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ABSTRACT

Aim: To study peculiarities of the state of extracellular matrix in testicular embryonal carcinoma.

Materials and Methods: Samples of testicular embryonal carcinoma tissue were collected from 3 groups of patients (group «1» — stages T NS, , group «2»
=TN,.S,»group«3» =T, N, .S, - with distant metastases) to assess the state of its extracellular matrix investigating MMP-1, MMP-3 and MMP-9 expression.
Results: The levels of MMP-1, MMP-3 and MMP-9 expression were statistically significantly higher in patients with tumorous vascular/lymphatic invasion, me-
tastases in regional lymph nodes, distant metastases and invasion into the spermatic cord (except of lightness of MMP-3 expression) in comparison with patients
without these characteristics.

Conclusions: MMP-1, MMP-3 and MMP-9 are involved in carcinogenesis already at the early stages of embryonal carcinoma and at the transition to late stages

there is an increase of their synthesis, what proves their significant role in the destruction of extracellular matrix, invasion and metastatic process. Studied

MMPs can be regarded as a prognostic factors of the embryonal carcinoma course as well as a potentially important therapeutic targets.
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INTRODUCTION

More than 90% of all testicular neoplasias are testicular
germ cell tumors (TGCT). The incidence of these tumors
showed a progressive increase during the 20th century
[1]. At the same time there are mathematical models
which predict that incidence of TGCTs in European
countries will continue to grow over the period of 2010-
2035. The predicted increase in the number of patients
by 2035 will be greatest in Eastern Europe, where cancer
survival estimates are currently among the lowest [2]. For
example, according to the National Cancer Institute of
Ukraine, the malignant testicular tumors'ratio in males,
at the age of 18 to 29, makes 16.4 % and ranks first [3].
And even though these tumors are rare neoplasms,
they affect mainly young men (at the age of 15 to 44)
[4], what makes this problem of great medical and social
significance.

Embryonal carcinoma (EC) of the testis is the second
most frequent TGCT after seminoma. And despite the
fact that only 4-16% of cases are represented by “pure”
forms of EC, this tumor is the most frequent predominant
component of mixed TGCT (82.5% of cases) [5-71.
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Important task of modern oncomorphology is not
only the correct diagnostics of tumor, but also the as-
sessment of its possible prognosis. Currently, various
molecular biological characteristics of tumors are being
actively studied, but use of only one biological marker
cannot provide risk assessment of further progression
and relapse of the tumor. Therefore, the choice of ade-
quate panel ofimmunohistochemical (IHC) markers is a
relevant task. It is known that matrix metalloproteinases
(MMPs) are overexpressed in many malignancies, and
tumor characteristics such as low differentiation, high
invasiveness and metastatic activity correlate with in-
creased expression levels of many MMPs [8-11]. At the
same time, scholarly literature lacks the information
concerning significances of MMP-1, MMP-3 and MMP-9
in progression of TGCT.

AIM

To study peculiarities of the state of extracellular matrix
(ECM) in testicular EC depending on degree of tumor
progression.
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MATERIALS AND METHODS

The study was performed on the material of 34 obser-
vations of testicular EC (including 22 cases when EC was
a component of mixed TGCT), as well as medical case
histories of the patients of Communal non-commercial
enterprise of the Kharkiv Regional Council “Regional
Medical Clinical Center of Urology and Nephrology
named after V.l. Shapoval”.

All the observations of EC were distributed in accor-
dance with pTNM classification of WHO [1], what is highly
important, as the precise diagnosis and staging, which
is made in compliance with the advanced science, are
fundamental [12].

