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Experience of stereotactic radiation therapy and radiosurgical
treatment of metastatic vertebral tumors
0. I. Kit, D. E. Zakondyrin™, E. E. Rostorguev, P. G. Sakun, V. I. Voshedskii, M. A. Komandirov

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
B russiandoctor@mail.ru

ABSTRACT

Purpose of the study. Evaluation of the effectiveness of extracranial stereotactic radiation therapy in various fractionation
regimens in the treatment of patients with metastatic vertebral lesions.

Patients and methods. The study included 12 patients with metastatic spinal lesions who underwent extracranial stereotactic
radiation therapy (SBRT) on a Novalis Tx linear accelerator, Varian, in radiosurgery mode (SRS; in 1 fraction) and hypofraction-
ation mode (SFD 5Gy, TFD 25Gy, 5 fractions) in the period from 01/01/2020 to 03/31/2022. The assessment of local control
was carried out using positron emission tomography — computed tomography (PET-CT) from 18FDG. The intensity of the pain
syndrome before and after radiation was assessed using a visual analog pain scale (VAS).

Results. 19 vertebrae with metastatic lesions were irradiated in 12 patients. The SBRT technique in hypofractionation mode
was used in 6 (50 %) patients, in radiosurgery (SRS) mode was used in 4 (34 %) patients, in 2 (17 %) patients a combination
of irradiation techniques was used on various affected segments of the spinal column. The general tumor volume (GTV)
averaged 30.56 = 7.8 km2. When using the radiosurgical irradiation regimen, SFD ranged from 16 to 18 Gy. When using the
hypofractionation technique, the total focal dose (TFD) was 25 Gy, a single focal dose (SFD) was 5 Gy.

Conclusion. Stereotactic radiation therapy and radiosurgery of metastatic vertebral tumors without compression of neural
structures provides local tumor control in 92 % of patients within 6 months and in 83 % of patients within 1 year, regression
of pain after irradiation — in 67 % of patients.

Keywords: stereotactic radiotherapy, radiosurgery, spinal metastases

For citation: Kit O. I., Zakondyrin D. E., Rostorguev E. E., Sakun P. G., Voshedskii V. I., Komandirov M. A. Experience of stereotactic radiation therapy
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For correspondence: Dmitry E. Zakondyrin - Cand. Sci. (Med.), PhD student of the Department of Neurological Oncology, National Medical
Research Centre for Oncology, Rostov-on-Don, Russian Federation

Address: 63 14 line str., Rostov-on-Don 344037, Russian Federation

E-mail: russiandoctor@mail.ru

ORCID: https://orcid.org/0000-0002-0925-415X

SPIN: 7298-0181, AuthorID: 703429

Compliance with ethical standards: This research has been carried out in compliance with the ethical principles set forth by the World Medical
Association Declaration of Helsinki, 1964, ed. 2013. The study was approved by the Committee on Biomedical Ethics at the National Medical
Research Center of Oncology, the Russian Federation Ministry of Health (extract from the protocol of the meeting No. 118 dated 06/02/2022).
Informed consent was received from all the participants of the study

Funding: this work was not funded

Conflict of interest: Kit 0. I. has been the member of the editorial board of the South Russian Journal of Cancer since 2019, however he has no
relation to the decision made upon publishing this article. The article has passed the review procedure accepted in the journal. The authors did not
declare any other conflicts of interest

The article was submitted 03.10.2023; approved after reviewing 09.04.2024; accepted for publication 09.05.2024
© Kit 0. I., Zakondyrin D. E., Rostorguev E. E., Sakun P. G., Voshedskii V. I., Komandirov M. A., 2024

6



l0xHO-Poccuniicknii oHkonoruyeckuii xypran. 2024. T. 5, N2 2. C. 6-13
https://doi.org/10.37748/2686-9039-2024-5-2-1
https://elibrary.ru/gjahux

3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA

OnbIT cTepeoTaKcHYecKoi Ny4eBoi Tepanuu U pajuoXupypruyeckoro neyeHus

MeTacTaTUu4eCKux OI'IVXOHGVI N03BOHKOB
0. U. Kur, [1. E. 3akonabipun®™, 3. E. Poctopryes, . I. Cakyn, B. 1. Bowepgcknuii, M. A. Komanpgupos
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PE3IOME

