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Abstract
The effect of photodynamic therapy (PDT) on the level of matrix metalloproteinases in squamous cell skin cancer (SCSC) was studied. The study 
involved 202 people, including 185 patients with SCSC, who were on outpatient and inpatient treatment in medical institutions of Engels and 
Saratov during the period from 2015 to 2019, and 17 donors. The study design included studies in three main groups. The first (intervention) group 
included 74 (36.6%) patients with SCSC who underwent combined treatment, including PDT at the first stage and surgical treatment at the second 
stage. The second group consisted of 111 (55.0%) patients with SCSC who underwent only surgical treatment. The third group consisted of 17 
(8.4%) relatively healthy volunteer donors, comparable in age and sex with the patients of the main group. As a result of the study, it was found that 
the level of metalloproteinase-1 inhibitor (TIMP-1) in the blood serum of patients with SCSC was reduced compared with physiologically normal 
indicators, which led to a statistically significant increase in matrix metalloproteinases (MMPs) MMPs-2, MMPs-7 and MMPs-9. Performing only 
surgical treatment for this pathology does not lead to a complete recovery of these indicators. However, the use of combined treatment including 
PDT showed a statistically significant increase in the amount of TIMP-1 before the start of surgical treatment, which naturally led to a decrease in 
MMPs-2, MMPs-7 and MMPs-9. Later, after excision of the tumor, the patients of this group had a complete normalization of TIMP-1, which, in turn, 
contributed to a decrease and then restoration of the number of MMPs-2, MMPs-7 and MMPs-9 to physiologically normal values.
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Резюме
Изучено влияние фотодинамической терапии (ФДТ) на уровень матриксных металлопротеиназ при плоскоклеточном раке кожи 
(ПКРК). В исследовании участвовали 202 человека, из них 185 пациентов с ПКРК, находившихся на амбулаторном и стационарном 
лечении в лечебных учреждениях г. Энгельса и г. Саратова в период с 2015 по 2019 гг., и 17 доноров. Дизайн исследования включал 
в себя исследования в трех группах. В первую (основную) группу пациентов вошли 74 (36,6%) больных ПКРК, которым было прове-
дено комбинированное лечение, включающее на первом этапе ФДТ, на втором – хирургическое лечение. Вторую группу составили 
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111 (55,0%) больных ПКРК, которым было выполнено только хирургическое лечение. Третья группа состояла из 17 (8,4%) относитель-
но здоровых доноров-добровольцев, сопоставимых по возрасту и полу с пациентами основной группы. В результате проведенно-
го исследования было установлено, что уровень ингибитора металлопротеиназы-1 (TIMP-1) в сыворотке крове у пациентов с ПКРК 
понижен по сравнению с физиологически нормальными показателями, что приводило к статистически достоверному повышению 
показателей матричных металлопротеиназ (MMPs): MMPs-2, MMPs-7 и MMPs-9. Выполнение только хирургического лечения при ПКРК 
не приводит к полному восстановлению данных показателей. Однако применение комбинированного лечения, включающего ФДТ, 
позволило уже до начала хирургического этапа статистически достоверно увеличить количество TIMP-1, что закономерно приводило 
к снижению уровня MMPs-2, MMPs-7 и MMPs-9. После иссечения опухоли у пациентов этой группы установлена полная нормализация 
TIMP-1, что, в свою очередь, способствовало снижению, а затем восстановлению количества MMPs-2, MMPs-7 и MMPs-9 до физиоло-
гически нормальных значений.
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Introduction
Squamous cell skin cancer (SCSC) accounts for about 

20% of all malignant skin diseases [1, 2, 3]. SCSC is the 
most malignant epithelial tumor of the skin and mucous 
membranes with squamous differentiation that devel-
ops from keratinocytes [4]. SCSC is characterized by a 
destructive growth pattern with a gradual progression 
of the tumor process, infiltration of underlying tissues, 
metastasis to regional and distant lymph nodes (85%), 
hematogenous metastasis to internal organs (15%), such 
as lungs and bones, which can lead to the death of the 
patient [5]. Currently, various methods of treating this 
pathology have been proposed, including surgical resec-
tion of the tumor, radiation therapy, cryosurgery, laser 
excision, and the use of photodynamic therapy (PDT). 

The PDT method is one of the modern methods of 
treatment in oncology. PDT is a minimally invasive and 
effective treatment for SCSC based on the use of photody-
namic damage to tumor cells during photochemical reac-
tions [6, 7]. After the introduction of a special substance, a 
photosensitizer, into the body, the photosensitized tissue 
is irradiated with a laser with a certain wavelength [8-10]. 
The results presented in the literature indicate that PDT is 
an effective organ-preserving method for the treatment of 
malignant neoplasms of the skin and mucous membranes, 
especially with unfavorable localization of neoplasms and 
in cases where the possibilities of traditional methods are 
limited. It has been established that complete resorption 
of the tumor can be achieved with a single or staged ex-
posure without the development of side effects with max-
imum preservation of the viability of surrounding healthy 
tissues [1]. According to the literature, metalloproteinas-
es (MMPs) are of great importance in the prognosis and 
mechanism of skin cancer development [11]. An analysis 
of the literature has shown that the effect of PDT on the 
change in the level of MMPs in SCSC is currently insuffi-
ciently studied. In the present study, the effect of PDT on 
changes in the level of MMPs in SCSC was studied.

