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ABSTRACT
Papillary thyroid cancer (PTC) is the most common type of thyroid malignancies. PTC has good prognosis, but it can dedifferentiate
into aggressive forms. In this study, we aimed to identify differentially expressed genes (DEGs) between PTC samples and normal con-
trols. We used gene expression microarrays to identify DEGs between 20 PTC samples and 10 normal controls. We performed enrich-
ment analysis to discover biological processes and signalling pathways associated with PTC and construct protein-protein interaction
(PPI) networks to find out key genes for the disease. We identified 1554 up-regulated and 912 down-regulated DEGs in PTC samples
compared to normal controls. The coagulation system was the most significant pathway and SERPINAT was the most up-regulated
gene of this pathway. CCND1, PGR, CEBPA, CDKN1A, SPDEF, PLAU and MDM?2 were key nodes in PPl networks. Causal net-
work analysis revealed that SFN, which was one of the up-regulated DEGs found in our study, was the most causative upstream
regulator for PTC. In conclusion, deregulation of SERPINA1, CCND1, PGR, CEBPA, CDKN1A, SPDEF, PLAU and MDM2 genes
and coagulation system pathway may contribute to PTC development. SFN may be an important gene in diagnosis, prognosis and
novel anticancer drug approaches for PTC. Further experiments are required to confirm the functions of identified DEGs in our study.
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OzZET
Papiller Tiroid Kanserinde Anahtar Genlerin Transkriptom Analizi ile Saptanmasi

Papiller tiroid kanseri (PTK), tiroid kanser tipleri arasinda en yaygin olanidir. PTK’ lerin prognozlari oldukga iyidir fakat agresif formlara
da donUsebilirler. Bu galismada PTK érnekleri ile normal kontroller arasinda diferansiyel olarak eksprese olan genleri (DEG) tanimlamayi
amagladik. 20 PTK numunesi ve 10 kontrol arasindaki DEG’leri tanimlamak igin gen ekspresyon mikrodizinlerini kullandik. PTK ile iligkili
biyolojik suregcleri ve sinyal yolaklarini bulmak icin zenginlestirme analizleri yaptik ve hastalikta rol oynayan anahtar genleri saptamak
amaclyla da protein-protein etkilesim (PPE) aglar olusturduk. PTK érneklerinin normal kontroller ile karsilastirimasi sonucu 1554 ek-
spresyonu artan ve 912 ekspresyonu azalan gen tespit ettik. Koagulasyon sistemi en anlamli yolak olarak saptanirken, SERPINA1 bu
yolakta ekspresyonu en fazla artan gen olarak tanimlandi. CCND1, PGR, CEBPA, CDKN1A, SPDEF, PLAU ve MDM2, PPE aglarinda
anahtar genler olarak tespit edildi. Nedensel ag analizleri, caismamizda ekspresyonu artan genlerden biri olarak saptanan SFN’nin,
PTK igin en nedensel upstream regllatér oldugunu ortaya koydu. Sonug olarak, SERPINA1, CCND1, PGR, CEBPA, CDKN1A,
SPDEF, PLAU ve MDM2’nin ekspresyon degisimleri PTK gelisimine neden olabilir. SFN, PTK igin tanida, prognozda ve yeni antikanser
ilag gelistirme yaklasimlarinda kullanilabilir. Calismamizda saptanan DEG’lerin fonksiyonlarini tanimlamak igin ileri calismalar gerekme-
ktedir.

Anahtar Kelimeler: Koagulasyon sistemi, Diferansiyel olarak eksprese olan genler, Gen ekspresyon profili, Papiller tiroid kanseri,
Stratifin
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INTRODUCTION

Thyroid cancer is the most common endocrine
malignancy and accounts for about 0.5-1% of all
human malignant tumors.'? Histologically, thyroid
cancer can be divided into four types: papillary thy-
roid carcinoma (PTC); follicular carcinoma; med-
ullary carcinoma; and undifferentiated carcinoma.
Of these, PTC is the most common, accounting for
80% of all thyroid malignancies.> PTC has good
prognosis and 5-year survival has increased above
95% with the use of neck ultrasound and fine nee-
dle aspiration biopsy (FNAB). However, PTC can
dedifferentiate into aggressive forms which present
clinical characteristics including invasion and me-
tastasis.** Five percent of patients with distant me-
tastasis do not benefit from conventional therapies
such as radioiodine remnant ablation (RAI). In ad-
dition, postoperative complications are very com-
mon after thyroidectomy surgery and drug treat-
ments have many side effects.’” Therefore, there is
much interest in identifying genetic molecules that
can be used both as diagnostic and prognostic bio-
markers and as novel therapeutic targets for more
effective drug development with fewer side effects.

