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Abstract: Background: Approximately 60% of papillary thyroid cancer (PTC) cases in Malaysia occur as a result of
long-standing benign thyroid nodules. However, the underlying mechanisms that led to the malignant transforma-
tion are not understood. Methods & Results: Here, we report a study of benign and malignant thyroid tissues of a
Malay woman presented with concurrent benign thyroid cyst and PTC. The same patient had only presented with
neck swelling five years earlier. Whole-exome capture sequencing of extracted DNA from the PTC tissue revealed
mutations of 1799 T>A (p.V60O0E) and ¢.353 G>A (p.R118Q) in the V-Raf Murine Sarcoma Viral Oncogene Homolog
B (BRAF) and the Thyrotropin-Releasing Hormone (TRH) genes, respectively. When the benign cyst of the patient
was subjected to direct PCR screening for both the mutations, only the ¢.353G>A mutation of the TRH gene was
detected. Both the benign and malignant tissues also showed decrease or loss of expression of multiple iodide me-
tabolism genes with elevated BRAF expression. Analyses by 2-dimensional electrophoresis and Ingenuity Pathway
algorithm indicated “reactive oxygen species insult”, “tissue injury/inflammation”, “cell proliferation” and “apopto-
sis and necrosis inhibitions” in the benign cyst. Both the benign and PTC tissues demonstrated different expression
patterns of activated signal transducer and activator of transcription 3 (pY-STAT3), with the former tissue expressing
a novel putative STAT3 isoform termed STAT3e. Discussion: The data of our study, when taken together, appear to
suggest that prolonged H,O, insults in the patient might have resulted in extreme oxidative stress that interfered
with the MAPK and STAT3 pathways, which then led to BRAFY6°t mutation and consequential loss of function of p53
as well as the altered metabolisms and malignant transformation that occurred in PTC.
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Introduction

Enlargement of the thyroid gland such as a thy-
roid nodule or a goiter is a common endocrine
problem. Whilst palpable thyroid nodules have
been reported in 4-7% of the population [1, 2],
the actual prevalence of thyroid nodules detect-
ed by ultrasonography in some areas can be as
high as 67% [3, 4]. In general, women are more
susceptible to thyroid problems than men [5,
6], with the incident rate increasing with age for
thyroid nodules or goiter [7, 8].

Goiters can be classified into euthyroid (simple
goiter), hyperthyroid (toxic nodular goiter or
Grave’s disease) or hypothyroid (iodine defi-
ciency, congenital hypothyroidism or Hashimo-
to’s thyroiditis) according to the functional sta-
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tus of the gland. Goiter due to Grave’s disease
is characteristically associated with a diffusely
enlarged gland with a smooth surface and often
with a bruit. A diffuse, smooth goiter with nega-
tive anti-thyroid antibodies may be due to iodine
deficiency. In this case, the thyroid gland enlarg-
es as it attempts to comply with the pituitary’s
demand. Other thyroid problems such as con-
genital hypothyroidism and other inflammatory
conditions in the thyroid gland are also respon-
sible for the formation of goiter. A nodular thy-
roid gland with hypothyroidism and positive
anti-thyroid antibodies is suggestive of Hashi-
moto’s thyroiditis [9, 10].

Despite that goiters such as follicular adenoma,
colloid nodules, benign cysts or nodular
thyroiditis are usually presented in benign
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Table 1. Summary of detected nucleotide variants (SNP & InDels) of the 32 candidate genes in the pa-

tient

Gene Nucleotide(s) Alterations
TG rs180223 r$2069550 rs16904774 rs16893332 rs853326 rs2069568 rs56541861 rs1133076
PAX8

NKX2-1

EGF rs2237051 rs4698803  ‘rs79786166

KISS1R rs350132

PIK3CA

CDKN1A

RASSF1

BRAF rs9648696 “rs113488022

CALCA rs5239

PPARG rs13306747

HRAS rs12628

TPO rs2280132 rs2175977 rs1126797  rs732608 rs732609 rs1126799
RET rs1800860

NRAS

TRH “*NM_007117: ¢.G353A: p.R118Q rs5662

TSHR rs3783942 rs3783941 rs1991517

SLC26A4

KRT19 rs4601 rs4602 rs11550883

ADCT10 rs203795 rs2071921

LGALS3

LGALS3BP rs3744166

KRT10 rs42611597

BGLAP rs1052053 rs1052067

GNAS rs74897360 rs7121

SERPINA7 rs1804495

CTNNB1

TIMP3 rs9862 rs11547635

KRAS rs4362222

PTEN 1s71022512

P53 rs1042522

CcCcDC6 rs1053265 rs1053266 rs1171830  rs77152637

“InDels. ““Mutation (SIFT score of <0.05; PolyPhen-2 score of >0.85. Grey: Homozygous.

forms, 7-17% cases have been shown to be
cancerous [11-14]. Presence of nodules in
young males is indicative of higher risk of thy-
roid cancer, while toxic and non-toxic nodular
goiters are more prone to undergo malignant
transformation when compared to Grave’s dis-
ease [15]. In addition, a study carried out in
Hospital University Sains Malaysia (HUSM)
from years 1994 to 2004 has shown that 60%
of thyroid cancers that were detected occurred
with a background of prolonged goiter [16]. In
view of the increased risk of the Malaysian goi-
trous patients developing into thyroid cancer,
we examined a case of concurrent benign thy-
roid cyst and papillary thyroid cancer, aiming to
elucidate the molecular mechanisms underly-
ing tumorigenesis of a long-standing thyroid
nodule.
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Subject, materials and methods
Case

