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DKcnpeccusi TPAHCKPUIIMOHHBIX, POCTOBBIX (hJAKTOPOB ¥ KOMIIOHEHTOB
AKT/m-TOR cHrHajbHOro myTu B TKAHH NANMMLISAPHOTO paKa
[IUTOBUIHOM KeJIe3bl
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O6ocHoBaHue. Pa3BuTie paka LUMTOBUAHON XKeAe3bl CBSI3aHO C M3MEHEHMEM IKCMPECCUM MOAEKYASIPHBIX MapKEPOB, K KOTOPbIM
OTHOCSIT TPAHCKPUMLIMOHHbIE U POCTOBbIE (PaKTOPbI, @ TakxKe KoMnoHeHTbl AKT/m-TOR curHaabHoro kackaaa.

LleAb nccaeaoBaHust — cpaBHeHKME SKCNPECCHM TPAHCKPUMLUMOHHBIX hakTopos NF-«B p65 n p50, HIF-Ta, HIF-2a, pocTtobix ¢ak-
Topos VEGF, CAIX u VEGFR2, a Takxe komnoHeHToB AKT/m-TOR curHaabHOro nyTH B TKaHM nanuasipHoro paka (MPLX) u ao-
OpOoKaYeCTBEHHbIX OMYXOAEI WMTOBUAHOM XKEeAe3bl.

Marepuan u metoabl. B nccaeroBaHme 6bian BkatodeHbl 40 60AbHBIX € TPLLDK (7 My>kUmH, 33 >keHLunHbl) B Bo3pacTe oT 33 A0 66 AeT
(cpeanuii Bo3pact 52,0+2,6 roaa) Ha ctaann T1-4NO-2MO. pynna cpaBHeHUst MpeACTaBAeHa 22 NauMeHTamm (4 My>XUnHbl, 18 keH-
LWKMH) B BO3pacTe OT 38 A0 66 AeT (cpeaHuit Bo3pacT 53,0+4,4 roaa) ¢ A0GpOKa4eCTBEHHBIMU OMYXOASIMU LIMTOBUAHOM XKEAe3bl.
Skcnpeccuio NF-xB p65 1 p50, HIF-1a, HIF-2a, poctosbix cpaktopoB VEGF, CAIX u VEGFR2, a Takxe komnoHeHToB AKT/m-TOR
CMIHAAbHOTO MyTu onpeaeAsian metoaom NP B peaabHOM Bpemenn.

Pesyabtatbl. B Tkanm MNMPUDK nosbiwen yposeHb MPHK NF-»«B 1 HIF-2a, a Takxe MPHK npoTtennkmnnasel AKT n PTEN. Skcnpec-
cust reHa c-Raf B Tkanu MPLK, HanpoTtuB, 6bina B 2,1 pasa Huxe, Yem B AOGPOKAUYECTBEHHbIX OMYyXOAsiX. B TkaHM paka BbisiBAe-
Hbl MHOFOYMCAEHHBIE MOAOXKMUTEAbHbIE ACCOLMALIMM MEXAY TPAHCKPUMLIMOHHBIMKU U POCTOBbIMM (PAaKTOPaMM, a TAKXKE MEXAY KOM-
norernTamm AKT/m-TOR curHasbHoro kackaaa. dkcnipeccust PTEN koppeanpoBana ¢ yposHem MPHK siaepHoro paktopa NF-%B,
YTO ABASIETCS KOCBEHHbIM MPU3HAKOM AMCPETYASILIMM CUTHAAbHBIX cucTem B TkaHu MPLLDK.

3akatouenue. Aas MPLDK xapakTepHa akTMBaLMS 3KCNPeccun TPaHCKPUNUMOHHbLIX bakTopos NF-xB 1 HIF-2a, npoTenHkmHasel
AKT 1 cpoccpatasbl PTEN, Ha doHe cHuxkeHns yposHs MPHK c-Raf.

KAtodeBble cAroBa: NanmAASIPHBINA Pak LUNTOBUAHOM XEAE3bl, TPAHCKPHUITLMOHHbIE (hakKTOPbl, POCTOBbIE (hakKTOPbl, KOMMIOHEHTbI AKT/
m-TOR curHanbHOro nyTw.