There have been many attempts to identify molec-
ular markers for PTC. The suggested markers have
included LGALS3, KRT19, FNI, BRAF, RET/PTC,
RAS, HBME-1, MET, DPP4, SERPINAI, MUCI,
NTRK and TIMP1 and genetic variation in BRAF,
RAS, RET/PTC and NTRK have been reported in
over 70% of PTCs.®7 Activation of the mitogen-
activated protein kinase (MAPK) pathway by re-
arrangements in RET/PTC and NTRK and point
mutations in RAS and BRAF are thought to be im-
portant steps in the development of PTC.? Despite
the many studies which have been conducted in an
attempt to identify genes and/or pathways associ-
ated with PTC development, there remains signifi-
cant uncertainty as to its molecular etiology.

In this study, we aimed to identify differentially ex-
pressed genes (DEGs) between PTC samples and
normal controls using gene expression profiling
microarrays. We performed enrichment analysis
to discover the biological processes and signaling
pathways associated with PTC and construct pro-
tein-protein interaction (PPI) networks to identify
key genes for the disease.
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MATERIALS and METHODS
Tissue Samples

PTC samples from 20 patients were obtained from
the General Surgery Department of Kocaeli Uni-
versity at the time of initial surgery between June
2009 and March 2010. Obtained tissues were snap-
frozen immediately after tumor removal and stored
at -80°C until RNA isolation procedure. All tumor
tissue samples were reviewed by an experienced
endocrine pathologist to confirm the diagnosis.
Distribution of diagnosed PTC variants were: clas-
sic variant PTC (cPTC) in 14 patients; follicular
variant (fvPTC) in four patients; and the onco-
cytic variant in two patients. The control group
comprised histologically confirmed normal tissues
taken from the opposite, unaffected lobe of ten of
the PTC patients.

This study was approved by the Human Subjects
Research Ethical Committee of Kocaeli University
(Project Number: 2008/77, TAEK: 11/10). All pro-
cedures followed were performed in accordance
with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments.
Informed consent was obtained from all patients
for inclusion in the study.

Total RNA Preparation

Total RNA was isolated from cells for each patient
using RNeasy Mini Kit (Qiagen, Hilden, Germany)
following DNase I treatment. Sample purity was
confirmed by measuring A260/A280 ratios. The
quality of the RNA was assessed using the 2100
Bioanalyzer (Agilent Technologies, Waldbronn,
Germany). An RNA integrity value (RIN) of = 7.0
was considered acceptable.

Microarray and Differential Expression
Analysis

Microarray analysis was performed using the
Whole Human Genome Oligo Microarray (Agilent
Technologies, Waldbronn, Germany) which con-
tains 26.083 Entrez Genes. 50 ng of total RNA per
sample was processed according to manufacturer’s
instructions. After scanning arrays with Agilent
Technologies Scanner (model G2505B), numeri-
cal results were extracted with Feature Extraction
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Table 1. Primer sequences of selected genes for gRT-PCR validation

Gene Forward Primer

Reverse Primer

B2 microglobulin

CDKN1A

5 TGA CTT TGT CAC AGC CCAAGATA 3
CCND1 5" GAG ACC ATC CCC CTGACG GC &’
5 TGA GCG ATG GAA CTT CGACT &

5" AAT CCA AAT GCG GCATCT TC 3’
5" TCT TCC TCC TCC TCGGCG GC &
5" GAC AGT GAC AGG TCC ACA TGG 3’

version 9.5.1.1 (Agilent Technologies, Santa Clara,
CA) using 014850_D_F_20060807 grid, GEI1-

v5_95_Feb07 protocol and GE1_QCM_Feb07 QC
metric set.

The GeneSpring software version 14.9 (Agilent
Technologies, Santa Clara, CA) was used to obtain
the differentially expressed genes (DEGs) by com-
paring PTC tissue and normal tissues. Threshold-
ing of the signal values were set to 1.0. The pro-
gram normalized the data to 75th percentile. Raw
data were then normalized to 75th percentile using
Percentile shift normalization and baseline trans-
formation to median of all samples was performed.
Samples were grouped into Tumor and Normal as
experimental parameters. To visualize the data, we
checked the multidimensional scaling (MDS) plot
that was generated by GeneSpring. DEGs were
identified by filtering the dataset using p-value <
0.05 and a signal-to-noise ratio = 2 for use in T-test
unpaired statistical analysis. A fold change (FC) of
> 2.0 was set as the cutoff value. Moderated t-test
with Benjamin-Hochberg multiple testing correc-
tions was used to calculate the p-value for the vol-
cano plots in GeneSpring software.

Functional Enrichment and Protein-Protein
Interaction (PPI) Network Analysis

Ingenuity Pathway Analysis (IPA) software (In-
genuity Systems, Redwood City, CA) was used to
construct gene networks and relevant pathways.
Core analysis was run selecting human species and
direct interactions. Key genes were identified by
evaluating the interaction degree of nodes, accord-
ing to network topology. Database for Annotation,
Visualization and Integrated Discovery (DAVID)
bioinformatics tool (https://david.ncifcrf.gov/) was
used to enrich Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways with the threshold p<
0.05. Gene Ontology (GO) terms including three
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categories including biological process (BP), cellu-
lar component (CC) and molecular function (MF)
were identified using DAVID with the thresholds
p<0.05.