Thus, guided by the pTNM classification, the following
groups were formed according to the degree of tumor
progression: 1) Group «1» (n=13): tumor limited to testis
and epididymis, without vascular/lymphatic invasion;
tumor may invade tunica albuginea but not tunica vag-
inalis; no regional and distant lymph node metastases;
serum tumor markers had different levels. Tumors of this
group corresponded to the stages T NS, ; 2) Group «2»
(n=12): tumor limited to testis and epididymis with vas-
cular/lymphatic invasion, or tumor extending through
tunica albuginea with involvement of tunica vaginalis;
presence of metastases in regional lymph nodes but
absence of distant metastases; serum tumor markers
had different levels. Tumors of this group corresponded
to the stages TN, .S  ; 3) Group «3» (n=9): patients of
this group had distant metastases; regional lymph node
metastases could be absent; serum tumor markers had
different levels. Tumors of this group corresponded to
the stagesT, N, .S, .

The material for IHC investigation was fixed in 10%
neutral buffered formalin for 24 hours and embedded in
paraffin. From the prepared blocks serial sections thick
4-5%10° m were made, then plotted on high-adhesive
slides «<SUPER FROST PLUS» («DAKO», Denmark) and
dried at temperature 37°C for 18 hours. Disclosure was
performed by boiling of sections in citrate buffer (pH
6,0). For visualization the Ultra Vision Quanto Detection
Systems HRP Polymer (Thermo Fisher Scientific Inc.,
USA) was used. DAB (diaminobenzidine) was used as a
chromogen. Slides were stained with Mayer’s hematox-
ylin and enclosed in Canadian balsam. For each marker
in order to exclude false-positive or erroneous results
control researches were performed.

To assess the state of ECM in EC, the expression of fol-
lowing IHC markers was studied: MMP-1 (Rb a-Hu MMP1
Polyclonal Antibody,“Thermo Fisher Scientific Inc’; USA),
MMP-3 (Rb a-Hu MMP3 Polyclonal Antibody, “Thermo
Fisher Scientific Inc, USA) and MMP-9 (Rb a-Hu MMP9
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(92kDa Collagenase IV) Polyclonal Antibody, Thermo
Fisher Scientific Inc., USA).

Stained histological sections of tumor tissue were reg-
istered using microscope «Olympus BX-41TF» and digital
camera «Olympus C3040-ADU». The obtained photos
were processed in the Matlab software package using
standard digital image processing tools. For the mor-
phometric evaluation of the relative area (S) occupied
by immunopositive structures, the correlation between
number of immunopositive pixels in the digital image
and total number of pixels in this image (determined in
percentage) was automatically calculated in the selected
area. Using the brightness values of the RGB color chan-
nels in each pixel of immunopositive structures in the
original image the auxiliary color coordinates of the CIE
XYZ and then the color coordinates of the CIE Lab were
calculated.Thus, the original digital image corresponded
to athree-dimensional array of CIE Lab color coordinates.
One of these coordinates is lightness (L), the value of
which ranged from 0 to 100. L=0-40 corresponds to the
strong, L=40-50 to moderate, and L=50-100 to weak
level of the intensity of marker expression [13]. S and
L of markers expression were studied in 30 randomly
selected fields of vision of the microscope «Olympus
BX-41TF» (Japan) at magnification x200 (31,2x10° m?)
in each observation.

Statistical processing of the obtained data was per-
formed using the statistical analysis package STATIS-
TICA 13.3 EN. The indicators were compared using the
non-parametric Mann-Whitney U test. The results in
groups were presented in the form of median (Me) and
interquartile ranges (IQR). Spearman’s rank correlation
coefficient (r) was counted for measure of the strength
of relationship between paired data. The accepted level
of significance was at p<0.05 [14].