A 53-year-old woman, who presented with ante-
rior neck swelling at 48 years of age, com-
plained of palpitations and sweating but with-
out any compressive or obstructive symptoms.
The patient was clinically euthyroid with TSH of
2.65 mU/L and free T, of 14.9 pmol/L.
Ultrasound scan of the neck showed a 3.9 x 2.7
x 4.9 cm nodule with increased vascularity and
a 0.3 x 0.2 x 0.3 cm cyst on the left and right
lobes of the thyroid gland, respectively. Fine
needle aspiration of the left thyroid nodule
showed suspicion for cancer (Bethesda classifi-
cation V) and histopathologic examination
(HPE) of surgical material obtained during a left
hemi thyroidectomy confirmed for PTC. The HPE
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revealed an encapsulated lesion composed of
malignant cells arranged in papillary and follic-
ular patterns. These neoplastic cells were
vesicular and mildly pleomorphic, and exhibited
nuclear overlapping with occasional optically-
clear nuclei and nuclear inclusions. Some of
the cells also exhibited central nuclear grooves.
However, psammoma bodies, which are com-
monly seen in PTC cases, were not detected in
the cells. When right hemi thyroidectomy was
done after one month, no evidence of malig-
nancy was shown by HPE. Whole body scan
(WBS) performed on 9 and 22 months after the
thyroidectomy showed no evidence of residual
or metastatic functioning papillary carcinoma
of thyroid. This study and its written consent
procedure were approved by the University of
Malaya Medical Centre (UMMC) Ethical
Committee (Institutional Review Board) in
accordance with the ICH-GCP guideline and the
Declaration of Helsinki (Reference number,
925.8).

Thyroid tissue samples

Thyroid tissue specimens obtained during the
thyroidectomy were immediately stored in the
Allprotect Tissue Reagent® Qiagen until further
processing. Genomic DNA, RNA and protein
were extracted simultaneously from the
patient’s thyroid tissue samples using Qiagen
AllPrep DNA/RNA/Protein mini kit according to
the manufacturer’s protocol.

Whole-exome sequencing and mutation analy-
ses

Whole-exome capture sequencing was per-
formed on the extracted DNA from the PTC tis-
sue with 90 bp-paired end reads by lllumina
HiSeq 2000 platform. Raw image data and
base calling were processed using lllumina
Pipeline software version 1.7 with the default
parameters. Bioinformatics analyses were car-
ried out using Burrows-Wheeler Aligner (BWA)
for mapping reads [17], SOAPsnp [18], SAMtools
[19] and SOAPsv (http://soap.genomics.org.cn/
SOAPsv.html) for single nucleotide variation
(SNV), small insertions and deletions (InDels)
and structure variation (SV) detections, respec-
tively. Mutation screening was performed on
32 candidate genes associated with goiter
development, thyroid hormone signaling and
thyroid cancers (Table 1). Variants detected
within intergenic and intronic regions were
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excluded except for those in areas close to the
3’ and 5’ splice junctions (maximum 20 nt up-
stream of the 3’ and 5’ splice-sites). Other vari-
ants were filtered and examined for their clini-
cal impact based on four databases, namely
the NCBI dbSNP132 (http://www.nchi.nim.nih.
gov/projects/SNP/snp_summary.cgi?build_
id=132), SNPedia (http://www.snpedia.com/
index.php/SNPedia), EXAC browser (http://
exac.broadinstitute.org) and Ensembl (http://
www.ensembl.org/info/genome/variation/
index.html). The effects of the variants on pro-
tein function were predicted using SIFT (http://
sift.bii.a-star.edu.sg/) and PolyPhen-2 (http://
genetics.bwh.harvard.edu/pph2/index.shtml).
A SIFT score of <0.05 indicates “damaging”
whereas PolyPhen-2 scores of >0.85 indicates
“probably damaging” effect. Any variant pre-
dicted to be damaging were further screened in
the DNA extracted from the benign cyst tissue
using PCR-direct sequencing method [20]. For
the SV data analysis, genes with alterations in
the exonic and 5/3’ untranslated regions were
annotated using IPA software to determine its
biological functions and pathways involved. The
biological relationships between the affected
genes and the 32 candidate genes included in
the initial screening were also investigated.
Variants which showed connection with the 32
candidate genes were examined through “Data-
base of Genetic Variants” (http://dgv.tcag.ca/
dgv/app/home?ref=GRCh37/hg19).

Quantitative real-time polymerase chain reac-
tion (QRT-PCR) analysis for BRAF and iodide
metabolism genes

Expression of BRAF and four iodide metabo-
lism genes including Thyroid Hormone Receptor
(TSHR), Thyroid Peroxidase (TPO), Thyroglobulin
(TG) and Sodium-iodide symporter (NIS) were
compared between the two tissues using qRT-
PCR. One g of tcRNA extracted from the benign
cystor PTC tissue was converted to complimen-
tary DNA (cDNA) using High Capacity RNA-to-
cDNA kit (Applied Biosystems, USA). Quan-
titative PCR was carried out using the StepOne
Real-Time PCR System (Applied Biosystems,
USA) with 40 amplification cycles. Melting cur-
ve analyses were performed for all primers to
ensure single amplification product. The list of
primers is shown in Table 2. Each reaction con-
sisted 10 ng of cDNA, 0.2 mM forward and
reverse primers, 2X Fast SYBR® Green Master
Mix (Applied Biosystems, USA) in a final volume
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Table 2. Sequences of the primers used for quantitative real-time PCR analysis

Genes Exon Primer Sequence

Fragment size (bp)  Annealing temperature (°C)

