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Summary. Effector kinase of the MAPK (mitogen-activated protein kinase)-pathway — extracellular signal-regulated
kinase-1/2 (ERK1/2) activation and expression and proliferating cell nuclear antigen (PCNA) content in normal tissues,
benign and well-differentiated malignant (metastatic and not metastatic) human thyroid tumors were studied.

In malignant tumors and tissue of follicular adenoma’s increased PCNA expression was observed, and the amount
of antigen in tumor tissue, except for follicular carcinoma, exceeded the amount in the conditionally normal tissue.
Importantly, in encapsulated papillary carcinomas this excess was 85%, while in non-encapsulated, metastatic tumors
PCNA content was on average more than 3 times above normal, and in the cases of most aggressive tumors with
metastases in lungs — even 4 times.

PCNA amount in thyroid tissue could serve as one of diagnostic and prognostic markers, and development of effective
antigen inhibitors may be a promising trend in thyroid cancer treatment.

Total ERK content was significantly lower in tumors compared to normal tissue, except goiter. Phosphorylation
(activation) of the ERK was almost completely suppressed in tumors but not in normal tissue. Evidently, ERK activation
is not associated with proliferative processes in thyroid tumor tissue.

The possible mechanisms of MAPK cascade inhibition in thyroid tumors are discussed.
Keywords: thyroid tumors, extracellular signal — regulated kinase-1/2, proliferating cell nuclear antigen.

Introduction

The proliferation potential of tumor cells is
one of the main factors of tumor progression. Its
quantitative evaluation is extremely important
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for diagnostic and prognostic criteria of tumor
development. For the diagnosis of thyroid can-
cer (TC) it is necessary to develop objective met-
hods to obtain organ-specific indicators of proli-
feration status based on gene expression data.
Proliferating cell nuclear antigen (PCNA) is a
highly conserved protein essential for the proper
assembly of the components involved in the pro-
cesses of DNA repair and replication. Proteins are
combined within interdomain connecting loop of
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PCNA, and many of the regulatory impacts re-
sult from competing in this docking site. In case
of modification of this site, for example, in cancer
cells, DNA replication and repair processes can
be changed. In this case, the possibility of target
therapy arises for some types of cancer [1].

The prognosis for thyroid cancer varies conside-
rably depending on cases with presence and absence
of metastases. To determine biomarkers useful for
the diagnosis of thyroid cancer and to compile of
marker panels for early detection of metastatic thy-
roid carcinoma, a series of studies were carried out
which, in particular, have shown that PCNA level
in metastatic tumors was almost 2 times higher
than in tumors without metastases [2, 3].

The Ret/Ras/Raf/MEK/ERK cascade cou-
ples growth signals from cell surface receptors to
transcription factors, which regulate expression
of genes controlling important cellular processes,
such as proliferation, angiogenesis, cell growth,
survival and apoptosis [4]. This pathway is of-
ten activated in certain tumors by chromosomal
translocations RET-PTC, mutations in BRAF
(BRAFV600E), RAS, some cytokine receptors
or overexpression of wild type and mutated re-
ceptors such as EGFR [5, 6]. At the core of the
molecular pathogenesis of thyroid cancer also
underlies the uncontrolled activity of various
signaling pathways, and in the first place MAPK
cascade [7]. Suppressing of this pathway with
specific inhibitors enhanced cancer cells sensiti-
vity (and thyroid cancer cells as well) to can-
cerostatic drugs [8, 9]. On the other hand, dys-
regulated MAPK cascade can trigger innate tu-
mor-suppressive mechanisms [10-14].

Thus, a study of the MAPK expression and
activation as well as PCNA expression and deve-
lopment of methods of blocking the antigen are of
current interest.

The aim of this paper was to compare the ex-
pression and activation of ERK1/2 and PCNA
expression in normal, benign and well-differentia-
ted malignant (metastatic and non-metastatic)
human thyroid tumors.

Materials and methods

Studies were performed on postoperative ma-
terial of patients, obtained in the Department of
Surgery of the Institute. The study protocol was
approved by the Ethics Committee of the Insti-
tute of Endocrinology, and all patients gave a
written informed consent on further use of post-
operative material for diagnosis and research.