Materials and methods
The study involved 202 people, of which 185 patients 

with SCSC were on outpatient and inpatient treatment 
in medical institutions in Engels and Saratov cities in the 
period from 2015 to 2019, and 17 healthy volunteers. 
Of the total number of patients, there were 129 (69.7%) 
men and 56 (30.3%) women. Based on the analysis of the 
localization of SCSC by anatomical regions, it was found 
that in 25% of cases the tumor was localized in the lower 
extremities, in the face – in 15%, in the region of various 
parts of the upper extremities – in 20%, in the neck – in 
18% , in different parts of the chest – in 12% of cases, 
in 10% of cases, the tumor occupied various anatomical 
regions of the back. The diagnosis of SCSC was based on 
the collection of anamnestic data, complaints made by 
patients, and morphological examination. For morpho-
logical examination, a biopsy of the tumor tissue was 
performed, after receiving the result, the final diagnosis 
was established.

The research program included studies in three main 
groups. The first included 74 (36.6%) patients who under-
went combined treatment: PDT and surgery, including 
wide excision of the tumor under intravenous anesthe-
sia. The second group consisted of 111 (55.0%) patients 
with SCSC who underwent only surgical treatment. To 
control and compare the obtained laboratory parame-
ters, a third group was created, which included 17 (8.4%) 
donors without established oncological pathology, who 
voluntarily agreed to participate in the study. 

Patients included in group 1 had disease stage 
T1N0M0 in 25 (33.8%) cases, stage T2N0M0 – in 49 
(66.2%) cases. In group 2, patients had disease stages 
T1N0M0 and T2N0M0 in 26 (23.4%) and 85 (76.6%) cases, 
respectively. Based on the analysis of the morphological 
findings, it was found that in 16% of cases, the spindle 
cell form of SCSC was noted, in the remaining 84%, the 
acantholytic form.

In all patients of groups 1 and 2, risk factors for de-
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veloping cancer were identified in the analysis of anam-
nesis data (Table 1).

Comorbidity was detected in 98 (52.7%) patients 
with SCSC, including 43 (23.4%) patients in group 2, 55 
(29.7%) patients in group 1, whose patients underwent 
preoperative PDT. The number of patients and the nature 
of comorbidities are presented in Table 2.

The study included patients with stage T1-2N0M0 
SCSC. Patients with disseminated oncological process 
and patients who underwent radiation and/or chemo-
therapy were not included.

The studies were carried out after clarifying its pur-
pose and objectives and obtaining permission from pa-
tients to participate in the study, which was confirmed 
by written consent. The study plan was heard at the lo-
cal ethics committee of the Reaviz Medical University, 
where it received permission and approval (protocol No. 
12 of November 16, 2020).

Treatment of patients in group 1 was carried out in 
several stages. At the first stage, PDT was performed. 
Photolon, manufactured by Belmedpreparaty (Republic 
of Belarus), was used as a photosensitizer. Photolon was 
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Таблица 1
Факторы риска развития рака у больных плоскоклеточным раком кожи
Table 1
Risk factors for cancer development in patients with squamous cell skin cancer

Факторы риска
Risk factors

Число пациентов в группах
Number of patients in groups

Группа 1
Group 1
(n = 74)

Группа 2
Group 2
(n = 111)

абс. число
absolute number % абс. число

absolute number %

Воздействие вредних производственных факторов
Exposure to occupational hazards 47 63,5 22 19,8

Генетическая предрасположенность
Genetic predisposition 25 33,8 88 79,3

Курение табака
Tobacco smoking 50 67,6 52 46,8

Таблица 2
Структура сопутствующей патологии у пациентов с плоскоклеточным раком кожи
Table 2
Structure of comorbidity in patients with squamous cell skin cancer

Нозологическая форма сопутствующей патологии
Nosological form of concomitant pathology

Количество пациентов в группах
Number of patients in groups

Группа 1
Group 1
 (n = 74)

Группа 2
Group 2

 (n = 111)

Артериальная гипертензия
Arterial hypertension 12 (16,2%) 14 (12,6%)

Ишемическая болезнь сердца
Coronary heart disease 11 (14,9%) 12 (10,8%)

Ожирение различной степени
Various degrees of obesity 9 (12,2%) 11 (9,9%)

Эрозивный гастрит
Erosive gastritis 16 (21,6%) 5 (4,5%)