Causal Network Analysis

IPA provides causal network analysis to identify
upstream molecules which control the expression
of the genes in the input dataset. To generate causal
networks, we selected “causal networks” in the
Networks section of the core analysis and added
“papillary thyroid cancer” from the pull-down
menu.

qRT-PCR Validation

CCNDI and CDKNIA were selected randomly
for quantitative reverse transcriptase-polymerase
chain reaction (QRT-PCR) validation. cDNA was
synthesized using RevertAid First Strand cDNA
Synthesis kit (Thermo Fisher Scientific Inc.,
Waltham, Massachusetts, USA). Relative expres-
sion levels of selected genes were determined
using LightCycler® 480 SYBR Green I Master
(Roche Diagnostics GmbH, Mannheim, Germany)
using the LightCycler® 480 Instrument (Roche
Diagnostics GmbH, Mannheim, Germany). Gene
specific primers were obtained from Integrated
DNA Technologies (Coralville, IA, USA). Primer
sequences are listed in Table 1. 2 microglobulin
was used as endogenous control. Gene expression
levels were calculated using Relative Expression
Software Tool (REST) (QIAGEN).

RESULTS
Differentially Expressed Genes

Multidimensional scaling (MDS) allowed assess-
ment of the similarity in gene expression among
the samples. MDS analysis revealed that controls
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Figure 1. Multidimensional scaling plot of 10 controls and 20
tumors in three-dimensional space. Plot is generated using
Gene Spring 14.9.

and tumors were positioned in different coordi-
nates within the planes (Figure 1). A total of 2466
DEGs were identified in PTC samples compared
to normal thyroid tissues, using GeneSpring with
the FC of > 2.0 cutoff, including 1554 up-regulated
and 912 down-regulated DEGs. The distributions
of the fold changes and p-values of genes in each
subgroup were shown in Figure 2 as volcano plots.

—-log10 (corrected p value)

-6 4 =2 0 2 4 6
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Figure 2. VVolcano plot. The distribution of the gene expression
fold changes and corrected p-values in PTC compared with
normal controls was shown. A total number of 2466 genes
with p-value < 0.05 and fold change > 2.0 were used for the
analysis. Down regulated genes are indicated in dark blue, up-
regulated genes are indicated in red. Plot is generated using
GeneSpring 14.9 with moderated t-test and Benjamini-Hoch-
berg testing correction.
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Table 2. Top 10 significantly up- and down-regulated genes.
Up-regulated genes Down-regulated genes
Gene Fold Gene Fold
Change Change
KLK11 79.286 ARX 13.155
LIPH 73.467 LOC105376351  12.402
DCSTAMP 69.306 C110rf88 10.378
STBGALNACS  54.354 GTSF1 9.297
TMPRSS4 52.214 AGR3 8.951
SYT12 48.968 FKSG29 8.876
ARHGAP36 43.834 IPGK3 8.688
CHIBL1 43.150 CCBE1 8.199
FN1 40.454 TBX22 8.165
KLK10 40.073 ERICHS3 8.002

The top 10 significantly up-regulated and down-
regulated genes are shown in Table 2. Most sig-
nificantly up-regulated DEGs were KLK/I, LIPH,
DCSTAMP, ST6GALNACS, TMPRSS4, SYTI2,
ARHGAP36, CHI3L1, FNI and KLKI0, whereas
most significantly down-regulated DEGs were
ARX, LOCI105376351, Cllorf88, GTSFI, AGR3,
FKSG29, IPGK3, CCBEI, TBX22 and ERICH3.

PPI Network Analysis

IPA constructed 5 interaction networks of DEGs
with the filters human species and direct interac-
tions were created. The most significant network
was associated with Endocrine System Disorders,
Gastrointestinal Disease and Immunological Dis-
ease (Figure 3). By evaluating the interaction de-
grees of nodes in the network, CCND1 was defined
as a major hub gene. Other identified hub genes
were PGR, CEBPA and CDKNIA, SPDEF and
PLAU and MDM?2.

Causal Network Analysis

Causal network analysis was performed in order to
identify papillary thyroid cancer-related upstream
regulators that control expressions of the genes
in our dataset. Table 3 lists the five most signifi-
cant upstream regulators. Among these, SFN was
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Figure 3. Interaction Network of Endocrine System Disorders, Gastrointestinal Disease, Immunological Disease related genes con-

structed using IPA.

the most significant regulator and was found to be
3.162 fold up-regulated in our study. Other papil-
lary thyroid cancer related upstream regulators
were TP53, MYC, CDC25B and LEFI, but they
were not in our DEGs dataset. IPA predicted acti-
vation of MYC, CDC25B and LEF regulators ac-
cording to expression changes of their target genes
in our dateset.

