comparison of the normal and tumor samples showed 1296
differentially expressed genes, 923 of which were down-regulated in HNPGLs and 373
genes were up-regulated (2x fold change, p-value based on the false discovery rate of
< 0.05).

49




= HNFEL
wnorma

Freguency
E
'

Figure 8. Evaluation of gene expression microarray data set. RNA from HNPGLs and normal carotid
bodies were converted to cDNA, labeled and hybridized to Affymetrix GeneChip Human Genome U133.
Scanned data were imported to Partek Genomics Suite software (Partek) and normalized using RMA
algorithm. A plot of frequency versus signal value is shown for each dataset. The histogram shows that all
samples follow the same distribution pattern indicating that there are no obvious outliers in the data.
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Figure 9. Global mRNA expression analysis. (A) PCA revealed a distinct global gene expression
signature for HNPGLs (red) and normal paraganglia (blue). x, y, and z axes represent three major principal
components (PC). (B) Hierarchical unsupervised cluster analysis of genes differentially expressed
between HNPGLs and normal paraganglia (FDR<0.05, with fold change>2). Red and blue colors indicate

high and low expression levels, respectively. Gray color indicates no change in expression levels.

The Gene Ontology Enrichment tool of the Partek Genomic Suite Software and DAVID
software were used for the gene ontology analysis of the differentially expressed genes
(Table 9 and Supplementary Table S1). This analysis revealed that there is a
significant enrichment (p<0.05) of genes involved in locomotion, immune and
inflammatory response, morphogenesis, development and angiogenesis, among others
(Fig 10).

Table 9. Gene Ontology (GO) biological process altered in HNPGLs.

Term Count | % | P-Value 35;11?)23 I?Ig(lj?
cellular ion homeostasis 42 41 3,4E-5 9,6E-3
inflammatory response 34 3,3 7,7E-4 4.9E-2
negative regulation of cell projection organization 8 0,8 7,4E-4 4,8E-2
negative regulation of neurogenesis 10 1,0 7,8E-4 4.8E-2
appendage development 16 15 | 6,4E-4 4,3E-2
limb development 16 1,5 6,4E-4 4,3E-2
muscle tissue development 18 1,7 6,4E-4 4,3E-2
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positive regulation of immune system process 28 2,7 4,2E-4 3,8E-2
regulation of cell projection organization 15 1,5 4,3E-4 3,8E-2
cell motion 46 45 4,4E-4 3,8E-2
axon ensheathment 10 1,0 4,6E-4 3,8E-2
ensheathment of neurons 10 1,0 4,6E-4 3,8E-2
protein maturation 18 1,7 4,8E-4 3,8E-2
regulation of neuron projection development 13 1,3 4.9E-4 3,8E-2
vesicle-mediated transport 53 5,1 5,1E-4 3,8E-2
actin filament-based process 28 2,7 5,1E-4 3,8E-2
small GTPase mediated signal transduction 33 3,2 5,3E-4 3,8E-2
regulation of protein kinase cascade 29 2,8 3,8E-4 3,6E-2
regulation of transferase activity 39 3,8 2,8E-4 2,9E-2
membrane invagination 27 2,6 2,8E-4 2,8E-2
endocytosis 27 2,6 2,8E-4 2,8E-2
angiogenesis 21 2,0 2,4E-4 2,7E-2
actin cytoskeleton organization 28 2,7 1,8E-4 2,4E-2
tissue morphogenesis 24 2,3 2,0E-4 2,4E-2
negative regulation of cell differentiation 27 2,6 2,1E-4 2,4E-2
negative regulation of cellular component organization 21 2,0 | 1,4E-4 2,1E-2
muscle organ development 27 2,6 1,4E-4 2,1E-2
regulation of phosphate metabolic process 49 4,7 1,0E-4 2,0E-2
response to wounding 52 5,0 1,3E-4 2,0E-2
positive regulation of cell communication 37 3,6 1,0E-4 1,9E-2
regulation of cell morphogenesis involved in differentiation 15 1,5 8,9E-5 1,8E-2
negative regulation of cell development 12 1,2 | 5,7E-5 1,4E-2
blood vessel morphogenesis 30 29 7,6E-6 1,2E-2
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Figure 10. Biological process analysis of genes deregulated in HNPGLs. Enrichment scores are the

negative logio X2 P- value (higher score indicates greater enrichment).
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Given that the most accepted hypothesis of tumorigenesis of PGLs is the activation of
a pseudo-hypoxic pathway, it was surprising the observation of the absence of

enrichment of hypoxia related genes in HNPGLSs in this global comparison analysis.

To determine whether a putative hypoxic/pseudohypoxic gene expression profile is
present only in a substet of HNPGLs, a list of published hypoxia-regulated genes taken
from recent relevant reports was elaborated (Supplementary Table S2) (111-113) to
perform PCA and unsupervised cluster analysis of the HNPGLs and normal
paraganglia. The PCA showed that normal tissues, again, were grouped together and
segregated from HNPGLs which, in turn, were clearly separated into two clusters, one
containing three sporadic HNPGLs (cluster C1) and the other containing the rest of
samples (cluster C2) (Figure 11A). Unsupervised hierarchical clustering also showed a

clear distinction in C1- vs C2-tumors (Figure 11B).
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Figure 11. Analysis of hypoxia-related gene expression. (A) PCA showing a distinct hypoxia-like gene
expression signature for normal paraganglia (blue spheres) and HNPGLs (red spheres). Two distinct
clusters of tumor samples; one cluster consists of 3 sporadic tumors (yellow ellipsoid; cluster C1) and the
other cluster consists of the remaiing 14 tumors including 5 SDH-related and 9 sporadics (pink ellipsoid;
cluster C2). (B) Unsupervised hierarchical cluster analysis of normal paraganglia and HNPGLs showing
normal paraganglia grouping together and separated from tumors which segregated in two groups
(clusters C1 and C2).

Gene expression analysis of the hypoxia-related genes identified 28 genes (29 probe
sets) that were differentially expressed between these two groups of HNPGLs, 27 of
which were up-regulated in C1-tumors by more than 2-fold and p-values based on false
discovery rate of less than 0.05. The analysis of global differential gene expression
patterns between C1- and C2-tumors considering the whole genome revealed 27
differentially expressed genes, of which 11 (>40%) were related to hypoxia gene
expression response (Figure 12A-C). collectively, these data supports the conclusion
that C1-tumors actually differ from C2 in the pattern of expression of hypoxia related

genes.
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Figure 12. (A) Hierarchical supervised cluster analysis of genes differentially expressed between tumors of
C1l and C2 (false discovery rate<0.05, with > 2-fold change) using the complete set of genes in the
microarray. Red and blue indicate high and low expression levels, respectively. Grey indicates no change
in expression levels. (B) Biological process analysis of genes deregulated in C1 vs. C2 HNPGLs. (C)
Within the most-enriched pathway (response to stimulus, red bar in B), most of the genes were involved in

We next compared the gene expression levels of hypoxia related genes in the clusters
C1 and C2 versus normal paraganglia. The results are shown in the Venn diagram

(Fig. 13). Only a few genes are commonly deregulated in the two clusters, these are
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genes involved in angiogenesis (COL4Al, GPIl, PGF, COL4A2), glycolysis (GPI,
PFKP), and extracellular matrix remodeling (COL4Al1, COL4A2, LOXL2). A more
significant number of hypoxia regulated genes were unique to either C1- or C2-tumors.
In Cl-tumors the upregulated genes showed a significant enrichment (p<0.05) in
biological processes characteristics of the hypoxic response like glycolysis (ENO1,
GAPDH), regulation of cell death (BNIP3, BNIP3L, EGLN3), and blood vessel
development (VEGFA, ANGPTL4, LOX, COL5A1). By contrast, a significant number of
hypoxia-related genes (19 of a total of 47 deregulated genes) were found
downregulated in C2-tumors. Remarkably, among these downregulated genes there
are known target of HIF-1a, as HIG2 and EGLN3, which were found upregulated in C1-

tumors.
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Figure 13. Venn diagram showing the pseudohypoxia gene signatures characterizing the two clusters of
HNPGLs compared with the normal tissue. Known HIF-1a gene targets are in bold, down-regulated genes

are shaded, and up-regulated genes are unshaded.

4.2 Validation of microarrays data

The microarray results were validated by real-time PCR for selected genes that have a
hypoxic regulation and were found up-regulated in C1 cluster (VEGFA, CAIX, BNIP3,
and EGLN3) (Fig. 14). This analysis corroborated the differential expression in both
groups of HNPGL samples in comparison with normal carotid body. Therefore, the

MRNA levels were accurately reflected by the microarray data.
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Figure 14. Validation of the microarray data by qRT-PCR analysis of four representative hypoxia-
related genes. gRT-PCR was performed for 4 selected genes (VEGFA, EGLN3, CAIX, and BNIP3) on 3
C1, and 4 C2-tumors used for microarray analysis. Values for each gene were normalized to expression
levels of cyclophilin A. Expression values were consistent with the microarray expression data. Values are
expressed as mean ratios + Standard Deviation (SD) comparing expression in C1 versus C2 tumors.

* p < 0.05 paired Student’s t test.

4.3 Relationship between the pseudohypoxic gene signatures of HNPGLs and the SDH

mutation status

To determine whether the gene expression signature could discriminate between
HNPGLs that carry SDH mutation from sporadic HNPGLSs, global gene expression
analysis was performed considering the presence or the absence of germline mutation
in SDH. As shown in Table 8, 12 HNPGLs of the microarrays study were sporadic and
5 had a germline SDH mutation (two SDHB and three SDHD). PCA analysis performed
considering the whole genome showed that SDH-related HNPGLs did not segregate
from sporadic tumors. PCA analysis was repeated considering only a reduced gene list
that included either the most widely investigated hypoxia-related genes or the most
differentially expressed genes, but SDH-related HNPGLs and sporadics still grouped
together. Furthermore, no significantly deregulated genes were found by differential

expression analysis of the two types of tumors.
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4.4 Cl-tumor analysis for somatic mutation in SDH

The finding of a pseudohypoxic gene expression signature in tumors lacking SDH

germinal mutation was striking. To rule out the presence of a mutation in SDH at

somatic level, that could drive the pseudohypoxic signature, we performed sequencing
and MLPA analysis of SDHC, SDHB, SDHD, SDHA and SDHAF2 of the C1 tumors.

This analysis revealed neither mutations nor large deletions in tumoral DNA. Several

SDHA polimorfisms (79, 114) were found (Table 10); they are known and frequent

SNPs that we didn’t consider as pathogenic. The presence of germline VHL mutations

were also ruled out in these patients.

Table 10. SDHA sequence variants in C1 HNPGLs

SNPs Tumor Samples
sequence | Location CI:E??eIZ? NCBISNP | PGL2 | PGL3 | PGL23 | PGL47
C.113A>T Exon 2 p.D38V rs34635677 No Yes No No
€.309A>G Exon 3 p.A103A rs34930948 No No No Yes
C.619A>C Exon 5 p.R207R rs6555055 Yes No Yes Yes
€.684T>C Exon 6 p.N228N rs2115272 Yes No Yes Yes
C.685G>A Exon 6 p.G229R rs41495051 No No Yes No
c.705C>T Exon 6 p.1235I rs144513891 No No Yes No
C.723C>T Exon 6 p.D 241D rs146653693 No Yes No No
€.891T>C Exon 7 p.P297P rs1126417 Yes Yes Yes No
€.1038C>G Exon 8 p.S346S rs1041949 No No Yes Yes
c.1170C>T Exon 9 p.F390F rs35277230 No No Yes No
C.1680G>A Exon 13 p.T560T rs1139449 Yes No Yes Yes
c.1752A>G Exon 13 p.A584A rs13070 Yes No Yes Yes
c.1886A>T | Exon 14 | p.Y629F rs6960 Yes No Yes Yes
€.1932G>A | Exon 15 | p.V644V rs6961 Yes No Yes Yes
€.1969G>A Exon 15 p.V657I rs6962 Yes No No Yes
€.1974G>C Exon 15 p.P658P rs1042446 Yes No No No

4.5 Vascular density of C1-C2-HNPGLs and normal paraganglia.

As we already ruled out the presence of a germline or somatic SDH mutation in C1-

tumors, we hypothesized that the pseudohypoxic signature of C1-tumors could be drive

by the presence of a hypoxic microenviroment. To check this hypothesis an

immunohistochemistry of CD34 protein that localize at blood vessels was perfomed.
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Results revealed that there was no significant difference in vascular density between
C1- and C2-tumors (C1: 78+2,35; C2: 102,12+34; p=0,173), sporadic and SDH-related
tumors (sporadic: 88,9+22,6; SDH-tumors: 111,6+41,28; p= 0,105), and normal
paraganglia and HNPGLs (NP: 88+10; 221 C1+C2 HNPGLs: 95131, p=0,343).
Therefore, although tissue oxygen levels have not been directly determined, the data
suggest that the pseudohypoxic signature of C1-tumors is not caused by true hypoxia.
On the other hand, tumor angiogenesis does not seem to be different in C1 versus C2-

tumors neither in sporadic versus SDH-mutants.

4.6 Analysis of HIF-1a and HIF-2 a protein expression in HNPGL.

The above results indicate that C1-tumors present a pseudo-hypoxic signature that is
independent from germline mutation in SDH or VHL genes, somatic mutation in SDH

genes or the presence of a hypoxic micro-environment.

To get some insight the cause of the pseudo-hypoxic signature present in cluster C1,
an immunohistochemestry for HIF-1a HIF-2a was performed. Eight of the 17 HNPGL
tissue samples of the microarray study were available for this analysis. Seven samples
were of C2-cluster and only 1 was of Cl-cluster. HIF-1a protein accumulation was
detected in vascular endothelial cells in both tumor and non-tumor paraganglia and it
was use as internal positive control. Neuroendocrine cells of normal carotid body were
negative. In contrast, 5 of 8 tissues derived from HNPGLs accumulated nuclear HIF-1a
protein in more than 10% of tumor type | cells. Only one tumor sample, which belonged
to C2 cluster, showed a predominant HIF-1a expression in type Il cells as identified by
S100/HIF-1a co-staining (Fig. 15). Although the functional significance of this distinct
pattern of cellular staining is presently unknown, the fact that this tumor sample
displays a pseudohypoxic gene signature similar to HNPGL tumors showing HIF-1a
staining in type | cells suggests that accumulation of HIF-1a in sustentacular cells may
induce a similar pattern of hypoxic gene expression as in type | cells. Similar to
previous reports on other types of tumors (115), HIF-1a-positively stained type | cells
were distributed in clusters within the tumor and both, the percentage of cells and the
intensity of staining were variable among the analyzed tumor samples. Cl-tumor
displayed the highest percentage of HIF-1a positive type | cells (>90%; Figure 15B)
whereas C2-tumors showed low levels of expression of HIF-1a (range between 0% to
40% of positive cells; Figure 15C and D). We did not find accumulation of HIF-2a in
any sample. These data suggest that the pseudohypoxic profile in C1-tumors is mainly

driven by HIF-1a protein.
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Figure 15. Immunohistochemical analysis of HIF-1a. (A) Immunostaining of normal carotid body. (B-D)
Immunostaining of HNPGL samples (B, tumor of cluster C1; C and D, two independent tumors of cluster
C2). Immunostaining is not detected in normal type | and Il cells but endothelial cells are HIF-1a positive.
Note that higher levels of nuclear immunostaining of tumor type | cells is detected in the C1-tumor than in
the C2-tumors. Original magnifications, x100 (A), x200 (B-D). (E-G) Confocal microscopy images of a C2-
HNPGL sample showing that HIF-1a is predominantly expressed in type Il cells in this particular sample

(E) HIF-1a, green fluorescence; (F) S100, red fluorescence; (G) merged image showing colocalization

between HIF-1a and S100 signals.

4.7 Hypoxia related miR-210 is overexpressed in C1-HNPGL.

To get further insight the pseudo-hypoxic signature of Cl-tumors we analyzed the
putative miRNA associated deregulations. miRNA expression profiling using TagMan
real-time PCR assays technology (TLDA) was conducted on the HNPGL and normal
carotid body samples used for the microarray expression analysis described in Table 8.
Genome-wide miRNA expression profiling of 369 human miRNAs present in miRBase
release 16.0, revealed 15 miRNAs that were found downregulated in all HNPGL versus
control samples (fold change >2 and FDR<0.05) (Table 11). MiR-101 have been
reported to be downregulated by hypoxia (116) wherease there were 4 miRNAs (let-7c,
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miR-26a, miR-26b, and miR-125b) that have been describe to be overexpressed in

hypoxic condition (117), but were found down-regulated in HNPGLs.

Table 11. List of miRNAs significantly deregulated in HNPGLs in comparison with

normal paraganglia

MIRNA p-value (HNEC)Gli-sC\?sa ﬂgfmao
hsa-miR-26a 4.99E-09 -2.02
hsa-miR-338 2.13E-07 -2.19
hsa-miR-100 2.29E-06 -2.01
hsa-miR-130a 4.77E-06 -2.22
hsa-miR-99a 1.31E-05 -2.32
hsa-let-7c 2.86E-05 -2.2
hsa-miR-125b 5.01E-05 -2.02
hsa-miR-101 7.61E-05 -2.07
hsa-miR-29a 0.0005 -2.04
hsa-miR-26b 0.0007 -2.02
hsa-miR-203 0.001 -2.09
hsa-miR-190 0.0014 -2.45
hsa-miR-142-5p 0.0015 -2.31
hsa-miR-140 0.0018 -2.08
hsa-miR-139 0.0023 -2.99

Analysis of the differential miRNA expression between C1- and C2- tumors revealed
that only one miRNA is significally up-regulated (p value <0.0001) in Cl-tumors in
comparision with C2-tumors; this is miR210, a well known target of HIF-1a.

This result was validated by gRT-PCR analysis, confirming the differential expression
of miR-210 between C1 and C2 tumors. The correlation of miR-210 with CAIX, one of
the hypoxia inducible genes found over-expressed in Cl-tumors, was also checked

and confirmed (Figure 16).
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Figure 16. miR-210 over-expression and concomitant CAIX upregulation detected in Cl-tumors
with HIF-1a pseudohypoxic gene signature. miR-210 (A) and CAIX (B) mRNA levels were determined
by gRT-PCR in RNA isolated from HNPGL tumor samples of clusters C1, and C2, and normal carotid body

(N). Values are mean of average + SD from triplicate measurement.

4.8 Link between hypoxia/HIF-1a and ISCU and miR-210 expression.

To identify targets of miR-210 we searched for previously reported and validated
studies. Among published miR-210 targets, ISCU1/2 attracted our attention because of
its role in mediates the folding of iron-sulfur center in metalloproteins as SDHB which
harbor 3 iron-sulfur centers (118, 119). Thus, we postulated that miR-210 could induce
the inhibition of ISCU and, consequently, an abnormal assembly of SDH complex. To
test this hypothesis, we analyzed de mRNA levels of ISCU1/2 in C1 and C2 tumors.
The data revealed that the RNA levels of miR-210 and ISCU were inversely correlated
in the two clusters of HNPGLs (Fig. 17).
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Figure 17. ISCU downregulation in HNPGLs of cluster 1. ISCU mRNA levels was determined by qRT-
PCR in RNA isolated from HNPGL tumor samples of clusters C1, and C2, and normal carotid body (N).
Values are mean of average + SD from triplicate measurement.

We then decided to determine whether the activation of HIF-7a is a mechanism
involved in the regulation of miR-210 and ISCU in the context of human HNPGL as
previously suggested in breast cancer and head and neck squamous cell carcinomas
(118, 119). After several attempts, we successfully cultured tumor cells from two
independent excises surgically HNPGL tumors (PGL33 and PGL38). The cells lines
were synaptophysin negative and S100 positive as the tumor of origin (Fig.18). To
induce the accumulation of HIF-1a protein, HNPGL-derived cells were exposed to
hypoxia (1% of oxygen) for 24 hours and the miR-210 expression levels were analyzed
in comparison to cell lines maintained in normoxic conditions. As shown in Figure 19,
HNPGL-derived cells expressed higher levels of VEGA (a hypoxia-regulated gene) in
hypoxia than in normoxia, which demonstrated that they maintained the hypoxic
response intact. Increased miR-210 and concurrent decreased ISCU mRNA levels
were also found in PGL33 and PGL38 cells exposed to hypoxia in comparison to the
cells exposed to normoxic condition. These data suggest that the accumulation of HIF-
1a and the subsequent over-expression of miR-210 may regulate ISCU expression in

Cl-tumors.

PGL-derived cell lines had a remarkably slow growth-rate that hampered any genetic
manipulations to specifically demonstrate the role of HIF-1a in the miR-210-ISCU
cellular levels. Therefore, to confirm previous published data showing that upregulation
of miR-210 and subsequent downregulation of ISCU in hypoxia is HIF1a-dependent
(120), we used a previously characterized hypoxic-responsive cell line, SCC38, derived

from head and neck squamous cell carcinomas (29).
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SCC38 cells were exposed to normoxia or hypoxia (1% O, for 24 hours) in the
presence of either HIF-1a siRNA or control-siRNA. miR-210 expression was enhanced
under hypoxic conditions and this effect was specifically reverted by HIF-1a siRNA
(Fig. 19). Inhibition of HIF-1a expression also reduced miR-210 levels under normoxic
conditions corroborating our previous observation of normoxic HIF-1a accumulation in
these cells (106).

As expected, SCC38 cells also overexpressed a well-characterized hypoxic responsive
gene, VEGFA, in hypoxia conditions in a HIF-1a-dependent manner. As shown in
HNPGL-derived cells, we found that the RNA levels of miR-210 and ISCU were
inversely correlated in cells exposed to either hypoxia or normoxia. Furthermore,
increased ISCU and concurrent decreased miR-210 RNA levels were found in SCC38
cells treated with HIF-1a siRNA under either normoxic or hypoxic conditions. Thus miR-
210 and ISCU RNA levels are under the control of HIF-1a.

Figure 18. Immunohistochemical analysis of cells lines derived from HNPGLs. (A, E) PGL33 and (B,
F) the cell line derived, (C, G) PGL38 and (D, H) the cell line derived were immunostained with
synaptophysin (A,B,C,D) and S100 (E,F,G,H).
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Figure 19. Hypoxia induces miR-210 up-regulation and ISCU downregulation by a HIF-1a dependent
mechanism. (A) Tumor cells isolated from two HNPGLs (PGL33 and PGL38) were exposed to normoxia
(21% oxygen) or hypoxia (1% oxygen) for 24 h. The levels of miR-210, ISCU, and VEGFA were analyzed
by gRT-PCR. Average fold change values + S.D. for 2 separate experiments are represented. (B) SCC38
cells were exposed to hypoxia (24 h at 1% oxygen) or continued in normoxia 72 h after treatment with
either HIF-1a- (Nxi, Hxi) or control-siRNA (Nx, Hx). Values are mean of average + S.D. from three

independent experiments done in triplicate.

4.9 ldentification of negative SDHB immunostaining in association with derequlation of
HIF-1a, miR-210, and ISCU.

ISCU is involved in the formation of iron-sulfur clusters of metalloprotein. These
clusters are donors and acceptors of electrons in a variety of biological reactions
including mitochondrial respiratory complex I-ll electron transport mediated, among
other, by SDHB which contains three iron-sulfur-clusters. Thus we hypothesized that

ISCU dysfunction could impact on complex Il activity.

Recent publications reveal that loss of SDHB protein expression, detected by
immunohistochemistry, is a reliable marker of SDH dysfunction caused by SDH
mutation. Accordingly, tumors from patients with SDHA, SDHB, SDHC, or SDHD
mutations result in a negative tumoral SDHB immunohistochemistry, while sporadic
cases are positively stained with anti-SDHB antibody (121). We therefore analyzed the
intratumoral SDHB levels by immunohistochemical analysis in 8 (1 SDHB-, 2 SDHD-, 5
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sporadic-tumors) of the 17 HNPGLs included in the genetic analysis (Table 12) plus
three additional samples with SDHD germline mutations. One of the sporadic tumors
was a C1-HNPGLs whereas the rest of sporadic- and SDH-HNPGLs belonged to C2
cluster. In the 6 SDH-mutated tumours, a strong cytoplamic speckled pattern of
staining was present in normal cells of the intratumoral inflammatory area and the
vascular network whereas SDHB immunoreactivity was either clearly absent or weakly
detected in < 10% of tumor cells (Figure 20 and Table 12). Conversely, a strong
speckled cytoplasmic perinuclear and sub-membrane immunostaining was detected in
100% of tumor cells in four of the five sporadic samples. Interestingly, the sporadic
tumor that has been identified as a C1l-tumor, displayed a weaker SDHB
immunostaining that was present in only 20-30% of cells, a pattern of staining clearly
different from that observed in the other sporadic-HNPGLs. This suggests that HIF-1a/
miR-210/ISCU pathway could be involved in SDHB protein downregulation.

To test this hypothesis, we went back SCC38 hypoxic sensitive cell line to perform in
vitro study. Scc38 cells were placed under hypoxic condition (1% O,) for 24 h. Then
HIF-1a, ISCU and SDHB were analyzed at the protein level by western blotting in
comparison with normoxic conditions. The data showed an increase of HIF-1a protein
with concomitant decrease of ISCU and SDHB proteins in hypoxia as compared with

normoxia (Fig. 21).

Collectively, these data indicate that a canonical hypoxic/pseudohypoxic gene
signature could be pathogenically involved in a subset of HNPGLs in the absence of
germline and somatic SDH mutations. The pseudohypoxic/hypoxic fingerprint is
featured by overexpression of HIF-1a protein and its target genes, upregulation of miR-
210, and downregulation of both ISCU mRNA and SDHB protein levels.
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Table 12. Patient’s characteristics and immunohistochemistry results.

Age at Family Tumar
diagnosis history  Tumaor  Tumor Mutation  Mutation  subset'  HIF-la  SDHB  SDHA

patient Male/Femzle  [years) (HMPGL/PCC]  site'  size®  Genemutated® nuclectide  protein wma®  wma® wot
PELZ F 78 Mo T 1 Hone c1 unN un unN
PELS F 53 Mo T 1 Hone c1 UM UunN UH
PELE M 27 Mo T 3 Hone cz UM UN un
PGLT F 55 Mg cB 1 SDHB CT25G=A  p.Arg242His £z Un um- UN
PGLE F a8 Yes cB 1 SDHD C14G2A p.TrpsE cz a0 o UM
PELE F EL Mo UnN Hone cz UM UN un
PGL11 F ag [ v 3 Mone cz '-”‘i 1 1
PEL14 F 25 Mo cB 1 SDHD C33Cx4  p.Cysils 2 e 1
PGELIS M 32 Mo m 1 SDHE C269G=4  p.AMg30GIn 2 o o un
PGL1E F UM UM CB ur un cz UN UN ]
PGL1D F 65 Mo m 2 Hone 2 40 1 1
PGELIL M a0 Mo cE 1 None 2 o 1 1
PGL22 F 29 Mo m 2 Hone cz 0 1 un
seL23 M a1 Mo ce z Mone cL 50 o 1
PGLIE M 53 Mo T 1 UN cz UN UM UN
PEL3Z F 29 Mo cB 1 SDHD c386dupT  pleul2sfs cz o o 1
PEL 34 F 29 Mo T un Hone cz UN UM UN

1 JT, jugulotympanic; CB, carotid body; V, vagal.

2 Tumor size (mms) was calculated by the ellipsoid volume formula /6 x a x b x ¢ where a,b, and c are
the three major diameters (a=width, b=length, and c=depth) of the tumors; 1, small tumors (less than 50
mm?); 2, medium size-tumors (50-100 mm?); 3, large tumors (above 100 mm®).

3 Some tumors did not harbor any mutation and were sporadic (None). UN, no valuable.

Figure 20. Immunohistochemical analysis of SDHB. (A) Hepatocarcinoma used as positive control. (B
and C) Two sporadic C2-HNPGL samples. (D-F) Two C2-HNPGLs from patients with germline SDHD
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mutation (D and E are different magnifications of the same tumor sample). Strong speckled SDHB
immunostaining is observed in sporadic HNPGL whereas C2-HNPGLs from patients with germline SDHD
mutations show very weak and diffuse staining. (G-I) Images from one sporadic C1-HNPGL sample. Note
that the sporadic C1-HNPGL clearly shows lower levels of immunostaining than the sporadic C2-HNPGLs
even in the hot-spot areas (H and ). Original magnifications, x200 (A, D, G), x400 (B, C, E, F, H, I).
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Figure 21. Western blot illustrating that hypoxia condition reduces SDHB and ISCU protein levels.
(A, B) SCC38 cells were exposed to normoxia (Nx) or hypoxia (Hx, 1% oxigen) for the indicated times. The
membranes were stripped and reprobed with anti-a-tubulin antibody to assure even loading of proteins in
each lane. Relative quantities of SDHB or ISCU were determined by densitometry measurements
normalized to a-tubulin loading controls. (C and D) SDHB expression values detected by microarray
analysis with 202675_at probeset (C) and gRT-PCR (D) in NP, C1, and C2-tumors. As shown, SDHB
MRNA levels in NP, C1, and C2-tumors are similar suggesting that SDHB downregulation in C1-tumors is

post-transcriptional.

4.10 Validation of the data on HIF-1a/miR-210/ISCU/SDHB pathway in HNPGLSs.

To validate the above data, we used an independent cohort of 12 tumors (Table 13) in
which the levels of SDHB, HIF-1a miR-210 and ISCU mRNA were determined.
Among these tumors, only one (PGL47) showed miR-210 up-regulation and
concomitant ISCU downregulation, loss of SDHB protein staining and nuclear HIF-1a
protein accumulation (Fig. 22). This sample did not carry either germinal or somatic

SDH mutations (Table 13). As expected, the rest of the non-SDH mutant tumors
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showed strong SDHB staining. These data, indicate that PGL47 could be another

pseudo-hypoxic tumor similar to those of cluster C1.

Thus far, the data reveal that:

1. A canonical HIF-1a mediated pseudohypoxia gene signature is not a commn
feature of SDH mutant HNPGLSs.

2. A classical HIF-1a mediated gene/miRNA program may develop in HNPGLs in
absence of SDHXx alteration by a still unknown mechanism.

Table 13. Characteristics of patients included in the extended study.

hgeat  Family his

diagnasis tary Tumor  Tumar Gene HIF-la SDHB  SDHA
Patient Male/Female [years) [HNPGLPCC)  site” sie'  mutated’  Mutation nucleotide Mutation protein mr2e'  we'  mo'  mo’
PGL44 F 57 No m 1 None 0 0 1 1
PGL35 F 62 No 2 None 0 0 1 1
PGL 52 M ] No m 3 None 1} 5 1 1
PGLAT M a1 No 2 None 1 60 0 1
PGLAS F 63 No CB 1 None 1} 5 1 1
PGL 46 F a1 No 1 SDHB CTE1C=A p.Pro25dleu 1} 0 0 1
PGL 55 F 45 No 1 SDHB 544 _550delGGECTCT  p.GlylB2_Thrig3delfsx219) 1} 5 0 1
PGLT3 F 67 No 1 SDHB .166_170delCCTCA p-Pro3éfs (¥5) 1} 0 0 UN
PGL A1 M 45 No CB 2 SDHD C37adels p.Lysi25fsi134 1} 5 0 1
PGL 56 F 37 Yas CB 1 SDHD 129G p.Trp3dx 1} 0 0 1
PGL 54 M a4 No CB UN SDHD c191_192delTC p.LeusdProfsid 1} 0 UN UN
PGL 36 F 50 UN m 1 UN 1} 0 1 1

1 JT, jugulotympanic; CB, carotid body; V, vagal.

2 Tumor size (mm?®) was calculated by the ellipsoid volume formula 1/6 x a x b x ¢ where a,b, and ¢ are
the three major diameters (a=width, b=length, and c=depth) of the tumors; 1, small tumors (less than 50
mm?®); 2, medium size-tumors (50-100 mm?®); 3, large tumors (above 100 mm?).

3 Some tumors did not harbor any mutation and were sporadic (None). UN, no valuable.
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Figure 22. (A, B) g-RT-PCR realized in 2 normal paraganiglia (CB1 and CB2) and in HNPGLs of an
extended study, observe miR-210 overexpression and concomitant ISCU down-regulation in PGL47. (C)
HIF-1a immunohistochemestry realized in PGL47 shows nuclear protein accumulation. (D) SDHB

immunohistochemestry realized in PGL47 shows loss of the protein.

4.11 Mecanisms of HIF-1a upregulation in non-SDH, HNPGLs.

To get some insights into the mechanism involved in the activation of the
pseudohypoxic pathway found in the sporadic HNPGLs of cluster C1 (PGL2, PGL3,
PGL23) and PGL47, we compared pseudo-hypoxic signature profile found in C1-
tumors (Table 14) (18) with the genome-wide transcription patterns reported in
genetically defined PCC/PGLs.For this analysis we used a total of 6 gene datasets
taken from two recent reports (122, 123). Four of them were from Burnichon et al (122)
and included lists of genes specifically over-expressed in tumors that carry mutation in
SDHx- (list @), SDHx+VHL- (list b), VHL- (list c), or RET/NFI/TMEM127- (list d); and two
datasets were from Lopez-Jimenez et al (123) and included lists of genes differentially
expressed in tumors that carry either SDHx+VHL- versus RET/NF1 (list €) mutation or
VHL- versus SDHB-tumors (list f) (Suplemetal Table S3).
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The comparison shows that there are no commonly deregulated genes between pHx-
HNPGLs and either SDHx- (list a) or RET/NFI/TMEM127-tumors (list b). By contrast,
the analysis revealed that the pHx-HNPGLs share some molecular features with
SDHx+VHL- and VHL-tumors (Figure 23). An overlap of 5 and 11 genes was found
between pHx-HNPGLs and SDHx+VHL-tumors when lists b and e, respectively, were
used for comparison. In addition, 7 and 11 gene transcripts were common between
VHL-tumors (gene lists ¢ and f) and pHx-HNPGLs. Commonly up-regulated genes
included targets of the HIF-1a such as EGLN3, SPAG4, SLC2A1, ENO1, PPFIA4,
STC2, and TMEM45A suggesting deregulation of pVHL/HIF-1a signaling pathway in
pHx-HNPGLs. Thus, the transcriptional profiles of pHx HNPGLs are more related to
both, SDH- and VHL-PCC/TAPGLs than to RET/NFI/TMEM127-PCC/TAPGLs. As we
already ruled out the presence of somatic and germline SDHx mutations in pHXx-
HNPGLs (124), it was tempting to speculate that pHx- HNPGLs carry somatic VHL
gene alterations.

Table 14. List of genes differentially expressed in pHx-HNPGLs versus non-pHx-
HNPGLs.

Sc);/riré)eol p-value Fold-Change Sﬁrirgaol p-value Fold-Change
CA9 1.28E-08 860,779 EPO 5.51E-03 284,811
COL27A1 3.11E-05 250,103 NAMPT 5.60E-03 239,646
CA12 4.32E-05 221,219 MSH5 6.24E-03 202,335
ZNF395 4.42E-05 282,198 STC2 8.87E-03 3,185
LOX 7.97E-05 101,474 MTCP1NB 8.91E-03 370,347
C70rf68 1.21E-04 959,692 ABCC1 9.84E-03 207,359
BNIP3L 3.29E-04 213,169 EFCAB3 1.15E-02 244,237
SOX4 3.75E-04 263,545 PPP1R14C 1.19E-02 520,584
GBE1 4.29E-04 231,203 FGFR4 1.89E-02 299,698
PPFIA4 5.83E-04 276,147 P4HB 1.93E-02 256,031
EGLN1 6.25E-04 240,024 BNIP3 1.96E-02 366,676
VEGFA 8.18E-04 542,631 MPST 1.97E-02 24,655
EGLN3 8.58E-04 10,909 PLOD1 3.20E-02 25,702
IGFBP5 9.11E-04 648,206 HK2 4.61E-02 696,936
SLC2A1 1.24E-03 518,098 ENO1 5.38E-02 343,922
ALDH4A1 1.31E-03 24,459 PLOD2 1.16E-01 134,237
ABCB1 1.85E-03 -114,069 OGT 2.20E-01 268,189
LOXL2 1.91E-03 411,209 SLC2A5 2.37E-01 903,466
SPAG4 2.25E-03 492,096 SLC6A8 3.92E-01 520,306
TMEM45A 3.51E-03 379,799 ANGPTL4 4.27E-01 7,892
VIM 4.45E-03 544,062 WSB1 4.65E-01 289,705
COL5A1 4.46E-03 357,689 SEC61G 5.33E-01 210,132
DDIT4 4.88E-03 298,886 P4HA1 8.72E-01 321,053
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Figure 23. Comparisons of gene expression in pHx-HNPGLs and SDHx+VHL- or VHL-PCC/TAPGLSs.
The Venn diagram shows the number of genes differentially expressed in pHx-HNPGLs, and the number
of genes identified in 2 previous PCC/TAPGLs studies (A, Burnichon’s; B, Lopez-Jimenez's). The genes in
common are indicated below the diagram and color-coded (red: genes in common overexpressed in pHx-
HNPGLs and PCC/TAPGLs found in studies A and B; black, genes in common downregulated in pHx-
HNPGLs and PCC/TAPGLs found in studies A or B).

4.12 Somatic VHL mutations in HNPGLs in association with HIF-1a/miR-210 gene
signature.

To assess the contribution of VHL in the activation of the HIF-1a/miR-210 signaling
pathway identified in pHx-HNPGLSs, VHL was sequenced in genomic DNA from tumors
and peripheral blood of C1-patients (PGL2, PGL3, PGL23) and PGL47.

A synonymous variant ¢.552C<T (p.L184L) was found in both, tumor and blood DNA,
in one of the patients (PGL47). This likely non pathogenic variant was not a known

polymorphism contained in the database of SNPs neither in the TCA Cycle Gene
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Mutation Database (125) nor in the 1000 Genomes Project
(http://browser.1000genomes.org/). We already ruled out the presence of germline
sequence variations in the other 3 patients. However, VHL sequence analysis in the
tumoral DNA of these patients revealed somatic mutations in 2 of them (Table 14).
PGL23 carried a missense mutation ¢.482G>A (p.R161Q) which has been described
previously in sporadic PCCs and families with type 2 VHL diseases, characterized by
the developing of PCCs, hemangioblastomas and clear cell renal cell carcinomas
(ccRCC) (126-128). PGL3 harbored an in-frame microdeletion c¢.227 229delTCT
(p-F76del) known to be responsible for type 1 VHL disease characterized by retinal and
central nervous system hemangioblastomas, and ccRCC but not PCCs (129, 130).
Mutations were also confirmed by sequencing analysis in tumor cDNAs. We did not
find VHL somatic variants in PGL2. In this patient and in PGL47, we also ruled out the
presence of somatic gain-of-function mutations in HIF-2a, which have been identified in
sympathetic PGLs as inducer gene of the pseudohypoxic transcription program (85-
89). We neither found somatic mutations in the oxygen-sensing domains of the HIF-1a

gene, which could be responsible for HIF-1a protein accumulation.

We next investigated the copy number dosage of the VHL gene by MLPA analysis to
determine whether the somatic VHL mutations were associated with LOH of the wild
type allele. The data revealed that PGL3 with p.F76del mutation carried loss of the wild
type VHL allele, as a second hit according to Knudson'’s two-hit model (131). However,
no altered VHL gene copy numbers were found in the other three pHx-HNPGLs. The
MLPA data were confirmed by quantitative PCR in genomic DNA using a sensitive and
specific method modified from (108). The lack of LOH at the VHL locus in the PGL23
tumor suggests that the p.R161Q variant functions in haploinsufficiency or,
alternatively, VHL could be methylated in this tumor. However, VHL transcription does
not seem to be suppressed given that we did not find difference between the
normalized values of U133A array VHL probe sets in the mutant PGL23 sample versus

normal paraganglia.

In summary, we found that two of four pHx-HNPGLs carry a VHL gene mutation and in
one of them the mutation is accompanied by VHL LOH; thus, VHL impaired function
could be the trigger mechanism of HIF-1a/miR-210 activation found in a subset of pHx-
HNPGLs.

The above assumption implies that VHL gene mutations would not be present in non-

pHx-HNPGLs. To check this, we extended the VHL gene mutation analysis to an
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additional series of 49 HNPGLs (29 sporadic, 8 SDHB, 11 SDHD, 1SDHC) that were
analyzed for CAIX mRNA level and miR-210 expression, the data revealed that no one
over-expressed neither CAIX nor miR-210. In addition, accumulation of nuclear HIF-1a
protein was either not present or detected in less than 25% of type | cells in all tumors
except for one sample that showed positive staining in about 40% of cells. However,
this tumor did not show over-expression of miR-210 or CAIX (Fig. 24). Overall these
data showed that the activation of HIF-1a/CAIX/miR-210 signaling pathway is present

only in a subset of sporadic HNPGLSs that carry somatic VHL mutations.
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Table 14. Clinical and genetic feature of patient included in VHL gene analysis.