Lienb uccnepgoBanus. OueHka 3hdeKTUBHOCTH SKCTpaKpaHUanbHOWM CTePEOTaKCUYECKOW NyYeBOI Tepanumn B pasnnyHbIxX
pexxvmmMax ppakLMoHNPOBaHWUA NPU eYEeHUN NaLUEHTOB C MeTacTaTUYECKUM NOpaXeHWeM NO3BOHKOB

MaumeHTbl M MeTOAbI. B ccnefoBaHue BKIIHOYEHO 12 601bHbIX C METACTaTUYECKMM NMOPaXXeHNEM NMO3BOHOYHMKA, KOTOPbIM
6bl1a NpoBefeHa aKCTpakpaHuabHasa cTepeoTakcuyeckas nydesas Tepanus (SBRT) Ha nuHeiHoM yckopuTene Novalis Tx,
Varian, B pexxumMe paguoxupyprum (SRS; 3a 1 dpakumio) 1 pexxume runodpakumoHnposaHus (pasosas oyaroeas osa (POL)
5p, cyMmapHasi oyarosasi fosa (CO[l) 25Ip, 5 ¢dpakuwmit) B nepmog ¢ 01.01.2020 no 31.03.2022 rr. OueHKa NOKaNbHOro
KOHTPOJS OCYLLEeCTBASINACh C UCMOJIb30BAaHUEM MO3UTPOHHO-3MUCCUOHHOW TOMOrpathum — KOMNbIOTEPHOW TOMorpabum
(M3T-KT) ¢ 18dAr. UHTEHCMBHOCTbL 60/1€BOr0 CUHAPOMA 10 U NOCc/e 06/yYeHUsI OLLeHUBANM NO BU3YasibHO aHanoroBow
wkane 6onu (BALL).

Pe3synbTatbl. Y 12 nayneHToB NpoBefeHO obnyyeHne 19 MeTacTaTUYeCKMX NOpaXKeHHbIX N03BOHKOB. MeTtoauka SBRT
B peXxunmMe runodpakLMoHMpoBaHus 6biia npuMeHeHa y 6 (50 %) 60/bHbIX, B pexkuMe pagnoxupyprum (SRS) ncnonbsoeaHa
y 4 (34 %) nauneHToB, Y 2 (17 %) 60NbHbIX Ha Pa3/IMYHbIX MOPAXEHHbIX CErMEHTax NO3BOHOYHOro CTon6a NpuMeHsinach
KOM6MHaLMs MeTOAMK 061ydeHus. O6Lmii o6bem onyxonu (GTV) B cpeaHeM cocTaensan 30,56 + 7,8 cM2. [Mpy NpUMeHEeHNUM
paanoxupypruyeckoro pexxumma obnyyenuns PO coctasnsina ot 16 go 180p. Mpy npUMeHeHnn MeTOANKMN r’MNodpakLMOHU-
poBaHusa CO[, coctaBuna 25 I'p, PO - 5 'p.

3akntoueHue. IKCTpakpaHmasnbHas cTepeoTakcuyeckas JiydeBasi Tepanvs MeTacTaTuyecknx onyxonein No3BOHKOB 6e3
KOMMPECCUN HeBPasbHbIX CTPYKTYP 06ecneynBaeT NoKasbHbll KOHTPOMb OMNyXosu Yy 92 % 60/bHbIX B TeYeHUe 6 MecsLEeB
ny 83 % nauneHToB B TeueHue 1 roaa, perpecc 601eBOro CMHAPOMa nocsie 061ydYeHnst —y 67 % 60NbHbIX.
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INTRODUCTION

An analysis of the literature shows that 30—-50 %
of cancer patients have metastatic spinal column
lesions, including 70-80 % of patients with breast
or prostate cancer and 40 % of patients with ad-
vanced lung cancer [1]. In one third of patients, the
lesion of the vertebrae is symptomatic. Clinical
manifestations are most often represented by pain
syndrome, varying in intensity. For a long time, con-
ventional radiation therapy (CRT) has been used in
the treatment of this group of patients and in the
absence of indications for surgical treatment, which
has a satisfactory (up to 80 % of cases) analgesic
effect, however, local relapses occur in 60-80 % of
patients, and the analgesic effect often develops
only 2-3 weeks after treatment, especially with ra-
dioresistant tumors [2]. Currently, conformal meth-
ods of radiation therapy in the treatment of bone
metastases are replacing conventional radiation
therapy, despite their disadvantages in the form of
the need for longer patient preparation, additional
diagnostic studies, and high cost [3]. The main dif-
ference between conformal radiation therapy and
conventional radiation therapy is the creation of

an irradiation field of a given shape with minimal
impact on surrounding tissues. The possibility of
concentrating the radiation dose without increasing
it during conformal radiation therapy in the tumor
area is, among other things, a way to overcome its
radioresistance. Stereotactic body radiation therapy
(SBRT) and radiosurgery (SRS) have taken leading
positions among conformal methods in the treat-
ment of spinal tumors. In stereotactic radiation
therapy, tumor destruction occurs in several large
fractions (5-12 Gy each), in stereotactic radiosur-
gery — by summing up a radical dose (15-21 Gy) in
one session.