Хронический холецистит
Chronic cholecystitis 7 (9,4%) 1 (0,9%)

Всего
Total 55 (74,3%) 43 (38,7%)
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injected intravenously at a dose of 2.0 mg/kg of body 
weight in 200 ml of natural saline solution, the admin-
istration time took about 30 minutes. At the same time, 
laser irradiation of blood was performed using a krypton 
laser having a wavelength of 647-675 nm, with a power 
density of 120-300 mW. 3-4 hours after the end of intra-
venous injection, a session of local irradiation of the tu-
mor was performed, for this, a Latus laser device (λ–662 
nm, E = 300 J/cm2) was used. Performed 3 courses of 
PDT (introduction of a photosensitizer and irradiation) 
for 3 days. 5 days after the end of the third course of PDT, 
patients in this group underwent surgery.

In the course of the study, the levels of the inhibitor 
of metalloproteinase-1 (TIMP-1), matrix metalloprotein-
ases (MMPs): MMPs-2, MMPs-7, MMPs-9 in the blood se-
rum were determined before the start of PDT in group 1, 
in group 2 – before surgical removal of the tumor. Then 
these indicators were determined in group 1 on the fifth 
day after the end of PDT and before the surgical stage. In 
the postoperative period, in both groups, the sampling 
of biological material (blood plasma) was carried out 
on the first, third, fifth, seventh, tenth days and after 18 
months. Blood sampling and analysis of indicators in the 
comparison group (group 3) was carried out once. 

The level of TIMP-1 was determined by enzyme im-
munoassay using R&D Diagnostics Inc. (USA) reagents. 
This method determines the quantitative content of the 
test substance in a biological substrate by combining 
the substance with antibodies. Quantitative determi-
nation of MMPs in blood serum was performed using 
Human/Mouse/Rat (total) sera from Quantikine®, R&D 
Systems, which are standard and designed for direct en-
zyme immunoassay. For measurements, an automatic 
universal reader ELX800 from Bio-TekInstruments, Inc. 
(USA) was used, designed for microplates. 

The results obtained during the study were subject-
ed to mathematical processing on a personal computer 
with the Statistica 6.0 application package, as well as 
Excel. Hypotheses about the type of distributions were 

tested (Shapiro-Wilks test). Most of our data do not fol-
low the normal distribution law, therefore, to compare 
the values, the Mann-Whitney U-test was used, on the 
basis of which the Z-test and the significance indicator p 
were calculated. The differences were considered statis-
tically significant at p < 0.05. In addition, the Spearman 
rank correlation coefficient (R) and its reliability index p 
were calculated.

Results
It has been proven that in the process of carcino-

genesis, including skin lesions, changes in the levels of 
TIMP-1 and MMPs occur [11]. In order to clarify the na-
ture of the change in these indicators, the parameters 
were studied in all 185 patients who participated in the 
study, before the start of treatment (initial background) 
and during subsequent follow-up (see Table 3).

Before the start of treatment in both groups, there 
was a statistically significant decrease in the amount of 
TIMP-1 and an increase in the level of MMPs in the blood 
serum. 

The use of PDT before performing surgical treatment 
for SCSC (group 1) leads to a statistically significant in-
crease in the amount of TIMP-1 and a regular decrease 
in the concentration of MMPs-2, MMPs-7 and MMPs-9. 
This is confirmed by the fact that in the group of patients 
subjected to only surgical treatment, a statistically sig-
nificant decrease in the TIMP-1 index was revealed, and, 
as a result, an increase in all MMPs indices in compar-
ison with the results obtained in donors and patients 
who received combined treatment. Clearly, SCSC leads 
to changes in levels of TIMP-1 and MMPs-2, MMPs-7 and 
MMPs-9. There were no significant statistically signif-
icant differences in the studied parameters in patients 
with stage T1-2N0M0 SCSC.

On the first postoperative day in patients of group II, 
a statistically significant decrease in TIMP-1 to 436.4 ng/
ml and an increase in all studied MMPs parameters were 
registered compared to the data obtained from donors. 
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Таблица 3
Динамика изменения уровня TIMP-1 и MMPs в сыворотке крови у пациентов с плоскоклеточным раком кожи после лечения
Table 3
Dynamics of changes in the level of TIMP-1 and MMPs in blood serum in patients with squamous cell skin cancer after treatment

Исследуемые показатели
Researched indicators

Уровень TIMP-1 и MMPs, нг/мл
Level of TIMP-1 and MMPs, ng/ml

группа 1
ФДТ + операция

group 1
PDT + surgery

(n=74)

группа 2 
операция

group 2
surgery
(n=111)

группа 3
доноры
group 3
donors
(n=17)

до начала лечения (исходный фон)
before treatment (initial background)

TIMP-1
573 (526;742)

p2 = 0,038
p3 = 0,045

567,3 (557;684)
p1 = 0,032
p3 = 0,025

789 (771;793)
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Исследуемые показатели
Researched indicators

