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Abstract: Brain metastatic papillary thyroid carcinomas (PTCs) are afflicted with unfavorable prognosis; however, the
underlying molecular genetics of these rare metastases are virtually unknown. In this study, we compared whole
transcript microarray expression profiles of a BRAF mutant, brain metastasis from a PTC, including its technical
replicate (TR), with eight non-brain metastatic PTCs and eight primary brain tumors. The top 95 probe sets (false
discovery rate (FDR) p-value < 0.05 and fold change (FC) > 2) that were differentially expressed between the brain
metastatic PTC, including the TR, and both, non-brain metastatic PTCs and primary brain tumors were in the vast
majority upregulated and comprise, e.g. ROS1, MYBPH, SLC18A3, HP, SAA2-SAA4, CP, CCL20, GFAP, RNU1-120P,
DMBT1, XDH, CXCL1, PI3, and NAPSA. Cytokines were represented by 10 members in the top 95 probe sets.
Pathway and network analysis (p-value < 0.05 and FC > 2) identified granulocytes adhesion and diapedesis as top
canonical pathway. Most significant upstream regulators were lipopolysaccharide, TNF, NKkB (complex), IL1A, and
CSF2. Top networks categorized under diseases & functions were entitled migration of cells, cell movement, cell
survival, apoptosis, and proliferation of cells. Probe sets that were significantly shared between the brain metastatic
PTC, the TR, and primary brain tumors include CASP1, CASP4, C1R, CC2D2B, RNY1P16, WDR72, LRRC2, ZHX2,
CITED1, and the noncoding transcript AK128523. Taken together, this study identified a set of candidate genes and
biofunctions implicated in, so far nearly uncharacterized, molecular processes of a brain metastasis from a PTC.
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Introduction

Approximately 80% of all thyroid carcinomas
are histologically classified as papillary thyroid
carcinomas (PTCs). PTCs harbor in 40-70% of
the cases a BRAF V600E mutation that renders
BRAF in a constitutively active formation and
has shown to confer vulnerability to protease
inhibitors [1]. In thyroid cancer, the V600E
mutation is frequently associated with unfavor-

able features including multifocality, lymph
node involvement, and distant metastasis. We
reported earlier on the comparison between
V60O0E positive and negative PTCs and normal
thyroid samples, revealing that V60OE positive
PTCs are comparably afflicted with more unfa-
vorable features; however, both V6OOE positive
and negative PTCs exhibited quite closely relat-
ed expression profiles when compared to nor-
mal thyroid samples [2].
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Common sites of distant PTC metastases are
lung and bone whereas metastases to the
brain are rare. Frequency of brain metastases
varies between 0.15-1.3% of all diagnosed thy-
roid carcinomas [3]. Brain metastases can
occur even after years of the primary thyroid
tumor with an approximately 10 years differ-
ence of patients’ mean age; however, aggres-
sive subtypes of PTC as tall cell variants are
likely to metastasize earlier than other histo-
logical subtypes [4]. Prognosis for patients with
intracranial brain metastasis of a PTC is in gen-
eral poor and depends on factors like histology
type and the presence of other distant metas-
tases [5]. In approximately 10% of patients who
die from thyroid carcinoma reveal to have a
brain metastasis at autopsy [6].

Symptoms implicative for a brain metastasis
include headache, nausea, seizure, polyuria,
and various neuronal impairments such as ocu-
lar motor vision dysfunction. Asymptotic brain
metastases from thyroid cancer are very rare
and can be incidentally detected by 3!l treat-
ment. Treatment options include surgery, radia-
tion, and systemic therapy. Surgical resection
of a brain metastasis originating from differen-
tiated thyroid cancer may improve prognosis of
patients [6]. Sorafenib which is a dual-active
inhibitor that inhibits the mitogen activated pro-
tein kinase pathway has been successfully
applied to treat a patient with a brain metasta-
sis originating from a follicular thyroid carcino-
ma [7]. It is proposed that the brain metastatic
process is a multistep process involving migra-
tion, intravasation, circulation, arrest, extrava-
sation, and settlement/invasion of the brain
microenvironment [8, 9].

In the present study, using whole transcript
microarrays, we analyzed the expression profile
of a brain metastasis from a PTC and compared
it with those from non-brain metastatic, stage
Il and IV PTCs and with primary brain tumors.
Our objectives were to identify molecular bio-
markers that are specifically related to the
brain metastatic PTC and that support unravel-
ing molecular mechanisms underlying this
deteriorative disease.

Material and methods
Tumor samples

In the core expression analysis we studied sam-
ples from one brain metastatic PTC, eight non-
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brain metastatic, stage lll and IV PTCs and
eight primary brain tumors. The specimens
were derived from patients who were treated
surgically in the period between 2010 and
2015 at the King Abdulaziz University Hospital,
Jeddah, and the King Faisal Specialist Hospital
and Research Center (KFSH&RC), Jeddah.
Histopathological diagnosis was performed by
a team of pathologists (JM, AJ, and FG) on
established criteria. The brain metastasis was
initially identified as a left frontal brain tumor in
a middle-aged (< 45 years) old female without
any known chronic illness and the tumor was
treated by surgery. Histopathological examina-
tion sustained the diagnosis of a metastatic
PTC and subsequent sonography demonstrat-
ed thyroid nodules and the primary, stage |l
[10], multifocal PTC and lymph node metasta-
ses were resected. This study was approved by
the Research Ethics Committee of the King
Abdulaziz University, Faculty of Medicine, #358-
10, #976-12, and the Institutional Review
Board of the KFSH&RC, #IRB2010-07.

Immunohistochemistry

Antibodies (Ventana Medical Systems, Tucson,
AZ) employed for immunohistochemistry (IHC)
consisted of thyroid transcription factor (TTF-1)
(clone 8G7G3/1), thyroglobulin (clone 2H11/
6E1), and proliferation marker ki-67 (clone
30-9) which is immunoreactive in the late G1,
S, G2, and M phases of the cell cycle. Four pm
sections of formalin-fixed and paraffin-embed-
ded specimens were processed on an automat-
ed immunostainer (BenchMark XT, Ventana
Medical Systems) according to the manufac-
turer's protocols and using the ultraView
Universal DAB Detection Kit for detection.

RNA and microarray processing

Isolation of total RNA and microarray sample
processing were performed as described earli-
er[14, 15]. In brief, the Agilent 2100 Bioanalyzer
(Agilent Technologies, Palo Alto, CA) was
employed to assess RNA integrity and integrity
number was > 5 in samples used for the differ-
ential expression analysis between then brain
metastatic PTC, non-brain metastatic PTCs,
and primary brain tumors. The NanoDrop ND-
1000 spectrophotometer (NanoDrop Technolo-
gies, Wilmington, DE) was utilized to determine
RNA concentration. All RNA samples were pro-
cessed using the Ambion WT Expression Kit
(Life Technologies, Austin, TX), the GeneChip
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WT Terminal Labeling and Controls Kit (Af-
fymetrix, Santa Clara, CA), and the Affymetrix
GeneChip Hybridization, Wash and Stain Kit.
The RNA from the brain metastasis was pro-
cessed twice to generate a technical replicate
(TR). All processed samples were hybridized to
Affymetrix Human Gene 1.0 ST GeneChip
arrays. This type of microarray interrogates with
a set of 764,885 probes 36.079 annotated ref-
erence sequences (NCBI build 36). The micro-
arrays were scanned on a GeneChip Scanner
3000 7G and probe cell intensity data (CEL)
files were generated using the GeneChip
Command Console Software (AGCC).

Sample selection for microarray expression
study

Sample selection criterion was to identify probe
sets which are significant to the brain metastat-
ic process. Therefore, eight non-brain meta-
static, stage Ill and IV PTCs as advanced thyroid
tumors and eight selected primary brain tumors
were chosen for differential expression analy-
sis. For selection, analysis of variance (ANOVA)
in Partek Genomics Suite version 6.6 (Partek
Inc., MO) was employed and performed on the
imported CEL files and carried out between the
comparison group, consisting of the brain met-
astatic PTC and its TR, and each of 40 primary
brain tumors for which CEL files were available
from our microarray data sets. Eight primary
brain tumors with meningioma histology
revealed to have the comparably lowest num-
bers of differentially expressed probe sets with
the brain metastatic PTC and its TR (p-value <
0.05 and FC > 2) and therefore were taken,
after assessing sample bias, as a group for dif-
ferential gene expression analysis which includ-
ed also, besides the brain metastatic PTC and
its TR, the eight non-brain metastatic PTC
group. Sample bias was assessed by replacing
the eight primary brain tumors with comparably
lowest numbers of differentially expressed
probe sets with those eight brain tumors having
the highest number of differentially expressed
probe sets. The ANOVA result of the assess-
ment showed that approximately 90% of the
significantly differentially expressed probe sets
were shared between both configurations.

Gene expression core analysis

In Partek Genomics Suite quality assessment
of microarray experiments was performed on
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basis of QC metrics tables and QC graphical
reports on the imported CEL files. The saved
distribution file of 18 quantile normalized sam-
ples was used for quantile normalization of
subsets of the 18 CEL files, i.e. 17 CEL files con-
sisting of eight non-brain metastatic PTCs,
eight primary brain tumors and either the brain
metastatic PTC or its TR. All lists of differentially
expressed probe sets were generated by apply-
ing ANOVA and using either a p-value < 0.05
and a fold change (FC) > 2 or using, where indi-
cated, the more stringent criterion of the false
discovery rate (FDR) p-value (step-up method)
< 0.05, and fold change (FC) > 2. Principal com-
ponent analysis was employed to illustrate
overall variance in gene expression between
samples or groups of samples. Average linkage
hierarchical clustering was performed by using
Spearman’s correlation as a similarity matrix.
Venn diagrams were generated to display inter-
secting or non-intersecting groups of differen-
tially expressed probe sets. The Gene Ontology
(GO) enrichment tool was employed in the gene
expression workflow to group significantly
expressed genes into functional categories.
The gene enrichment score utilizes the Fisher’s
Exact test to determine the level of differential
gene expression in a functional category.
PANTHER version 10 which combines GO anno-
tations and a phylogenetic tree model for infer-
ring gene functions was primarily used for pro-
tein classification [16]. The generated microar-
ray data set has been deposited at the NCBI
Gene Expression Omnibus under accession
number GSE66463 and it includes renormal-
ized samples from non-brain metastatic PTCs
and primary brain tumors of submissions
GSE54958 [2, 17] and GSE77259 [11].

Functional network and pathway analysis

The Ingenuity Pathways Analysis software (IPA;
build version 338830M) (Ingenuity Systems,
Redwood City, CA) was utilized to interpret bio-
logical significance of expression data [18]. IPA
workflow comprises core and functional analy-
sis and structural data categorization. The
Ingenuity Knowledge Base was used as a refer-
ence data set. Direct and indirect molecular
relationships were included in the analysis set-
tings. Fisher’s exact test p-values indicate the
significance of relationships between the ana-
lyzed data set molecules and the functional
frameworks prebuilt or generated de novo by
IPA. Where specified, the Molecule Activity
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Table 1. Primer sequences used for semiquantitative RT-PCR

Gene Forward primer sequence (5’-3) Reverse primer sequence (5’-3’) Product size (bp)
ROS1 ATTGTGGAGAGTTGCACG ATGACCTTGCCATCTGTG 205
MYBPH CCAGTCCAGCAATGATGG AGGCTTAGTGGCTGTGGA 202
SLC18A3 GCGAAGACGTGAAGATCG ATGGCTATGCCAGACGTG 240
HP CTACACCCTAACTACTCC ACATACTTCAGATGGTCAGT 184
CP ACCCTGATAACACCACAG AAGGTCCGATGAGTCCTG 185
CCL20 ACCATGTGCTGTACCAAG ATGTCACAGCCTTCATTGG 178
GFAP GCTTTGCCAGCTACATCG ATTGTCCCTCTCAACCTC 193
SAA2 TTTTCGTTCCTTGGCGAG CTCTCTACAGTTCAGCTG 192
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Figure 1. The brain metastatic PTC. A. Hematoxylin-eosin staining reveals papillary architectures covered by cuboi-
dal to columnar epithelium. Cellular crowding is visible and neoplastic cells demonstrate nuclear clearing and nucle-
ar grooves. B. TTF-1 staining as a marker for thyroid or lung origin exhibits strong nuclear staining. C. Thyroglobulin
shows strong cytoplasmic staining. D. Proliferation marker Ki67 is positive in 20% of cells (original magnification,
x400).