6  [MosepHymucs 0o 3Micr®

After removal, thyroid tissue and tumor were
placed on ice and then frozen at -80 °C. The tis-
sue was homogenized in a homogenizer TissueLy-
ser IT from Retsch (Germany) in special buffers
from ELISA kit QIA59 for PCNA determina-
tion (Calbiochem USA) or ab176660 for deter-
mination of total ERK1/2 and phosphorylated
ERK1/2 (Thr202/Tyr204) (Abcam, UK), con-
taining a mixture of protease and phosphatase
inhibitors, to save intactness and activity of pro-
teins. The study was conducted in triplets. The
protein concentration in the lysate was deter-
mined using BCA protein assay kit (Novagen,
USA). Bio-tek Instruments (USA) microplate
reader was used for measurements of PCNA and
ERK1/2 content/activity at 450 nm.

The data obtained were processed statistical-
ly using Student ¢-test and presented as M+SD.
Differences were considered statistically signifi-
cant at p<0.05.

Results and discussion

Figure shows that the obtained calibration
curve for PCNA, total ERK1/2 and phosphory-
lated ERK1/2 (Thr202/Tyr204) determination
almost perfectly coincides with the theoretical
exponent and lines (X), which indicates a lack of
data scattering.

Determination of the PCNA content in va-
rious types of thyroid tumors revealed that high
level of PCNA expression was observed in fol-
licular carcinoma tissue but the difference be-
tween conventionally normal and tumor tissue
was absent (Table 1). In follicular adenomas, in
contrast to follicular carcinomas, the amount of
antigen in tumor tissue exceeded its content in
normal tissue almost 2.5-fold. The level of PCNA
expression in tumor tissue of papillary carcino-
mas was higher than in normal tissue (Table 1). It

Table 1. PCNA expression in different types of thyroid tumors

Tumor type Tumor tisue Normal tissue

M SD M SD
FTC 3.96479 0.01468 4.07276 0.03957
FA 3.29295 0.39046*  1.37763 0.04152
IPTC 267012 1.0725% 1.44275 0.02479
NPTC 4.98787 1.14335%+  1.5387 0.62638
MNG 1.13984 0.20179 142951 0.1903

Notes: FTC — follicular carcinoma, FA — follicular adenoma,

IPTC — papillary carcinoma (encapsulated tumors), NPTC — papillary
carcinoma (non-encapsulated, metastatic tumors), MNG — multinodular
goiter; M+SD, n=3-6; * — differences between conventionally normal and
tumor tissues significant, p<0.05. * — differences between encapsulated
and non-encapsulated tumors significant, p<0.05.
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Fig. Calibration curves for determining of the ERK1/2 expression (1) and activated ERK1/2 (2), PCNA amount (3) in thyroid homogenates using
the ELISA kit QIA59 for PCNA determination and ab176660 for total ERK1/2 and phosphorylated ERK1/2 (Thr202/Tyr204) determination.

Abscissa — the PCNA, total ERK1/2 and phosphorylated ERK1/2 amount in U/ml, ordinate — optical density at 450 nm. A — the calibration curve,

X — theoretical line (curve).

should be noted that in the encapsulated tumors
that excess was only 85% whereas in non-encap-
sulated, metastatic tumors PCNA content was
on average more than 3 times above the normal
tissue (Table 1), and in some tumors with metas-
tases in the lungs — even 4 times (6.215 U/mg
protein in tumors versus 1.539 U/mg protein in
conventionally normal tissue).

In multinodular goiter tissue PCNA expres-
sion level was low and no difference between
tumor and conventionally normal tissues was de-
tected (Table 1).

Other authors also observed PCNA overex-
pression in thyroid carcinomas compared with
adenomas [3]. The highest level of PCNA expres-
sion was observed in the most aggressive types of
thyroid cancer — anaplastic and medullary carci-
nomas. In differentiated tumors antigen content
was somewhat lower, but significantly increased
in invasive variants of these tumors [15].

Now studies are in progress to develop inhi-
bitors of PCNA, which could have a therapeu-
tic effect. Thus, data on inhibition of PCNA
with triiodothyronine (T3) became the basis of
the synthesis of a small, non-protein and, im-
portantly, non-hormonal inhibitor — T2-ami-
no alcohol derivative of T3. Inhibitor binds to
PIP-box (PCNA-interacting protein box) of an-
tigen, preventing the latter to interact with DNA
and DNA polymerase [16].