Functional and Pathway Enrichment Analysis

KEGG pathway enrichment analysis using DA-
VID showed that DEGs were enriched signifi-
cantly in hsa04610: Complement and coagulation
cascades, hsa04512:ECM-receptor interaction,
hsa05200:Pathways in cancer, hsa04151:PI3K-Akt
signaling pathway and hsa04510:Focal adhesion

Table 3. The most significant upstream regulators identified in causal network analysis

Upstream regulator p-value of overlap

Molecular type

Predicted activation

SFN 8.77E-13 Other

TP53 2.17E-12 Transcription regulator

MYC 1.42E-10 Transcription regulator Activated
CDC25B 5.42E-10 Phosphatase Activated
LEF1 9.12E-10 Transcription regulator Activated

UHOD ~Number: 1 Volume: 30 Year: 2020
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Table 4. Themost significant canonical pathways identified using DAVID and IPA

Pathways identified using DAVID

Term Genes p-value FDR?
hsa04610:Complement F12, C3AR1, C7, CR1, F10, C5AR1, MASP1, C6, PLG, 4.88E-9 6.37E-6
and coagulation PLAUR, PROC, C8A, F5, FGA, SERPINA5, SERPINET,
cascade TFPI, SERPINA1, CFl, CFD, PROS1, PLAU
hsa04512:ECM- TNXB, TNC, ITGA2, SDC4, LAMA2, LAMA1, SDC1, LAMBS, 1.79E-6 2.33E-3
receptor interaction LAMAS, CD36, ITGB8, COMP, COL27A1, ITGB6, COL1A2,

RELN, LAMC2, COL1A1, THBS1, COL11A1, FN1
hsa05200:Pathways F2RL3, FGF8, FGF7, PDGFA, ADCY8, PPARG, CXCL12, GLI1, 1.21E-5 1.58E-2

in cancer AGTR1, CDKN2A, WNT3, CDKN2B, CASP8, TGFA, BIRC8, HHIP,
FGF1, PLCB2, PTGERS, CYCS, RXRG, RUNX1T1, FGF22, CCND1,
LPARS, PDGFRA, MDM2, LAMC2, FGFR2, CXCL8, LAMBS3, KRAS,
BCL2, PIK3R5, AXIN2, FN1, CEBPA, FZD8, KLK3, TGFBR1, MET, BIRC7,

ITGA2, HGF, WNT2B, LAMA2, LAMA1, CBLC, CDKN1A, LAMAS3, BAX, ABL1

hsa04151:PI3K-Akt FGFR2, FGF8, FGF7, PDGFA, TNC, LAMB3, KRAS, ITGB8, BCL2, 3.60E-5 4.70E-2
signaling pathway COL27A1, COMP, ITGB6, CREB3L1, PDGFC, PIK3R5, PPP2R2B,

FGF1, THBS1, PPP2R2C, COL11A1, GHR, FN1, TNXB, SGK2, MET,

ITGA2, FGF22, CREB5, HGF, EPHA2, GH2, LAMA2, LAMA1, CCND1,

CDKN1A, YWHAG, LAMAS, LPARS5, CCND2, COL1A2, PDGFRA,

MDM2, EFNA5, LAMC2, RELN, COL1A1

hsa04510:Focal PDGFA, TNC, LAMBS, ITGB8, PAK3, BCL2, COMP, COL27A1, 4.24E-5 5.58E-2
adhesion ITGB6, PDGFC, PIK3R5, SHC3, THBS1, COL11A1, FN1, TNXB,
MET, ITGA2, HGF, FLNC, VASP, LAMA2, LAMA1, CCND1, LAMAS,

RASGRF1, CCND2, COL1A2, PDGFRA, RELN, LAMC2, COL1A1

aFDR= false discovery rate

Pathways identified using IPA

Intrinsic protrombin 1.94E-07
activation pathway

Agranulocyte adhesion 2.07E-07
and diapedesis

Coagulation system 1.04E-06

Granulocyte adhesion 1.39E-06
and diapedesis

Pathway p-value Molecules
Atherosclerosis 6.00E-08 TALOX5, 1ALOX15B, 1APOA4, |APOD, |CCR2, | CD36, 1CLU, 1CMAT,
signaling 1COL10A1, 1 COL1A1, 1COL1A2, 1CXCL8, | CXCL12, 1IL1RN, 11L36A, 1 IL36RN,

TMMP3, 1 MSR1, 1PDGFA, 1 PDGFC, 1PLA2G10, 1PLA2G16, 1PLA2G2E,
|PLA2GA4C, |PLA2R1, |PLB1, 1PON1, 1SERPINAT, 1 TNFRSF12A

COL10A1 1, COL1A1 1, COL1A2 ¢ ,F5 | ,F10 | ,F12 1 ,FGA | , KLK2 | ,
KLK3 1, KLK7 1, KLK10 } , KLK11 1, KLK12 1 , PROC 1 , PROST 1