Benign/ Germline Somatic VHL smmatic
Patient Gender Age at Tumaor i En ¢ Germline SDHx Germline SDHx mutation VHL tat VHL
iy [F/M)  diagnasis  location® Matgnant - o tation [nucleotide)? [protein) mutation frutation mutation
(B0} . [muclectide) L
{nucleatide) {protein)
non-50Hx mutant HNPGLS
2 F 74 T B None None None MNone None
3 F 53 T B Mone Mone Mone €.227_278delTCT  pFredel
23 M 42 Ce B Mone Mone Mone c.AB2G>A p.R1E10
47 4] 41 v B MNone None C.5520T c5510T p.L184L
6 4] 27 T Ll MNone None ND MNone None
9 F 33 v B None None ND None None
19 F 56 T B MNone None ND MNone None
21 M 40 CB B None None ND MNone None
is F 62 T B None None ND None Naone
52 4] 29 T B MNone None ND MNone None
84 F EE] 1 B None None ND None None
91 F 33 T B None None ND None Naone
45 F 63 Ce B None None ND None None
88 F 57 T B None None ND None Naone
22 F 29 T B None None ND None Naone
44 F 57 T E None None ND MNone None
66 F 74 L B MNone None ND MNone None
17 M 30 T B None None ND None None
18 F 67 ce B MNone None ND MNone None
24 F 67 T B None None ND MNone None
25 F 57 v B None None ND None Naone
7 F 51 ] B MNone None ND MNone None
29 M 68 W B None None ND None None
=17 F &0 T B None None ND None Naone
62 F 45 ] B None None ND None None
76 UM LN (1] B None None ND None Naone
7 M 29 CB B None None ND None Naone
79 I 37 T E None None ND MNone None
80 4] 42 ] B MNone None ND MNone None
83 M a3 Ce B None None ND None None
82 F 51 T B MNone None ND MNone None
bl ] F 52 o] B None None WD MNone None
a0 M 49 1 B None None ND None Naone
SDHD mutant HNPGLs
5 F 50 T B c. 36TG=A p-Alal23Thr MND None None
71 ] A4 ce B C.337_340delcACT p.Aspli3Metfsx2l ND Mane None
58 M 39 \Y B ©.191_del192delTC p.LeubdProfsed ND Mone None
12 F 28 ] B c.386dupT p.Lleul2afs ND MNone Nane
14 F 25 CB B ©.33C=A p.Cysllx ND None Nane
32 F iz CB B c.386dupT p.Lleul2sfs ND Mone Mane
54 M 44 CB B €.191_192delTC p.LleuGdProfsxd ND MNone Nane
a3 ] 36 CB B €. 190-192dupTC p-Hisb55erfsx22 ND Mone Mane
<123 M 25 CB B ©.337-340delGACT p-Aspll3fsx20 ND MNone Nane
&l Il 45 CB B c.374deld pLlys125fsX134 D MNone Mone
75 M 35 CB B UM ND None Nane
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SDHB mutant HNPGL:

81 F 39 T B €.201-?_286+7del Pt ND Mone Maone
86 F 54 ] B e 79C=T pArg2Tx ND None MNaone
7 F 55 CB B C.7I5G=A p.Arg242His ND None MNaone
&l F 40 v B €. 383InsT p-leul2afs ND None None
55 F 45 T B c.544_550delGGGECTCT  puGlyl82_Thrid3delfsx219 ND None None
a7 "] 44 B c.166_170del CCTCA p.Pro5eTyrfss ND None MNaone
46 F 41 B . T610=A p.Pro25dleu ND Nane MNane
51 M 29 AB B €.-151-2 72+7del Pt ND Mone Maone
SOHC mutant HNPGLs
E+:3 F 27 T B c.21.?_77+del Pt ND Mane MNone
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Figure 24. Absence of HIF-1a, miR-210 and CA9 over-expression in HNPGLs lacking VHL gene
mutations. (A) Quantitative PCR was performed for miR-210 and CA9 in 29 non-pHx HNPGLs (18
sporadics, 5 SDHD-mutants, 5 SDHB-mutants and 1 SDHC-mutant) and 4 pHx-HNPGLs. Values for CA9
gene were normalized to expression levels of cyclophilin A. Values are expressed as mean ratios + SD
comparing expression in tumors versus a previously identified non-pHx-HNPGL (PGL19). * p < 0.05 paired
Student’s t test. (B) Representative images of immunohistochemical analysis of HIF-1a in non-pHx-
HNPGLs (a, b). Endothelial cells are HIF-1a positive and serve as a positive control. Immunostaining of
human head and neck squamous cell carcinoma was used as a positive control (c).
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4.13 Oncomine meta-analysis reveals similarities of pHx-HNPGL with ccRCC.

Our data suggests that VHL mutations are casuistically involved in the activation of the
pHXx gene expression phenotype in a subgroup of sporadic HNPGLs which may be a
relevant mechanism of tumorigenesis in HNPGLs. Accordingly, it has been described
that pF76del and p.R161Q mutations abolish or reduce, respectively, pVHL ability to
promote HIF-1a and HIF-2a ubiquitylation in vitro (47, 132). However it was surprising
that pHx-HNPGLs and VHL-PCC/TAPGLS shared only few genes. Of note, only 1.24%
and 8.04% of genes deregulated in VHL-PCC/TAPGL, as described by Lopez-
Jimenez's and Burnichon’s studies (122, 123), respectively, were found in the gene
expression signature of pHx- HNPGLs. Moreover, CA9, one of the most sensitive
markers of HIF-1a activity, was found very highly overexpressed in pHx-HNPGLs but
not in VHL-PCC/TAPGLs.

However a metanalysis revealed that C1-HNPGLs share feature with VHL related clear
cell renal cell carcinoma (ccRCC). We compared the pHx profile of HNPGL of cluster
C1 with the transcripcion profile reported on other types of cancer deposited in the
Oncomine™ integrated cancer profiling database (Oncomine) (48) and we queried the
datasets deposited in the Oncomine using a literature defined concept: “Upregulated
genes in response to hypoxia and in response to HIF-1a expression” which included a
list of genes reported in literature to be upregulated by hypoxia and in response to HIF-
1a. We found 47 expression microarray datasets having both solid tumor tissues and
normal counterparts from 1240 patients affected by 10 types of cancers that have an
associated list of genes with the selected concept (odds ratio=2; p value=1E-4;
Oncomine analysis). These gene lists were compared with the pHx-HNPGL gene
expression profile for overlap. This analysis revealed that clear ccRCC is the cancer
type that has the most extensive overlapping with PHx-HNPGLs (Figure 25). 57,9% to
73,7% (65,8% * 9,2) of hypoxia-related pHx-HNPGL genes were listed as upregulated
in 6 datasets from ccRCC, whereas this percentage was significantly lower when VHL-
PCC/TAPGL (overlapping: 23.7% + 3,7) or other types of cancer (overlapping: <39%)
were used for comparison (Table 15). We next analyzed the expression profiles in
cancer of each of the genes upregulated in pHx-HNPGLSs that are not contained in the
above selected Oncomine concept (26 genes including some known HIF targets such
as CA9, HK2 and ENO1) to unravel whether they are co-expressed with the hypoxia-
related genes. A search of the overlap between this list of 26 genes and the lists of top
10% overexpressed genes (p=1E-4, fold change>2; Oncomine analysis) present in the

above analyzed Oncomine datasets revealed that, on average, 34% +11.25 of genes
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upregulated in pHx-HNPGLs were also found up-regulated in all datasets from ccRCC.
This overlapping was significantly higher than that found when comparison was
performed with other types of cancers including VHL-PCC/PGL with which pHx-HNPGL
showed an overlapping of 17,3% * 8,6. In summary, this meta-analysis revealed that
44.4% to 53.3% (47.77% = 7.9) of both hypoxia-related and -non related genes
specifically overexpressed in pHx-HNPGLs are upregulated in ccRCC whereas the
overlapping with sympathetic VHL-PCC/TAPGLSs is significantly lower (19.99% + 6.28;
p=0.022). In addition, comparison of all up-regulated genes in ccRCC across the 6
Oncomine microarray data showed that three of these genes (C7orf68, CA9, and
VEGFA) are among the most highly expressed genes in ccRCC similarly to what we
found in pHx-HNPGLs.

To further determine whether VHL PCC/TAPGLs and VHL-HNPGLs activate distinct
VHL-dependent gene expression programs, the genes dysregulated in VHL-
PCC/TAPGLs (Supplementary Table 2, lists ¢ and f) and the lists of top 10%
overexpressed genes (p=1E-4, fold change>2; Oncomine analysis) present in the
Oncomine microarrays of ccRCC were also compared for overlap. This analysis
revealed very little overlapping between VHL-PCC/TAPGLs and ccRCC gene
expression signatures: at a cutoff of 1 study, 18,39% and 15% of VHL-PCC/TAPGL
genes contained in lists ¢ and f, respectively, were found in the ccRCC gene
expression signature. Taken together, the Oncomine meta-analysis revealed that pHx-
HNPGL and ccRCC are more closely related than VHL-PCC/TAPGL and ccRCC or
pHx-HNPGLs, and thus, that alteration of the VHL gene have a significant role in
tumorigenesis of some sporadic HNPGLs through the activation of a gene expression
program similar to that of ccRCC.
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Figure 25. Oncomine meta-analysis of genes specifically upregulated in pHx-HNPGLs as compared with
non-pHx-HNPGLs. The Oncomine database was queried by using the primary literature defined Oncomine
concept: “Upregulated genes in response to hypoxia and in response to HIF-1 expression”. Gene lists of
47 datasets of cancers derived from the indicated 9 types of tissues were obtained and compared with
pHx-HNPGL gene expression profile for overlap. Colors indicate that the gene was found overexpressed in

that dataset. HNSCC, head and neck squamous cell carcinomas. EFG, esophagean. SC, sarcoma.
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Table 15. Oncomine meta-analysis showing the overlapping of the gene expression
signature found in pHx-HNPGL (hypoxia and non-hypoxia related genes) with that of

cancers from other tissues.

Cancer tissue  Overlap median% (SD) p-Value*
Kidney 47,4 (7,90)
Brain 31,10 (11,65) 0,011
Breast 14,06 (4,62) 1,41E-04
Colorectal 20,44 (5,53) 6,23E-05
HNSCC 17,77 (9,16) 3,44E-05
Esophageal 19,99 (8,00) 8,93E-04
Gastric 11,10 (2,72) 2,26E-06
Pancreatic 18,33 (6,63) 1,55E-04

4.14 VHL muation is involved in the activacion of the hypoxia signaling via HIF-1a.

To get further inside the role of VHL in the activation of the HIF-1a/miR-210 signaling
pathway we used to two cell lines, RCC4 and 786_O, that lack functional pVHL
(RCCA4[-] and 786_OI[-]) and their derivatives obtained by stable transfection with a
vector expressing pVHL (RCCA4[+] and 786[+]) to analyze the role of VHL in the miR-
210 expression. Previous reports showed that RCC4 cells express HIF-1a and HIF-2q,
while 786_0 cells only express HIF-2a (133).

We performed and immunocistochemistry to confirm that 786_0O(-) do not accumulate
HIF-1a in normoxia; surprisingly we found a faint nuclear accumulation of HIF-1a in
786(-) cells exposed to hypoxia (1% O,), suggesting that this cells express low amount
of immunoreactive HIF-1a. As expected RCC4(-) cells constitutively accumulate HIF-1a
in normoxia and no higher accumulation of this protein was observed in hypoxia. In
contrast, HIF-1a accumulation in RCC4(+) is observed only when cells are exposed to

hypoxic condition (Fig. 26A).

We analyzed miR-210 and CAIX mRNA expression levels in these cell lines exposed to
hypoxic or normoxic condition. Results show that RCC4(-) cells expressed 10-fold
higher levels of miR-210 than RCC4(+) in normoxic conditions (Fig. 26B), while both
over-expressed miR-210 in hypoxic conditions. By contrast, the levels of miR-210 were
only slightly higher (1.4-fold higher) in 786_0O(-) than 786_0O(+) exposed to normoxia. In
hypoxic conditions we observed the same subtle accumulation of miR-210 in 786_0O(-)
and in 786_0O(+). CAIX mRNA levels were not detectable in 786_O(+)/(-) cell lines. As

expected we found over-expression of CAIX in RCC4(-) respect to RCC4(+) exposed
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to normoxia. No further accumulation was observed when cells were exposed to

hypoxia (Fig 26).

These data indicate that the lack of functional pVHL induce over-expression of miR-210
and CAIX in presence of HIF-1a, however HIF-2a is not sufficient to activate this

signaling pathway.
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Figure 26. The miR-210 and CA9 RNA levels in VHL-deficient cells. A, HIF-1a immunocytochemical
analysis of RCC4 and 786-0 cells lacking (-) or overexpressing (+) functional pVHL. Cells were incubated
under normoxic (Nx) or hypoxic (Hx) conditions (1% O2 for 12 hours) before immunostaining. B, The miR-
210 and CA9 RNA were quantified by RT-qPCR in the indicated cell lines after incubation under normoxic
or hypoxic (1% O2, 12 hours) conditions. *, P < .05, unpaired t test.

4.15 pVHL loss of expression and VHL deletion do not activate HIF-1a/CAIX pathway
in HNPGL.

Decrease pVHL gene function results in loss of HIF-1a degradation during normal
oxygen conditions (pseudohypoxia). Surprisingly, as previously described, we found
accumulation of HIF-1a and over-expression of HIF-1a target genes, miR210 and CAIX

(mRNA levels), only in two tumors that carry VHL somatic mutation but not in any other

81



ones, including those carrying VHL gene deletions or decreased protein expression; we
decided to re-evaluate HIF-1a immunohistochemistry and analyze CAIX expression at
the protein level in 31 HNPGLs to find potential, even subtle, differences between
samples with or without VHL gene deletions or samples with different pVHL protein
expression levels. Nuclear immunostaining of HIF-1la was detected in 10 (32%)
samples, cytoplasmic staining was not detected in any of the samples, we quantified
the porcentaje of positive nuclei as well the intensity of staining and compared to pvVHL
expression. We found that HIF-1a protein positive expression (measured as porcentaje
of positive cells or as weak, medium or strong intensity) did not correlate with pVHL
loss of expression (P= 0.901) or VHL gene deletions. On the other hand, CAIX
immunostaining was not detected in any of the analyzed samples as expected by the
previous analysis of CAIX transcript levels. As a positive control for CAIX expression,
CAIX immunohistochemistry was performed in PGL23 carrying VHL-mutation
(p.R161Q) and displaying a pseudohypoxic gene signature featured, among others, by
high mRNA levels of CAIX. As expected, high membranous immunoreactivity was
detected in this sample (Fig. 27). Collectively, the data indicate that a HIF-1a/miR-210-
CAIX gene signature is not activated by pVHL decreased expression in HNPGLSs.

SRS
E",.

Figure 27. CAIX immunohystochemistry in PGL23 that present the higher mRNA level of CAIX and show
activation of the pseudohypoxic pathway. (A) 10X magnification and (b) 20X magnification, observe high
accumulation of CAIX in cytoplasm.

4.16 HIF-1a is required for miR-210 over-expression.

We also explored the role of HIF-1a in miRNA-210 expression in vivo. To this end, we
obteined adrenal medulla and kidney from HIF-1aflox Cre-ER™ mouse exposed to
hypoxia (x% O2 for 30 days). As a control, we also analyzed the mRNA levels of
EGLN3, a HIF-1la target gene. miR-210 and EGLN3 mRNA levels were significantly
lower in adrenal gland derived from HIF-1a-/- than in HIF-1a+/+ mice. This is in

agreement with our in vitro data. In contrast to this data, no differences in EGLN3 or
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mMiR-20 expression were detected in kidney indicating that adrenal gland and kidney

respond differently to HIF-1a deletion (Fig 28).
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Figure 28. The miR-210 and EGLN3 m RNA levels in HIF-/- mouse exposed to hypoxia. The miR-210 and

EGLN3 RNA were quantified by RT-qPCR in the indicated sample derived from mice exposed to hypoxic
condition (Y %, X hours) conditions. *, P < .05, unpaired t test.

4.17 VHL mutation F76del activates HIF-1a/CalX/miR-210 pathway.

Thus far, our data indicate that HIF1-a is a key molecule for miR-210 over-expression.
In addition, VHL mutation and the complete absence of pVHL seemyngly activate the
hypoxia pathway. However partial decrease of VHL seems to be not suficient to
activate the hypoxia pathway, as none of the HNPGLs carrying VHL gene partial
deletions present over-expression of miR-210 or CAIX. To get further insight into the
role of VHL in the activacion of the hypoxia signaling pathway, we decided to inhibit
VHL expression using specific SiRNAs in SCC42B cells. A 80% less VHL mRNA was
found in the cells transfected with VHL siRNA with respect to cells transfected with
control siRNA (Fig 29 A). In contrast to our previous data in RCC4 cells, no over-
expression of miR-210 was detected with decrease levels of VHL (Fig 29 B and C). By

contrast CAIX mRNA leves increased about 6-fold in cells transfected with VHL-SiRNA.
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This level of over-expression was considerably lower than that observed by hypoxia
(about60-fold, data not shown). We confirmed that HIF-1a accumulated in cells with
decreased levels of pVHL. However, this does not seem to be sufficient to fully activate

the pHx gene signature.

Then we used “Geneart site-direct mutagenesis system” (Invitrogen) to generate a
plasmid carrying VHL p.F76del gene mutation and transfected it into SCC42B cells. We
use LifeAct plasmid as a control of the transfection, as well as a plasmid encoding wild
type pVHL as normal reference. miR-210 and CAIX were over-expressed in SCC42B
cells transfected with plasmid carring VHL mutation in comparison with cells
transfected with plasmid carrying normal VHL (Figure 29 D and E). We perform a
western bloth to analyze if HIF-1a was activated in the cells transfected with VHL
mutated (p.F76del) and we incubated the transfected cells in normoxic and hypoxic
condition (1% O, for 24 hours) to check the hypoxic response in presence of VHL
mutation; we used cells transfected with VHL wild type and no transfected cells as
control. Western blot analysis reveal that HIF-1a accumulated by the expression of
p.F76del VHL in normoxic as well hypoxic conditions. As expected, cells transfected
with wild type pVHL accumulate HIF-1a under hypoxic but not normoxic conditions.
These data show that the p.F76del mutation is responsable for the activation of the
pseudo-hypoxic pathway in PGL3.
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Figure 29. (A) SCC42 transfected with VHL siRNA (VHLI) and control SIRNA (Ci). VHLI transfected cells
present 80% less VHL mRNA in comparation to cells transfected with Ci. (B) Western blot showing over-
expression of HIF-1a in SCC42 transfected with VHL siRNA (VHLI) in comparation to cells transfected with
control siRNA (Ci), no disminution of SDHB or ISCU protein were observed. (C) miR-210 and CA9 RNA
levels in SCC42B cells transfected with VHLi and Ci, observe no over-expression of miR-210 in presence
of VHL inhibitition, while there is a little over-expression of CAIX. (D) miR-210 and (E) CAIX RNA levels
in SCC42B cells transfected with lifeAct (control of transfection), plasmid carring normal VHL (VHL-WT)
and plasmid carring VHL with F76del mutation (VHL-F76del), observe the over-expression of miR-210 and
CalX, furthermore CAIX mRNA leves are higher in SCC42B transfected with plasmid carring VHL mutated
than n Scc42B cells transfected with VHL intereference. (F) Western blot showing HIF-1a protein
accumulation in (1) control SCC42B cells no transfected in normoxic condition, (2) SCC42B cells
transfected with plasmid carring VHL mutated (VHL-F76del) in normoxic condition, (3) SCC42B cells
transfected with plasmid carring wild-type VHL (VHL-WT) in normoxic, (4) control SCC42B no transfected
in hypoxic contidition (1%0, for 24 h), (5) SCC42B cells transfected with plasmid carring VHL mutated
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(VHL-F76del) in hypoxic condition (1%0; for 24 h), (6) SCC42B cells transfected with plasmid carring wild-
type VHL (VHL-WT) in hypoxic condition(1%0- for 24 h).

To analyze the localization pVHL, we perform an immunoflorescence of pVHL in cells
tranfected with the plasmid that carry VHL mutation, using cell transfected with the
plasmid carryingwld type VHL as control. Results show that pVHI localize in the
cytoplasm and no difference between mutated vs wild-type VHL- transfected cells were
observed (Fig. 30).

Figure 30. pVHL immunofluerescence in SCC42B transfected with (A) plasmid carrying wild type VHL and
(B) plasmid carrying VHL with F76del mutation. pVHL localized in the cytoplasm of both transfected cells.

4.18 Loss of SDH does not activate the hypoxic pathway.

The microarray results show no activation of the hypoxic pathways in the presence of
SDH mutation in HNPGLs. To analyze the role of SDH and VHL in the pathogenesis of
HNPGLs, we decided to inhibit SDH using activity by using thenoyltrifluoroacetone
(TTFA) in four cell lines: RCC4-, RCC4+, 786_OpRV- and 786_OpRV-VHL.

No difference in cell survival in cells trated with DMSO and TTFA was observed. We
analyzed miR-210 and CAIX expression levels by RT-qPCR. As previously showed,
cells lacking pVHL, but expressing normal levels of HIF-1a (RCC4-), displayed over-
expression of CAIX and miR-210 in comparision with cells expressing normal pVHL
(RCC4+). This was not observed in 786-OpRV- cells that lack HIF-1a in addition to
pVHL, indicating that the complete loss of VHL activate the hypoxic pathway via HIF-
1a. However the inhibition of SDH induced by TTFA, did not activate the hypoxia
pathaway based on the anbsence of over-expression of miR-210 and CAIX (Fig. 31).
Thus, our data suggest that inactivation of SDH complex is not involved in the induction

of the hypoxia pathway in HNPGLs and in these cell lines.
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Fig. 31 The miR-210 and Ca9 mRNA levels in 786_0O+/- and RCC4+/- exposed to TTFA. The miR-210 and
CalX RNA were quantified by RT-qPCR in the indicated sample. We do not obser over-expression of miiR-
210 or CalX in presence of TTFA. *, P < .05, unpaired t test.

4.19 Analysis of VHL gene alteration in HNPGLSs.

We described the presence of somatic VHL gene mutations in a small proportion of
sporadic HNPGLs in association with activation of a HIF-1a/miR-210 signaling axis
which can potentially impact on the SDH function by the inhibition of ISCU1/2. This
encouraged us to perform a comprehensive study of the alterations of the VHL gene in
HNPGLs to explore its potential involvement in HNPGLs development. VHL DNA copy
number, mMRNA and protein expression data were generated from 58 HNPGLs tumor
tissues. The clinical characteristics of this cohort have been previously reported and
are presented in Table 14. As previously described, mutational analysis performed in
this series of non-hypoxic HNPGLs cases did not reveal any point mutations or small

insertions/deletions of the coding or splice-site regions of VHL gene at somatic level.

We firstly searched for VHL-intragenic deletions using the multiplex ligation-dependent
probe amplification (MLPA) assay. The analysis identified 7 samples exhibiting VHL
deletions of exonl (Fig. 32). This was significantly observed in sporadic- (7/32, ~22%)
but not in SDH-mutated HNPGLs (0/26), (P = 0.011).
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Figure 32. examples of MLPA graphics showing the expression levels of each probes in 3 samples, each

peak corresponding to a probe as follow:
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166 Reference probe 09890-L10303 16p13
175 VHL probe 13624-L16363 Exon 2
184 CNTNG6 probe 06307-L05830 3p26.3
193 BRK1 probe 14676-L16328 3p25.3
201 VHL probe 02390-L16140 Exon 2
211 Reference probe 13450-L14905 531
219 + VHL probe 01626-L01211 Exon 1
229 IRAK2 probe 02264-L01750 3p25.3
238 MLH1 probe 00892-L00480 3p22.1
247 VHL probe 01162-L00718 Exon 3
256 Reference probe 01055-L00628 17921
265 Reference probe 02454-.01898 1521
274 VHL probe 01628-L01213 Exon 1
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

(A) MLPA of PGL3 showing that VHL gene is completly deleted; (B) MLPA of PGL19 showing the deletion

283 FANCD2 probe 02138-L01631 3p25.3
301 GHRL probe 02266-L01752 3p25.3
310 FANCD2 probe 02140-L01633 3p25.3
319 Reference probe 05981-L05406 20p12
328 VHL probe 13625-L15079 Exon 1
337 Reference probe 01082-L00660 22q11
346 Reference probe 01335-L00879 7ql11
355 Reference probe 00547-L00116 1122
364 BRK1 probe 14675-L16327 3p25.3
373 VHL probe 01158-L13266 Exon 1
382 Reference probe 00973-L00560 10921
391 VHL probe 13322-L14735 Exon 2
400 Reference probe 00801-L00639 13q14
409 Reference probe 00669-L00373 11p13
418 1 VHL probe 01161-L00717 Exon 3
427 Reference probe 00680-L00121 7q34

of VHL exon1; (C) MLPA of normal sample.

VHL exon deletions were confirmed by quantitative PCR performed by an optimized
protocol taken from (108) (Fig 33). We also realized CGH arrays (aCGH) enriched in
probes on tumor supressor genes wich included VHL. This was done in two tumors
(PGL6 and PGL62).
deletion including the whole chromosome 3. On the contrary, no altered copy number
variants were deleted in PGL62 by aCGH thus confirming results from MLPA and

gPCR data.

VHL copy number

As shown in Figure 34, the aCGH showed a more extensive
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Figure 33. VHL copy number status determined by g-PCR optimized protocol from (37). For normalization
of the relative quantities, the VHL copy numbers were divided by the geometric mean of the reference
GPR15 copy number. Using this method, a haploid copy number of 1 is expected for a normal sample and
a value of 0,5 for a sample with a VHL deletion. Normal sample in blue show no variation of VHL copy
number, PGL3, in green, show deletion of the exonl and exon2, while exon3 is on the borderline of
deletion, this is could be due to normal cell contamination in the tumor. PGL19, in purple, present deletion
of exonl.
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Figure 34. Overview of CGH analysis arrays. Genomic profile of PGL62 in red: chromosome 3, indcated
by an arrow, is not deleted. Genomic profile of PGL6 in green: chromosome 3, indicted by an arrow is
deleted.

We next analyzed the mRNA levels of VHL by RT-gPCR in 36 samples to compare the
VHL expression between tumor samples with and without altered VHL copy number.
As a control for evaluation of decreased VHL expression, we quantified VHL mRNA
levels in PGL3, which carry VHL gene mutation (p.F76del) and loss of the wild type
VHL allele. cDNA obtained from blood and a normal paraganglia were used for
normalization of the data. As expected, a ~70% less transcript levels were detected in
PGL3 in comparison with normal paraganglia. Decreased VHL transcript levels were
also encountered in tumors with loss of VHL exon 1 in comparison with those tumors

with normal copy number. However, only a trend towards statistical significance (P=
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0.073) was observed likely because of variable presence of normal non-tumor cells in

the tissues.

We therefore assessed whether pVHL protein expression was altered in HNPGLs
carrying decreased VHL gene copy number. pVHL protein expression could be
evaluated by immunohistochemistry in 35 tumors including 4 tumors carrying VHL gene
deletions. Diffuse cytoplasmic staining either weak or strong was observed in 19
(~54%) samples. Among the group of tumors with VHL gene deletions, we found
absence of immunostaining in one tumor and very weak immunoreactivity in another
tumor whereas the remaining 2 tumors showed more intense cytoplasmic staining.
However, in contrast with other positively stained samples, these two tumors showed
positive strong nuclear immunoreactivity in addition to the cytoplasmic staining (Fig.35).
Interestingly, nuclear staining was also observed in PGL3 which carry p.R161Q VHL
somatic mutation. Interestingly, this immunohistochemical study also revealed that an
unexpected high proportion of HNPGLs lacking VHL gene alterations had negative
pVHL protein immunoreactivity (16/35, ~46%). Considering the total number of tumors
with no alterations of the VHL gene (n=31), absence of pVHL immunoreactivity was
found in both sporadic (5/11, 45.45%) and SDH-HNPGLs at similar frequency (11/20,
55%). Thus, VHL gene deletions and mutations could be responsible for the loss of
pVHL protein expression or nuclear pVHL localization in some HNPGLs; while other

still unknown cellular processes are involved in the silencing of pVHL in others.

Figure 35. pVHL imunohistochemestry in 3 HNPGLs; a) nuclear and cytoplasmic stain (b) negative

staining (c) cytoplasmic stain.

Given that, in addition to structural VHL alterations, gene hypermethylation may be
involved in tumor suppressor gene inactivation, we analyzed CpG methylation status of
2 regions on the VHL promoter in 12 tumors, 7 of which lacking pVHL immunoreactivity
and 4 showing weak immunostaining; DNA from 5 normal human carotid body was
also analyzed as a control. The two regions analyzed were: region VHL-V1 wich

91



contains 5 CpG island and region VHL-V2 which contains 7 CpG island; VHL promoter
hypermethylation was not found in any HNPGLs and, therefore, gene methylation was

ruled out as a mechanism for VHL loss of expression in HNPGLs (Table 10 and 11).

Table 16. Methylation status of 5 CpG island in region VHL-V1

Pos. 1 Pos. 2 Pos. 3 Pos. 4 Pos. 5

Assay Sample ID Meth. (%) Meth. (%) Meth. (%) Meth. (%) Meth. (%)
VHL-v1 Control 1 1 2.07 1.15 0 1.41
VHL-v1 Control 2 1.59 1.37 0.91 0 1.31
VHL-v1 Control 3 0.68 1.39 0.72 0 0
VHL-v1 Control 4 0 0 0 0 0
VHL-v1 Control 5 1.53 5.1 3.44 1.22 -
VHL-v1 PGL17 1.77 2.48 2.59 1.02 2.04
VHL-v1 PGL18 1.41 2.76 2.44 1.19 2.53
VHL-v1 PGL22 1.92 1.8 2.08 0 0
VHL-v1 PGL24 2.15 3.53 2.04 0 0
VHL-v1 PGL36 1.77 2.64 2.81 1.74 0
VHL-v1 PGL56 1.13 2.93 2.88 0.97 2.48
VHL-v1 PGL62 1.39 2.07 2.02 0.82 0
VHL-v1 PGL64 2.54 3.28 3.68 2.02 6.76
VHL-v1 PGL77 9.12 0 0 0 4.8
VHL-v1 PGL79 1.59 2.85 2.58 1.33 341
VHL-v1 PGL95 1.38 3.67 2.65 1.24 2.63
VHL-v1 PGL96 0.9 2.27 2.25 0.72 1.42

Table 17. Methylation status of 7 CpG island in region VHL-V2

Pos. 1 Pos. 2 Pos. 3 Pos. 4 Pos. 5 Pos. 6 Pos. 7
Assay | Sample ID | Meth. (%) | Meth. (%) | Meth. (%) | Meth. (%) | Meth. (%) | Meth. (%) | Meth. (%)
VHL-v2 Control 1 85.54 90.23 89.02 88.94 94.14 89.88 100
VHL-v2 Control 2 85.42 89.27 88.11 90.04 94.41 90.71 100
VHL-v2 Control 3 86.65 89.04 87.57 89.85 94.15 89.29 98.95
VHL-v2 Control 4 86.21 85.57 86.3 88.19 93.96 89.2 98.62
VHL-v2 Control 5 79.08 81.27 84.78 76.87 87.19 76.41 94.1
VHL-v2 PGL17 83.22 87.64 87.38 81.93 92.14 84.42 96.93
VHL-v2 PGL18 97.69 85.11 87.79 90.14 92.66 89.78 98.53
VHL-v2 PGL22 91.01 86.62 85.45 89.39 92.16 87.46 97.91
VHL-v2 PGL24 95 89.98 88.4 91.53 92.73 86.14 95.85
VHL-v2 PGL36 95.25 85.35 85.65 79.64 90.32 83.94 96.12
VHL-v2 PGL56 74.65 78.68 79.83 68.33 81.86 72.91 82.16
VHL-v2 PGL62 96.35 57.94 85.74 94.02 93.32 88.44 95.76
VHL-v2 PGL64 79.78 88.35 86.69 83.63 93.4 86.88 98.29
VHL-v2 PGL77 96.48 86.38 87.2 63.28 92.38 76.79 96.77
VHL-v2 PGL79 89.07 77 80.18 66.29 85.21 70.58 83.7
VHL-v2 PGL95 81.91 84.63 87.93 80.82 89.31 77.88 94.56
VHL-v2 PGL96 88.92 87.8 88.92 84.04 91.87 82.61 95.6
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Overall, somatic VHL alterations by mutational inactivation, intragenic deletions or
decreased protein expression was found in 47% (25/53) of HNPGLs. This is the most
frequent somatic alteration in HNPGLs described to the date. VHL gene mutations and
deletions were found only in non-SDH mutant HNPGLs, but other VHL alterations that
lead to pVHL silencing are also present in SDH-HNPGLs.

4.20 miRNA expression profiling of HNPGLs

The global profiling of miRNA expression on 17 HNPGLs (Table 8) and 3 normal
carotid bodies revealed that HNPGLs grouped together and separated from normal
carotid bodies (Fig 36). Differencial miRNA expression analysis perfomed considering
the presence or the absence of SDH mutation, tumor location or age of tumor onset
revealed no significant difference between HNPGLs.

Differential miRNA expression between tumors and normal tissues showed that 5
mMiRNAs are downregulated in HNPGLs (fold change >2 and FDR<0.05) (Table 11).
Interestingly we observed that some of these miRNAs are organized in a genomic
cluster: the miR99a-let7c-miR-125b cluster.

miR-101 has been shown to be downregulated o up-regulatd in various types of
cancer, targets TGF-B signaling pathway by targeting the TGFBR1. (134). TGFBR1
was found up-regulated in the majority of HNPGLs as shown by analysis of the specific

probe included in the microarray study.

PCA analysis revealed that three HNPGLs, PGL2, PGL7 and PGL3, cluster A
separate from the rest of HNPGLs (cluster B) (Fig. 36B) This was also observed in the
PCA analysis microarrays data described above (Fig. 36C).
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Figure 36. Global miRNA expression analysis. (A and B) two different point of view of PCA revealing a

distinct global gene expression signature for HNPGLs (blue) and normal paraganglia (red). x, y, and z
axes represent three major principal components (PC). (B) PCA from different point of view. Observe that
PGL2, PGL3 and PGL7 separate from de rest of HNPGLs. (C) PCA from microarrays study; PGL2, PGL3
and PGL7 are in yellow and separate from the rest of HNPGLs.

This observation prompted us to analyze the miRNA expression profile of PGL2, PGL3
and PGL7 versus the rest of HNPGLs of the study and the normal paraganglia. The
data showed that 51 miRNAs were dereguated in cluster A. We found 29 miRNAs to be

downregulated and 22 miRNAs to be up-regulated in comparation to the HNPGLSs.
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Interestingly 21 of the downregulated are organized in mir-379/mir-656 cluster, located
within the imprinted DLK1-DIO3 region on 14¢32.31 (Table 18); 54 miRNAs are
encoded by this imprinted region being one of the largest cluster described in
mammals. DLK1-DIO3 cluster is known to be actively expressed in fully pluripotent
stem cells but it is repressed in cells with partial pluripotency. So it seems that these
two group differ, at least in part, by regulation of differentiation process. Higly specific
targets of this cluster are genes involved in neurogenesis and embrionic development
(135), other target genes are involved in regulation of transcription and RNA
metabolism (136, 137, 138).

Tabla 18. miRNA of mir-379/mir-656 cluster down-regulated in cluster A.

Sample PGL2 PGL3 PGL7
miR-337 0 0 0
miR-433 0.16 0.37 0.19
miR-127 0.23 0.40 0.18
miR-432 0.13 0.12 0.02
miR-376a 0.34 0.36 0.36
miR-654 0.25 0.01 0.01
miR-381 0.36 0.25 0.80
miR-487b 0.23 0.46 0.21
miR-544 0 1.72 0
miR-379 0.48 0.31 0.23
miR-411 0.25 0.32 0.20
miR-299-5p 1.07 0.49 0.58
miR-380-5p 0.01 0.28 0.38
miR-323 0.15 0.14 0.00
miR-329 10.85 0 0
miR-494 0.06 8.12 0.11
miR-485-3p 0.41 0.30 0.00
miR-485-5p 0.41 0.30 0.00
miR-453 0 24.80 0
miR-496 0 0 0
miR-409 0.01 0.54 0.01
miR-412 7.09 2.2 19.1
miR-369-5p 0.25 0.27 0.01
miR-410 0.13 0.13 0.05
miR-656 35.33 55.91 50.64
miR-382 0.45 0.32 0.06
miR-134 0.75 0.35 0.16
miR-485-3p 0.61 1.02 0.62
miR-485-5p 0.41 0.30 0.00
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4.21 cluster A differ from the rest of HNPGLs in the expression of genes involved in

differentiation and energetic metabolism.

The putative targets of miRNAs from the DLK1-DIO3 region include three genes in the
polycomb repressive complex 2 (PRC2) gene silencing complex. It has been described
that these genes are all expressed at lower levels in embryonic stem cells compared to
pluripotent cells perhaps as a result of higher miRNA expression in the embryonic stem
cells (139). Based on these observations we decided to re-analyze the global
expression profile considering cluster A versus cluster B. The data showed 908
differentially expressed probes, 370 of which were down-regulated in cluster A and 538
genes were up-regulated (2X fold change, p-value based on the false discovery rate of
< 0.05). (Supplementary Table S4). Interestingly the most suppressed gene in cluster A
was DLK1, one of the paternally imprinted genes that map on 14932.31 region. MEGS,
a maternally imprinted gene mapping on the same region, was also found down-
regulated. In addition, EZH2, a member PCR2 complex was over-expressed in cluster

A compared cluster B and normal tissues.

Gene ontology (GO) analysis of the differentially expressed genes was performed
using Partek Genomic Suite Software. Upregulated genes were found enriched in
biological process correlated with energy metabolisms like hexose and glucose
metabolic process, oxidation and reduction among others (Table 19) Downregulated
genes were found enriched in several biological processes like secretion, neuron

differentiation, neuron projection development among other (Table 20).

Table 19. Gene Ontology (GO) biological process upregulated in PGL2, PGL3 and
PGL?7.

Benjamini
Term Count | % P-Value Ho?r?gerg
FDR

protein complex assembly 24 0.7 | 2.10E-04 | 3.30E-01
protein complex biogenesis 24 0.7 | 2.10E-04 | 3.30E-01
hexose metabolic process 13 0.4 | 4.90E-04 | 3.70E-01
glucose metabolic process 11 0.3 | 1.00E-03 | 4.70E-01
oxidation reduction 26 0.7 | 1.10E-03 | 4.00E-01
monosaccaride metabolic process 13 0.4 | 1.70E-03 | 4.80E-01
macromolecular complex assembly 26 0.7 | 1.90E-03 | 4.40E-01
coenzyme metabolic process 10 0.3 | 3.70E-03 | 6.30E-01
response to drug 12 0.3 | 4.20E-03 | 6.30E-01
macromolecular complex subunity organization 26 0.7 | 4.40E-03 | 6.00E-01
skeletal sistem development 15 0.4 | 5.00E-03 | 6.10E-01
carboxylic acid catabolic process 8 0.2 | 6.90E-03 | 7.00E-01
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organic acid catabolic process 8 0.2 | 6.90E-03 | 7.00E-01
glutamine family aminoacid catabolic process 4 0.1 | 7.00E-03 | 6.70E-01
anterior/posterior pattern formation 9 0.3 | 7.20E-03 | 6.50E-01
G2 phase of mitotic cells 3 0.1 | 7.90E-03 | 6.50E-01
G2 phase 3 0.1 | 7.90E-03 | 6.50E-01
pyruvate metabolic process 5 0.1 | 9.70E-03 | 7.10E-01
positive regulation of cellular bisynthetic process 24 0.7 | 1.10E-02 | 7.20E-01
callular aminoacid catabolic process 6 0.2 | 1.20E-02 | 7.30E-01
positive regulation of biosynthetic process 24 0.7 | 1.30E-02 | 7.40E-01
gluconeogenesis 4 0.1 | 1.30E-02 | 7.30E-01
biological adhesion 24 0.7 | 1.40E-02 | 7.20E-01
cell adhesion 24 0.7 | 1.40E-02 | 7.20E-01
morphoenesis of an ephitelium 7 0.2 | 1.60E-02 | 7.50E-01
cofactor metabolic process 10 0.3 | 1.70E-02 | 7.50E-01
embrionic skeletal system development 6 0.2 | 1.90E-02 | 7.80E-01
positive regulation of nitrogen compound metabolic process 22 0.6 | 2.00E-02 | 7.70E-01
amine catabolic process 6 0.2 | 2.00E-02 | 7.70E-01
glutamine family aminoacid metabolic process 5 0.1 | 2.00E-02 | 7.60E-01
thyroid gland development 3 0.1 | 2.30E-02 | 7.90E-01
hexose biosynthetic process 4 0.1 | 2.40E-02 | 7.90E-01
skeletal sistem morphogenesis 7 0.2 | 2.50E-02 | 8.00E-01
one-carbon metabolic process 7 0.2 | 2.50E-02 | 8.00E-01
Table 20. Gene Ontology (GO) biological process downgulated in PGL2, PGL3 and
PGL7.
Benjamini
Term Count | % P-value Hogr?gerg
FDR

secretion by cell 16 0.6 | 2.60E-07 3.74E-04
secretion 19 0.8 | 2.70E-07 2.00E-04
exocytosis 11 0.4 | 5.40E-06 | 2.60E-04
neuron differentiation 20 0.8 | 1.50E-05 5.50E-03
neuron projecton development 15 0.6 | 1.70E-05 | 5.00E-03
neurotransmitter transport 9 0.4 | 2.30E-05 | 5.50E-03
vescicle-mediated transport 23 0.9 | 2.30E-05 | 4.80E-03
neuron projecton morphogenesis 13 0.5 | 5.20E-05 | 9.50E-03
cell projecton organization 17 0.7 | 7.20E-05 1.20E-02
cell projecton morphogenesis 13 0.5 | 2.00E-04 | 2.80E-02
cell part morphogenesis 13 0.5 | 3.00E-04 | 3.90E-02
synaptic transmission 14 0.6 | 3.30E-04 | 4.00E-02
neuron development 15 0.6 | 3.50E-04 | 3.80E-02
axonogenesis 11 0.4 | 4.30E-04 | 4.40E-02
cell morphogenesis involved in differentiation 12 0.5 | 7.20E-04 | 6.80E-02
cell morphogenesis ivolved in neuron differentiation 11 0.4 | 8.10E-04 | 7.10E-02
regulation of exocytosis 5 0.2 | 1.30E-03 1.10E-01
transmembrane receptor protein tyrosine kinase signaling
pathway 11 0.4 | 1.40E-03 | 1.00E-01
transmission of nerve impuse 14 0.6 | 1.50E-03 1.10E-01

97




cellular component morphogenesis 15 0.6 | 1.60E-03 1.10E-01
regulation of nervous system development 10 0.4 | 1.70E-03 1.10E-01
cell morphogenesis 14 0.6 | 1.70E-03 1.10E-01
regulation of cell development 10 0.4 | 2.60E-03 1.50E-01
homotypic cell-cell adhesion 3 0.1 | 4.00E-03 | 2.20E-01
cell adhesion 20 0.8 | 5.10E-03 | 2.60E-01
biological adhesion 20 0.8 | 5.10E-03 | 2.50E-01
heat generation 3 0.1 | 5.30E-03 | 2.50E-01
regulation of calcium ion-dependent exocytosis 3 0.1 | 6.80E-03 | 3.00E-01
renal system process 4 0.2 | 7.10E-03 3.00E-01
generation of a signal inolved in cell-cell signaling 6 0.2 | 7.20E-03 | 3.00E-01

Cluster B, in addition to the up-regulated miRNA, present down-regultion of 28 miRNA.