Hence, the content of PCNA in tumor tissues
could serve as a diagnostic and prognostic mar-
ker for assessing the tumor aggressiveness and
the development of effective inhibitors of antigen
may be a promising direction in the treatment of
thyroid cancer.

Ret/Ras/Raf/MEK/ERK cascade transmits
mostly mitogenic signals, and is considered as

the main pathway controlling cell division [17].
Therefore, it was of interest to find out how
PCNA content correlates with the expression
and activity of protein kinases of this signaling
pathway.

For the study of ERK we used a kit ab176660,
which allows determining both the activation
and the total content of protein kinase in the
same tissue sample. Table 2 shows that in all tu-
mor types of thyroid other than goiter, ERK1/2
content in tumor tissue was lower than in normal.
The most significant difference between normal
and tumor tissues was observed in IPTC and,
especially, FTC. The level of ERK expression in
normal tissue of multinodular goiter was lower
than in other tissues and no difference between
normal and modular goiter tissue was observed.
Even more surprising was ERK activation in
these tissues. The levels of activated kinase in tu-
mor tissues was near zero and significantly lower
than in normal tissue (Table 3). As in the case
of the expression, the most significant difference
between normal and tumor tissues was observed
in FTC and IPTC.

Table 2. Total ERK1/2 content in different types of thyroid tumors

Tumor type  Tumor Normal

M SD M sD
FTC 0.390 0.08* 11.952 0.098
FA 1.456 0.167% 2.723 0177
MNG 0.720 0.109 0.834 0.077
IPTC 0.466 0.084* 6.506 0.206
NPTC 3.226 0.272* 6.161 0.136

Notes: FTC — follicuar carcinoma, FA — follicular adenoma,

IPTC — papillary carcinoma (encapsulated tumors), NPTC — papillary
carcinoma (nonencapsulated tumors), MNG — multinodular goiter;
M+SD, n=3-6; Differences between conventionally normal and tumor
tissues except MNG are significant, p<0.05.
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Table 3. Phosphorylated (activated) ERK1/2 content in different
types of thyroid tumors

Tumor type Tumor Normal

M SD M SD
FTC 0.000 0 0.673 0.069
FA 0.049 0.041 0.207 0.010
MNG 0.010 0.009 0.135 0.017
IPTC 0.000 0 0.784 0.046
NPTC 0.045 0016 0.131 0

Notes: the phosphorylation of Thr202/Tyr204 were determined.

FTC — follicuar carcinoma, FA — follicular adenoma, IPTC — papillary
carcinoma (encapsulated tumors), NPTC — papillary carcinoma
(nonencapsulated tumors), MNG — multinodular goiter: M+SD, n=3-6;
differences between conventionally normal and tumor tissues except
MNG are significant, p<0.05.

Thus, PCNA expression obviously does not
correlate with ERK1/2 phosphorylation (activa-
tion) and expression. Moreover, a contradiction
arises between the proliferative functions of ERK
and its low activation level in thyroid tumors.
Perhaps the most plausible explanation for this
discrepancy was obtained by Park and coauthors.
It was found that, although the Ras and Raf on-
cogenes are often involved in cell transformation,
in many cases constitutive activation of this cas-
cade in tumor tissues leads to growth arrest or
senescence [10, 11]. Thus, in human medullary
thyroid cancer cells, activated Ras or c-Raf-1 can
induce growth arrest by producing and secreting
an autocrine-paracrine factor (leukemia inhibi-
tory factor) [10]. Sustained activation of the
Raf/MEK/ERK pathway induces growth arrest,
accompanied by appropriate changes in cell cy-
cle regulators (decreased pRb phosphorylation,
E2F1 down-regulation, and p21¢"! up-regula-
tion), cell type-specific changes in morphology
and expression of c-Myc or RET in the human
tumor lines LNCaP, U251, and TT (thyroid me-
dullary carcinoma) [13].

It is possible that cancer cells induce special de-
fensive mechanisms like upregulation of heat shock
protein mortalin [14], which inhibit both the ERK
expression and activation and thus protect the cell
from senescence, growth arrest and apoptosis.

