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Abstract. Epithelial-mesenchymal transition (EMT) has a decisive influence on the process of metastasis (Mts) formation. A
key event of EMT is the reorganization of tight junctions (TJs). The T) membrane is based on scaffold, adapter and signaling
proteins, which include Z0-1-3 (zonula occludens) proteins. ZO proteins play an important role in inflammation, tumorigenesis,
cancer progression, etc,, affecting cell proliferation and motility and are considered tumor suppressors. It has been repeatedly
proven that ZO proteins are diffused or lost in almost all types of inflammation, during tumor formation and Mts. The aim was
to compare the amount of ZO-1 in the tissues and blood of patients with papillary thyroid carcinoma (PTC) without Mts and
with Mts to the lymph nodes. Material and methods. Postoperative samples of tumor tissue, Mts and conditionally normal
tissue were used for the studies. Blood was obtained by standard venipuncture and stored in EDTA tubes at -80 °C. The amount
of Z0-1 was determined using E-EL-H1516 enzyme immunoassay kits (Elabscience, USA). The study involved patients with PTC
and goiter. Group 1 included patients with PTC without Mts, group 2 — with PTC and Mts, group 3 — with goiter. Results. The
obtained data indicate that the level of ZO-1 in the conditionally normal thyroid tissue is 2 times higher than in tumor tissue of
PTC without Mts. In PTC with Mts, the amount of ZO-1 is significantly lower than in the conditionally normal thyroid tissue, both
with and without Mts. In goiter tissue, the amount of ZO-1 does not differ from that in conditionally normal carcinoma tissue,
but is significantly higher than in tumor tissue and Mts. The level of ZO-1 in the blood of PTC patients is significantly lower than
in the blood of healthy people. The amount of ZO-1 in the blood of PTC patients with Mts is lower and significantly different
from that of patients with PTC without Mts. Conclusions. Thus, a decrease in ZO-1 concentration in tumors and blood may be
one of the markers of Mts in PTC.
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Epithelial cell plasticity, exemplified by EMT,
has a crucial impact on tumorigenesis and Mts [1].
A key event in EMT processes is the reorganization
of intercellular junctions, especially TJs [2].

T]Js are specialized contact sites between epithe-
lial and endothelial tissue cells that create selective
semipermeable paracellular barriers, which main-
tain compartments of the body with different fluid
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compositions. Occludin, tricellulin, and marvelD3
belong to the MARVEL family of TJ-associated
proteins. Occludin and tricellulin jointly contrib-
ute to the formation of the TJ filament branch point
and the maintenance of the epithelial barrier [3].
Claudins regulate the interaction between occlu-
din, tricellulin, and marvelD3, which in turn mod-
ulate claudin oligomerization [2, 4].
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TJ transmembrane proteins are connected intra-
cellularly to complexes of scaffold and adaptor pro-
teins, which in turn are directly or indirectly linked
to actomyosin and the microtubule cytoskeleton.
Both scaffold, adaptor proteins, and the cytoskele-
ton perform architectural and regulatory functions
[5, 6]. These include ZO proteins (ZO-1, ZO-2, and
70-3), ZO-1-associated nucleic acid-binding pro-
tein (ZONAB), proteins associated with Lin Seven
1 (Pals1), multi-PDZ domain protein 1 (MUPP1),
cingulin (CGN), symplekin, atypical protein kinase
C, protein phosphatase 2A, Rab3b, Rab13, PTEN,
7H6, guanine nucleotide exchange factors (GEFs),
and GTPase-activating proteins (GAPs), which
not only provide the protein scaffold of the TJ
membrane, but also influence TJ belt formation and
dynamics, regulation, and repair by connecting the
TJ to the cytoskeleton and its regulatory proteins.
The scaffold proteins ZO-1 and ZO-2 are essential
for barrier assembly, as depletion of either abolishes
claudin chain assembly [2, 7].