TBP 4

BRAF 15

3-4 Reverse 5’ CCCGGTCACTTGGTTCAG 3'
TPO 4

Forward 5" CACGAACCACGGCACTGATT 3’
5 Reverse 5’ TTTTCTTGCTGCCAGTCTGGAC 3’
Forward 5" GAGTGGGTCCCATCAGTTTG 3
15 Reverse 5’ CTGGTCCCTGTTGTTGATGTT 3’
TG 31-32 Forward 5" CCGGAAGAAAGTTATACTGGAAG 3’
34-35 Reverse 5’ TTTGAGCAATGGGCTTCTG 3’
TSHR 45 Forward 5 CCTCCTAAAGTTCCTTGGCATT 3’
7-8 Reverse 5’ AGGTAAACAGCATCCAGCTTTG 3’
NIS 1-2  Forward 5’ CACCAGCACCTACGAGTACC 3’

Forward 5’ TCCAAACTTCCTGAGCCAA 3’
5 Reverse 5' CTCCTGTGATGGGCCTGTAT 3’

89 59
181 59
356 59
243 59
143 59
241 59

of 20 uL. All gRT-PCR experiments were per-
formed in triplicates. Gene expressions were
normalised against TATA-box binding protein
(TBP), a housekeeping gene. The experiment
was repeated by comparing both the tissues
with another 3 control thyroid tissues (benign).

2-DE analysis

One hundred pg of cell lysate proteins from
both benign cyst and PTC tissues were recon-
stituted in rehydration solution containing 7M
urea, 2 M thiourea, 2% w/v CHAPS, 0.5% v/v
IPG buffer, orange G, 0.07 mg DTT and prote-
ase inhibitor for 30 mins. The reconstituted
protein samples were then incubated with an
immobiline pH gradient strip (13 cm, non-lin-
ear, pH 4-7, GE Healthcare, Uppsala, Sweden)
for 18 hrs at room temperature. The first dimen-
sion separation was performed using an Ettan
IPGphor Il (GE, Uppsala, Sweden) ran at the fol-
lowing four parameter setting steps: 1) 500V, 1
hr, step and hold; 2) 1000V, 1 hr, gradient; 3)
8000V, 2 hrs 30 mins, gradient and 4) 8000 V,
2 hrs 30 mins, step and hold. The strips were
subsequently incubated in SDS equilibration
buffer containing 1% w/v dithiothreitol (DTT) for
20 mins, followed by a second equilibration
using the same buffer containing 4.5% w/v
iodoacetamide instead of DTT for another 20
mins. The equilibrated strips were then subject-
ed to second dimension separation in a 8-13%
gradient polyacrylamide gel using the SE 600
Ruby electrophoresis system (GE Healthcare,
Uppsala, Sweden) at a constant voltage of 50 V
and 40 mA/gel for 40 min, and then switched
to 600 V and 40 mA/gel until the bromophenol
blue marker was 1 mm away from the bottom
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of the gel. Each tissue sample was subjected to
the same procedure for at least 3 times
(triplicated).

Image and data analyses

Silver stained 2-DE gels were scanned using
the ImageScanner Ill (GE Healthcare, Uppsala,
Sweden). Protein profiles were compared
between the benign and malignant tissues
using the Image Master Platinum 7.0 software
(GE Healthcare). Briefly, protein spots were nor-
malized using root-mean-square deviation
(RMSD) to minimize variations between gels of
the same tissue for the comparison of protein
abundance between the tissues. Statistical
analysis was performed by one way ANOVA
using Image Master Platinum 7.0 software. The
test was conducted on the normalized values
from both benign and PTC groups. Only protein
spots with fold difference >1.5 and statistically
significance, P<0.01, were considered to have
significantly changed in abundance.

In-gel tryptic digestion and MALDI-TOF/TOF
mass spectrometry analysis

Protein spots of altered abundance were
excised manually from 2-DE gels according to a
published protocol [21] and analyzed using
6520 Accurate-Mass Q-TOF LC/MS system
(Agilent, Santa Clara, CA, USA). Briefly, digested
samples were first reconstituted in 5 pL of the
initial LC mobile phase (0.1% formic acid)
before injected into the Nano-flow LC 1200
series (Agilent, Santa Clara, CA, USA). Digested
peptides were enriched using an enrichment
column and then separated on an HPLC Chip-
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Protein column (C18 reverse phase, 300 A, 43
mm, Agilent, Santa Clara, CA, USA) with a
3%-50% linear gradient of solvent B (90%
Acetonitrile and 0.1% Formic acid) for 30 min
with a flow rate of 0.3 yL/min. Mass Hunter
Qual acquisition software (Agilent, Santa Clara,
CA, USA) was used to acquire the mass spectra
(8 masses per second from 115 to 3000 m/2)
followed by collision-induced dissociation of
the four most intensive ions. MS/MS data were
acquired in the range of 50-3000 m/z.

Database search

Data analysis was carried out using the
Spectrum Mill software (Agilent, Santa Clara,
CA, USA) and database search using the Swiss-
Prot mammalian database. Mass-tolerance of
precursor and product ions was set to + 20 and
+ 50 ppm, respectively. Meanwhile, carbamido-
methylation of cysteine was set as fixed modifi-
cation and methionine oxidation was set as
variable modifications. A protein was consid-
ered identified when the score was higher than
20, peptide mass error less than 5 ppm, for-
ward-reverse score more than 2, peptide score
more than 6 and Scored Peak Intensity (SPI1%)
more than 60 percent.