Aside from the fact of decreased expression
and almost complete inactivation of the ERK in
the tumor tissue, these data suggest to resear-
chers a very important question: If the main mi-
togenic cascade is not working in the cell — what
is the mechanism that provides an intensive di-
vision of cancer cells? The answer to this ques-
tion could explain why even specific inhibitors
of MAPK-cascade are often not effective in the
treatment of cancer.
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Ponb MiTOreH-aKTuB0BaHOT NPoTEiHKiHa3M
(MAPK) y nponithepatusHnx npouecax
y NYXAUHAX WMTONOAIOHOT 3351031 NHOANHK

b.b.l'ypa, B.M. lNywkapbos, B.B. MNywkapbos,

A.€. KoBaneHko, I0.M. TapauieHko, O.B. *Kypasenb,
MN.M. 3inny, J1.1I0. 3ypHagxu, O.l. KoB3yH, M.[l. TpoHbKO
LY «IHCTUTYT eHAoKpUHONOrii Ta 0OMiHY peyoBwH iM. B.I. KomicapeHka
HAMH YkpaiHn»

Pe3lome. BriBuanu ekcnpeciio Ta akTvBaLito rofnoBHOI epeKTopHOT
KiHa3n MITOreHHOro Kackagy — MO3akNiTUHHOT CUTHaM-perynsoBa-
HOT KiHa3u 1/2 (ERK1/2) i BMICT ailepHOro aHTureHy nponidepyoumnx
KniTnH (PCNA) B HOpManbHWX TKaHWHaX, AOOPOAKICHMX i BMCOKO-
AndepeHLinoBaHnx 3noaKicHKX (i3 MeTacTasamm Ta be3 mMeTacTasis)
nyxavHax wutononibHoi 3anosm (L13) nioguHn.

Y 310AKICHUX NYXANHAX | TKaHWHI GONIKYNAPHMX afeHoM CnocTepi-
ranaca nigsuilera ekcnpecia PCNA, i KinbKiCTb aHTUTeHy B MyXNH-
HIl TKaHWHI, Kpim GONiKyNAPHOT KapUWHOMM, NepeBuLLyBana noro
KiNbKICTb B YMOBHO HOPMasbHIN TKaHWHI. BaXnnMBO BiA3HAUNTH, LLO
B IHKaMNCy/NbOBaHMX ManiNAPHUX KapuWHOMax Le MNepeBULeHHd
cknafano 85%, TOAi AK Y HeiHKanCyNbOBaHMX, METAaCTaTUYHUX MyX-
nuHax BmicT PCNA 6yB y cepeaHbomy 6inblue HiX Y 3 pa3vi BULLKM 33
HOPMY, @ B HalbinbL arpeCcuBHKX NyxJIMHAX i3 MeTacTa3amu B nere-
HAX — HaBiTb Yy 4 pa3u.

Kinbkicte PCNA B TkaHuHi L3 Moxe 6yTv ofHUM i3 AiarHOCTUUHMX i
MPOrHOCTUYHUX MapKepiB, a Po3pobKa eheKTUBHUX iHIOITOPIB aHTK-
reHy Moxe By TV NepCrneKTUBHIM HanpAMKOM Y NiKyBaHHI paky LL3.
3aranbHuit BMIiCT ERK B ycix gocnigxeHux nyxamHax, kpim 306a, 6ys
3HAUHO HVKUMM Y MYXMHHIA TKaHWHI NOPIBHAHO 3 HOPManbHUMM
TkaHuHamn. QocdopunioBaHHA (akTUBHICTL) ERK byno maitke mno-
BHICTIO NPUTHIYEHO B MyXANHAX, ane He B HOPManbHin TKaHuHi. Oue-
BMAHO, akTMBHICTb ERK He nos'a3aHa 3 nponidepaTMBHUMK npoLie-
CaMM B NYXNMHHI TKaHuHI 3.

O6roBopIOIOTLCA  MOXJIMBI  MEXaHi3aMy  MPUTHIYEHHS  aKTUBHOCTI
MAPK kackagy B nyxnnHax LL3.

KnouoBi cnoBa: 1vTonoaibHa 3ano3a, No3akniTMHHa CUrHan-pe-
rynboBaHa KiHasa 1/2, AfepHuit aHTureH nponidepyoumx KiTuH.