Уровень TIMP-1 и MMPs, нг/мл
Level of TIMP-1 and MMPs, ng/ml

группа 1
ФДТ + операция

group 1
PDT + surgery

(n=74)

группа 2 
операция

group 2
surgery
(n=111)

группа 3
доноры
group 3
donors
(n=17)

MMPs-2
612 (510;627)

p2 = 0,032
p3 = 0,045

616 (598;627)
p1 = 0,012
p3 = 0,045

254 (252;257)

MMPs-7
12,1 (9,3;14,7)

p2 = 0,042
p3 = 0,045

10,4 (11,9;12,5)
p1 = 0,018
p3 = 0,045

3,8 (3,6;4,0)

MMPs-9
852 (708;918)

p2 = 0,013
p3 = 0,056

864 (840;910)
p1 = 0,036
p3 = 0,046

396 (394;398)

после завершения ФДТ (группа 1)
after completion of PDT (group 1)

TIMP-1
679 (626;742)

p2 = 0,038
p3 = 0,045

567,3 (557;684)
p1 = 0,032
p3 = 0,025

789 (771;793)

MMPs-2
312 (310;317)

p2 = 0,032
p3 = 0,045

616 (598;627)
p1 = 0,012
p3 = 0,046

254 (252;257)

MMPs-7
4,1 (3,8;4,7)
p2 = 0,042
p3 = 0,045

10,4 (11,9;12,5)
p1 = 0,018
p3 = 0,045

3,8 (3,6;4,0)

MMPs-9
412 (408;418)

p2 = 0,013
p3 = 0,056

864 (840;910)
p1 = 0,036
p3 = 0,046

396 (394;398)

первые сутки после операции
first day after surgery

TIMP-1
680 (657;684)

p2 = 0,038
p3 = 0,045

436,4 (426,1;442,1)
p1 = 0,032
p3 = 0,026

789 (771;793)

MMPs-2
315 (312;317)

p2 = 0,032
p3 = 0,045

741 (738;743)
p1 = 0,012
p3 = 0,045

254 (252;257)

MMPs-7
4,3 (4,1;4,5)
p2 = 0,042
p3 = 0,045

12,3 (11,9;12,5)
p1 = 0,018
p3 = 0,045

3,8 (3,6;4,0)

MMPs-9
414 (412;416)

p2 = 0,013
p3 = 0,056

952 (950;952)
p1 = 0,036
p3 = 0,046

396 (394;398)

третьи сутки после операции
third day after surgery

TIMP-1
787 (776;789)

p2 = 0,038
p3 = 0,655

442,4 (440,1;443,6)
p1 = 0,017
p3 = 0,021

789 (771;793)

MMPs-2
299 (296;301)

p2 = 0,023
p3 = 0,021

741 (738;742)
p1 = 0,041
p3 = 0,012

254 (252;257)

MMPs-7
4,2 (3,9;4,5)
p2 = 0,015
p3 = 0,022

12,3 (11,2;13,4)
p1 = 0,038
p3 = 0,026

3,8 (3,6;4,0)
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In patients included in group 1, the levels of TIMP-1, 
MMPs-2, MMPs-7 and MMPs-9 did not change compared 
with the values obtained after PDT.

By the third day after surgery, in patients treated only 
by the surgical method, there were no statistically signif-
icant changes in the level of TIMP-1 and MMPs. Patients 
who received combined treatment showed a statistically 
significant increase in the amount of TIMP-1 to the level 
observed in donors. In these patients, a decrease in the 
concentration of all studied MMPs was noted, however, 
compared with the data of donors, their values were sta-
tistically significantly higher.

By the fifth day after surgical treatment, there were 
no statistically significant changes in laboratory parame-
ters in patients of group 2. In patients of group 1 treated 
with the combined method, it was noted that the values 
of MMPs-2, MMPs-7 and MMPs-9 decreased statistically 
significantly and did not differ from the values recorded 
in the group of healthy donors.

There were no significant changes in the studied 
parameters in patients with SCSC in both observation 
groups on the seventh postoperative day; they did not 
differ statistically significantly from the data observed 
on the fifth day after surgical treatment.
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Исследуемые показатели
Researched indicators

Уровень TIMP-1 и MMPs, нг/мл
Level of TIMP-1 and MMPs, ng/ml

группа 1
ФДТ + операция

group 1
PDT + surgery

(n=74)

группа 2 
операция

group 2
surgery
(n=111)

группа 3
доноры
group 3
donors
(n=17)

MMPs-9
401 (398;403)

p2 = 0,038
p3 = 0,038

952 (950;953)
p1 = 0,013
p3 = 0,057

396 (394;398)

пятые сутки после операции
fifth day after surgery

TIMP-1
783 (782;7840)

p2 = 0,023
p3 = 0,017

441,3 (440,2;442,3)
p1 = 0,022
p3 = 0,017

789 (771;793)