IPA

The identified proteins were analyzed algorith-
mically using Ingenuity Pathways Analysis (IPA,
http://www.ingenuity.com) software to gener-
ate a set of interactive networks taking into
consideration of canonical pathways, relevant
biological interactions as well as cellular and
disease processes based on the information
contained in the Ingenuity Knowledge Base. A
Right-tailed Fischer’s exact test was used to
calculate a p-value indicating the likelihood of
focused genes to belong to a network versus
those obtained by chance. The IPA system com-
putes a score (Z-Score) to infer the activation
status of predicted transcriptional regulators. A
score > 2.0 indicates significantly “activation”
whereas <2.0 indicates significantly inhibition.

Quantitative western blot analysis of STAT3
phosphorylation (pY705)

Approximately 20 ug protein sample of benign
cyst and PTC tissues were separated by elec-
trophoresis in a 12% sodium dodecyl sulfate
polyacrylamide gel. The separated proteins
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were later transferred onto a polyvinylidene
difluoride (PVDF) membrane. Western blot
analysis was performed using rabbit monoclo-
nal EP2147Y primary antibody (Abcam Cat#
ab76315, RRID: AB_1658549, 1:2000) [22]
and WesternDot 625 Western blot kits
(Invitrogen, USA) to detect the presence of
phosphorylated STAT3 (pY-STAT3) protein in the
tissue specimens from areas. The expression
of pY-STAT3 in benign and malignant tissues
was quantitated by densitometry scanning
using Image-J software (http://rsbweb.nih.gov/
ij/) and normalized to the expression of beta-
actin (Abcam Cat#ab8227,RRID: AB_2305186,
1:2000) [23]. The ratio of STAT3 variants in the
benign cyst was also compared to that of the
PTC.

Search of alternatively spliced STAT3 mRNA
transcript

Complimentary DNA samples obtained from
tcRNA-cDNA conversion were used as template
to PCR-amplify the STAT3 using a pair of prim-
ers, forward 5'cttgacacacggtacctgga 3’ and
reverse 5'cactccgaggtcaactccat 3’ that cover a
region from ¢.28 to ¢.2275 in transcript variant
1 (NM_139276.2). PCR amplification was per-
formed as previously described [24].

Results
Mutation screening

Whole-exome sequencing of DNA extracted
from the PTC tissue generated approximately
63 million of clean read, which covered 99.7%
of the targeted region with a mean depth of
70.81X. SOAPsnp and InDels analyses revealed
a total of 51 variants in the exonic and flanking
intronic regions (maximum 20 nt upstream of
the 3’ and 5’ splice-sites) of the 31 candidate
genes (Table 1). Amongst these alterations,
€.353G>A (p.R118Q) and ¢.1799T>C (p.V60O0E),
which are respectively located at the TRH and
BRAF genes, were predicted as “deleterious
mutations” by PolyPhen-2 and SIFT. However,
only the ¢.353G>A mutation of the TRH gene
(Figure 1) was detected when the benign cyst
was subjected to direct PCR screening for the
two mutations. Chromosomal abnormalities
detected across exonic, splicing and 5'UTR
regions of 9 genes in the PTC tissue included
FLG, OR52N1, OVCH2, TDG, LOC100507642,
FADS6, AURKA, LNP1 and INTS1. Molecular
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A Gly Arg/Glu

Arg 104389726 in the TDG gene

in 81 out of 96 Southeast
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G G C C G A

On

Asian Malays [25]. Meanwhile,
the insertion esv3402144,
chr20:54963150-54963210
in AURKA gene was reported
in 3/185 individuals under
the 1000 Genomes Project
Consortium project [26].
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Figure 1. DNA sequencing profiles. Electropherogram profiles of the
¢.353G>A (p.R118Q) mutation (A) and a wild type (WT) allele (B). Red arrow

indicates the nucleotide transition in the TRH gene.
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In this experiment, the tran-
A script levels of selective genes
in the benign cyst, PTC lesion
and three control tissues were
measured by gRT-PCR and
expression of the target genes
was normalized to the expres-
sion of the TBP gene. Our
results showed that the NIS
transcript was not detected in
both benign and PTC tissues.
Whilst TG was also not ex-
pressed in the PTC tissue, en-
hanced expression of TG rela-
tive to the controls was detec-
ted in the benign cyst. The
expression of BRAF and TSHR
genes was relatively higher in
the benign tissue compared
Eicommle to that of PTC. When com-
pared with the three BRAFV60°E
mutation-free control tissues,
the benign cyst showed high
expression of all the selected
genes except TPO. However,
only the expression of the
BRAF gene in the PTC tissue
was higher than that of the
three control tissues (Figure

Figure 2. Real time PCR analysis. Expression of NIS was not detected in both
benign cyst and PTC tissue whereas expression of TG was not detected in the
PTC tissue. Comparison of BRAF, TSHR and TPO genes expression between

2).

benign cyst, PTC and controls 1, 2 and 3.

network analysis of the genes using IPA soft-
ware showed direct connections between AU-
RKA and the RASSF1/HRAS genes and the
association of TDG with HRAS/NKX2-1 genes.
Search of the two chromosomal abnorma-
lities against Database of Genomic Variants
(DGV, http://dgv.tcag.ca/dgv/app/home) revea-
led deletion dgv197e201, chr12: 104379506-
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2-DE and identification of dif-
ferentially expressed proteins