Predictor was utilized to predict expression
effects/coherence of expression effects of a
molecule on other pathway or network mole-
cules. The canonical pathway workflow was
employed to identify molecules from the
uploaded data set that are co-expressed in a
directional, up- to downstream, pathway. The
overlap percentage of uploaded molecules
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matching to a canonical pathway determines
its overrepresentation and ranking. Upstream
regulators analysis was employed to explain
how differences in target gene expression are
regulated by upstream molecules and what
kind of biological activities are involved. The
activation z-score predicts the activation states
of regulators. The diseases & functions net-
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Figure 2. aCGH karyogram of the brain metastatic PTC. Each chromosome ideogram is shown with the green/red
fluorescent profiles representing oligonucleotide features. Bars to the right of the profiles indicate gains affecting
chromosomes/chromosomal regions including 1q, 5, 7, 12p12pter, 17p, 18p, and 20q.

work analysis was employed to explore relation-
ships and effects between the uploaded data
set and downstream processes. The activation
z-score measures in how far downstream pro-
cesses are either up- or downregulated.

Semiquantitative RT-PCR and BRAF mutational
analysis

Expression of eight genes was assessed by
semiquantitative RT-PCR using housekeeping
gene B2M as reference. Primer sequences of
the genes are listed in Table 1 and in case of
B2M have been reported previously [11].
RT-PCR were performed in 20 yL volumes con-
taining each 2 pL buffer mix, 0.1% 2-mercapto-
ethanol, 0.0125% BSA, 3 mM MgCl,, 10 nmol
of each dNTP, 5 pmol forward primers, 5 pmol
reverse primers, 1.25 units GoTag DNA Po-
lymerase (Promega, Madison, WI), and 200 ng
of second strand cDNA template that was gen-
erated using the Ambion WT Expression Kit. No
cDNA template was included in the negative
control. A modified standard PCR protocol was
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used as reported earlier [11]. Gel band densi-
ties of selected reactions were measured using
Image) 1.49v [12] and then the ratio to the
internal reference B2M was calculated. DNA
extraction and BRAF mutational screening for
the non-brain metastatic PTCs was reported
earlier (GSE54958) and for the brain metastat-
ic PTC was performed within the present study
as described by us [13].

aCGH analysis

aCGH study of the brain metastatic PTC was
performed according to the manufacturer’s
protocol (Agilent Technologies, Santa Clara,
CA). In brief, tumor DNA was extracted by using
the QIAmp DNA FFPE tissue kit (Qiagen, Hilden,
Germany). Subsequently, 500 ng of tumor DNA
and 500 ng fragmented Agilent, gender-ma-
tched reference DNA were labeled using ULS-
Cy3 and ULS-Cy5 reagents (Genomic DNA ULS
labeling Kit), respectively. The hybridization mix-
ture, containing 5 yg human Cot-1 DNA, 1 yL
100x blocking reagent, 2x Hi-RPM hybridization

Am J Cancer Res 2016;6(10):2140-2161
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Table 2. Demographic data and clinicopathological tumor features

Case Histology* Age Gender? Tumor location® Tumor
stage
TM-1039-11 Conventional PTC 52 F Jugular vein wall vV
TM-989-11  FVPTC 71 F Skull, bone v
TM-602-11  Conventional PTC 59 F Thyroid bed, lung \%
TM-187-11  Conventional PTC 56 M Lymph node, perithyroidal extension vV
TM-892-11  Conventional PTC 56 M Thyroid bed I\
TM-279-08 Conventional PTC 7 M Cervical and retropharyngeal lymph nodes 11l
TM-301-12 FVPTC 51 F No recurrence/metastasis I
TM-824-12  Conventional PTC 55 F Extrathyroidal extension \%
Jed51_MTT Conventional PTC 44 F Brain, left frontal 1]
Jed04_MN Transitional meningioma 57 F Left tentoral |
Jed13_MN  Meningothelial meningioma 50 F Left frontal |
Jed49_MN  Atypical meningioma with brain invasion 51 F Posterior right subfalcine 1]
Jed57_MN  Transitional meningioma 48 F Left parasagittal |
Jed64_MN  Fibroblastic meningioma 49 F Right frontal |
Jed70_MN  Fibroblastic meningioma 73 F Right temporal [
Jed88_MN  Secretory meningioma 43 M Sub-occipital |
Jed92_MN  Meningothelial meningioma 49 F Olfactory groove |

FVPTC, follicular variant of PTC; 2F, female, M, male; *Tumor location, location of PTC recurrence/metastasis and location of

primary brain tumors including one recurrence (Jed49_MN).

buffer, and both labeled DNA solutions was
hybridized for 40 hrs at 65°C and 20 rpm to a
180K SurePrint G3 Human CGH microarray.
The type of microarray contains 170,334 dis-
tinct biological features. Subsequently, the
microarray was washed stringently, then
scanned using the SureScan High resolution
scanner, and the generated TIFF image ana-
lyzed, utilizing CytoGenomics v3.0.6 software
(Agilent Technologies) according to its user
guide (G1662-90046). Confidence of differen-
tial expression of biological features is based
on p-values that are generated using the log
ratios of the Cy3 to Cy5 channel signals and the
log ratio errors which are a measure for the sig-
nificance of computed log ratios.

Results

Hematoxylin-eosin staining revealed a charac-
teristic papillary architecture of the brain meta-
static PTC (Figure 1A). Nuclear immunoreactiv-
ity for TTF-1 and cytoplasmic immunoreactivity
for thyroglobulin demonstrated origin of the
brain metastasis from a PTC (Figure 1B, 1C).
Proliferation marker Ki-67 showed immunore-
activity in about 20% of the tumor cells (Figure
1D). Five of the non-brain metastatic PTCs and
the brain metastatic PTC exhibited a BRAF
V600E mutation. An aCGH analysis of the brain
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metastasis identified a number of whole and
partial chromosomal gains including +1q, +5,
+7, +12p12pter, +17p, +18p, and +20q (Figure
2).

Genes differentially expressed in the brain me-
tastasis and the TR vs. non-brain metastatic
PTCs and primary brain tumors

A detailed microarray expression analysis was
performed on a rare brain metastasis from a
PTC, including its TR, eight non-brain metastat-
ic, stage Ill and IV PTCs and eight primary brain
tumors (Table 2). The primary brain tumors
were of meningioma histology and selected as
described under Material and methods. Sim-
ilarity of expression profiles of all 18 samples is
illustrated by a distance related scale in a PCA
3D scatter plot (Figure 3). Hierarchical cluster
analysis separately groups the brain metastatic
PTC and the TR, from non-brain metastatic
PTCs, and primary brain tumors (Figure 4). The
18 tumor samples served as basis to generate
four differentially expressed comparison gro-
ups, i.e. brain metastatic PTC vs. non-brain
metastatic PTCs, brain metastatic PTC (TR) vs.
non-brain metastatic PTCs, brain metastatic
PTC vs. primary brain tumors, and brain meta-
static PTC (TR) vs. primary brain tumors. The
top 95 differentially expressed probe sets, that
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Figure 3. PCA 3D scatter plot as a dimensional, distance-related measure to display similarity of expression profiles
of samples that are indicated by dots. Bounding ellipsoids are included for non-brain metastatic PTCs and primary
brain tumors. Colors for samples/groups of samples as indicated in the color scheme legend.
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Figure 4. Hierarchical cluster analysis between the brain metastatic PTC, the TR, non-brain metastatic PTCs, and
primary brain tumors. The brain metastatic PTC and the TR are clustering separately from the two other groups.
Analysis is based on 796 differentially expressed probe sets (p-value < 0.0005). Colors for samples/groups of
samples as indicated in the color scheme legend.

primarily distinguish the brain metastatic PTC mary brain tumors were those that intersect
from both, non-brain metastatic PTCs and pri- with all four comparison groups (Figure 5A,
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A Venn Diagram - FOR p-value
Brain metastatic PTC vs. pr. brain tumors (673) Brain metastatic PTC (TR) vs. non-brain metastatic PTCs (161)
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B Venn Diagram - unadjusted p-value
Brain metastatic PTC vs. pr. brain tumors (2381) Brain metastatic PTC (TR) vs. non-brain metastatic PTCs (1134)
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Figure 5. Venn diagrams displaying differentially expressed probe sets that intersect or non-intersect between differ-
ent comparison groups. A. Applying a FDR p-value < 0.05 and FC > 2.0 results in 95 differentially expressed probe
sets (Supplement Table 1) that intersect between the four comparison groups brain metastatic PTC vs. non-brain
metastatic PTCs, brain metastatic PTC (TR) vs. non-brain metastatic PTCs, brain metastatic PTC vs. primary brain
tumors, and brain metastatic PTC (TR) vs. primary brain tumors. The 95 probe sets include 90 genes represented
by one probe set each, 2 genes represented by two probe sets each, and one unmapped transcript. B. Applying the
unadjusted p-value < 0.05 and FC > 2.0 results in 429 differentially expressed probe sets that intersect between
the comparison groups as outlined under A (Supplement Table 1). Numbers of probe sets that are differentially

expressed in each comparison group are given in parentheses.

Supplement Table 1). The 95 probe sets were in
the vast majority comparably upregulated in
the brain metastatic PTC. The encoded pro-
teins/molecules represent various functional
categories. These include the cytokines CCL20,
CXCL1, CCL13, OSM, CXCLS, IL6, IL17C, CXCL2,
IL1B, and IL32; proteins with receptor activity,
e.g. ROS1, FPR2, IL1R2, and SIGLECG6; cyto-
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skeletal and related proteins, e.g. MYBPH,
GFAP, KRT17, ACTBL2, and TUBB3; enzymes
including proteases and their inhibitors, e.g.
XDH, PI3, NAPSA, FSTL5, SPINK14, TMPRSS3,
and MMP7; and transporter proteins, e.g.
SLC18A3, CP, CNTNAP5, AQP5, and SLC6A14.
Molecules of various categories were, e.g.
HP, SAA1, SAA2, SAA2-SAA4, DMBT1, ZER1,

Am J Cancer Res 2016;6(10):2140-2161
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Figure 6. Semiquantitative RT-PCR for ROS1, MYBPH, SLC18A3, HP,
CP, CCL20, GFAP, and SAA2 in the case series of eight thyroid tumors
(TM-1039-11, TM-989-11, TM-602-11, TM-187-11, TM-892-11, TM-
279-08, TM-301-12, and TM-824-12), the brain metastatic thyroid tu-
mor (Jed51_MTT) and eight primary brain tumors (JedO4_MN, Jed13_
MN, Jed49_MN, Jed57_MN, Jed64_MN, Jed70_MN, Jed88_MN, and
Jed92_MN). The genes rank among the top differentially expressed
probe sets (Supplement Table 1). The PCR products of the interrogated
genes have a size between 178-240 bp (Table 1). Product size of the
internal reference gene B2M is 156 bp. Relative band densities of the
PCR products for all eight genes compared to B2M is comparably high-
est for Jed51_MTT. Some cases as e.g. Jed57_MN express consider-
able amounts of MYBPH (~55%, compared to Jed51_MTT), or TM-279-
08 express considerable amounts of CP (~69%) and CCL20 (~64%).
Lane 1 contains the DNA ladder with the 200 bp band visible in the
image fields and lane 19 contains the negative control reactions.

HSPAG, OTX2, RRAD, RAB7B, MIR146A, SBSN,
and FAM83A. Eight differentially expressed
genes, i.e. ROS1, MYBPH, SLC18A3, HP, CP,
CCL20, and GFAP were subjected to semiquan-
titative RT-PCR that substantially confirmed
microarray expression data (Figure 6).

Supplement Table 1). Functional
groups that were significantly over-
represented in different ontology
categories are illustrated in a GO
enrichment analysis (Figure 7). In
the cellular component domain,
the categories extracellular region
part, extracellular region, and
membrane-enclosed lumen were
prevalent. In the molecular func-
tion domain, the most significantly
related categories were molecul-
ar transducer activity, antioxidant
activity, and chemoattractant ac-
tivity. In the biological process
domain, the prevalent categories
were locomotion, single-organism
process, and response to stimuli.
The top canonical pathway was
entitled granulocyte adhesion and
diapedesis, illustrating molecular
processes implicated in transend-
othelial migration (Table 3, Figure
8). Other top pathways were like-
wise related to inflammatory
response and diseases. Network
analysis identified as most signifi-
cantly related upstream regulators
lipopolysaccharide, the nuclear
NFkB (complex), and the cytokines
TNF, lI1A, and CSF2, otherwise
known as GM-CSF (Table 3, Figure
9). Top networks under the catego-
ry diseases & functions were enti-
tled migration of cells, cell move-
ment, cell survival, apoptosis, and
proliferation of cells (Table 3,
Figure 10).