ACTG2 | , AOC3 | , C5AR1 1, CCL7 1, CCL16 | , GCL17 1, CKLF 1, CLDN1 1 ,
CLDN10 1 , CLDN12 1 , CLDN16 1 , CXCL1 1 ,GXCL2 1 , CXCL3 1, CXCL8 1 ,
CXCL12 | , CXCL17 1, FN1 1, HRH1 1, ILIRN 1, IL3BA 1, IL3BRN 1 , ITGA2 1 ,
MMP3 1, MMP7 1, MMP10 1 , MMP11 1 , MMP16 1 , MMP17 1 , MSN 1 ,

MYH10 1, MYH11 |, PF4 | , PPBP | , SDC4 ¢

F5 |, F10 |, F12 1, FGA |, PLAU 1, PLAUR?, PLG|, PROC 1, PROST 1,
SERPINAT1 1, SERPINA5 |, SERPINET 1, TFPI |

C5AR1 1, CCL7 1, CCL16 |, CCL17 1, CKLF 1, CLDN1 1, CLDN10 1 ,
CLDN12 1, CLDN16 } , CXCL1 1, CXCL2 1, GXCL3 1 , CXCL8 1 , CXCL12 | ,
CXCL17 1, HRH1 1, IL1RAP 1, IL1RN 1, IL36A 1 , IL36RN 1, [TGA2 1 ,
MMP3 1, MMP7 1 , MMP10 1 , MMP11 1, MMP16 1 , MMP17 1 , MSN 1 ,

PF4 | , PPBP | ,SDC1 1, SDC4 1

1= up-regulated; |= down-regulated
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Table 5. GO analysis results for the DEGs

Term Count P-value FDR?

Biological process
GO:0007155~cell adhesion 78 4.46E-11 8.30E-8
GO:0030198~extracellular matrix organization 41 9.03E-9 1.68E-5
G0:0042060~wound healing 23 8.80E-8 1.64E-4
G0:0051965~positive regulation of synapse assembly 20 1.00E-7 1.87E-4
G0:0001525~angiogenesis 39 2.56E-6 4.76E-3
G0:0007399~nervous system development 46 3.296E-6 6.12E-3
GO:0006508~proteolysis 67 9.561E-6 1.78E-2

Cellular component
GO:0005576~extracellular region 222 1.24E-19 1.89E-16
G0:0005615~extracellular space 188 3.72E-17 5.44E-14
G0:0005578~proteinaceous extracellular matrix 52 7.45E-10 1.09E-6
G0:0005887 ~integral component of plasma membrane 163 4.05E-8 5.92E-5
G0O:0009986~cell surface 77 1.20E-7 1.75E-4
GO:0031093~platelet alpha granule lumen 17 1.88E-6 2.75E-3

Molecular Function
G0:0005509~calcium ion binding 99 2.48E-9 4.00E-6
G0:0004252~serine-type endopeptidase activity 46 4.69E-8 7.56E-5
G0:0008083~growth factor activity 30 8.34E-6 1.35E-2

2FDR= false discovery rate

(Table 4). The complement and coagulation cas-
cades pathway was the most enriched pathway.

Atherosclerosis signaling, intrinsic protrombin
activation pathway, agranulocyte adhesion and
diapedesis, coagulation system and granulocyte
adhesion and diapedesis were the most significant
canonical pathways identified using IPA (Table 4).
The coagulation system was common to both IPA
and DAVID. SERPINA1 was the most up-regulated
gene with the fold-change of 14.128 in this path-
way.

GO analysis using DAVID revealed that the bio-
logical process of cell adhesion, molecular func-
tion of calcium ion binding and the cellular com-
ponent of the extracellular region were the most
significant terms (Table 5).

qRT-PCR Validation

CCNDI and CDKNIA gene expressions obtained
from the qRT-PCR validation study showed con-
sistent expression differences with our microar-
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ray data. Gene expression results of two genes
from qRT-PCR were 3.276 fold up-regulation for
CCNDI and 10.483 fold up-regulation for CDK-
NIA.

DISCUSSION

In the present study, 1554 up-regulated and 912
down-regulated DEGs were identified in PTC sam-
ples compared to normal thyroid tissues. Among
the DEGs, KLKIl was the most up-regulated,
whereas ARX was the most down-regulated gene.
The coagulation system was determined as the
most significant pathway and SERPINAI was the
most up-regulated gene of this pathway. CCNDI,
PGR, CEBPA, CDKNIA, SPDEF, PLAU and
MDM? were the key nodes in the PPI networks.