Figure 3 shows representative protein profiles
of the benign thyroid cyst and PTC tissues when
analysed by 2-DE. Each tissue was analysed in
tripicate to ensure reproducibility. Image analy-
sis of silver stained gels showed an average of
670 + 62 and 668 *+ 16 spots from the benign
cyst and PTC tissues, respectively. Only spots
that appeared in all gel images from each tis-
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Figure 3. Representative 2-DE maps of benign thyroid cyst and PTC tissue. Figure demonstrates 2-DE maps of be-
nign thyroid cyst (A) and PTC tissue (B) from the same patient. The proteins were separated on a pH 4-7 nonlinear
IPG strip, followed by a 8-15% SDS-polyacrylamide gel. The gel was silver-stained and spots of altered abundance
(indicated by arrows) were analyzed by MALDI-TOF/TOF mass spectrometry.

sue were compared and subjected to statistical
analysis (P<0.01). Quantitative analysis of the
2-DE gels revealed 27 proteins spots with more
than 1.5 fold changes between the two tissues.
Twenty-three of the spots, which comprised 21
proteins, were subsequently identified by tan-
dem mass spectrometry (MS/MS) and data-
base query (Table 3).

Pathway interactions and biological process
analysis

Analysis of the 21 proteins using IPA identified
two associated “cancer, endocrine system dis-
orders, organismal injury and abnormalities”
(Figure 4A) and “amino acid metabolism, small
molecule biochemistry, nucleic acid metabo-
lism” networks (Figure 4B), with scores of 44
and 10, respectively. A score of 2 or higher indi-
cates at least a 99% confidence of not being
generated by random chance and higher scores
indicate a greater confidence. Cancer related
signalling pathways such as p38/ERK 1/2
MAPK, PKC(s) and Akt/NF-kB pathways were
shown in the “cancer, endocrine system disor-
ders, organismal injury and abnormalities”
network.
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Canonical pathway analysis ranked the“acute
phase response signalling” at the top with the
highest significance (P<6.85x10°7) and indi-
cated that this pathway was “activated”
(Z-score: 2) in the benign tissue. Other path-
ways, nhamely “coagulation system”, “extrinsic
prothrombin activation pathway”, “intrinsic pro-
thrombin activation pathway” and “G-protein
signaling mediated by Tubby protein”, were par-
ticularly relevant to the data set but the activity
patterns of these pathways were not available.
The five top-most predicted activated upstream
regulators by z-score for the data set (using
benign tissue as reference) were fenofibrate,
PPARA, HRAS, D-glucose and nitrofurantoin.
However, none of these regulators was signifi-
cantly “activated” (z-score > 2.0) in the PTC tis-
sue. In contrast, the five most predicted inhib-
ited upstream regulators were PD98059,
STAT3, L-triidothyronine, MYC and TP53. IL-6
was ranked behind TP53 with a score of -1.341.
Amongst these regulators, only PD98059 was
significantly “inhibited” in the PTC tissue with a
score of less than -2. However, STAT3 was
shown to be significantly activated (z-score >
2.0) when cancer tissue was used as a refer-
ence gel in the comparison (Table 4A).

Int J Clin Exp Med 2016;9(9):18601-18617
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Table 3. List of proteins with differential abundance identified by LC MS/MS Q-TOF

Swiss-Prot Distinct Summed

Zz()t Anova F::;)tlic:) Protein name accession (:(\ADM;) Tr:)tzcl)rpeltl- MS/MS Search No.po;‘prg:';cshed % cho?/Z?:g:CS
no. Score

1 <0.001 6.50942 Acylamino-acid-releasing enzyme (APEH) P13798 82.193 5.29 40.83 3 4
2 <0.001 2.32927 Alpha-1-antitrypsin (SERPINA1) P01009 46906.8 5.37 125.07 9 28.7
3 <0.001 2.82044 Fibrinogen gamma chain (FGG) P02679 52.1383 5.37 179.45 11 26.9
4 0.005 7.60295 Fibrinogen gamma chain (FGG) P02679 52.1383 5.37 57.96 4 79
7 <0.001 13.5747 A4-trimethylaminobutyraldehyde dehydrogenase (ALDHOA1) P49189 54.7138 5.69 65.03 5 9.7
8 0.003 1.67731 26S protease regulatory subunit 7 (PSMC2) P35998 49.0324 5.71 102 7 17.3
9 0.006 6.5896 Haptoglobin (HP) PO0738 45.8891 6.13 104.06 6 15.5
10 <0.001 10.4851 Fibrinogen beta chain (FGB) P02675 56611.8 8.54 275.42 17 40.9
11 <0.001 14.4785 Fibrinogen beta chain (FGB) P02675 56611.8 8.54 160.33 11 274
12 0.001 2.50237 Guanine nucleotide-binding protein G(l)/G(S)/G(T) subunit beta-2 (GNB2) ~ P62879  38072.1 5.6 127.22 8 25.2
13 0.003 7.01605 Prohibitin (PHB) P35232 29.8606 5.57 106.16 7 26.4
14 0.009 3.90298 Thioredoxin-dependent peroxide reductase, mitochondrial (PRDX3) P30048 28034.5 7.68 45.89 4 15.6
15 0.002 5.84935 Peroxiredoxin-2 (PRDX2) P32119 22062.7 5.66 126.14 8 36.8
16 0.009 2.30989 ATP synthase subunit beta, mitochondrial (ATP5B) P0O6576 56558.9 5.26 311.99 17 40.2
17 0.003 2.01754 Selenium-binding protein 1 (SELENBP1) Q13228 52960.5 5.93 150.42 10 25.4
18 0.002 5.06965 Actin, cytoplasmic 2 (ACTG1) P63261 42134.4 5.31 5741 4 9.8
20 <0.01 2.84281 Guanine nucleotide-binding protein G(I)/G(S)/G(T) subunit beta-1 (GNB1) P62873 38175.1 5.6 98.75 6 22.3
21 0.003 12.1073 Annexin A1 (ANXA1) P04083 38941.8 6.57 21.86 2 4.9
22 0.002 2.30797 Annexin A3 (ANXA3) P12429 36545.8 5.62 206.29 13 23.2
23 0.001 3.85539 3-hydroxyisobutyrate dehydrogenase, mitochondrial (HIBADH) P31937 35727.7 8.38 58.97 4 17.2
24 0.005 1.91072 F-actin-capping protein subunit beta (CAPZB) P47756 31635.2 5.36 67.03 4 16.2
25 0.007 9.79335 Cathepsin B (CTSB) PO7858 38790.8 5.88 67.75 4 14.7
26 0.007 2.72695 Apolipoprotein A-l (APOA1) P02647 38790.8 5.56 117.35 7 28.8
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SELENBP1