Expression of transcription and growth factors and the AKT/m-TOR signaling pathway
components in papillary thyroid cancer
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Background: The molecular mechanism of thyroid cancer development is associated with changes in expression of transcription
factors and growth factors accompanied by modified level of the AKT/m-TOR components.

Aims. The aim of study was to determine NF-kB p65, NF-kB p50, HIF-1a, HIF-2a, VEGF, CAIX, VEGFR2 expression and mRNA
level of the AKT/m-TOR signaling pathway components in papillary thyroid cancer compared to those in benign lesions.
Material and methods: Forty patients aged 33—66 years with T1-4N0-2MO papillary thyroid cancer (7 males and 33 females)
were enrolled in the study. The mean age was 52.0+2.6 years. The comparison group included patients with benign lesions of
thyroid tissue (4 males and 18 females) aged 38—66 years (mean age, 53.0+4.4 years). Expression levels of NF-kB p65, NF-kB
p50, HIF-1a, HIF-2a, VEGF, CAIX, VEGFR2, and the AKT/m-TOR signaling pathway components were determined by RT-PCR
using specific primers.

Results: Increased expression of transcription factors NF-kB and HIF-2a was found in papillary thyroid cancer. The levels of AKT
and PTEN mRNA were elevated in transformed tissues. c-Raf expression was reduced 2.1-fold in cancer compared to that in
thyroid tissues with benign lesions. Multiple positive correlations were revealed between transcription and growth factors and the
AKT/m-TOR signaling pathway components in cancer. An association between PTEN expression and the NF-kB mRNA level was
revealed, being a sign of deregulation in the signaling cascade in cancer tissues.

Conclusions: Overexpression of NF-xB, HIF-2a, AKT, PTEN and reduction of c-Raf expression is typical of thyroid papillary can-
cer.

Keywords: papillary thyroid cancer, transcription factors, growth factors, AKT/m-TOR signaling pathway components.

Thyroid cancer accounts for 1—1.5% of all cancers.
The development of new approaches to diagnosis and pre-
diction of the course of the disease for this type of cancer
has become extremely relevant in the recent years due to
ever-increasing rate of prevalence. For example, in the pe-
riod from 2004 to 2014, the increase in the incidence of
thyroid cancer in the Russian population was 18.47%,

which makes it possible to classify this cancer as the most
common malignant tumor of the endocrine glands [1].
The development of malignant tumors of the thyroid
gland is associated with the activation of transcription and
growth factors. The key factors among them are NF-xB,
which plays a major role in oncogenesis [2—4], as well as
HIF nuclear factor, which promotes the formation of
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VEGF growth factor and carbonic anhydrase IX, which
define neoangiogenesis. These events activate the AKT/
m-TOR signaling cascade and underlie the growth and
spread of the tumor [5].

Hyperactivation of the AKT/m-TOR signaling path-
way is a characteristic feature of most cancer cells and, ap-
parently, it plays the key role in the mechanisms of tumor
cell transformation and tumor progression [6]. Important
components of this pathway include AKT, c-Raf, GSK-
3, PDKI, as well as m-TOR, and its substrates p70-S64
and E-BP1. The activity of this signaling cascade is regu-
lated by PTEN tumor suppressor protein.

The AKT/m-TOR signaling pathway has been studied
less in tumors of endocrine organs than in tumors of other
localization [7]. There are multiple relationships between
levels of molecular markers, which reflects the intensity of
pathological processes and can affect the prognosis of the
disease. However, the contribution of the molecular mark-
ers associated with the activation of transcription and
growth factors and the AKT/m-TOR signaling pathway
components that determine the characteristics of papillary
thyroid cancer (PTC) has not been studied.

Aim — the aim of the study was to compare the expres-
sion of transcription factors NF-xB p65 and p50, HIF-1a,
HIF-2a, growth factors VEGF, CAIX and VEGFR2, as
well as components of the AKT/m-TOR signaling pathway
in PTC and in benign tumors of the thyroid gland.

Methods

Study Design
Observational one-stage continuous controlled study.

Inclusion Criteria

The study included patients at T1-4N0-2MO stage of
verified PTC aged 30 to 70 years, who voluntary signed
the informed consent. The control group included patients
with benign thyroid gland lesions of comparable age un-
der the same condition. Exclusion criteria were age over
70 years, disseminated thyroid cancer, presence of severe
concomitant pathology, presence of primary-multiple tu-
mors of other localizations, the patient’s refusal to partic-
ipate in the protocol.