Genes shared between the brain
metastasis and primary brain
tumors

To identify candidate genes that may support
the brain metastasis to adapt and expand in
the brain microenvironment, we selected (FDR
p-value < 0.05 and FC > 2.0) in our data set for
those probe sets that intersect between the
comparison groups, brain metastatic PTC vs.

non-brain metastatic PTCs, brain metastatic

Biofunctional prediction analysis

PTC (TR) vs. non-brain metastatic PTCs, and pri-

mary brain tumors vs. non-brain metastatic

Biofunctional analysis was performed on the
set of 429 differentially expressed probe sets
(p-value < 0.05 and FC > 2) (Figure 5B,
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PTCs. Furthermore, we excluded from the inter-
secting probe sets those that were included in
the list of 429 probe sets. The resulting probe

Am J Cancer Res 2016;6(10):2140-2161
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Figure 7. GO enrichment analysis for the 429 differentially expressed probe sets. The functional categories are ranked according to their p-values. A. The categories
extracellular region part, extracellular region, and membrane-enclosed lumen were most overrepresented in the cellular component domain. B. The most over-
represented categories in the molecular function domain were molecular transducer activity, antioxidant activity, and chemoattractant activity. C. The dominant

categories in the biological process domain were locomotion, single-organism process, and response to stimulus.

2149

Am J Cancer Res 2016;6(10):2140-2161



Gene expression and biofunctions related to a brain metastasis from a PTC

Table 3. Top pathways and networks based on 429 differentially expressed probe sets

Brain metastatic PTC vs. non- Brain metastastic PTC vs. primary
brain metastatic PTCs brain tumors

Category - -
Overlap [%]/activa- Overlap [%]/activa-
p-value tion z-score prvalue tion z-score
Top canonical pathways
Granulocyte adhesion and diapedesis 1.38E-09 11.4 1.38E-09 11.4
Agranulocyte adhesion and diapedesis  8.24E-07 8.9 8.24E-07 8.9
Role of IL-17A in psoriasis 2.79E-06 38.5 2.79E-06 38.5
LXR/RXR activation 3.21E-06 10.0 3.21E-06 10.0
Acute phase response signaling 4.04E-06 8.4 4.04E-06 8.4
Top upstream regulators
Lipopolysaccharide 1.81E-23 6.382 1.81E-23 6.734
TNF 2.82E-23 5.799 2.82E-23 6.102
NFkB (complex) 2.99E-22 5.477 2.99E-22 5.477
IL1A 4.46E-20 4.668 4.46E-20 5.016
CSF2 4.12E-18 4,729 4.12E-18 4,729
Diseases & functions
Migration of cells 9.77E-14 5.694 9.77E-14 4.989
Cell movement 1.48E-13 5.982 1.48E-13 5.298
Cell survival 3.24E-13 5.493 3.24E-13 5.203
Apoptosis 6.63E-13 -0.923 6.63E-13 -2.397
Proliferation of cells 1.22E-12 4.191 1.22E-12 4.063

sets include CASP1, CASP4, and C1R which
were comparably higher expressed and CC2-
D2B, RNY1P16, WDR72, LRRC2, ZHX2, CITED1,
and the noncoding and uncharacterized tran-
script AK128523 which were comparably lower
expressed in the brain metastatic PTC.

Discussion

In contrast to melanoma, breast and lung can-
cer, which contribute to the majority of cancers
with brain metastasis, brain metastatic PTCs
are rare and presence of a PTC brain metasta-
sis prior to detection of the primary thyroid
tumor is exceptionally rare [19]. We present to
our knowledge the first whole transcript expres-
sion profile of a brain metastasis from a PTC.
Critical steps of the brain metastatic process
as transmigration through the blood brain bar-
rier (BBB) are not fully explored yet and depend
on a number of factors as tissue type of tumor
cells, cellular interactions and the time interval
needed for extravasation [8, 9]. By comparing
the expression profile of a brain metastasis
with profiles of advanced stage, non-brain met-
astatic PTCs and with profiles of statistically
sorted primary brain tumors, we selected for
those differentially expressed candidate genes
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that are most probably related to in vivo char-
acteristics of the brain metastatic process. The
BRAF mutational status of PTC metastases to
the brain has only been reported for a small
number of cases providing limited information
to the clinical behavior of these metastases
[20, 21]. A meta-analysis revealed that distant
metastases from PTCs are not significantly
associated with the BRAF mutational status
[22]; however, a positive BRAF mutational sta-
tus was more frequently observed in PTCs with
a brain metastasis in comparison to other met-
astatic sites as soft tissue, lung, and retroperi-
toneum [20].

Cytokines

CCL20 is a ligand for CCR6 and its expression
is a proinflammatory signal, known to be upreg-
ulated in a number of cancer types. In SW1736
thyroid cancer cells, migration and invasion
was induced by activation of CCR6 through
CCL20 [23]. In addition, CCL20 stimulated ex-
pression and secretion of MMP3 and the nucle-
ar translocation and activation of NFkB which
is known to be implicated in a variety of cellular
functions including cytokine activation and
exertion of pro-tumorigenic activities. Of notice,
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Figure 8. The top canonical pathway is entitled granulocyte adhesion and diapedesis. The pathway is based on the
list of 429 differentially expressed probe sets that intersect between the four comparison groups (Figure 2B), and
displaying the expression values derived from the two comparison groups, brain metastatic PTC vs. non-brain meta-
static PTCs and brain metastatic PTC (TR) vs. non-brain metastatic PTCs (Supplement Table 1). Molecules that are
comparably upregulated in the brain metastatic PTC include CCL2, CCL13, CCL18, CCL20, CCL22, CXCL1, CXCL2,
CXCL8, CXCL14, CX3CL1, CLDN10, FPR2, IL1A, IL1B, IL1R2, ICAM1, and MMP7. SDC2 is comparably downregu-
lated. A number of molecules from the probe sets are displayed under their group specific names, e.g. chemokines,
CLDN, fMLPR, IL-1, MMP, and SDC. This pathway was also most significantly associated with the 95 probe sets (p-

value 5.51E-08).

upregulation of CCL20 in endothelial cells that
line specific zones of the BBB has been associ-
ated with a support for autoreactive T cells to
cross the BBB regionally [24]. CCL20 was also
included in the top scoring gene list derived
from a comparison of parental breast cancer
cell lines CN34 and MDA231 with their deriva-
tives possessing brain metastatic behavior
[25]. CXCL1 and CXCL2 are neutrophil che-
moattractants. Overexpression of both chemo-
Kines in breast cancer cells increased survival
of cancer cells at the metastatic sites [26]. In a
rat model of soman-induced status epilepticus,
CXCL1 expression was induced in neurons and
endothelial cells [27]. An in vitro and in vivo
study demonstrated that CCL2 expression from
breast cancer cells and stroma attracts inflam-
matory monocytes that promotes metastasis
of breast tumors [28]. CCL13 is the ligand of
chemokine receptors CCR1, CCR2, CCR3, and
CCR5. Although CCL13 is a critical factor in
inflammatory diseases [29] its functions in can-
cer is not well defined. OSM is structurally relat-
ed to IL6 and was found to inhibit thyroid per-
oxidase gene expression in porcine thyroid cell
culture [30]. CXCLS8, IL17, and IL6 were among
a number of cytokines that were detected with
increased levels upon neuroinflammatory stim-
ulus in a 3D microfluidic chip model of the
human BBB [31]. Furthermore, in SW480 and
Caco-2 cells, proliferation, invasion, or epitheli-
al-mesenchymal transition could be synergisti-
cally fostered by CXCL8 and CCL20 via the
PISBK/AKT and ERK1/2 pathways [32]. GBM
cells which were selected in a lung metastasis
assay showed increased expression of IL6, IL8
and other factors known to be associated with
unfavorable prognosis [33]. IL17C is preferen-
tially expressed from non-immune cells and its
expression was found to be comparably upreg-
ulated in the CNS of mice with induced autoim-
mune encephalomyelitis [34, 35]. In an in vitro
BBB model, treatment with recombinant IL1B
abolished BBB integrity by suppressing astro-
cytic SHH production and furthermore, led to
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increased synthesis of CCL2, CCL20, and
CXCL2 in astrocytes [36]. The proinflammatory
cytokine IL32, alias NK4, is an established can-
cer associated factor that was demonstrated
e.g. in cell culture experiments wh-
erein a splice variant of IL32 promoted migra-
tion and invasion of breast cancer cells via the
downstream VEGF/STAT3 pathway [37].

Proteins with receptor activity

ILAR2 is a decoy receptor that interferes with
the binding of ILAR1 to IL1A and IL1B. The
receptor is known to be expressed in various
cancer types [38]. ROS1 encodes a receptor
tyrosine kinase with yet unknown ligand and it
exhibits conserved relationship with ALK and
the leukocyte tyrosine kinase LTK. Among other
genes, upregulation of ROS1 was detected in
GBM clones that were resistant to the EGFR
inhibitor Gefitinib [39]. FPR2 is a G protein-cou-
pled chemoattractant receptor [40]. In vitro
and in vivo studies revealed that glioma cells
overexpressing FPR showed increased motility
and were more invasive than non-FPR overex-
pressing glioma cells [41]. SIGLEC6 is a cell
membrane receptor containing an extracellular
immunoglobulin domain for sialic acids binding
and an intracellular immunoreceptor tyrosine-
based inhibitory motif. Expression of SIGLEC6
in choriocarcinoma-derived BeWO cells result-
ed in decreased apoptosis and enhanced pro-
liferation and invasiveness [42].

Cytoskeletal and related proteins

MYBPH is a cytoskeletal protein that is involved
in a number of cellular processes; however, its
functions are not fully explored yet. Of notice, in
vitro experiments demonstrated that MYBPH
expression is positively regulated by TTF-1 and
furthermore, MYBPH overexpression impairs
actomyosin organization and acts as a negative
factor for cell motility and migration of collec-
tive cells but not of single cells [43]. This latter
observation can be of relevance in the context
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Figure 9. A merged network based on the top five upstream regulators lipopolysaccharide, nuclear NFkB (complex) and the cytokines TNF, IL1A, and CSF2. IL1A is
also included in the differentially expressed probe set list. Increased activation is predicted by a z-score > 2 (Table 3). The network is based on the list of 429 differ-
entially expressed probe sets that intersect between the four comparison groups (Figure 5B), and reflecting the expression values derived from the two comparison
groups, brain metastatic PTC vs. non-brain metastatic PTCs and brain metastatic PTC (TR) vs. non-brain metastatic PTCs (Supplement Table 1). Upregulated mole-
cules include ADORA1, ADORA3, ANGPTL4, APOD, AQP5, AQP9, B3GNT5, BAG3, BCL2A1, BCL3, BIRC3, BLZF1, CCL13, CCL18, CCL2, CCL20, CCL22, CD209, CD83,
CISH, CSF2RA, CX3CL1, CXCL1, CXCL14, CXCL2, CXCL8, DMBT1, EFNA1, ELF3, FPR2, GOS2, GFAP, HCAR2, HCAR3, HMOX1, HP, HSPA1A/HSPA1B, HSPAS, ICAM1,
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IER3, IGK, IGKC, IL17C, IL1A, IL1B, IL1R2, IL2RA, IL32, IL6, IL7R, ITGB6, KIF20A, KRT17, LAD1, LDHA, LRG1, LYN,
MFI12, MMP7, MTTP, NAMPT, NEDD9, NUP62, ORM1, OSM, PDZK1IP1, PI3, PIM1, PLAGL2, PLAUR, PMAIP1, PPARG,
PTGS2, QSOX1, REL, RFX5, RHOH, RRAD, RRM2, S100A8, S100A9, SAA1, SAA2, SFTPA1, SFTPB, SLC2A1, SOD2,
STEAP4, TFAP2A, TLR1, TNFAIP2, TNFRSF9, TREM1, and ZC3H12A. Downregulated molecules include SCARB1,
SLC30A4, TRIB1, TRPC1, UACA, and VEGFC. The pathway was overlaid with the Molecule Activity Predictor to precal-
culate further molecular effects, as outlined in the prediction legend.

that the brain metastatic cells in our study har-
bored expression signatures related to granulo-
cyte/agranulocyte adhesion and diapedesis
processes. GFAP is an intermediate filament
protein that is an established marker for a num-
ber of glial tumors [44]. Overexpression of
KRT17 has been found in an IHC study to be
associated with lymph node metastasis in PTCs
[45]. Within the cytoskeleton structures, actin
filaments form dynamic networks that can rap-
idly reorganize, determine cytokinesis, cell
shape, and are mandatory for cell adhesion,
migration, and invasion [46]. Overexpression of
the ubiquitously expressed gene ACTBL?2, alias
kappa-actin, is associated with unfavorable
prognosis in hepatocellular carcinoma and its
induced overexpression in hepatoma cells led
to enhanced serum-independent cell prolifera-
tion and anchorage-independent colony forma-
tion [47]. Expressional dataset analysis detect-
ed overexpression of the beta tubulin protein
TUBB3 in brain metastases of breast cancers
but not in the primary tumors [48]. Furthermore,
knockdown of TUBB3 in brain metastatic breast
cancer cells reduced their metastatic capacity
in mice which led to increased survival of the
rodents.

