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Survivin is an evolutionarily conserved
eukaryotic protein, a member of Inhibitors of
Apoptosis proteins (IAP) family, that is essen-
tial for cell division and can inhibit cell death.
Normally it is expressed only in actively pro-
liferating cells, and is upregulated in most
cancers; consequently, it has received signifi-
cant attention as a potential oncotherapeutic
target [1].

Unlike other IAPs, survivin possesses
a unique structure, a single BIR domain and
an a-helical folding of the C-terminal region
[2]. In addition to the full length wild-type
transcript of survivin, twenty variants origi-
nating from alternative splicing have been des-
cribed [3]. Survivin is overexpressed in a large
number of cancers, including melanoma, glio-
ma, squamous cell carcinoma, ovarian, breast,
thyroid, lung, prostate, gastric and hematologi-
cal cancers. Survivin overexpression has been

observed in several types of endocrine cancers,
including differentiated and medullary thyroid
cancer [2, 4-T7].

Akt is a central signalling molecule of the
PIBK/Akt signalling pathway. It is a serine/
threonine-specific protein kinase and involved
in apoptosis, proliferation, transcription and
cells migration [8]. Aberrant activation of this
pathway has been identified in a wide range of
thyroid cancers. Several studies have revealed
that Akt actively engages with the migratory
process in motile cells, including metastatic
cancer cells [9].

Survivin is generally modulated by can-
cer pro-survival cell signaling pathways, such
as PI3K/Akt, in several cancer contexts. Expe-
rimental evidences report that some Akt in-
hibitors (trastuzumab) not only modulate ex-
pression of this signaling pathway but also
downstream survivin expression [2].
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The aim of the study was to compare the
levels of survivin expression and protein kinase
Akt activation in tissue samples of goiter, papil-

lary thyroid carcinoma (PTC), metastases, and
conditionally normal tissue.

MATERIALS AND METHODS

Postoperative samples of tumor tissue, me-
tastasis, and conditionally normal (non-tumor,
histologically unchanged) tissue, obtained from
the surgical department of the Institute’s cli-
nic, were used for the study. The research pro-
tocol was approved by the Ethics Committee of
the Institute (protocol #26-KE, April 10, 2019).
All patients signed informed consent for fur-
ther diagnostic and scientific research on their
biomaterials.

Quantitative PCR (gPCR) [10].

Instruments, Reagents and Analysis. Reactions
were carried out on the following instruments:
thermocycler 2720 (Applied Biosystems, USA)
and qTower 3 84 G (Analytik Jena, Germany).
Data were analysed using instrument software,
Microsoft Excel and GraphPad PRISM 10.

RNA extraction. All assays were carried
out using RNA extracted from anonymised pa-
tient samples. RNA was isolated with TRIzol
reagent [11]. Total RNA samples were washed
with 75% ethanol, dried and resuspended in
20-50 pL of RNase-free water.

All oligonucleotides were resuspended in
sterile RNase-free water at 100 uM and stored
in aliquots at —20°C.

RT-qPCR Reactions. RNA was reverse trans-
cribed using component RevertAid RT Kit (Ther-
moScientific, #K1691). A mixture of 2 pg RNA
and 1 pLb 100 pM Oligo (dT)18 primer was
incubated at 65°C for 5 min, then chilled on
ice. Te following components in the indicated
order were added, 4 pL 5x Reaction buffer,
1 pL RiboLock RNAse Inhibitor (20 U/uLy),
2 uLL 10mM dNTP Mix, 1 pL RevertAid RT
(200 U/uL). The tubes were transferred to
a thermocycler (Applied Biosystem 2720, USA)
with the heated lid set to 112°C and incubated
using the following protocol: 42°C for 1 h, 70°C

for 5 min. 1 ul. ¢cDNA aliquots were used for
further gPCR analysis.

qPCR was done using SYBR Green master
mix (Thermo Scientific, #K0251). Gene expres-
sions were normalized to B-actin, and fold dif-
ferences were calculated using the comparative
CT method: 2-42¢D where AACT refers to (nor-
malized tumor/metastasis sample) — (norma-
lized control (norm) sample). The cDNA (1 uL)
was added to reaction mix, containing 12.5 uL
Maxima SYBR Green qPCR Master Mix (2X),
primers — 0.3 pM of each and nuclease-free
water to 25 nL. Each of reaction mixtures were
pipetted into 3 wells of qPCR plate. Plate was
spun for 5 min at 2000 rpm. qPCR reactions
were carried out for 40 cycles with 15 s dena-
turation at 95°C and 1 min polymerisation at
60°C.