Conditions of the study

The study was conducted in the Scientific Research
Institute of Oncology of the Tomsk National Research
Medical Center of the Russian Academy of Sciences.

Description of medical intervention

The scope of diagnostics and treatment of the patients
followed the recommended algorithms for the diagnosis
and treatment of malignant neoplasms, approved by the
Ministry of Health of the Russian Federation (2007), and
clinical guidelines for the diagnosis and treatment of thy-
roid cancer (2014) [8, 9].
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The patients with the thyroid gland pathology under-
went surgical treatment in the form of hemithyroidecto-
my or thyroidectomy. At the second stage of treatment,
the patients received radioactive iodine therapy in case of
metastases in lymph nodes. The study examined tumor
and histologically unchanged tissue from the thyroid
gland, obtained from the patients of both groups after
the surgery. Tissues specimen were frozen and stored at
—80°C.

The primary endpoint of the study

The expression of NF-xB p65 and p50, HIF-1a,
HIF-2a, growth factors VEGF, CAIX and VEGFR2, as
well as components of AKT/m-TOR signaling pathway
was determined in PTC tissue and benign thyroid gland
tumors.

Subgroup analysis

Two groups were identified over the course of the
study:

— Group A included patients with PTC (T1-4N0-
2MO stage).

— Group B included patients with benign neoplasms
of the thyroid gland.

Methods of recording endpoints

RNA was isolated using RNeasy mini Kit, containing
DNAse I (Qiagen, Germany). NanoDrop-2000 (Thermo
Scientific, USA) spectrophotometer was used to assess
concentration and purity of RNA isolation. The concen-
tration of RNA ranged from 80 to 250 ng/ul, A260/A280
=1.95—2.05; A260/A230 = 1.90—2.31. RNA integrity was
assessed using capillary electrophoresis with TapeStation
(Agilent Technologies, USA) and R6K ScreenTape kit
(Agilent Technologies, USA). RIN was 5.6—7.8.

The level of gene expression was assessed by quanti-
tative reverse transcriptase PCR in real time (RT-qPCR)
using SYBR Green dye on iCycler amplifier (Bio-Rad,
USA). To obtain the cDNA on the RNA template, a re-
verse transcription reaction was performed using the m-
MuLV-RH kit (BioLabmix, Russia) with random hexa-
nucleotide primers according to the instructions. PCR was
performed in three replicates in a volume of 25 ul contain-
ing 12.5 ul of HS-qPCR SYBR Blue Biomaster (BioLab-
mix, Russia), 300 nM of forward and reverse primers and
50 ng of cDNA. The two-step amplification program in-
cluded 1 cycle —94 °C, 10 min — preliminary denatur-
ation; 40 cycles — 1 step at 94 °C, 10 sec and 2 step 20 sec
— at 60 °C. The primers were selected using Vector NTI
Advance 11.5 and NCBI database (http: //www.ncbi.nlm.
nih.gov/nuccore) (Table 1).

