ISSN 1680-1466" ENDOKRYNOLOGIA" 2025, VOLUME 30, No. 2

DOI: 10.31793/1680-1466.2025.30-2.119

N.Ya. Kobrynska,
V.M. Pushkarev,
N.l. Levchuk,

0O.l. Kovzun,

I.I. Komisarenko,
B.B. Guda,

M.D. Tronko

Matrix metalloproteinase-2
level in blood plasma, thyroid
tumors and metastases

State Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the National Academy of
Medical Sciences of Ukraine»

Abstract. The metastatic process involves the exit of cancer cells from the primary tumor, their transition into the transport
system, colonization and proliferation in a distant organs. Cells acquire invasive properties through the formation of actin-based
invadopodia, along with the secretion of matrix metalloproteinases (MMPs) that can degrade extracellular matrix proteins.
The aim: to compare the levels of MMP type 2 (MMP-2) in samples of follicular adenoma, goiter, papillary thyroid carcinoma
(PTC), metastases (Mts), and conditionally normal tissue. Material and methods. Postoperative samples of tissue and
blood plasma, obtained from the surgical department of the Institute's clinic, were used for research. The amount of MMP-
2 was determined using enzyme immunoassay kits. Results. The level of MMP-2 in the goiter tissue exceeded the levels in
conditionally normal tissue by approximately 2 times. A similar ratio was observed in PTC tissues without Mts. The concentration
of MMP-2 in the tumor tissue of the PTC with Mts was higher than in the conditionally normal tissue by more then 6 times. It
is important to note that the level of MMP-2 in Mts did not differ from the goiter tissue and tumor tissue of the PTC without
Mts. In blood plasma of patients with PTC without Mts, the concentration of the MMP-2 significantly exceeded its level in
control plasma. The concentration of MMP-2 in the blood of patients with PTC and Mts was more then 5 times higher than
in conditionally normal tissue and more then 2 times higher than in tumor tissue of PTC without Mts. Conclusions. Our data
indicate significant differences in the concentration of MMP-2 between tumor tissues of PTC without and with Mts. It should
be emphasized the fact that in the blood plasma the level of MIMP-2 was also significantly higher in PTC patients with Mts than
in healthy people and PTC patients without Mts. The latter circumstance can become the basis for the preoperative prognosis
of the development of Mts in PTC patients.
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Metastases are the leading cause of death from
malignant tumors. The process of metastasis in-
volves the exit of cancer cells from the primary
tumor, their transition into the blood or other
transport system and, finally, colonization and
proliferation in a distant organs [1-6].

Cells acquire invasive properties through
the formation of actin-based protrusions known
as invadopodia, along with the secretion of MMPs

that can degrade extracellular matrix proteins [7].
Membrane MMP-1, MMP-2, and MMP-9 have
been shown to be involved in extracellular ma-
trix degradation in invadopodia. MMP-2 and
MMP-9 are particularly associated with invasion
and metastasis because they are able to degrade
type IV collagen, a major component of the base-
ment membrane. MMP-2 is a zinc-dependent en-
dopeptidase that functions to digest gelatin and
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various collagens and is involved in the develop-
ment of many tumors [8-11].

One of the most important tasks facing en-
docrine surgery is the determination of reliable
markers of metastasis in the treatment of PTC.
Of particular value are markers that can be de-
termined at the stage of preoperative research.
MMP-2 can be one of these markers.

The aim of the study was to determine level
of MMP-2 in postoperative samples of follicular
adenoma, goiter, multinodular goiter, PTC, me-
tastases, and conditionally normal tissue.

Material and methods

The research protocol was approved by the
Ethics Committee of the SI «V.P. Komisarenko
Institute of Endocrinology and Metabolism of
the NAMS of Ukraine». All patients signed in-
formed consent for further diagnostic and scien-
tific research on their biomaterials.

Postoperative samples of follicular adenoma,
2 types of goiter, PTC, metastases, and condi-
tionally normal (non-tumor or morphologically
unchanged tissue) tissue, obtained from the sur-
gical department of the Institute's clinic, were
used for research. Blood plasma were also analyz-
ed. Blood was obtained by standard venipuncture
and stored in EDTA tubes. Plasma was separated
by centrifugation within 10 minutes after blood
sampling. The concentration of protein in cell
lysates was determined according to [12]. Blood
controls were taken from healthy individuals
without thyroid and comorbid diseases.