MMPs-2
249 (247;251)

p2 = 0,041
p3 = 0,634

741 (739;742)
p1 = 0,042
p3 = 0,023

254 (252;257)

MMPs-7
3,6 (3,4;3,8)
p2 = 0,021
p3 = 0,634

12,3 (11,2;13,5)
p1 = 0,022
p3 = 0,011

3,8 (3,6;4,0)

MMPs-9
391 (389;393)

p2 = 0,023
p3 = 0,765

952 (950;954)
p1 = 0,017
p3 = 0,028

396 (394;398)

десятые сутки после операции
tenth day after surgery

TIMP-1
785 (784;787)

p2 = 0,038
p3 = 0,634

345,1 (344,7;446,3)
p1 = 0,048
p3 = 0,012

789 (771;793)

MMPs-2
248 (247;250)

p2 = 0,041
p3 = 0,715

612 (610;614)
p1 = 0,034
p3 = 0,033

254 (252;257)

MMPs-7
3,4 (3,1;3,6)
p2 = 0,021
p3 = 0,715

10,2 (9,7;11,1)
p1 = 0,021
p3 = 0,022

3,8(3,6;4,0)

MMPs-9
395 (393;397)

p2 = 0,031
p3 = 0,755

862 (860;864)
p1 = 0,043
p3 = 0,022

396 (394;398)

Примечание:  данные представлены в виде медианы и межквартильного размаха. Достоверности p1, p2, p3 приведены в соответствии 
с межгрупповыми сравнениями.
Note:  Here and below: data are presented as median and interquartile range. Significances p1, p2, p3 are given in accordance with intergroup 
comparisons.
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By the tenth day after the operation, no statistical-
ly significant changes were obtained in patients who 
underwent neoadjuvant PDT. In group 2, there was an 
increase in the TIMP-1 index and, as a result, a decrease 
in the levels of the studied MMPs. However, the con-
centrations of MMPs remained statistically significant-
ly higher than those of donors, their values began to 
correspond to the results established before the start of 
surgical treatment.

In the late postoperative period, there were no 
changes in the analyzed parameters in patients of both 
groups, all the studied parameters corresponded to the 
data obtained on the tenth day after the operation.

Thus, as a result of the study, it was found that 
surgical removal of the tumor without neoadjuvant 
PDT does not restore the studied parameters. They re-
mained statistically significantly elevated both in the 
immediate and late postoperative periods. However, 
the implementation of combined treatment made it 
possible to increase the level of TIMP-1 statistically sig-
nificantly before the start of the surgical stage, which 
naturally led to a decrease in the number of MMPs-2, 
MMPs-7 and MMPs-9. During dynamic observation, a 
complete recovery of the TIMP-1 level was determined, 
which, in turn, contributed to an increase in the number 
of all MMPs.

During the study, it was found that the TIMP-1 in-
dex in group 1 before the start of the surgical stage of 
treatment was 679 ng/ml, by the 10th day of the post-
operative period – 785 ng/ml, in group 2 – 567.3 ng/ml 
and 345 .1 ng/ml, respectively. The evaluation of the 
results of the study was carried out by the method of 
non-parametric statistical analysis in order to establish 
the reliability of differences in the studied groups us-
ing the Mann-Whitney and Kolmogorov-Smirnov cri-
teria. Mann-Whitney test: U = 251.500; Z = 2.927316 
(p = 0.003419); Kolmogorov-Smirnov criterion: Max 
Neg Difference = 0.00; Max Pos Difference = 0.433333 
(p < 0.01). 

The initial level of MMPs-2 in group 1 was 312 ng/
ml, by day 10 of the postoperative period it was 248 ng/
ml; in group 2 – 616 ng/ml and 612 ng/ml, respective-
ly. Mann-Whitney test: U = 117.0000; Z = 4.915821 (p 
= 0.000001); Kolmogorov-Smirnov criterion: Max Neg 
Difference = 0.00; Max Pos Difference = 0.60000 (p < 
0.001). The level of MMPs-7 in group 1 was 4.1 ng/ml 
and 3.4 ng/ml; in group 2 – 10.4 ng/ml and 10.2 ng/
ml, respectively. Mann-Whitney test: U = 125.0000; Z 
= 4.797546 (p = 0.000002); Kolmogorov-Smirnov cri-
terion: Max Neg Difference = 0.00; Max Pos Difference 
= 0.60000 (p < 0.001). The level of MMPs-9 in group 1 
was 412 ng/ml and 395 ng/ml; in group 2 – 864 ng/
ml and 862 ng/ml, respectively. Mann-Whitney test: 
U = 251.5000; Z=2.927316 (p=0.000001); Kolmogor-
ov-Smirnov criterion: Max Neg Difference = 0.00; Max 
Pos Difference = 0.60000 (p < 0.001). There is a strong 

feedback (r = – 0.87) between the TIMP-1 and MMPs-2, 
MMPs-7 and MMPs-9 in the blood.