The housekeeping gene of GAPDH enzyme (glycer-
aldehydes-3-phosphate dehydrogenase) was used a refer-
ence and the level of expression of each target gene was
normalized relative to GAPDH expression. Quantitative
analysis of the expression was performed with 2AACt rel-
ative to the constitutively expressed GAPDH gene.
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Table 1. Sequence of primers for the investigated genes probes
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Gene Amplicon Sequence
CAIX 217 bp F 5-GTTGCTGTCTCGCTTGGAA-3'
NM_001216.2 R 5-CAGGGTGTCAGAGAGGGTGT-3'
HIF-1o 188 bp F 5'- CAAGAACCTACTGCTAATGCCA-3'
NM_001243084.1 R 5- TTTGGTGAGGCTGTCCGA-3'
EPASI 265 bp F 5'- TGGAGTATGAAGAGCAAGCCT-3'
NM_001430.4 R 5-GGGAACCTGCTCTTGCTGT-3'
NFKBI1 144 bp F 5'-CGTGTAAACCAAAGCCCTAAA-3'
NM_00116 5'412.1 R 5'-AACCAAGAAAGGAAGCCAAGT-3'
RELA 271 bp F 5'-GGAGCACAGATACCACCAAGA-3'
NM_001145'138.1 R 5-GGGTTGTTGTTGGTCTGGAT-3'
PTEN 136 bp F 5-GGGAATGGAGGGAATGCT-3'
NM _001304717.2 R 5-CGCAAACAACAAGCAGTGA-3'
VEGFA 316 bp F 5-AGGGCAGAATCATCACGAA-3'
NM_00102 5'366.2 R 5-TCTTGCTCTATCTTTCTTTGGTCT-3'
KDR 306 bp F 5'-AACACAGCAGGAATCAGTCA-3'
NM_00225'3.2 R 5-GTGGTGTCTGTGTCATCGGA-3'
4EBPI 244 bp F 5'- CAGCCCTTTCTCCCTCACT -3'
NM_004095".3 R 5'- TTCCCAAGCACATCAACCT -3'
AKT1 181 bp F 5'- CGAGGACGCCAAGGAGA -3'
NM_001014431.1 R 5'- GTCATCTTGGTCAGGTGGTGT -3'
C-RAF 152 bp. F 5'- TGGTGTGTCCTGCTCCCT -3'
NM_002880.3 R 5'- ACTGCCTGCTACCTTACTTCCT -3'
GSK3b 267 bp F 5'- AGACAAGGACGGCAGCAA -3'
NM 0011461 5'6.1 R 5-CTGGAGTAGAAGAAATAACGCAAT-3'
70S kinase alpha 244 bp. F 5'- CAGCACAGCAAATCCTCAGA -3'
NM_001272042.1 R 5'- ACACATCTCCCTCTCCACCTT -3'
m-TOR NM_0049 5'8.3 160 bp F 5'- CCAAAGGCAACAAGCGAT-3'
R 5'- TTCACCAAACCGTCTCCAA -3'

PDKINM_001278 5'49.1 187 bp F 5'- TCACCAGGACAGCCAATACA -3'

R 5'- CTCCTCGGTCACTCATCTTCA -3'
GAPDH 138 bp F 5'- GGAAGTCAGGTGGAGCGA-3'

NM_0012 5'6799.2

R 5'-GCAACAATATCCACTTTACCAGA-3'

Note: NM — number of RNA sequence in NCBI Nucleotide Database (http://www.ncbi.nlm.nih.gov/nuccore); F — forward primer; R — reverse primer.

Ethical expertise

This study was approved by the local ethics commit-
tee of the Tomsk Scientific Research Institute of Oncolo-
gy (Minutes No. 5 of April 24, 2015).

Statistical analysis

The sample size was not calculated in advance. The sta-
tistical processing of the results was carried out using Statis-
tica 8.0 software package. The results of determining the ex-
pression of genes are presented as mean = mean error. The
significance of differences was estimated using the Mann—
Whitney test. Differences were considered significant at p
<0.05. The existence of correlation between the markers was
determined using correlation analysis; the strength of the re-
lationship between the variables was estimated by calculating
the Spearman rank correlation coefficient (r).

Results

Study participants

Group A included 40 patients with PTC (7 men, 33
women) aged 33 to 66 years (mean age 52.01+2.6 years) at

stage T1-4N0-2MO0 of the tumor process. Group B includ-
ed 22 patients with benign thyroid neoplasms (4 men, 18
women) aged 38 to 66 years (mean age 53.0+4.4 years).
The diagnosis was morphologically verified in all patients.

Main outcomes of the study

Table 2 shows the mRNA levels of the studied mark-
ers in the tissues of benign neoplasms and PTC. The 8.7-
fold (p=0.041) and 5.6-fold (p=0.036) increase in the ex-
pression of transcription factors NF-xB p65 and p50, re-
spectively, as well as 5.3-fold (p=0.042) increase in the
expression of nuclear factor HIF-2a was identified in PTC
tissue in comparison with the tissue from benign neo-
plasms.

The expression of VEGF growth factor, its receptor
VEGFR2 and CAIX in PTC tissue did not differ from that
in the tissue of benign tumors of the gland.