Enzymes including proteases and their inhibi-
tors

XDH encodes a molybdoflavin enzyme that cat-
alyzes the oxidative reactions of hypoxanthine
to xanthine and subsequently of xanthine to
uric acid. The role of the enzyme in cancer has
not been thoroughly elucidated; however, XDH
expression has been identified by mass spec-
trometry in bovine brain capillary endothelial
cells (BCECs) exhibiting functional BBB proper-
ties that were induced by co-cultured glial cells,
whereas mono-cultured BCECs with impaired
BBB properties did not express detectable XDH
[49]. PI3, also known as elafin, is a serine prote-
ase inhibitor that is synthesized and secreted
locally at the site of injury in response to pri-
mary cytokines such as IL1 and TNF [50]. In an
experimental anti-angiogenesis in vivo model
system, PI3 was upregulated in GBM and its
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upregulation was found to be associated with
poor prognosis in GBM patients [51]. NAPSA
encodes an aspartic protease that is used as
an IHC marker for subclassification of lung
tumors. In thyroid cancer, IHC expression of
NAPSA was detected in a subset of poorly dif-
ferentiated thyroid carcinomas and anaplastic
carcinomas but only in a vast minority of PTCs
[52]. FSTL5 is an enzyme modulator of the fol-
listatin family and the secretory glycoprotein
was identified in a microarray expression and
IHC study as a marker of unfavourable progno-
sis in different subtypes of medulloblastomas
[53]. The function of SPINK14 in cancer is bare-
ly known but the protease inhibitor was listed
among the top downregulated genes in HepG2
cells upon treatment with the EZH2 inhibitor
GSK343 [54]. TMPRSS3 is a type Il transmem-
brane serine protease that, when overex-
pressed in ovarian A2780 cells, promotes their
proliferation, invasion, and migration and an
IHC study revealed that TMPRSS3 expression is
an unfavorable prognostic factor in breast can-
cer patients [55, 56]. MMP7 is a secreted
matrix metalloproteinase. In vitro assays in
prostate cancer cells demonstrated that the
proteinase sufficiently digests perlecan, a core
component of basement membranes, and by
this facilitates cell invasion [57].

Transporter proteins

The vesicular acetylcholine transporter SLC-
18A3 encodes a transmembrane molecule that
loads acetylcholine into secretory vesicles in
presynaptic nerve terminals. An RT-PCR assay
demonstrated that induction of differentiation
of human neuroblastoma cell line LAN-5 by reti-
noic acid resulted in a number of deregulated
genes under which SLC18A3 was shown to be
initially upregulated [58]. CP owns ferroxidase
activity and it is implicated in supporting iron
transport across the BBB. In an in vitro BBB
model system, expression of CP in C6 glioma
cells was stimulated by IL1B and IL6 that were
expressed from neighboring brain microvascu-
lar endothelial cells [59]. According to microa-
rray expression data, CNTNAP5, which is a
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Figure 10. The top five merged networks under the category diseases & functions were entitled migration of cells,
cell movement, cell survival, apoptosis, and proliferation of cells. Increased activation is predicted by a z-score > 2
(Table 3). The network is based on the list of 429 differentially expressed probe sets that intersect between the four
comparison groups (Figure 5B), and reflecting the expression values derived from the two comparison groups, brain
metastatic PTC vs. non-brain metastatic PTCs and brain metastatic PTC (TR) vs. non-brain metastatic PTCs (Supple-
ment Table 1). Upregulated molecules include ADORA1, ADORA3, ADRA1B, ANGPTL4, APOD, AQP5, AQP9, BAG3,
BCL2A1, BCL3, BIRC3, BLZF1, BNIP3, BUB1, CCL13, CCL18, CCL2, CCL20, CCL22, CCT5, CD209, CD83, CDC6,
CDC7, CDK1, CDK5, CISH, COL11A1, CR1, CSF2RA, CTSE, CX3CL1, CXCL1, CXCL14, CXCL2, CXCLS8, DAB2, DACH1,
DBF4, DEGS1, DGKB, DNAJB1, EFNA1, EGF, EGLN3, ELF3, ETHE1, ETV6, EZH2, FAM83A, FPR2, GOS2, GAREM1,
GFAP, HCAR2, HILPDA, HMOX1, HP, HSPA1A/HSPA1B, HSPAS, ICAM1, IER3, IGF2BP3, IGHM, IGK, IGKC, IL17C, IL1A,
IL1B, IL27RA, IL2RA, IL2RB, IL32, IL6, IL7R, ITGB6, KIF14, KIF20A, KPNA2, LDHA, LMNB1, LYN, MAP3K1, MFI2,
MGLL, MMP7, NAMPT, NDC80, NEDD9, NNAT, NR2F1, NUF2, NUP62, ORM1, OSM, OTX2, PDE4DIP, PDK1, PDZ-
K1IP1, PI3, PIM1, PKM, PLAUR, PMAIP1, PON2, PPARG, PPP1R1B, PROM1, PROX1, PTGS2, PTP4A3, PTTG1, QSOX1,
RASSF4, RASSF5, REL, ROS1, RRAD, RRM2, S100A8, S100A9, SAA1, SFTPA1, SIGLECG, SIX1, SLC18A3, SLC22A18,
SLC2A1, SMYD3, SNRPE, SOD2, SRPX2, TCP1, TFAP2A, TLR1, TNFAIP2, TNFRSF9, TREM1, TRIB2, TUBB3, UNC5CL,
VSTM2L, XDH, XPR1, and ZIC1. Downregulated molecules include ABL1, GNG7, HHEX, INVS, MAGEH1, PARK2,
PLCD1, PRKCQ, RGN, SCARB1, SDC2, TENM1, TRIB1, TRPC1, UACA, VEGFC, and WASF3. The pathway was overlaid
with the Molecule Activity Predictor to precalculate further molecular effects, as outlined in the prediction legend.

member of the neurexin family and associated
with potassium channels is comparably high
expressed in a number of brain cancers includ-
ing medulloblastoma, pilocytic astrocytoma,
and cerebellar tumors [60]. In prostate cancer,
the water channel protein AQP5 was identified
as an unfavorable prognostic marker and cell
culture experiments indicated that siRNA
knockdown of AQP5 inhibited proliferation and
migration of prostate cancer cells [61].

Molecules of various categories

HP has been found with increased serum levels
by quantitative protein analysis in patients with
brain metastatic lung cancer [62]. Furthermore,
in vitro and in vivo studies identified HP as a key
mediator of metastatic cell homing, fostering
invasion, migration, including transendothelial
migration, and proliferation of cancer cells [63].
SAA proteins are the major acute phase
response molecules and considered as a family
of apolipoproteins. SAA2-SAA4 is transcripted
as a readthrough between the adjunct SAA2
and SAA4 genes. Overexpression of isoforms
SAA1 and SAA2 was found in sera of lung can-
cer patients and in lung carcinoma cells that
metastasized and settled in the lung of a
mouse model [64]. Furthermore, recombinant
SAA1 differentially affected cell migration and
invasion in two tested glioma cell lines [65].
DMBT1 is a member of the scavenger receptor
cysteine-rich superfamily and it was initially
identified as a gene deleted in a number of
medulloblastoma and GBM samples and cell
lines [66]. Detailed in vitro and in vivo studies
established DMBT1 as a critical vascular extra-
cellular matrix protein that promotes endothe-
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lial cell adhesion, migration, proliferation, and
angiogenesis [67]. ZER1, that was in our study
comparably downregulated in the brain meta-
static PTC, encodes a subunit of an E3 ubiqui-
tin ligase complex. A microarray study in blad-
der cancer identified, among other genes, up-
regulation of ZER1 at tumor stage Ta-T1; how-
ever, its downregulation at stage T1-T2 [68].
Upon heat induction, heat shock protein HSPAG
has been identified in centrioles that are known
to have critical functions in cellular polarity and
migration processes during neuronal differen-
tiation [69]. OTX2 encodes a homeobox tran-
scription factor and is frequently gained in non-
Shh/non-Wnt medulloblastomas. In vitro and in
vivo experiments demonstrated that OTX2
overexpression promotes cell proliferation,
whereas its knockdown reduces tumorigenicity
of cells [70]. RRAD is a member of the (Rem/
Rem2, Gem, Kir) RGK subfamily of the Ras fam-
ily of small GTPases, sharing in its GTPase
domain a ~35% identity with HRAS and other
small GTPases. Overexpression of RRAD in pri-
mary GBM is associated with poor prognosis
[74]. Furthermore, cell culture experiments in
GBM LN229 cells demonstrated that RRAD, by
inducing EGF, enhances STAT3 activation.
Furthermore, immunoprecipitation showed that
RRAD physically interacts with EGFR and in
vitro and in vivo studies demonstrated that
RRAD enhances colony formation and cell
migration as well as tumor growth in nude mice.
Downregulation of RRAD by siRNA treatment
resulted in loss of expression of the stemness-
regulating genes OCT4, NANOG, and SOX2 as
well as in sensitizing of otherwise temozolo-
mide-resistant LN229 clones. The small GTP-
ase Rab7b is known to be involved in retrograde
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transport of a number of sorting receptors and
implicated in cell migration by actin cytoskele-
tal remodelling [72]. In a spinal cord injury rat
model, MiR146A was one of the key miRNAs
that was upregulated at the injury site over a
longer time period and cell culture experiments
indicated that MIR146A is a regulator of inflam-
mation in glial cells [73, 74]. SBSN is known as
an invasion promoting protein that was identi-
fied in a proteomics study in the secretome of a
GBM cell line that does not express EGFR and
PTEN and in GBM derivate cells that have
induced expression of both, EGFR and PTEN
[75]. In mouse tumor endothelial cells, siRNA
depletion of SBSN inhibited migration and tube
formation capacity [76]. The functional proper-
ties of FAM83A are less known, however, its
overexpression in breast cancer cells increased
proliferation and invasion and augmented
EGFR resistance to tyrosine kinase inhibitors
[77]. Moreover, independently of an upstream
EGF/EGFR activation, FAM83A overexpression
resulted in activation of CRAF and PI3K p85
which are known upstream activators of
ERK1/2 and AKT. Conversely, FAM83A deple-
tion by siRNA resulted in delayed tumor growth
of a xenograft tumor model and metadata anal-
ysis demonstrated that high FAM83A expres-
sion correlates with unfavorable prognosis in
breast cancer patients.

Probe sets differentially expressed in the brain
metastatic PTC, the TR, and primary brain tu-
mors vs. non-brain metastatic PTCs

C1R is a serine protease of the complement
system and an activator of C1S that is known to
enhance tumorigenic invasion and migration by
extracellular matrix disintegration [78]. CASP1
and CASP4 are effector caspases that are
involved in caspase activation and regulation of
inflammatory processes [79]. Comparably high-
est RNA expression levels for WDR72, which is
a critical factor in calcium transport, have been
found in kidney and thyroid tissues which may
support our results showing lower expression
of WDR72 in the brain metastatic PTC and pri-
mary brain tumors [80]. The function of CC2-
D2B, especially in cancer, is virtually unknown;
however, microarray expression data indicated
that CC2D2B is a top upregulated gene in PTCs
which may also be a support for our results of
comparably lower expression of the factor in
the brain metastasis and primary brain tumors
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[60]. Similarly, CITED1 which encodes a CREB-
binding protein/p300-interacting transactiva-
tor was identified in a microarray expression
study as an upregulated gene in PTCs [81].
ZHX2 is a zinc finger and homeobox containing
factor. Induced expression of ZHX2 in xenograft
tumors resulted in reduced tumor growths [82].