Figure 4. IPA graphical representation of the molecular relationships in “cancer, endocrine system disorders, organismal injury and abnormalities” network (A) and
“amino acid metabolism, small molecule biochemistry, nuclei acid metabolism” network (B) in benign cyst vs PTC tissues. Each network is displayed graphically as
nodes (genes) and edges (the biological relationships between the nodes). Nodes in red indicate up-regulated genes while those in green represent down-regulated
genes. Nodes without colours indicate unaltered expression. Various shapes of the nodes represent the functional class of the proteins. The different arrow shapes
represent different types of interactions. Edges are displayed with various labels that describe the nature of the relationship between the nodes.
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Table 4A. Upstream regulators predicted to be regulated in different tissues using IPA software

Malignant transformation of thyroid cyst

Upstream

Activation score

regulators Molecular Type PTCvs Benignvs Molecules

Benign PTC
PD98059 chemical-kinase inhibitor -2.213 2.213 ANXA1, APOA1, CTSB, SELENBP1, SERPINA1
STAT3 transciption regulator -1.981 2.207 CTSB, FGB, FGG, HP, PHB, SERPINAL
L-triiodothyronine  chemical-endogenous mammalian -1.732 1.732 APOA1, HP, PRDX2, PRDX3
MYC transciption regulator -1.732 1.732 CAPZB, CTSB, PHB, PRDX2, PRDX3, SERPINAL
TP53 transciption regulator -1.504 1.504 ALDH9A1, ANXA1, ANXA3, APOA1, CTSB, PRDX2, PRDX3
IL6 cytokine -1.341 1.353 ANXA1, APOA1, FGB, FGG, HP, PHB, SERPINA1
fenofibrate chemical drug 1.964 -1.964 APOA1, FGB, FGG, HP
PPARA ligand-dependant nuclear receptor 1.291 -1.291 ALDHO9A1, APOA1, ATP5B, FGB, FGG, SELENBP1
HRAS enzyme 1 -1 ANXA1, CTSB, HP, PHB
D-glucose chemical drug 1 -1 ACTG1, ANXA3, ATP5B, CTSB
Nitrofurantoin chemical-endogenous mammalian 0.816 -0.816 ACTG1, CTSB, FGB, PRDX2, SELENBP1, SERPINAL

For the diseases and functions analyses,
benign cold thyroid nodule was the most
relevant disease based on the data set with a
p-value of less than 5.28x107, “Metabolism of
carbohydrate”, “synthesis of lipid” and
“metabolism of protein” were likely to be
activated in the PTC tissue. However, “necrosis
of epithelial tissue”, “apoptosis”, “cell death”
and “necrosis” were likely to be inhibited in the
benign tissue whilst “proliferation of cell” was
likely to be activated (Table 4B).

In addition, seven molecules namely, ANXA1,
APOA1, HP, PHB, PRDX2, PRDX3, SERPINA1,
are apparently related to “free radical scaveng-
ing” including two potent scavengers of H,0,
namely PRDX2 and PRDX3, which are also an
indication of oxidative stress (Table 4C).

Quantitative western blot analysis of STAT3
phosphorylation

Western blot analysis of pY-STAT3 showed pres-
ence of two distinct 75 kDa (predicted molecu-
lar weight: 88 kDa) and 28 kDa bands and one
faint 67 kDa band in the benign cyst, whilst only
the 75 and 67 kDa bands were detected in the
PTC tissue. A distinct 42 kDa band which cor-
responds to beta-actin was observed in both
tissues (Figure 5A). Densitometric evaluation
of the blots using Image-J algorithm showed
similar total expression of pY-STAT3 in both the
benign and PTC tissues. However, the 28 kDa
pY-STAT3 fragment, which was termed STAT3¢e
in the present study, was only expressed in the
benign tissue. In contrast, the levels of the 75
and 67 kDa pY-STAT3 proteins found in the PTC
tissue appeared 3- and 5-folds higher respec-
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tively, compared to the benign tissue. The three
75, 67 and 28 kDa variants of pY-STAT3 were
expressed in ratio of 8:1:18 in the benign tis-
sue, while the ratio of the 75 to 67 kDa pY-
STAT3 variants was 5:1 in the malignant tissue
(Figure 5B).

Absence of novel alternatively-spliced STAT3
mRNA

Reverse transcription polymerase chain reac-
tion (RT-PCR) of tcRNA of both tissues did not
detect any novel STAT3 mRNA isoform.