At the next stage of the study we examined the expres-
sion of the components of AKT/m-TOR signaling path-
way (AKT, c-Raf, GSK-3(3, PDK1 and PTEN) in the tis-
sue of thyroid gland neoplasms (Table 2). The 8.6-fold
(p=0.041) increase in the level of mMRNA of AKT protein
kinase accompanied by the 8.1-fold (p=0.037) compen-
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Table 2. Expression of transcription and growth factors in the tissue of follicular adenoma and papillary thyroid cancer (X+SD)

Factor. rel. units Benign neoplasm of thyroid gland (n=22) PTC (n=40)
NF-%B p65 0.17£0.09 1.48+0.38*
p=0.041
NF-»B p50 0.79+0.63 4.44+1.89*
p=0.036
HIF-1a 0.40%0.16 2.94+1.30
HIF-2a 0.44%0.25 2.3340.63*
p=0.042
VEGF 0.63%0.26 3.70£1.71
VEGFR2 3.67£2.37 2.37+0.97
CAIX 5.15+4.49 2.30+0.95

Note: * — p <0.05. when compared with benign neoplasms.

Table 3. Expression of AKT. c-Raf. GSK-3B. PDK1. PTEN. m-TOR and its substrates in follicular adenoma tissue and papillary thyroid cancer

(X£SD)
Factor. rel. units Benign neoplasm of thyroid gland (n=22) PTC (n=40)
AKT 0.3840.18 3.2842.12%
p=0.041
c-Raf 3.13£2.16 1.53+£0.93*
p=0.048
GSK-3p 2.95+2.19 2.87+1.98
PDKI1 0.88%0.28 1.85+1.29
PTEN 0.461+0.23 3.73+1.89*
p=0.037
m-TOR 5.23+4.47 2.02+1.29
p70-S6 5.02+4.50 0.88%0.35
4E-BP1 0.65%0.29 1.62%1.12

Note: * — p<0.05 when compared with benign neoplasms.

satory increase in the level of PTEN mRNA was observed
in PTC tissue. In contrast, the expression of c-Raf gene
in PTC tissue was 2.1 times lower (p=0.048) than in be-
nign tumors. The expression of m-TOR protein kinase, its
substrates p70-S6 kinase and 4E-BP1 did not differ from
that in benign tumors (Table 3).

Correlation analysis revealed numerous associations
between the studied molecular markers in PTC tissue (Fig.
1). Positive relationships was identified between the ex-
pression of NF-xB p65, VEGFR2 (r=0.7; p<0.05), CAIX
(r=0.8; p<0.05), HIF-1a (r=0.6; p<0.05) and HIF-2a
(r=0.6; p<0.05); between VEGFR2 and VEGF (r=0.5;
p<0.05), CAIX (r=0.6; p<0.05) and HIF-1a (r=0.7;
p<0.05); there was also positive relationships between
VEGF, CAIX (r=0.6; p<0.05) and HIF-2a (r=0,7;
p<0,05) and direct relationships between the expression
of HIF-1a, CAIX (r=0.7; p<0.05) and HIF-2a. (r=0.6;
p<0.05). These associations between transcription and
growth factors are the basis of molecular mechanisms of
tumor development.

There were direct relationships between the expres-
sion of PTEN, c-Raf (r=0.6; p<0.05) and 70-S6 (r=0.8;
p<0.05), as well as between m-TOR and PDK1 (r=0.7;
p<0.05) in PTC tissue, which indicates the existence of a
regulatory system between kinases and their inhibitors.

NF-«B p65

HIF-20

Fig. 1. Relationships between transcription and growth factors in
papillary thyroid cancer.

The lines denote direct relationships between molecular markers.

We also identified associations between expression of
PTEN tumor suppressor and transcription factors NF-xB
p65 (r=0.76; p<0.05) and NF-»xB p50 (r=0.72; p<0.05)
(Fig. 2, 3), which describeds the features of the signaling
cascade functioning. The expression of NF-xB p65 was
also correlated with the expression of PDKI1 (r=0.71;
p<0.05), and that of NF-xB p50 with c-Raf (r=0.76;
p<0.05).
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PTEN

Fig. 2. Scatterplot for PTEN expression vs. NF-kB p65 expression.