One of the most important criteria for evaluating 
the effectiveness of cancer treatment is survival, ab-
sence of recurrence and disease progression. These 
indicators were studied in patients included in the 1st 
and 2nd observation groups. Considering the fact that 
SCSC was diagnosed at the T1-2N0M0 stage in the pa-
tients included in our study, no lethal cases from the 
underlying disease were recorded during the period of 
dynamic observation. Fatal outcomes were noted in 12 
(6.5%) patients from comorbidities, mainly from cardio-
vascular events. We consider it necessary to note that 
all the deceased patients were from group 2, in which 
only surgical treatment was performed without the use 
of PDT. 

When analyzing other indicators, it was found that 
metastasis was detected in 19 (10.3%) patients with 
SCSC in terms of 3 to 7 years. In all cases, metastases in 
regional lymph nodes were diagnosed, which required 
chemotherapy. Lymphogenic metastases were pre-
dominantly detected in 16 (8.6%) patients of group 2. In 
the complex treatment group, metastases were found 
only in 3 (1.6%) patients (p < 0.05). It is obvious that the 
use of the PDT method, and then the implementation 
of a surgical intervention in the treatment of patients 
with early stage SCSC, can reduce the risk of lymphog-
enous metastasis in the long-term period. Relapse of 
the disease was observed in 15 (8.1%) patients: in group 
1 – in 4 (2.2%), in group 2 – in 11 (9.5%) (p<0.05). Thus, 
combined treatment, including PDT before the surgical 
stage, is an effective method for the treatment of pa-
tients with localized SCSC and can be recommended for 
widespread use.

Discussion
It has been established that changes in TIMP-1, 

MMPs-2, MMPs-7 and MMPs-9 are recorded already at 
the early stages of SCSC. Surgical treatment did not lead 
to the restoration of the initial level of indicators, they 
remained statistically significantly increased both in the 
immediate and late postoperative periods. It is possible 
that SCSC produces substances that reduce the amount 
of TIMP-1, which, in turn, leads to an increase in the 
amount of MMPs-2, MMPs-7 and MMPs-9 in the blood. 
It is known that tissue collagenases MMPs-2 and MMPs-9 
hydrolyze type IV collagen, the basis of the basal lami-
na at the dermoepidermal junction, promoting tumor 
invasion. In addition, the destruction of type IV colla-
gen contributes to deep damage to epithelial cells from 
membrane destruction to vascular invasion. MMPs-2 and 
MMPs-9 also release a number of angiogenic factors, in-
cluding VEGF, which is considered the main polyclonal 
inducer of angiogenesis. The destruction of vascular col-
lagen contributes to the disruption of the vascular wall, 
which leads to endothelial dysfunction [14]. Studies by 

Maslyakov V.V., Grebnev D.Yu., Tsymbal A.A., Kim L.M.
Influence of photodynamic therapy on the level of matrix metalloproteinases in squamous cell skin cancer



O
R

IG
IN

A
L 

A
R

TI
C

LE
S

BIOMEDICAL PHOTONICS    Т. 11, № 1/2022
11

foreign scientists [15] have convincingly shown that car-
cinogenesis is accompanied by imbalance of oncogenes 
and prooncogenes. These processes lead to hypoxia, 
induction of angiogenesis (creation of a tumor vascular 
bed), hydrolysis of the basement membrane and extra-
cellular matrix due to the ability of metalloproteinases 
to decompose almost all of their components (all types 
of collagens, elastin, proteoglycans, laminin, and others); 
tumor progression and metastasis. 

The results of our study show that the use of PDT be-
fore surgical treatment in patients with early stage SCSC 
contributes to the normalization of the level of TIMP-1, 
which leads to the normalization of the level of MMPs-
2, MMPs-7 and MMPs-9 in the blood. This prevents dam-
age to the endothelium of the vascular wall both in the 
immediate and long-term period after treatment [16]. It 
should be noted that the removal of the tumor without 
the use of PDT did not lead to correction of the level of 
metalloproteinases: both before and after surgical treat-

ment, an increase in these indicators was noted. It is pos-
sible that surgical treatment without the use of PDT does 
not lead to the elimination of the causes that induce the 
development of SCSC. However, this issue requires fur-
ther research.

Conclusion
The study shows that in patients with the initial stage 

of SCSC, changes in the parameters of metalloproteinas-
es in the blood serum are recorded, which is manifested 
by a decrease in the level of TIMP-1 and an increase in 
MMPs-2, MMPs-7 and MMPs-9. These changes are a trig-
ger for the destruction of vascular collagen and disrup-
tion of the integrity of the vascular wall. PDT contributes 
to the normalization of the levels of TIMP-1 and MMPs-2, 
MMPs-7 and MMPs-9 in the blood, indirectly prevents 
damage to the endothelium of the vascular wall and pre-
vents changes in hemostasis.