Samples were stored at -80 °C until use. The
amount of MMP-2 was determined using enzyme
immunoassay kits EHO0017 (FineTest®, Chi-
na). Measurements were performed at an optical
wavelength of 450/630 nm on an immunoenzy-
matic plate analyzer Stat Fax 3200 (Awareness
Technology, USA).

Patients with PTC, PTC+Mts, follicular ad-
enoma and goiters (89 samples in total) partic-
ipated in the study. Group 1 included 8 sam-
ples with follicular adenoma, group 2 included
8 samples with nodular goiter, group 3 included
8 samples with multinodular goiter, groups 4 in-
cluded 12 samples with PTC without Mts, group
5 included 24 samples with PTC and Mts. The
concentration of MMP-2 in plasma of 9 patients
with PTC without Mts and 10 patients with
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PTC and Mts was also determined. Plasma from
4 individuals without thyroid disease and other
chronic diseases, representative for age, was used
as a control.

Statistical analysis and data presentation were
performed using Origin 7.0 software. The results
of the study are presented as M*SE. Student's
t-test was used to compare data groups. Values of
p<0.05 were considered significant.

Results and discussion

The Fig. 1 presents the results of the MMP-2
detection in the postoperative tissue of patients
with PTC, follicular adenoma and goiter. No sig-
nificant differences were observed between the
concentration of MMP-2 in adenoma tissue and
in the corresponding conditionally normal tissue.
The level of MMP-2 in the tissue of nodular and
multinodular goiter exceeded the levels in condi-
tionally normal tissue by approximately 2 times.
A similar ratio was observed in PTC tissues with-
out Mts. At the same time, the concentration of
MMP-2 in the tumor tissue of the PTC with
Mts was higher than in the conditionally normal
tissue by more then 6 times. It is important to
note that the level of MMP-2 in Mts did not dif-
fer from the goiter tissue and tumor tissue of the
PTC without Mts (fig. 1).
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Fig. 1. MMP-2 quantity in the thyroid tissue of patients with PTC,
follicular adenoma and goiter.

Note. N — conditionally normal (histologically unchanged) tissue;
FA - follicular adenoma, G - nodular goiter, MG — multinodular
goiter, PTC — tumor tissue, PTC+ — tumor tissue with Mrts,
Mts — metastases tissue. In each group, N was taken as 100%.
* — significantly different from conditionally normal tissue, p<0.05;
+ — significantly different from all other samples, p<0.05.
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In blood plasma of patients with PTC with-
out Mts, the concentration of the MMP-2 signif-
icantly (~1.8 times) exceeded its level in control
plasma (Fig. 2), whereas the concentration of
MMP-2 in the blood of patients with PTC and
Mts was more then 5 times higher than in of con-
ditionally normal tissue and more then 2 times
higher than in tumor tissue of PTC without Mts.
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Fig. 2. MMP-2 quantity in the blood plasma of patients with PTC.

Note. * — significantly different from control samples, p<0.05;
+ — significantly different from PTC samples.

An urgent task facing surgeons in the treat-
ment of PTC is the search for specific markers
of Mts. The number of such markers is already
several dozen, but it is still difficult to determine
whether Mts will form in thyroid carcinomas, as
well as to predict the development of radioiodine
resistance of Mts. According to our data, pro-
liferating cell nuclear antigen [13, 14] and the
expression of a rare isoform of ribosomal kinase
S6K — p60S6K [15] are markers that can indicate
the aggressiveness and metastatic potential of
thyroid tumors. Other authors have shown that
MMP-2 expression are closely related to PTC
progression and invasion [9, 16-18].

Conclusions

1. 1. Data obtained indicate significant differ-
ences (almost by 3 times) in the concentra-
tion of MMP-2 between tumor tissues of PTC
without and tissues of PTC with metastasis.

2. 2. The level of MMP-2 in Mts was signifi-
cantly lower then in tumor tissue.

10.

11.

12.

3. The level of MMP-2 in the blood plasma
was significantly higher in patients with PTC
and Mts than in healthy people and PTC pa-
tients without Mts.