70 proteins are regulated mainly by the nucle-
ar factor kappa B (NF-kB) signaling pathway and
cytokines, including tumor necrosis factor alpha
(TNF-a), interleukin 1 beta, interleukin-6, inter-
leukin-8, interleukin-9, interleukin-22, and inter-
leukin-33 [8, 9].

The aim of the work was to compare the amount
of ZO-1 in tissues and blood of patients with PTC
without Mts and with Mts to the lymph nodes.

Material and methods

The study protocol was approved by the Insti-
tute’s Ethics Committee. All patients signed in-
formed consent for further diagnostic and scientific
studies of their biomaterial.

Postoperative samples of tumor tissue, Mts, and
conditionally normal (non-tumor, histologically
unchanged) tissue obtained from the surgical de-
partment of the Institute’s clinic were used for the
studies. Blood plasma samples were also studied.
Blood was obtained by standard venipuncture and
stored in EDTA-coated tubes. Plasma was separat-
ed by centrifugation within 10 minutes after blood
collection. Control blood samples were taken from
healthy individuals without thyroid diseases or
other chronic diseases.

Samples were stored at -80 °C until use. The
amount of ZO-1was determined using E-EL-H1516
enzyme immunoassay Kkits (Elabscience, USA).
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Measurements were performed at an optical wave-
length of 450 nm on a Stat Fax 3200 enzyme im-
munoassay plate analyzer (Awareness Technology,
USA). Calibration curve for calculating the con-
centration of ZO-1 presented in the Fig.1.
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Fig. 1. Calibration curve for calculating the concentration of ZO-1
using E-EL-H1516 enzyme immunoassay kits.

Statistical analysis and data presentation were
performed using Origin 2019b software. The results
of the study are presented as M+SE. Student’s pair
t-test was used to compare data groups. Values of
p<0.05 were considered as significant.

Results and discussion

The study included patients with PTC with-
out Mts, PTC with Mts and patients with goiter.
Group 1 included 10 patients with PTC without
Mts, group 2 — 14 patients with PTC and Mts,
group 3 — 4 patients with goiter. The average age
of the patients was 51.50£0.93 years. The blood of
4 healthy individuals without chronic diseases, rep-
resentative in terms of age, served as controls.

Our data indicate that the level of ZO-1 in the
conditionally normal thyroid tissue is 2 times high-
er than in the tumor tissue of PTC without Mts
(Table 1. groups 1 and 2), which is consistent with
the data of other authors for different types of can-
cer [9-12]. In PTC with Mts, the amount of ZO-1 is
significantly lower than in the conditionally normal
thyroid tissue, both with and without Mts (Table 1.
groups 4 and 5). In goiter tissue, the amount of
Z0-1 does not difter from the conditionally normal
tissue of carcinomas, but is significantly higher than
in tumor tissue and Mts (Table 1. group 7).
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Table 1. ZO-1 concentration in normal, tumor and Mts tissues (ng/ug of

protein), as well as in blood plasma (ng/mL) of patients with PTC

Groups Tissue n M=SE
PTC without Mts
1 Conditionally normal 10 0.304+0.064
2 Tumorous 10 0.152+0.027 "
PTC with Mts
Conditionally normal 14 0.229+0.016
4 Tumorous 14 0.136+0.026 2
Mts 14 0.126+0.025°
Goiter
6 Conditionally normal 0.266+0.040
7 Goiter tissue 4 0.210+0.036 **
Blood plasma
8 Control 4 2.01+0.15
9 PTC without Mts 5 1.76+0.09 8
10 PTC with Mts 9 1.59+0.02 8

Note. Indices indicate significant differences from the corresponding group,
Dp<0.05.