Discussion

The concurrent presence of a benign thyroid
cyst and PTC in a single patient provided an
avenue for us to study the difference between
the two tissues and speculate transitional
changes that might have occurred during malig-
nancy. In the present study, we demonstrated
BRAFY6%%E mutation in the PTC tissue of the
patient and further showed the loss of expres-
sion of TG and NIS, and reduced expression of
TPO. This is nothing new as decreased or loss
of expression of TG, NIS and TPO genes due to
continued activation of the mitogen-activated
protein kinase (MAPK) pathway caused by
1799T>A (p.V600OE) mutation in the BRAF onco-
gene often being reported in cases of PTC [27-
29]. However, much to our surprise, NIS expres-
sion was also not detected in the benign cyst of
the same patient which was shown not to have
the BRAFY®9°E mutation. In this benign tissue,
the expression of TG and BRAF was also found
to be highly active whilst TPO appeared to be
markedly reduced.
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Table 4B. Prediction of disease or function annotation in different tissues using IPA software

Disease or function an-

Activation score

Categories notation PTC vs Benignvs  Molecules
Benign PTC
Cell death and survival necrosis of epithelial tissue 1.969 -1.969 CTSB, PRDX2, PRDX3, SERPINAL
apoptosis 1.654 -1.654 ANXA1, APOA1, CTSB, GNB2, PHB, PRDX2, PRDX3, SELENBP1, SERPINAL
cell death 1.43 ("1.927) -1.43(-1.927) ANXA1, APOA1, "BRAF, CTSB, CNB2, PHB, PRDX2, PRDX3, SELENBP1, SERPINAL
necrosis 1.298 -1.298 ANXA1, APOA1, CTSB, GNB2, PHB, PRDX2, PRDX3, SERPINAL
Cellular growth and proliferation Proliferation of cell *-1.937 *1.937 ACTG1, ANXA1, APOA1, ATP5B, BRAF, CTSB, GNB1, PHB, PRDX2, PRDX3, PSMC2, SELENBP1,
SERPINA1L, “TG, “TPO, “TSHR
Cancer, organismal injury and abnormalities  growth of tumour *-1.487 “1.487 ANXA1, APOA1, “BRAF, CTSB, PHB, ‘TG
Carbohydrate metabolism metabolism of carbohydrate 1.982 -1.982 APOA1, CTSB, GNB1, PRDX2
Lipid metabolism, small molecule synthesis of lipid 1.673 -1.673 ANXA1, APOA1, PHB, PRDX2, SERPINAL
Protein synthesis metabolism of protein 1.103 -1.103 ANXA1, APEH, APOA1, CTSB, PSMC2, SERPINA1

“from real-time PCR data.
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Table 4C. Involvement of the seven identified proteins in the free radical scavenging activity

Categories Functions Annotation P-Value Molecules

Free Radical Scavenging metabolism of reactive oxygen species 2.12E-06 ANXAL, APOA1, HP, PHB, “PRDX2, "PRDX3, SERPINAL
Free Radical Scavenging synthesis of reactive oxygen species 2.49E-05 ANXA1L, APOA1, HP, PHB, “PRDX2, SERPINAL

Free Radical Scavenging reduction of hydrogen peroxide 4.55E-05 “PRDX2, ‘PRDX3

Free Radical Scavenging reduction of monohydroperoxy-linoleic acid 3.10E-03 “PRDX2
Free Radical Scavenging metabolite removal of superoxide 1.03E-02 "PRDX2

“An indication of oxidative stress level.

Lane 1 Lane 2

STAT3a, STAT3B, B-actin, Novel STAT3
75kDa 67 kDa 42 kDa variant, 28
kDa

Benign (right lobe)

51.46
3.04

g 0.17 N

Malignant (left lobe)

297
Not
detected

Benign (right lobe), STAT3 a:B:unknown = 8:1:18

Malignant (left lobe), STAT3 a:f = 5:1

Figure 5. Western blot and Image-J densitometric analyses. Thyroid tissue protein samples were first tested with
anti-pYSTAT3 antibody followed by anti-B actin antibody (loading control). Equal amount of microsomal protein (20
ug) for each sample (100 ng for the positive control) was used. Representative western blot gel picture: Lane 1: be-
nign cyst protein sample; lane 2: PTC protein sample (A). Imaje-J densitometric quantification of pY-STAT3 isoforms

and B actin in the benign cyst and PTC samples (B).

Hydrogen peroxide (H,0,) is a reactive oxyen
species (ROS) consistently generated during
stimulation of the thyroid cells by TSH, and it is
a substrate of TPO in the iodination of TG and
synthesis of thyroid hormones [30]. In contrast
to the decreased expression of TPO, we further
noticed that the TSH receptor (TSHR), which is
regulated by TSH, was positively expressed in
the benign tissue of the patient when com-
pared to three BRAFY8°°E mutation-free control
tissues. The persistent stimulation of TSH
under the situation when TPO was not active
may have created an H,O,-rich environment in
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the benign tissue and caused oxidative stress
to the cells. Such a condition may have led to
upregulation of TG, which was also observed in
the benign cyst in our study, as TG is known to
act as a strong suppressor for H,0, production
[31]. Our speculation of increased H,0, in the
benign cyst receives further support from the
findings of relatively higher abundances of
PRDX2 and PRDX3 which are potent scaven-
gers of H,0, [32, 33], and altered expression of
other ROS or antioxidant defence mechanisms-
related proteins when the tissue was subjected
to proteomics analysis (Table 4C). All these pro-
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teins were likely to have been generated in
response to the increased levels of H,0, in the
benign tissue.