Ponb MUTOreH-aKTMBNPOBAHHOI NPOTEMHKNHA3bI
(MAPK) 8 nponuthepaTnsHbIX npoueccax
B OMYXONAX LUMTOBMAHOI Keneabl YenoeKa

b.b. l'ypa, B.M. lNMywkapes, E.B. }Kypasenb,

B.B. Nywkapes, A.E. KoBaneHnko, 0.M. TapauieHko,

M.M. 3uHny, N.10. 3ypHapxun, E.WN. Kos3yH, H.[l. TpoHbKO
Y «VIHCTUTYT SHAOKPVHOAOTMM 1 0OMeHa BellecTs um. B.M. KomnccapeHko
HAMH YkpawHbl»

Pestome: |/13yuanu skcnpeccuio v akTvBaumio rasHoM 3hpdeKTopHON
KNHa3bl MUTOTEHHOTO Kackafia — BHEKETOUHOW CUrHan-perynvpye-
MOV KnHa3bl-1/2 (ERK1/2) v conepkaHvie AAepHOro aHTureHa nponnde-
pupyoumx knetok (PCNA) B HopManbHbIX TKaHAX, 00POKaYeCTBEHHbIX
1 BbicOKoANDOEPEHLMPOBAHHBIX 3N10KAYECTBEHHBIX (C MeTacTazamu
11 6€3 MEeTacTa3oB) OMyXOnAX WWUTOBMAHON xene3sbl (LLXK) yenoseka.

B 310KaueCTBEHHbIX OMYXONAX W TKaHW QOANUKYNAPHbLIX ageHOM
Habnofanack nosbileHHan akcnpeccus PCNA, 1 KONnYyecTBO aHTU-
reHa B OMyXOneBoW TKaHW, Kpome QONIMKYNAPHOM KapLMHOMSI,
NPEeBbILAN0 ero KOAMYeCTBO B YCIOBHO HOPManbHOM TKaHW. BaxHO
OTMETUTb, YTO B WMHKANCYIMPOBAHHbIX MANUAAAPHLIX KapLUHOMaX
3TO MpeBblleHne CocTaBnAno 85%, B TO BPEMA Kak B HEMHKaMCy-
JINPOBAHHBIX, METACTaTUYECKMX Onyxonax copepxaHve PCNA 6bino
B CpefiHeM bonee uem B 3 pasa Bhille HOPMbI, @ B Havbonee arpec-
CUBHbIX OMyXONAX C MeTacTasamu B nlerkune — faxe B 4 pasa.
Konnyectso PCNA B TKaHu LK MOXeT CnyKuTb OOHWUM 13 AMArHO-
CTMYECKMX 1 MPOrHOCTUYECKINX MAPKEPOB, a Pa3paboTka aGdeKTnB-
HbIX UHTMOUTOPOB aHTUreHa MOXeT ObiTb NepCreKTUBHLIM Hanpas-
NIEHVEM B nevyeHnn paka LK.

Obulee conepxarue ERK Bo Bcex nccnenoBaHHbIX onyxonax, Kpome
3003, 6bI10 3HAYNUTENBHO HUXKE B OMYXONEBOM TKaHW MO CPaBHEHWIO
C HopManbHbIMK TKaHaMKU. DocdopunmpoBarne (akTmeHoCTb) ERK
6bIN10 NOYTM NOMHOCTBIO MOAABNEHO B OMYXOMAX, HO HE B HOPMalb-
HoM TKaHW. OueBnaHO, akTMBHOCTb ERK He cBA3zaHa ¢ nponudepa-
TUBHbIMW NPOLLECCaMUN B OMYXONEBOW TKaHW WNTOBUAHOM XKenesbl.
ObcyxpaalnTca BO3MOXKHbBIE MEeXaHW3Mbl MNOAABNEHMA aKTUBHOCTM
MAPK kackaga B onyxonax LK.

KnioueBble cnoBa: LLMTOBYAHAA Xene3a, BHEKNETOUHaAA CUrHan-pery-
AMpyeman KnHasa 1/2, AgepHbli aHTUreH NponMGepUpYIOLIMX KNETOK.
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