The ZO-1 concentration in blood plasma was
also determined. In the blood of patients with PTC
without Mts, a decrease of ZO-1 was observed com-
pared to blood of healthy people (p=0.038) (Table 1.
group 9). In the blood of patients with PTC with
Mts the level of ZO-1 showed a further decline and
was significantly different from the indicator of pa-
tients with PTC without Mts (Table 1. group 10).
The Fig. 2 shows the percentage of ZO-1 decrease
in the blood plasma of patients with PTC with and
without Mts.

70 proteins play a crucial role in embryonic
development, tissue homeostasis, injury repair, in-
flammation, tumorigenesis, cancer progression and
Mts formation. Their structural function ensures
the barrier function of TJs, and the signal regula-
tion function affects cell proliferation and motility.
70 proteins aftect cell proliferation by translocat-
ing between the nucleus and the membrane, regu-
lating cell cycle-related proteins, such as cyclin D1
and PCNA. ZO-1 mainly inhibits cell proliferation
by binding to the SH3 domain of the transcription
factor ZONAB. ZONAB promotes the transcrip-
tion of the cell cycle-related proteins cyclin D1 and
PCNA by directly binding to their promoters. In
addition, ZONAB accelerates cell cycle progression
by associating with cyclin-dependent kinase 4 and
cyclin D1, facilitating their entry into the nucleus
[9]. ZO proteins are therefore considered tumor
suppressors. Although ectopic expression or knock-
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Fig. 2. Percentage of ZO-1 decrease in the blood plasma of patients
with PTC.

Note. PTC — tumor tissue, PTC + Mts — tumor tissue with Mis.
* — significantly  different  from  control  samples, p=0.04,
+ — significantly different from PTC samples p<0.05.

down of ZO-1 and ZO-2 did not affect the growth
of lung cancer cells, they significantly regulated cell
migration and invasion [13]. It has been repeated-
ly demonstrated that ZO proteins are diffused or
lost in almost all types of inflammation. The reduc-
tion of ZO proteins in gastrointestinal cancer and
hepatocellular carcinoma correlates with tumor
progression and poor prognosis. Therapeutic inter-
ventions targeting ZO in gastrointestinal and liver
cancer are being considered [14].

An important task facing endocrine surgeons
is the search for specific markers of Mts [15-21].
According to our data, markers that may indicate
aggressiveness and metastatic potential of the thy-
roid tumors are proliferating cell nuclear antigen
(PCNA) [15, 16], expression of a rare isoform of ri-
bosomal kinase p70S6K — p60S6K [17], expression
of ZEB1 [18], MMPs [19] and TGF-B1 in tumor
tissues, plasma, and blood cells [20]. Another such
marker of Mts may be ZO-1, a decrease in the con-
centration of which in tumor tissues and blood of
patients with PTC may indicate the possibility of
the Mts formation.

Conclusion

Thus, the reduction of zonula occludens-1 con-
centration in both tumors and blood may be one of
the markers of metastasis in thyroid carcinomas. Of
particular value is the clear difference of this indi-
cator from the norm in blood plasma, which can be
used for prognostic purposes in the preoperative
period.
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Abbreviations

Mts — metastasis

PTC - papillary thyroid carcinoma
TJ — tight junctions

Z0 — zonula occludens

Excnpecia 6inka winbhux 3'ennans Z0-1
y KapumHomax wwutononibHoi 3anosn

M.M. 3iHny, B.M. Nywkapbos, H.l. JleBuyK,

€.A. llenkosoii, M.10. bonros
LY «IHCTUTYT eHgoKprHoONorii Ta 06MiHY peuoBuH im. B.M. KomicapeHka
HAMH YkpaiHn»