In conclusion, whole transcript expression pro-
filing identified candidate genes including a
number of cytokines, and biofunctions, notably
the granulocyte adhesion and diapedesis path-
way, associated with a brain metastasis of a
PTC, suggesting an inherited expression profile
related to the brain metastatic process.
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Supplement Table 1. Probe sets differentially expressed in the brain metastatic PTC including its TR vs. non-brain metastatic PTCs and vs. pri-
mary brain tumors

Brain metastatic PTC + TR vs.
non-brain metastatic PTCs

Brain metastatic PTC + TR vs.
primary brain tumors

Transcript ID  Gene symbol Gene name/assignment Chromo§omal p-value FDR Fold p-value FOR Fold
location p-value change p-value change
8129134 ROS1 ROS proto-oncogene 1, receptor tyrosine kinase 6q22 1.93E-14 5.61E-10 13.37 1.17E-14  3.40E-10 14.70
7923534 MYBPH myosin binding protein H 1932.1 1.15E-11  1.54E-07 12.96 1.30E-11  1.23E-07  12.67
8180303 - - 11p15.1 2.11E-11  2.04E-07 75.90 2.65E-11  1.72E-07  70.76
7927502 SLC18A3 solute carrier family 18 member A3 10011.23 1.67E-10  1.05E-06 11.46 1.96E-10  8.73E-07 11.10
7997188 HP haptoglobin 16022.2 2.58E-10  1.48E-06 87.76 6.72E-10 1.75E-06  64.41
7946977 SAA2-SAA4  SAA2-SAA4 readthrough 11p15.1 3.70E-10  1.71E-06 5.68 2.86E-10  1.05E-06 5.87
8091385 CP ceruloplasmin (ferroxidase) 3024925.1 4.65E-10 1.93E-06 37.57 2.89E-10 1.05E-06 42.79
8048864 CCL20 chemokine (C-C motif) ligand 20 2036.3 2.53E-09 858E-06 121.78  1.48E-09 3.04E-06 148.82
8016128 GFAP glial fibrillary acidic protein 17921 2.95E-09  8.80E-06 3.08 1.37E-08  1.46E-05 2.75
7904953 RNU1-120P RNA, U1 small nuclear 120, pseudogene 1g21.2 7.32E-09 1.87E-05 15.20 3.68E-08 3.38E-05 11.01
7931108 DMBT1 deleted in malignant brain tumors 1 10qg26.13 7.61E-09 1.94E-05 3.45 1.63E-09 3.17E-06 4.04
8051322 XDH xanthine dehydrogenase 2p23.1 1.06E-08  2.37E-05 8.67 4.80E-09 7.11E-06 9.93
8164464 ZER1 zyg-11 related, cell cycle regulator 9034.11 2.09E-08  3.69E-05 -2.88 1.21E-07  7.44E-05 -2.52
8062927 PI3 peptidase inhibitor 3, skin-derived 20q13.12 2.00E-08  3.70E-05 412 1.62E-07  9.20E-05 3.32
8095697 CXCL1 C-X-C motif chemokine ligand 1 4913.3 1.90E-08  3.70E-05 11.61 5.08E-08 4.11E-05 9.68
8038556 NAPSA napsin A aspartic peptidase 19913.33 2.01E-08  3.72E-05 11.16 4.79E-08  3.81E-05 9.53
7946983 SAA2 serum amyloid A2 11p15.1 3.18E-08  4.87E-05 6.70 1.55E-08  1.70E-05 7.49
8103466 FSTL5 follistatin-like 5 4932.3 6.26E-08  9.45E-05 3.91 2.63E-08  2.36E-05 4.31
7971950 DACH1 dachshund family transcription factor 1 13022 9.45E-08  1.25E-04 3.82 8.17E-08  5.55E-05 3.87
8109039 SPINK14 serine peptidase inhibitor, Kazal type 14 (putative) 5932 1.16E-07 1.53E-04 5.40 6.30E-08 4.71E-05 5.88
7906764 HSPAG heat shock protein family A (Hsp70) member 6 1923 1.39E-07 1.73E-04 20.77 1.65E-06 5.31E-04 11.79
7938758 SAAL serum amyloid A1 11p15.1 1.80E-07  1.98E-04 7.69 1.42E-07  7.28E-05 7.95
8044976 CNTNAPS contactin associated protein-like 5 2q14.3 2.19E-07 2.11E-04 4.93 2.24E-07 1.10E-04 491
7979357 0TX2 orthodenticle homeobox 2 14qg22.3 2.07E-07  2.16E-04 4.66 1.28E-07 6.95E-05 4.92
7927482 CHAT choline O-acetyltransferase 10911.2 1.89E-07 2.18E-04 4.96 2.46E-07 1.25E-04 4.79
8135915 HILPDA hypoxia inducible lipid droplet-associated 7932.1 2.26E-07 2.44E-04 13.83 2.57E-07 1.28E-04 13.47
8001918 RRAD Ras-related associated with diabetes 16922 2.61E-07  2.69E-04 15.91 2.00E-06 6.13E-04  10.27
8056457 SCN1A sodium channel, voltage-gated, type |, alpha subunit 2q24.3 3.02E-07 2.94E-04 3.72 2.14E-07 1.07E-04 3.87
8006459 CCL13 chemokine (C-C motif) ligand 13 17q11.2 4.10E-07  3.71E-04 8.08 3.67E-08 3.46E-05 12.69
8061916 BPIFBOP BPI fold containing family B, member 9, pseudogene 20q11.21 6.03E-07  4.85E-04 5.56 3.31E-07 1.47E-04 6.06
8130556 SOD2 superoxide dismutase 2, mitochondrial 6025.3 5.99E-07 5.05E-04 7.48 1.79E-06 5.72E-04 6.25
8010354 GAA glucosidase, alpha; acid 17¢25.3 8.37E-07  6.33E-04 -3.90 1.07E-06  3.78E-04 -3.81
8015387 KRT17 keratin 17 17q21.2 8.07E-07  6.39E-04 4.64 2.77E-07  1.34E-04 5.34
8075316 OSM oncostatin M 22q12.2 8.33E-07  6.64E-04 3.43 6.68E-06  1.48E-03 2.80
8180340 RAB7B RAB7B, member RAS oncogene family 1932.1 1.17E-06 8.17E-04 3.13 3.62E-06  8.96E-04 2.83
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8109649 MIR146A microRNA 146a 5q34 1.39E-06  9.36E-04 3.01 8.34E-07 2.98E-04 3.19
8030860 FPR2 formyl peptide receptor 2 19q13.41 1.45E-06  9.78E-04 6.86 5.19E-06  1.24E-03 5.61
8038487 IL411 interleukin 4 induced 1 19913.33 1.44E-06  9.85E-04 2.87 5.77E-06  1.28E-03 2.54
8095680 CXCL8 C-X-C motif chemokine ligand 8 4q13.3 1.58E-06 1.04E-03 39.82 8.73E-07 3.27E-04  48.30
7912145 TNFRSF9 tumor necrosis factor receptor superfamily, member 9 1p36 1.69E-06 1.08E-03 3.77 3.15E-06 8.20E-04 3.52
8070584 TMPRSS3 transmembrane protease, serine 3 219g22.3 2.13E-06 1.33E-03 5.95 3.19E-07 1.46E-04 8.04
8092970 APOD apolipoprotein D 3q29 2.36E-06 1.44E-03 24.97 1.56E-04  1.30E-02 8.67
8043981 IL1R2 interleukin 1 receptor, type Il 2q12 2.97E-06 1.79E-03 7.74 1.18E-05 2.08E-03 6.12
7905571 S100A9 S100 calcium binding protein A9 1921 3.10E-06 1.82E-03 8.13 3.46E-05 4.64E-03 5.37
8036103 SBSN suprabasin 19913.13 3.13E-06 1.85E-03 3.29 3.11E-06  8.18E-04 3.29
8131803 IL6 interleukin 6 7p21 4.80E-06  2.40E-03 5.41 1.88E-05 2.91E-03 4.49
8148184 FAM83A family with sequence similarity 83, member A 8024.13 5.85E-06  3.00E-03 2.87 1.68E-06 5.17E-04 3.23
7967318 HCAR2 hydroxycarboxylic acid receptor 2 12924.31 6.71E-06 3.01E-03 2.53 7.35E-06 1.32E-03 2.53
7967322 HCAR3 hydroxycarboxylic acid receptor 3 12924.31 7.42E-06 3.30E-03 4.23 4.39E-06  9.46E-04 4.53
7930593 PLEKHS1 pleckstrin homology domain containing, family S member 1 10925.3 9.04E-06  3.79E-03 3.33 1.20E-05 1.95E-03 3.23
7997801 IL17C interleukin 17C 16q24 9.86E-06  4.35E-03 2.81 2.87E-05  3.95E-03 2.56
8100994 CXCL2 C-X-C motif chemokine ligand 2 4021 8.94E-06  4.38E-03 10.63 1.01E-06  3.65E-04 17.55
8112198 ACTBL2 actin, beta-like 2 5q11.2 9.48E-06  4.54E-03 9.47 1.17E-06  4.06E-04 14.89
7906775 HSPA6 heat shock protein family A (Hsp70) member 6 1923 9.76E-06  4.61E-03 8.61 4.66E-04  2.62E-02 4.32
8162373 OGN osteoglycin 9q22 1.28E-05 5.61E-03 26.62 5.69E-04  3.03E-02 -9.15
7965587 RNU6-247P RNA, U6 small nuclear 247, pseudogene 12022¢g23.1 1.30E-05 5.74E-03 6.64 9.69E-06  1.85E-03 7.00
8138310 DGKB diacylglycerol kinase, beta 90 kDa 7p21.2 1.72E-05  6.42E-03 4.50 3.44E-05  4.49E-03 4.09
8038861 SIGLEC6 sialic acid binding Ig-like lectin 6 19913.3 1.71E-05 7.03E-03 30.33 7.96E-06  1.63E-03 38.97
8054722 IL1B interleukin 1, beta 2q14 1.69E-05 7.10E-03 21.10 8.06E-04  3.69E-02 7.63
8096580 MTTP microsomal triglyceride transfer protein 4924 1.89E-05 7.44E-03 2.02 1.32E-05 2.32E-03 2.06
7900146 ZC3H12A zinc finger CCCH-type containing 12A 1p34.3 2.52E-05 9.60E-03 3.10 6.55E-06  1.42E-03 3.58
8061912 BPIFBOP BPI fold containing family B, member 9, pseudogene 20g11.21 3.04E-05 9.69E-03 3.43 4.25E-06  9.48E-04 4.27
8173174 UsSpP51 ubiquitin specific peptidase 51 Xp11.21 2.59E-05  9.72E-03 -3.09 4.85E-05  6.04E-03 -2.89
7904244 MAB21L3 mab-21-like 3 (C. elegans) 1p13.1 3.55E-05 1.15E-02 3.26 1.04E-05 1.87E-03 3.77
7951217 MMP7 matrix metallopeptidase 7 11g22.2 3.81E-05 1.20E-02 18.25 2.91E-05 4.20E-03 19.70
8167887 MAGEH1 melanoma antigen family H, 1 Xp11.21 3.80E-05 1.20E-02 -4.11 4.52E-06  1.12E-03 -5.60
8104234 TRIP13 thyroid hormone receptor interactor 13 5p15.33 4.03E-05 1.31E-02 2.44 1.33E-04  1.17E-02 2.20
8046815 ZNF804A zinc finger protein 804A 2g32.1 5.48E-05 1.35E-02 4.11 5.38E-04 2.53E-02 3.09
8147065 RALYL RALY RNA binding protein-like 8g21.2 4.52E-05 1.39E-02 2.32 2.34E-05 3.49E-03 2.45
8156873 INVS inversin 9qg31 4.68E-05 1.42E-02 -2.40 6.27E-06  1.44E-03 -2.87
8033445 CD209 CD209 molecule 19p13 5.27E-05 1.45E-02 6.53 5.49E-05 6.13E-03 6.47