ЛИТЕРАТУРА
1.	 Стрункин Д.Н., Жарикова И.П., Кожевников Ю.А., Задонцева 

Н.С. Фотодинамическая терапия плоскоклеточного рака кожи 
щеки (клиническое наблюдение) // Biomedical Photonics. – 
2017. – Т. 6, № 2. – С. 38-40.

2.	 Беляев А.М., Прохоров Г.Г., Раджабова З.А., Байкалова О.И., Во-
робьев А.А. Криогенные технологии в паллиативном лечении 
больных распространенным плоскоклеточным раком кожи 
// Паллиативная медицина и реабилитация. – 2020. – № 3. – 
С. 19-23.

3.	 Ганцев Ш.Х., Юсупов А.С. Плоскоклеточный рак кожи // Прак-
тическая онкология. – 2012. – Т. 13, № 2. – С. 80-91.

4.	 Байкалова О.И., Беляев А.М., Прохоров Г.Г., Раджабова З.А.Г. 
Лечение плоскоклеточного рака кожи с применением крио-
генных технологий // Сибирский онкологический журнал. – 
2020. – Т. 19, № 6. – С. 99-105.

5.	 Дзыбова Э.М., Варданян К.Л., Василевская Е.А. Плоскоклеточ-
ный рак кожи: клиника, диагностика, методы лечения и про-
филактики // Клиническая дерматология и венерология. – 
2015. – Т. 4, №14. – С. 4-14

6.	 Капинус В.Н., Каплан М.А., Спиченкова И.С. Фотодинамическая 
терапия эпителиальных злокачественных новообразований 
кожи // Фотодинамическая терапия и фотодиагностика. – 
2014. – № 3. – С. 9-14.

7.	 Филоненко Е.В. Флюоресцентная диагностика и фотодинами-
ческая терапия, обоснование применения и возможности в 
онкологии // Фотодинамическая терапия фотодиагностика. – 
2014. – №1. – С. 3-7.

8.	 Гельфонд М.Л. Фотодинамическая терапия в онкологии // 
Практическая онкология. – 2007. – № 4. – С. 204–210.

9.	 Гельфонд М.Л. Дифференциальная диагностика опухолей 
кожи в практике дерматологов и косметологов // Практиче-
ская онкология. – 2012. – Т. 13, № 2. – С. 69-79.

10.	 Гамаюнов С.В., Шахова Н.М., Денисенко А.Н. Фотодинамиче-
ская терапия – преимущества новой методики и особенности 
организации службы // Тихоокеанский медицинский журнал – 
2014. – № 2. – С. 101-104.

11.	 Клишо Е.В., Кондакова И.В., Чойнзонов Е.Л., Васильева О.С. 
Прогностическая значимость протеаз у больных плоскокле-
точными карциномами головы и шеи // Сибирский научный 
медицинский журнал. – 2005. – №2 (116). – С. 82-91.

12.	 Масляков В.В., Гребнев Д.Ю., Ким Л.М. Патофизиологическое 

REFERENCES
1.	 Strunkin D.N., Zharikova I.P., Kozhevnikov Yu.A., Zadontseva N.S. 

Photodynamic therapy for squamous cell skin cancer of the cheek 
(clinical observation). Biomedical Photonics, 2017, Vоl. 6 (2), рр. 
38-40. (in Russ.)

2.	 Belyaev A.M., Prokhorov G.G., Radzhabova Z.A., Baykalova O.I., 
Vorob’ev A.A. Cryogenic technologies in the palliative treat-
ment of patients with advanced squamous cell skin cancer. 
Palliativnaya meditsina i reabilitatsiya, 2020, Vоl. 3, рр. 19-23. 
(in Russ.)

3.	 Gantsev Sh.H., Yusupov A.S. Squamous cell skin cancer. Praktich-
eskaya onkologiya, 2012, Vоl. 2 (13), рр. 80-91. (in Russ.)

4.	 Baykalova O.I., Belyaev A.M., Prokhorov G.G., Radzhabova Z.A.G. 
Treatment of squamous cell skin cancer using cryogenic technol-
ogy. Sibirskii onkologicheskii zhurnal, 2020, Vоl. 19 (6), рр. 99-105. 
(in Russ.)

5.	 Dzybova Je.M., Vardanyan K.L., Vasilevskaya E.A. Squamous cell 
skin cancer: clinic, diagnosis, treatment and prevention methods. 
Klinicheskaya dermatologiya i venerologiya, 2015, Vоl. 14 (4), рр. 
4-14. (in Russ.)

6.	 Kapinus V.N., Kaplan M.A., Spichenkova I.S. Photodynamic ther-
apy of epithelial malignant skin neoplasms. Fotodinamicheskaya 
terapiya i fotodiagnostika, 2014, Vоl. 3, рр. 9-14. (in Russ.)