Western Blotting was conducted in accor-
dance with recommendations [12]. Snap-frozen
tissue specimens were homogenized with us-
ing tissue grinder kit in lysis buffer (256 mM
Tris-HC1 pH 7.4, 1% Triton X100, 150 mM
NaCl, 0.1% SDS, 1 mM EDTA, 1% Sodium
deoxycholate) with 50 mM NaF, 1 mM Na,VO,,
1 mM PMSF and Protease Inhibitor Cocktail
Complete Mini (Roche). Lysate aliquots were
mixed with Laemmli buffer (30% glycerol, 3%
SDS, 125 mM Tris-HCI, pH 6.8), resolved by
12% SDS-PAGE, and transferred to nitrocel-
lulose membrane, stained with Ponceau S, bloc-
ked with TBST (150 mM NaCl, 50 mM Tris-
HCI1, Tween 20, pH 7.4) containing 5% BSA or
5% non-fat dried milk and incubated with pri-
mary antibodies diluted in 5% BSA in TBST.
After washing and incubation with horseradish
peroxidase-coupled secondary antibodies, de-
tection was performed with Western Blotting
Luminol Reagent (Santa Cruz, sc-2048).

Table 1
Primers used
B-acti Forward: 5-GAA-ATCGTG-CGTGACATTAA-3';
m Revers: 5-CCA-GAC-AGC-ACT-GTG-TTG-G-3'
Survivin Forward: 5-CTTTCTCAAGGACCACCGCATC-3',
Revers: 5-CAATCCATGGCAGCCAGCTGC-3'
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Protein bands detected by Western blotting
were scanned in the Gel-Pro analyzer program
4.0 by IOD indicator — integrated optical den-
sity of each track. Unit of measurement — con-
ventional optical unit.

Antibodies. The following primary antibo-
dies were used: rabbit monoclonal antibody
against phospho-Akt (Ser473) (Cell signaling,
#4060S); mouse monoclonal antibody conjuga-
ted to horseradish peroxidase (HRP) (Abcam,

ab20272). All primary antibodies were used
at dilution 1:1000. Secondary goat anti-rabbit
antibodies conjugated to HRP (Cell signaling,
#7074S) were used at dilution 1:3500.

Statistical analysis and data presenta-
tion were performed using Origin 2019b soft-
ware. The results of the study are presented as
M =+ SE. Student’s ¢-test was used to compare
data groups. Values of p < 0.05 were considered
significant.

RESULTS AND THEIR DISCUSSION

Housekeeping proteins are essential pro-
teins involved in basic, fundamental cellular
functions, like metabolism and cell structure,
and are used as internal controls for Western
blot analysis to normalize data and account for
variations in sample loading. The B-actin was
used as housekeeping protein in this study.

Melt curve analysis is a crucial quality con-
trol step in real-time PCR (qPCR) to ensure the
amplification of a single, specific product, which
is essential for accurate gene expression quan-
tification. Melting curves for B-actin and sur-
vivin show a single peak, indicating that the
primers are specific and only one PCR product
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Fig. 1. Melting curves of B-actin (A) and survivin (B).
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is being amplified. The melting temperature
of B-actin amplification product lies between
83 and 84°C (Fig. 1A) and survivin melting
temperature lies around 84°C (Fig. 1B).

The study included patients with PTC with-
out metastasis, PTC with metastasis and goi-
ters. Group 1 included patients with goiter (G),
group 2 — with multinodular goiter (MNG),
group 3 — PTC without metastasis, group 4 —
PTC with metastasis, group, 5 — metastasis
tissue (Fig. 2).
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Fig. 2. Quantitative PCR results presenting
mRNA expression levels of survivin.
Note: G — goiter, MNG — multinodular goiter,
PTC — carcinoma without metastasis,
PTC (M) — carcinoma with metastasis,

M — metastasis. Y axis — fold change (log,)
compared with conditionally normal tissue.
The expression values of survivin for all groups
significantly differ from each other.

The expression of survivin mRNA in PTC
tissue with metastasis significantly higher than
its expression in conditionally normal (more
than 4.5 times) and goiter tissues (see Fig. 2).
The expression of survivin mRNA in PTC
without metastasis more than three times lo-
wer compared to PTC with metastasis. In me-
tastasis themselves the level of survivin ex-
pression is lower than in the primary tumor
with metastasis but substantially higher than
in tissue of PTC without metastasis (see Fig. 2)
and other tissues.

