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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 РТС tissues without Mts. The concentration 
of MMP-2 in the tumor tissue of the РТС 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 РТС 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 РТС 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 MMP-2 was also significantly higher in PТC patients with Mts than 
in healthy people and PТC patients without Mts. The latter circumstance can become the basis for the preoperative prognosis 
of the development of Mts in PТC 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 EH0017 (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 РТС, 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 

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 РТС, 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 РТС tissues with-
out Mts. At the same time, the concentration of 
MMP-2 in the tumor tissue of the РТС 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 
РТС without Mts (fig. 1).

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 Mts, 
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 РТС without Mts. 

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 РТС 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. 

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

4.	 4. The latter circumstance can become the 
basis for the preoperative prognosis of the de-
velopment of Mts in PТC patients.
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Аbbreviations

MMPs – matrix metalloproteinases 
MMP-2 – MMP type 2
Mts – metastases
PTC – papillary thyroid carcinoma

Рівень матриксної металопротеїнази-2 
у плазмі крові, пухлинах та метастазах 
щитоподібної залози
Н.Я. Кобринська, В.М. Пушкарьов, Н.І. Левчук,  
О.І. Ковзун, І.І. Комісаренко, Б.Б. Гуда, М.Д. Тронько
ДУ «Інститут ендокринології та обміну речовин ім. В.П. Комісаренка 
НАМН України»

Резюме. Метастатичний процес передбачає вихід ракових клі-
тин з первинної пухлини, перехід їх у транспортну систему, коло-
нізацію і проліферацію у віддалених органах. Клітини набувають 
інвазивних властивостей через утворення інвадоподій на основі 
актину разом із секрецією матриксних металопротеїназ (ММР), які 
можуть руйнувати білки позаклітинного матриксу (ECM). Мета. 
Метою дослідження було порівняння рівнів ММР-2 у зразках фо-
лікулярної аденоми, зоба, папілярної карциноми щитоподібної 
залози (РТС), метастазів та умовно нормальної тканини. Матері-
ал і методи. Для досліджень використовували післяопераційні 

зразки тканин і плазму крові, отримані з хірургічного відділення 
клініки Інституту. Кількість MMP-2 визначали за допомогою на-
борів для імуноферментного аналізу. Результати. Рівень ММР-2 
у тканині зобу перевищував рівень умовно нормальної тканини 
приблизно у 2 рази. Подібне співвідношення спостерігалося і в 
тканинах РТС без метастазів. Концентрація ММР-2 в пухлинній 
тканині РТС з метастазами була вищою, ніж в умовно нормальній 
тканині більш ніж у 6 разів. Важливо відзначити, що рівень ММР-2 
у метастазах не відрізнявся від тканини зоба та пухлинної ткани-
ни РТС без метастазів. У плазмі крові хворих на РТС без метастазів 
концентрація ММР-2 значно перевищувала рівень у контрольній 
плазмі. Концентрація ММР-2 у крові пацієнтів із РТС і метастазами 
була більш ніж у 5 разів вищою, ніж в умовно нормальній ткани-
ні, і більш ніж у 2 рази вищою, ніж у пухлинній тканині РТС без 
метастазів. Висновки. Отримані нами дані свідчать про суттєві 
відмінності концентрації ММР-2 між пухлинними тканинами РТС 
без та з метастазами. Слід підкреслити той факт, що в плазмі крові 
рівень ММР-2 також був достовірно вищим у хворих на РТС з ме-
тастазами, ніж у здорових людей і хворих на РТС без метастазів. 
Остання обставина може стати основою для передопераційного 
прогнозу розвитку метастазів у хворих на РТС.
Ключові слова: папілярна карцинома щитоподібної залози, ме-
тастази, матриксна металопротеїназа-2.
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