Kallikrein-related peptidases (KLKs) function in
many physiological and pathological processes,
like skin desquamation, semen liquefaction, im-
mune system regulation and oncogenesis.® Sev-
eral KLKs are known to be dysregulated in differ-
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ent solid cancers, including ovarian, gastric, lung,
prostate, breast, larynx, stomach, colorectum and
kidney cancers.*® Overexpression of KLK4 and
KLKI1I in ovarian cancer and prostate cancer, and
downregulation of KLK6 in breast cancer and pros-
tate cancer have been reported previously.” High
expression of KLK?7 has been found in colon cancer
compared with normal tissues, and KLK7 has been
suggested to be a prognostic factor for colon can-
cer patients.” KLK1I is expressed mostly in pros-
tate, stomach, trachea, skin, and colon. High levels
of KLK11 have been reported to be associated with
poor prognosis in ovarian cancer, lung cancer and
gastric cancer.® Kallikrein 11 expression in PTC
has not previously been studied. Kim et al. showed
7-fold higher expression levels of KLK7 in PTC
tissues than in normal tissues.” Here, we reported
high levels of KLK1I in PTC samples compared to
normal tissues. Thus, KLK// may have an impor-
tant role in development of PTC and may be used
as a diagnostic factor for PTC.

Coagulation is a dynamic and complex process that
responds to injury by the rapid formation of a clot.'
Disruption of the coagulation system is common
in cancer development and metastasis.'® Deregula-
tion of the coagulation cascade has been reported
in PTC." In our study SERPINAI (a1-AntiTrypsin,
AAT) was the most up-regulated gene enriched
in the coagulation system pathway with the fold
change of 14.127. Other up-regulated genes en-
riched in this pathway were PROSI, PLAUR,
PLAU, PROC, SERPINEI and F12 with the fold
changes 9.168, 7.160, 5.914, 4.990, 3.469 and
2.202 respectively. SERPINAI is an inflammatory
response molecule and acts on serine proteases.'' It
has been suggested as a biomarker for many can-
cers such as Cutaneous Squamous Cell Carcinoma,
Non-Small Cell Lung Cancer (NSCLC), lung can-
cer and breast carcinoma as well as for papillary
thyroid carcinoma.'! SERPINAI has been reported
as a potential diagnostic marker for papillary thy-
roid carcinoma and has been found activated or
overexpressed in PTC previously.'? Vierlinger et
al. suggested that SERPINAI differentiates PTCs
from benign nodules or healthy tissues with 99%
accuracy."* We speculated that SERPINA I may play
an important role in PTC development through the
coagulation system pathway.
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Cyclin D1 (CCNDI), is a promoter of cell cycle
progression and is overexpressed in many benign
and malignant neoplasms, with an oncogenic role.
It has been reported that there is a positive corre-
lation between the overexpression of CCND/ and
cellular proliferation, the proliferation marker Ki-
67, tumor stage and aggressive biological behav-
ior.'* Overexpression of CCNDI has been reported
in both benign and malignant thyroid tumors be-
fore.'> CCND1 upregulation has also been reported
in a previous study and has been associated with
poor prognosis.'® We detected a 5.083 fold upregu-
lation of CCNDI compared to control samples in
the current study which is consistent with the lit-
erature. Thus, CCNDI may be used for PTC diag-
nosis as well as for assessing prognosis.

PGR, the progesterone receptor, encodes a mem-
ber of the steroid receptor superfamily. Its protein
mediates the physiological effects of progesterone.
It has been used as a biomarker for ERa (estro-
gen receptor-a) function and breast cancer prog-
nosis. ERa has proliferative and antiapoptotic ac-
tivity and has been found more highly expressed
in metastatic PTC than in the primary site and
in PTC patients with a large tumour size. Many
studies showed the expressions of ER-a and PR
in PTC." Dai et al. examined mRNA and protein
expressions of ERa, ERP, PR, ER0.36, EGFR and
HER? in PTCs, nodular hyperplasias and normal
thyroid tissues using real time RT-PCR and im-
munohistochemical staining. The mRNA and pro-
tein expression of ERa and PR were increased in
PTCs whereas ERf was decreased.'® In our study,
increased expression of PGR, with the fold change
2.477, was found which is similar to the literature.
Findings suggest that PGR may be a potential diag-
nostic and prognostic biomarker for PTC.

CEBPA (C/EBPa), is an intronless gene encod-
ing a basic leucine zipper transcription factor. The
protein product of this gene functions in normal
tissue development, regulation of cell prolifera-
tion and cell differentiation. Approximately 10%
of acute myeloid leukemia (AML) patients have
loss-of-function mutations in C/EBPa, suggest-
ing a tumor suppressor role. C/EBPa expression
is deregulated in many neoplasias, such as liver,
breast and lung cancer.” Interestingly we found
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activation of C/EBPa., with the fold change 5.849,
rather than inactivation in our study. Chapiro et al.
suggested that C/EBPa which was found activated
in precursor B-cell acute lymphoblastic leukemia
has an oncogenic role.”” C/EBPa may contribute to
the development of papillary thyroid cancer via its
oncogenic role.