Thus, survivin levels in the primary tu-
mour may be useful for predicting metastasis
development. Survivin expression may also
serve as a marker for differentiating between
malignant and benign neoplasms.

The study of Akt activation included pa-
tients with PTC without metastasis, PTC with
metastasis and metastasis. Group 1 included
patients with PTC without metastasis, group
2 — PTC with metastasis, group 3 — metasta-
sis tissue.
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Fig. 3. Expression levels of p-Akt
in thyroid samples.
Note: The image above is the result
of a Western blot; the figure below
is a quantification of a Western blot in %.
Mol. weight of B-actin — 42 kDa;
p-Akt ~ 60 kDa. N — conditionally normal tissue
(100 %), PTC — carcinoma without metastasis,
PTC (M) — carcinoma with metastasis,
M — metastasis. * — the differences from the
previous group are significant, P <0.05.

We presented the obtained data in % to cal-
culate the amount of Akt in tumor tissue rela-
tive to the corresponding conditionally normal
tissue.

The expression pattern of the phosphoryla-
ted (activated) form of Akt is somewhat diffe-
rent from the expression of survivin (see Figs. 2
and 3). Although the level of active kinase in
the primary tumor is higher than in the con-
ditionally normal tissue, there is no difference
between the tumor without metastases and the
tumor with metastases. At the same time, un-
like survivin, the level of Akt in metastases
is almost 4 times higher than in the primary
tumor and almost 8 times higher than in the
conditionally normal tissue (see Fig. 3).
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Survivin is mainly expressed in cancer
tumors. Expression in normal tissues is low,
making it a valuable diagnostic and prognostic
marker and target for antitumor therapy [13,
14]. The potential prognostic value of survivin
is variably reported depending on the lung can-
cer stage [15].

Survivin expression in normal thyroid fol-
licles is low or moderate. It increases with the
degree of dedifferentiation [14]. Most PTCs
show moderate to high expression of survivin.
Higher expression is observed in tumors with
lymph node metastasis and distant metasta-
ses [16, 17], with a tendency towards extrathy-
roidal extension and advanced stage [16, 18].
Survivin expression intensity in metastatic
tissue i1s the same as in primary tumors [19].
Up-regulation of expression contributes to tu-
mor progression to an aggressive and poorly
differentiated phenotype [5, 14]. There is a strong
association between concomitant high expres-
sion of survivin with vascular endothelial growth
factor C (VEGF-C) and the metastatic status of
lymph nodes in PTC patients, which suggests
their cooperation in the metastatic process [19].
The association of high levels of co-expression
of VEGF-C, survivin, and matrix metallopep-
tidase 9 with lymphatic metastases and local
invasiveness of PTC suggests their potential
utility as prognostic biomarkers of aggressive
carcinomas [19-21].

Survivin, a member of the apoptosis inhib-
itor family, is involved in the regulation of cell
cycle and proliferation [21, 22]. It was shown
a strong positive correlation between the ex-
pression of survivin and proliferating cell nu-
clear antigen (PCNA) and thyroid lesions. The
expression of survivin and PCNA in malig-
nant thyroid tumors was significantly higher
compared to benign lesions [14, 22]. Survivin
expression has high specificity and sensitiv-
ity for distinguishing malignant and benign
types of thyroid tumors. It can be considered
as a biological marker of thyroid malignancy
and used in clinical practice [22]. It may also
be useful to test the level of survivin in serum
as a biomarker that can be determined before
surgery. Both tumor expression and high se-
rum levels of survivin may be associated with
poor prognosis in patients with thyroid cancer
[23].

There are frequent alterations of the PI3K-
Akt pathway in various types of human can-
cers. Amplification of the genes encoding PI3K/
Akt lead to the constitutive activation of this
pathway. Recent evidence has suggested that
Akt plays an important role in cancer cell mi-
gration and invasion [9].

The positive expression rates of PISK, Akt
and survivin were significantly higher in the
gastric cancer tissues. Expression levels of PI3K,
Akt and survivin were significantly correlated
with TNM stage, differentiation grade, lymph
node and distant metastases. Cooperative re-
lationships were identified between PISK and
Akt, PI3K and survivin, suggesting the in-
volvement of the PI3K/Akt/survivin signaling
pathway in the tumorigenesis of gastric cancer.
Thus, protein expression of Akt and survivin
were significantly associated with the develop-
ment, progression and metastasis of gastric
cancer and may have value as diagnostic and
prognostic markers [24].