7.	 Filonenko E.V. Fluorescent diagnostics and photodynamic thera-
py, rationale for application and possibilities in oncology. Fotodi-
namicheskaya terapiya i fotodiagnostika, 2014; Vоl. 1, рр. 3-7. (in 
Russ.)

8.	 Gel’fond M.L. Photodynamic therapy in oncology. Prakticheskaya 
onkologiya, 2007, Vоl. 4, рр. 204-210. (in Russ.)

9.	 Gel’fond M.L. Differential diagnostics of skin tumors in the prac-
tice of dermatologists and cosmetologists. Prakticheskaya onko-
logiya, 2012; Vоl. 2 (13), рр. 69-79. (in Russ.)

10.	 Gamayunov S.V., Shakhova N.M., Denisenko A.N. Photodynamic 
therapy - advantages of the new methodology and organization 
of the service. Tikhookeanskii meditsinskii zhurnal, 2014, Vоl. 2, рр. 
101-104. (in Russ.)

11.	 Klisho E.V., Kondakova I.V., Choinzonov E.L., Vasil’eva O.S. Prognos-
tic significance of proteases in patients with head and neck squa-
mous cell carcinomas. Sibirskii nauchnyi meditsinskii zhurnal, 2005, 
Vоl. 2 (116), рр. 82-91. (in Russ.)

12.	 Maslyakov V.V., Grebnev D.Yu., Kim L.M. Pathophysiological jus-
tification of photodynamic therapy in the initial stage of squa-

Maslyakov V.V., Grebnev D.Yu., Tsymbal A.A., Kim L.M.
Influence of photodynamic therapy on the level of matrix metalloproteinases in squamous cell skin cancer



O
R

IG
IN

A
L 

A
R

TI
C

LE
S

BIOMEDICAL PHOTONICS    Т. 11, № 1/2022
12

обоснование применения фотодинамической терапии в на-
чальной стадии плоскоклеточного рака кожи // Вопросы он-
кологии. – 2021. – Т. 67, №1. – С. 77-84.

13.	 Leiter U., Keim U., Eigentler T., Katalinic A., Holleczek B., Martus P., 
Garbe C. Incidence, mortality, and trends of nonmelanoma skin 
cancer in Germany // J. Invest. Dermatol. – 2017 – Vоl. 137 (9). – Р. 
1860-1867.

14.	 Клишо Е.В., Кондакова И.В., Чойнзонов Е.Л. Матриксные ме-
таллопротеиназы в онкогенезе // Сибирский онкологический 
журнал. – 2003. – № 2. – С. 62-70.

15.	 Murсhisоn А.Р. Nоn-surgiсаl trеаtmеnts оf рrimаrу, nоn-
mеlаnоmа еуеlid mаlignаnсiеs: а rеviеw // Сlin Ехреrimеnt 
Орhthаlmоl. – 2015. – Vоl. 39. – № 1. – Р. 65-83.

16.	 Масляков В.В., Дралина О.И., Поляков А.В., Ким Л.М. Состояние 
коагуляционных свойств крови у больных с базальноклеточ-
ным раком кожи в послеоперационном периоде // Вестник 
Уральской медицинской академической науки. – 2018. – №6. – 
С. 794-799.

mous cell skin cancer. Voprosy onkologii, 2021, Vоl. 1 (67), рр. 
77-84. (in Russ.)

13.	 Leiter U., Keim U., Eigentler T., Katalinic A., Holleczek B., Martus P., 
Garbe C. Incidence, mortality, and trends of nonmelanoma skin 
cancer in Germany. J. Invest. Dermatol, 2017, Vоl. 137 (9), рр. 1860-
1867.

14.	 Klisho E.V., Kondakova I.V., Choinzonov E.L. Matrix metalloprotein-
ases in oncogenesis. Sibirskii onkologicheskii zhurnal, 2003, Vоl. 2, 
р. 62-70. (in Russ.)

15.	 Murсhisоn А.Р. Nоn-surgiсаl trеаtmеnts оf рrimаrу, nоn-
mеlаnоmа еуеlid mаlignаnсiеs: а rеviеw. Сlin Ехреrimеnt 
Орhthаlmоl, 2015, Vоl. 39 (1), рр. 65-83.

16.	 Masljakov V.V., Dralina O.I., Poljakov A.V., Kim L.M. Condition of 
blood coagulation properties in patients with basal cell skin 
cancer in the postoperative period. Vestnik Ural’skoi meditsinskoi 
akademicheskoi nauki, 2018, Vоl. 6, рр. 794-799. (in Russ.)

Maslyakov V.V., Grebnev D.Yu., Tsymbal A.A., Kim L.M.
Influence of photodynamic therapy on the level of matrix metalloproteinases in squamous cell skin cancer