(Table 21).

Table 21. miRNAs down-regulated in cluster B.

MiRNA

hsa-let-7a-4373169

hsa-let-7b-4373168

hsa-let-7d-4373166

hsa-let-7f-4373164

hsa-let-7g-4373163

hsa-miR-1-4373161

hsa-miR-142-3p-4373136

hsa-miR-148a-4373130

hsa-miR-17-5p-4373119

hsa-miR-19a-4373099

hsa-miR-19b-4373098

hsa-miR-195-4373105

hsa-miR-20a-4373286

hsa-miR-25-4373071

hsa-miR-30a-3p-4373062

hsa-miR-30a-5p-4373061

hsa-miR-30b-4373290

hsa-miR-30c-4373060

hsa-miR-30d-4373059

hsa-miR-30e-3p-4373057

hsa-miR-30e-5p-4373058

hsa-miR-345-4373039

hsa-miR-34a-4373278

hsa-miR-365-4373194

hsa-miR-497-4373222

hsa-miR-9-4373285

hsa-miR-9-4378074
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hsa-miR-92-4373013
hsa-miR-93-4373012

Some of these miRNAs cluster together, among them, miR-17 family is involved in
bone morphogenetic protein (BMP) signaling and is active in many tissues including
proliferation, differentiation and maturation. It also regulates STAT3 that is a known to

be a stem cell regulator. The clusters miR17-92 and miR106-363 are part of this family.

Another cluster we found downregulated in cluster B is the cluster MC-let-7a let-7-d,
which is formed by three members: let-7a, let-7f-1 and et-7d and play a critial role in
carcinogenesis. The others miRNAs are involved in diverse biological process like
obesity and metabolic distress (miR-30e), migration and invasion (miR-30b) and

xidative phosphorylation of neural precursor cells (mir-34a) among others.

4.22 MAX mutation analysis

We sequenced MAX in 1,694 patients with PCC or PGL (without mutations in other
major susceptibility genes. Sixteen MAX pathogenic mutations were identified in 23
index patients. All had adrenal tumors, including 13 bilateral or multiple PCCs within
the same gland (P < 0.001), 15.8% developed additional tumors at thoracoabdominal
sites, and 37% had familial antecedents. Age at diagnosis was lower (P = 0.001) in
MAX mutation carriers compared with nonmutated cases. Two patients (10.5%)
developed metastatic disease. So, germline mutations in MAX are responsible for
1.12% of PCC/PGL in patients without evidence of other known mutations and should
be considered in the genetic work-up of these patients. No MAX mutation were found in
HNPGLs (83).
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5. DISCUSSION
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5. Discussion

5.1 Sporadic and SDH- HNPGLS show a common gene expression signature.

This is the first work that compares the global gene expression profile in the HNPGLs
versus normal paraganglia. Data show that HNPGLs share a common deregulate gene
expression profile that differ from normal paraganglia and is independent of the
presence of SDH mutation or the clinical characteristics of the patients (age, sex, family
history).

As the most accepted hypothesis of paraganglioma pathogenesis propose an
activation of the hypoxic signaling we expected to find enrichment in genes involved in
the hypoxic response, but surprisingly we did not. HNPGLs were enriched in genes
involved in locomotion, immune and inflammatory response and morphogenesis
among others.

The role of inflammation in cancer is generally accepted, it is well known that is
involved in different stages of tumor development, including initiation, promotion,
malignant conversion, invasion, and metastasis. Morphogenesis is regulated during
development and cancer by morphogenic fields; for instance, it is known that TGF-B1 is
a morphogen that regulate cells proliferaration by modulation mitochondrial oxidative
phosphorylation (140). Paragangliomas could be seen as a mitochondrial disease, as
mitochondrial oxidative phosphorylation is impaired at least in presence of SDH or VHL
mutation, so it is possible that the morphogenic response that we found deregulated in

HNPGLs is a secondary effect of abnormal mitochondrial function.

5.2 Pseudohypoxic gene signature is driven by HIF-1a activation in a subgroup of
HNPGLSs.

Previous reports describe a hypoxic gene signature common to VHL and SDH PGLs
that distinguish them from NF1, RET and MEN 2 tumors (141 and 103). These results,
in conjunction with biochemical studies, strongly support the role of hypoxia in the
pathogenesis of PGLs with VHL or SDH mutations (104). More recent studies,
however, found that both non-VHL and SDHB sympathetic PGLs actually differ from
VHL tumors in their hypoxic gene signature and that the hypoxia related genes are not
predominantly activated in SDH tumors. However all these studies only compare non-
homogeneous sympathetic and parasympathetic PGLs and did not include normal

sample, so this obviously hindered the identification of genes commonly deregulated in
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different subtypes of PGLs, and did not allow assuring whether the parasympathetic
HNPGLs actually develop a hypoxic gene signature as compared with the normal
tissue.

The difficult to obtain normal paraganglia restricted us to use only 3 samples; however
these normal samples show a common gene and miRNA expression profile that differ
from those found in HNPGLs.

The approach used in the present study has lead, for the first time, to identify a
subgroup of HNPGLs that present a pseudohypoxic signaling pathway in absence of
SDH, mutations. The differential expression analysis of hypoxic related genes reveals
that HNPGLs are segregated in two clusters that share only few genes. Significantly,
the pseudohypoxic gene signature was more highly enriched in known HIF-la-target
genes in a subset (cluster C1) of HNPGLs. Conversely, the other subset of HNPGLs
(cluster C2) over-expressed few known HIF-1a-target genes and downregulated
several HIF-1a-inducible genes (SLC2A1, HIG2, EGLN3, PFKFB3, TF and HK2 among
others) two of which (HIG2 and EGLN3) were actually found upregulated in the subset

of tumors with enriched HIF-1a related molecular signature.

We rule out the possibility that the activation of the pseudohypoxic signature could be
driven by the presence of a hypoxic microenviroment in the Cl-tumors as we found
comparable number of vessels in C1-C2-tumors and normal paraganglia; we also
discard presence of somatic SDH mutation or VHL germline mutation in C1-tumors that
could activate the hypoxic signaling. We found several known SNPs in SDHA, which

sequenciation was particularly difficult due to the presence of two SDHA pseudogenes.

We corroborated that HIF-7a is involved in pseudohypoxic gene signature by HIF-7a
immunohistochemestry. We found that less than 40% of tumor cells were HIF-1a
positive in all the analyzed C2 samples whereas the only C1-tumor for which a sample
was available for both, microarray and histopathological studies, displayed more than
90% of HIF-1a positive cells, a pattern of staining clearly different from that of C2-
tumors. These data suggest that a canonical HIF-1a-driven gene signature is present in
Cl-tumors whereas C2-tumors express either a less potent or a non-canonical HIF-1a

gene signature.

HIF-1 is a heterodimer protein, consisting HIF-1a subunit that is negatively regulated by
O, and a constitutively expressed HIF-1B subunit (142, 143), that binds to the
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consensus sequence 5-RCGTG-3' that is present within or near HIF-1-regulated genes
(144).

The battery of genes that is activated by HIF-1a in response to hypoxia is unique within
each cell, the number of HIF target genes, which currently exceeds 1,000, continues to
increase (145, 146, 147). HIF-2a, which is also O,-regulated, dimerizes with HIF-1p3,
and activates transcription of overlapping but different genes respect HIF-1a; we didn’t
find HIF-2a nuclear accumulation in HNPGLs supporting that is HIF-1a which is driving

gene signature is present in C1-tumors.

5.3 A robust and distinct pseudohypoxic HIF-1a-related miRNA profile defines a subset
of sporadic HNPGLSs.

We have identified a distinct subset of HNPGLSs that exhibit a unique hypoxia-like gene
signature that distinguish them from the rest of the tumors. We found the over-
expression of miR-210 in C1-HNPGLs, a well known miRNA induced by HIF-1q,
furthermore we found the down-regulation of ISCU1/2 in these tumors, that is a miR-
210 recent discovery target (118, 119). We validate these results in an independent
series of HNPGL and we found PGL47 as another pseudohypoxic-tumor (pHx-tumor)
as present accumulation of HIF-1q, over-expression of miR-210 and downregulation of
ISCU1/2 in absence of SDH-mutation.

The identification of miR-210 up-regulation in a subset of tumors raises the intriguing
possibility of a novel mechanism of mitochondrial dysfunction in HNPGLs independent
on SDH mutation. Several lines of evidences suggest that a HIF-7a/miR-210/ISCU
signaling pathway is operative in C1-HNPGLs. First, we found down-regulation of
ISCU1/2 only in HNPGLs of cluster 1 that over-express miR-210. Second, HNPGL-
derived cells exposed to hypoxia increased miR-210 and decreased ISCU mRNA
levels. Finally, the role of HIF-71a in this regulatory pathway was confirmed in vitro by

the use of siRNA against HIF-17a.

ISCU1/2 is involved in the assembly of iron-sulfur (Fe-S) clusters that form the catalytic
site of many metallo-proteins as complex I, Il and Il in the mitochondria, and aconitase
(148). The over-expression of miR-210 led to a decrease in the Krebs cycle activity and
mitochondrial function, by the down-regulation of ISCU1/2. This mechanism could led
to an increase n the free radical generation in hypoxia, increases cell survival under
hypoxia, induces a switch to glycolysis in normoxia and hypoxia (Warburg and Pasteur

effects) and upregulation of the iron uptake required for cell growth (118, 119). This
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provides a major new link between HIF and mitochondria dysfunction probably involved
in the pathogenesis of HNPGLs. Given that the SDHB subunit of the mitochondria
complex Il contains three iron-sulfur clusters, we hypothesized that ISCU dysfunction
could impact on complex Il activity by impairing complex formation. Van Nederveen
and colleges recently showed that germline SDHB, SDHC, or SDHD and subsequent
loss of complex Il activity can be reliably identified by SDHB immunohistochemical
analysis (121). In fact, in presence of an SDH mutation in any of the subunits, the
SDHB immunohistoquemestry is negative; while the sporadic cases present a SDHB
positive staining. Negative SDHB staining has also been identified in SDHD-mutated
renal-cell carcinoma (149) and in SDH deficient GIST (150). Therefore, when any
component of the mitochondrial complex Il is lost, evidence suggests that the complex
Il becomes unstable and immunohistochemical analysis to detect SDHB becomes
negative. We confirmed these results in all HNPGL included in the present study, in
agreement with that previous report, SDH-HNPGL were SDHB negative and we
detected strong SDHB immunostaining in sporadic-HNPGLs. Interestingly however, a
significantly weaker immunostaining was detected in the sporadic-HNPGL of cluster C1
and in PGL47, the pHx-tumor found in the validation analysis. In these samples
molecular fingerprints of an active HIF-1a-miR210-ISCU pathway had been identified,
this support our hypothesis of that the downregulation of ISCU1/2 could lead to an

impairment of SDHB Fe-S clusters formation.

Hypoxia is known to downregulate SDHB protein expression by a HIF-1a-dependent
posttranscriptional mechanism (141). Therefore, it is likely that a HIF-1a/miR-210/ISCU
pathway cause mitochondrial complex Il instability and tumorigenesis that is associated
with negative staining for SDHB. The finding of a molecular signature compatible with
the activation of a HIF-1a/miR-210/ISCU signaling pathway in HNPGL with decreased
SDHB protein expression in the absence of SDH germline/somatic mutation provides a
novel molecular mechanistic link between HIF and mitochondria dysfunction in human

head and neck paragangliomas.

5.4 Comparison of the pseudohypoxia/hypoxia transcriptome common to all

parasympathetic HNPGLs with that of sympathetic PGLs.

We observed that two subsets of HNPGLs found in the study (C1 and C2) share few

genes commonly desregulate in the pseudohypoxic profile.
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Between the commonly desregulated gene we found genes encoding for proteins
involved in angiogenesis and extracellular matrix remodeling (COL4A1, COL4A2, PGF,
LOXL2). Many reports describe the importance of ECM dynamics in many diseases
and are a hallmark of cancer (151). Deregulation of ECM remodeling can lead to
apoptotic evasion by mutant cells and can also regulate also stem cell proliferation and

differentiation.

Cl-tumors showed an enriched pseudohypoxic signature as they overexpress several

hypoxic-induced genes:

-VEGFA, codifies a mitogen that act on endothelial cells and has various effect
inducing angiogenesis, vasculogenesis, endothelial cell growth, promoting cell
migration and inhibitng apoptosis. Tumours contain elevated VEGF levels at the rim of

necrotic and hypoxic tissue;

-ANGPTL4, codifies a secreted protein that function as serum hormone that regulates

glucose homeostasis, lipid metabolism and insulin sensitivity.

-COL5A1 codifies an alpha chain for the low abundance fibrillar collagens;

-LOX codifies for an extracellular copper enzyme that initiate the crosslinking between

collagens and elastin, may have a role as tumor suppressor;

-PLOD1 and PLOD?2 codifiy for a lysyl hydroxylases of the endoplasmic reticulum,

important for the stability of intermolecular crosslink;

-FN1 codifies for fibronectin a glycoprotein involved in cell adhesion and migration

process.

This suggests that Cl-tumors may have a stronger angiogenic phenotype and
increased collagen deposition than C2-tumors. Interestingly, some of these genes were
also described upregulated in VHL compared with MEN 2 tumors and in VHL and
SDHB tumors compared with RET and NF1 tumors. This suggests that remodeling of
extracellular matrix and activation of a pseudohypoxia/HIF-1a-driven angiogenic
pathway is common between a subgroup of parasympathetic HNPGLs and
sympathetic SDHB/VHL PGLs. The observed concerted regulation of genes encoding
for fibrillar collagens and key enzymes of collagen formation suggests an increase in
the formation of collagen deposits in HNPGLs. This phenomenon is known to be

favored by a hypoxic environment in a variety of tissues and have a clear patho-
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physiological impact regulating tumor blood vessel formation and invasion (152). The
role of extracellular matrix assembly has been previously studied in VHL tumors using
in vitro cell systems (153). The authors showed that tightly assembled extracellular
matrix is associated with low invasive potential in VHL tumors. Whether increased
collagen deposition is related to the extremely low invasive potential in HNPGLs is an

interesting hypothesis to be explored.

Glycolytic genes (ALDOA, GPI, and PFKP) were also identified in the hypoxic-like
profile common to all HNPGLs. C1-tumors showed also enrichment in glycolitic genes
presenting upregulation of ENO1 and GAPDH, and expression levels of SLC2A1 and
SLC2A3 (hypoxia-inducible glucose transporters) and HK2 (glycolytic enzyme),
comparable to that found in normal paraganglia; while C2-tumors showed reduced
expression of SLC2A1, SLC2A3 and HK2. Therefore, coordinated regulations of genes
that promote a shift toward anaerobic glycolysis (the so-called Warburg effect) were not
found in all HNPGLs but in C1-tumors. In agreement with our findings in C2-tumors,
Favier et al. (103) reported that whereas increased angiogenesis is a common feature
of SDH and VHL PGLs, stimulation of glycolytic genes including HK2 and SLC2A1, was

solely.

5.5 C1-HNPGLs share a common hypoxic profile with ccRCC.

We compare the pHx-profile of C1-tumor with the profile of PGL/PCC and we found
that C1-HNPGLs only share few genes with PGL/PCC that harbored VHL mutation but
not SDHx- or RET/NFI/TMEM127-mutation.

HIF responsive genes active in tumorigenesis specifically upregulated in pHx-HNPGLs
include genes that encode proteins responsible for angiogenesis (ANGPTL4, VEGFA),
glucose uptake and metabolism (SLC2A1, HK2, ENO1), apoptosis (BNIP3, BNIP3L,
DDIT4), and gene products that are expected to have effects on the tumor
microenvironment such as ECM formation and turnover (LOX, LOXL2, COL5AL,
P4HA1l, PLOD1, PLODZ2). Sympathetic VHL-PCC/TAPGLs also upregulate HIF
responsive genes related to glucose metabolism (SLC2A1, HK2, ENO1) and apoptosis
(BNIP3). However, in contrast to HNPGLs, the level of expression of HIF-responsive
genes involved in angiogenesis (ANGPTL4, VEGFA) and ECM remodeling (LOXL2,
P4HAL) in VHL-PCC/TAPGLs is similar to that found in SDHx-PCC/TAPGLs (122, 94)
suggesting that expression of these genes is not specifically related to pVHL

dysfunction in sympathetic PGLs. Remarkably using a rich source of publically
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available cancer microarray data as Oncomine database, we investigated the gene
expression profiles of hypoxic and non-hypoxic pHx-HNPGLs-deregulated genes in
different solid tumors. We found that ccRCC is the tumor type having the most
extensive overlap with pHx-HNPGLs. It is known that ccRCC tumors often carry VHL
mutation. Genes commonly upregulated in ccRCC and VHL mutant HNPGLs includes
CAIX, one of the most highly over-expressed genes in pHx-HNPGLs which is also
among the top ten more highly over-expressed genes in ccRCC. This gene was not
found overexpressed in VHLPCC/TAPGLs or other types of cancers (at a cutoff of 3
studies). In addition, miR-210 expression has been shown to be significantly increased
in ccRCC with VHL gene inactivation (154).

5.6 ldentification of somatic VHL genes mutation in sporadic HNPGLs with

psuedohypoxic gene expression profile.

These observations let us to hypothesize the presence of VHL somatic mutation in C1-
tumors, so we analyzed C1-tumoral-DNA by Sanger sequenciation and we identified,
for the first time, somatic VHL gene mutations in sporadic HNPGLs. These mutations
are likely involved in their pathogenesis via activation of the HIF-1a/miR-210 signaling
pathway. It is known that missense germline VHL gene predispose to develop adrenal
PCCs (type 2 VHL diseases) in the 10% to 20% of cases and that 10 to 14% of
sporadic PCCs carry somatic mutations in VHL gene. However, only few cases of
HNPGLs with germinal VHL mutation has been described (155, 156, 157). Because of
these evidences it is probable that pVHL protein may have tissue-specific functions
distinct in sympathetic and parasympathetic paraganglia, and that its role in the
maintenance of tissue homeostasis is less critical in parasympathetic than in
sympathetic paraganglia. Nevertheless, despite the well-established role of VHL in a
subset of PCC/TAPGLs, this gene had not, until now, been examined for somatic

mutations in sporadic HNPGLSs.

This work identified two sporadic HNPGLs harboring activation of the HIF-1a/miR-210
signaling pathway in which the VHL gene is inactivated via somatic mutation. In
consistence with Knudson’s two-hit model (131), we also show that mutation in one of
the patients is coupled with a loss of the wild type allele. Remarkably, somatic VHL
gene mutations were not found in HNPGLs lacking activation of the pHx signaling
pathway. This genotype-phenotype correlation supports the notion that the VHL gene

have a previously unrecognized role in the pathogenesis of a subset of sporadic
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HNPGLs and that, as opposed to SDHx-mutant HNPGLSs, activation of the HIF-1a/miR-

210 gene expression program plays a central role in VHL-related HNPGLs.

Nevertheless, other mechanisms are likely involved in the activation of pHx gene
program in HNPGLs given that two tumors showing overexpression of HIF-1a/miR-210
do not harbor VHL gene mutation or repressed transcription. This warrants further
genetic studies to fully characterize this subset of sporadic HNPGLs, with special
attention to other genes related to the pVHL-HIF signaling pathway (89). It is widely
recognized that VHL mutations have different functional consequence depending on
their location in the protein (130, 158, 159). In general, families with germline VHL
deletions or mutations that predict a truncated pVHL protein have a lower penetrance
for PCC and a higher penetrance for ccRCC (type 1 VHL disease); whereas most
families with PCCs (type 2 VHL disease) have germline missense mutations that affect
surface residues presumably allowing some retention of function to downregulate HIF.
This genotype-phenotype associations along with data from in vitro studies (47, 48)
suggests that the development of VHL associated PCCs is related to a HIF
independent function of pVHL whereas HIF has a fundamental role in VHL-defective
tumorigenesis in ccRCC. In the present work, we disclosed that two types of mutations
(type 1 and 2) are present in HNPGL tumor tissues. The mutation identified in PGL23
(p-R161Q) has been previously described in sporadic PCCs and families with type 2
VHL disease (126-28). However, the p.F76del mutation, found in PGL3, has been
previously identified in families with type 1 VHL disease affected by ccRCC and retinal
hemangioblastomas but not PCCs (129, 130). Thus, this is the first description of a
type 1 mutation (pF76del) in paragangliomas. Nonetheless, the fact that the two
sporadic VHL mutant HNPGLs show an identical phenotype related to activation of the
HIF gene expression program leads to the suggestion that this group of HNPGLs
follows similar pathways of tumorigenesis governed by pVHL-mediated activation of
HIF-mediated gene expression cell response. Accordingly, previously reported in vitro
studies suggest that the two identified mutations may activate HIF complex. The
p.R161Q mutation has been shown to lose about 50% functionality to degrade HIF-1a
and HIF-2a (47). Similarly, the p.F76del mutation, found in PGL3, enlarges the HIF
binding pocket in pVHL thus disrupting the dynamic coupling between HIF-1a and
pVHL (160). Therefore, as suggested in ccRCC, HIF seems to have a fundamental role
in pVHL-defective tumorigenesis in pHx-HNPGLs. HIF responsive genes active in
tumorigenesis specifically upregulated in pHx-HNPGLs include genes that encode
proteins responsible for angiogenesis (ANGPTL4, VEGFA), glucose uptake and
metabolism (SLC2A1, HK2, ENO1), apoptosis (BNIP3, BNIP3L, DDIT4), and gene
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products that are expected to have effects on the tumor microenvironment such as
ECM formation and turnover (LOX, LOXL2, COL5A1, P4HA1l, PLOD1, PLOD?2).
Sympathetic VHL-PCC/TAPGLs also upregulate HIF responsive genes related to
glucose metabolism (SLC2A1, HK2, ENO1) and apoptosis (BNIP3). However, in
contrast to HNPGLs, the level of expression of HIF-responsive genes involved in
angiogenesis (ANGPTL4, VEGFA) and ECM remodeling (LOXL2, P4HAL) in VHL-
PCCI/TAPGLs is similar to that found in SDHx-PCC/TAPGLs (122, 94) suggesting that
expression of these genes is not specifically related to pVHL dysfunction in
sympathetic PGLs. This peculiarity along with the absence of overexpression in
sympathetic VHL-PCC/TAPGLs of more than 50% of the pHx-HNPGLs-related genes
suggests that the functional consequences of pVHL dysfunction in HNPGLs differ from
that in VHL-PCC/TAPGLs. Futhermore the observation that the pHx gene signature of
VHL mutated HNPGLs resembles that of ccRCC highly support the notion that pVHL
have an important role in tumorigenesis in HNPGLs that differs from that found in VHL-
PCC/TAPGLs, and that it is more strongly associated to HIF-dependent than HIF-
independent tumor suppression functions of pVHL.

Our data revealed that although VHL somatic mutations are rare in HNPGLs, they
presumably may occur in 6% of sporadic HNPGLs (2/33 sporadic tumors included in
this study). To date, only a few cases of sporadic HNPGLs with somatic mutations in
PGL susceptibility genes have been identified. In consonance with the predominant
role of SDHx genes in the development of familial HNPGLs, these mutations were
showed to affect the SDHD and SDHB genes (161, 162). Although not specifically
studied in HNPGLs, recent reports have shown that somatic gene mutations in SDHx
genes are also rare in PCC/TAPGLSs, occurring in approximately 1% of the cases (163,
4, 164, 122). In contrast, 10 to 14% of sporadic PCCs carry somatic mutations in RET
or VHL genes, and more than 20% of cases harbor somatic NF1 mutations (165, 166,
122). No somatic mutations of these genes have been described in HNPGLs.
Therefore, our data show that although VHL mutations in HNPGLs is not a frequent
event, the VHL gene is the most frequent target of somatic mutations so far known in
sporadic HNPGLs. Our results suggest that the VHL gene, involved in tumorigenesis in
some hereditary and sporadic PCC/TAPGLs, may be an important player also in
sporadic HNPGLs. This provides the foundation for the development and use of
therapeutic approaches that target the pVHL/HIF pathway in a subset of sporadic
HNPGLs.
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5.7 Somatic VHL deletions are common in sporadic HNPGLs.

It has been described that the 20-30% of patients with Von Hippel Lindau disease carry
VHL large (exon or entire gene) deletions (159). Type 2 VHL syndrome is usually
associated with surface missense mutations. Type 1 VHL syndrome is most commonly
caused by germline exon deletions and truncating mutations and is characterized by
susceptibility to hemangioblastomas and RCC but not pheochromocytoma (48). VHL
copy number alterations were observed also in sporadic pheocromocitoma and ccRCC,
however this is the first study that analyze VHL deletion in HNPGLSs.

We found that about the 12% of sporadic HNPGL carry VHL deletion of exonl, being
the most frequent somatic alteration found in HNPGLSs to the date; deletions were no
related to activation of hypoxia signaling as we did not observe overexpression of HIF-
1la, CAIX or miR-210 in any of the sample with VHL deletion; deletions were not found
in SDH-mutated HNPGLs. Results were confirmed by a specific RT-qPCR and by
CGH.

Tumor sample that carry VHL mutation tend to express low VHL mRNA levels in
comparison to tumor with normal copy number, however this result was not significant
(P= 0.073) we suggest that this could be due to the contamination of the tumor with
normal tissue. We perform pVHL immunostaining and we observed diffuse cytoplasmic
staining either weak or strong was observed in (~54%) samples. Among the sporadic
HNPGLs that carry somatic VHL mutation one was negative and another one present
weak cytoplasmic staining, the other two samples present strong cytoplasmic staining,
interestingly these two samples present also a strong nuclear staining that we also
observed in PGL23 that carry VHL somatic mutation (p.R161Q). The significance of
this is not clear as we observe also nuclear VHL staining in two sample withaout VHL

deletion or mutation.

Despite the critical role played by VHL in destruction of hypoxia-inducible factor a
(HIFa) via ubiquitin-mediated proteolysis, very little is known about the post-
translational modification which regulates VHL activity. Previous reports shown that
pVHL undergoes to SUMOylaition (167) and ubiquitylation. Authors showed that
ubiquitylated VHL is localized predominantly in the cytoplasm, while SUMOylated VHL
results in increased VHL protein stability and nuclear redistribution (167). It has been
described also that VHL is predominantly nuclear also at low cell density and
cytoplasmic at high cell density (168) or upon transcriptional arrest or low pH (167). So

the consequences of cytoplasmic or nuclear localization of pVHL are still unclear and
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further studies are needed; however there are evidence supporting that nucleo-
cytoplasmic shuttling of VHL may somehow be important for its anti-tumor effects,
since the same (exon 2) that controlsshuttling is also a b-domain-binding surface for
the VHL E3 ligase (169).

Loss of pVHL was observed in a high proportion of HNPGLs (46%) in both sporadic
(5/11, 45.45%) and SDH-HNPGLs at similar frequency (11/20, 55%). Thus, other
molecular mechanisms, in addition of VHL mutation or deletion are involved in the
pVHL silencing in HNPGLs, we ruled out presence of VHL promtor sequence
hypermetilation as possible mechanism by pyrosecuenciation. However a recent
report shows that hypermethylation of VHL exon 1 may be an alternate mechanism of
VHL gene silencing in RCC in addition to mutation and promoter methylation, so we
can not discard that a similar process is occurring in HNPGLs with pVHL silencied
(170).

Overall, data show that somatic VHL alterations by mutational inactivation, intragenic
deletions or decreased protein expression was found in 47% (25/53) of HNPGLs being
the most frequent altered target in HNPGLs found to the date. We did not find
correlation between loss of pVHL and over-xpression of HIF-1a or CAIX. In HNPGLs, it
seems that only the somatic VHL mutations founded, are able to activate the hypoxia
signaling pathway, while deletion or pVHL silencing by other still unknown
mechanisms, may play different but not less important role in the pathogenesis of
HNPGL.

It is largery know that pVHL is involucrate in many biological mechanisms; pVHL
contains two functional domains, a that binds to elongin C and the B domain that acts
as the substrate-recognition site for targeting proteins (171). Many studies have
demonstrated that VHL is a multi-purpose adaptor protein that engages in regulation of
the extracellular matrix (172,173), cellular differentiation (174), cell cycle (175) cell
survival, apoptosis (176-178), and senescence (179), in addition to the main function
as an adapter for targeting hypoxia-inducible factor (HIF) a subunit for proteolytic
degradation (180,181).

Data suggest that, in HNPGLs, SDH is not involved in activation the hypoxia signaling
pathway, first from the microarray we did not observe over-expression of hypoxia
response gene, and second we found that, in vitro, the inhibition of SDH with

tamoxifene do not led to over-expression of miR-210 or CAIX.
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5.8 VHL mutation p.F76del led to the activation of HIF1-a/CAIX/miR-210 pathway.

The role of VHL in the pathogenesis of HNPGLs is quite complex as we only observe
the activation of the hypoxia pathway in PGL3 and PGL23 that carry VHL mutation, but
not in the HNPGL that carry VHL deletion. In vitro we observed that the total absence
of VHL, in RCC4- cells, led to an increment of mir-210 and CAIX via HIF-1a, but an
inhibition of VHL, with a siRNA, seems to be not suficient to activate the hypoxia
pathway. Overall data suggest that is the mutation in VHL, but not the inhibition, is
involved in the activation of the hypoxia pathway via HIF1-a. We corroborate this
hypotesis by the construction of a plasmid carrying the VHL mutation found in PGL3
(p.F76del), cells transfected with this plasmid overexpressed HIF1-a/CAIX/miR-210
pathway. The localizacion of VHL in these transfected cells was cytoplasmatic, so the
mutations seem to be not involved in the nuclear localization of pVHL. We also confirm
that the pseudo-hypoxic pathway activation is HIF-1a dependent by using adrenal
medulla and kidney of mice knock out for HIF-1a that were exposed to hypoxia
environment. So we confirm that VHL mutation play a role in the pathogenesis of a
subgroup of HNPGL by activating the hypoxia signaling pathway via HIF-1a.

5.9 MAX muation analysis in HNPGLs.

We collaborate in the study of MAX by sequenciation to check the presence of
pathogenic mutations that could be involved PGLs pathogenesis. In the study were
analyzed 1,535 patient with PCC/PGLs and HNPGLs. We did not find any mutation
in 17 apparently sporadic HNPGLs. In the study were found 23 patients with PCC that
carry germinal mutation in MAX suggesting that this gene has a major role in the
developing of PCC, but not HNPGLs (81).

5.10 miRNA expression profiling of HNPGLSs.

This is the first study that compares miRNA expression profile of HNPGLs and normal
paraganglia. MiRNAs are small, non-coding single stranded RNAs of 21-25 nucleotides
in length that are generated from a primary miRNA transcript (pri-miRNA). Often
several miRNAs organized in clusters mapping on the same region of a chromosome
and are transcribed on one pri-miRNA transcript (182). Briefly, a nuclear ribonuclease
termed Drosha excises 70-100 nucleotide hairpins, termed precursor miRNAs (pre-
mMiRNAS) that is exported from the nuclueus to the cytoplasm where, a second
ribonuclease, Dicer, gave rise to a miRNA duplex. Then the RNA-Induced Silencing

Complex (RISC) spite and release one of the strands and the mature miRNA can bind
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to complementary mRNAs, leading to either translational repression or mRNA
degradation. Typically, one miRNA has multiple target mMRNAs and, thus, can regulate
several genes (183).

Data show that HNPGLs share a common deregulate miRNA expression profile that
differ from normal paraganglia and is independent of the presence of SDH mutation or
the clinical characteristic of the patients (age, sex, family history). We found 15 miRNA
to be downregulated in HNPGLs, interestingly some of these were part of the cluster
mMiR99a-let7c-miR-125b located on 21pl11.1 miRNA 125b (miR-125b) gains particular
interest because it has been found in a broad variety of tumors (184). However, while
miR-125b upregulation in some tumor entities suggests oncogenic potential of miR-
125b; downregulation in other tumor types suggests that miR-125b is rather tumor
suppressive; for instance miR-125b has been shown to be downregulated in colorectal
cancer, breast cancer, gastric cancer, non-small cell lung cancer (NSCLC) and

glioblastomas (185).

Furthermore miR-99a, with miR-100 that was also found deregulated ourserie of
HNPGLs, target mTOR and is involved in carcinogenesis. However we did not find up-
regation of the probes correspondig to mTOR in HNPGLs of the microarray study.

miR-101 is the TGP signaling pathway through the direct targeting of the receptor
TBR1 and its transcriptional activator Kruppel-like factor 6 (KLF6). We found TBR1 up-
regulated in the majority of HNPGLs of the study considering the specific probe for
TBR1 in the microarrays study; so it would be interesting to realize further studies to

corroborate these data and its possible implication in HNPGLs pathogenesis.

It has been shown that miR-101, and miR-130 target ATXN1 (186) a transcriptional
repressor, component of Notch signaling pathway. ATXN1 is a possible target to
confirm also in HNPGLs as we observed higher expression levels in the microarrays
with the ATXN1 specific probe.

5.11 Part of the cluster mir-379/mir-656 is found downregulated in PGL2, PGL3 and
PGL7.

HNPGLs show a common pattern of deregulation of the miRNA expression profile;
however we observe a trend of three HNPGLs (PGL2, PGL7 and PGL3) to group
together and separate from the other HNPGLs, if we observe the PCA of microarrays

we can see the same tendency of these three samples to clustering together.
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So we decide to perform the analysis of the miRNA differential expressed of these 3
samples versus the other HNPGLs of the study; results show that there are a 26
MiRNA down-regulated in PGL2, PGL3 and PGL7. Interestingly, 21 of 26 of these
MIiRNA are part of the cluster mir-379/mir-656.

Mir-379/mir-656 cluster is located in the DLK1-DIO3 genomic region, on human
chromosome 14 (14932) that contains the paternally expressed imprinted genes DLK1,
RTL1, and DIO3 and the maternally expressed imprinted genes MEG3, MEG8 and
antisense RTL1 (187). This region also hosts 53 miRNAs (forward strand) and one
more (mir-1247) on the reverse strand. This cluster of 54 miRNAs is the largest one
currently known in the human genome (135). This cluster is under positive control of
Mef2 and was found deregulated in many type of cancers, furthermore a recent study
revealed that the entire mir-379/mir-656 cluster functions as a potential tumor-
suppressor locus in glioblastomamultiforme (GBM) and very likely, in multiple human
cancers (188), one of the mechanisms involved in the downregulation of this cluster
could be hypermetilation, loss of heterozigosity and down-regulation of Mef (188-191).
The most likely candidate targets of this cluster are genes associated to the biological
process as regulation of transcription, RNA metabolism, cell motility, neurogenesis, and
embryonic development. While genes involved in regulation of transcription and RNA
metabolism appear to be common targets for many miRNAs and have been reported in
several studies (136, 137, 138), over-representation of target genes involved in
neurogenesis, cell motility, and embryonic development is highly specific for the mir-
379/mir-656 cluster. Protein coding genes within the Dlk1-Dio3 region are highly
conserved across species, while the miRNA cluster is conserved only in mammals.
This indicated that it might have evolved early during selection for mechanisms that

regulate self-renewal processes, including those in human (139).

The putative targets of miRNAs from the DIk1-Dio3 region include three genes in the
Polycomb repressive silencing complex 2 (PRC2). Polycomb group (PcG) proteins are
epigenetic regulators of transcription that have key roles in stem-cell identity,
differentiation and disease. Mechanistically, they function within multiprotein
complexes, called Polycomb repressive complexes (PRCs), which modify histones
(and other proteins) and silence target genes. PRC2 is involved in various biological
processes, including differentiation, maintaining cell identity and proliferation, and
stem-cell plasticity. The core ofPRC2 complex comprises 4 components: EZH1/2,
SUZ12, EED and RbAp46/48 (also known as RBBP7/4) responsible for the methylation
(di- and tri-) of Lys 27 of histone H3 (H3K27me2/3)3,6 through its enzymatic subunits
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EZH1 and EZH2 (192) It has been described that these genes are all expressed at
lower levels in the embryonic stem cells compare to pluripotent cells, perhaps as a
result of higher miRNA expression in embryonic stem cells, it seems that in embryonic
stem cells repression of PRC2 complex formation contributes to the lack of methylation
and silencing of the DIk1-Dio3 region, resulting in the activated expression of its
encoded genes as observed in our results. The activated miRNAs may act in a
feedback loop to further prevent the formation of PRC2 and maintain the active state of
the DIk1-Dio3 region.

Then we perform global expression analysis of PGL2, PGL3, PGL7 versus the rest of
HNPGLs of the study shows 370 probes down-regulated in PGL2, PGL3 and PGL7
and 538 probes up-regulated (2X fold change, p-value based on the false discovery
rate of < 0.05) being the gene most downregulated DLK1, one of the paternal imprinted

genes that map on 14932.31 region.

DLK1 The delta-like 1 homolog gene encodes a transmembrane and secreted protein
containing six epidermal growth factor (EGF) domains that is a member of the EGF-like
family. This protein is highly homologous to the Notch ligand DLL1 but lacks the Delta/
Serrate/Lag (DSL) motif that is critical for interacting with Notch receptors (135, 193,
194). DLK1 is involved in differentiation of many cell types, like adipogenesis (195, 196,
197), regulating osteoblast differentiation (198, 199) and inhibiting the differentiation
and proliferation of hematopoietic cells (200). Recent study revealed that DLK1 may
act as an oncogene in breast tumor through up-regulation of Notch (201). However its

role in Notch activation is the centre of many controversies (202, 194, 195).

MEG3 was also found down-regulated in PGL2, PGL3 and PGL7; it is a long non
coding RNA is the most studied transcript of DLK1-DIO3 region, however its function
remains poorly understood. It has been described as tumor suppressor (203), and to
exert anti-proliferative function through interactions with p53 and MDM2, and also by
regulating directly or indirectly the phosphorylation of Rb (204). MEG3 also interacts
with crucial signaling pathways involved in angiogenesis, cell proliferation and
differentiation, survival regulation, and has been found deregulated in several types of
tumors (204).

Interestingly we observed that EZH2, a component of PRC2 complex described above,
was over-expressed in PGL2, PGL3 and PGL7 respect to the other HNPGLs and
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normal samples, this could led to a hypermetilation of DIk1-Dio3 region resulting in a

repression of the genes and miRNAs in there codified.

Gene ontology (GO) analysis of the differentially expressed genes revealed that
upregulated genes were found enriched in biological process correlated with energy
metabolisms like hexose and glucose metabolic process, oxidation and reduction
among others, while downregulated genes were found enriched in several biological
processes like secretion, neuron differentiation, neuron projection development among

other.

5.12 miRNAs founded down-requlated in all NPGLs but not in PGL2, PGL3 and PGLY.

In addition to those mMIRNAs that are part of mir-379/mir-656 cluster founded
downreglated in PGL2, PGL3 and PGL7, we found 22 miRNA that seem to have an
opposite regulation as they are downregulated in all HNPGLSs, but not in PGL2, PGL3
and PGL7, in which they are found up-regulated or with no difference in the expression

leves compared to the normal tissue.

Interestingly we found that some of these miRNA were part of the miR-17 family. This
family consist of six members which are distributed in three paralog clusters: miR17-92
cluster, miR-106b-25 cluster and miR106a-363 cluster; miR-17 family is involved in
bone morphogenetic protein (BMP) signaling that is active in many tissues including
the central nervous system where regulate cell proliferation, differentiation and
maturation. These clusters are highly conserved across species, are thought to have
arisen from genetic duplications during evolution, and have been shown to be pro-

oncogenic in a number of malignancies (205-213).

mMiR17-92 cluster is formed by miR-17, miR-20a and miR92 that are downreguated in
all HNPGLs of our estudy with the exception of PGL2, PGL3 and PGL7. The miR-17-92
cluster is also known as oncomir-1 and is among the most potent of oncogenic miRNAs
described to the date (214, 215, 216). Is over-expressed in a variety of human cancers,

including lung carcinomas, B-cell lymphomas, and retinoblastomas (217—-206).

miR-106b~25 cluster formed by miR106b, miR93 and miR25 is hosted in the intron 13
of MCM7 . In our study we found that miR-106b is down-regulated in all HNPGLs while
mMiR93 and miR25 are not down-regulated in PGL2, PGL3 and PGL7. This cluster is
involved in the regulation of adult neural stem/progenitor cell proliferation and neuronal

differentiation. Further more is known that miR-25 has a number of potential target
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MRNAs inolved in insulin/insulin-like growth factor-1 (IGF) signaling. The regulatory site
of this cluster is binding by FoxO3, a member of FoxO family involved in maintaining

adult stem cells and extend lifespan downstream of insulin/IGF signaling (referencia)

mMiR-106a~363 cluster has also been described as oncogenic in a variety of tumors, for

instance in the sarcoma de Ewin.

Another cluster we found downregulated in all HNPGLs with the exception of PGL2,
PGL3 and PGLY7 is the custer MC-let-7a-1/let-7-d, which is formed by free member: let-
7a-1, let-7f-1 and let-7d and is an important member of let-7 family. This cluster plays a
critical role in development and carcinogenesis. It has been described that MYC can
inhbit or promote MC-let7-a-1 let7-d promoter activity by binding the non canonical E-
box 3 downstream the transcription start site or by binding the canonical E-box 2
upstream the transcription start site respectively (218). The other miRNAs founded
down-regulated in HNPGLs but not in PGL2, PGL3 and PGL7 are no part of any cluster
and are involved in many biological process, like obesity and metabolic distress (miR-
30e), migration and invasion (miR-30b), oxidative phosphorilation of neural precursor

among others (miR-34a).
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6. Conclusiones

10.

11.

12.

Los perfiles de expresion génica y de miRNA no discriminan entre HNPGLs
esporadicos y HNPGLs con mutacion en SDH.