High melanocyte survivin expression sig-
nificantly correlated with thickness of primary
melanoma. A significant positive correlation
was found between melanocyte survivin and
phospho-Akt and VEGF expression. Survivin
was significantly associated with the presence
of metastasis. Thus, survivin, via Akt and
VEGF, seems to play an important role in me-
lanoma and could represent an important prog-
nostic marker of melanoma progression [25].

Akt could also activate NF-kB and up-re-
gulate the transcription of pro-survival genes.
Active NF-xB enters the nucleus and up-regu-
lates the transcription of Bel-2, BelxL, XIAP,
survivin and Akt, which finally to up-regulate
a set of EMT transcription factors including
Snail, Slug, Zebl, Zeb2, and Twist, which regu-
late the expression of epithelial and mesen-
chymal markers at a transcriptional level. The
mesenchylmal stem-like cells displayed the ag-
gressive phenotypes, including invasion, me-
tastasis, anti-apoptosis, drug resistance and
stemness [8].

For nearly two decades, survivin has been
proposed as a potential anticancer target. Seve-
ral survivin inhibition strategies seem to com-
promise tumor development. Direct inhibitors
of survivin have already been developed and
work in this direction continues [2, 26].
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CONCLUSIONS

Thus, survivin is overexpressed in a large It can also be used to differentiate between be-
number of cancers including differentiated and  nign and malignant thyroid lesions. The level
medullary thyroid cancer. Increased survivin  of the phosphorylated (activated) form of Akt,
mRNA expression in papillary thyroid carci- which could interplay with survivin, is espe-

noma may be a marker of metastasis formation.  cially high in metastasis.
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Background. Survivin is a member of Inhibitors of Apoptosis proteins (IAP) family. It is expressed in
actively proliferating cells, and is upregulated in most cancers; consequently, it has received significant atten-
tion as a potential oncotherapeutic target. Akt is a central signalling molecule of the phosphoinositide 3-kinase
(PI3K)/Akt signalling pathway. It is a serine/threonine-specific protein kinase and involved in apoptosis, prolif-
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eration, transcription and migration. Aberrant activation of this pathway has been identified in a wide range of
cancers and thyroid as well.

The aim of the study was to compare the expression of survivin and activation of protein kinase Akt in the
tissues of patients with goiter, multinodular goiter (MNG), papillary thyroid carcinoma (PTC) with and without
metastasis (Mts) to the lymph nodes.

Materials and methods. Postoperative specimens of tumor tissue, metastasis (Mts), benign neoplasms
(goiters) and conditionally normal tissue were used for the studies. The expression of survivin mRNA was
determined using real-time polymerase chain reaction (qPCR). The expression of Akt was determined using
Western-blotting.

Results. The obtained data indicate that the expression of the survivin mRNA in PTC tissue and Mts
significantly exceeds the level of its expression in conditionally normal (more than 4.5 times) and goiter tissues.
The expression of survivin in PTC without metastasis more than three times lower compared to PTC with me-
tastasis. In metastasis the level of TAP mRNA expression is lower than in the primary tumor. The expression of
the phosphorylated (activated) form of Akt in PTC tissue and Mts significantly higher than level of its expres-
sion in conditionally normal tissue. The level of Akt in Mts is almost 4 times higher than in the primary tumor
and almost 8 times higher than in the conditionally normal tissue.

Conclusions. Thus, an increased survivin mRNA expression in papillary thyroid carcinoma may be mark-
er of metastasis formation. It can also be used to differentiate between benign and malignant thyroid lesions.
The level of the phosphorylated (activated) form of Akt is especially high in metastasis.

Keywords: papillary thyroid carcinoma, metastasis, survivin, protein kinase Akt.

BU3HAYEHHA CYPBIBIHY TA MPOTETHKIHI3N AKT Y TKAHWHI
MNANINAPHOT KAPULMHOMU WMTONOAIBEHOT 3ANTO3U TA METACTASIB

KoGpunceka H. {., I[Ilymkapsos B. M., Jlesuyk H. 1., Kosayu O. 1.,
Komicapenxo I. 1., I'yna B. B., Tpoasko M. JI.