RESULTS

Quantitative data of the MMP-1, MMP-3 and MMP-9
expression is presented in Table 1. Thus, study of MMP-1
in EC of group «1» revealed weak L and low S of its expres-
sion with non-uniform distribution of immunopositive
cells. In EC of group «2» a significant increase of the S of
MMP-1 expression was noted, while L ofimmunostaining
of this marker remained weak (Fig. 1, A), but was slightly
higher than in the previous group. As for the group «3»,
the S of MMP-1 expression was close in value with that
of group «2» and was also greater than in group «1».The
L level of MMP-1 expression in group «3» corresponded
to the moderate level and was the highest among the
studied groups. In addition, increase of MMP-1 expression
in the zones of vascular and lymphatic invasion was
defined (Fig. 1, B).
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Table 1. Levels of MMP-1, MMP-3 and MMP-9 expression in testicular EC (Me (IQR))

Group «1» (n=13) Group «2» (n=12) Group «3» (n=9) p value
p,.<0.001
3.65 8.08 9.00 12
- 0,
> of MMP-1, % (3.38:3.96) (7.41:8.69) (7.60:9.34) P,,<0.001
p,,=0.189
p,,=0.024
, 58.05 55.30 49.70 12
L of MMP-1, units (55.57;58.44) (55.12;55.63) (49.05;49.96) P,;<0.001
p,,<0.001
p,.<0.001
10.02 14.40 15.42 12
S of MMP-3, % _ _ _ p,,<0.001
(9.27:11.18) (13.40;15.08) (14.84;16.27) b '=0.030
p,.=0.019
, 49.56 48.80 48.44 2
L of MMP-3, units (48.92;50.34) (48.15;49.20) (48.26;49.45) P,,=0.011
p,,=0.915
p,.<0.001
24.56 28.20 33.00 12
! 0
5 of MMP-9, % (23.47;25.78) (27.26;28.69) (31.95;33.23) p,,<0.001
p,,<0.001
p,.=0.092
) 39.07 38.57 38.11 2
L of MMP-9, units (38.63;39.34) (38.36;39.07) (37.83;38.49) P,,=0.005
p,,=0.088
’/ / Fig. 1. A) Group «2».
/ Weak and non-uniform
/ reaction with MMP-Tin
tumor cells of EC (marked
/ with red arrows). Immu-
nohistochemical reaction
with antibodies to MMP-
/4 1.%200. B) Group «3».
/ Moderate reaction with
/ / MMP-1 in tumor cells of
/‘ ECin the zone of angioin-
vasion (marked with red
arrows). Immunohisto-
A B chemical reaction with
antibodies to MMP-1.
%1000

At studying of MMP-3 expression in the observations
of EC of group «1» it was revealed that its expression was
characterized by a uniform distribution. At the same time,
the average S of MMP-3 expression was quite significant,
and L though it was moderate on average was approach-
ing aweak level.In ECs of group «2», MMP-3-immunoposi-
tive cells or their groups were also evenly distributed both
in the central and peripheral areas of the tumor tissue (Fig.
2, A). The average S and L of MMP-3 expression in ECs of
group «2» were statistically significantly higher than the
corresponding indices of the previous group. In ECs of
group «3» the average S of MMP-3 expression was signifi-
cantly higher than that in groups «2» and «1». As for the L

of MMP-3 expression in ECs of group «3», it was moderate
and did not differ from this figure in group “2", but it was
higher than in group «1». In the zones of angioinvasion
(both in the vascular walls and perivascular spaces) as
well as in the foci of expressed dissociation of tumor cells
increased expression of MMP-3 was revealed (Fig. 2, B).
Expression of MMP-9 in the observations of ECs of group
«1» was generally uniform. The average S of immunoposi-
tive areas was significant, while the L of MMP-9 expression
was strong. In group «2» distribution of the MMP-9 in the
tumor was also uniform and the average S of its expression
was significantly higher than in ECs of group «1». The L of
MMP-9 expression in ECs of this group was also strong and
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/ Fig. 2. A) Group «2». Moderate

/ uniform expression of MMP-3 in
tumor cells of EC (marked with
red arrows). Immunohistochem-
ical reaction with antibodies to
/‘ MMP-3. x400. B) Group «2». A
moderate expression of MMP-3 in

the focus of expressed dissociation
of tumor cells of EC (marked with
B red arrows). Immunohistochemical
reaction with antibodies to MMP-
3.%1000