Los perfiles de expresion génica y de miRNA diferencian dos grupos de
HNPGLs: tumores esporadicos y con mutaciones en SDH que no presentan
activacion de la via HIF-1a/miR-210/ISCU (cluster C2) y tumores esporadicos
en los que esta via se encuentra activada (cluster C1).

La acumulacion de HIF-1a y la sobre-expresion de genes relacionados a
hipoxia se asocia a la sobre-expresion de miR-210, inhibiciébn de ISCU vy
disminucién de los niveles de la proteina SDHB en ausencia de mutaciéon en
SDH.

Hemos identificado, por primera vez, HNPGLs con mutacién soméatica de VHL.
Estas mutaciones se encontraron en 2 de los 4 HNPGLs del cluster 1 que
presentan activacion de la via de pseudohipoxia.

No se encontraron mutaciones somaticas de VHL en los tumores del cluster C2
que no presentan activacion de la via de pseudohipoxia.

El 12% de los HNPGLs esporadicos presentan disminucién del nimero de
copias génicas de VHL.

La proteina pVHL disminuye o se encuentra ausente en el 22% de los
HNPGLs. Esto se observdé en HNPGL esporadicos y con mutacién de SDH con
la misma frecuencia.

El silenciamiento de pVHL no es causado por ipermetilaciéon del promotor de
VHL.

VHL es el gen mas frecuentemente alterado a nivel somatico en los HNPGLs,
conocido hasta la fecha.

La delecion y el silenciamiento de pVHL no activan la via HIF-1a/CAIX/miR-210
en los HNPGLs.

La expresion en normoxia de CAIX/miR-210 esta regulada por p VHL y HIF-1q,
pero no HIF-2a. Los niveles de miR-210 se incrementan por la ausencia de
VHL y por la expresion de la mutacion pVHL-F76del. Sin embargo, la
disminucion parial de los niveles de VHL no es suficiente para a sobre-
expresion de miR-210.

Los HNPGLs con disminucion de copias génicas de VHL mantienen niveles
normales de expresion de genes involucrados en la fosforilacion oxidativa,

mientras que los HNPGLs con mutacién de VHL tienen expresion disminuida.
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13. Los HNPGLs presentan disminucion de la expresion de 15 miRNA en
comparacion con los PGs normales.

14. El cluster DLK1-DIO3 que contiene el cluster miR-379/miR-656 se encuentra
sobre-expresado en un subgrupo de HNPGLs. Este cluster de miRNAs esta
involucrado en el mantenimiento de las células madres, en la embriogénesis y

en la diferenciacién neural.
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8. SUPPLEMENTAL MATERIAL

Suplemental Table S1

Probeset ID
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220595 at

209614 _at

207175_at
231181 at
231348 s_at
220365_at

1570482_at

206262_at
214987 _at
205421 _at

213955_at
219820 _at
209072_at

229916_at

210155_at

229125 at
205913_at
233181 _at
236577_at
237465_at
230534_at

236154_at

209613 s_at
210548_at
240259 at

Gene
Symbol
OLFM4

PDZRN4

ADH1A ///
ADH1B ///
ADH1C

ADIPOQ

LMO3
ALLC

SLC22A3

ADH1A///
ADH1B ///
ADH1C

SLC22A3

MYOZ3
SLC6A16
MBP

ENPP6

MYOC

ANKRD38
PLIN
VIT
USP53
MGC15634

ADH1B

ccL23
LOC646919
/11

Gene Title

olfactomedin 4
PDZ domain containing RING
finger 4
alcohol dehydrogenase 1A (class
1), alpha polypeptide /// alcohol
dehydrogenase
adiponectin, C1Q and collagen
domain containing
Transcribed locus
LIM domain only 3 (rhombotin-
like 2)
allantoicase
Solute carrier family 22
(extraneuronal monoamine
transporter), member 3
alcohol dehydrogenase 1A (class
1), alpha polypeptide /// alcohol
dehydrogenase
CDNA clone IMAGE:4801326
solute carrier family 22
(extraneuronal monoamine
transporter), member 3
myozenin 3
solute carrier family 6, member 16
myelin basic protein
ectonucleotide
pyrophosphatase/phosphodiester
ase 6
myocilin, trabecular meshwork
inducible glucocorticoid response
ankyrin repeat domain 38
perilipin
Vitrin
Transcribed locus
Ubiquitin specific peptidase 53
hypothetical protein MGC15634
CDNA FLJ39382 fis, clone
PERIC2000473
alcohol dehydrogenase IB (class 1),
beta polypeptide
chemokine (C-C motif) ligand 23
hypothetical protein LOC646919
/// hypothetical protein

p-value
7.50E-15
1.12E-13

1.52E-13

1.03E-12
2.67E-12
5.38E-12
1.63E-11

9.41E-11

1.03E-10
1.57E-10
3.88E-10

6.33E-10
7.89E-10
8.06E-10

1.03E-09

1.18E-09

1.30E-09
1.42E-09
1.49E-09
1.53E-09
1.56E-09
1.61E-09

1.68E-09

1.72E-09
3.65E-09
4.90E-09

Fold-change
-6.05844
-19.0241

-19.6607

-21.7721
-4.6265
-4.12762
-3.72835

-6.0808

-14.4897
-4.10304
-28.4316

-3.55193
-3.44964
-26.8298

-13.0988

-5.9926

-17.2041
-6.5614
-4.95073
-14.493
-22.0375
-2.91335

-7.72182

-167.554
-2.39037
-18.7868
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LOC650220 LOC650220

227899 _at VIT vitrin 5.02E-09 -27.6827
235377 at  C6orf142 chromosome 6 open reading 7.58E-09 -8.8617
frame 142
226071_at ADAMTSLA ADAMTS-like 4 8.12E-09 -7.97861
239822 at - CDNA clone IMAGE:4816129 8.40E-09 -2.54269
230781_at - - 9.91E-09 -5.63208
244111 at KA21 truncated type | keratin KA21 1.17E-08 -19.7812
239823 at Transcribed locus 1.33E-08 -3.16166
232267_at GPR133 G protein-coupled receptor 133 1.90E-08 -9.08235
207623_at  ABCF2 ATP'b";‘é'gﬁ zcg)s'sizz;:l:'zfam"y " 19308 -5.59826
236989 at --- Transcribed locus 1.97E-08 -2.66382
1558778 s_at MKL2 MKL/myocardin-like 2 2.08E-08 -2.91685
238512_at ST7L Suppression OTiE:mo”ge”'c'ty 7 20008  -8.16982
209612 s.at  ADH1p  2icoholdehydrogenaselB(classl), )0 g g5 gg35
- beta polypeptide
229177 at MGC45438  hypothetical protein MGC45438 2.54E-08 -19.215
230569_at KIAA1430 KIAA1430 2.70E-08 -2.44849
2084705 at Hp///Hpr  "aptoslobin/// haptoglobin- 3.056-08  -6.39914
related protein
protein tyrosine phosphatase,
236456_at PTPN5 non-receptor type 5 (striatum- 3.40E-08 -7.2145
enriched)
240397_x_at Transcribed locus 4.59E-08 -4.41063
Transcribed locus, moderately
241470 x_at --- similar to NP_05530-1.1 neuronal  4.75E-08 -6.85492
thread protein AD7
236996_at - - 5.55E-08 -2.84459
Transcribed locus, weakly similar
241684 at to NP_060312.1 hypothetical 6.41E-08 -2.91088
protein FLI20489 [
217504_at  ABCA6 ATP'b'”‘:A”Bgccla)fiﬁzt:q'bs:rbs'fam"y A 947608 -10.8786
235978_at FABP4 Fatty acid binding protein 4, 9.89E-08  -4.64949
- adipocyte
1555520_at PTCH patched homolog (Drosophila) 1.20E-07 -2.07862
1559072_a_at KIAA1904 KIAA1904 protein 1.24E-07 -2.84572
213493 at  SNEDI sushi, nidogen and EGF-like 4 55 o7 40197
- domains 1
nuclear transcription factor,
244704 _at NFYB beta 1.27E-07 -2.7283
230311 s_at PRDM6 PR domain containing 6 1.30E-07 -8.2821
213618 at CENTD1 centaurin, delta 1 1.30E-07 -6.13185
236704 at  ppgapip  nosphodiesterase dDinteracting 450 ;34393
- protein (myomegalin)
241215 at MRAS Muscle RAS oncogene homolog 1.47E-07 -2.9511
229975 at - Transcribed locus 1.48E-07 -15.4004
229839 _at SCARA5S Scavenger receptor class A, 1.51E-07 -57.2268
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231234 at
229942 at
214106_s_at

240272_at

244203 _at
229019 _at
201153 s_at
235382 _at
207255_at
227265_at
229153 at
220297_at

240413_at
219552_at

235723 _at
206737_at

235849_at
204982 _at
214661 s_at
1559057_at
229974 at
224454 _at
206462_s_at

212927 _at
205382 _s_at

243432_at

222043 _at
213924 at
208012 _x_at
1552457_a_at
242605_at
1560739 _a_at
218901 _at

CTSsC
BNC2
GMDS

ZNF533
MBNL1
FLJI90650
LEPR
KIAA1505

BTBD7
PYHIN1

SVEP1

BNC2
WNT11

SCARA5S
GIT2
C4orf9
CXorf45
EVC2
ETNK1
NTRK3

SMC5L1

CFD
LOC642891

/11
LOC649158

CLU
MPPE1
SP110

ADAMTSL1

DCN
UBE3C
PLSCR4

member 5 (putative)
cathepsin C
Basonuclin 2
GDP-mannose 4,6-dehydratase
Transcribed locus, moderately
similar to XP_511479.1
PREDICTED: similar to kerat
Transcribed locus
zinc finger protein 533
muscleblind-like (Drosophila)
laeverin
leptin receptor
KIAA1505 protein
BTB (POZ) domain containing 7
pyrin and HIN domain family,
member 1

sushi, von Willebrand factor type

A, EGF and pentraxin domain
containing 1
basonuclin 2

wingless-type MMTV integration

site family, member 11
scavenger receptor class A,
member 5 (putative)

G protein-coupled receptor kinase

interactor 2
chromosome 4 open reading
frame 9
Chromosome X open reading
frame 45
Ellis van Creveld syndrome 2
(limbin)
ethanolamine kinase 1 ///
ethanolamine kinase 1
neurotrophic tyrosine kinase,
receptor, type 3

SMCS5 structural maintenance of

chromosomes 5-like 1 (yeast)
complement factor D (adipsin)
hypothetical protein LOC642891
/// hypothetical protein
LOC649158
clusterin
Metallophosphoesterase 1
SP110 nuclear body protein
ADAMTS-like 1
Decorin
Ubiquitin protein ligase E3C
phospholipid scramblase 4

1.51E-07
1.60E-07
1.71E-07

1.73E-07

1.87E-07
2.20E-07
2.21E-07
2.30E-07
2.69E-07
2.80E-07
3.03E-07
3.59E-07

3.78E-07

3.83E-07

4.03E-07
4.66E-07

4.86E-07

4.88E-07

5.11E-07

5.29E-07

5.48E-07

5.56E-07

5.67E-07

5.70E-07
5.72E-07

5.93E-07

6.03E-07
7.64E-07
7.94E-07
8.42E-07
8.54E-07
9.47E-07
9.89E-07

-4.90547
-6.64232
-2.89973

-3.78402

-4.95073
-5.44212
-2.48006
-3.37451
-3.1058
-6.99502
-2.64257
-2.64287

-2.33523

-2.53956

-4.87849
-2.08959

-26.4076

-2.86132

-2.14365

-2.25841

-4.05799

-3.98448

-2.4314

-2.49296
-43.8204

-3.20488

-26.8918
-11.989
-2.75023
-2.6544
-4.29532
-2.16998
-3.90713
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224022 x_at

205752_s_at
223468 s_at
218211 s_at

207820 _at

234970 _at

222376 _at

226342 _at

226625 _at
207468 _s_at

204955_at
230595_at
232795 _at

223843 _at

219398_at

230360_at
219938 s at
207545 s_at

210335_at

235829 at
206407_s_at
222549 at

219153 s_at

236927 _at
205430_at
209212 s_at
204834 _at
219429 at
220024 s_at
209211 _at
218631 _at

210852_s_at
228307_at
206181 _at

205083_at
1556627 _at
228411 _at

WNT16

GSTM5
RGMA
MLPH

ADH1A

MTAC2D1

SPTBN1

SFRP5
SRPX
LOC572558

SCARA3

CIDEC
GLDN
PSTPIP2
NUMB

PAMCI

LOC643234
CCL13
CLDN1

THSD4

BMP5
KLF5
FGL2
FA2H

PRX
KLF5
AVPI1

AASS
EMILIN3
SLAMF1

AOX1
DRP2
ALS2CR19

wingless-type MMTV integration
site family, member 16
glutathione S-transferase M5
RGM domain family, member A
melanophilin
alcohol dehydrogenase 1A (class
1), alpha polypeptide
membrane targeting (tandem) C2
domain containing 1
Transcribed locus
Spectrin, beta, non-erythrocytic 1
secreted frizzled-related protein 5
sushi-repeat-containing protein,
X-linked
hypothetical locus LOC572558
CDNA FLJ10145 fis, clone
HEMBA1003322
scavenger receptor class A,
member 3
cell death-inducing DFFA-like
effector c
gliomedin
proline-serine-threonine
phosphatase interacting protein 2
numb homolog (Drosophila)
peptidylglycine alpha-amidating
monooxygenase COOH-terminal
interactor
Hypothetical protein LOC643234
chemokine (C-C motif) ligand 13
claudin 1
thrombospondin, type I, domain
containing 4
bone morphogenetic protein 5
Kruppel-like factor 5 (intestinal)
fibrinogen-like 2
fatty acid 2-hydroxylase
periaxin
Kruppel-like factor 5 (intestinal)
arginine vasopressin-induced 1
aminoadipate-semialdehyde
synthase
elastin microfibril interfacer 3
signaling lymphocytic activation
molecule family member 1
aldehyde oxidase 1
dystrophin related protein 2
amyotrophic lateral sclerosis 2

1.03E-06

1.05E-06
1.07E-06
1.07E-06

1.08E-06

1.09E-06

1.10E-06
1.11E-06
1.18E-06
1.19E-06

1.23E-06
1.28E-06
1.34E-06

1.36E-06

1.46E-06
1.47E-06
1.55E-06
1.56E-06

1.57E-06

1.60E-06
1.68E-06
1.73E-06

1.82E-06

1.87E-06
1.97E-06
2.23E-06
2.31E-06
2.41E-06
2.65E-06
2.76E-06
2.76E-06

2.82E-06
2.93E-06
2.97E-06

3.10E-06
3.11E-06
3.12E-06

-2.28195

-5.51278
-3.12873
-4.29581

-2.10807

-4.98269

-2.50231
-5.02894
-7.22839
-5.07077

-10.2594
-6.96205
-2.75347

-12.2373

-2.46709
-14.9817
-2.40931

-2.0314

-3.59563

-2.32195
-6.86535
-24.5476

-3.22354

-3.57556
-13.3781
-4.37345
-7.30057
-3.37328
-3.09834
-16.3687
-2.6605

-4.73559
-4.27945
-2.40092

-16.3439
-2.84269
-3.8447
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232570_s_at

230083_at

235414_at
222453 at

214790 _at

202445_s_at
204823 _at
209335_at

230734 _x_at

213488_at
209135_at
1559901_s_at
32099_at
225745_at

238032_at

243631_at

227334 _at
239132_at
209762_x_at
218245 _at
231180 _at

218744 s_at
205020_s_at

242436_at

201719 s_at

202057_at
1555800_at
228399 at

221675_s_at
212738 _at
210168_at

228056 _s_at
230163_at

ADAM33

ZNF383
CYBRD1

SENP6

NOTCH2
NAV3
DCN

SNED1
ASPH
C21orf34
SAFB2
LRP6

DHRS3

LOC642333

USP54

NOS1
SP110
LRRC54

PACSIN3
ARL4A

PLEKHH2

EPB41L2

KPNA1
ZNF533
OSR1

CHPT1
ARHGAP19
Cé

NAPSB
LOC143381

(juvenile) chromosome region,
candidate 19
ADAM metallopeptidase domain
33
Full length insert cDNA clone
YI148C03
zinc finger protein 383
cytochrome b reductase 1
SUMO1/sentrin specific peptidase
6
Notch homolog 2 (Drosophila)
neuron navigator 3
decorin
sushi, nidogen and EGF-like
domains 1
aspartate beta-hydroxylase
chromosome 21 open reading
frame 34
scaffold attachment factor B2
low density lipoprotein receptor-
related protein 6
Dehydrogenase/reductase (SDR
family) member 3
similar to M-phase
phosphoprotein, mpp8
ubiquitin specific peptidase 54
Nitric oxide synthase 1 (neuronal)
SP110 nuclear body protein
leucine rich repeat containing 54
protein kinase C and casein kinase
substrate in neurons 3
ADP-ribosylation factor-like 4A
Pleckstrin homology domain
containing, family H (with MyTH4
domain) member 2
erythrocyte membrane protein
band 4.1-like 2
karyopherin alpha 1 (importin
alpha 5)
zinc finger protein 533
odd-skipped related 1
(Drosophila)
choline phosphotransferase 1
Rho GTPase activating protein 19
complement component 6
napsin B aspartic peptidase
pseudogene
Hypothetical protein LOC143381

3.21E-06

3.66E-06

3.70E-06
3.81E-06

3.83E-06

3.94E-06
4.02E-06
4.05E-06
4.50E-06

4.59E-06
4.62E-06
4.69E-06
4.78E-06
4.88E-06

5.02E-06

5.14E-06

5.27E-06
5.52E-06
5.66E-06
5.78E-06
6.16E-06

6.33E-06
7.09E-06

7.15E-06

7.19E-06

7.38E-06
7.42E-06
7.48E-06

7.53E-06
7.54E-06
7.67E-06

7.93E-06
8.04E-06

-4.58088

-11.6805

-2.18839
-5.60464

-2.70898

-2.5729

-3.6223
-9.00225

-2.2582

-5.40474
-2.54964
-3.47862
-2.00959
-2.07414

-6.45013

-4.17094

-2.38274
-4.26276
-2.92652
-2.89358
-2.41672

-2.32872
-3.78402

-2.35878

-3.98781

-2.14327
-2.72305
-5.4398

-2.72159
-2.7062
-4.92249

-2.61906
-3.37262
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230443 _at

226656_at
207067_s_at

226435_at
235338 s_at
221081 _s_at

239989_at

212636_at
230053_at

239775_at

205792_at

238778_at

59631_at
239984 _at

209894_at
232424 _at

219550 _at
229204_at
208383_s_at

241359 _at

205033 s_at

239786_at
227731 _at
230364_at

210631_at
235209 _at

223167_s_at
209568 s_at

NHP2L1

CRTAP
HDC

PAPLN
SETDB2
DENND2D

C9orf39

QKI

WISP2

MPP7

TXNRD3
SCN7A

LEPR
PRDM16

ROBO3
HP1BP3

PCK1

DEFA1///
DEFA3 ///
LOC653600

CHPT1
NF1
RPESP

USP25
RGL1

NHP2 non-histone chromosome
protein 2-like 1 (S. cerevisiae)
cartilage associated protein
histidine decarboxylase
papilin, proteoglycan-like sulfated
glycoprotein
SET domain, bifurcated 2
DENN/MADD domain containing
2D
Chromosome 9 open reading
frame 39
guaking homolog, KH domain RNA
binding (mouse)
Transcribed locus
Transcribed locus, moderately
similar to NP_05530-1.1 neuronal
thread protein AD7
WNT1 inducible signaling pathway
protein 2
membrane protein, palmitoylated
7 (MAGUK p55 subfamily member
7)
thioredoxin reductase 3
Sodium channel, voltage-gated,
type VII, alpha
leptin receptor
PR domain containing 16
roundabout, axon guidance
receptor, homolog 3 (Drosophila)
Heterochromatin protein 1,
binding protein 3
phosphoenolpyruvate
carboxykinase 1 (soluble)
CDNA FLJ20031 fis, clone
ADSU02180
defensin, alpha 1 /// defensin,
alpha 3, neutrophil-specific ///
similar to Neut
Transcribed locus
CDNA FLJ11631 fis, clone
HEMBA1004267
choline phosphotransferase 1
neurofibromin 1
(neurofibromatosis, von
Recklinghausen disease, Watson
disease)
RPE-spondin
ubiquitin specific peptidase 25
ral guanine nucleotide
dissociation stimulator-like 1

8.17E-06

8.23E-06
8.34E-06

8.40E-06
8.87E-06
8.89E-06

9.16E-06

9.20E-06
9.44E-06

9.49E-06

9.52E-06

9.87E-06

9.94E-06
1.01E-05

1.04E-05
1.05E-05

1.07E-05

1.09E-05

1.09E-05

1.11E-05

1.14E-05

1.17E-05
1.18E-05
1.20E-05

1.21E-05

1.27E-05

1.27E-05
1.28E-05

-2.24058

-2.75917
-2.04428

-13.1594
-2.87067
-3.73518

-2.52408

-3.21212
-2.89757

-2.6765

-14.9368

-4.03148

-2.14193
-10.3894

-13.0152
-6.87233

-2.6063

-3.29533

-14.4328

-4.71312

-6.79758

-2.07611
-2.46091
-3.6172

-2.28104

-6.16591

-3.23118
-3.53269
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206307_s_at
236422_at

203071_at

222279 at

1553129 at
237038_at
227108_at
235610_at

237571 _at

239762_at
203851 _at
231978 at
220016_at

235964 x_at

205379 _at
229114 _at
230661_at

231182_at

1560425 s_at

205579 _at
215436_at

218845 at
232088 x_at
228537_at

235155_at

230161_at
226765_at
227492_at

227379 _at

232154_at
206423_at
235339 _at

218823_s_at

FOXD1
FLI22662

SEMA3B

RP3-
377H14.5

SVEP1
CXCL14

STARDS
ALKBH8

APP

LOC286437
IGFBP6
TPCN2
AHNAK

C200rf118
CBR3

LOC286191
WASPIP

PTPRD
HRH1
HSDL2
DUSP22

GLI2
BDH2
CD99

OCLN
OACT1

LOC199800
ANGPTL7
SETDB2

KCTD9

forkhead box D1
Hypothetical protein FLI122662
sema domain, immunoglobulin
domain (Ig), short basic domain,
secreted, (semaphor

hypothetical protein FLI35429

sushi, von Willebrand factor type
A, EGF and pentraxin domain
containing 1
chemokine (C-X-C motif) ligand 14
START domain containing 9
AlkB, alkylation repair homolog 8
(E. coli)

Amyloid beta (A4) precursor
protein (peptidase nexin-ll,
Alzheimer disease)
hypothetical protein LOC286437
insulin-like growth factor binding
protein 6
two pore segment channel 2
AHNAK nucleoprotein
(desmoyokin)
Chromosome 20 open reading
frame 118
carbonyl reductase 3
CDNA clone IMAGE:4801326
Hypothetical protein LOC286191
Wiskott-Aldrich syndrome protein
interacting protein
Protein tyrosine phosphatase,
receptor type, D
histamine receptor H1
Hydroxysteroid dehydrogenase
like 2
dual specificity phosphatase 22
CDNA clone IMAGE:4829494
GLI-Kruppel family member GLI2
3-hydroxybutyrate
dehydrogenase, type 2
CD99 molecule
CDNA clone IMAGE:3897439
Occludin
O-acyltransferase (membrane
bound) domain containing 1
hypothetical protein LOC199800
angiopoietin-like 7
SET domain, bifurcated 2
potassium channel
tetramerisation domain

1.28E-05
1.28E-05

1.29E-05

1.30E-05

1.38E-05
1.39E-05
1.41E-05
1.42E-05

1.43E-05

1.46E-05
1.46E-05
1.52E-05
1.52E-05

1.54E-05

1.59E-05
1.61E-05
1.63E-05

1.64E-05

1.67E-05
1.67E-05
1.70E-05

1.71E-05
1.71E-05
1.72E-05

1.74E-05

1.88E-05
1.93E-05
1.96E-05

1.97E-05

2.05E-05
2.06E-05
2.08E-05

2.08E-05

-9.63067
-2.13837

-5.67296

-2.73403

-2.08932
-2.75474
-2.93619
-2.81363

-3.33945

-2.50767
-16.0662
-2.07565
-3.94746

-3.26497

-4.5315
-7.23299
-6.68928

-2.58746

-2.22101
-5.042
-2.02729

-2.01806
-3.89431
-2.35901

-3.71429

-3.0664
-3.18363
-3.60956

-2.90612

-3.51949
-11.1872
-2.46136

-2.39163
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228728_at
207082_at

239133 at
231817 _at

226304_at

226834 _at
228486_at
230433_at
210607_at

210549 s_at
241302_at

227782_at

200785_s_at

230692_at
231678 s_at

202481 _at

228538_at
230067_at
244661 _at
228312_at

1557053 _s_at

237444_at
219081_at

237291 _at
214744 s_at
206529 x_at

201525_at

244422 at

224061_at
219812_at
1554237_at
213942_at
231776_at

FLI21986
CSF1

USP53
HSPB6

SLC44A1

FLT3LG

CCL23
c7

ZBTB7C

LRP1

LOC157503
ADH4

DHRS3

ZNF662
FLI30707

PI16

UBE2G2 ///
TAX1BP3

ANKHD1

LOC344405
RPL23
SLC26A4
APOD

INMT
MGC2463
SDCCAGS

MEGF6
EOMES

containing 9
hypothetical protein FLI21986
colony stimulating factor 1
(macrophage)
Transcribed locus
ubiquitin specific peptidase 53
heat shock protein, alpha-
crystallin-related, B6
Transcribed locus, strongly similar
to NP_079045.1 adipocyte-
specific adhesion m
solute carrier family 44, member 1
fms-related tyrosine kinase 3
ligand
chemokine (C-C motif) ligand 23
Complement component 7
zinc finger and BTB domain
containing 7C
low density lipoprotein-related
protein 1 (alpha-2-macroglobulin
receptor)
hypothetical protein LOC157503
alcohol dehydrogenase 4 (class Il),
pi polypeptide
dehydrogenase/reductase (SDR
family) member 3
zinc finger protein 662
Hypothetical protein FLI30707
peptidase inhibitor 16
ubiquitin-conjugating enzyme E2G
2 (UBC7 homolog, yeast) /// Tax1
(human T-cell
Transcribed locus
ankyrin repeat and KH domain
containing 1
hypothetical LOC344405
Ribosomal protein L23
solute carrier family 26, member 4
apolipoprotein D
Transcribed locus
indolethylamine N-
methyltransferase
hypothetical protein LOC79037
serologically defined colon cancer
antigen 8
multiple EGF-like-domains 6
eomesodermin homolog (Xenopus
laevis)

2.10E-05
2.12E-05

2.13E-05
2.19E-05

2.24E-05

2.25E-05
2.31E-05
2.37E-05
2.43E-05

2.49E-05
2.52E-05

2.57E-05

2.59E-05

2.61E-05
2.63E-05

2.66E-05

2.71E-05
2.73E-05
2.75E-05
2.79E-05

2.79E-05

2.80E-05
2.84E-05

2.84E-05
2.88E-05
2.93E-05
3.02E-05
3.02E-05

3.02E-05
3.04E-05
3.05E-05
3.14E-05
3.17E-05

-6.97975
-2.30185

-2.16271
-6.21725

-6.77453

-10.0326
-7.42751
-3.13254
-2.77982

-3.24915
-3.69556

-3.17621

-3.64849

-5.76235
-2.2916

-5.93731

-2.3367
-2.70183
-2.40196
-2.33916

-2.07621

-3.98487
-2.0447

-2.68079
-2.16497
-2.38966
-50.4937
-2.04319

-9.13145
-2.3453
-3.18212
-2.42409
-4.39839
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219213 at JAM?2 junctional adhesion molecule 2
293842 s at SCARA3 scavenger receptor class A,
- member 3
540331 at BMPR1B Bone morphogenetic protein
- receptor, type IB
cartilage intermediate layer
206227 _at CILP protein, nucleotide
pyrophosphohydrolase
225814 at XRN1 5'-3" exoribonuclease 1
226588 _at KIAA1604 KIAA1604 protein
Cytidine monophosphate-N-
229604 _at CMAH acetylneuraminic acid hydroxylase
(CMP-N-acetylneuramin
MRNA; cDNA DKFZp779F2345
238780_s_at (from clone DKFZp779F2345)
RP4- . .
1557123 a_at 7566231 hypothetical protein BC012882
tachykinin, precursor 1 (substance
206552 s at TAC1 K, substance P, neurokinin 1,
neurokinin 2, n
209795_at CD69 CD69 molecule
hepatocyte growth factor
2 HGF
09360 _at G (hepapoietin A; scatter factor)
226571 s_at --- Transcribed locus
CDNA FLJ37610 fis, clone
213960_at BRCOC2011398
205804 s _at  TRAF3IP3 TRAF3 interacting protein 3
214180 at MAN1C1 mannosidase, alpha, class 1C,
- member 1
214073_at CTTN cortactin
227984 at  LOC650392 Hypothetical protein LOC650392
ATP-binding cassette, sub-family A
2 ABCA
35335_at CA9 (ABC1), member 9
granzyme H (cathepsin G-like 2,
210321_at GZMH protein h-CCPX) /// granzyme H
(cathepsin G-like
242923 at ZNF678 Zinc finger protein 678
prostaglandin 12 (prostacyclin)
208131 s_at PTGIS synthase /// prostaglandin 12
(prostacyclin) syn
CDNA FLJ11519 fis, clone
232576 at HEMBA1002348
227503 at PVRL3 Poliovirus receptor-related 3
519416 at SCARA3 scavenger receptor class A,
- member 3
228029_at ZNF721 zinc finger protein 721
FAM21B ///

FAM21C/// family with sequence similarity 21,

212929 s at RP11-56A2- member B /// family with
1.1/// sequence similarity
LOC653450

3.17E-05
3.18E-05

3.19E-05

3.22E-05

3.26E-05
3.39E-05

3.44E-05

3.52E-05

3.61E-05

3.65E-05

3.66E-05
3.66E-05
3.67E-05
3.87E-05
3.89E-05
3.90E-05

3.91E-05
3.95E-05

3.96E-05

3.97E-05

3.97E-05

3.99E-05

4.00E-05

4.04E-05

4.09E-05
4.11E-05

4.12E-05

-4.76428
-4.67603

-3.27683

-6.21794

-2.05631
-2.11753

-6.77419

-5.08338

-2.54339

-35.9298

-9.63885
-6.93804
-3.09992
-7.89387
-2.09938
-6.39647

-4.67183
-3.32334

-3.03375

-2.21625

-2.22458

-16.302

-2.32046

-3.78035

-3.54295
-2.34222

-2.3189

149



223596_at

226326_at
243256_at

207072_at

215311 at
202350_s_at
236600_at

220416_at

232027_at
222103_at
228641 _at
205431 s_at
236748_at
203494 _s_at
43427 _at
228549 _at
204963_at
225332_at
227561 _at
229027 at
203407_at
226522_at
221928 _at
209717_at
236027_at

241773 _at
222624 s_at
213888 s_at
215918 s_at

228778_at

222912 _at
227550 _at
239272_at

SLC12A6

PCGF5
MKNK1

IL18RAP

MATN2
SPG20

ATP8B4

SYNE1
ATF1
CARD8
BMP5
RASGEF1C
CEP57
ACACB
SSPN
KRTAP4-7
LOC651619
PPM1A
PPL
PODN
ACACB
EVI5
C100rf78

ZNF639
TRAF3IP3
SPTBN1

MCPH1

ARRB1
LOC143381
MMP28

solute carrier family 12
(potassium/chloride transporters),
member 6
polycomb group ring finger 5
MAP kinase interacting
serine/threonine kinase 1
interleukin 18 receptor accessory
protein
MRNA full length insert cDNA
clone EUROIMAGE 21920
matrilin 2
spastic paraplegia 20, spartin
(Troyer syndrome)
ATPase, Class |, type 8B, member
4
Spectrin repeat containing,
nuclear envelope 1
Activating transcription factor 1
caspase recruitment domain
family, member 8
bone morphogenetic protein 5
RasGEF domain family, member
1C
centrosomal protein 57kDa
acetyl-Coenzyme A carboxylase
beta
sarcospan (Kras oncogene-
associated gene)

Keratin associated protein 4-7
hypothetical protein LOC651619
Protein phosphatase 1A (formerly
2C), magnesium-dependent, alpha
isoform
periplakin
podocan
acetyl-Coenzyme A carboxylase
beta
ecotropic viral integration site 5
chromosome 10 open reading
frame 78
zinc finger protein 639
TRAF3 interacting protein 3
spectrin, beta, non-erythrocytic 1
Microcephaly, primary autosomal
recessive 1
arrestin, beta 1
hypothetical protein LOC143381
matrix metallopeptidase 28

4.12E-05

4.23E-05
4.23E-05

4.30E-05

4.39E-05
4.58E-05
4.61E-05

4.63E-05

4.72E-05
4.83E-05
4.85E-05
4.91E-05
5.01E-05
5.05E-05
5.13E-05
5.15E-05
5.28E-05
5.37E-05
5.40E-05
5.56E-05
5.74E-05
5.74E-05
5.75E-05
5.77E-05
5.77E-05

5.82E-05
5.83E-05
5.87E-05
5.88E-05

5.90E-05

5.94E-05
6.03E-05
6.07E-05

-2.29947

-2.17902
-2.112

-2.4488

-4.8323
-6.8773
-4.36297

-3.10675

-3.19351
-2.09293
-2.89274
-3.66454
-2.15621
-2.40663
-4.11058
-2.8549
-6.16719
-2.36428
-3.68544
-2.04778
-13.2221
-7.75467
-2.90563
-2.075
-2.38792

-4.28658
-2.36187
-3.54381
-6.58586

-2.45826

-4.68532
-4.86483
-3.49279
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225442_at

226806_s_at
243998 at

210944 s_at

1563498 s_at

231898 x_at
231174 _s_at

213247_at

236035_at
240182_at

219011 _at
209527 _at
209589_s_at
235746_s_at

226021 _at

219669_at
35776_at

203980 _at

211663_x_at
238786_at

206201_s_at
242957 at

1568900_a_at

1555762_s_at
205987_at
241933 _at

213225 _at

229041 s_at

225185_at

237419 _at
226739 _at

KA21
CAPN3
LOC283130

SOX20T

HLA-A

PLEKHA4
EXOSC2
EPHB2
PLA2R1

RDH10

CD177
ITSN1

FABP4

PTGDS
MEOX2
VWCE

ZNF568
RBM15
CcbicC

PPM1B

ITGB2

MRAS ///
LOC653764

RNF169

Clone DPDP-3 dental pulp-derived
protein 3, mRNA sequence
Truncated type | keratin KA21
calpain 3, (p94)
hypothetical protein LOC283130
SOX2 overlapping transcript (non-
coding RNA)
Transcribed locus
sushi, von Willebrand factor type
A, EGF and pentraxin domain
containing 1
Transcribed locus
Major histocompatibility complex,
class|, A
pleckstrin homology domain
containing, family A
(phosphoinositide binding specif
exosome component 2
EPH receptor B2
phospholipase A2 receptor 1,
180kDa
retinol dehydrogenase 10 (all-
trans)

CD177 molecule
intersectin 1 (SH3 domain protein)
fatty acid binding protein 4,
adipocyte
prostaglandin D2 synthase 21kDa
(brain) /// prostaglandin D2
synthase 21kDa (bra
Transcribed locus
mesenchyme homeobox 2
von Willebrand factor C and EGF
domains
zinc finger protein 568
RNA binding motif protein 15
CD1c molecule
protein phosphatase 1B (formerly
2C), magnesium-dependent, beta
isoform
Integrin, beta 2 (complement
component 3 receptor 3 and 4
subunit)
muscle RAS oncogene homolog
/// similar to muscle RAS
oncogene homolog
Transcribed locus
ring finger protein 169

6.09E-05

6.23E-05
6.29E-05
6.32E-05
6.34E-05

6.34E-05
6.37E-05

6.39E-05

6.41E-05
6.53E-05

6.54E-05
6.56E-05
6.64E-05
6.70E-05

6.77E-05

7.04E-05
7.06E-05

7.07E-05

7.10E-05
7.14E-05
7.17E-05
7.22E-05

7.26E-05
7.26E-05
7.27E-05
7.33E-05

7.33E-05

7.38E-05

7.44E-05

7.48E-05
7.48E-05

-3.49025

-6.08796
-3.99085
-3.45232
-2.48535

-4.46488
-3.6369

-9.54956

-3.21685
-2.16114

-3.43207
-2.12287
-2.85227
-5.46352

-3.6135

-2.79321
-2.50589

-31.2407

17.3196
-2.13034
-22.163
-2.61664

-2.17953

-2.16591
-2.3959

-2.06055

-2.07766

-2.40335

-3.05556

-2.24707
-2.46053
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1553132_a_at
225990 _at
209540_at

204719 _at

232068 _s_at
213716_s_at

218847 at
37577_at
218983_at

214434 at
225524 at
235210 _s_at

32502_at

235259 _at
235639 _at
238151 _at

209542 x_at

238679_at
204686_at
224339 s_at

204010_s_at

219594 _at
205619 s_at
240556_at

212187 x_at

213800 _at
202965_s_at
229880 _at

230423_at

235182_at

238036_at
205609_at

220351 _at
217833 _at

MTAC2D1
BOC
IGF1

ABCA8

TLR4
SECTM1

IGF2BP2
ARHGAP19
CI1RL

HSPA12A
ANTXR2
RPESP

GDPD5

MGC29898

TUBB6
IGF1

MESDC2
IRS1
ANGPTL1

KRAS

NINJ2
MEOX1
DCN

PTGDS

CFH
CAPNG6
LOC643517

C200rf82

ANGPT1
CCRL1
SYNCRIP

membrane targeting (tandem) C2
domain containing 1
Boc homolog (mouse)
insulin-like growth factor 1
(somatomedin C)

ATP-binding cassette, sub-family A

(ABC1), member 8
toll-like receptor 4
secreted and transmembrane 1
insulin-like growth factor 2 mRNA
binding protein 2
Rho GTPase activating protein 19
complement component 1, r
subcomponent-like
heat shock 70kDa protein 12A
anthrax toxin receptor 2
RPE-spondin
glycerophosphodiester
phosphodiesterase domain
containing 5
hypothetical protein MGC29898
Transcribed locus
Tubulin, beta 6
insulin-like growth factor 1
(somatomedin C)
mesoderm development
candidate 2
insulin receptor substrate 1
angiopoietin-like 1 ///
angiopoietin-like 1
v-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog
ninjurin 2
mesenchyme homeobox 1
Decorin
prostaglandin D2 synthase 21kDa
(brain)
complement factor H
calpain 6
hypothetical protein LOC643517
Transcribed locus, strongly similar
to XP_373845.2 PREDICTED:
hypothetical prote
chromosome 20 open reading
frame 82
angiopoietin 1
chemokine (C-C motif) receptor-
like 1
synaptotagmin binding,

7.65E-05
7.80E-05
7.86E-05

7.86E-05

7.93E-05
8.02E-05

8.11E-05
8.12E-05
8.22E-05

8.34E-05
8.37E-05
8.52E-05

8.56E-05

8.78E-05
8.80E-05
8.82E-05

8.88E-05

8.90E-05
8.97E-05
9.05E-05

9.05E-05

9.06E-05
9.06E-05
9.09E-05

9.34E-05

9.45E-05
9.53E-05
9.57E-05

9.58E-05

9.59E-05

9.67E-05
9.86E-05

9.93E-05
0.0001003

-2.51667
-4.77755
-12.7731

-13.2325

-3.4744
-2.24617

-3.49284
-3.49615
-7.09539

-3.08427
-3.04082
-7.43021

-2.24874

-2.61758
-7.06479
-4.92082

-5.68386

-2.15388
-4.00874
-2.60836

-2.11603

-3.21002
-13.5517
-2.26341

-39.989

-8.09625
-8.34429
-2.52172

-2.12693

-6.58568

-3.35182
-6.40239

-8.12473
-2.12809
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230722_at
210051_at
204606_at
209120_at

39248 _at
206087 _x_at

211012_s_at

226773_at

49452_at

1558972 _s_at

206682_at
210072_at
231001_at

1555103_s_at
236396_at
213183 _s_at

231002_s_at

228618_at

226197 _at
237056_at
231382_at

225373 _at
33307_at

229585 _at

228853 _at

228573_at

228568_at
242181 _at

BNC2
RAPGEF3
CCL21
NR2F2

AQP3
HFE

PML///
LOC161527

/11
LOC652671

ACACB
C6orf190

CLEC10A
CCL19
LOC387758

FGF7

CDKN1C
RABEP1

PEAR1

INSC
FGF18

C10o0rf54

CTA-
126B4.3

C9orfo4

LOC653890

cytoplasmic RNA interacting
protein
Basonuclin 2
Rap guanine nucleotide exchange
factor (GEF) 3
chemokine (C-C motif) ligand 21
nuclear receptor subfamily 2,
group F, member 2
aquaporin 3 (Gill blood group)
hemochromatosis

promyelocytic leukemia ///
hypothetical protein LOC161527
/// similar to promyel

MRNA (clone ICRFp50711077)
acetyl-Coenzyme A carboxylase
beta
chromosome 6 open reading
frame 190
C-type lectin domain family 10,
member A
chemokine (C-C motif) ligand 19
similar to RIKEN cDNA
1110018M03
fibroblast growth factor 7
(keratinocyte growth factor)
Transcribed locus
Cyclin-dependent kinase inhibitor
1C (p57, Kip2)
Rabaptin, RAB GTPase binding
effector protein 1
platelet endothelial aggregation
receptor 1
inscuteable
Fibroblast growth factor 18
chromosome 10 open reading
frame 54

CGI-96 protein

chromosome 9 open reading
frame 94
similar to
serine/threonine/tyrosine
interacting protein
Full-length cDNA clone
CSODDO001YA12 of Neuroblastoma
Cot 50-normalized of Homo s
GRINL1A combined protein
CDNA FLJ33489 fis, clone
BRAMY2003585