Discussion

Summary of the main outcome of the study

Expression of the transcription factor HIF-1 in PTC
tissue is linked to the disease prognosis and defines the
outcome of the pathological process [10, 11]. In our study,
we have demonstrated that molecular and biological fea-
tures of this tumor also include an increase in expression
of HIF-2, NF-xB p65 and NF-xB p50. These changes re-
sult in modified expression the components of the AKT/
m-TOR signaling cascade.

Discussion of the main outcomes of the study

Increased expression of AKT protein kinase, one of
the key components of the AKT/m-TOR signaling cas-
cade, has been observed in PTC tissue. This can be attrib-
uted to predominance of anabolic processes in tumor cells.
There is evidence that the thyroid cancer tissue has in-
creased content of AKT [12, 13]. In other words, the in-
crease in expression of AKT gene is accompanied by the
increase in the content of its protein product.

PTEN phosphatase downregulates the AKT/m-TOR
signaling pathway. We have observed an increase in the
Ievel of its mMRNA in PTC. It is believed that this pathol-
ogy develops and progresses in the presence of mutation-
al changes in PTEN gene, which is one of the causes of
development of cancer syndromes (Cowden Syndrome)
and is associated with the production of a functionally de-
fective protein. In a study by S. Beg et al. a reduction in
PTEN content was observed in 24.5% of PTC samples,

4.0

20 25 3.0 35
NF-B p65

4.5

however, fluorescent hybridization in situ (FISH) detect-
ed PTEN gene defect only in 4.8% of the samples [ 14].

We observed a decrease in the level of c-Raf mRNA
in PTC tissue, which may be due to the inhibitory effect
of AKT kinase. In the literature, there are other reports on
the expression of c-Raf protein kinase in PTC tissue [15].
It is worth noting this work did not examine the relation-
ship between c-Raf expression and AKT/m-TOR signal-
ing cascade activity.

The nuclear factor NF-%B is known to affect the ex-
pression of grown factor VEGF both directly and via reg-
ulation of the transcription of HIF-1a nuclear factor [16,
17]. The link between the expression of HIF-1a and HIF-
2a, CAIX, VEGFR2 and between the expression of HIF-
2a.and HIF-1a, VEGF can also be attributed to HIF-1a
and HIF-2a ability to enhance transcription of the genes.
Similar information is available in recent studies [18, 19].
A joint regulation of the expression of VEGF, its receptor
and CAIX has also been demonstrated, which is an evi-
dence of effective regulation of angiogenesis.

The link between the expression of m-TOR and PDK1
has been identified in PTC tissue, which indicates the role
of PDKI1 in the activation of AKT protein kinase, which
has m-TOR as a substrate [6]. The relationships between
expression of PTEN phosphatase and p70-S6 kinase is
probably due to the regulation of the AKT/m-TOR sig-
naling pathway activity by PTEN tumor suppressor [20].
The direct relationship between c-Raf mRNA levels and
PTEN expression shows that this phosphatase can also af-
fect the activity of MAPK signaling cascade, which is in-
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Fig. 3. Scatterplot for PTEN expression vs. NF-kB p50 expression.

volved in the regulation of cell proliferation, differentia-
tion and apoptosis [ 10, 11].

The positive relationship identified between the ex-
pression of nuclear factors NF-xB p65 and NF-»«B p50
and PTEN is of particular importance. A study by K.M.
Vasudevan showed that activation of the transcriptional
activity of this nuclear factor occurs under the conditions
of PTEN suppression [21] and pronounced activity of the
kinases of the signaling cascade under study. They include
c-Rafand PDKI1. The loss of functional activity of PTEN
tumor suppressor results in increased expression of NF-
%B due to activation of the AKT/m-TOR signaling cas-
cade [22]. High levels of PTEN phosphatase mRNA is an
indirect evidence of the altered activity of this tumor mark-
er, which leads to even higher AKT activity.

Conclusion

This study has established important molecular and
biological characteristics of PTC. They include high lev-

35
NF-»B p50

el of expression of transcription factors NF- B and HIF-
2a, AKT protein kinase and PTEN phosphatase, as well
as low level of c-Raf mRNA. The peculiarities of expres-
sion of transcription and growth factors, as well as the
AKT/m-TOR signaling pathway components, can influ-
ence the course of the disease, defining the effectiveness
of the treatment. The findings are important for both fun-
damental and clinical oncology.
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