VAN

Fig. 3. A) Group «2». Strong uni-
form MMP-9 immunostaining in
tumor cells of EC (marked with red
arrows). Immunohistochemical

/ reaction with antibodies to MMP-
/4 9. %400. B). Group «3». Strong

MMP-9 immunostaining in the
zone of angioinvasion and dissoci-
ation of tumor cells of EC (marked
B with black arrows). Immunohisto-
chemical reaction with antibodies
to MMP-9. x400

did not differ from the corresponding index of the previous
group (Fig.3, A).In group «3» the average S of MMP-9-immu-
nopositive staining was the highestamong studied groups,
and L of its expression was strong and did not differ from
that in group «2», but was higher than in group «1». The
level of MMP-9 expression in the zones of angioinvasion
and dissociation of tumor cells was slightly increased (Fig. 3,
B). It also comes under notice that in all the studied groups
S of MMP-9 expression was higher than S of MMP-3 which
in its turn was higher than S of MMP-1 (p<0.001).

When assessing the indices of studied biomarkers ex-
pression using Spearman’s rank correlation coefficient, it
was found that at transition from the initial to late stages
of tumor progression, significant moderate, strong and
very strong positive strength of relationship was observed
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between S and L of MMP-1, MMP-3 and MMP-9 expression
(with the exception between L of MMP-1 and MMP-9 ex-
pression and L of MMP-3 and MMP-9 expression (Table 2).

It was also established that levels of S and L of MMP-1,
MMP-3 and MMP-9 expression were significantly higherin
patients with tumorous vascular/lymphatic invasion and
metastases in regional lymph nodes in comparison with
patients without these characteristics. A similar picture
was observed in the comparison of patients with distant
metastases and invasion into the spermatic cord (except
of L of MMP-3 expression). As regards the tumor invasion
into the tunica albuginea and tunica vaginalis, the differ-
ences in values of the studied markers concerned only
the expression of MMP-9, which was significantly higher
in these patients (Table 3).
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Table 2. Correlations of IHC markers expression in patients with testicular EC (r)

S of L of S of L of S of L of
MMP-1 MMP-1 MMP-3 MMP-3 MMP-9 MMP-9
S of MMP-1, % 1.00 0.66'" 0.86"" 0.63"" 0.78'™ 0.50"™
L of MMP-1, units 0.66'" 1.00 0.64'" 0.43'™ 0.63'" 0.272
S of MMP-3, % 0.86'" 0.64'™ 1.00 0.65'" 0.89"" 049"
L of MMP-3, units 0.63'" 0.43'™ 0.65'" 1.00 0.49'™ 0.182
S of MMP-9, % 0.78' 0.63'™ 0.89"" 049" 1.00 0.60"™
L of MMP-9, units 0.50"" 0.272 0.49'™ 0.182 0.60"" 1.00
Notes: "p<0,05;2p>0,05
* - very strong strength
*¥ - strong strength
*** _moderate strength
Table 3. Correlations of values of IHC markers expression with aggressiveness of EC
Mann-Whitney U test
S of MMP-1, Lof MMP-1, Sof MMP-3, LofMMP-3, SofMMP-9, L of MMP-9,
% units % units % units
«t+» n=9 n=9 n=9 n=9 n=9 n=9
Distant metastasis «=» n=25 n=25 n=25 n=25 n=25 n=25
p 0.003 <0.001 0.001 0.118 <0.001 0.009
«+» n=21 n=21 n=21 n=21 n=21 n=21
Regional lymph node metastasis ~ «—» n=13 n=13 n=13 n=13 n=13 n=13
p <0.001 0.001 <0.001 0.004 <0.001 0.009
«+» n=22 n=22 n=22 n=22 n=22 n=22
Vascular/lymphatic invasion «=» n=12 n=12 n=12 n=12 n=12 n=12
p <0.001 <0.001 <0.001 0.003 <0.001 0.012
Invasion into “ n=6 n=6 n=6 n=6 n=6 n=6
«=» n=28 n=28 n=28 n=28 n=28 n=28
Epididymis p 0378 0.874 0.403 0331 0.074 0.067
«+» n=2 n=2 n=2 n=2 n=2 n=2
Tumorgxtending th.rough 'tuni.ca > n=32 n=32 n=32 n=32 n=32 n=32
albuginea and tunica vaginalis
p 0.200 0.176 0.200 0.200 0.037 0.134
«+» n=>5 n=>5 n=>5 n=>5 n=5 n=5
Tumor invades spermatic cord «» n=29 n=29 n=29 n=29 n=29 n=29
p 0.001 0.002 0.001 0.046 0.001 0.003
DISCUSSION expression of MMPs in testicular EC suggests a tendency