0.0001008

0.0001009

0.0001017
0.000102

0.0001027
0.000103

0.0001036

0.0001052

0.0001054

0.0001059

0.000106
0.0001065
0.0001066

0.0001067
0.0001077
0.0001078

0.0001078

0.0001098

0.0001099
0.000111
0.0001115

0.0001118

0.0001122

0.0001168

0.0001186

0.0001191

0.0001192
0.00012

-9.50103
-5.27353
-5.44632
-2.67379

-14.6771
-2.19198

-2.44277

-2.54785

-4.28162

-2.41465

-3.97195
-14.7015
-6.55206

-8.4425
-4.49896
-7.24831

-2.0435

-4.25282

-4.9606
-3.15432
-6.48889

-2.70175

-2.0573

-7.254

-2.13106

-3.64393

-2.50934
-3.61056
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209309_at
238431 _at

241393_at

205226_at

239796_x_at

225398_at

231984 _at

222209 s_at
210694 s_at
225646_at

228540_at
212915_at
204424 _s_at

37462_i_at
202994 s_at
221760 _at

220276_at
232231 _at
203886_s_at
220327_at
225998 _at
228770_at

211748 x_at

229146_at

237052_x_at
225972_at

242990 _at
212886_at
229497 at
232305_at

226965_at

AZGP1

IPP

PDGFRL

TIRAP

RPUSD4

MTAP
TMEM135

CTSC
QK

PDZRN3

LMO3

SF3A2
FBLN1
MAN1A1

FLI22655
RUNX2
FBLN2
VGLL3

GAB1
GPR146

PTGDS

C7o0rf31

TNRC15
TMEM®64

PPFIA1

CCDC69

ANKDD1A

HMGCLL1

FAM116A

alpha-2-glycoprotein 1, zinc
Transcribed locus
Intracisternal A particle-promoted
polypeptide
platelet-derived growth factor
receptor-like
toll-interleukin 1 receptor (TIR)
domain containing adaptor
protein
RNA pseudouridylate synthase
domain containing 4
methylthioadenosine
phosphorylase
transmembrane protein 135
cathepsin C
quaking homolog, KH domain RNA
binding (mouse)
PDZ domain containing RING
finger 3
LIM domain only 3 (rhombotin-
like 2)
splicing factor 3a, subunit 2,
66kDa
fibulin 1
Mannosidase, alpha, class 1A,
member 1
hypothetical protein FLJ22655
runt-related transcription factor 2
fibulin 2
vestigial like 3 (Drosophila)
GRB2-associated binding protein 1
G protein-coupled receptor 146
prostaglandin D2 synthase 21kDa
(brain) /// prostaglandin D2
synthase 21kDa (bra
chromosome 7 open reading
frame 31
Trinucleotide repeat containing 15
Transmembrane protein 64
Protein tyrosine phosphatase,
receptor type, f polypeptide
(PTPRF), interacting
coiled-coil domain containing 69
ankyrin repeat and death domain
containing 1A
3-hydroxymethyl-3-
methylglutaryl-Coenzyme A lyase-
like 1
family with sequence similarity

0.0001204
0.0001213

0.0001215

0.0001219

0.000123

0.0001233

0.0001281

0.0001285
0.0001304
0.0001334

0.0001383

0.0001388

0.0001412

0.0001435
0.000146
0.0001461

0.0001468
0.0001484
0.0001505
0.0001526
0.0001537
0.0001567

0.0001573

0.0001617

0.0001633
0.0001639

0.000164

0.0001647

0.0001654

0.0001664

0.000168

-5.6232
-2.16747

-2.01145

-15.6069

-2.00362

-2.01085

-2.44661

-2.07592
-2.48887
-3.51039

-2.28106

-6.73192

-11.2763

-4.93301
-15.7869
-2.58064

-5.68375
-3.90384
-7.06981
-6.45008
-3.28665
-3.77226

-33.3631

-2.79417

-2.09679
-2.29714

-2.291

-5.61423

-3.94795

-3.32159

-2.08035
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208335_s_at

227620 _at
213113_s_at
202863 _at
219959 _at

217665_at

204201_s_at

238041 _at

227178_at
214725 _at

200986_at

217807_s_at
1552664 _at
213572_s_at

213675_at
230802_at
227067 x_at

205236_x_at

1554741 s_at

44790 s_at
230986_at
229092_at

1554067_at
236123 _at

202674 _s_at

239846_at

214395 x_at

DARC

SLC43A3
SP100
MOCOS

PTPN13

TCF12

CUGBP2
RPESP

SERPING1

GLTSCR2
FLCN
SERPINB1

NOTCH2NL
SOD3

FGF7///
KGFLP1 ///

C130rf18
KLF8
NR2F2
FLJ32549
ST7L
LMO7

MTHFD1

EEF1D

116, member A
Duffy blood group, chemokine
receptor
solute carrier family 43, member 3
SP100 nuclear antigen
molybdenum cofactor sulfurase
CDNA FLJ25947 fis, clone
JTH14708
protein tyrosine phosphatase,
non-receptor type 13 (APO-
1/CD95 (Fas)-associated
Transcription factor 12 (HTF4,
helix-loop-helix transcription
factors 4)

CUG triplet repeat, RNA binding
protein 2
RPE-spondin
serpin peptidase inhibitor, clade G
(C1 inhibitor), member 1,
(angioedema, hered
glioma tumor suppressor
candidate region gene 2
folliculin
serpin peptidase inhibitor, clade B
(ovalbumin), member 1
CDNA FLJ25106 fis, clone
CBR0O1467
Notch homolog 2 (Drosophila) N-
terminal like
superoxide dismutase 3,
extracellular
fibroblast growth factor 7
(keratinocyte growth factor) ///
keratinocyte growth
chromosome 13 open reading
frame 18
Kruppel-like factor 8
Nuclear receptor subfamily 2,
group F, member 2
hypothetical protein FLI32549
Suppression of tumorigenicity 7
like
LIM domain 7
Methylenetetrahydrofolate
dehydrogenase (NADP+
dependent) 1,
methenyltetrahydrof
Eukaryotic translation elongation
factor 1 delta (guanine nucleotide

0.0001689

0.0001705
0.0001711
0.0001742
0.0001745

0.0001761

0.0001763

0.0001801

0.0001824
0.0001828

0.0001841

0.0001845
0.0001847
0.0001851

0.0001866
0.000188
0.0001888

0.0001891

0.0001924

0.0001925
0.0001927
0.0001935
0.0001944
0.0001959
0.0001998

0.0002043

0.0002043

-24.7159

-2.92575
-3.40693
-2.8408
-2.16494

-2.42977

-3.20937

-2.23961

-2.26391
-2.29073

-3.90067

-2.66088
-2.13684
-2.05608

-3.45424
-2.40427
-4.29521

-4.59784

-6.49814

-3.26763
-4.70068
-4.14761
-2.37819
-2.88943
-2.15078

-2.0601

-3.52325
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241698_at
209815 _at
227866_at

204960 _at

229194 _at
1559942_at

1556696_s_at

237395_at
229741 _at

229872 s_at

230263_s_at
213556_at

224480 s_at

201827 _at
213397 x_at
235777 _at
227041_at

205758 _at
238478_at
204131 s_at
227386 _s_at

225108_at

235496_at
236606_at

206068_s_at
209616_s_at
230427 s_at

235045_at
225165_at

C2orfll
PTCH

PTPRCAP

PCGF5
MDFIC

FLI42709

CYP4z1

VISA
LOC440667

/11
LOC440669

/11
LOC642441

DOCK5
LOC390940

LPAAT-
THETA

SMARCD?2

RNASE4
ANKRD44

CD8A
BNC2
FOXO3A
TTMB

AGPS

UNQ338
SAV1

ACADL
CES1
BAGS5

RBM7
PPP1R1B

exchange pr
chromosome 2 open reading
frame 11
patched homolog (Drosophila)
CDNA FLJ42493 fis, clone
BRACE2034616
protein tyrosine phosphatase,
receptor type, C-associated
protein
polycomb group ring finger 5
MyoD family inhibitor domain
containing
Hypothetical gene supported by
AK124699
cytochrome P450, family 4,
subfamily Z, polypeptide 1
Virus-induced signaling adapter

hypothetical LOC440667 ///
hypothetical LOC440669 ///
hypothetical protein LOC64

dedicator of cytokinesis 5
similar to R28379_1
lysophosphatidic acid
acyltransferase theta ///
lysophosphatidic acid acyltransf
SWI/SNF related, matrix
associated, actin dependent
regulator of chromatin, subf
ribonuclease, RNase A family, 4
ankyrin repeat domain 44
CDNA FLJ31513 fis, clone
NT2RI1000127
CD8a molecule /// CD8a molecule
Basonuclin 2
forkhead box O3A
TTMB protein
alkylglycerone phosphate
synthase
LGLL338
Salvador homolog 1 (Drosophila)
acyl-Coenzyme A dehydrogenase,
long chain
carboxylesterase 1
(monocyte/macrophage serine
esterase 1)
BCL2-associated athanogene 5
RNA binding motif protein 7
protein phosphatase 1, regulatory

0.0002058
0.000206
0.0002062

0.0002067

0.0002099
0.0002139

0.0002145

0.000215
0.0002151

0.0002179

0.00022
0.0002206

0.0002211

0.0002215
0.0002257
0.0002268
0.0002285

0.0002298
0.0002299
0.0002301
0.0002311

0.0002318

0.0002321
0.0002322

0.0002329

0.0002364

0.0002371

0.000238
0.0002382

-2.20084
-6.38407
-2.85007

-2.05403

-2.00496
-2.16698

-2.00378

-2.1573
-2.10386

-2.14116

-4.66545
-2.64387

-3.52999

-2.65005
-5.71958
-3.72785
-2.83739

-2.49049
-8.45062
-2.01593
-3.53896

-2.23266

-2.73795
-2.39421

-7.67637

9.99523

-2.50092

-2.28048
-2.11067
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203127 _s_at
204731_at
204655_at

1553683_s_at

223377_x_at

244313_at

228504_at

228088_at

213317_at

226868_at

224451 x_at

201189 s_at
212632_at
1554014 _at

217525 _at
239370_at

214567 _s_at

236698_at

207547 s_at
228916 _at

206295_at

222136_x_at
229590 at

204760_s_at

223816_at

SPTLC2
TGFBR3
CCL5
FBXL14
CISH

CR1

CLICS5 ///
LOC653816

GLT8D3

ARHGAPY

ITPR3

STX7

CHD2
OLFML1

XcL1///
XCL2

FAM107A
CWF19L2

IL18

ZNF43
RPL13

THRA ///
NR1D1

TSCOT

(inhibitor) subunit 1B (dopamine
and cAMP regu
serine palmitoyltransferase, long
chain base subunit 2
transforming growth factor, beta
receptor Ill (betaglycan, 300kDa)
chemokine (C-C motif) ligand 5 ///
chemokine (C-C motif) ligand 5
F-box and leucine-rich repeat
protein 14
cytokine inducible SH2-containing
protein
complement component (3b/4b)
receptor 1 (Knops blood group)
Transcribed locus, strongly similar
to NP_002967.1 sodium channel,
voltage-gated
CDNA FLJ31513 fis, clone
NT2RI11000127
chloride intracellular channel 5 ///
similar to chloride intracellular
channel 5
glycosyltransferase 8 domain
containing 3
Rho GTPase activating protein 9
/// Rho GTPase activating protein
9
inositol 1,4,5-triphosphate
receptor, type 3
Syntaxin 7
chromodomain helicase DNA
binding protein 2
olfactomedin-like 1
chemokine (C motif) ligand 1 ///
chemokine (C motif) ligand 2
Full-length cDNA clone
CSODF025YAO01 of Fetal brain of
Homo sapiens (human)
family with sequence similarity
107, member A
CWF19-like 2, cell cycle control (S.
pombe)
interleukin 18 (interferon-gamma-
inducing factor)
zinc finger protein 43
Ribosomal protein L13
thyroid hormone receptor, alpha
(erythroblastic leukemia viral (v-
erb-a) oncogen
thymic stromal co-transporter

0.0002388

0.0002405

0.000242

0.0002427

0.0002428

0.0002428

0.0002428

0.0002443

0.0002474

0.0002495

0.00025

0.0002563
0.0002566
0.0002578

0.0002588
0.0002596

0.0002642

0.0002643

0.0002664

0.0002676

0.0002691

0.0002696
0.0002712

0.0002719

0.0002726

-2.02113

-4.16415

-4.13185

-2.31185

-3.0291

-4.02494

-23.399

-3.38801

-8.95381

-2.04291

-2.67489

-3.13089
-2.21013
-2.89688

-5.17325
-2.01147

-2.87557

-3.99008

-3.49581

-2.33336

-2.79388

-2.13193
-2.36665

-4.46405

-2.71603
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201250 _s_at

209541 _at

227461 _at
230790_x_at

237040_at

244391 _at
1556427 _s_at
226127 _at
229069 _at
235061_at

206987_x_at
206697_s_at

205560_at

225939 at

216333_x_at
208392_x_at
238026_at

226932_at
1555801_s_at
1557943 _at

228450 _at

229844 at
213765_at
201871 s_at

217863_at
213451 x_at
228082_at

210613_s_at
219230 _at

228333_at

202724 s_at

235173_at
207735_at
239682_at
225447 at

SLC2A1

IGF1
STON2

CWF19L2

TSEN2
LOC221091
ALKBH3
CIP29
PPM1K

FGF18
HP

PCSK5

EIF4E3

TNXB
SP110
RPL35A

SSPN
ZNF533
CNP

PLEKHA7

MFAP5
LOC51035

PIAS1
TNXB
ASAM

SYNGR1
TMEM100

FOXO1A

LOC401093
RNF125
FLI23861
GPD2

solute carrier family 2 (facilitated
glucose transporter), member 1
insulin-like growth factor 1
(somatomedin C)
stonin 2

CWF19-like 2, cell cycle control (S.

pombe)
tRNA splicing endonuclease 2
homolog (S. cerevisiae)
similar to hypothetical protein
alkB, alkylation repair homolog 3
(E. coli)
cytokine induced protein 29 kDa
protein phosphatase 1K (PP2C
domain containing)
fibroblast growth factor 18
haptoglobin
proprotein convertase
subtilisin/kexin type 5
eukaryotic translation initiation
factor 4E member 3
tenascin XB
SP110 nuclear body protein
Ribosomal protein L35a
Sarcospan (Kras oncogene-
associated gene)
zinc finger protein 533
2',3'-cyclic nucleotide 3'
phosphodiesterase
pleckstrin homology domain
containing, family A member 7
Transcribed locus
microfibrillar associated protein 5
unknown protein LOC51035
protein inhibitor of activated
STAT, 1
tenascin XB
adipocyte-specific adhesion
molecule
synaptogyrin 1
transmembrane protein 100
Full length insert cDNA clone
YT94E02
forkhead box O1A
(rhabdomyosarcoma)
hypothetical LOC401093
ring finger protein 125
Hypothetical protein FLI23861
glycerol-3-phosphate

0.000274

0.0002747

0.0002801
0.000281

0.0002814

0.0002816
0.0002842
0.0002842
0.0002845
0.0002854

0.000286
0.0002906

0.0002918

0.0002936

0.0002951
0.000296
0.0002963

0.0002983
0.0003026
0.0003053

0.0003092

0.0003112
0.000315
0.0003157

0.000317
0.0003194
0.0003206

0.0003207
0.0003225

0.0003234

0.0003318

0.0003345
0.0003378
0.0003384
0.0003388

-7.73003

-8.56244

-5.79205
-3.77418

-2.82722

-2.05433
-16.5719
-2.18356
-2.22501
-2.78109

-2.9012
-3.9245

-3.48211

-2.48581

-6.96248
-2.00118
-2.36259

-5.83668
-2.00857
-2.64178

-4.12803

-3.10535
-29.4827
-2.13308

-2.0294
-7.22856
-2.45516

-3.12379
10.6199

-2.76198

-3.03119

-2.52777
-4.45554
-2.58289
-2.43254
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206666_at
205653 _at
236657 _at
223278 at

214662_at
205908 _s_at

214083_at

227148 _at
213094_at
235199 _at
228548_at

225008_at
1556346 _at
213567_at

241739 _at

226317 _at

225950 _at

241969 at
210139 s_at
206093_x_at

243176_at
226846_at

1554779 _s_at

229404 _at
223393 s_at

202437 _s_at

213560 _at

231929 at
225627 s_at

1559005_s_at

213103_at
238018_at

GZMK

CTSG

GJB2

WDR43
OMD

PPP2R5C

PLEKHH2

GPR126

MGC34646
coTLl

OGFOD1

PPP4R2

SAMDS

PMP22
TNXB

PHYHD1

PHLDB2

TWIST2
TSHZ3

CypPiB1

GADD45B

CACHD1
C9orf39

STARD13
LOC285016

dehydrogenase 2 (mitochondrial)
granzyme K (granzyme 3; tryptase
I1) /// granzyme K (granzyme 3;
tryptase Il)
cathepsin G
Full length insert cDNA YI37C01
gap junction protein, beta 2,
26kDa (connexin 26)
WD repeat domain 43
osteomodulin
Protein phosphatase 2, regulatory
subunit B (B56), gamma isoform
pleckstrin homology domain
containing, family H (with MyTH4
domain) member 2
G protein-coupled receptor 126
Transcribed locus
CDNA FLI37418 fis, clone
BRAWH2000488
Hypothetical protein MGC34646
Coactosin-like 1 (Dictyostelium)
Clone 23728 mRNA sequence
2-oxoglutarate and iron-
dependent oxygenase domain
containing 1
protein phosphatase 4, regulatory
subunit 2
Sterile alpha motif domain
containing 8
peripheral myelin protein 22
tenascin XB
CDNA FLJ30090 fis, clone
BNGH41000015
phytanoyl-CoA dioxygenase
domain containing 1
pleckstrin homology-like domain,
family B, member 2
twist homolog 2 (Drosophila)
teashirt family zinc finger 3
cytochrome P450, family 1,
subfamily B, polypeptide 1
Growth arrest and DNA-damage-
inducible, beta
Transcribed locus
cache domain containing 1
chromosome 9 open reading
frame 39
START domain containing 13
hypothetical protein LOC285016

0.000339
0.0003391
0.0003399
0.0003421

0.000346
0.0003471

0.0003475

0.0003477
0.000348
0.0003495
0.00035

0.0003575
0.0003662
0.0003768

0.0003787

0.0003796

0.0003809

0.0003811
0.0003813
0.0003816

0.0003823

0.0003855

0.0003888

0.0003916
0.0003943

0.0003944

0.0003962

0.0003968
0.0004045

0.0004054

0.0004055
0.0004068

-4.018
-3.9604
-2.12498
-8.91346

-2.07872
-17.1656

-2.07198

-4.85164
-4.36851
-3.43478
-2.67702

-2.70068
-2.25449
-2.17795

-3.06825

-2.12895

-2.08535

-4.3098
-2.51741
-6.6219

-2.36522

-2.47089

-4.68139

-4.51281
-2.8228

-3.99324

-2.57516

-2.70584
-4.91717

-2.24599

-2.06566
9.43976
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214028 x_at
214274 s_at

230623 x_at
223980_s_at
223937 at

219947 _at

221127 s_at
201034 _at

218128 at
214319 _at

227791 _at

202723 s_at

206170_at

214954 _at
236383 _at

223622 s_at

1558686_at
210031_at
228845 _at

203920 _at
226303_at
222835 _at

221019 _s_at

227478 _at
211577 s_at
204623_at
213764 s_at
1562102_at

238558_at
231953_at
1569107_s_at

1555068 _at
228751 _at

TDRD3

ACAAl

uspP28
SP110
FOXP1

CLEC4A

ADD3
NFYB
FRY

SLC9A9

FOXO1A

ADRB2
SUSD5

CD247
LOC196463

NR1H3
PGM5
THSD4

COLEC12

LOC284262
IGF1
TFF3

MFAP5
AKR1C2

MBNL1
FALZ
ZNF642

WNK1
CLK4

tudor domain containing 3
acetyl-Coenzyme A
acyltransferase 1 (peroxisomal 3-
oxoacyl-Coenzyme A thiolase)
ubiquitin specific peptidase 28
SP110 nuclear body protein
forkhead box P1
C-type lectin domain family 4,
member A
adducin 3 (gamma)
nuclear transcription factor,
beta
furry homolog (Drosophila)
solute carrier family 9
(sodium/hydrogen exchanger),
member 9
forkhead box O1A
(rhabdomyosarcoma)
adrenergic, beta-2-, receptor,
surface
sushi domain containing 5
Transcribed locus
hydroxypyruvate isomerase
homolog (E. coli)

Full length insert cDNA YP99D02
CD247 molecule
hypothetical protein LOC196463
nuclear receptor subfamily 1,
group H, member 3
phosphoglucomutase 5
Thrombospondin, type |, domain
containing 4
collectin sub-family member 12
/// collectin sub-family member
12
hypothetical protein LOC284262
insulin-like growth factor 1
(somatomedin C)
trefoil factor 3 (intestinal)
microfibrillar associated protein 5
Aldo-keto reductase family 1,
member C2 (dihydrodiol
dehydrogenase 2; bile acid
Muscleblind-like (Drosophila)
fetal Alzheimer antigen
zinc finger protein 642
WNK lysine deficient protein
kinase 1
CDC-like kinase 4

0.000408

0.0004088

0.0004091
0.0004147
0.0004148

0.0004181

0.0004189
0.000423

0.000426
0.0004276

0.0004375

0.0004402

0.0004416

0.0004444
0.0004446

0.000445

0.000446
0.0004475
0.0004498

0.0004509
0.0004524
0.0004548

0.0004638

0.000467
0.0004692
0.0004703
0.0004715

0.000475

0.000483
0.0004895
0.0005006

0.0005028
0.000509

-2.01617

-2.01431

-2.13646
-2.45425
-2.17677

-2.80993

-3.22986
-2.67503

-2.42069
-4.29755

-3.03154

-3.00599

-4.83785

-5.64402
-3.26509

-2.52138

-2.23796
-2.19073
-2.21233

-3.04078
-8.38609
-3.9436

-9.73466

-2.2568
-4.80912
-2.33306
-49.0386
-3.28768

-3.63377
-2.11688
-2.00501

-2.62912
-2.89023
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240188_at

235898 _at
219132 _at

226109 _at
213578 _at
236115_at
202664_at

211029 x_at
230003_at
204891 s_at

231145_at
224996_at
204777_s_at

204519 s_at

227401_at
239307_at

228264_at

221193_s_at
231773_at
201656_at

239632_at

227070_at

222164 _at

227467 _at

240214_at
229575_at

209513_s_at

205498_at
231098_at
232315_at

229344 x_at
207688_s_at

TGFBR3

PELI2
C21orf91

BMPR1A

HTR7P

WASPIP

FGF18
LCK

PAX9
MGC34646
MAL

PLLP
IL17D

PHACS

ZCCHC10

ANGPTL1
ITGA6

GLT8D2

FGFR1

RDH10

LOC400713
FAM80B
INHBC

Transforming growth factor, beta
receptor Ill (betaglycan, 300kDa)
Transcribed locus
pellino homolog 2 (Drosophila)
chromosome 21 open reading
frame 91
bone morphogenetic protein
receptor, type IA
5-hydroxytryptamine (serotonin)
receptor 7 pseudogene
Wiskott-Aldrich syndrome protein
interacting protein
fibroblast growth factor 18 ///
fibroblast growth factor 18
Transcribed locus
lymphocyte-specific protein
tyrosine kinase
Paired box gene 9
Hypothetical protein MGC34646
mal, T-cell differentiation protein
plasma membrane proteolipid
(plasmolipin)
interleukin 17D
1-aminocyclopropane-1-
carboxylate synthase
zinc finger, CCHC domain
containing 10
angiopoietin-like 1
integrin, alpha 6
Transcribed locus, weakly similar
to XP_529033.1 PREDICTED:
neuroligin 3 [Pan tr
glycosyltransferase 8 domain
containing 2
fibroblast growth factor receptor
1 (fms-related tyrosine kinase 2,
Pfeiffer syn
retinol dehydrogenase 10 (all-
trans)

Transcribed locus
hydroxysteroid dehydrogenase
like 2
growth hormone receptor
Transcribed locus
zinc finger-like

family with sequence similarity 80,

member B
inhibin, beta C

0.0005092

0.0005139
0.0005218

0.0005244

0.0005254

0.0005257

0.0005297

0.0005367
0.0005398
0.0005401

0.0005477
0.0005498
0.0005547

0.0005581

0.0005601
0.000561

0.0005653

0.0005733
0.0005736
0.0005762

0.0005787

0.0005833

0.0005864

0.0005865

0.0005879
0.0005882

0.0005908

0.0005955
0.0005957
0.0005967

0.0006012
0.0006031

-2.1361

-2.08985
-2.59833

-3.2013

-2.7011

-2.01777

-2.34273

-2.59479
-3.72613
-2.83899

-3.70381
-2.09568
-8.91506

-7.23145

-4.37078
-2.15051

-2.93885

-2.07354
-2.57661
-2.42715

-3.0687

-4.46995

-3.828

-2.5699

-2.64707
-2.18962

-2.18951

-7.44229
-5.77384
-5.33114

-2.45002
-3.11128
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210640_s_at
202085_at

235635_at
225078_at

218552_at
204118_at
205890_s_at
204794_at
213539 _at

219173 at
228850 _s_at

239909 _at

205101_at

230882_at
235764_at
59644 _at

228692_at
203879_at
228593_at
204442 x_at
214470_at

235466_s_at
228032_s_at
201787_at

211675_s_at

220310 _at
228186_s_at

239578_at
239183_at

238009 _at

203343_at

GPR30
TIP2

ARHGAPS
EMP2

ECHDC2
CD48

G protein-coupled receptor 30
tight junction protein 2 (zona
occludens 2)

Rho GTPase activating protein 5
epithelial membrane protein 2
enoyl Coenzyme A hydratase
domain containing 2
CD48 molecule /// CD48 molecule

GABBR1/// gamma-aminobutyric acid (GABA)

UBD
DUSP2

CD3D
MYO15B

C9orfo4

CIITA

FLI34048
PRDMS5
BMP2K

PIK3CD

LOC339483

LTBP4

KLRB1

LOC644053

FBLN1

MDFIC

TUBAL3
RSPO3

TANC1
ANGPTL1

UGDH

B receptor, 1 /// ubiquitin D
dual specificity phosphatase 2
CD3d molecule, delta (CD3-TCR
complex)
myosin XVB pseudogene
chromosome 9 open reading
frame 94
class Il, major histocompatibility
complex, transactivator
hypothetical protein FLI34048
PR domain containing 5
BMP2 inducible kinase
CDNA FLJ13569 fis, clone
PLACE1008369
phosphoinositide-3-kinase,
catalytic, delta polypeptide ///
phosphoinositide-3-k
hypothetical LOC339483
latent transforming growth factor
beta binding protein 4
killer cell lectin-like receptor
subfamily B, member 1 /// killer
cell lectin-li
hypothetical protein LOC644053
CDNA FLI36663 fis, clone
UTERU2002826
fibulin 1
MyoD family inhibitor domain
containing /// MyoD family
inhibitor domain contain
tubulin, alpha-like 3
R-spondin 3 homolog (Xenopus
laevis)
Tetratricopeptide repeat, ankyrin
repeat and coiled-coil containing 1
angiopoietin-like 1
Transcribed locus, strongly similar
to NP_00887-1.3 SRY (sex
determining region Y
UDP-glucose dehydrogenase

0.0006086
0.0006091

0.0006118
0.0006123

0.0006144
0.0006153
0.0006154
0.0006249
0.0006257

0.0006286
0.0006294

0.0006346

0.0006358

0.0006394
0.000644
0.0006475

0.0006492

0.0006513

0.0006524

0.0006552

0.0006553

0.0006555
0.000657
0.0006618

0.0006853

0.0006869
0.0006884

0.0006885
0.0006924

0.0006953

0.0006981

-3.42951
-4.01843

-3.17798
-3.96448

-2.61735
-3.35361
-4.07443
-3.30985
-2.38647

-2.72252
-4.03672

-2.03653

-2.31342

-3.74092
-2.23433
-2.41501

-3.69467

-2.70803

-2.45124

-4.66487

-3.83199

-2.03116
-2.748
-6.64054

-2.56525

-4.12989
-10.348

-2.00331
-2.65435

-2.7114

-2.48458
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228485 s _at
232017_at
212631_at

219911 s_at

224979_s_at
221599 at
226192_at

1553587_a_at

209821 _at
202734 _at

205878_at

202748_at

233540 _s_at
205755_at
235534_at

218154_at
213935_at

223597 _at
229589 x_at

219295 s_at
235432 _at

204735_at

213413 at
227850_x_at

235529 x_at

234339 _s_at
230379 _x_at
208614 _s_at

209869 _at

SLC44A1
TIP2
STX7

SLCO4A1

USP36

Cllorf67

POLE4

C9orf26

TRIP10

POUGF1

GBP2

CDK5RAP2
ITIH3

GSDMDC1
ABHD5

ITLN1

BIVM

PCOLCE2
NPHP3

PDE4A

STON1
CDCA42EPS

C200rf118

GLTSCR2
PRO1853
FLNB

ADRA2A

solute carrier family 44, member 1
tight junction protein 2 (zona
occludens 2)

Syntaxin 7
solute carrier organic anion
transporter family, member 4A1
ubiquitin specific peptidase 36
chromosome 11 open reading
frame 67
polymerase (DNA-directed),
epsilon 4 (p12 subunit)
chromosome 9 open reading
frame 26 (NF-HEV)
thyroid hormone receptor
interactor 10
POU domain, class 6, transcription
factor 1
guanylate binding protein 2,
interferon-inducible /// guanylate
binding protein
CDKS5 regulatory subunit
associated protein 2
inter-alpha (globulin) inhibitor H3
Homo sapiens, clone
IMAGE:5723825, mRNA
gasdermin domain containing 1
abhydrolase domain containing 5
intelectin 1 (galactofuranose
binding)

Basic, immunoglobulin-like
variable motif containing
procollagen C-endopeptidase
enhancer 2
nephronophthisis 3 (adolescent)
phosphodiesterase 4A, cAMP-
specific (phosphodiesterase E2
dunce homolog, Drosoph
stonin 1
CDC42 effector protein (Rho
GTPase binding) 5
Chromosome 20 open reading
frame 118
glioma tumor suppressor
candidate region gene 2
hypothetical protein PRO1853
filamin B, beta (actin binding
protein 278)
adrenergic, alpha-2A-, receptor
/// adrenergic, alpha-2A-,
receptor

0.0007001
0.0007095
0.0007113
0.0007165
0.0007171
0.0007172
0.0007181
0.0007181

0.0007221

0.0007222

0.0007279

0.0007306

0.0007318
0.0007378
0.00074

0.000744
0.0007444

0.0007459

0.0007515

0.0007526
0.0007565

0.0007649

0.0007676
0.000769

0.0007751

0.0007765
0.0007767
0.0007776

0.0007784

-2.93705
-4.97483
-2.08733
-2.69902
-2.0348
-2.04187
-5.15386
-2.89341

-4.90201

-2.70977

-2.4075

-3.59341

-3.05768
-2.06142
-2.81979

-2.06358
-2.06651

-3.01749

-3.02917

-7.78703
-2.28468

-2.80452

-3.58207
-3.46698

-2.90318

-2.62981
-2.4345
-2.89614

-11.6832
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210096_at
214293 at
201368_at
202657_s_at

204037_at
219729 _at
200696_s_at
228647 _at

205620 _at
231031_at

201369 _s_at

206978_at

215001_s_at

1561658 _at

201811 x_at
202864 s_at
225844 at

229531 at

205672_at
231969 _at

213260_at

211057_at

226521 s_at
232060 _at

223640_at

221223 _x_at
219291 at

CYP4B1
11-Sep
ZFP36L2
SERTAD2

EDG2 ///
LOC644923

PRRX2
GSN

NINJ2

F10
LOC441417

ZFP36L2

CCR2

GLUL

PPP2R2B

SH3BP5
SP100
POLE4

MCART6

XPA
STOX2

ROR1

CCDC98
ROR1

HCST

CISH
DTWD1

cytochrome P450, family 4,
subfamily B, polypeptide 1
Septin 11
zinc finger protein 36, C3H type-
like 2
SERTA domain containing 2
endothelial differentiation,
lysophosphatidic acid G-protein-
coupled receptor, 2
paired related homeobox 2
gelsolin (amyloidosis, Finnish
type)

Full-length cDNA clone
CSODL011YB19 of B cells (Ramos
cell line) Cot 25-normaliz
coagulation factor X
Hypothetical LOC441417
zinc finger protein 36, C3H type-
like 2
chemokine (C-C motif) receptor 2
/// chemokine (C-C motif)
receptor 2
glutamate-ammonia ligase
(glutamine synthetase)
Protein phosphatase 2 (formerly
2A), regulatory subunit B (PR 52),
beta isoform
SH3-domain binding protein 5
(BTK-associated)

SP100 nuclear antigen
polymerase (DNA-directed),
epsilon 4 (p12 subunit)
Mitochondrial carrier triple repeat
6
xeroderma pigmentosum,
complementation group A
storkhead box 2
CDNA FLJ11796 fis, clone
HEMBA1006158, highly similar to
Homo sapiens transcript
receptor tyrosine kinase-like
orphan receptor 1 /// receptor
tyrosine kinase-lik
coiled-coil domain containing 98
Receptor tyrosine kinase-like
orphan receptor 1
hematopoietic cell signal
transducer
cytokine inducible SH2-containing
protein
DTW domain containing 1

0.0007785
0.0007789
0.0007875
0.0007887

0.0008001

0.0008011

0.0008018

0.000803

0.0008066
0.0008074

0.0008157

0.0008214

0.0008259

0.0008263

0.0008266
0.0008289
0.0008315

0.0008334

0.0008406
0.0008505

0.000852

0.0008522

0.0008589
0.000874

0.0008773

0.0008809
0.000882

-19.3224
-2.45768
-3.10839
-2.29882

-5.13342

-2.01901

-3.99174

-2.35581

-2.68836
-4.3672

-3.98472

-4.4169

-2.4807

-2.82643

-2.72547
-2.42714
-2.51975

-2.2586

-2.09223
-3.78985

-2.69882

-2.39143

-2.42081
-6.62209

-2.36684

-2.05535
-2.23327
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209381_x_at

209285 s_at

228726_at
235459 _at

203973_s_at
202769_at

223502_s_at
227369_at
236184 _at

241981 at

225574 _at
200834_s_at

227063 _at
202966_at
201829 _at

205527 s_at

217546_at
244348_at

204237 _at
239277 _at
228869 _at

212637_s_at

202808_at
220206_at
209386_at

228949 at
209369 _at

204359 _at

31637_s_at

222756_s_at
213644 _at

210280 _at

SF3A2

C3orf63

CEBPD
CCNG2
TNFSF13B
SERBP1
ABCA9

FAM20A

RWDD4A
RPS21

Cl7orf61
CAPNG6
NET1

GEMIN4
MT1M

GULP1

SLIC1
WWP1

C10o0rf26
/MYM1
TMA4SF1

GPR177
ANXA3

FLRT2
THRA ///
NR1D1

ARRB1
CCDC46

MPZ

splicing factor 3a, subunit 2,
66kDa
chromosome 3 open reading
frame 63
Transcribed locus
CCAAT/enhancer binding protein
(C/EBP), delta
cyclin G2
tumor necrosis factor (ligand)
superfamily, member 13b
SERPINE1 mRNA binding protein 1
ATP-binding cassette, sub-family A
(ABC1), member 9
family with sequence similarity 20,
member A
RWD domain containing 4A
ribosomal protein S21
chromosome 17 open reading
frame 61
calpain 6
neuroepithelial cell transforming
gene 1
gem (nuclear organelle)
associated protein 4
metallothionein 1M
Transcribed locus
GULP, engulfment adaptor PTB
domain containing 1
Selectin ligand interactor
cytoplasmic-1
WW domain containing E3
ubiquitin protein ligase 1
chromosome 10 open reading
frame 26
zinc finger, MYM-type 1
transmembrane 4 L six family
member 1
G protein-coupled receptor 177
annexin A3
fibronectin leucine rich
transmembrane protein 2
thyroid hormone receptor, alpha
(erythroblastic leukemia viral (v-
erb-a) oncogen
arrestin, beta 1
coiled-coil domain containing 46
myelin protein zero (Charcot-
Marie-Tooth neuropathy 1B)

0.0008864

0.0008883

0.0008911
0.000892

0.0008951
0.0008971
0.0009087
0.0009151
0.0009216

0.0009254

0.0009269
0.0009313

0.0009373
0.0009419
0.0009431

0.0009506

0.0009615
0.0009647

0.0009783
0.0009812
0.0009831

0.0009913

0.0009985
0.0010004
0.0010189

0.0010242
0.0010258

0.0010289

0.0010335

0.0010364
0.0010375

0.0010385

-2.97915

-2.25701

-2.34504
-2.46101

-4.02051
-2.47664
-3.34507
-2.30449
-2.15858

-3.84989

-2.01045
-2.12169

-2.42174
-2.93445
-5.00892

-2.17782

20.4299
-2.07056

-3.28133
-2.45507
-2.83362

-2.64691

-2.12071
-2.28994
-2.43662

-2.64355
-5.0751

-11.8365

-2.41355

-2.68577
-2.31038

-5.32963

165



219511 s _at
227399 _at
201843 s_at
209263 _x_at
224970 _at
201305_x_at
219573 _at
229266_at
218943 s at

226878_at

226769 at
205907 _s_at
219471_at

205488_at

242532 _at
213340 _s_at
212653 s_at

208747 s_at
242524 at

1568609 s_at

224184 s_at
228718 at
226148 _at
235585_at

230168_at

synuclein, alpha interacting

SNCAIP protein (synphilin)
VGLL3 vestigial like 3 (Drosophila)
EEEMP1 EGF-containing f.lbulln-I|I.<e
extracellular matrix protein 1
TSPAN4 tetraspanin 4
NFIA nuclear factor I/A
acidic (leucine-rich) nuclear
ANP32B phosphoprotein 32 family,
member B
LRRC16 leucine rich repeat containing 16
LOC284033 hypothetical protein LOC284033
DDX58 DEAD (Asp—GIu—AIa-Asp) box
polypeptide 58
HLA.DOA  Major histocompatibility complex,
class I, DO alpha
similar to RIKEN cDNA
LOC387758 1110018M03
OMD osteomodulin
C130rf18 chromosome 13 open reading
frame 18
granzyme A (granzyme 1,
GZMA cytotoxic T-lymphocyte-associated
serine esterase 3) ///
KIAA0495 KIAA0495
EHBP1 EH domain binding protein 1
complement component 1, s
C1s
subcomponent
CBLN4 cerebellin 4 precursor
FAM91A2
/1]
FLI39739
/1]
LOC440685
/// family with sequence similarity 91,
LOC644642 member A2 /// FLI39739 protein
/1] /// hypotheti
LOCe44677
/1]
LOC645052
/1]
LOC653496
BOC Boc homolog (mouse)
ZNF44 zinc finger protein 44
BTBD15 BTB (POZ) domain containing 15

--- Transcribed locus
Transcribed locus, moderately
- similar to XP_531878.2
PREDICTED: similar to zinc

0.0010486
0.0010592
0.0010629
0.0010666
0.0010742
0.0010902
0.0010971
0.0011019
0.0011067

0.0011106

0.001115
0.0011156
0.0011186

0.0011227

0.001126
0.0011503
0.0011668

0.0011683
0.0011898

0.0012081

0.0012082
0.0012092
0.0012233
0.0012268

0.0012307

-2.28036
-6.24643
-12.6176
-2.45449
-3.21496
-2.28861
-2.19279
-3.23497
-3.00725

-2.54477

-8.39432
-17.721
-2.27264

-5.26062

-2.60337
-2.80645
-2.29889

-6.46047
-2.79566

-2.46934

-2.71498
-2.70253
-2.35811
-2.06826

-2.00718
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1553613 s_at  FOXC1
207016_s_at  ALDH1A2
209758 s_at  MFAPS

213915_at NKG7

1565639 a_at  PMP22

203799 _at CD302
203649 s_at  PLA2G2A
c3///
217767 at | 5653879
226634 at  LOC399818
239092_at ITGAS
OR2A20P
2222
03t OR2A9P
211339 _s_at ITK
204068_at STK3
209842 _at SOX10
205440 s_at  NPYIR
226506_at THSD4
237248 at  PDE11A
235749 at  UGCGL2
205992 s_at IL15
225946_at RASSF8
235778 s_at  ANKRD44
210665_at TEPI
236468_at
229511 at  SMARCE1
205267 at  POU2AF1
207191_s_at ISLR
221564_at PRMT2
234976_x_at  SLC4AS

forkhead box C1
aldehyde dehydrogenase 1 family,
member A2
microfibrillar associated protein 5
natural killer cell group 7
sequence
Peripheral myelin protein 22
CD302 molecule
phospholipase A2, group IIA
(platelets, synovial fluid)
complement component 3 ///
similar to Complement C3
precursor
similar to CG9643-PA
integrin, alpha 8
olfactory receptor, family 2,
subfamily A, member 20
pseudogene /// olfactory re
IL2-inducible T-cell kinase
serine/threonine kinase 3 (STE20
homolog, yeast)

SRY (sex determining region Y)-
box 10
neuropeptide Y receptor Y1
thrombospondin, type |, domain
containing 4
Phosphodiesterase 11A
UDP-glucose ceramide
glucosyltransferase-like 2
interleukin 15
Ras association (RalGDS/AF-6)
domain family 8
ankyrin repeat domain 44
tissue factor pathway inhibitor
(lipoprotein-associated
coagulation inhibitor)
CDNA FLJ37467 fis, clone
BRAWH2011920
SWI/SNF related, matrix
associated, actin dependent
regulator of chromatin, subf
POU domain, class 2, associating
factor 1
immunoglobulin superfamily
containing leucine-rich repeat
protein arginine
methyltransferase 2
Solute carrier family 4, sodium
bicarbonate cotransporter,
member 5