CDKNIA (p21) is a cyclin-dependent kinase (cdk)
inhibitor, and has a mediator role in p53-dependent
cell cycle arrest after DNA damage. P21 is known
as a tumor suppressor gene as it inhibits prolifera-
tion. However, p21 also acts as an oncogene since
it exhibits procancer and antiapoptotic activities.?!
Varkondi et al. studied cyclin D1, p53 and p21 ex-
pressions using an immunohistochemical method
in papillary thyroid cancer samples and found p21
production in 50% of tumour samples with cyclin
D1 overexpression. As p21 is a cyclin dependent
kinase (CDK) inhibitor, this association was sug-
gested to be a modulatory role of p21 rather than
its inhibitory role.'® In our study both CCNDI
(fold change 5.083) and p21 (fold change 5.757)
were found to be up-regulated in PTCs compared
to normal controls. In light of this we suggest that
p21 may be involved in PTC pathogenesis through
modulating CCNDI activity with its oncogenic
role.

The prostate epithelium-specific Ets transcription
factor, SPDEF (also termed PDEF or PSE), reg-
ulates gene expression in the prostate and goblet
cell hyperplasia in the lung.”> SPDEF mediates
invasion and migration of immortalized mam-
mary epithelial cells.”® In tumor cells, activation
of SPDEF blocks migration and invasion, how-
ever inhibition of SPDEF expression enhances
migration, invasion, and metastasis.?* It has been
reported that SPDEF acts as a metastasis supres-
sor gene in prostate cancer and its expression is in-
versely correlated with tumor aggressiveness and
patient prognosis.? It has a critical role in estrogen
receptor-positive (ER+) breast cancer risk and can-
cer progression.?® Higher expression of SPDEF has
been identified in brain, breast, prostate, lung and
ovarian tumors previously.”” It has been reported
that SPDEF associates with tumors better than oth-
er cancer-related molecules.?” There are no reports
in the literature concerning SPDEF expression in
papillary thyroid cancers. In our study SPDEF
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was found to be up-regulated with the fold change
2.055. According to the known role of SPDEF in
cancer cells, we suggest that SPDEF may be used
as a prognostic factor for papillary thyroid cancer
to evaluate patients’ metastasis risk. Further stud-
ies with metastatic PTC population should be per-
formed to confirm this.

In 50% of human cancers, p53 is found mutated
whereas in remainder wild-type p53 is inhibited
with overexpression of Murine Double Minute
2 (MDM?2). MDM?2 is involved in cancer in both
a p53-dependent and p53-independent manner.
MDM?2 targets p53 for ubiquitylation and pro-
teasomal degradation. In the p53-independent
mechanism, MDM?2 overexpression promote neo-
angiogenesis, tumor transformation, invasion
and metastases. MDM?2 overexpression with gene
amplification or other mechanisms have been ob-
served in many cancers such as colorectal, esopha-
geal, breast and colon cancers, melanoma, retino-
blastoma and also in papillary thyroid cancer.?® In
our study, we detected high levels of MDM?2 ex-
pression with the fold change 2.295. We suggest
that MDM?2 may play a role in pathogenesis of PTC
and it may be a useful target to develop therapeutic
approaches for controlling PTC progression.

PLAU (Plasminogen activator, urokinase) is a
member of urokinase plasminogen activator (uPA)
system, and codes for a serine protease.”® The uPA
system plays a critical role in inflammation, em-
bryogenesis, tumor invasion, metastasis and tu-
mour progression by inducing extracellular matrix
degradation, activation of latent growth factors,
malignant cell spread and tumour neoangiogen-
esis.” The system consists of urokinase-type plas-
minogen activator (uPA), the glycolipid-anchored
cell membrane receptor for the uPA (uPAR) and
plasminogen activator inhibitors (PAIs). Many hu-
man cancers, including thyroid malignancies show
overexpression of uPA and/or uPAR when com-
pared with normal tissue. It has been reported that
high levels of uPA and uPAR are associated with
Ilymph node metastases, advanced tumour stage
and reduced disease-free interval.”® PLAU was
identified 5.914 fold overexpressed in our PTC
group, suggesting PLAU to be a prognostic bio-
marker for PTC.
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Causal network analysis in the present study re-
vealed that SFN, which was one of the up-regulat-
ed DEGs, was the most causative upstream regula-
tor for papillary thyroid cancer. SFN (stratifin or
14-3-3 sigma) is a major cell cycle regulator and
an important component of signal transduction that
belongs to the 14-3-3 protein family.*® Among sev-
en isoforms of this protein family, it is the only iso-
form which is induced by p53 after DNA damage.
It has been referred to as a “double-edged sword of
human cancers” because of acting both as a tumor
suppressor with reduced expression in various ma-
lignancies, including breast, stomach, colon, liver,
prostate, oral cavity and vulva cancers with hyper-
methylation of the CpG island present in the pro-
moter area of the gene and acting as an oncogene
with increased expression in cancers such as head
and neck, stomach, pancreas and colorectum, asso-
ciated with demethylation of the CpG island. Thus,
its expression has been reported to be tissue spe-
cific and context-dependent.’*3! Elevated expres-
sion of SFN was observed in previous PTC studies
and has been suggested to play an important role in
large tumor size, invasion and metastasis.’! High
expression of SFN has been reported in cPTC and
fvPTC with advanced stage and poor differentia-
tion, but was not found in follicular thyroid can-
cer (FTC) and normal thyroid tissues.* It has been
reported that SFN has lower expression in fvPTC
than in cPTC. In contrast anaplastic tumors have
been reported showing the highest SFN expres-
sion levels.*® Therefore it has been suggested that
combination of SFN expression with FNA cytol-
ogy might be used to differentiate malignant from
benign tumors which have suspicious or indetermi-
nate cytology.** Also we can conclude that, as SFN
is not expressed in normal thyroid tissue, it may be
involved in thyroid carcinogenesis.