Thus, in our research when studying MMP-1, MMP-3
and MMP-9 in all groups the same type of changes were
revealed. Namely, as the stage of tumor progression
increases, the synthesis of these biomarkers increases
as well. This fact allows us to admit a significant role of
studied MMPs in the destruction of ECM, invasion and
metastasing [15-17].

From the conducted research it also became evident
that MMP-1, MMP-3 and, especially, MMP-9 take part in
carcinogenesis of testicular EC starting from the early
stages of tumor progression. Besides, the significant

to a more aggressive behavior of this tumor, because it
is known that mentioned biomarkers are involved in a
wide spectrum of roles, which can promote proliferation,
migration, selection of apoptosis-resistant subpopula-
tions of tumor cells as well as angiogenesis, invasion and
metastasing [18-22]. And mentioned above facts prove
that development of clinical and morphological signs of
testicular EC aggressiveness, such as vascular/lymphatic
invasion, development and progression of metastatic
process are mediated by increase in the expression of
markers of the ECM state (MMP-1, MMP-3 and MMP-9).
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Taking into consideration the stated above, MMP-1,
MMP-3 and MMP-9 can be considered as prognostically
significant biomarkers.

In our research, immunohistochemical reaction with
antibodies to TIMP-1 was negative in all observations of
ECs of all studied groups, which is coincident with data
in scholarly literature, which indicate that an increase
of MMPs expression is accompanied by a decrease of
TIMP-1 expression [23, 24]. At the same time, according
to some scientific researches, the lack of TIMP-1 expres-
sion implies a favorable prognosis and tumor sensitivity
to chemotherapy in certain types of cancer [25]. And vice
versa, a number of studies show that overexpression of
TIMP-1 is associated with unfavorable prognosis and
early relapses for many cancers, including prostate and
breast carcinoma [26, 27].

Thus, in our opinion, regardless of whether the level of
TIMP-1 expression increases or decreases as the stage of

tumor progression increases, this marker is a potentially
important therapeutic target and requires further study.

CONCLUSIONS

It was established that reaction with antibodies to TIMP-
1 was negative in all observations of ECs of all studied
groups, whereas the level of MMP-1, MMP-3 and MMP-9
expression depends on the stage of EC progression.
Furthermore, these MMPs are involved in carcinogenesis
already at the early stages of EC (T,N_S,,) and at the

070-2
transition to late stages (TN, ;S ,and T, N .S _in the

patients who have distant metastases) thezré is0 gn(};\crease
of their synthesis, what proves their significant role in
the destruction of ECM, invasion and metastatic process.
Thus, MMP-1, MMP-3 and MMP-9 can be regarded as a
prognostic factors of the testicular EC course as well as

a potentially important therapeutic targets.

REFERENCES

1
2

3

4.

10.

11.

12.

13.

14.
15.

16.

17.

13

. Amin MB. WHO Classification of Tumours. Urinary and male genital tumours (5th edition). Lyon: IARC. 2022, pp.243-319.

. Inaor A, Skakkebaek NE, Rajpert-De Meyts E et al. Testicular cancer incidence predictions in Europe 2010-2035: a rising burden despite
population ageing. Int J Cancer. 2020;147(3):820-8. doi: 10.1002/ijc.32810. 0ol

. Fedorenko ZP, Goulak LO, Gorokh YL et al. Cancer in Ukraine, 2021-2022: Incidence, mortality, prevalence and other relevant statistics.