IV «lucmumym endokpurono2ii ma oominy pewosur im. B.II. Komicapenka HAMH Ykpainun,
M. Kuis, Ykpaina
kobnatttaaa@gmail.com

Axryansuicts. CypBiBiH HaJIEKUTD 10 poauHu O1IKiB 1HriGiTOpiB anmonTosy (IAP). Bin ekcupecyernbes
B IpoJridpepyounx KIITUHAX 1 Ma€e IMIABUAIIEHY AKTUBHICTD B OlJIBIIOCTI BUIIB PAKY, 4, OT?Ke, OTPUMAB 3HAYHY
yBary sik IIOTEHI[IHA OHKOTepaleBTUYHAa MimeHb. Akt — eHTpabHa MOJIeKyaa curHaJIbHoro nisaxy PISK/
Akt. Ile cepun/TpeoHiH-crienudiuyna IpoTeiHKIHA3a, SKa 3aldHa B allolITo3l, mpoJsidepalrii, TpaHCKPUIIIT
Ta mirpaiii. AGepaHTHA aKTHBAIS I[HOr0 MIJISAXY Oyja BUSBJIEHA B IIUPOKOMY CIIEKTPl BHUJIIB paKy MOPSI
3 HOBOYTBOPEHHSIMU IITUTOIIOMI0HOI 3aJI03H.

MeToro mocaimsxenHsa OyJio HMOPIBHAHHS eKCIpecil CypBiBIHY Ta akTuBalli mporeinkinasu Akt y Tka-
HUHAX IaIleHTIB 13 3000M, 6aratoryasosum 306om (BB3), mamaspHoo KapumHOMOI IIIUTOMOIIOHOI 3271031
(ITKOI3) 3 meracrazamu (Mtc) y nimdaTuyuni By3au Ta 6€3 HUX.

Marepianu ta merogu. Jsisa qocrigskeHs BUKOPUCTOBYBAJIH ITICIISIONEPAIifH] 3pa3KU IIYXJIHUHHOI TKa-
HuH", MTC, 10OPOAKICHUX HOBOYTBOpPEHD (3001B) Ta ymMOBHO HopMmaJbHOI TkaHuHU. Excrnpecito MPHK cyp-
BIBIHY BH3HAYaJIX 34 JOIIOMOTOI0 IIOJIIMEePa3Hol JaHIIOTOBOI peakIlii B peajabHOMY daci (xiabricuol I1JIP).
Excupecio Akt BusHavaau 3a J0MOMOT0I0 BeCTEPH-0JIOTTHHTY.

Pesynpraru. OrpuMani maui cBiguars Ipo te, mpo exkcuapecis MPHK cypsisiny B tkaunuui [IKII3 tra Mrc
3HAYHO IePeBUIIy€e PIBEHB HOT0 eKcIIpecil B YMOBHO HOPMAJIbHUX TKaHWHAX (y moHam 4,5 pasu) Ta TKAHU-
Hax 300y. Excmpecis cypsiBiny B IIKII3 6e3 metacTasis yrpuul Huskya nopiBuauo 3 [IKII3 3 meracrasamu.
¥ meracrasax pieenb ekcrapecii MPHK TAP uuskuunit BiqHOCHO mepBuHHOI myxanHu. Excupecis docdopuirbo-
Banol (aktuBoBaHoi) popmu Akt y tkanmui [TKII3 Ta Mrc smauno Buima, Hisk piBeHb 11 eKcirpecii B yMOBHO
HOpMaJIbHIN TKaHuHI. PiBenb Akt y MeTacTazax maiiske B 4 pasu BUIIUH, HIK Yy HePBUHHIN ITyXJIMHI, Ta Mali-
sKe y 8 pasiB BUINHUHA, HIK B YMOBHO HOPMAJIbHIN TKAHUHI.

Bucuosku. Takum unnoMm, nigsuinenns excrnpecii MPHK CyPBIBIHY B MANLJAAPHIA KapIUHOMI IATO-
moAi6HOI 3aJ1031 MOsKe OyTH MapKepoM yTBOpPeHHs MeTacTasiB. Vloro Taxkosk MOKHA BHKOPUCTOBYBATHU JIJIS
nudepeHIriaii J00posSIKICHUX Ta 3JIOAKICHUX ypaskeHb IIATOIOAI0HO0I 3aso3u. PiBenns docdopuiiboBanol
(axkTuBOBaHOI) popmu Akt 0COOTMBO BUCOKUI y TKAHWHI MeTacTa31B.

KiaouoBi ciaoBa: mamijgpHa KapLmuHOMA IIUTOIOAIOHOI 3aJI03M, MEeTACTa3yBaHHsA, CypPBiBIH, IpoTe-
inrinasa Akt.
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