7998063 TUBB3 tubulin, beta 3 class IlI 16q24.3 4.80E-05 1.49E-02 2.30 1.45E-04  1.25E-02 211
8049075 B3GNT7 UDP-GIcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 7 2q37.1 5.68E-05 1.50E-02 3.23 4.32E-06  1.05E-03 4.42
7955297 AQP5 aquaporin 5 12913 5.08E-05 1.52E-02 10.24 1.26E-05 2.23E-03 14.28
7921076 GPATCH4 G patch domain containing 4 1922 6.46E-05 1.78E-02 2.99 2.59E-05 3.75E-03 3.32
7981333 RN7SL472P RNA, 7SL, cytoplasmic 472, pseudogene 4q32.31 6.65E-05 1.81E-02 21.88 1.62E-04 1.33E-02 16.68
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7908907 ADORA1 adenosine Al receptor 1932.1 7.42E-05 1.94E-02 2.93 1.70E-07  9.50E-05 6.35
7923875 Clorf186 chromosome 1 open reading frame 186 1932.1 7.92E-05 2.02E-02 5.00 1.29E-05 2.23E-03 6.78
8086961 PFKFB4 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 4 3p21.31 9.40E-05 2.26E-02 2.93 7.29E-04  3.52E-02 2.35
8155794 C9orf85 chromosome 9 open reading frame 85 9¢21.13 1.40E-04 2.36E-02 -3.64 4.94E-05 5.12E-03 -4.11
7992828 IL32 interleukin 32 16p13.3 1.16E-04  2.39E-02 4.31 7.26E-04  3.20E-02 3.32
8119403 APOBEC2 apolipoprotein B mRNA editing enzyme catalytic subunit 2 6p21.1 1.57E-04 2.54E-02 3.77 1.67E-05 2.41E-03 4.95
8156581 ERCC6L2 excision repair cross-complementation group 6-like 2 9q22.32 1.20E-04 2.62E-02 -2.33 2.84E-04  1.92E-02 -2.17
8110841 LPCAT1 lysophosphatidylcholine acyltransferase 1 5p15.33 1.40E-04 2.84E-02 3.19 7.45E-05  8.10E-03 3.45
8168749 SRPX2 sushi-repeat containing protein, X-linked 2 Xg22.1 1.46E-04  2.91E-02 4.47 5.03E-06  1.22E-03 7.93
7943413 BIRC3 baculoviral IAP repeat containing 3 11922 1.64E-04  2.97E-02 16.36 4.68E-05 5.65E-03 23.77
7909371 CR1 complement component 3b/4b receptor 1 (Knops blood group) 1g32.2 1.67E-04 3.11E-02 3.34 7.19E-04 3.38E-02 2.78
8169504 SLC6A14 solute carrier family 6 (amino acid transporter), member 14 Xg23 1.75E-04 3.13E-02 15.62 1.30E-05 2.23E-03 33.84
7983478 C150rf48 chromosome 15 open reading frame 48 15g21.1 1.71E-04 3.23E-02 6.27 1.92E-05 3.01E-03 9.84
8016033 FAM171A2 family with sequence similarity 171, member A2 17921.31 1.93E-04 3.40E-02 -3.63 1.18E-04 1.08E-02 -3.89
8006865 PPP1R1B protein phosphatase 1, regulatory (inhibitor) subunit 1B 17q12 2.33E-04 3.87E-02 4.06 2.91E-04  1.94E-02 3.92
8126248 UNC5CL unc-5 homolog C (C. elegans)-like 6p21.1 2.48E-04  3.96E-02 5.01 1.87E-05 2.97E-03 8.06
8104901 IL7R interleukin 7 receptor 5p13 2.88E-04  4.38E-02 9.07 9.49E-04  4.08E-02 6.81
7923347 LAD1 ladinin 1 1932.1 3.19E-04  4.65E-02 3.49 5.01E-08  4.24E-05 16.03
8158725 ABL1 ABL proto-oncogene 1, non-receptor tyrosine kinase 9qg34.1 3.16E-04 4.66E-02 -2.71 1.28E-04  1.17E-02 -3.01
8083233 ZIC1 Zic family member 1 3q24 6.98E-06 17.37 3.07E-02 -2.69
8072678 HMOX1 heme oxygenase (decycling) 1 22q13.1 4.33E-05 4.92 2.11E-03 2.79
8099476 PROM1 prominin 1 4p15.32 1.17E-04 16.06 1.73E-03 7.62
7988350 DUOX2 dual oxidase 2 15915.3 1.32E-04 -19.36 4.31E-02 3.55
7953603 C1s complement component 1, s subcomponent 12p13 1.58E-04 13.15 1.70E-02 -3.98
8122701 - - 6g25.1 1.65E-04 -5.66 2.95E-03 -3.43
8102342 ELOVL6 ELOVL fatty acid elongase 6 4925 1.66E-04 7.20 1.15E-02 3.09
8054712 IL1A interleukin 1, alpha 2q14 1.68E-04 8.26 1.67E-02 3.09
8156633 CCDC180 coiled-coil domain containing 180 9022.33 1.76E-04 -2.72 1.10E-03 -2.25
8157446 ORM1 orosomucoid 1 9932 1.98E-04 4.95 3.07E-05 6.43
7940441 PGA3 pepsinogen 3, group | (pepsinogen A) 11q12.2 2.67E-04 3.77 9.14E-04 3.19
8157700 RABGAP1 RAB GTPase activating protein 1 9934.11 2.85E-04 -2.84 2.51E-03 -2.23
8111220 CDH18 cadherin 18, type 2 5p14.3 3.02E-04 2.17 2.58E-04 2.22
7940177 OR4D10 olfactory receptor, family 4, subfamily D, member 10 11912 3.19E-04 7.26 8.51E-05 9.74
8034837 DNAJB1 DnaJ (Hsp40) homolog, subfamily B, member 1 19p13.2 3.20E-04 4.41 3.91E-03 2.96
8147469 CPQ carboxypeptidase Q 8q22.2 3.28E-04 -3.12 2.58E-04 -3.23
8094743 RHOH ras homolog family member H 4p13 3.42E-04 3.23 1.18E-02 2.06
8156601 ERCC6L2 excision repair cross-complementation group 6-like 2 9q22.32 3.53E-04 -2.58 1.96E-03 -2.15
8130580 SNORA29 small nucleolar RNA, H/ACA box 29 6g25.3 3.69E-04 3.17 3.84E-04 3.15
8140151 RFC2 replication factor C (activator 1) 2, 40 kDa 7q11.23 3.75E-04 212 1.08E-05 291
8147461 SDC2 syndecan 2 8g22.1 3.88E-04 -2.43 1.07E-04 2,77
8132960 SNORA22 Small nucleolar RNA SNORA22 7p11.2 3.89E-04 2.69 1.62E-03 2.30
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8109677 GABRG2 gamma-aminobutyric acid (GABA) A receptor, gamma 2 5q34 4.11E-04 2.43 1.55E-04 2.67
8115584 CCNJL cyclin J-like 5q33.3 4.53E-04 3.12 1.27E-05 5.06
8180246 - - - 4.73E-04 -5.54 5.84E-03 -3.563
7940431 PGA3 pepsinogen 3, group | (pepsinogen A) 11912.2 5.30E-04 3.86 1.92E-03 3.20
8138566 IGF2BP3 insulin-like growth factor 2 mRNA binding protein 3 7pll 5.35E-04 3.34 9.50E-05 4.30
7909164 CTSE cathepsin E 1931 5.69E-04 92.12 2.17E-04 155.04
7952339 SNORD14C small nucleolar RNA, C/D box 14C 11924.1 5.93E-04 9.74 4.51E-02 3.11
8106168 - Y_RNA ENSG0O0000200833 5q13.2 5.94E-04 2.51 5.69E-04 2.52
7944751 Cl1lorf63 chromosome 11 open reading frame 63 11qg24.1 6.01E-04 -3.32 6.34E-05 -4.61
7983910 AQP9 aquaporin 9 15¢q 6.02E-04 13.61 1.14E-03 11.19
7990818 BCL2A1 BCL2-related protein A1 15q24.3 6.13E-04 4.28 9.18E-04 4.00
7908639 Clorf106 chromosome 1 open reading frame 106 1g32.1 6.54E-04 2.49 4.25E-04 2.61
8032509 GNG7 guanine nucleotide binding protein (G protein), gamma 7 19p13.3 6.83E-04 -2.28 2.01E-07 -5.66
7940421 PGA3 pepsinogen 3, group | (pepsinogen A) 11q12.2 6.96E-04 3.67 2.50E-03 3.04
7905533 IVL involucrin 121 7.00E-04 2.73 4.57E-04 2.88
8124534 HIST1HAL histone cluster 1, H4l 6p22.1 7.22E-04 3.27 4.98E-03 2.50
7924508 SuUsD4 sushi domain containing 4 1q41 7.33E-04 3.19 2.38E-05 5.16
8118310 HSPA1A heat shock 70 kDa protein 1A 6p21.3 7.39E-04 6.05 9.50E-03 3.52
8025402 ANGPTL4 angiopoietin-like 4 19p13.3 7.58E-04 11.86 6.51E-05 25.38
8179322 HSPA1A heat shock 70 kDa protein 1A 6p21.3 7.71E-04 6.09 9.60E-03 3.55
8123864 TFAP2A transcription factor AP-2 alpha 6p24.3 7.76E-04 3.36 5.67E-03 2.53
8157027 NIPSNAP3B nipsnap homolog 3B (C. elegans) 9g31.1 8.39E-04 -3.03 2.86E-03 -2.57
7951928 DSCAML1 Down syndrome cell adhesion molecule like 1 11923 8.51E-04 2.72 5.55E-04 2.83
7907861 XPR1 xenotropic and polytropic retrovirus receptor 1 1925.1 8.52E-04 3.02 2.79E-06 713
7969640 CLDN10 claudin 10 13g32.1 9.46E-04 6.07 9.87E-05 10.21
8026272 IL27RA interleukin 27 receptor, alpha 19p13.11 1.01E-03 3.65 5.75E-04 3.99
8162388 OMD osteomodulin 9¢22.31 1.03E-03 7.74 1.55E-05 -22.52
8104449 CCT5 chaperonin containing TCP1, subunit 5 (epsilon) 5p15.2 1.04E-03 2.50 4.41E-03 213
7928602 SFTPAL surfactant protein A1 10g22.3 1.05E-03 30.04 1.42E-04 71.83
7928632 SFTPAL surfactant protein A1 10g22.3 1.05E-03 30.04 1.42E-04 71.83
8097116 RNU4-33P RNA, U4 small nuclear 33, pseudogene — 1.08E-03 2.44 6.65E-04 2.58
8109639 PTTG1 pituitary tumor-transforming 1 5035.1 1.10E-03 3.70 3.55E-06 9.46
8156604 ERCC6L2 excision repair cross-complementation group 6-like 2 9q22.32 1.10E-03 -2.26 8.46E-04 -2.32
7915472 SLC2A1 solute carrier family 2 member 1 1p34.2 1.12E-03 4.81 6.13E-04 5.41
7975987 SNORA46 small nucleolar RNA, H/ACA box 46 14q24.3 1.12E-03 3.24 3.53E-03 2.75
7922756 NMNAT2 nicotinamide nucleotide adenylyltransferase 2 1925 1.13E-03 6.39 4.52E-02 -2.72
7909681 PROX1 prospero homeobox 1 1941 1.14E-03 4.00 1.30E-05 9.30
8124848 IER3 immediate early response 3 6p21.3 1.15E-03 4.55 2.15E-03 4.06
8179704 IER3 immediate early response 3 6p21.3 1.15E-03 4.55 2.15E-03 4.06
8106141 FCHO2 FCH domain only 2 5q13.2 1.18E-03 2.42 5.41E-05 3.44
7934698 SFTPA2 surfactant protein A2 10g22.3 1.19E-03 28.20 1.84E-04 63.22
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2.60E-03
2.62E-03
2.63E-03
2.70E-03
2.72E-03
2.91E-03
2.97E-03
3.08E-03
3.12E-03
3.33E-03
3.49E-03