0.0012316
0.0012482
0.0012679
0.0012696

0.0012697
0.0012706

0.001275

0.0012836

0.001284
0.0012876

0.0012961

0.0012968
0.0013011

0.0013021
0.0013149
0.0013188
0.0013347
0.0013363
0.0013383
0.0013464
0.0013504

0.0013556

0.0013598

0.0013688

0.0013709

0.0013787

0.0013805

0.0014007

-5.86067
-5.00308
-18.2378
-2.23966

-3.78672
-3.10699

-37.3762

-11.6253

-2.53006
-2.68896

-2.54517

-2.25389
-2.2582

-6.81189
-7.11511
-2.52507
-4.46611
-2.50929
-3.29603
-3.01578
-2.02148

-4.73954

-2.18132

-2.13392

-4.13838

-3.64755

-2.0775

-3.49045
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235347 _at
235666_at
1552388 _at
224780 _at

209699 x_at

219093_at

201893 x_at
202995 _s_at
1405_j_at

219970 _at

209904_at
227273_at

206420_at

227188_at

235616_at

221922 _at
200965_s_at
220941 s_at

212419 at
214791 _at
242245 _at

201181 _at

211986_at
205981 s_at

1553338 _at

209169 _at
212764 _at

231867_at
206646_at
222685 _at

224325_at

1QCG

FLI30901
RBM17

AKR1C2

FLI20701

DCN
FBLN1
CCL5

GIPC2
TNNC1

IGSF6

C21lorf63

GPSM2
ABLIM1
C21orf91

C10o0rf56
LOC93349
SYDE2

GNAI3

AHNAK

ING2

Clorf55
GPM6B

0ODZ2

GLI1

FAM29A

FZD8

IQ motif containing G
hypothetical protein FLI30901
RNA binding motif protein 17
aldo-keto reductase family 1,

member C2 (dihydrodiol
dehydrogenase 2; bile acid
hypothetical protein FLI120701 ///
hypothetical protein FLI20701
decorin
fibulin 1
chemokine (C-C motif) ligand 5
GIPC PDZ domain containing
family, member 2
troponin C type 1 (slow)
Transcribed locus
immunoglobulin superfamily,
member 6
chromosome 21 open reading
frame 63
G-protein signalling modulator 2
(AGS3-like, C. elegans)
actin binding LIM protein 1
chromosome 21 open reading
frame 91
chromosome 10 open reading
frame 56
hypothetical protein BC004921
Synapse defective 1, Rho GTPase,
homolog 2 (C. elegans)
guanine nucleotide binding
protein (G protein), alpha
inhibiting activity polype

AHNAK nucleoprotein

(desmoyokin)
inhibitor of growth family,
member 2
chromosome 1 open reading
frame 55
glycoprotein M6B
odz, odd Oz/ten-m homolog 2
(Drosophila)
glioma-associated oncogene
homolog 1 (zinc finger protein)
family with sequence similarity 29,
member A
frizzled homolog 8 (Drosophila)
/// frizzled homolog 8

0.0014145

0.0014155

0.0014254
0.001428

0.0014371

0.0014593

0.0014681
0.0014721
0.0014753

0.001476

0.0014832
0.001487

0.001489

0.0014925
0.0015186
0.001522
0.0015274
0.0015275

0.0015332
0.0015394
0.0015444

0.0015499

0.0015502

0.0015508

0.0015574

0.0015701
0.0015793

0.00158

0.0015817

0.0016003

0.0016078

-2.59461
-7.49204

-3.16015
-2.1011

-5.18962

-6.35275

-3.1164
-10.1517
-4.27293

-3.31516

19.2048
-2.21515

-2.1559

-3.62802
-2.76104
-2.70846
-2.70931
-2.22386

-3.09613
-2.80842
-2.91091

-2.22426

-3.42821

-2.54334

-2.58677

-6.15389
-2.04028

-7.67784

-2.01899

-2.01834

-4.58615
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228006_at
222309_at
226822_at
213381_at

209763_at
206910_x_at
218002_s_at

223631 s_at
228195 _at
218816_at

227197 at

243880 _at

209827 _s_at
239262_at
217408_at
232298_at
231384 _at

214369 s_at

205141_at

205214 _at

224162 _s_at
218236_s_at

206049 _at
232568_at
230670_at

202054 s_at

238750 _at
235127 _at

214835 s_at

221609_s_at
205559 _s_at

Céorf62
STOX2
C100rf72

CHRDL1
CFHR2
CXCL14

C190rf33
MGC13057
LRRC1

SGEF

GOSR2

IL16
PRSS23
MRPS18B
LOC401093

RASGRP2

ANG ///
RNASE4
STK17B

FBXO31
PRKD3

SELP
MGC24103
IGSF10

ALDH3A2

PMP2
SUCLG2

WNT6
PCSK5

(Drosophila)
Chromosome 6 open reading
frame 62
storkhead box 2
Chromosome 10 open reading
frame 72
chordin-like 1
complement factor H-related 2
chemokine (C-X-C motif) ligand 14
chromosome 19 open reading
frame 33
Hypothetical protein MGC13057
leucine rich repeat containing 1
Src homology 3 domain-
containing guanine nucleotide
exchange factor
Golgi SNAP receptor complex
member 2
interleukin 16 (lymphocyte
chemoattractant factor)
Protease, serine, 23
mitochondrial ribosomal protein
S18B
hypothetical LOC401093
MRNA; cDNA DKFZp686F1745
(from clone DKFZp686F1745)
RAS guanyl releasing protein 2
(calcium and DAG-regulated)
angiogenin, ribonuclease, RNase A
family, 5 /// ribonuclease, RNase
A family, 4
serine/threonine kinase 17b
(apoptosis-inducing)

F-box protein 31
protein kinase D3
selectin P (granule membrane
protein 140kDa, antigen CD62)
hypothetical protein MGC24103
immunoglobulin superfamily,
member 10
aldehyde dehydrogenase 3 family,
member A2
peripheral myelin protein 2
succinate-CoA ligase, GDP-
forming, beta subunit
wingless-type MMTV integration
site family, member 6
proprotein convertase

0.0016205
0.0016215
0.001629
0.0016458

0.0016473
0.0016711
0.0016746

0.0016794
0.0016827
0.0016963

0.0016965

0.001697

0.0016992
0.0017024
0.0017246
0.0017257
0.0017306

0.0017337

0.0017342

0.0017419

0.0017612
0.0017629

0.0017632
0.0017762
0.0017777

0.001789

0.0018083
0.00181

0.0018157

0.0018159
0.0018161

-2.24753
-2.12783
-2.0795

-2.45008

-38.1872
-2.03887
-88.9855

-10.1485
-4.97771
-4.19989

-5.43337

-2.19054

-2.12848
-6.20611
-2.0501
-3.5423
-3.2173

-2.4117

-3.163

-3.17276

-2.08257
-2.29919

-5.83608
-7.7394
-3.55778

-2.36204

-2.11082
-7.64906

-2.02558

-2.68666
-4.75332

169



214783_s_at
242273_at
238482_at

228700_at

225407_at
219432_at

1561394 _s_at

242940 x_at
203586_s_at

232618_at

205858_at

209816_at
203845_at
237252_at

213931 _at

204948 _s_at
206464_at
230800_at
230866_at
209879 _at
228238 _at

205904_at
235305_s_at

228372_at

202638_s_at

205225 _at
209340_at
223754 _at
223395_at

218087_s_at

211673_s_at

1557116 _at
235846_at

subtilisin/kexin type 5

ANXA11 annexin A1l
--- Transcribed locus
KLF7 Kruppel-like factor 7 (ubiquitous)
CDNA FLJ11567 fis, clone
HEMBA1003276
MBP myelin basic protein
EVC Ellis van Creveld syndrome
RP5- .
1054A22 3 KIAA1755 protein
DLX6 distal-less homeobox 6
ARL4D ADP-ribosylation factor-like 4D
chromosome Y open reading
CYorfl5A frame 15A
NGER nerve growth factor receptor
(TNFR superfamily, member 16)
PTCH patched homolog (Drosophila)
PCAF p300/CBP-associated factor
THBD thrombomodaulin

inhibitor of DNA binding 2,
ID2 ///1D2B  dominant negative helix-loop-
helix protein /// inhib

FST follistatin

BMX BMX non-receptor tyrosine kinase
ADCY4 adenylate cyclase 4
CYSLTR1 cysteinyl leukotriene receptor 1
SELPLG selectin P ligand

GAS5 growth arrest-specific 5

MICA MHC class | polypeptide-related

sequence A

enoyl Coenzyme A hydratase

ECHDC2 domain containing 2
C100rf128 chromosome 10 open reading
frame 128
intercellular adhesion molecule 1
ICAM1 (CD54), human rhinovirus
receptor
ESR1 estrogen receptor 1
UAP1 UDP-N-acteylglucosamine

pyrophosphorylase 1
MGC13057 hypothetical protein MGC13057
ABI gene family, member 3 (NESH)

BI3B
ABI3BP binding protein
SORBS1 sorbin and SH3 dfmaln containing
molybdenum cofactor synthesis 1
MOCS1 /// molybdenum cofactor
synthesis 1
APOL6 apolipoprotein L, 6

RAD54B RAD54 homolog B (S. cerevisiae)

0.0018322
0.0018357
0.0018367

0.0018446

0.0018482
0.0018523

0.0018616

0.0018618
0.0018697

0.0018709

0.001875

0.0018754
0.0018778
0.0018818

0.0018823

0.0018907
0.0018954
0.0018984
0.0019012
0.0019212
0.0019377

0.0019495

0.0019519

0.0019537

0.0019668

0.0019878
0.0020052
0.0020291
0.0020305

0.0020308

0.0020366

0.002041
0.0020583

-2.7269
-2.92246
-2.20375

-2.52378

-2.49545
-3.06306

-5.26751

-7.57649
-2.02628

-4.01428

-6.10931

-2.07166
-2.38464
-2.61235

-6.24304

-2.38578
-2.41355
-2.61362
-4.02357
-2.36882
-2.46528

-3.07404

-2.66604

-3.74183

-3.16764

-4.57138
-2.29902
-2.28391
-7.56507

-5.0405

-2.45746

-2.0237
-2.00106
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228143 _at
227646_at

211466_at
211981 _at

212379 at

211966_at
243835 _at

1553530_a_at

211980 _at
215222 x_at

1553678 a_at

211160_x_at
212365_at
AFFX-
HUMGAPDH/
M33197_5_at
216488 s_at

225009_at
201262_s_at
226035_at

200767_s_at

208905_at
201775_s_at
201750_s_at

208633_s_at

203590 _at

210338 s_at
226899 at

217543 s_at

214501_s_at
1554747 _a_at

201935_s_at
217398 x_at

NFIB
COL4A1

GART

COL4A2
ZDHHC21

ITGB1

COL4Al
MACF1

ITGB1

ACTN1
MYO1B

GAPDH
ATP11A
CMTM4
BGN
USP31

C9orf10

CYCS
KIAAO494
ECE1

MACF1

DYNC1LI2

HSPAS8
UNCSB

MBTPS1

H2AFY
02-Sep

EIF4G3
GAPDH

CDNA FLJ39389 fis, clone
PLACE6003621
nuclear factor I/B
collagen, type IV, alpha 1
phosphoribosylglycinamide
formyltransferase,
phosphoribosylglycinamide
synthetas
collagen, type IV, alpha 2
Zinc finger, DHHC-type containing
21
integrin, beta 1 (fibronectin
receptor, beta polypeptide,
antigen CD29 includes
collagen, type IV, alpha 1
microtubule-actin crosslinking
factor 1
integrin, beta 1 (fibronectin
receptor, beta polypeptide,
antigen CD29 includes
actinin, alpha 1
myosin IB

glyceraldehyde-3-phosphate
dehydrogenase

ATPase, Class VI, type 11A
CKLF-like MARVEL
transmembrane domain
containing 4
biglycan
ubiquitin specific peptidase 31
chromosome 9 open reading
frame 10
cytochrome ¢, somatic
KIAA0494
endothelin converting enzyme 1
microtubule-actin crosslinking
factor 1
dynein, cytoplasmic 1, light
intermediate chain 2
heat shock 70kDa protein 8
unc-5 homolog B (C. elegans)
membrane-bound transcription
factor peptidase, site 1
H2A histone family, member Y
septin 2
eukaryotic translation initiation
factor 4 gamma, 3
glyceraldehyde-3-phosphate

0.0020667
0.002074

0.0020811
1.80E-06

3.47E-06

3.88E-06
3.96E-06

6.10E-06

9.64E-06
1.10E-05

1.70E-05

1.87E-05
2.01E-05

2.06E-05

2.12E-05

2.14E-05

2.30E-05

2.32E-05

2.39E-05

2.45E-05
2.81E-05
3.05E-05

3.33E-05

3.43E-05

3.67E-05
3.73E-05

3.92E-05

3.93E-05
4.38E-05

4.55E-05
4.82E-05

-22.7232
-2.84623

-3.00593
7.58511

2.0723

15.4269
2.42228

10.9979

3.94661
3.00339

5.414

2.52598
3.93718

1-1.0726

2.04942

7.14164

8.63673

4.27723

2.06449

2.7992
2.47047
2.45156

3.27399

2.09105

7.21417
4.9772

3.87295

2.41098
6.31503

2.89852
2.48843
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214894 x_at

221503_s_at
214880 x_at
238406_x_at

209627_s_at
201742_x_at
AFFX-
HUMGAPDH/
M33197_M_a
t

223309 x_at

233559 s_at

226655_at

201242_s_at
206562_s_at
211968 _s_at

234331 _s_at
200778 s_at

200745_s_at

205567_at
214875 x_at
200806_s_at

226905_at

213100_at

208850_s_at
206075_s_at
208689_s_at
210840_s_at

MACF1

KPNA3
CALD1
SEZ6L2
OSBPL3

SFRS1

GAPDH
IPLA2(GAM
MA)

WDFY1

ATP1B1
CSNK1A1
HSP90AA1

02-Sep

GNB1

CHST1
APLP2
HSPD1

FAM101B

THY1
CSNK2A1
RPN2
IQGAP1

dehydrogenase
microtubule-actin crosslinking
factor 1
karyopherin alpha 3 (importin
alpha 4)
caldesmon 1
Seizure related 6 homolog
(mouse)-like 2
oxysterol binding protein-like 3
splicing factor, arginine/serine-
rich 1 (splicing factor 2, alternate
splicing f

glyceraldehyde-3-phosphate
dehydrogenase

intracellular membrane-
associated calcium-independent
phospholipase A2 gamma
WD repeat and FYVE domain
containing 1
Full-length cDNA clone
CSODBO009YL20 of Neuroblastoma
Cot 10-normalized of Homo s
ATPase, Na+/K+ transporting, beta
1 polypeptide
casein kinase 1, alpha 1
heat shock protein 90kDa alpha
(cytosolic), class A member 1
septin 2
guanine nucleotide binding
protein (G protein), beta
polypeptide 1
carbohydrate (keratan sulfate Gal-
6) sulfotransferase 1
amyloid beta (A4) precursor-like
protein 2
heat shock 60kDa protein 1
(chaperonin)
family with sequence similarity
101, member B
Full-length cDNA clone
CLOBB018ZEO07 of Neuroblastoma
of Homo sapiens (human)
Thy-1 cell surface antigen
casein kinase 2, alpha 1
polypeptide
ribophorin Il
IQ motif containing GTPase
activating protein 1

5.05E-05

5.79E-05
5.92E-05
5.95E-05
6.25E-05

7.03E-05

7.18E-05

7.19E-05

7.54E-05

8.32E-05

9.22E-05
9.62E-05
9.79E-05

9.80E-05
9.82E-05

0.0001001

0.0001106

0.0001116

0.0001127

0.0001153

0.0001155

0.0001161
0.0001245
0.0001253
0.0001271

2.06152

3.43548
2.36418
2.29313
4.52783

7.44376

3.05921

3.08419

2.87671

2.22277

12.521
4.10283
7.55918

4.60447
3.3532

3.30664

3.55874

2.34729

6.72247

3.69839

3.7893

7.05621
2.52702
2.55818
2.36919
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213887 _s_at
226450_at

211536_x_at

212951 _at
208637_x_at

211555_s_at
200598 _s_at

1555778 a_at

200604 _s_at

202205_at

201104 x_at

201523 x_at

224335 _s_at

200641 s_at

230191_at
221551 x_at

AFFX-
HSAC07/X003
51 5_at
227432 _s_at

201070_x_at
201815 s_at
208744 _x_at

225042_s_at

208750 _s_at
212720 _at

POLR2E

MAP3K7

GPR116
ACTN1

GUCY1B3
HSP90B1

POSTN

PRKAR1A

VASP

NBPF14 ///
KIAA1245
/// NBPF11
/// NBPF15
/// NBPF9
/// NBPF16

UBE2N

BACE1

YWHAZ

TTBK1

ST6GALNAC

4

ACTB

ZNF557
SF3B1
TBC1D5
HSPH1

Cl120rf22

ARF1
PAPOLA

polymerase (RNA) Il (DNA
directed) polypeptide E, 25kDa
MRNA full length insert cDNA
clone EUROIMAGE 926491
mitogen-activated protein kinase
kinase kinase 7
G protein-coupled receptor 116
actinin, alpha 1
guanylate cyclase 1, soluble, beta
3
heat shock protein 90kDa beta
(Grp94), member 1
periostin, osteoblast specific
factor
protein kinase, cCAMP-dependent,
regulatory, type |, alpha (tissue
specific extin
vasodilator-stimulated
phosphoprotein

neuroblastoma breakpoint family,
member 14 /// KIAA1245 ///
neuroblastoma breakp

ubiquitin-conjugating enzyme E2N
(UBC13 homolog, yeast)
beta-site APP-cleaving enzyme 1
/// beta-site APP-cleaving enzyme
1
tyrosine 3-
monooxygenase/tryptophan 5-
monooxygenase activation
protein, zeta pol
tau tubulin kinase 1
ST6 (alpha-N-acetyl-neuraminyl-
2,3-beta-galactosyl-1,3)-N-
acetylgalactosaminide

actin, beta

zinc finger protein 557
splicing factor 3b, subunit 1,
155kDa
TBC1 domain family, member 5
heat shock 105kDa/110kDa
protein 1
chromosome 12 open reading
frame 22
ADP-ribosylation factor 1
poly(A) polymerase alpha

0.0001317

0.0001328

0.0001387

0.000139
0.0001396

0.0001483

0.0001546

0.0001551

0.0001593

0.0001613

0.0001627

0.0001639

0.0001644

0.0001668

0.0001703

0.0001705

0.0001716

0.0001737
0.0001739
0.0001748
0.0001798

0.0001822

0.0001847
0.0001881

4.46817

3.91402

3.06338

4.32137
3.19806

4.60969

1-1.0704

15.9949

4.60491

3.13762

2.54977

3.14432

2.23151

8.63171

2.07231

2.69364

10.5999

4.15082
3.36481
2.14124
6.47781

2.29579

9.15465
6.42831
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227256_at
203989 x_at

217140_s_at
224829 at

212581 x_at

222979 s_at
211964 _at

206574 s_at

1555948 _s_at

212746 _s_at
208661_s_at
233874 _at
209301_at

208899 _x_at
1554482 a_at
211769 x_at

208734 _x_at
200617_at
213872_at

201096_s_at
224878_at
205572_at

1552610_a_at

1555326_a_at

219719 at
221473 x_at
222977 _at
211148 s_at

1557910_at
227032_at
220386_s_at
212340_at
204845_s_at
210337_s_at

USP31
F2R

VDAC1

CPEB4

GAPDH

SURF4
COL4A2

PTP4A3

C9orf10

CEP170
TTC3
KIAA1458
CA2

ATP6V1D

SAR1B

SERINC3

RAB2
KIAA0152
Céorf62

ARF4
UBPH
ANGPT2

JAK1

ADAMS9

HIGD1B
SERINC3
SURF4
ANGPT2

HSP90AB1
PLXNA2
EML4
YIPF6
ENPEP
ACLY

ubiquitin specific peptidase 31
coagulation factor Il (thrombin)
receptor
voltage-dependent anion channel
1
cytoplasmic polyadenylation
element binding protein 4
glyceraldehyde-3-phosphate
dehydrogenase
surfeit 4
collagen, type IV, alpha 2
protein tyrosine phosphatase type
IVA, member 3
chromosome 9 open reading
frame 10
centrosomal protein 170kDa
tetratricopeptide repeat domain 3
KIAA1458 protein
carbonic anhydrase Il
ATPase, H+ transporting,
lysosomal 34kDa, V1 subunit D
SAR1 gene homolog B (S.
cerevisiae)
serine incorporator 3 /// serine
incorporator 3
RAB2, member RAS oncogene
family
KIAA0152
Chromosome 6 open reading
frame 62
ADP-ribosylation factor 4
ubiquitin-binding protein homolog
angiopoietin 2
Janus kinase 1 (a protein tyrosine
kinase)

ADAM metallopeptidase domain 9
(meltrin gamma)

HIG1 domain family, member 1B
serine incorporator 3
surfeit 4
angiopoietin 2
heat shock protein 90kDa alpha
(cytosolic), class B member 1
plexin A2
echinoderm microtubule
associated protein like 4
Yip1l domain family, member 6
glutamyl aminopeptidase
(aminopeptidase A)

ATP citrate lyase

0.0001909
0.0001912

0.0001919

0.0001922

0.0001977

0.0001999
0.0002035

0.0002055

0.0002061

0.0002118
0.000213
0.0002307
0.0002315

0.0002346

0.0002346

0.0002441

0.0002507
0.0002569
0.0002597

0.0002635
0.000265
0.0002663

0.0002685

0.0002691

0.0002819
0.0002844
0.0002916
0.0002938

0.0002967
0.0003077
0.0003127
0.0003149
0.0003155
0.0003288

2.61424
4.72007

4.70181

6.74652

2.20585

2.7708
2.89101

5.95556

4.86085

2.40287
5.23826
2.49331
13.0763

3.26931

3.90991

4.14696

2.77401
2.59341
16.1528

2.77049
2.11939
9.14865

5.48717

3.7013

4.49136
3.38519
2.74524
10.9758

28.3975
3.10371
2.51562
2.03195
8.58982
3.3898
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membrane interacting protein of
RGS16
chromosome 1 open reading
frame 63
ARP3 actin-related protein 3
homolog (yeast)
tyrosine 3-
monooxygenase/tryptophan 5-
monooxygenase activation
protein, zeta pol

202593 _s_at MIR16
209006_s_at Clorfe3

200996_at ACTR3

200640_at YWHAZ

204247 s_at CDK5 cyclin-dependent kinase 5
procollagen-proline, 2-
1564494 s at P4HB oxoglutarate 4-dioxygenase
(proline 4-hydroxylase), beta
AFFX-
HSAC07/X003 ACTB actin, beta
51 M_at

protein phosphatase 2 (formerly
200695 _at PPP2R1A  2A), regulatory subunit A (PR 65),
alpha isoform
214726 x_at ADD1 adducin 1 (alpha)
1555725 _a_at RGS5 regulator of G-protein signalling 5
tumor necrosis factor receptor
superfamily, member 12A
hydroxyacyl-Coenzyme A
dehydrogenase/3-ketoacyl-
Coenzyme A thiolase/enoyl-
Coenzy
Full-length cDNA clone
41856_at CLOBBO018ZEO07 of Neuroblastoma
of Homo sapiens (human)
polypyrimidine tract binding
protein 1
phospholipase D family, member
3
Yip1 domain family, member 5 ///
Yip1l domain family, member 5
POM121 membrane glycoprotein

218368_s_at TNFRSF12A

208629 s_at  HADHA

212016_s_at  PTBP1
201050_at PLD3

221423 s at YIPF5

212178 s_at 7_82214202/1/8/ (rat) /// nuclear envelope pore
membrane LOC340318
CSNK2A1 casein kinase 2, alpha 1

212073 _at /// polypeptide /// casein kinase 2,
CSNK2A1P alpha 1 polypeptide ps

cofactor required for Sp1
223947 _s_at CRSP3 transcriptional activation, subunit

3, 130kDa
1557067_s_at LUC7L LUC7-like (S. cerevisiae)
217294 s_at ENO1 enolase 1, (alpha)

230333 at SAT Spermidine/spermine N1-
- acetyltransferase
213453 x_at GAPDH glyceraldehyde-3-phosphate

0.0003308

0.0003324

0.0003348

0.0003351

0.0003356

0.0003362

0.0003386

0.0003386

0.0003391
0.0003426

0.0003427

0.0003468

0.0003469

0.0003475

0.0003499

0.0003533

0.0003545

0.0003639

0.0003724
0.0003807
0.0003856
0.000391
0.0004146

4.2864

3.8485

2.14627

2.6028

3.70315

10.2789

4.00569

2.83395

2.91267
24.2887

2.61572

3.4081

2.16875

2.75924

7.85503

5.08598

3.47912

2.98145

2.05636
2.68502
13.4984
1-1.4996
2.24132
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203007 x_at
201444 _s_at

204339 _s_at
213901 x_at
208687 _x_at
209086_x_at
1552612_at
224730_at

201946_s_at
200753 _x_at

211504 x_at

208867_s_at
1566968 _at

225551 at

235668_at

211936_at

200787_s_at
223921 s_at

223202_s_at

227338 _at

213875 _x_at

1555730_a_at
202206_at

222395 _s_at

209070_s_at
204338_s_at

229733 s_at

217799 x_at

225906_at
202955_s_at

dehydrogenase

LYPLA1 lysophospholipase |
ATPGAP2 ATPase, H+ transportmg,
lysosomal accessory protein 2
RGS4 regulator of G-protein signalling 4
RBM9 RNA binding motif protein 9
HSPAS8 heat shock 70kDa protein 8
MCAM melanoma cell adhesion molecule
CDC42SE2 CDC42 small effector 2
WDR68 WD repeat domain 68
ccT2 chaperonin c.ontamlng TCP1,
subunit 2 (beta)
SFRS2 splicing factor., arginine/serine-
rich 2
ROCK2 Rho-a.ss‘ouated, F0|I§d—c0|l
containing protein kinase 2
CSNK1A1 casein kinase 1, alpha 1
SPRY4 Sprouty homolog 4 (Drosophila)
Clorf71 chromosome 1 open reading
frame 71
PRDM1 PR domain contaln!ng 1, with ZNF
domain
heat shock 70kDa protein 5
HSPAS (glucose-regulated protein,
78kDa)
PEALS phosphoprotein enriched in
astrocytes 15
GBA2 glucosidase, beta (bile acid) 2
RP13- . .
hypothetical protein FLI22679 ///
360B22.2 e . .
1/ similar to hypothetical protein
LOC653522 FLI22679
hypothetical gene supported by
LOC440983 BCO66916
C6orf62 chromosome 6 open reading
frame 62
CFL1 cofilin 1 (non-muscle)
ARL4C ADP-ribosylation factor-like 4C
UBE2Z ublqwtln-conjugat'lng enzyme E27Z
(putative)
RGS5 regulator of G-protein signalling 5
RGS4 regulator of G-protein signalling 4
Transcribed locus, strongly similar
- to NP_055107.3 chromobox
homolog 6 [Homo sap
ubiquitin-conjugating enzyme E2H
UBE2H (UBC8 homolog, yeast)
CDNA FLJ38264 fis, clone
FCBBF3001657
ARFGEF1 ADP-ribosylation factor guanine

0.0004212
0.0004222

0.000426
0.00044
0.0004437
0.0004469
0.0004514
0.0004578

0.0004685

0.0004729

0.0004763

0.0004763
0.0004772

0.0004803

0.0004824

0.0004846

0.0004903
0.0004978

0.0005003

0.0005251

0.0005302

0.0005382
0.0005437

0.0005498

0.0005533
0.000561

0.0005686

0.000569

0.0005719
0.0005845

3.44711
4.17677

19.5557
4.31143
2.44268
2.94183
2.06976
3.28628

5.83571

2.47772

2.78067

3.72763
4.1109

3.24052

2.35987

2.18501

5.35518
2.15062

2.63901

2.31401

3.2757

4.65044
8.26974

2.20623

1-1.1401
33.795

6.96826

2.20441

2.07811
2.62306
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200665_s_at

217356_s_at
210869 s_at
209251 x_at

211750 x_at
209231_s_at

207431 s_at

1555618_s_at

223585_x_at
212979 s_at

220342_x_at

226400_at
224396_s_at
220202_s_at

208721 _s_at

201475 _x_at
203248_at

214305_s_at
220477 _s_at
224828 at

200769_s_at
217301 _x_at
201392 _s_at

209652 s_at

208453 _s_at
218178 _s_at
208051 s_at

nucleotide-exchange factor
1(brefeldin A-inhibit
secreted protein, acidic, cysteine-

SPARC rich (osteonectin) /// secreted
protein, acid
PGK1 phosphoglycerate kinase 1
MCAM melanoma cell adhesion molecule
TUBAG6 tubulin, alpha 6
TUBAG tubulin, alpha Gé//tubulm,alpha
DCTN5S dynactin 5 (p25)
degenerative spermatocyte
DEGS1 homolog 1, lipid desaturase
(Drosophila)
SAEL SUMO-1 actlva'Flng enzyme
subunit 1
KBTBD2 kelch rep.eat and BTB (POZ)
domain containing 2
KIAA0738 KIAAQ738 gene product
onyy o
LOC653815 o P
similar to chromosome 1 op
Cell division cycle 42 (GTP binding
DC42
cbc protein, 25kDa)
asporin (LRR class 1) /// asporin
ASPN
S (LRR class 1)
MNAB membr'ane. assoaatgd DNA
binding protein
ANAPCS anaphase promqtmg complex
subunit 5
MARS methionine-tRNA synthetase
ZNF24 zinc finger protein 24
splicing factor 3b, subunit 1,
SF3B1 155kDa
C200rf30 chromosome 20 open reading
frame 30
CPEBA4 cytoplasmlc‘ po'lyadenylr—j\tlon
element binding protein 4
MAT2A methionine adenosyltransferase
I, alpha
RBBP4 retinoblastoma binding protein 4
IGE2R insulin-like growth factor 2
receptor
placental growth factor, vascular
PGF endothelial growth factor-related
protein
X-prolyl aminopeptidase
EP1
XPNPEP (aminopeptidase P) 1, soluble
CHMP1B chromatin modifying protein 1B
PAIPL poly(A) binding protein interacting

protein 1

0.0005849

0.0005973
0.0005991
0.0006048

0.0006066
0.0006276

0.0006334

0.0006341

0.000635
0.0006362

0.0006387

0.0006601

0.0006638

0.0006676

0.0006717

0.0006737
0.0006861

0.0006866

0.0006912

0.0006919

0.0006935
0.0006961
0.0006986

0.0007058

0.0007085
0.000711
0.0007212

2.19663

4.41858
3.58489
2.06274

2.07734
2.48656

3.48693

3.22436

4.3777
4.74185

2.84876

2.51893

7.24602

3.08897

3.69616

2.18332
2.22304

2.91606

4.54177

4.53682

3.70802
2.15393
3.75923

3.0292

2.84172
2.09058
3.30622
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207791_s_at

209064_x_at

202877_s_at
225240 _s_at
202998 s_at
222831 at
222810 _s_at

1555419 a_at

218888 _s_at
211858 x_at

202143 s_at

201979 s_at

230884 _s_at

201127 s_at
214359 s_at

216883 _x_at

1554574 _a_at

200656_s_at

1555226_s_at

200607_s_at
200966_x_at

221039 s_at
211016_x_at
233487_s_at

1566303_s_at
224982 _at
201243 s_at

214548 x_at
225127 _at

221507_at

RAB1A

PAIP1

CD93

MSI2

LOXL2
SAP30L
RASAL2

ASAH1

NETO2
GNAS

COPS8

PPP5C

SPG7

ACLY
HSP90AB1

PDE6D
CYB5R3

P4HB

Clorf4d3

RAD21
ALDOA

DDEF1
HSPA4
LRRC8A

PPP1R11
AKT1S1
ATP1B1

GNAS
GPR178

TNPO2

RAB1A, member RAS oncogene
family
poly(A) binding protein interacting
protein 1
CD93 molecule /// CD93 molecule
musashi homolog 2 (Drosophila)
lysyl oxidase-like 2
SAP30-like
RAS protein activator like 2
N-acylsphingosine
amidohydrolase (acid ceramidase)
1
neuropilin (NRP) and tolloid (TLL)-
like 2
GNAS complex locus
COP9 constitutive
photomorphogenic homolog
subunit 8 (Arabidopsis)
protein phosphatase 5, catalytic
subunit
spastic paraplegia 7, paraplegin
(pure and complicated autosomal
recessive)
ATP citrate lyase
heat shock protein 90kDa alpha
(cytosolic), class B member 1
phosphodiesterase 6D, cGMP-
specific, rod, delta
cytochrome b5 reductase 3
procollagen-proline, 2-
oxoglutarate 4-dioxygenase
(proline 4-hydroxylase), beta
chromosome 1 open reading
frame 43
RAD21 homolog (S. pombe)
aldolase A, fructose-bisphosphate
development and differentiation
enhancing factor 1
heat shock 70kDa protein 4
leucine rich repeat containing 8
family, member A
protein phosphatase 1, regulatory
(inhibitor) subunit 11
AKT1 substrate 1 (proline-rich)
ATPase, Na+/K+ transporting, beta
1 polypeptide
GNAS complex locus
G protein-coupled receptor 178
transportin 2 (importin 3,
karyopherin beta 2b)

0.0007257

0.0007267

0.0007308
0.0007373
0.0007411
0.0007474
0.0007636

0.0007638

0.000775
0.0007874

0.0008282

0.000831

0.0008407

0.0008441
0.0008574

0.0008735
0.0008869

0.0008976

0.0009027

0.0009034
0.0009044

0.0009067
0.0009203
0.0009234

0.0009283
0.0009285
0.0009312

0.0009326
0.0009402

0.0009484

3.64797

3.19553

3.72188
2.57268
4.85957
2.0565
2.74103

3.06253

3.89666
3.44935

4.47639

2.26207

3.75125

2.06594
4.34822

2.20674
5.27572

3.88938

5.09049

4.8113
2.60326

3.05927
2.68684
2.37013

3.16014
3.31242
4.3268

3.68635
2.59268

3.00608
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214228 x_at

221267 _s_at

201364 _s_at

208684 _at
201869_s_at
202374 s_at
207821_s_at

1555945 s _at

222399 s_at

213011 s_at
218748 s_at

218876_at
208813_at
1555388 s at

211668 s_at

225070_at
201446_s_at

226216_at

210978 s_at
213423 x_at

224612 s_at
212075_s_at

221810 _at
200842_s_at
211574 s_at

223189 x_at

212950 at
207549 x_at

TNFRSF4

FAM108A1

OAZ2

COPA
TBL1X
RAB3GAP2
PTK2
C9orf10

TMOSF3

TPI1
EXOC5

CGI-38

GOT1

SNX25

PLAU

C6orf68

TIA1

TAGLN?2
TUSC3

DNAIJCS

CSNK2A1

RAB15
EPRS
CD46

MLL5

GPR116
CD46

tumor necrosis factor receptor
superfamily, member 4
family with sequence similarity
108, member Al /// family with
sequence similari
ornithine decarboxylase antizyme
2
coatomer protein complex,
subunit alpha
transducin (beta)-like 1X-linked
RAB3 GTPase activating protein
subunit 2 (non-catalytic)
PTK2 protein tyrosine kinase 2
chromosome 9 open reading
frame 10
transmembrane 9 superfamily
member 3
triosephosphate isomerase 1
exocyst complex component 5
brain specific protein /// brain
specific protein
glutamic-oxaloacetic transaminase
1, soluble (aspartate
aminotransferase 1)
sorting nexin 25
plasminogen activator, urokinase
/// plasminogen activator,
urokinase
Chromosome 6 open reading
frame 68
TIA1 cytotoxic granule-associated
RNA binding protein
CDNA: FLJ21874 fis, clone
HEP02488
transgelin 2
tumor suppressor candidate 3
Dnal (Hsp40) homolog, subfamily
C, member 5
casein kinase 2, alpha 1
polypeptide
RAB15, member RAS onocogene
family
glutamyl-prolyl-tRNA synthetase
CD46 molecule, complement
regulatory protein
myeloid/lymphoid or mixed-
lineage leukemia 5 (trithorax
homolog, Drosophila)
G protein-coupled receptor 116
CD46 molecule, complement
regulatory protein

0.0009549

0.0009587

0.0009602

0.0009606
0.0009717
0.0009833
0.0009841
0.0009859

0.0009921

0.0009937
0.0009976

0.0009982

0.0010045

0.0010064

0.0010121

0.001013

0.0010188

0.0010249

0.0010312
0.0010323

0.0010403

0.0010556

0.0010618
0.0010626
0.0010673

0.0010758

0.0010866
0.0010867

2.98778

2.15818

2.76547

2.2011
3.22866
2.50742

2.539
2.36915

2.37402

2.12129
4.99435

3.16721

2.97521

2.29133

4.33147

2.64455

2.55723

3.3957

3.50596
4.5595

2.47486

2.45277

2.23836
3.03177
5.54549

3.682

3.22492
6.10355
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218260 _at
208737_at

224573 _at

1554462_a_at

200731_s_at

201322 _at

204426_at

210638_s_at
201452_at

200852 _x_at
212216_at

214119 s_at
206448 _at

202874 s_at

201411 s_at

213594 x_at
209626_s_at
222518 at

205056_s_at
203048 s_at

1554577 _a_at

227364 _at
202154 _x_at

217717 s_at

215952 s at

204427 s_at

DDA1
ATP6V1G1

MGC71993

DNAJB9S

PTP4A1

ATPS5B

TMED2

FBXO9
RHEB

GNB2

PREPL
FKBP1A
ZNF365

ATP6V1C1

PLEKHB2

FUSIP1 ///
LOC642558

OSBPL3
ARFGEF2

GPR162
KIAAO0372

PSMD10

TUBB3

YWHAB

OAZ1

TMED2

DDAl
ATPase, H+ transporting,
lysosomal 13kDa, V1 subunit G1
similar to DNA segment, Chr 11,
Brigham & Womens Genetics
0434 expressed
Dnal (Hsp40) homolog, subfamily
B, member 9
protein tyrosine phosphatase type
IVA, member 1
ATP synthase, H+ transporting,
mitochondrial F1 complex, beta
polypeptide
transmembrane emp24 domain
trafficking protein 2
F-box protein 9
Ras homolog enriched in brain
guanine nucleotide binding
protein (G protein), beta
polypeptide 2
prolyl endopeptidase-like
FK506 binding protein 1A, 12kDa
zinc finger protein 365
ATPase, H+ transporting,
lysosomal 42kDa, V1 subunit C1
pleckstrin homology domain
containing, family B (evectins)
member 2
FUS interacting protein
(serine/arginine-rich) 1 /// similar
to FUS interacting
oxysterol binding protein-like 3
ADP-ribosylation factor guanine
nucleotide-exchange factor 2
(brefeldin A-inhibi
G protein-coupled receptor 162
KIAA0372
proteasome (prosome,
macropain) 26S subunit, non-
ATPase, 10
tubulin, beta 3
tyrosine 3-
monooxygenase/tryptophan 5-
monooxygenase activation
protein, beta pol
ornithine decarboxylase antizyme
1
transmembrane emp24 domain
trafficking protein 2

0.001097
0.0011029

0.0011117

0.0011126

0.0011225

0.0011314

0.0011316

0.0011326
0.0011436

0.0011465

0.0011581

0.0011663
0.0011696

0.0011711

0.001186

0.0011938

0.001204

0.0012122

0.0012171
0.0012187

0.0012337

0.0012372
0.0012404

0.001252

0.0012593

0.001271

3.24781
3.2127

2.2845

3.89239

2.91614

2.01939

6.17

2.10918
2.13505

2.42684

4.55695

2.49447
8.0473

3.22782

3.87391

2.31479

2.53807

2.5171

2.6217
2.25368

3.63036

3.86482
2.0844

2.38885

2.60162

6.1382
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215714 s _at

208662_s_at
209228 _x_at

232079_s_at

201399 s_at
212065_s_at
216483 s_at

213476 _x_at
208654 _s_at
223057_s_at

1553535 _a_at

200751 _s_at

202024 _at
201856_s_at
222386 _s_at

218309_at

201309 x_at

201708 s_at
200822_x_at

230656_s_at
212273 x_at
208664 _s_at
209730 _at
208926_at
229192 s at
202027_at

225667_s_at
202008 s_at

1553694 _a_at

202079_s_at
201037_at
226310 _at

SMARCA4

TTC3
TUSC3

PVRL2 ///

LOC643722

TRAM1
USP34
C19orf10

TUBB3
CD164
XPO5
RANGAP1

HNRPC

ASNA1
ZFR
COPZ1

CAMK2N1

C5orf13

NIPSNAP1
TPI1

CIRH1A
GNAS
TTC3

SEMA3F
NEU1
TBCD

C22orf5

NID1
PIK3C2A

TRAK1
PFKP
RICTOR

SWI/SNF related, matrix
associated, actin dependent
regulator of chromatin, subf

tetratricopeptide repeat domain 3
tumor suppressor candidate 3
poliovirus receptor-related 2
(herpesvirus entry mediator B) ///
similar to Poli
translocation associated
membrane protein 1
ubiquitin specific peptidase 34
chromosome 19 open reading
frame 10
tubulin, beta 3
CD164 molecule, sialomucin
exportin 5
Ran GTPase activating protein 1
heterogeneous nuclear
ribonucleoprotein C (C1/C2)
arsA arsenite transporter, ATP-
binding, homolog 1 (bacterial)
zinc finger RNA binding protein
coatomer protein complex,
subunit zeta 1
calcium/calmodulin-dependent
protein kinase Il inhibitor 1
chromosome 5 open reading
frame 13
nipsnap homolog 1 (C. elegans)
triosephosphate isomerase 1
cirrhosis, autosomal recessive 1A
(cirhin)

GNAS complex locus
tetratricopeptide repeat domain 3
sema domain, immunoglobulin
domain (Ig), short basic domain,
secreted, (semaphor
sialidase 1 (lysosomal sialidase)
tubulin-specific chaperone d
chromosome 22 open reading
frame 5
nidogen 1
phosphoinositide-3-kinase, class
2, alpha polypeptide
trafficking protein, kinesin binding
1
phosphofructokinase, platelet
rapamycin-insensitive companion
of mTOR