Excessive ROS can cause cellular injury and
mediate peroxidation of lipids, oxidation of
proteins, damage to nucleic acids, enzyme
inhibition and apoptosis of cells. Survival of the
host depends largely on the ability of cells to
handle oxidative insults, either through adapta-
tion, resistance of stress and repair or removal
of damaged molecules or cells [34, 35]. When
IPA was performed based on proteins that were
detected to be differentially expressed between
the benign thyroid cyst and PTC tissue, we
found that the “acute phase response signal-
ling” was activated in the benign cyst. The con-
current involvement of “coagulation system”,
“extrinsic prothrombin activation pathway”, and
“intrinsic prothrombin activation pathway” in
the same tissue implies injury and/or inflamma-
tion, and has often been associated with patho-
genesis of various cancers [36]. However, the
exact signalling mechanism that links oxidative
stress with chronic inflammation as well as can-
cer remains inconclusive [37] even though they
are known to be closely related. A recent study
has shown that the release of PRDX2 may func-
tion as an inflammatory mediator by triggering
macrophages to produce tumour necrosis fac-
tor (TNF-a) [38], whilst others postulated
involvement of H,0, insults in the tissue which
could induce the production of interleukin-6 (IL-
6) [39, 40]. In any case, TNF-a and IL-6 are both
major inflammatory cytokines involved in can-
cer-related inflammation, which are under the
control of transcription factors, NF-kB and
STAT3 [41]. Recently, the association of H,0,
with STAT3 signalling was also unveiled when
Sobotta et al. demonstrated the modulation of
cytokine-induced STAT3 signalling by the
expression of PRDX2 which functions as a H,0,
signal receptor and transmitter in transcription
factor redox regulation [42].

The roles of STAT3 in tumorigenesis were sur-
rounded by controversies. Whilst some studies
showed that pY-STAT3 can promote tumorigen-
esis [43-45] and considered it as a product of
an oncogene [46], others demonstrated that
the protein inhibited growth of tumour and
induced cell apoptosis [47, 48]. More recently,
a 67 kDa isoform of STAT3, the STAT3B, has
been suggested to act as a dominant negative
factor to STAT3a (75 kDa) and contributed to
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the opposing function of STAT3 [49]. Consistent
with this view, a malignant tissue which showed
strong activation levels of STAT3B has been
shown to have higher rates of cell necrosis and
apoptosis than that of the benign cyst. In our
study, however, a 28 kDa fragment of STAT3
with at least 2 fold higher levels than STAT3q,
was instead detected as the main pY-STAT3 iso-
form in the benign cyst. The fragment, which
we termed STAT3¢g, was not detected in the PTC
tissue of the same patient. This, together with
our western blot results which showed similar
amounts of pY-STAT3 in both the benign cyst
and PTC tissues of our patient implicate the
role of STAT3¢ in maintaining cell survival and
higher proliferation rates in the benign cyst.
This hypothesis was further strengthened when
IPA predicted that STAT3 and MYC, a proto-
oncogene that is a downstream target for many
signals such as MAPK and STAT3 pathways and
known to induce cell proliferation, reduce apop-
tosis and promote tumour progression [50],
were likely to be activated in the benign cyst.
MYC was estimated to have contributed to
cause at least 40% of tumours [51]. In spite
that it is known to be upregulated in PTC [52] as
well as many other cancers [53], overexpres-
sion of MYC alone is inefficient at causing
malignant transformation [54].

On the other hand, our IPA had also predicted
that the PTC cells were likely to display inhibi-
tion of p53 which functions as a tumour sup-
pressor by preventing cells with mutated or
damaged DNA from dividing [55]. Reduced or
loss of p53 function is common at a late stage
of tumour development [56]. However, Niu et
al. has successfully restored the expression of
p53 by blocking STAT3 in cancer cells, demon-
strating involvement of STAT3 in mediating p53
inhibition [56, 57]. Since both tissues in the
present study had presented similar amounts
of total pY-STAT3, the STAT3¢ that was detected
in the benign cyst may have interfered with the
binding of STAT3 to the p53 promoter, and
hence, retained the p53 function that helped
prevent/delay the malignant transformation of
the cells. In addition, IPA also revealed an
increase in glucose and protein metabolisms
and production of lipids in the PTC cells. This is
in agreement with the fact that cancer cells fre-
quently exhibit specific alterations in their met-
abolic activity, termed as the Warburg effect, to
support its rapid proliferation [58].
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In both the benign cyst and PTC tissues of our
patient, it is noteworthy that the deleterious
¢.353G>A (p.R118Q) mutation of the TRH gene
that was detected could have affected the
qualitative features of TSH and its secretion
from the anterior pituitary. The clinical impact
of this gene, which was demonstrated in an ani-
mal model using TRH knockout mice, showed
characteristic phenotypes of tertiary hypothy-
roidism with a slightly elevated but reduced bio-
logical activity of serum TSH and mild hypothy-
roidism [59]. Although the long-term effects of
what appeared to be a novel germ-line muta-
tion of the TRH gene remain uncertain, the data
of our present study when taken together sug-
gests that it may have caused prolonged H,0,
insults which resulted in the extreme oxidative
stress that interfered with the MAPK and STAT3
pathways, which then led to BRAFY6°° muta-
tion and the consequential loss of function of
p53 as well as the altered metabolisms and
malignant transformation that occurred in PTC.
This is amid evidence of higher likelihood of
PTC recurrence in BRAFY8°%-positive compared
to BRAFY6%°E.negative patients [60]. Whether
the genetic alteration was indeed the predis-
posing factor that led to the described hypo-
thetical consequential molecular changes and
the development of neoplastic thyroid lesions
as in our patient is certainly a subject for future
investigations.
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