Pestome. EnitenianbHo-me3eHxiManbHuin nepexig (EMT) mae Bu-
pillanbHWUIA BMMB Ha NPOLEeC YTBOPEHHA MeTacTasiB. Knovosow
nogieto EMT € peopraHizauia winbHux 3'eaHadb (TJ). B ocHOBI
mMembpaHu TJ MICTATbCA KapKacHi, aganTepHi Ta CUrHanbHi Ginku,
[0 AKKX Hanexatb 6inkn ZO-1-3 (zonula occludens). binkn ZO Bi-
[irpatoTb BaXKAMBY POSb Y 3ananeHHi, NyxJMHoreHesi, nporpecyBaH-
Hi paKy Ta iH., BMAMBaloUM Ha nponidepaliio Ta pyxamBicTb KITUH i
BBaXalOTbCA Cynpecopamut NyxauH. byno HeoaHOpPa3oBo JOBEAEHO,
wo 6inkn ZO andyHayoTb abo BTpayaioTbCA Maike npu BCiX TUMax
3ananeHb, Mg yac NyxAMHOYTBOPEHHA Ta MeTacTa3yBaHHA. MeTta. Me-
TOl0 PobOTY ByNO NOpPIBHANBHE AOCIAXEeHHA KinbkocTi ZO-1 y TKa-
HVHaX | KpOBI XBOPUX i3 NaniNAPHOI KapLMHOMOLO LMTONOAIOHOT
3ano3u (MKL3) 6e3 meTtacTasis Ta 3 MeTacTazammn B NiMPOBY3NN.
Martepian i metogu. [Ina gocnifpxeHb BUKOPUCTOBYBanW Micna-
onepauinHi 3pasku NyXANMHHOT TKaHWHW, MeTacTasis Ta YMOBHO-HOP-
MasnbHOI TKaHWHW. KpOB OTPMMYBanM CTaHOAPTHOIO BEHEMYHKLIEI i
36epiranu 8 npobipkax 3 EDTA npu -80 °C. KinbkicTb ZO-1 Br3Hauanu
3a fornomoroto Habopis Ana imyHodepmeHTHOro aHanisy E-EL-H1516
(Elabscience, CLUA). Y pocnigxerHi 6panu ydyactb xsopi 3 MKLL3 Ta 3
30600Mm. [lo 1 rpynu ysinwnu xsopi 3 MKLL i 6e3 meTacTasis, y 2 rpyny —
i3 MKLW3 i meTacTazamu, y 3 rpyny — i3 3060m. PesynbraTul. OTpumaHi
JaHi cBiguath, Wo piseHb ZO-1 B yMOBHO-HOPManbHil TkaHuHi L3 bys
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y 2 pasu BULLUM, HiX Y NyxanHHil TkanuHi TKLL3 6e3 meTacTasis. Y
[MKL3 i3 meTacTazamu KinbKicTb ZO-1 CYTTEBO HMXYa, HiX B YMOBHO-
HOPManbHI TKaHWHI L3, AK i3 MeTacTazamu, Tak i 6e3 Hux. Y 300Hii
TKaHWHI KinbKicTb ZO-1 He BIAPI3HAETHCA Bi YMOBHO-HOPMANbHOI
TKaHWUHW KapUVHOM, ane NOMITHO BWLLA, HIX Y NMYXAUHHIN TKaHWHI Ta
meTacTasax. PiseHb ZO-1'y kpoBi xBopux Ha [1KLL3 6ys cyTTeBO HMX-
UMM, HiX Y KpoBi 30opoBux nogei. Kinbkicte ZO-1y KpOBI XBOPMX Ha
MKLI3 3 mMeTacTazamu Gyna HUXYOIO Ta BIPOriAHO BiAPI3HAETHCA Bif
nokasHuka xsopux Ha MKLL3 6e3 meTtacTasis. BUCHOBOK. Takum uui-
HOM, 3HWXeHHA KoHUeHTpauii ZO-1 B nyxnnHax i Kposi Moxe 6yTv oa-
HUM i3 MapKepiB MeTacTa3yBaHHA B [MKLL3.

KniouoBi cnoBa: KapuvHOMM LUMTONOAIOHOI 3ano3u, 6inku ZO-1,
LWiNbHI 3'€HaHHA, MeTaCcTasn.
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