0.0012718

0.0012904
0.0012986

0.0013161

0.0013236
0.0013248
0.001329

0.0013305
0.0013332
0.0013403
0.0013518

0.0013539

0.0013571
0.0013604
0.0013839

0.0013861

0.0013892

0.0013969
0.0014355

0.0014472
0.0014579
0.0014682
0.0014834
0.0014995
0.0015114
0.0015162

0.0015194
0.0015197

0.0015237

0.0015279
0.0015306
0.0015459

2.12326

2.83208
4.66022

2.39125

3.3991
3.84788
2.93726

2.28862
2.50733
2.071
2.7276

3.60369

2.52099
3.19562
2.34248

3.06383

6.09148

2.23642
2.01854

2.61503
3.20735
4.79977
2.07692
2.13937
2.33804
2.01596

4.21611
3.76103

4.32404

2.31786
2.6478
2.37113
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217831 s_at
222155 s_at

207379_at

200954_at
220203_at
205801 _s_at

204395 s at

214870 _x_at

224693 _at
202768_at
202301_s_at

229033_s_at
201015_s_at

238543 x_at

200008_s_at

200605_s_at

1555780_a_at

226876_at

208852_s_at
200780_x_at

228116_at
224998_at

200756_x_at
211913 s_at

NSFL1C
GPR172A

EDIL3

ATP6EVOC
BMPS8A
RASGRP3

GRK5

NPIP ///
LOC23117

/11
LOC339047

/11
LOC440341

/11
LOC642778

/11
LOC642799

C200rf108
FOSB
FLJ11021

MuUM1
JUP

MDGA1

GDI2

PRKAR1A

RHEB
FAM101B

CANX
GNAS

CMTM4

CALU
MERTK

NSFL1 (p97) cofactor (p47)

G protein-coupled receptor 172A
EGF-like repeats and discoidin I-
like domains 3
ATPase, H+ transporting,
lysosomal 16kDa, VO subunit c
bone morphogenetic protein 8a
RAS guanyl releasing protein 3
(calcium and DAG-regulated)

G protein-coupled receptor kinase

5

nuclear pore complex interacting
protein /// KIAA0220-like protein
/// hypotheti

chromosome 20 open reading
frame 108
FBJ murine osteosarcoma viral
oncogene homolog B
similar to splicing factor,
arginine/serine-rich 4
melanoma associated antigen
(mutated) 1
junction plakoglobin
MAM domain containing
glycosylphosphatidylinositol
anchor 1
GDP dissociation inhibitor 2 ///
GDP dissociation inhibitor 2
protein kinase, cCAMP-dependent,
regulatory, type |, alpha (tissue
specific extin
Ras homolog enriched in brain
family with sequence similarity
101, member B
calnexin
GNAS complex locus
Clone IMAGE:120162 mRNA
sequence
CKLF-like MARVEL
transmembrane domain
containing 4
calumenin
c-mer proto-oncogene tyrosine
kinase /// c-mer proto-oncogene

0.0015507
0.0015534

0.0015552

0.0015576
0.0015591
0.0015615

0.0015625

0.0015635

0.0015738

0.0015927

0.0015993

0.0016005
0.0016053

0.0016089

0.0016119

0.0016167

0.0016315
0.0016498

0.0016832
0.0016846

0.0016906

0.0016943

0.0016972
0.001702

2.26076
2.82663

2.46671

2.35231
2.11927
2.64912

2.17302

2.00404

2.02231

15.8256

2.24488

2.4918
2.13648

2.08219

3.96852

2.77309

2.24494
2.91055

2.50994
3.08187

3.60904

2.54739

2.63041
2.28284
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212041 _at

224787 s_at

217885 _at
226825_s_at

206491 s_at
201435 s_at
217716_s_at

211985 s _at

214687 _x_at
201251 _at

202654 _x_at
241682_at

200813_s_at

200729 _s_at

201167 _x_at

228030_at
208693_s_at

200900_s_at

200738 s_at
204463_s_at

201020 _at

202058 s_at

201663 _s_at

214846 _s_at
234941 s _at

209186_at

222693_at
225832 s_at
202773 _s_at

tyrosine kinase
ATPase, H+ transporting,

ATP6VOD1 lysosomal 38kDa, VO subunit d1
RAB1S RAB1S, member.RAS oncogene
family
IPO9 importin 9
TPARL TPA regulated locus

N-ethylmaleimide-sensitive factor

NAPA .
attachment protein, alpha
EIF4E eukaryotic translation initiation
factor 4E
SECE1A1 Sec61 alpha .1‘subun|t (S.
cerevisiae)
CALM1 calmodul‘m 1 (phosphorylase
kinase, delta)
ALDOA aldolase A, fructose-bisphosphate
PKM2 pyruvate kinase, muscle
membrane-associated ring finger
07-Mar (C3HC4) 7
KLHL23 kelch-like 23 (Drosophila)
platelet-activating factor
PAFAH1B1 acetylhydrolase, isoform Ib, alpha
subunit 45kDa
ACTR2 ARP2 actin-related protein 2
homolog (yeast)
Rho GDP dissociation inhibitor
ARHGDIA (GDI) alpha
Transcribed locus
GARS glycyl-tRNA synthetase
MGPR mannose-.6-phosphate receptor
(cation dependent)
PGK1 phosphoglycerate kinase 1
EDNRA endothelin receptor type A
tyrosine 3-
VWHAH monooxygenase/trypt.oph.an 5-
monooxygenase activation
protein, eta poly
KPNAL karyopherin alpha 1 (importin
alpha 5)
SMCALL SMC4 structural m:':nntenance of
chromosomes 4-like 1 (yeast)
ALPK3 alpha-kinase 3
GPHN gephyrin
ATP2A2 ATPase, Ca++ transpor'Flng, cardiac
muscle, slow twitch 2
ENDC3B fibronectin type [l domain
containing 3B
LOC221955 KCCR13L
SERSS splicing factor, arginine/serine-

rich 8 (suppressor-of-white-

0.0017028

0.0017065

0.001716
0.0017166

0.0017194

0.0017198

0.0017593

0.001764

0.0017726
0.0017878

0.0017944
0.00183

0.0018408

0.0018674

0.0018854

0.0018901
0.0018931

0.0019125

0.0019157
0.0019307

0.0019355

0.0019457

0.0019479

0.0019487
0.0019555

0.0019636

0.0019723
0.0019779
0.0019903

2.67106

2.62716

2.1855
4.116

2.67057

2.46427

2.00898

3.23467

2.30197
2.21983

3.02922
2.6171

2.83597

2.95505

2.86438

6.12459
2.26707

3.46704

2.10659
4.39973

2.68769

2.67286

2.4404

2.90276
2.94424

2.31056

2.74403
2.04543
2.08623
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apricot homolog, Dr
oculocerebrorenal syndrome of

208316_s_at OCRL 0.002 2.60805
- Lowe
222531 s at Cldorflog  Clromosome 14 openreading 0.002 2.40337
frame 108
1554167 a_at  GOLGA7 golgi autoantigen, golgin 0.0020075  3.40833
subfamily a, 7
213646 _x_at K-ALPHA-1 alpha tubulin 0.0020078 2.05214
217748 at  ADIPOR1 adiponectin receptor 1/// 0.0020087  2.29093
adiponectin receptor 1
2091625 at  PRPF4  'RP4pre-mRNAprocessingfactor 06160 334936
- 4 homolog (yeast)
FUSIPL /// . FUS |n.tetract|.ng proteln. .
210178 x_at (serine/arginine-rich) 1 /// similar ~ 0.002041 2.67528
LOC642558 . .
to FUS interacting
Full length insert cDNA clone
230913 _at - 7E12B03 0.0020447 4.97248
ubiquitin-conjugating enzyme E2,
21782 BE2J1 .002 .557
826_s_at UBE2J 11 (UBC6 homolog, yeast) 0.002053 3.5576
212639 x_at K-ALPHA-1 alpha tubulin 0.0020544 2.01119
203293 s_at LMAN1 lectin, mannose-binding, 1 0.0020593 2.79184
CDNA FLJ41270 fis, clone
228528 at - BRAMY2036387 0.0020786 5.56913
212162 at  KIDINS220 Kinase D-interacting substance of - )00y ) 5 57507
- 220 kDa
Suplemental Table S2
Probe ID Gene symbol David Gene Name
214091 _s_at gpX3 glutathione peroxidase 3 (plasma)
217871 _s_at LOC284889 hypothetical protein LOC284889
. insulin-like growth factor binding protein 2,
202718 _at igfbp2 36kDa
ATP-binding cassette, sub-family B
209993 at ABCB1 (MDR/TAP), member 1
203971_at SLC31AL solute carrier family 31 (copper
transporters), member 1
224151 s_at ak3 adenylate kinase 3
204623 at Tff3 trefoil factor 3 (intestinal)
eukaryotic translation initiation factor 2B,
218488 _at EIF2B3 subunit 3 gamma, 58kDa
200989_at HIF1A hypoxia inducible factor 1, alpha subunit

(basic helix-loop-helix transcription factor)
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211003_x_at

221523 s_at
205251 _at

210881 _s_at
210881 _s_at

210881_s_at

211258_s_at
209201 _x_at
202696_at
204298 _s_at

205193 _at

201248 s _at

207851 _s_at
221884 _at

210050_at

210050_at

201231 _s_at
1553995 a_at
210009_s_at
206245 _s_at
201650_at
202998 s_at

213700_s_at

213700_s_at

236227 _at
225022_at

211981 _at
200825 _s_at
207092_at
222846_at
211668 s at
200843_s_at

1555353 _at
1555271 _a_at

tgm2

Rragd
PER2

INS-IGF2
INS

IGF2

TGFA
CXCR4
OXSR1

lox

Maff

srebf2

INSR
MECOM

TPI1

TPI1P1

enol
NT5E
GOSR2
IVNS1ABP
JUP
loxI2

LOC652797

PKM2

TMEM161B
GOPC

Coldal
hyoul
LEP
RAB8B
PLAU
eprs

Irpl
TERT

transglutaminase 2 (C polypeptide, protein-
glutamine-gamma-glutamyltransferase)
Ras-related GTP binding D
period homolog 2 (Drosophila)
insulin-like growth factor 2 (somatomedin A);
insulin; INS-IGF2 readthrough transcript
insulin-like growth factor 2 (somatomedin A);
insulin; INS-IGF2 readthrough transcript
insulin-like growth factor 2 (somatomedin A);
insulin; INS-IGF2 readthrough transcript
transforming growth factor, alpha
chemokine (C-X-C motif) receptor 4
oxidative-stress responsive 1
lysyl oxidase
v-maf musculoaponeurotic fibrosarcoma
oncogene homolog F (avian)
sterol regulatory element binding
transcription factor 2
insulin receptor
ecotropic viral integration site 1
TPI1 pseudogene; triosephosphate isomerase
1
TPI1 pseudogene; triosephosphate isomerase
1
enolase 1, (alpha)
5'-nucleotidase, ecto (CD73)
golgi SNAP receptor complex member 2
influenza virus NS1A binding protein
junction plakoglobin
lysyl oxidase-like 2
similar to Pyruvate kinase, isozymes M1/M2
(Pyruvate kinase muscle isozyme) (Cytosolic
thyroid hormone-binding protein) (CTHBP)
(THBP1); pyruvate kinase, muscle
similar to Pyruvate kinase, isozymes M1/M2
(Pyruvate kinase muscle isozyme) (Cytosolic
thyroid hormone-binding protein) (CTHBP)
(THBP1); pyruvate kinase, muscle
transmembrane protein 161B
golgi associated PDZ and coiled-coil motif
containing
collagen, type IV, alpha 1
hypoxia up-regulated 1
leptin
RAB8B, member RAS oncogene family
plasminogen activator, urokinase
glutamyl-prolyl-tRNA synthetase
low density lipoprotein-related protein 1
(alpha-2-macroglobulin receptor)
telomerase reverse transcriptase
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214017_s_at
219526_at
208711_s_at
218625_at
203484 _at
213694_at
230161_at
219232 s_at
201037_at

202284 _s_at

209652_s_at
203282_at
206662_at

217047 _s_at

203578 s_at
205572_at
207623_at

1555938 x_at
201044 _x_at
217738_at
1563466_at
208131 _s_at
211964 _at

218525 _s_at

1554627 _a_at

213649_at

209193_at

212488_at
223738 s_at

212180 _at

202021 _x_at

202021 _x_at

201809 _s_at
218222 x_at

202499 s_at

1555758 _a_at
200697_at

DHX34
Cl4o0rf169
CCND1
NRN1
secblg
RSBN1
CD99
eglin3
pfkp
CDKN1A

PGF
GBE1
GLRX

Fam13a

SLC7A6
ANGPT2
ABCF2

VIM
DUSP1
NAMPT
MYLK
Ptgis
col4a2

Hiflan

ASCC1

sfrs7

Piml
Col5al
pgm2

CRKL

LOC730144

Eifl
ENG

ARNT

SLC2A3

CDKN3
HK1

DEAH (Asp-Glu-Ala-His) box polypeptide 34
chromosome 14 open reading frame 169
cyclin D1
neuritin 1
Sec61 gamma subunit
round spermatid basic protein 1
CD99 molecule
egl nine homolog 3 (C. elegans)
phosphofructokinase, platelet
cyclin-dependent kinase inhibitor 1A (p21,
Cipl)
placental growth factor
glucan (1,4-alpha-), branching enzyme 1
glutaredoxin (thioltransferase)
family with sequence similarity 13, member
A
solute carrier family 7 (cationic amino acid
transporter, y+ system), member 6
angiopoietin 2
ATP-binding cassette, sub-family F (GCN20),
member 2
vimentin
dual specificity phosphatase 1
nicotinamide phosphoribosyltransferase
myosin light chain kinase
prostaglandin 12 (prostacyclin) synthase
collagen, type IV, alpha 2
hypoxia inducible factor 1, alpha subunit
inhibitor
activating signal cointegrator 1 complex
subunit 1
splicing factor, arginine/serine-rich 7, 35kDa
pim-1 oncogene
collagen, type V, alpha 1
phosphoglucomutase 2
v-crk sarcoma virus CT10 oncogene homolog
(avian)-like
similar to eukaryotic translation initiation
factor 1; eukaryotic translation initiation
factor 1
similar to eukaryotic translation initiation
factor 1; eukaryotic translation initiation
factor 1
endoglin
aryl hydrocarbon receptor nuclear
translocator
solute carrier family 2 (facilitated glucose
transporter), member 3
cyclin-dependent kinase inhibitor 3
hexokinase 1
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211167_s_at
221479 s_at
214513 s_at

202690_s_at

202690_s_at
209101_at

222574 s at

222574 s_at

207785_s_at

214978 s_at

202022_at
223385_at

204179_at

227501 _at
201979_s_at
205581 s_at

206877_at
203692_s_at

220342_x_at

200650_s_at
204331 _s_at
213240 _s_at
202610_s_at
AFFX-

HUMGAPDH/M33197_3

_at
AFFX-

HUMGAPDH/M33197_3

_at
AFFX-

HUMGAPDH/M33197_3

_at
210735_s_at
205271 _s_at
203359 s_at
209080_x_at

gck
BNIP3L
CREB1

SNRPD1

LOC100129492

CTGF

LOC100134387

DHX40

Rbpj

Ppfiad

aldoc
Cyp2sl

MB
WSB1
pPPSC
NOS3
MXD1
E2F3

edem3

LdhA
mRpS12
Krt4
Med14

LOC100133042

GAPDH

GAPDHL6

cal2
CDK20
MYCBP

glrx3

glucokinase (hexokinase 4)
BCL2/adenovirus E1B 19kDa interacting
protein 3-like
cAMP responsive element binding protein 1
small nuclear ribonucleoprotein D1
polypeptide 16kDa; hypothetical protein
LOC100129492
small nuclear ribonucleoprotein D1
polypeptide 16kDa; hypothetical protein
LOC100129492
connective tissue growth factor
similar to DEAH (Asp-Glu-Ala-His) box
polypeptide 40; DEAH (Asp-Glu-Ala-His) box
polypeptide 40
similar to DEAH (Asp-Glu-Ala-His) box
polypeptide 40; DEAH (Asp-Glu-Ala-His) box
polypeptide 40
recombination signal binding protein for
immunoglobulin kappa J region
protein tyrosine phosphatase, receptor type,
f polypeptide (PTPRF), interacting protein
(liprin), alpha 4
aldolase C, fructose-bisphosphate
cytochrome P450, family 2, subfamily S,
polypeptide 1
myoglobin
WD repeat and SOCS box-containing 1
protein phosphatase 5, catalytic subunit
nitric oxide synthase 3 (endothelial cell)
MAX dimerization protein 1
E2F transcription factor 3
ER degradation enhancer, mannosidase
alpha-like 3
lactate dehydrogenase A
mitochondrial ribosomal protein S12
keratin 4
mediator complex subunit 14
glyceraldehyde-3-phosphate dehydrogenase-
like 6; hypothetical protein LOC100133042;
glyceraldehyde-3-phosphate dehydrogenase
glyceraldehyde-3-phosphate dehydrogenase-
like 6; hypothetical protein LOC100133042;
glyceraldehyde-3-phosphate dehydrogenase
glyceraldehyde-3-phosphate dehydrogenase-
like 6; hypothetical protein LOC100133042;
glyceraldehyde-3-phosphate dehydrogenase
carbonic anhydrase XlI
cell cycle related kinase
c-myc binding protein
glutaredoxin 3
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200827_at
229879_at
229879_at

229879_at

207257 _at
210037_s_at

217678 at
201968 s_at
201625 _s_at
202627 _s_at

203665_at
203438_at
227863 _at

212171 _x_at

202643 s_at
223333 s at
214063 _s_at

209430 _at

222033_s_at

1559227 s_at
1554420_at
203953 s_at

209709_s_at

237691 x_at
211559 s_at
202140 _s_at

1564084 _at
224314 s at
217356_s_at

202340 _x_at

219239 s_at
230126_s_at
202733_at
213931 at

PLOD1
KRT8P9
LOC149501

krt8

EPO
NOS2

SLC7A11
pgml
INSIG1
SERPINE1

hmox1
STC2
CTSD

VEGFA

TNFAIP3
ANGPTL4
TF

Btafl

FLT1

vhi
atf3
CLDN3

HMMR

ENO3
CCNG2
clk3

cad
eginl
PGK1

NR4A1l

ZNF654

KDM4B

P4HA2
ID2

procollagen-lysine 1, 2-oxoglutarate 5-
dioxygenase 1
keratin 8 pseudogene 9; similar to keratin 8;
keratin 8
keratin 8 pseudogene 9; similar to keratin 8;
keratin 8
keratin 8 pseudogene 9; similar to keratin 8;
keratin 8
erythropoietin
nitric oxide synthase 2, inducible
solute carrier family 7, (cationic amino acid
transporter, y+ system) member 11
phosphoglucomutase 1
insulin induced gene 1
serpin peptidase inhibitor, clade E (nexin,
plasminogen activator inhibitor type 1),
member 1
heme oxygenase (decycling) 1
stanniocalcin 2
cathepsin D
vascular endothelial growth factor A

tumor necrosis factor, alpha-induced protein

3
angiopoietin-like 4
transferrin
BTAF1 RNA polymerase Il, B-TFIID
transcription factor-associated, 170kDa
(Mot1 homolog, S. cerevisiae)
fms-related tyrosine kinase 1 (vascular
endothelial growth factor/vascular
permeability factor receptor)
von Hippel-Lindau tumor suppressor
activating transcription factor 3
claudin 3
hyaluronan-mediated motility receptor
(RHAMM)
enolase 3 (beta, muscle)
cyclin G2
CDC-like kinase 3
carbamoyl-phosphate synthetase 2,
aspartate transcarbamylase, and
dihydroorotase
egl nine homolog 1 (C. elegans)
phosphoglycerate kinase 1
nuclear receptor subfamily 4, group A,
member 1
zinc finger protein 654
lysine (K)-specific demethylase 4B
prolyl 4-hydroxylase, alpha polypeptide Il
inhibitor of DNA binding 2, dominant
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208308_s_at
203722_at

210334_x_at
211323 s_at
224793_s_at
202848_s_at
237215 s_at
229124 _at
1564630_at

200720_s_at
227792_at

216867 _s_at

1554452 a at
227253 at
204991 s_at
201202_at
202887 _s_at
208922 s at
236495_at

224959 at

201313 _at
203749 _s_at
1568611_at

201848 s_at
209735_at

220942 x_at
201473_at
203055_s_at

204200_s_at

1557186_s_at
219410_at

201549 x_at

201549 x_at

202364_at

GPI
ALDH4A1

BIRC5
ITPR1
tgfbrl
grk6
TFRC
PROK1
EDN1

ACTR1A
Itpripl2

PDGFA

C70rf68
Ccp
Nf2

pcnA

ddit4

NXF1
NAMPT

Slc26a2

eno?2
rarA
P4HA2

BNIP3
Abcg?2
Fam162a
junb
Arhgefl

Pdgfb

Tpcnl
TMEMA45A

LOC100133760

KDM5B

MXI11

negative helix-loop-helix protein
glucose phosphate isomerase
aldehyde dehydrogenase 4 family, member
Al
baculoviral IAP repeat-containing 5
inositol 1,4,5-triphosphate receptor, type 1
transforming growth factor, beta receptor 1
G protein-coupled receptor kinase 6
transferrin receptor (p90, CD71)
prokineticin 1
endothelin 1
ARP1 actin-related protein 1 homolog A,
centractin alpha (yeast)
inositol 1,4,5-triphosphate receptor
interacting protein-like 2
platelet-derived growth factor alpha
polypeptide
chromosome 7 open reading frame 68
ceruloplasmin (ferroxidase)
neurofibromin 2 (merlin)
proliferating cell nuclear antigen
DNA-damage-inducible transcript 4
nuclear RNA export factor 1
nicotinamide phosphoribosyltransferase
solute carrier family 26 (sulfate transporter),
member 2
enolase 2 (gamma, neuronal)
retinoic acid receptor, alpha
prolyl 4-hydroxylase, alpha polypeptide Il
BCL2/adenovirus E1B 19kDa interacting
protein 3
ATP-binding cassette, sub-family G (WHITE),
member 2
family with sequence similarity 162, member
A
jun B proto-oncogene
Rho guanine nucleotide exchange factor
(GEF) 1
platelet-derived growth factor beta
polypeptide (simian sarcoma viral (v-sis)
oncogene homolog)
two pore segment channel 1
transmembrane protein 45A
similar to Jumoniji, AT rich interactive domain
1B (RBP2-like); lysine (K)-specific
demethylase 5B
similar to Jumoniji, AT rich interactive domain
1B (RBP2-like); lysine (K)-specific
demethylase 5B
MAX interactor 1
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222125 s_at

213943 _at
205199 _at
205746_s_at

209304_x_at

207557 _s_at
203115_at
200886_s_at
218105_s_at

201596_x_at
201596 _x_at
201596 _x_at

227287 _at

214861_at
201102_s_at

201865_x_at

224833_at
201170_s_at
204285 _s_at

202023_at
218498 s at
235629_at

216197 _at
217777_s_at

200798_x_at
207543 s_at
203579_s_at

214710_s_at
207589_at
205302_at

212143 s_at
226534 _at

219862 s _at
230143_at
244447 at

203510_at

PAHTM

twistl
CA9
Adam17

Gadd45b

RYR2
FECH
pgaml
mRpL4

KRT18P19
KRT18
KRT18P26

Cited2

KDM4C
PFKL

NR3C1

ETS1
bhlhe40
PMAIP1

EFNA1
ERO1L
fnl

ATF7IP
ptpladl

mcll
PAHA1
SLC7A6

CCNB1
adralb
IGFBP1
igfbp3
KITLG
NARF
Rnf165
KLF10

MET

prolyl 4-hydroxylase, transmembrane
(endoplasmic reticulum)
twist homolog 1 (Drosophila)
carbonic anhydrase IX
ADAM metallopeptidase domain 17
growth arrest and DNA-damage-inducible,
beta
ryanodine receptor 2 (cardiac)
ferrochelatase (protoporphyria)
phosphoglycerate mutase 1 (brain)
mitochondrial ribosomal protein L4
keratin 18; keratin 18 pseudogene 26;
keratin 18 pseudogene 19
keratin 18; keratin 18 pseudogene 26;
keratin 18 pseudogene 19
keratin 18; keratin 18 pseudogene 26;
keratin 18 pseudogene 19
Cbp/p300-interacting transactivator, with
Glu/Asp-rich carboxy-terminal domain, 2
lysine (K)-specific demethylase 4C
phosphofructokinase, liver
nuclear receptor subfamily 3, group C,
member 1 (glucocorticoid receptor)
v-ets erythroblastosis virus E26 oncogene
homolog 1 (avian)
basic helix-loop-helix family, member e40
phorbol-12-myristate-13-acetate-induced
protein 1
ephrin-Al
ERO1-like (S. cerevisiae)
fibronectin 1
activating transcription factor 7 interacting
protein
protein tyrosine phosphatase-like A domain
containing 1
myeloid cell leukemia sequence 1 (BCL2-
related)
prolyl 4-hydroxylase, alpha polypeptide |
solute carrier family 7 (cationic amino acid
transporter, y+ system), member 6
cyclin B1
adrenergic, alpha-1B-, receptor
insulin-like growth factor binding protein 1
insulin-like growth factor binding protein 3
KIT ligand
nuclear prelamin A recognition factor
ring finger protein 165
Kruppel-like factor 10
met proto-oncogene (hepatocyte growth
factor receptor)
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225700_at
230746_s_at

212038 s_at

212038 s_at
224178 s_at
216449 x_at

200632_s_at
214687 _x_at
203393_at

160020_at
206686_at

221691 x_at

221691 x_at

221691 x_at

221691 x_at

221691 x_at

221691 x_at

221691 x_at

208291 s at

glccil
stcl

VDAC1P1

VDAC1
Sox6
Hsp90b1

ndrgl
ALDOA
hes1

MMP14
PDK1

LOC399804

LOC100131044

LOC729686

Npm1l

LOC729342

NPM1P21

LOC440577

TH

glucocorticoid induced transcript 1
stanniocalcin 1
voltage-dependent anion channel 1; similar
to voltage-dependent anion channel 1
voltage-dependent anion channel 1; similar
to voltage-dependent anion channel 1
SRY (sex determining region Y)-box 6
heat shock protein 90kDa beta (Grp94),
member 1
N-myc downstream regulated 1
aldolase A, fructose-bisphosphate
hairy and enhancer of split 1, (Drosophila)
matrix metallopeptidase 14 (membrane-
inserted)
pyruvate dehydrogenase kinase, isozyme 1
nucleophosmin 1 (nucleolar phosphoprotein
B23, numatrin) pseudogene 21; hypothetical
LOC100131044; similar to nucleophosmin 1;
nucleophosmin (nucleolar phosphoprotein
B23, numatrin)
nucleophosmin 1 (nucleolar phosphoprotein
B23, numatrin) pseudogene 21; hypothetical
LOC100131044; similar to nucleophosmin 1;
nucleophosmin (nucleolar phosphoprotein
B23, numatrin)
nucleophosmin 1 (nucleolar phosphoprotein
B23, numatrin) pseudogene 21; hypothetical
LOC100131044; similar to nucleophosmin 1;
nucleophosmin (nucleolar phosphoprotein
B23, numatrin)
nucleophosmin 1 (nucleolar phosphoprotein
B23, numatrin) pseudogene 21; hypothetical
LOC100131044; similar to nucleophosmin 1;
nucleophosmin (nucleolar phosphoprotein
B23, numatrin)
nucleophosmin 1 (nucleolar phosphoprotein
B23, numatrin) pseudogene 21; hypothetical
LOC100131044; similar to nucleophosmin 1;
nucleophosmin (nucleolar phosphoprotein
B23, numatrin)
nucleophosmin 1 (nucleolar phosphoprotein
B23, numatrin) pseudogene 21; hypothetical
LOC100131044; similar to nucleophosmin 1;
nucleophosmin (nucleolar phosphoprotein
B23, numatrin)
nucleophosmin 1 (nucleolar phosphoprotein
B23, numatrin) pseudogene 21; hypothetical
LOC100131044; similar to nucleophosmin 1;
nucleophosmin (nucleolar phosphoprotein
B23, numatrin)
tyrosine hydroxylase
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201416_at
202464 _s_at

202934 _at
202934 _at
212689 s _at
209747 _at

217996_at

205044 _at

242520 s_at
201673 _s_at
208905_at

201945_at

209687_at

214532 x_at
219888_at

206025_s_at

203032_s_at
238091_at
49077_at

221530_s_at

200956_s_at

207175_at

209566_at

215775_at
222847 s_at
201133 _s_at

205122_at

205122_at

205122_at

210845 s _at
202619 s_at

202754 _at
208930_s_at

Sox4
pfkfb3

HK2P1
Hk2
KDM3A
TGFB3

phidal

GABRP

clorf228
GYS1
CYCS

Furin

CXCL12

POUSF1B
SPAG4

TNFAIP6

FH
rph3al
PPME1

BHLHE41
ssrpl

ADIPOQ

Insig2

Thbs1
eglin3
pja2

TMEFF1

C9orf30

LOC729538

PLAUR
PLOD2

R3hdm1
ilf3

SRY (sex determining region Y)-box 4
6-phosphofructo-2-kinase/fructose-2,6-
biphosphatase 3
hexokinase 2 pseudogene; hexokinase 2
hexokinase 2 pseudogene; hexokinase 2
lysine (K)-specific demethylase 3A
transforming growth factor, beta 3
pleckstrin homology-like domain, family A,
member 1
gamma-aminobutyric acid (GABA) A
receptor, pi
chromosome 1 open reading frame 228
glycogen synthase 1 (muscle)
cytochrome ¢, somatic
furin (paired basic amino acid cleaving
enzyme)
chemokine (C-X-C motif) ligand 12 (stromal
cell-derived factor 1)

POU class 5 homeobox 1B
sperm associated antigen 4
tumor necrosis factor, alpha-induced protein
6
fumarate hydratase
rabphilin 3A-like (without C2 domains)
protein phosphatase methylesterase 1
basic helix-loop-helix family, member e41
structure specific recognition protein 1
adiponectin, C1Q and collagen domain
containing
insulin induced gene 2
thrombospondin 1
egl nine homolog 3 (C. elegans)
praja ring finger 2
transmembrane protein with EGF-like and
two follistatin-like domains 1; chromosome 9
open reading frame 30; hypothetical
LOC729538
transmembrane protein with EGF-like and
two follistatin-like domains 1; chromosome 9
open reading frame 30; hypothetical
LOC729538
transmembrane protein with EGF-like and
two follistatin-like domains 1; chromosome 9
open reading frame 30; hypothetical
LOC729538
plasminogen activator, urokinase receptor
procollagen-lysine, 2-oxoglutarate 5-
dioxygenase 2
R3H domain containing 1
interleukin enhancer binding factor 3, 90kDa
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227337 _at Ankrd37 ankyrin repeat domain 37

solute carrier family 2 (facilitated glucose
transporter), member 1

205464 at SCNN1B sodium channel, nonvoltage-gated 1, beta

solute carrier family 16, member 1

(monocarboxylic acid transporter 1)

220781 _at Decl deleted in esophageal cancer 1

matrix metallopeptidase 2 (gelatinase A,

201250 _s_at slc2al

202234 s_at SLC16A1

1 77 Mmp?2

>66677_at mp 72kDa gelatinase, 72kDa type IV collagenase)
203957 _at e2f6 E2F transcription factor 6

202912 at ADM adrenomedullin

Supplemental Table S3. Lista, b, ¢, de and f

Burnichon et al. Hum Mol Genet. 2011, 20(20):3974-85
List a: overexpressed genes in SDHx

tumors List b: overexpressed genes in SDHx + VHL tumors
APLP2 ADORA2A ESAM I:!!H-
C120rf53 AFAP1L1 ETS1 PABPCA4L
CNTN4 AK3L1 FAM101B PAWR
DDIT3 /// NR1H3 ANO1 FAM69B PCSK6
DSP AQP1 FAT1 PECAM1
ELOVLY ARG2 FGF12 PFKL
ESRRA ARHGAP29 FIGN PITPNC1
FOXRED2 ARHGEF10 FLT1 PKIB
GOSR2 ARHGEF7 FNBPI1L PLS3
HCN3 BLMH FOLH1 PLVAP
LAPTM4B C100rf10 GJC1 PLXND1
LGR5 C13o0rf15 GNA14 PRRG1
LOC727751 Clorf126 GNAI3 RASGRP3
MEIS3 C1QTNF5 GPR4 RBMS2
MMP24 C200rf46 GPR56 RBPMS
NOXA1 C2lorf2 RGS4
PAWR C8orf58 INSR SEC14L1
SIX1 C90rf135 JAG1 SEMA3F
SIX4 CA2 KBTBD11 SERBP1
SLC16A10 CALCRL KDM3A SH3GLB1
SLC35F2 CD93 KDR SH3RF3
TRIB3 CDH13 LAYN SHMT2
CDH5 LDHA SLC16A1
CGNL1 LHFP SLC22A23

CLEC14A LOC100288985 SLC2A3
COL4A1 LOC643733 SMPDL3A

COX412 LOXL2 SOBP

CSRP2 MFAP3 SPARC
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CXCR7
CXorf36
DARS
DENND2C
DGCR5
DGCR9
ECSCR
EDNRB
EFHD2
EFNA1
EFNB2
ENPEP
EPAS1

MOBKL1B
MPZL2
MST150
MTF2
MTHFD2
MYCT1
NDRG1
NDUFA4L2
NOX4
NPNT
NRAS
NTNG2
NTRK2

ST8SIA4
STC1
SuUzZ12
TBC1D30
TBL1X
TM4SF18
TMEM204
TMTC4
TSC22D1
VEGFA
ZAK

ZNF395

Burnichon et al. Hum Mol Genet. 2011, 20(20):3974-85

List c: overexpressed genes in VHL tumors

List d overexpressed genes in RET/NF1/TMEM127 tumors

ABP1 HSPB7
ADSSL1 HTATIP2
ALG14 KCNAG6
AP4B1 KCNC4
ATG9B KCND3
BCAT1 KISS1R
C1l2orf26 KLF9
Cl2orf76 KY
Clorfl51 LOC390205
Clorf59 LOC643837
C1QTNF2 LRRC40
C20orf74 MARCHS8
CALY MCHR1
CAPZB MRPL20
CASZz1 MTP18
CDH22 MYCBP
CLCC1 PANK4
CLCNKB PCDHS8
CPSF3L PIK3C3
CRTAC1
CTSZ PRKAA2
CYB561D1 PTHLH
CYB5A RARRES?2
DDIT4L RD3

DDO RER1
DDOST RSPH1
EEF2K RSPH9
EFHC1 SH3RF3
EGFL7 SLC16A3

EGLN3 SLC2A1

EML1

SLC36A1

UBXN10
VPS13D
WDR73
WDR78
WNT3
YTHDF2
ZSWIM5

ACCN4
ADCYAP1
AKR1C1
AKR1C2
ANO4
ARHGAP26
ARIH2
C1l6o0rf45
clQL1
CADPS
CALM1
CCDC51
CCDC72
CEND1
EIF1B
EIF4E3
FAM30A
FAM5B
FHOD3
FXC1
GNG8
HAPLN4
IGF1R
JAKMIP1
KCNKY7
KCTD1
KIAA0125
LGI1
LOC100126784
LOC283392
MAPKAPK3

PPP1R1B
PRKCE
PROK2
ProSAPIiP1
RPH3A
SALL4
SEC22C
SHC3
SNPH
STRAG6
SYN2
THUMPD3
TMEM20
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ENO1 SLC8A1

FAM125B
FAM40A
FAMA49A
FAM73A
FGF11
GABRD
GTDC1
HPCAL4

SOX7
SPAG4
STC2
TFAP2C
TMEM176A
TMEM45A
TPRGI1L
UBE2J2

MDGA1
MGC14436
NCAM2
NGB
OPRM1
OSBPL6
PGP
PLXNB1
PNMT

Lopez-Jimenez et al. Mol Endocrinol. 2010 Dec;24(12):2382-91
List e: overexpressed genes in SDHx + VHL tumors vs RET/NF1

A2M
AA837799
ABP1
ACP5
ACTG2
ACTLS
ADAMDEC1
ADAMTS4
ADAMTSS
ADM
ADORAZA
ADRA1B
AF075027
AGC1
AHR
Al190733
Al344752
Al793066
AK001808
AK001903
AK022044
AK022110
AK022150
AK023660
AK026647
AK026984
AKO057652
AKO074614
AK094995
AK123610

AMOTL2 BM668321 CCL18
AMZ1 BM680083 CCRL1
ANGPT2 BM999343 CD109
ANK3 BTNL2 CD300A
ANKRD15 BU618641 CD34
ANTXR1 BX427588 CD36
ANXA1 C10o0rf10 CD678339
AOC3 C10o0rf107 CD86
APCDD1 C10o0rf63 CD93
APOBEC?2 C15orf5 CDH12
APOLD1 C160rf30 CDH13
AQP1 C18orf4 CDH7
AREG Clorf24 CFH
ARG2 C1QTNF2 CFHR1
ARHGAP15 C1QTNF5 CFHR3
ARHGEF10 CI1R CFlI
ARID5B C200rf100 CGNL1
ARMC4 C20orf74 CHSY1
ASPA C200rf82 CLCNKA
ASPHD2 C2lorf7 CLDN5
ASPN C220rf35 CLEC14A
ATP10A Ch5orf23 CLEC2B
ATP1A2 C8orf13 CLEC3B
AV707343 C8orf4 CMKOR1
AW 138903 C9orf135 CNGA3
AW?268902 C9orf28 CNN1
AW467174 C9orf58 CNTNAP4
AX721193 C9orf61 COL10A1
AY358804 CA2 COL12A1

COL5A2
COL6A3
COLEC12
COP1
COTL1
COX412
CPA3
CPM
CPXM2
CR593388
CR603437
CR626252
CR749547
CRB1
CRTAC1
CRYAB
CSPG2
CSRP2
CTGF
CTHRC1
CTNNB1
CTSG
CTSK
CUGBP2
CX3CL1
CXCL12
CXCR4
CXorf36
CYBRD1
CYP1B1

DIO2
DKFZp586C0721
DKFZp781M2440
DMP1

DOK®6

DSCR1L1

ECM2

ECSM2

EDIL3

EDNRA

EDNRB

EFNA1

EFNB3

EGFL7

ELTD1

EMCN

EMILIN2

EMP1

EMP1
ENST00000176186
ENST00000309878
ENST00000314238
ENST00000327299
ENST00000332814
ENST00000334994
ENST00000341700
ENST00000354417
ENST00000360669
ENST00000366930
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AK124698 BATF CABP1 COL13A1 CYR61 ENST00000369397
AK125361 BC030100 CALCRL COL14A1 CYR61 ENST00000370548
AK3L1 BC033829 CARDG COL16A1 DACH?2 ENST00000372263
AK3L2 BC034319 CASP1 COL18A1 DACT1 ENST00000373093
AKAP12 BC062780 CASP4 COL1A1 DB379047 ENST00000375280
AL036373 BC104421 CASP9 COL1A2 DB381305 ENST00000375377
AL133118 BCAT1 CAV1 COL20A1 0 DDITAL ENST00000377918
AL355687 BCL11A CB123670 COL21A1 DEPDC6 ENST00000380438
AL359062 BDKRB2 CB305813 COL3A1 DGCR5 ENST00000382216
AL832717 BF213738 CCDC102B COL4A1 DGKB EPAS1

AL833655 BM129308 CCDC3 COL4A2 DHRS?2 EPHA3
Lopez-Jimenez et al. Mol Endocrinol. 2010 Dec;24(12):2382-91

List f: overexpressed genes in VHL versus SDHB tumors

AA292106  ASAM Clorfl51  CDH22 DNALIL ENST00000383097 GABRG2

ABCC9 ATP10A  Clorflé2 CDH23 DOCKS8 EPB41L4B GADD45G

ABP1 ATPIF1 Clorfs9  CFH DPF3 EPHX2 GALC

ACOT11 AU158345 C1QC CGI-38 DPT ETS?2 GALNTS

ACTAL AW467174 C1QTNF2 CGNL1 DPYS EVI2A GFRA3

ACTC AW901755 C200rf195 CHRM3 DRD1IP EYAL GLI3

ACTL8 B3GALT4  C200rf26  CKB DUSP23 F12 GLIPR1

ADRA1B B3GALT4  C200rf45 CLCNKA  DYNLRB2 F13A1 GLIPRLL2

ADSSL1 BAIAP3 C21orf34  CLDND2  ECEL1 FABP3 GPC3

AGRP BAMBI c3 CNGA3 EDARADD FABP6 GPR103

AI190733 BC014971 C3AR1 CNTN3 EFHC2 FAM43B GPR30

AI793066 BC030813 C4B CNTNG EFHD2 FAM50B GPR65

AIF1 BC038245 C70rf29  COLEC11 EFS FAM77C GPR68

AIM2 BC047230 C80rfl3  CPLX3 EGFL7 FAM79A GPX3

AK022110  BCO070363 C9orfl35  CPVL FAMS0A GRID2

AKO26078  BC089451 COorf24  CR595668 ELAVL4 FANK1 GRIN2C

AK026984  BCAT1 C90rf28  CR595983 ELAVL4 FCGBP GSTM3

AK054939  BCL3 C9orf9 CR597270 EML1 FCGR3B GTDC1

AKO56401  BDKRB1  CABP1 CR607634 FHL2 HAVCR2

AKO74776  BDKRB2  CAMKID  CR624517 ENST00000259219  FLJ13391 HCA112

AK091335  BE004814 CAMKIG CRTACL  ENST00000295549  FLJ20273 HCLS1

AK092535  BE798911 CAMK2B  CRYBA2  ENST00000307662  FLJ20701 HEPH

AK093202  BE926212 CAMK2N1 CRYBBL1  ENST00000311208  FLJ22662 HIST1H2BK
AK096498  BG675674 CARD6 CTSG ENST00000314088  FLJ30428 HK2

AK124281  BI828537  CASP1 CTSS ENST00000318291  FLJ31485 HLA-DMA
AK125302 CASP4 cTsz ENST00000322032  FLJ33790 HLA-DMB
AK128814  BSPRY CASP5 CX3CR1  ENST00000327299  FLJ39822 HLA-DOA

AK3LL BX090709 CASP9 CYB5A ENST00000328043  FLJ43390 HLA-DPA1

AK3L2 BX100717 CB305813 CYBB ENST00000330861  FLJ46266 HLA-DPB1
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AL834342  BX111592 CBLN4 CYGB ENST00000332814  FMNL1 HLA-DPB2
ALOX5AP  BX377179 CCDCS DA237404 ENST00000354417  FMO2 HLA-DQB1

AMID BX647543  CCNJL DB097529 ENST00000355710  FMO3 HLA-DQB2
ANKRD37  C10orfl0  CCR1 DB379047 ENST00000366569  FOLR2 HLA-DRB3

APLN Cl0orfll  CD14 DCN ENST00000368577  FPR1 HNMT

APOBEC2  Cl10orf59  CD242823 DDITAL ENST00000369697  FRASL HOP

APOL6 Cl0orf63  CD28 DDO ENST00000371497  FSTL5 HPCAL4

AQP5 Cl100rf78  CD300A  DENND2D ENST00000380064  FUCAL HRASLS
ARHGAP22 Cl10orf79  CD53 DERL3 ENST00000381827  FYB HSD11B1
ARHGAP4  Cllorf7l5  CD678339 DMD ENST00000382416  FZD10 HSPB7

ARMC4 C18orf4 cD9 DNAJA4  ENST00000382591  GABRD HTATIP2
Lopez-Jimenez et al. Mol Endocrinol. 2010 Dec;24(12):2382-91

List f: overexpressed genes in VHL versus SDHB tumors (cont)

HTR4 LOC124976 MANIC1  NMB PNMAS5 RP1-93H18 SNTGL THC2337832 TRAF3IP3
HTR5A  LOC146439 MAP2K3 NOS2A  POF1B RPRM SORCS3 THC2341118 TRIB2
IGFBP2  LOC198437 MAPK13 ~ NoTcH2 [HFE/VB RUNX1  sox7 THC2341505 TSGA2
IGHG1  LOC283143 MCHR1  NPAL2  PPIC S100A13  SOX9 THC2344886 TSPAN2
IGKC LOC388002 MEF2B NR2F1  PQLC3 S100A6  SP5 THC2364841 TUBAL
IGSF10  LOC388335 MEIS3P1 NTRK1  PRKCZ samsNL [N THC2371963 TUBB2B
ILLORA  LOC389033 MET NY-REN-7 PSCD4 SCAP1 SPOCK2 THC2375493 UBXD3
ILI3RA2 LOC390595 MGC33846 OPCML  PSD3 SCIN SPON1 THC2404004 VAMPS
IQCA LOC400890 MGC4655 P4HA2  PTGIS SDHB SREBF1 THC2408277 VCAML
ITGB2  LOC401152 MIF PARVA  PTGS1 [SECe1c ESAN THC2412859 VDR
JAKMIP1 LOC401778 MRCIL1  PCDH1lY PTHLH SECTM1  SSX2IP THC2437069 VNN2
KA21 LOC402689 MS4A4A  PCDH9  PTK6 SEMA3C  ST6GALL THC2437757 WDFY4
KBTBD1l1 LOC440607 MS4A6A  PDE6H  PTN SERPINA5 ST6GALNAC5 THC2437822 \WDR66
KCNIP2  LOC497190 MT1E PDGFC  PTPLAD2 sErPINBY [ THC2439128 WFDC1
KCNJ5  LOC643355 MTLF PDLIM2  PTPN20B SFTPC STK32C THC2440787 WNT10A
KCNK12 LOC645904 MT1G PDZK1  QDPR SH2D2A  STMN1 TLR2 WNT3
KCNMB2 LOC653316 MT1H PEBP4  RARRES2  SHC3 SULT4AL TLR4 WNT4
KCNQL  LOC653857 MT1X PGF RASEF SLC16A12 SVEP1 TLR7 ZBTB1
KIAAOG44 LOC664727 MT3 PHYHIP  RBP1 SLC16A3  SYT13 TMEM107  ZNF185
KIAA1324 LOXL1 MTP18 PIGT REPS2 SLC24A3  TCERGIL TMEM2 ZNF480
KL LR8 MUC15  PLA2G4A RERG B Tcr1 TMEM45A  ZSWIMS
KRT19 LRRC25  MYCBP  PLB1 RET SLC2A5  TDO2 TMEM458

LAMB3 LRRC61  MYH6 PLCH2 RGN SLC44A3  TEKT2 TMEPAI

LAPTM5 LRRK2 MYLK PLCXD3 RGS16 SLC6A2  TFAP2C TNFRSF11B

LAT2 LY86 NAG6 PLEK2  RGS22 SLC8AL  TFPI TNFSF10

LAYN M31157 NDRG1  PLTP RHOBTB3 SLCO2B1  THC2249196 TNT

LEPRELL MAF NEFH PLXNA4A RNASE6 SMOC2  THC2249938 TOX
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LHFP

MAFB NKX6-2

PNMA3

RP13-102H20 SNFT

THC2267145

TP53TG3

Genes in lists a-f that overlap with upregulated genes found in both ccRCC-Oncomine multi-arrays (at a

cutoff of 1 study) and pHx-HNPGLs are shadowed.Genes in lists ¢ and f that overlap with upregulated

genes found ccRCC-Oncomine multi-arrays (at a cutoff of 1 study) but not pHx-HNPGLSs are in bold.