Bulletin of the national cancer registry of Ukraine. 2023;24:86.

Trabert B, Chen J, Devesa SS et al. International patterns and trends in testicular cancer incidence, overall and by histologic subtype,

1973-2007. Andrology. 2015;3(1):4-12. doi: 10.1111/andr.293. <pol

. Lobo J, Costa AL, Vilela-Salgueiro B, et al. Testicular germ cell tumors: revisiting a series in light of the new WHO classification and AJCC
staging systems, focusing on challenges for pathologists. Hum Pathol. 2018;82:113-24. doi: 10.1016/j.humpath.2018.07.016. ‘bol&

. Kao CS, Ulbright TM, Young RH et al. Testicular embryonal carcinoma: a morphologic study of 180 cases highlighting unusual and
unemphasized aspects. Am J Surg Pathol. 2014;38(5):689-97. doi: 10.1097/PAS.0000000000000171. ¢boi&

. Moch H, Humphrey PA, Ulbright TM, Reuter VE, eds. WHO Classification of Tumours of the Urinary System and Male Genital Organs (4th
edition). Lyon: IARC. 2016, pp.185-257.

. Escaff S, Ferndndez JM, Gonzalez LO et al. Study of matrix metalloproteinases and their inhibitors in prostate cancer. Br J Cancer.
2010;102(5):922-9. doi: 10.1038/sj.bjc.6605569. ‘or&

. Freije JM, Balbin M, Pendds AM et al. Matrix metalloproteinases and tumor progression. Adv Exp Med Biol. 2003;532:91-107. doi:

10.1007/978-1-4615-0081-0_9. (poi&a

Shuman Moss LA, Jensen-Taubman S, Stetler-Stevenson WG. Matrix metalloproteinases: changing roles in tumor progression and

metastasis. Am J Pathol. 2012;181(6):1895-9. doi: 10.1016/j.ajpath.2012.08.044. (poi&

Niland S, Riscanevo AX, Eble JA. Matrix Metalloproteinases Shape the Tumor Microenvironment in Cancer Progression. Int J Mol Sci.

2021;23(1):146. doi: 10.3390/ijms23010146. ‘pore

Lobo J, Costa AL, Vilela-Salgueiro B et al. Testicular germ cell tumors: revisiting a series in light of the new WHO classification and AJCC

staging systems, focusing on challenges for pathologists. Hum Pathol. 2018;82:113-124. doi: 10.1016/j.humpath.2018.07.016. boi&

Potapov SN, Kulishova NYe. K-means approach in tumors cell color segmentation in LAB color space. Bionica Intellecta: Sci. Mag.

2016;1(86):85-89.

Well AD, Myers JL. Research Design and Statistical Analysis. 2nd ed. New York: Lawrence Erlbaum. 2003, p.508.

Sunami E, Tsuno N, Osada T et al. MMP-1 is a prognostic marker for hematogenous metastasis of colorectal cancer. Oncologist.

2000;5(2):108-14. doi: 10.1634/theoncologist.5-2-108. (pore&

Scheau C, Badarau IA, Costache R et al. The Role of Matrix Metalloproteinases in the Epithelial-Mesenchymal Transition of Hepatocellular

Carcinoma. Anal Cell Pathol (Amst). 2019;2019:9423907. doi: 10.1155/2019/9423907. (poi&

Patel BP, Shah SV, Shukla SN et al. Clinical significance of MMP-2 and MMP-9 in patients with oral cancer. Head Neck. 2007;29(6):564-72.

doi: 10.1002/hed.20561. “bore

40


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/

State of extracellular matrix in testicular embryonal carcinoma

18.