28.20
15.82
3.33
2.62
7.55
3.42
3.64
-3.33
13.41
6.18
6.11
4.61
4.32
-3.74
6.10
6.10
52.97
-2.67
-2.66
3.91
-3.01
2.55
2.74
-4.17
3.04
6.42
-3.02
3.87
12.40
25.19
-2.89
-4.66
3.81
-2.34
3.75
5.03
2.88
3.68
-3.66
2.39
2.50

1.84E-04
1.97E-02
2.25E-04
9.32E-04
2.45E-03
1.46E-03
3.09E-04
1.77E-02
8.05E-03
5.85E-04
9.28E-03
2.12E-03
8.08E-03
3.10E-04
9.98E-03
9.98E-03
3.70E-04
5.51E-03
8.77E-04
3.74E-03
1.27E-04
7.04E-04
4.12E-06
2.49E-03
3.67E-09
1.30E-06
2.50E-04
1.47E-02
3.87E-04
5.86E-04
3.72E-04
3.14E-02
6.28E-05
1.17E-04
4.21E-02
2.92E-03
1.69E-03
3.12E-04
1.65E-03
8.90E-04
1.62E-06

63.22
6.11
4.09
2.73
6.49
3.38
4.55
-2.26
7.63
7.74
4.02
4.38
3.19
4.98
4.00
4.00
117.45
-2.29
-2.92
3.46
-4.51
2.89
6.68
-3.97
-43.97
54.13
-4.11
2.77
23.32
48.18
3.77
2.73
7.63
-3.43
-2.26
5.03
-3.13
5.55
-4.11
2.81
7.76
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7933084 NAMPT nicotinamide phosphoribosyltransferase 7922.3 3.59E-03 4.88 2.50E-02 3.12
8144488 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 3.62E-03 -2.72 2.41E-03 -2.88
8070467 TMPRSS2 transmembrane protease, serine 2 21g22.3 3.63E-03 10.95 1.60E-04 33.23
8065607 PLAGL2 pleiomorphic adenoma gene-like 2 20q11.21 3.65E-03 2.24 7.92E-04 2.67
8142120 NAMPT nicotinamide phosphoribosyltransferase 7922.3 3.74E-03 4.79 3.48E-02 2.87
8161418 - - - 3.81E-03 3.53 1.41E-04 6.54
8051133 FTH1P3 ferritin, heavy polypeptide 1 pseudogene 3 2p23.3 3.95E-03 2.46 5.43E-03 2.36
8062395 NNAT neuronatin 20q11.23 3.97E-03 60.79 1.81E-02 24.33
8064939 TMX4 thioredoxin-related transmembrane protein 4 20p12 4.10E-03 -2.96 1.52E-02 -2.41
8009443 ARSG arylsulfatase G 17q24.2 4.27E-03 -2.47 3.22E-03 -2.57
7912638 TMEM51-AS1  TMEM51 antisense RNA 1 1p36.21 4.33E-03 2.42 6.91E-03 2.28
8099834 TLR1 toll-like receptor 1 4pl14 4.59E-03 2.74 3.67E-03 -2.80
7968212 WASF3 WAS protein family, member 3 13q12 4.62E-03 -3.40 1.10E-04 -6.85
8120552 FAM135A family with sequence similarity 135, member A 6913 4.70E-03 -2.54 7.31E-04 -3.30
8144410 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 4.72E-03 -3.50 5.77E-03 -3.37
7940175 OR4D6 olfactory receptor, family 4, subfamily D, member 6 11g12.1 4.76E-03 5.40 1.48E-03 7.22
7908924 PRELP proline/arginine-rich end leucine-rich repeat protein 1932.1 4.84E-03 4.24 4.23E-03 -4.33
7919028 TBX15 T-box 15 1p11.1 4.86E-03 3.25 2.91E-05 -8.42
7978544 EGLN3 egl-9 family hypoxia-inducible factor 3 14q13.1 4.92E-03 3.77 1.08E-02 3.25
8086185 PLCD1 phospholipase C, delta 1 3p22.2 4.92E-03 -2.73 1.39E-03 -3.31
7953735 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 5.11E-03 -3.16 7.00E-03 -2.99
8032834 LRG1 leucine-rich alpha-2-glycoprotein 1 19p13.3 5.11E-03 2.30 8.89E-04 2.78
7938777 LDHA lactate dehydrogenase A 11p15.4 5.11E-03 3.14 3.87E-02 2.20
8043441 IGKV1D-27 immunoglobulin kappa variable 1D-27 (pseudogene) 2p11.2 5.14E-03 4.29 6.82E-03 4.05
7907171 BLZF1 basic leucine zipper nuclear factor 1 1924 5.22E-03 2.13 2.30E-03 2.34
7903959 PIFO primary cilia formation 1p13.2 5.36E-03 -2.72 1.99E-02 2.23
7922976 PTGS2 prostaglandin-endoperoxide synthase 2 1031.1 5.41E-03 10.38 1.24E-03 17.62
8025601 ICAM1 intercellular adhesion molecule 1 19p13.2 5.48E-03 5.44 2.60E-04 12.12
8116983 CD83 CD83 molecule 6p23 5.52E-03 3.03 1.76E-03 3.66
8025382 CERS4 ceramide synthase 4 19p13.2 5.73E-03 -2.38 1.09E-02 2.18
8006433 CCL2 chemokine (C-C motif) ligand 2 17qq12 5.86E-03 12.01 1.38E-02 8.64
7937852 SLC22A18 solute carrier family 22, member 18 11p15.5 5.87E-03 2.10 2.47E-03 2.32
8162610 CDC14B cell division cycle 14B 9q22.3 5.94E-03 -3.16 7.52E-03 -3.03
7922243 METTL18 methyltransferase like 18 1924.2 6.04E-03 3.21 6.56E-04 4.81
7931930 PRKCQ protein kinase C, theta 10p15 6.07E-03 221 5.40E-05 4.06
7931914 IL2RA interleukin 2 receptor, alpha 10p15.1 6.08E-03 4.26 2.50E-02 3.09
7967544 SCARB1 scavenger receptor class B, member 1 12924.31 6.24E-03 -2.50 8.25E-04 -3.35
7984588 THSD4 thrombospondin, type |, domain containing 4 15923 6.28E-03 -2.39 9.22E-09 -25.45
8054580 BUB1 BUB1 mitotic checkpoint serine/threonine kinase 2q13 6.34E-03 4.47 5.12E-04 8.13
8006594 CCL18 C-C motif chemokine ligand 18 17q12 6.43E-03 14.96 1.92E-04 68.79
8144416 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 6.48E-03 -3.60 8.52E-03 -3.40
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8144418 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 6.48E-03 -3.60 8.52E-03 -3.40
8144490 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 6.48E-03 -3.60 8.52E-03 -3.40
8144492 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 6.48E-03 -3.60 8.52E-03 -3.40
8148501 PTP4A3 protein tyrosine phosphatase type IVA, member 3 8qg24.3 6.59E-03 4.15 2.38E-04 8.82
7909214 RASSF5 Ras association domain family member 5 1932.1 6.66E-03 3.05 3.26E-03 3.45
7946401 ST5 suppression of tumorigenicity 5 11p15 6.68E-03 2.76 9.50E-03 2.62
8098423 NEIL3 nei endonuclease Vlll-like 3 (E. coli) 4q34.3 6.93E-03 2.83 3.99E-03 3.10
8042144 REL v-rel avian reticuloendotheliosis viral oncogene homolog 2p13 6.96E-03 2.99 1.12E-03 412
8111772 DAB2 Dab, mitogen-responsive phosphoprotein, homolog 2 (Drosophila) 5p13.1 7.05E-03 3.89 3.54E-02 -2.73
8149218 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.11E-03 -3.59 9.38E-03 -3.39
8149220 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.11E-03 -3.59 9.38E-03 -3.39
8149222 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.11E-03 -3.59 9.38E-03 -3.39
8149224 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.11E-03 -3.59 9.38E-03 -3.39
8149226 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.11E-03 -3.59 9.38E-03 -3.39
8157300 BSPRY B-box and SPRY domain containing 9932 7.20E-03 -2.28 9.58E-04 2.98
8141076 PON2 paraoxonase 2 7921.3 7.29E-03 2.62 1.30E-02 2.41
8099541 QDPR quinoid dihydropteridine reductase 4p15.31 7.30E-03 -3.34 1.33E-02 -3.00
8149161 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.31E-03 -3.30 7.36E-03 -3.29
8149210 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.31E-03 -3.30 7.36E-03 -3.29
8149228 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.37E-03 -3.14 1.11E-02 -2.92
8088979 VGLL3 vestigial-like family member 3 3p12.1 7.51E-03 2.31 3.71E-03 2.55
8043697 ANKRD36B ankyrin repeat domain 36B 2q11.2 7.52E-03 -3.05 2.11E-02 -2.56
8161964 FRMD3 FERM domain containing 3 9g21.32 7.57E-03 -3.99 3.35E-03 4.87
8167728 SSX2B synovial sarcoma, X breakpoint 2B Xpl1.22 7.64E-03 2.75 5.52E-05 6.04
8149216 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.76E-03 -3.48 1.01E-02 -3.29
8144420 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.78E-03 -3.38 7.03E-03 -3.45
8144494 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.78E-03 -3.38 7.03E-03 -3.45
8149151 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.80E-03 -3.35 8.85E-03 -3.26
8149214 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.80E-03 -3.35 8.85E-03 -3.26
8149153 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.88E-03 -3.34 7.65E-03 -3.35
8149157 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.88E-03 -3.34 7.65E-03 -3.35
8144412 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.88E-03 -3.20 1.04E-02 -3.04
8144414 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 7.88E-03 -3.20 1.04E-02 -3.04
7948229 SLC43A3 solute carrier family 43, member 3 11911 7.88E-03 6.63 6.48E-03 7.05
8095819 FAM4T7E family with sequence similarity 47, member E 49211 7.88E-03 -2.67 1.27E-03 3.55
7980485 DIO2 deiodinase, iodothyronine, type Il 14q31.1 8.03E-03 -4.83 2.82E-02 3.48
7934297 - Y_RNA ENSG00000201047 10g22.1 8.36E-03 3.82 2.14E-02 3.17
8149165 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 8.48E-03 -3.39 9.75E-03 -3.30
8149167 LINCO0965 long intergenic non-protein coding RNA 965 8p23.1 8.48E-03 -3.39 9.75E-03 -3.30
7918064 COL11A1 collagen, type XI, alpha 1 1p21 8.50E-03 2.58 8.06E-05 -5.38
8103520 TRIM61 tripartite motif containing 61 4932.3 8.50E-03 -2.86 7.51E-03 -2.92
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TRIB1
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dynamin 1 pseudogene 46

dynamin 1 pseudogene 46

dynamin 1 pseudogene 46

mitogen-activated protein kinase kinase kinase 1
ST6 beta-galactosamide alpha-2,6-sialyltranferase 2
zinc finger and SCAN domain containing 12

Ras association domain family member 4
gamma-aminobutyric acid (GABA) B receptor, 1
SH3-domain GRB2-like endophilin B2

ets variant 6

interferon induced transmembrane protein 10
tribbles pseudokinase 1

ribonucleotide reductase M2

surfactant protein B

small nucleolar RNA, C/D box 114-3
gamma-aminobutyric acid (GABA) B receptor, 1
zinc finger protein 391

enhancer of polycomb homolog 1 (Drosophila)
phosphodiesterase 4D interacting protein
cyclin-dependent kinase 5

family with sequence similarity 122A

Pim-1 proto-oncogene, serine/threonine kinase
interferon, alpha-inducible protein 27-like 2
gamma-aminobutyric acid (GABA) B receptor, 1
cell division cycle 7

V-set and transmembrane domain containing 2 like
GRB2 associated, regulator of MAPK1
hematopoietically expressed homeobox
polypeptide N-acetylgalactosaminyltransferase 7
coiled-coil and C2 domain containing 2A
uncharacterized LOC388282

MFI2 antisense RNA 1

chromosome 9 open reading frame 91
androgen-dependent TFPI-regulating protein
small nuclear ribonucleoprotein polypeptide E

RNA, U6 small nuclear 702, pseudogene

immunoglobulin kappa variable 3/0R2-268 (non-functional)