Supplementary Table S4. List of genes differentially expressed in pHx-HNPGLs

versus non-pHx-HNPGL.

Gene Symbol p-value Fold-Change Gene Symbol p-value CFhC;Ir?g;e
DLK1 5.51E-13 -1537.21 HOMER3 1.18E-03 2.20
INSM1 4.49E-08 -203.92 SEPX1 9.34E-05 2.21

SLC35D3 1.87E-05 -167.77 TRPT1 1.67E-06 2.21
SLC18A2 1.57E-06 -132.92 ZMIZ2 2.00E-06 2.22
NBLA00301 1.76E-09 -125.06 B4GALT5 1.41E-04 2.22
STMN2 1.69E-10 -111.43 6.67E-04 2.22
NBLA00301 1.69E-09 -111.23 SIPA1L1 3.44E-04 2.23
CHRNA3 6.80E-07 -105.36 COQ9 6.03E-06 2.23
GNAS 1.70E-06 -98.88 WDR60 2.59E-06 2.23
STMN2 2.06E-09 -89.77 EHD1 5.64E-04 2.23
SYT1 3.01E-07 -77.46 PDCDG6 /// RGS8 3.73E-04 2.24
SYT4 4.96E-08 -73.92 MED14 5.70E-04 2.25
CHGB 1.10E-04 -70.39 BTBD2 6.96E-04 2.25
DNER 3.73E-06 -68.77 2.68E-05 2.25
C220rf35 8.15E-08 -59.68 GTSElL 7.49E-04 2.25
MAB21L2 1.04E-07 -59.34 5.12E-04 2.25
CT7orf16 5.46E-04 -53.33 HINT1 1.05E-04 2.25

LOC200169 6.27E-09 -53.06 GTF2H2 1.31E-04 2.26

CNTN1 4.89E-05 -49.07 SRGAP2P1 1.04E-04 2.27

MAB21L1 3.08E-05 -45.20 7.73E-05 2.27
CLGN 1.74E-05 -43.69 SFXN2 3.32E-04 2.28
8.11E-06 -42.60 srp54 1.52E-04 2.28
CNTN1 3.34E-05 -41.62 ATF71IP 5.78E-05 2.28
GPR158 2.85E-05 -41.42 FAM111A 7.81E-04 2.28
DLX1 8.32E-06 -39.88 LMF1 5.78E-04 2.28
BEX1 1.10E-05 -39.21 SRGAP2 2.82E-05 2.28
SCG5 8.67E-06 -39.05 SDK1 1.94E-05 2.29
GPR83 1.77E-04 -38.81 2.03E-05 2.29
SNAP25 5.28E-07 -35.31 FOXN3 2.77E-04 2.29
SLC18A2 1.35E-04 -34.73 TNFSF4 3.14E-04 2.29
INA 5.56E-08 -33.42 1.53E-04 2.30
RIMS3 3.61E-07 -31.57 MKI167 1.00E-04 2.30
DDC 8.93E-04 -29.99 8.41E-04 2.30
PHOX2A 4.08E-05 -29.79 PAPD4 1.18E-03 2.30
SCG3 9.94E-06 -28.96 ATF7IP 9.47E-06 2.31
PHOX2B 3.87E-05 -28.86 fam195a 3.14E-05 2.31
CHRNA3 1.06E-05 -28.21 GPD1 1.95E-06 2.31
L1CAM 1.67E-04 -27.79 ANKHD1 4.16E-04 2.32
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MEG3 6.92E-06 -27.31 GSTK1 6.65E-06 2.32
RUFY3 7.96E-06 -26.56 HN1L 8.88E-04 2.32
RALYL 6.53E-06 -25.70 7.30E-04 2.33
KCNQ2 1.62E-04 -24.97 Cborfl5 5.81E-07 2.33
PRPH 2.32E-06 -24.52 2.67E-10 2.33
ISL1 1.29E-04 -23.66 SSH2 5.57E-05 2.33
MEG3 3.41E-05 -23.60 OGT 1.01E-03 2.34
NDRG4 3.20E-06 -23.39 MGAT4B 3.25E-04 2.34
NBLAQ00301 1.99E-05 -22.77 LAMB1 1.18E-03 2.35
ELAVL3 6.68E-06 -21.58 6.66E-04 2.36
LOC202451 1.51E-06 -21.11 5.18E-04 2.36
CPLX2 9.67E-07 -19.95 DECR2 1.80E-04 2.37
SYT1 3.34E-04 -19.65 HELLS 4.77E-05 2.37
NCAM1 1.82E-04 -19.40 MGAT4B 9.16E-06 2.37
GRIA2 1.41E-04 -19.35 SLC44A1 1.53E-05 2.38
ELAVL2 1.51E-04 -19.35 8.89E-04 2.38
RIMBP2 2.82E-05 -19.19 GRINA 9.72E-08 2.38
KIF5C 1.15E-05 -19.17 GALNT10 2.41E-04 2.38
DNAJC6 2.79E-05 -18.66 SOX12 4.79E-06 2.39
PTPRN 4.43E-06 -18.52 NPM1 1.37E-05 241
DYNC1I1 7.92E-08 -17.81 TK1 3.59E-06 241
CDH19 6.17E-04 -17.58 IMMP2L 2.87E-04 2.41
CHRNAS3 8.55E-06 -17.11 SIL1 1.55E-05 2.42
1.12E-04 -16.79 2.66E-04 2.43

KIAA1576 2.90E-04 -16.55 NFIC 2.40E-05 2.43
SCG2 8.78E-06 -16.50 ROR1 4.07E-04 2.43
SNAPI1 1.32E-05 -16.21 FLJ10357 1.13E-03 2.44
SEZ6L 1.98E-04 -15.98 6.92E-04 2.44
1.17E-04 -15.68 DNAJC4 7.70E-05 2.44

LOC728392 /// NLRP1 5.07E-06 -15.52 4.84E-04 2.44
PTPRNZ2 4.35E-06 -15.51 MYL4 1.01E-03 2.44
Svz2B 4.69E-04 -14.61 SF3A2 1.02E-03 2.45
UCHL1 2.98E-05 -14.52 ORTE37P 6.78E-04 2.45
DDC 7.83E-04 -14.33 3.68E-06 2.45
NRXN1 5.57E-04 -14.28 2.75E-04 2.46
KIAA1244 1.04E-05 -14.16 4.47E-05 2.47
PPP2R2C 8.17E-05 -14.15 AP1S2 2.36E-04 2.48
TCEAL7Y 1.46E-04 -14.06 PHTF2 2.02E-04 2.48
ZNF483 8.19E-05 -13.94 7.42E-04 2.48
PEG10 1.14E-03 -13.59 STATH 7.62E-05 2.48
LONRF2 1.85E-04 -13.19 BTBD7 2.39E-04 2.50
FLJ25967 2.16E-05 -12.94 RAB17 6.25E-04 2.50
NEGR1 8.59E-04 -12.91 CEP55 1.94E-05 2.50
SEZ6L2 1.94E-04 -12.88 ALDH7A1 1.10E-03 2.50
MEG3 5.75E-05 -12.75 4.66E-04 2.51
4.78E-06 -12.71 MAN2A1 1.48E-04 2.51

SGIP1 1.08E-05 -12.70 BCKDK 6.03E-06 2.52
DLX2 4.24E-04 -12.56 6.12E-04 2.52
5.12E-04 -12.27 FUCA2 2.13E-04 2.53

--- 5.40E-05 -12.23 GLS 1.64E-04 2.54
GPRASP1 1.72E-05 -12.22 Cllorf9 5.52E-05 2.54
3.22E-04 -12.20 CILP 1.74E-04 2.55
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3.52E-04 -11.91 POSTN 1.17E-03 2.55
DPP6 9.12E-04 -11.89 GRTP1 2.56E-05 2.56
CDH18 4.82E-04 -11.87 Adrm1 1.70E-04 2.56
STMN4 4.21E-04 -11.76 KIAA1217 1.04E-04 2.56
QPCT 1.06E-04 -11.71 SLC37A3 6.36E-06 2.57
IL20RA 3.06E-04 -11.64 7.88E-04 2.57
C190rf30 4.06E-05 -11.40 LOC100216546 1.50E-04 2.57
NCAM1 6.07E-04 -11.36 MITF 6.49E-06 2.57
KIF1A 2.23E-05 -11.32 DLG1 4.12E-07 2.57
ADCYAP1R1 1.08E-04 -11.26 6.87E-04 2.58
SNRPN /// SNURF 5.41E-06 -11.19 SLC37A3 2.25E-05 2.59
HMP19 4.14E-04 -10.86 PPP1R14B 6.20E-04 2.59
JPH4 4.54E-05 -10.73 ACTN4 1.02E-03 2.60
SCN3B 5.52E-04 -10.69 LOC153684 3.30E-04 2.60
4.56E-04 -10.51 NSUNS5 6.96E-05 2.61
C200rf74 4.40E-05 -10.41 SRGAP1 4.72E-05 2.61
FLJ42562 1.04E-04 -10.41 8.42E-04 2.62
3.58E-04 -10.41 uspP2 4.91E-05 2.62
FLJ37228 9.64E-04 -10.14 PTH2R 2.89E-04 2.62
EFNB3 3.20E-05 -10.08 PDIAS 2.27E-04 2.62
RAMP1 4.26E-04 -10.07 SNTB2 6.36E-04 2.62
GCH1 2.01E-06 -9.97 CYP3A5 3.01E-05 2.63
ADRB1 8.85E-04 -9.95 ACY1 8.63E-04 2.63
PKIA 4.25E-04 -9.92 Cl1orf93 4.98E-05 2.63
ABCBL1 /// ABCB4 1.13E-03 -9.89 fam195a 3.62E-05 2.63
1.59E-04 -9.86 SHMT1 2.72E-06 2.64
Cl40rf132 2.84E-04 -9.77 HIPK2 6.09E-04 2.64
SCN2A2 4.28E-04 -9.74 CACNA1A 1.38E-04 2.64
EPHA3 4.89E-05 -9.72 ABI3BP 1.93E-05 2.65
EEF1A2 6.92E-04 -9.59 4.67E-04 2.65
LOC728215 /l/
LOC731895 3.52E-05 -9.54 IDH2 7.00E-05 2.66
3.34E-04 -9.46 8.13E-04 2.66
MYTI1L 1.98E-04 -9.44 SAPS3 8.67E-05 2.66
ST18 4.67E-04 -9.25 DSG2 2.89E-06 2.66
NELL2 1.10E-03 -9.21 JPH2 3.29E-04 2.66
PTGERS3 6.77E-04 -8.80 7.36E-04 2.67
C6orf189 7.47E-04 -8.57 TPK1 6.91E-04 2.68
SEZ6L2 5.89E-04 -8.51 GLS 1.06E-05 2.68
KIF5C 6.23E-04 -8.49 AGXT2L2 2.32E-05 2.68
PNMAZ2 6.27E-04 -8.45 FAM20A 2.69E-04 2.69
CAMK4 8.38E-04 -8.40 CTNND1 2.97E-04 2.69
TMOD1 6.91E-04 -8.33 RRBP1 3.93E-04 2.70
9.70E-04 -8.19 ENTPD5 7.70E-07 2.70
COL22A1 9.12E-04 -8.17 papd4 2.05E-04 2.71
DNAJC12 6.72E-07 -8.04 AIFM1 3.00E-06 2.71
KIF5A 2.99E-04 -8.03 8.87E-04 2.71
NMNAT2 1.57E-05 -7.96 MKI67 2.17E-05 2.71
APLP1 8.65E-04 -7.90 ST6GAL2 1.67E-05 2.72
BRUNOLG6 2.61E-04 -7.85 SEMASB 3.32E-04 2.73
NEBL 3.05E-05 -7.81 C1QTNF3 6.18E-06 2.73
DPP6 9.12E-04 -1.77 8.48E-05 2.73
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--- 6.06E-06 -7.69 LOC441242 3.39E-05 2.73
SORCS1 4.95E-04 -7.64 EGFR 1.12E-04 2.73
OLFM1 9.26E-04 -7.63 5.61E-04 2.74
SNAP25 3.28E-04 -7.50 CDC20 4.77E-05 2.74

1.77E-06 -7.29 MGC35361 6.71E-06 2.77

HDAC9 5.49E-05 -7.26 5.79E-04 2.77
SNRPN /// SNURF 4.74E-05 -7.25 ZNF117 2.84E-04 2.77
CAB39L 1.14E-03 -7.23 4.93E-04 2.78
MEG3 4.62E-04 -7.20 LOC644242 1.11E-03 2.79
RAP1GAP2 6.34E-05 -7.10 Cttnbp2 3.26E-05 2.79
RUNDC3A 1.16E-03 -7.06 TSPAN33 2.01E-04 2.80
NEBL 3.12E-05 -6.99 NSUN5P2 3.33E-04 2.80
VGCNL1 5.63E-04 -6.98 SHCBP1 5.53E-06 2.82
PRR6 1.09E-04 -6.95 LAMA1 1.17E-03 2.82
PKIA 1.02E-03 -6.94 CENPT 7.73E-05 2.83
C9orf125 4.09E-05 -6.87 FLJ10357 6.89E-04 2.83
SYP 2.75E-04 -6.81 MAF 6.32E-04 2.83
LRCH2 8.26E-07 -6.72 NSUN5P2 1.04E-04 2.85
KIAAQ0888 6.02E-04 -6.67 BMP1 8.36E-04 2.85
LOC284214 8.18E-04 -6.56 SLC22A5 1.13E-03 2.85
CAMTAL 7.71E-05 -6.46 DNAJC4 2.87E-05 2.86
FAM155A 2.01E-06 -6.44 FGFR4 8.11E-05 2.86
JAKMIP1 1.01E-03 -6.41 SLC7A8 1.13E-03 2.86
CPEB1 4.98E-04 -6.39 C6orf108 1.09E-06 2.87
ASPHD2 1.26E-04 -6.37 FAM83H 1.57E-06 2.87
B3GNT7 4.94E-04 -6.34 MITF 1.87E-05 2.88
DNM3 8.34E-04 -6.33 NSUN5P1 2.01E-04 2.88
RUFY3 9.79E-04 -6.32 A2BP1 3.04E-04 2.88
LOC387856 1.05E-03 -6.32 2.34E-04 2.88
1.67E-05 -6.30 HOXA10 4.68E-05 291

SEZ6L2 5.29E-04 -6.29 9.00E-04 291
STXBP1 1.04E-05 -6.29 PDE4DIP 1.04E-04 291
MAB21L2 1.09E-03 -6.28 CLCA2 3.69E-04 2.92
EMCN 9.51E-04 -6.24 C1GALT1 5.78E-04 2.92
CDKB5R2 5.38E-04 -6.24 TNIP1 7.96E-05 2.92
PRR6 7.23E-05 -6.24 EFNA4 1.83E-04 2.93
BRUNOL4 4.39E-04 -6.20 Pdzd?2 7.12E-05 2.93
ANK2 4.68E-06 -6.19 NSUN5P1 3.52E-04 2.93
GAS7 6.75E-05 -6.19 1.17E-03 2.94
1.05E-04 -6.18 HOXA7 3.65E-05 2.94

FAMB89A 3.80E-07 -6.12 KIAA1217 4.07E-04 2.94
PAK3 5.13E-05 -6.10 LMF1 1.39E-04 2.94
RAB27A 3.68E-06 -6.02 GINS2 1.15E-03 2.94
CAMTAL 9.29E-04 -6.00 8.45E-04 2.94
PPP2R2B 1.69E-04 -5.98 8.77E-04 2.94
7.86E-04 -5.97 SRGAP2 1.78E-04 2.95

GNG4 3.80E-04 -5.92 1.90E-05 2.95
ATCAY 8.01E-05 -5.90 6.35E-04 2.96
MYT1 5.54E-04 -5.86 CALR 4.08E-04 2.96
5.89E-04 -5.85 ZNF608 1.28E-11 2.98

CHD5 3.31E-04 -5.85 PAPD4 3.16E-04 2.98
KIAA1107 4.93E-04 -5.81 GRAMD3 1.90E-04 2.98
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ADORA2A /I CYTSA 2.24E-04 -5.79 IMMP2L 2.16E-04 2.98
SYT11 1.76E-04 -5.78 TECR 4.69E-04 2.99
C9orf125 2.28E-04 -5.74 TAF7L 1.37E-04 3.00
TRIM2 1.32E-04 -5.69 SGCD 9.30E-04 3.01
PTPRN2 5.25E-04 -5.67 NSUNS5 4.88E-05 3.01
FLJ25076 4.23E-04 -5.62 RRBP1 8.42E-04 3.01
MLLT11 4.46E-05 -5.60 SC65 1.04E-03 3.01
GRIK2 2.54E-04 -5.57 8.25E-05 3.03
RUFY3 4.35E-04 -5.54 MOSC2 9.81E-04 3.04
GDAP1 2.14E-04 -5.51 PADI2 2.40E-04 3.04
UPK1B /// RGS5 9.00E-04 -5.47 PCK2 2.80E-05 3.04
TAGLNS3 9.66E-04 -5.42 ADORA2B 5.25E-05 3.06
TMEM22 1.21E-04 -5.40 VAV3 7.45E-04 3.06
SPG3A 5.60E-05 -5.36 4.27E-04 3.07
PCDH17 6.44E-04 -5.33 MST1P9 3.09E-06 3.09
ST3GALG6 1.41E-04 -5.26 DLG1 1.17E-04 3.10
CYYR1 5.60E-04 -5.26 LOC284757 1.10E-03 3.10
SCRN1 2.71E-04 -5.26 CCDCS8 8.57E-05 3.11
GAS7 4.21E-04 -5.23 ofd1 1.27E-04 311
NRG3 7.18E-04 -5.21 1.03E-03 3.11
SYNM 2.75E-04 -5.19 skap2 3.78E-05 3.12
SYBU 9.83E-04 -5.12 Atpifl 1.96E-04 3.13
PHYHIP 3.30E-05 -5.12 SMTNL2 5.24E-06 3.14
KIAA1946 3.46E-04 -5.11 PDIA4 1.13E-06 3.15
CRMP1 3.15E-04 -5.10 ROR1 5.88E-06 3.15
PCBP3 5.66E-05 -4.91 SLC22A18 4.16E-05 3.16
6.20E-07 -4.83 HOXAL 1.29E-07 3.17

RSNL2 3.83E-04 -4.81 CENPK 1.11E-03 3.17
TRIM2 7.18E-05 -4.78 5.35E-04 3.19
NDN 5.13E-04 -4.78 PRKD1 5.83E-04 3.22
SYN1 3.62E-04 -4.69 SULT1C2 8.19E-06 3.22
SYNPO2 6.56E-04 -4.66 FLJ45482 9.00E-05 3.23
CPE 5.15E-05 -4.66 PLK2 3.35E-04 3.23
RUNDC3A 1.36E-05 -4.63 MGC23985 2.62E-04 3.23
EPB41L3 1.01E-04 -4.63 MACROD1 1.87E-04 3.24
KLF4 1.00E-03 -4.62 LMO4 1.48E-04 3.24
ADRBK?2 9.11E-04 -4.62 LOC653562 1.43E-04 3.25
NAPB 2.06E-04 -4.61 8.63E-04 3.25
LOC133308 1.31E-06 -4.59 ALDH7Al 3.80E-05 3.26
HDGFRP3 1.63E-06 -4.57 1.19E-03 3.28
CELSR3 6.81E-04 -4.56 CENPF 1.14E-03 3.30
PCDH17 9.22E-04 -4.54 DKFZp761P0423 1.17E-03 3.32
IRS2 4.30E-05 -4.53 AURKA 1.01E-05 3.32
MANSC1 1.40E-04 -4.47 Cborf13 5.68E-05 3.34
HDGFRP3 6.76E-05 -4.37 PDGFC 6.97E-07 3.36
SLC8A2 6.45E-04 -4.37 6.45E-05 3.36
ASPHD2 1.12E-03 -4.35 LAMC3 7.84E-04 3.38
GOLM1 1.41E-05 -4.35 FREM2 2.51E-08 3.39
KLF4 8.38E-04 -4.32 TRIM6 9.62E-04 3.39
EPB41L3 6.14E-04 -4.31 FUS 9.19E-06 3.40
SPOCK2 4.46E-04 -4.30 OPN3 2.31E-05 341
CERK 1.92E-04 -4.28 DDAH1 4.20E-04 341
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PTGER2 2.93E-04 -4.27 BMP1 5.73E-04 3.42
CELSR3 1.08E-03 -4.23 ALDHIL1 2.89E-05 3.43
NCOA7 5.91E-06 -4.23 TST 4.14E-04 3.44
LEF1 7.17E-04 -4.22 NID2 3.94E-04 3.46
IRS2 4.03E-05 -4.21 KLHDC8A 2.30E-04 3.47
6.62E-04 -4.20 ACSF2 8.27E-04 3.50
DUSP26 1.17E-05 -4.06 TOB2 2.05E-04 3.50
RGS5 3.61E-04 -4.06 PPP1R1A 1.11E-03 351
ADCY1 1.15E-03 -4.06 GLS 2.67E-04 3.52
TRIM2 5.21E-05 -4.06 8.05E-04 3.53
LOC285550 1.06E-03 -4.03 DCI 1.26E-05 3.54
06-Sep 1.16E-04 -4.02 TPX2 4.09E-04 3.56
DNAJC12 6.50E-04 -3.99 FABP3 2.00E-07 3.56
INSM1 8.67E-04 -3.98 GALNT10 1.62E-04 3.59
C11orf70 9.34E-04 -3.97 AKR1C2 7.91E-04 3.59
LRRC49 4.35E-05 -3.97 CCDC8 4.52E-06 3.62
HDGFRP3 2.91E-04 -3.97 ALDH4A1 1.09E-05 3.62
03-Sep 7.58E-05 -3.94 ABCC3 1.51E-07 3.64
PPFIA2 9.39E-05 -3.92 GPC6 7.87E-06 3.64
RPH3AL 8.17E-04 -3.90 4.97E-04 3.65
MREG 1.12E-03 -3.81 SHMT1 3.84E-06 3.67
ETS2 8.84E-04 -3.73 4.86E-04 3.67
C9orf5 5.81E-04 -3.69 METTL7B 3.57E-04 3.69
TMEMZ204 7.64E-04 -3.67 --- 1.78E-04 3.70
SGCE 2.66E-04 -3.65 NXT2 1.14E-04 3.72
EPAS1 5.51E-05 -3.63 OPLAH 3.82E-08 3.73
CACNA1C 4.01E-04 -3.62 KIF20A 1.40E-04 3.73
HAND2 3.71E-04 -3.61 RDH13 2.39E-04 3.73
KCNQ2 3.98E-04 -3.60 2G16B 1.23E-04 3.77
CCND2 8.51E-04 -3.56 APOBEC3B 1.32E-05 3.77
C13orf21 1.69E-04 -3.51 EFCBP1 3.74E-04 3.78
ACOT7 9.29E-04 -3.50 1.01E-03 3.78
AKAP12 1.16E-03 -3.46 PTPRD 5.89E-05 3.83
4.66E-04 -3.45 PDGFC 1.26E-04 3.84
AKT3 1.04E-05 -3.44 ADORA1 1.09E-03 3.84
UNC13A 1.87E-04 -3.43 ID2 //1'1D2B 7.45E-04 3.85
CD55 5.44E-04 -3.36 8.55E-04 3.85
RGS5 1.11E-03 -3.34 7.86E-07 3.86
HDGFRP3 2.63E-06 -3.33 6.62E-04 3.86
C120rf34 3.20E-04 -3.30 LIFR 1.05E-03 3.88
CAMK2N?2 1.14E-03 -3.29 NLN 2.83E-06 3.88
SNRPN 6.03E-04 -3.27 PPP1R3B 7.68E-05 3.89
WRB 8.09E-04 -3.26 TMEM132A 1.81E-04 3.90
TM2D1 5.75E-04 -3.25 SEC14L4 1.87E-05 3.90
GABARAPLL /I
GABARAPL3 1.06E-05 -3.23 SPAG4 6.82E-04 3.92
FGF2 6.42E-05 -3.20 COL5A3 1.04E-03 3.93
ICALIL 6.63E-04 -3.19 GPC6 3.73E-04 3.93
VWASA 4.80E-04 -3.03 QPRT 8.05E-05 3.95
GNAO1 1.87E-04 -3.03 2.23E-04 3.96
BTG3 1.18E-04 -3.02 GPRC5C 2.20E-06 3.97
EPB41L3 9.21E-04 -3.02 4.31E-04 3.98

203




FXYD5 5.78E-05 -3.00 2.91E-04 3.98
NGRN 7.42E-04 -2.98 MCC 3.44E-04 3.98
TM6SF1 2.17E-05 -2.97 GRB14 5.18E-05 4.01
SCAMP5 1.14E-03 -2.95 1.20E-04 4.02
4.72E-04 -2.92 HMMR 2.57E-04 4.03

NGRN 2.35E-04 -2.90 C6orf108 3.40E-04 4.08
RALGDS 8.01E-06 -2.90 3.35E-04 411
MAPKS8IP2 6.67E-04 -2.89 HSD11B2 9.05E-04 412
GABARAPL1 1.36E-04 -2.88 RDH13 1.67E-04 4.17
CPE 7.08E-05 -2.88 HSD3B7 8.52E-07 4.22
CD44 4.16E-04 -2.87 5.27E-05 4.24
RALGDS 3.06E-05 -2.87 TRIP6 2.32E-04 4.24
KIAA0319 3.52E-04 -2.85 HOXA4 6.44E-06 4.24
NECAP1 5.39E-04 -2.84 LOC440331 3.46E-04 4.25
EIF1 1.22E-04 -2.82 GPC6 2.43E-04 4.27
TM6SF1 7.63E-04 -2.82 CXXC5 3.40E-05 4.28
1.66E-05 -2.81 ABCC6 8.71E-08 4.29

CDC42EP3 3.87E-04 -2.78 ST8SIAS 5.97E-04 431
PSIP1 9.23E-04 -2.78 FABP3 1.64E-08 431
FXYD5 6.55E-05 -2.76 4.28E-04 4.32
WDR19 5.14E-04 -2.75 SLC6A8 1.03E-03 4.33
CD55 2.77E-04 -2.73 A2BP1 2.13E-04 4.35
NPDC1 6.12E-04 -2.65 5.29E-04 4.40
RGS5 2.31E-04 -2.63 SLCG6A8 5.72E-04 4.42
IDS 1.96E-04 -2.62 SGCG 4.37E-04 4.42
BTG3 1.84E-04 -2.60 CDSN 7.88E-04 4.45
FAMG60A 3.53E-04 -2.59 IGFBP5 3.81E-04 4.46
CHMPS 2.92E-05 -2.54 AKR1C1 1.19E-04 4.47
LOC283174 1.03E-04 -2.53 ASPM 9.58E-04 4.53
BRWD1 1.69E-04 -2.52 SLC6A8 4.46E-05 4.57
GNAS 4.91E-04 -2.52 ROR1 2.85E-05 4.57
ZNF10 4.49E-04 -2.52 EXPH5 8.96E-04 4.59
CD55 3.25E-04 -2.51 ENPEP 1.14E-03 4.61
ATP6V1G1 4.26E-05 -2.48 PTPRD 5.00E-04 4.62
TMEMS9 4.00E-04 -2.48 ERGIC1 5.59E-05 4.62
DST 1.09E-03 -2.48 TMEM97 5.45E-05 4.66
GNAS 3.36E-04 -2.48 FAH 7.20E-05 4.66
H3F3B 4.62E-04 -2.47 CCNB1 5.72E-04 4.70
ISCU 2.81E-04 -2.46 TNNT2 8.18E-04 4.72
GNAS 3.25E-04 -2.45 TMEM97 1.08E-05 4.74
GNAS 3.30E-04 -2.43 5.51E-04 4.76
C100rf32 1.28E-04 -2.42 NHS 3.06E-05 4.79
GABARAPL1 8.63E-05 -2.41 EZH2 1.29E-05 4.80
IDS 2.98E-04 -2.40 LOC728061 1.26E-04 4.83
DNAJA1L 1.90E-04 -2.37 ENO3 3.97E-04 4.85
FNDC3A 1.06E-03 -2.36 EGFR 2.90E-04 4.87
AGPAT4 8.44E-04 -2.34 3.49E-05 4.96
PARG 1.75E-04 -2.34 CXXC5 7.98E-06 4.97
DST 7.02E-04 -2.28 SLCY9A3R1 2.30E-06 4.99
RFK 4.35E-04 -2.27 AKR1C1 2.47E-04 5.05
GRID1 6.38E-05 -2.27 2.45E-04 5.08
SLC25A32 1.96E-04 -2.26 PIK3R1 1.02E-03 5.15
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SOCS2 1.09E-03 -2.26 RUNX1 6.29E-06 5.20
GNAS 8.00E-04 -2.25 - 3.61E-04 521
AKAP12 1.17E-03 -2.25 GINS1 3.53E-06 5.23
MAN2A2 9.42E-04 -2.25 Apls2 1.17E-04 5.24
EID1 5.71E-04 -2.24 CTTNBP2 2.95E-05 5.33
--- 1.12E-03 -2.22 DEPDCY7 2.66E-06 5.34
DPYD 5.11E-04 -2.22 TOP2A 2.07E-04 5.36
C20rf32 7.69E-06 -2.22 AKR1C3 5.54E-04 5.39
HSD17B11 7.12E-04 -2.19 Zeb2 2.18E-04 541
EIF1 3.42E-04 -2.16 PPARGC1A 2.81E-04 5.44
LYN 2.53E-04 -2.13 COL12A1 1.08E-03 5.47
EIF1B 2.29E-04 -2.09 Cil7orf27 3.91E-04 5.53
CDKNZ2AIP 6.19E-04 -2.07 SACS 2.73E-05 5.58
EIF1 2.35E-04 -2.06 5.11E-04 5.63
IQSEC3 5.57E-04 -2.05 CXXC5 2.20E-06 5.65
SERF2 9.58E-04 -2.05 CDK18 1.61E-05 5.79
WBP11 5.58E-04 -2.05 ABCC3 2.95E-07 5.80
Clorf108 7.85E-05 -2.05 PSCD1 2.95E-09 5.81
CAPNS5 9.61E-04 -2.03 ACTR3C 1.38E-04 6.00
LRRFIP1 3.72E-05 -2.02 Thrsp 1.60E-04 6.06
GNB5 9.08E-04 -2.02 P2RY1 3.46E-04 6.08
H3F3B 1.79E-05 -2.01 MXRAS 1.15E-04 6.11
C19orf54 5.58E-04 2.00 VASH?2 2.47E-04 6.11
6.49E-04 2.00 TMEM72 1.74E-04 6.16

CASP2 3.57E-04 2.01 PIK3R1 4.86E-04 6.17
PTK2 3.31E-04 2.01 SDC4 3.41E-04 6.27
NFS1 1.09E-03 2.01 RHOBTB3 5.93E-05 6.29
APLP2 5.21E-04 2.02 RPS21 9.11E-05 6.32
FMO4 6.77E-04 2.03 CAPG 5.40E-04 6.39
ABCC1 8.60E-05 2.03 GREM2 9.24E-04 6.41
MST1 6.78E-05 2.04 TMEM97 1.56E-05 6.44
KIF14 1.57E-04 2.04 1.74E-04 6.45
--- 8.15E-05 2.04 7.33E-04 6.53
NFE2L3 9.27E-04 2.04 GPD1 7.82E-06 6.65
7.78E-04 2.04 1L32 5.91E-07 6.79

DECR1 2.54E-05 2.04 MYH3 1.17E-03 6.94
TXNL5 2.88E-04 2.04 Tmem37 3.30E-05 7.02
7.42E-04 2.05 ENPP3 1.00E-04 7.13

5.76E-04 2.05 PIK3R1 3.68E-06 7.18

5.06E-04 2.05 TMEM46 9.32E-04 7.28

SLC25A10 1.47E-07 2.05 SULT1C2 3.15E-05 7.45
7.80E-04 2.05 SLC2A5 3.17E-04 7.47

KIAAQ0391 5.92E-05 2.06 CYP21A2 1.63E-07 7.52
2.95E-04 2.06 PIK3R1 2.68E-04 7.57

CDK16 4.26E-05 2.06 PYGM 3.63E-04 7.83
--- 4.84E-04 2.07 HHATL 1.50E-04 7.83
CTPS2 3.35E-04 2.07 ENPP3 1.04E-03 7.89
6.13E-04 2.08 SIX1 7.36E-05 8.03

8.45E-04 2.08 LOC284757 1.05E-04 8.33

TTC38 8.40E-04 2.08 COL4A3 5.89E-05 8.34
4.77E-04 2.08 Adamts15 5.10E-05 8.43

CENPF 8.46E-04 2.08 EGFR 2.68E-04 8.45
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ABCB8 3.65E-05 2.08 - 9.35E-04 8.59
7.48E-04 2.08 PAX1 1.04E-03 8.64

HMMR 1.01E-03 2.09 WNT5A 5.71E-04 8.66
LOC100170939 1.07E-04 2.09 5.20E-04 8.94
FH 4.90E-04 2.10 CLCA2 3.50E-04 8.95
5.28E-04 2.10 C7orf29 3.56E-04 9.02

TMEM134 4.19E-04 2.10 CLCA2 9.58E-04 9.06
PDIA4 9.91E-04 2.10 6.92E-04 9.23
4.21E-04 2.10 CELSR1 2.19E-08 9.25

4.71E-05 2.12 3.70E-05 9.30

4.93E-04 2.12 4.04E-04 9.34

4.45E-04 2.12 CFB 1.57E-04 9.38

4.35E-04 2.12 3.44E-04 9.54

PHF14 7.54E-05 2.13 CHRNA1 7.34E-04 9.56
NMRAL1 6.19E-05 2.13 SIX1 9.49E-04 9.69
APLP2 7.09E-04 2.13 OPCML 8.40E-09 9.80
FBXL17 2.79E-05 2.14 ATP1A2 8.73E-04 10.27
ARHGEF10L 1.57E-04 2.14 TMEM37 5.17E-06 10.31
UBA1 1.62E-04 2.14 ENC1 5.76E-05 10.92
mrps36 1.52E-04 2.14 4.25E-04 10.98
CALU 7.61E-04 2.14 PPP1R3C 3.73E-04 11.19
TFG 1.48E-04 2.14 WNT5A 2.50E-04 11.47
AURKA 7.70E-04 2.14 BBOX1 3.27E-04 11.61
MATR3 4.34E-08 2.15 DSG2 5.09E-06 11.92
C5o0rf33 2.41E-04 2.15 CKMT2 1.87E-07 12.24
GTF2IRD2 3.28E-05 2.16 WNT5A 5.50E-04 12.34
6.88E-04 2.16 CDCA7L 2.09E-09 12.41

Tmem37 9.35E-05 2.16 ESRRG 2.35E-04 13.32
6.30E-04 2.17 HOXAS5 2.44E-09 14.11

4.37E-04 2.17 RARRES2 1.69E-05 14.38

IDH2 8.69E-04 2.17 MAOB 7.16E-06 14.41
FOXN3 1.09E-03 2.17 IRX3 4.09E-09 15.80
5.33E-04 2.17 HOXA3 8.48E-05 17.12

P4HB 8.07E-04 2.17 KCNJ16 1.15E-04 17.46
PDHA1 3.40E-04 2.18 OPCML 1.03E-06 18.73
RFC4 8.88E-04 2.18 CA12 2.59E-04 19.17
HPS3 1.14E-03 2.18 LRRN1 1.18E-03 20.78
4.83E-04 2.18 LOC131873 2.77E-04 21.77

8.75E-04 2.18 SLC47A1 1.15E-07 21.87

NAPEPLD 3.77E-05 2.18 5.19E-06 22.48
SEC24A 1.57E-04 2.18 CMBL 1.16E-06 22.69
EHD1 3.70E-04 2.19 CAl12 2.63E-04 24.43
6.51E-04 2.19 SALL1 8.15E-08 25.20

PLEKHA2 8.67E-05 2.19 CA12 2.33E-04 25.84
DBI 9.93E-04 2.19 CTXN3 2.06E-06 26.42
EHD1 7.04E-04 2.19 ENC1 6.94E-07 31.47
5.51E-04 2.19 1.19E-06 32.20

RAB11FIP3 2.45E-05 2.19 PVALB 2.82E-04 32.65
SLIT3 2.16E-04 2.19 CA12 4.02E-04 34.09
CD9 3.37E-04 2.20 GPR64 3.87E-05 34.09
SLC4A2 2.68E-05 2.20 SALL1 1.09E-08 36.83
5.18E-05 2.20 MYHS8 2.62E-04 37.25
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SLC35E1

3.68E-05

2.20

MYHS8

1.42E-04

41.75

UBTD2

1.01E-03

2.20

CDH1

4.66E-04

45.74
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