4. The latter circumstance can become the
basis for the preoperative prognosis of the de-
velopment of Mts in PTC patients.
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PiseHb MaTpuKCHOT MeTanonpoteinasu-2
y Nna3mi KPoBi, NyxnuHax Ta MeTacTasax
wuTonoaibHoi 3ano3n

H.A. Ko6puHcbKa, B.M. Mywkapbos, H.l. JleBuyk,
O.l. KoB3yH, I.I. KomicapeHko, b.b. l'yaa, M.[l. TpoHbKO

LY «IHCTUTYT eHpoKpuHonorii Ta 0bMiHy pedoBuH im. B.I1. KomicapeHka
HAMH YkpaiHu»

Pesiome. MeTactaTuyHuiA Npouec nepeadayae BuUxif pakoBux Kii-
TUH 3 NEPBUHHOI NYXMHK, Nepexif iX y TPaHCMOPTHY CUCTEMY, KOMO-
Hi3auilo i nponidepallito y BigaaneHnx opraHax. KnitvHu HabysaloTb
iHBa3MBHMX BNACTMBOCTEN Yepes yTBOPEHHA IHBaJOMOAIN Ha OCHOBI
AKTMHY Pa30M i3 CEKPEL|iEi0 MAaTPUKCHUX MeTanonpoTeinas (MMP), Aki
MOXYTb PyiHyBaTV GINKK No3akniTMHHOrO Matpurkcy (ECM). MeTa.
MeToto gocnigkeHHsa 6yno nopisHaAHHA pisHiB MMP-2 y 3paskax ¢o-

NiKynApHOI ageHomu, 306a, NaninApHOT KapyMHOMK WMUTONORIOHOT

3ano3u (PTC), meTacTasiB Ta YMOBHO HOpManbHOI TKaHWHY. MaTepi-
an i metogm. [Ina focnifkxeHb BUKOPUCTOBYBaNM nicnaonepauinHi
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3Pa3ku TKaHWH | Nnasmy KPOBi, OTPUMAHI 3 XipypriyHoro BiggineHHA
KNiHiKK IHCTUTyTy. Kinbkicte MMP-2 Br3Havanu 3a JONOMOroK Ha-
6opis ana imyHobepmeHTHOro aHanizy. Pesynbrati. PiseHb MMP-2
y TKaHWHi 300y nepeByilyBaB PiBEHb YMOBHO HOPManbHOT TKaHUHM
npunbnnsHo y 2 pasw. MNogibHe cniBBigHOWEHHA CnocTepiranoca i 8
TkaHuHax PTC 6e3 meTacTasis. KoHueHTpauia MMP-2 B nyxnuHHii
TKaHWHI PTC 3 MeTacTazamu Gyna BULOIO, HiX B YMOBHO HOPMarbHild
TKaHWHI 6inbLU HiX Y 6 pa3is. Baxn1eo Bia3HaumTy, wo piseHs MMP-2
y MeTacTa3ax He BIAPI3HABCA Bif TKaHUHWM 306a Ta MyXNUHHOT TKaHW-
Hu PTC 6e3 meTacTasiB. Y nna3mi Kposi xBopux Ha PTC 6e3 meTacTasis
KOHUeHTPauia MMP-2 3HayHO nepeBuLLyBana piBEHb Yy KOHTPOSbHIM
nna3smi. KoHueHTpauida MMP-2 y kposi nauienTis i3 PTC i meTacTasamu
6yna 6inbW HiX y 5 pasiB BULIOIO, HiXK B YMOBHO HOPMAbHill TKaH!-
Hi, T 6inblW HiX Yy 2 pa3un BUWOI, HIX Y NyXMHHIK TKaHuHi PTC 6e3
meTacTasis. BucHoBKM. OTpUMaHi Hamu [jaHi CBigyaTb Npo CyTTEBI
BIAMIHHOCTI KOHUeHTpauii MMP-2 MK nyxanHHUMKU TKaHnHammn PTC
6e3 Ta 3 MeTacTazamu. Cnig NigKPecuT To GaKT, WO B Nia3mi KPOBi
piBeHb MMP-2 Takox 6yB [OCTOBIPHO BUWMUM Y XBOpWX Ha PTC 3 me-
TacTa3amu, HiX y 340poBUX Ntoael i xopwx Ha PTC 6e3 meTacTasis.
OcTaHHA 0bCTaBMHa MOXe CTaTV OCHOBOIO [N1A NepeaonepaLinHoro
MPOrHO3Y PO3BUTKY MeTacTasis y xsopux Ha PTC.

KntouoBi cnoBa: naninapHa KapumMHoma WrTonoAioHol 3ano3u, me-
TacTasn, MaTPUKCHa MeTanonpoTeiHasa-2.
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