TBC1 domain family, member 13
uncharacterized LOC101927628

BRX1, biogenesis of ribosomes, homolog (S. cerevisiae)
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1.73E-02
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2.50E-03
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1.32E-02
1.95E-03
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2.82
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-6.85
-4.57
-2.92
6.84
243
3.87
-3.78
2.37
255
-4.69
2.19
4.05
3.05
2.99
2.71
5.16
-3.51
3.72
5.88
341
20.81
2.19
221
3.09
-2.68
-5.78
218
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8053801 ANKRD36 ankyrin repeat domain 36 2q11.2 1.25E-02 -2.38 1.06E-02 -2.46
7973743 BNIP3P1 BCL2/adenovirus E1B 19 kDa interacting protein 3 pseudogene 1 14912 1.27E-02 2.59 3.98E-04 4.51
8081548 PVRL3 poliovirus receptor-related 3 3q13 1.29E-02 -4.93 3.52E-02 -3.69
7986517 DNM1P47 dynamin 1 pseudogene 47 15026.3 1.31E-02 -4.80 6.20E-03 -5.91
7986522 DNM1P47 dynamin 1 pseudogene 47 15026.3 1.31E-02 -4.80 6.20E-03 -5.91
8001449 IRX3 iroquois homeobox 3 16q12.2 1.36E-02 4.29 2.60E-02 3.62
7960177 SLCBA12 solute carrier family 6 member 12 12p13.33 1.40E-02 2.89 1.91E-04 6.40
7909127 MFSD4 major facilitator superfamily domain containing 4 1932.1 1.40E-02 2.17 2.43E-03 2.77
8150988 ASPH aspartate beta-hydroxylase 8gl12.1 1.41E-02 -2.03 4.75E-03 -2.33
8159501 LCN12 lipocalin 12 9q34.3 1.41E-02 -2.76 1.43E-02 2.75
8163444 ZFP37 ZFP37 zinc finger protein 9q32 1.43E-02 -3.23 1.32E-02 -3.28
7943376 KIAA1377 KIAA1377 11g22.1 1.43E-02 -3.17 1.15E-02 -3.31
8009417 KPNA2 karyopherin alpha 2 (RAG cohort 1, importin alpha 1) 17q24.2 1.44E-02 2.35 2.19E-02 2.21
8019737 KPNA2 karyopherin alpha 2 (RAG cohort 1, importin alpha 1) 17q24.2 1.51E-02 2.32 2.14E-02 2.20
8170630 PNMAGBA paraneoplastic Ma antigen family member 6A Xq28 1.51E-02 -2.35 5.94E-03 -2.72
8172787 SSX2B synovial sarcoma, X breakpoint 2B Xp11.22 1.53E-02 2.76 7.52E-05 6.84
7920264 S100A5 S100 calcium binding protein A5 1921 1.56E-02 3.10 7.21E-04 5.85
8043470 IGKV3D-11 immunoglobulin kappa variable 3D-11 2p11.2 1.57E-02 6.36 1.91E-02 5.95
8140840 STEAP4 STEAP family member 4 7921.12 1.59E-02 10.09 1.62E-02 10.02
8059852 MSL3P1 male-specific lethal 3 homolog (Drosophila) pseudogene 1 2q37 1.60E-02 -3.20 7.53E-03 -3.75
8138527 STEAP1B STEAP family member 1B 7p15.3 1.65E-02 2.32 2.87E-03 3.01
8038126 CA11 carbonic anhydrase XI 19913.3 1.68E-02 -3.52 4.21E-02 -2.82
8021169 LIPG lipase, endothelial 18g21.1 1.69E-02 -3.83 2.51E-04 11.09
8068383 CLIC6 chloride intracellular channel 6 21022.12 1.70E-02 -4.84 4.62E-03 -7.10
8174937 TENM1 teneurin transmembrane protein 1 Xg25 1.71E-02 -6.94 4.14E-02 5.00
7996027 CX3CL1 chemokine (C-X3-C motif) ligand 1 16913 1.72E-02 3.54 9.46E-03 4.07
8043449 IGKV3D-20 immunoglobulin kappa variable 3D-20 2p11.2 1.74E-02 5.18 2.03E-02 4.93
7910398 RAB4A RAB4A, member RAS oncogene family 1942.13 1.75E-02 2.40 2.11E-02 2.33
8145281 SLC25A37 solute carrier family 25 member 37 8p21.2 1.76E-02 2.59 4.30E-03 3.32
7919971 RFX5 regulatory factor X, 5 (influences HLA class Il expression) 1g21.3 1.78E-02 2.17 1.92E-02 2.15
8146839 C8orf34 chromosome 8 open reading frame 34 8q13 1.79E-02 4.29 4.52E-03 -6.40
8131583 BZW2 basic leucine zipper and W2 domains 2 7p21.1 1.80E-02 2.32 2.88E-04 4.42
7940182 OR4D10 olfactory receptor, family 4, subfamily D, member 10 11912 1.82E-02 3.68 5.05E-03 5.04
7943803 DIXDC1 DIX domain containing 1 11923.1 1.82E-02 -2.55 1.37E-03 -4.03
7960865 SLC2A3 solute carrier family 2 member 3 12p13.31 1.83E-02 4.96 7.78E-03 6.41
7986515 DNM1P47 dynamin 1 pseudogene 47 15026.3 1.83E-02 -4.27 1.04E-02 -4.99
7986525 DNM1P47 dynamin 1 pseudogene 47 15026.3 1.83E-02 -4.27 1.04E-02 -4.99
8133976 DBF4 DBF4 zinc finger 7921.3 1.90E-02 2.23 8.51E-03 2.52
8102247 RPL34-AS1 RPL34 antisense RNA 1 (head to head) 4q25 1.91E-02 -2.49 1.44E-02 -2.63
8108301 KIF20A kinesin family member 20A 5q31 1.92E-02 3.97 1.08E-02 4.63
8131944 NFE2L3 nuclear factor, erythroid 2-like 3 7p15.2 1.92E-02 4.67 3.64E-03 751
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7908793 ELF3 E74 like ETS transcription factor 3 1932.1 1.93E-02 4.56 1.40E-04 19.55
8107706 LMNB1 lamin B1 5q23.2 1.93E-02 2.02 7.06E-04 3.17
8056184 ITGB6 integrin, beta 6 2q24.2 1.95E-02 7.26 3.44E-05 88.60
8161520 PGM5 phosphoglucomutase 5 9q13 1.99E-02 -2.07 5.79E-08 -17.86
7905406 CGN cingulin 1921 2.03E-02 2.37 4.25E-05 6.64
7923189 KIF14 kinesin family member 14 1032.1 2.04E-02 2.55 7.59E-03 3.05
7980098 ALDHGAL aldehyde dehydrogenase 6 family, member A1 14q24.3 2.04E-02 -2.36 2.34E-03 -3.38
8115666 NUDCD2 NudC domain containing 2 5q34 2.06E-02 2.21 1.65E-02 2.28
8097017 UGT8 UDP glycosyltransferase 8 4926 2.07E-02 3.33 4.47E-04 7.87
7981722 IGHV3-7 immunoglobulin heavy variable 3-7 14932.33 2.08E-02 9.22 4.35E-02 6.64
8040458 KCNS3 potassium voltage-gated channel modifier subfamily S member 3 2p24.2 2.09E-02 2.86 4.77E-04 6.07
8109612 ADRA1B adrenoceptor alpha 1B 5033.3 2.09E-02 2.68 6.36E-03 3.36
8077899 PPARG peroxisome proliferator-activated receptor gamma 3p25 2.11E-02 2.86 1.13E-02 3.25
8154670 IFT74 intraflagellar transport 74 9p21.2 2.12E-02 -2.55 2.49E-02 -2.47
8025478 ZNF559 zinc finger protein 559 19p13.2 2.14E-02 -2.44 1.16E-02 -2.71
8068833 PDE9A phosphodiesterase 9A 219g22.3 2.15E-02 2.34 1.44E-05 8.32
8143663 EZH2 enhancer of zeste 2 polycomb repressive complex 2 subunit 7936.1 2.23E-02 2.77 3.40E-03 4.04
7990151 PKM pyruvate kinase, muscle 15q22 2.25E-02 2.26 3.91E-02 2.06
8145570 ESCO02 establishment of sister chromatid cohesion N-acetyltransferase 2 8p21.1 2.26E-02 3.23 7.28E-03 4.18
8161945 RASEF RAS and EF-hand domain containing 9g21.32 2.28E-02 -2.39 1.69E-04 5.75
8021470 PMAIP1 phorbol-12-myristate-13-acetate-induced protein 1 18921.32 2.28E-02 6.57 5.85E-03 10.91
8169235 FRMPD3 FERM and PDZ domain containing 3 Xq22 2.28E-02 3.30 1.65E-03 6.11
8167835 TRO trophinin Xp11.21 2.30E-02 -2.44 1.36E-03 -3.96
8110478 ZNF454 zinc finger protein 454 5q35.3 2.33E-02 -2.56 4.51E-03 -3.44
8037322 ETHE1 ethylmalonic encephalopathy 1 19q13.31 2.37E-02 2.37 2.19E-02 2.40
8063923 SLCO4A1 solute carrier organic anion transporter family, member 4A1 20q13.33 2.38E-02 2.35 2.25E-03 3.47
7988380 DUOXA1 dual oxidase maturation factor 1 15g21.1 2.39E-02 -2.80 3.58E-02 2.57
8147030 STMN2 stathmin 2 8021.13 2.46E-02 4.01 9.76E-03 5.20
7910001 DEGS1 delta(4)-desaturase, sphingolipid 1 1942.11 2.47E-02 2.20 5.45E-03 2.80
8083166 TRPC1 transient receptor potential cation channel subfamily C member 1 3023 2.49E-02 -2.87 3.40E-04 -7.07
8126303 TREM1 triggering receptor expressed on myeloid cells 1 6p21.1 2.53E-02 591 1.73E-03 15.39
8056363 SLC38A11 solute carrier family 38, member 11 2024.3 2.55E-02 3.06 9.82E-03 3.80
8040365 TRIB2 tribbles pseudokinase 2 2p24.3 2.59E-02 2.43 2.35E-02 -2.49
8123936 NEDD9 neural precursor cell expressed, developmentally down-regulated 9 6p24.2 2.60E-02 3.74 1.21E-02 4.60
8144228 FLJ36840 uncharacterized LOC645524 - 2.69E-02 -2.45 2.40E-02 -2.51
8044499 SLC20A1 solute carrier family 20 (phosphate transporter), member 1 2q14.1 2.94E-02 2.80 1.14E-03 5.38
8112376 CENPK centromere protein K 5q12.3 3.01E-02 2.50 7.95E-04 5.02
8065719 PXMP4 peroxisomal membrane protein 4, 24 kDa 20q11.22 3.03E-02 -5.07 1.78E-02 -6.09
8084206 B3GNT5 UDP-GIcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 5 39271 3.08E-02 2.63 1.52E-02 3.05
8043476 IGKV1D-43 immunoglobulin kappa variable 1D-43 2p11.2 3.11E-02 3.43 4.03E-02 3.20
7909601 SNORA16B small nucleolar RNA, H/ACA box 16B 1932.3 3.15E-02 2.79 1.15E-02 3.48
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7940173
7915910
7953218
8054281
8001104
7906930
8124402
7917503
8007071
8103822
7990054
8165735
8176306
8096845
8115397
7907830
7927710
8019857
8169598
8146500
7979505
7905731
7905929
8115623
7932132

OR5A1
PDZK1IP1
RAD51AP1
LONRF2
IGHV30R16-7
NUF2
HISTAHIT
GBP3
CDC6
VEGFC
UACA
CSF2RA
CSF2RA
EGF
FAXDC2
QSOX1
CDK1
NDC80
ZCCHC12
LYN
SIX1
UBAP2L
EFNAL
ATP10B
FRMD4A

Gene expression and biofunctions related to a brain metastasis from a PTC

olfactory receptor, family 5, subfamily A, member 1
PDZK1 interacting protein 1

RAD51 associated protein 1

LON peptidase N-terminal domain and ring finger 2
immunoglobulin heavy variable 3/0R16-7 (pseudogene)
NUF2, NDC80 kinetochore complex component
histone cluster 1, H1t

guanylate binding protein 3

cell division cycle 6

vascular endothelial growth factor C

uveal autoantigen with coiled-coil domains and ankyrin repeats
colony stimulating factor 2 receptor alpha subunit
colony stimulating factor 2 receptor alpha subunit
epidermal growth factor

fatty acid hydroxylase domain containing 2
quiescin Q6 sulfhydryl oxidase 1

cyclin-dependent kinase 1

NDC80 kinetochore complex component

zinc finger, CCHC domain containing 12

LYN proto-oncogene, Src family tyrosine kinase

SIX homeobox 1

ubiquitin associated protein 2-like

ephrin-Al

ATPase, class V, type 10B

FERM domain containing 4A

11q12.1
1p33
12p13.32
2q11.2
16p11.2
1g23.3
6p21.3
1p22.2
17g21.3
4q34.3
15023
Xp22.33
Xp22.33
4925
5033.2
1924
10g21.1
18p11.32
Xq24
8q13
14q23.1
1921.3
1921.3922
5q34
10p13

3.25E-02
3.25E-02
3.26E-02
3.32E-02
3.46E-02
3.46E-02
3.47E-02
3.52E-02
3.52E-02
3.61E-02
3.66E-02
3.76E-02
3.76E-02
3.77E-02
3.80E-02
3.85E-02
3.89E-02
3.90E-02
3.90E-02
3.98E-02
4.05E-02
4.11E-02
4.21E-02
4.55E-02
4.64E-02

2.36
8.78
2.07
-2.47
4.66
2.83
213
3.562
2.21
-2.20
-3.02
2.37
2.37
2.43
-3.10
2.56
3.32
2.09
-3.47
3.12
2.87
213
2.54
2.91
2.32

8.99E-03
7.85E-03
1.71E-03
1.89E-02
4.02E-02
1.07E-02
1.06E-02
5.11E-03
2.13E-03
7.95E-04
3.65E-02
2.82E-02
2.82E-02
9.81E-04
3.54E-03
1.37E-02
1.03E-02
5.86E-03
5.98E-06
1.57E-02
3.74E-05
2.60E-02
2.99E-03
3.24E-03
4.60E-02

2.96
16.83
3.26
2.77
4.42
3.70
2.59
5.96
3.59
4.25
-3.02
-2.51
-2.51
4.97
-5.63
3.19
4.75
2.85
35.85
3.98
-15.94
2.30
4.44
5.59
-2.32
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