Elevated levels of SFN has been reported to con-
tribute to drug resistance in cancer treatment. Stud-
ies with drug resistant cell lines of breast cancer,
prostate cancer and pancreatic cancer showed that
knocking down SFN expression decreased resist-
ance to anticancer drugs, while ectopic overex-
pression of SFN increased drug resistance in these
cell lines again.’' Thus, SFN has been accepted as
a potential target for developing new therapeutic
approaches via knocking down or reducing its
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expression. In further studies, papillary thyroid
cancer cell lines should be treated with chemical
agents and/or oligonucleotides targeting SFN to
see investigate their effects on PTC. We can sug-
gest that SFN may be a diagnostic and prognos-
tic biomarker for PTC and inhibition or reduction
of its expression using novel anticancer drug ap-
proaches may help to improve prognosis.

Compared to similar earlier studies, KLK11, CEB-
PA and SPDEF genes were never reported in the
context of thyroid cancer in our study."'>* On the
other hand, we observed similar findings to these
studies. Liang and Sun integrated four gene ex-
pression datasets to identify novel, clinically rel-
evant genes for PTC." They reported six central
genes: BCL2; CCNDI; FNI; IRS1; COLIAI; and
CXCLI2. Among these genes, BCL2, CCNDI and
COLIAI were reported to be clinically relevant.
These three genes were also reported as DEG in
our study. They also identified DEGs enriched in
PI3BK-Akt signaling pathway, pathways in can-
cer, focal adhesion and proteoglycans in cancer.
We also observed PI3K—Akt signaling pathway,
pathways in cancer and focal adhesion in KEGG
pathway enrichment analysis in the current study.
Activation of PI3K—-Akt signaling pathway is a
common process in human cancers and also has
been reported to be involved in thyroid cancer
development. PI3K—Akt signaling pathway has
been known as a representative, upstream fac-
tor of SFN, and associated with poor prognosis
in lung cancer. It has been reported that SFN is
activated by the PI3K/Akt signaling pathway in a
pS53-independent manner and thus SFN mediates
cell cycle progression.*® This mechanism, is sup-
ported by the results of causal network analysis
in our study, suggest that SFN may promote PTC
development via PI3K/Akt signaling pathway in a
p53-independent manner. Zhao and Hehe aimed to
identify gene alterations and biomarkers for PTC.%
As a result of pathway analysis in their study, they
found pathways in cancer, proteoglycans in cancer,
focal adhesion, axon guidance and ECM-receptor
interaction as the most enriched pathways. Among
these pathways, pathways in cancer, focal adhesion
and ECM-receptor interaction were also significant
in our study. In consequence, deregulation of path-
ways in cancer, focal adhesion and ECM-receptor
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interaction, the PI3K/Akt signaling pathway and
coagulation system may be common phenomenon
contributing to PTC development.

The present study has some limitations. First, we
have analyzed gene expression profiles of 20 tu-
mors and 10 controls. Further studies with large
numbers of patients will be needed to confirm the
gene profiles of our study. Second, we used 2-fold
threshold to identify differentially expressed genes
during data analysis using GeneSpring software. In
this case, genes with low expression may be ex-
cluded.

In conclusion, deregulation of SERPINAI,
CCNDI, PGR, CEBPA, CDKNIA, SPDEF, PLAU
and MDM?2 genes and pathways in cancer, focal
adhesion, ECM-receptor interaction, the PI3K/Akt
signaling and coagulation system pathways may
contribute to PTC development. KLK/I, CEBPA
and SPDEF genes were never reported and sug-
gested being involved in thyroid cancer develop-
ment. SFN may promote PTC development via the
PI3K/Akt signaling pathway in a pS3-independent
manner and may be an important gene in diagnosis,
prognosis and novel anticancer drug approaches
for PTC. Further experiments are required to con-
firm the functions of identified DEGs in our study.
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