Almutairi S, Kalloush HM, Manoon NA, Bardaweel SK. Matrix Metalloproteinases Inhibitors in Cancer Treatment: An Updated Review
(2013-2023). Molecules. 2023;28(14):5567. doi: 10.3390/molecules28145567. (boi&

19. Juncker-Jensen A, Deryugina El, Rimann I et al. Tumor MMP-1 activates endothelial PAR1 to facilitate vascular intravasation and metastatic

20.

21.

22.

23.

24,

25.

26.

2].

dissemination. Cancer Res. 2013;73(14):4196-211. doi: 10.1158/0008-5472.CAN-12-4495. (bol&

Djonov V, Cresto N, Aebersold DM et al. Tumor cell specific expression of MMP-2 correlates with tumor vascularisation in breast cancer.
Int J Oncol. 2002;21(1):25-30.

Lynch CC, Matrisian LM. Matrix metalloproteinases in tumor-host cell communication. Differentiation. 2002;70(9-10):561-73. doi:
10.1046/j.1432-0436.2002.700909.x. ‘boi&

Winer A, Adams S, Mignatti P. Matrix Metalloproteinase Inhibitors in Cancer Therapy: Turning Past Failures Into Future Successes. Mol
Cancer Ther. 2018;17(6):1147-1155. doi: 10.1158/1535-7163.M(T-17-0646. ‘boi&

Reis ST, Viana NI, Iscaife A et al. Loss of TIMP-1 immune expression and tumor recurrence in localized prostate cancer. Int Braz J Urol.
2015;41(6):1088-95. doi: 10.1590/51677-5538.1BJU.2014.0451. (poiea

Brehmer B, Biesterfeld S, Jakse G. Expression of matrix metalloproteinases (MMP-2 and -9) and their inhibitors (TIMP-1and -2) in prostate
cancer tissue. Prostate Cancer Prostatic Dis. 2003;6(3):217-22. doi: 10.1038/sj.pcan.4500657. ‘bol&

Kuvaja P, Talvensaari-Mattila A, Paakko P, Turpeenniemi-Hujanen T. The absence of immunoreactivity for tissue inhibitor of
metalloproteinase-1 (TIMP-1), but not for TIMP-2, protein is associated with a favorable prognosis in aggressive breast carcinoma.
Oncology. 2005;68(2-3):196-203. doi: 10.1159/000086774. (boi&

Reis ST, Viana NI, Iscaife A et al. Loss of TIMP-1 immune expression and tumor recurrence in localized prostate cancer. Int Braz J Urol.
2015;41(6):1088-95. doi: 10.1590/51677-5538.1BJU.2014.0451. (boi&

Dechaphunkul A, Phukaoloun M, Kanjanapradit K et al. Prognostic significance of tissue inhibitor of metalloproteinase-1in breast cancer.
Int J Breast Cancer. 2012;2012:290854. doi: 10.1155/2012/290854. (poi&

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

Serhii M. Potapov

Kharkiv National Medical University

4 Nauky avenue, 61022 Kharkiv, Ukraine
e-mail: pathomorphologist@gmail.com

ORCID AND CONTRIBUTIONSHIP

Serhii M. Potapov: 0000-0002-5718-3341 A4 8 € D (F
Volodymyr D. Markovskyi: 0000-0002-2237-3639 A E (F
Nataliia I. Horhol: 0000-0003-2735-0310 ‘A (& (F
Olena V. Kykhtenko: 0000-0002-6181-4679 ¢ & (F
Olha V. Naumova: 0000-0003-3222-5426 & (¢

Oksana M. Pliten: 0000-0001-6376-9376 & (F

Oksana V. Kaluzhyna: 0000-0002-4181-9704 E (F

A —

Work conceptand design, ‘8 —Data collection and analysis, ‘¢ —Responsibility for statistical analysis, ‘0 —Writing the article, (€ — Critical review, ' —Final approval of the article

RECEIVED: 16.01.2025
ACCEPTED: 27.06.2025 CREATIVE COMMONS 4.0

1341


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/