The purpose of the study was to evaluate the
effectiveness of extracranial stereotactic radia-
tion therapy in various fractionation regimes in
the treatment of patients with metastatic vertebral
lesions.

PATIENTS AND METHODS

The study included 12 patients with metastatic
spinal lesions who underwent extracranial stereo-
tactic radiation therapy (SBRT) on a Novalis Tx linear
accelerator, Varian, in radiosurgery mode (SRS; for

Table 1. Characteristics of metastatic vertebral tumors in patients

Indicator

Indicator value (n = 19)

The location of a metastatic tumor in the spine according to the Tomita classification

1 type 4 (21 %)
5 type 1(5%)

7 type 14 (74 %)
Localization of the tumor in the vertebra

body 13 (68 %)
body + peduncle of the arch 3(16 %)
total defeat 3(16%)
The degree of tumor spread according to the Weinstein-Boriani classification

B+C 18 (95 %)
A+B+C 1(5%)
Level of lesion

Cervical 2(10.5 %)
Thoracic 7 (37 %)
Lumbar 8 (42 %)
Sacral 2(10 %)
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1 fraction) and hypofractionation mode (SFD 5Gy,
TFD 25Gy, 5 fractions) in the period from 01/01/2020
to 03/31/2022.

The average age of the patients was 55.47 + 2.89
years, the ratio of men and women was 2:10. Grade
1b epidural compression was detected in only 1 pa-
tient. The stability of the spinal column on the SINS

W paguoxupypruyeckoro neyeHua MetactaTuyeckumx OI'IyXOHEVI NO3BOHKOB

scale averaged 5.0 + 0.59 points. All patients were
neurologically intact (Frankel type E) and functionally
intact (70-80 points according to Karnofsky). Pain
syndrome before the course of radiation occurred in
all patients, the average score according to VAS was
5.4 + 0.67. According to the histological type of the
primary tumor, the distribution was as follows: breast
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Fig. 1. Assessment of local control after radiation therapy in patient L-o. A, B = MRI and CT data of the thoracic spine before treatment (signs
of metastatic lesion of the Th3 vertebra); C - data of the control PET-CT during the observation period 3 months after irradiation (there are
no signs of pathological activity in the irradiation zone); D — data of the control PET-CT during the observation period after 12 months after
irradiation (signs of recurrence of formation in the area of the vertebral arch peduncle)
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cancer — 10 (84 %) patients, skin melanoma -1 (8 %)
patient, without an established primary focus -
1 (8 %) patient. The characteristics of metastatic
vertebral tumors in patients with neuroimaging are
represented in Table 1.

The general tumor volume (GTV) averaged
30.56 = 7.8 cm?. The average radiation dose for
single-fraction courses was 26 [13; 16] Gy. When
using the hypofractionation technique, the average
total focal dose (TFD) was 25 [25; 26] Gy, the average
single focal dose (SFD) was 5 [5; 8] Gy.

A single metastatic lesion in the spine at the be-
ginning of treatment was observed in 2 (17 %) pa-
tients, in the remaining patients metastatic lesion of
the vertebrae was of a multiple nature. In addition
to the spine, 6 (50 %) had metastasis to other flat
bones of the skeleton, and 4 (34 %) had visceral me-
tastases.

To assess the neurological status and condition
of patients, the Frankel and Karnofsky scales were

used, the intensity of pain syndrome was assessed
using a visually analog pain scale (VAS), and the
SINS scale was used to assess instability in the af-
fected spinal-motor segment. All patients were ex-
amined on the day of admission, at discharge and
every 3 months after completion of the course of
radiation therapy. All patients underwent computed
tomography (CT) and magnetic resonance imaging
(MRI) of the spinal column before treatment, postop-
erative assessment of local control was carried out
using positron emission tomography — computed
tomography (PET-CT) with 18F-fluorodeoxyglucose
(18-FDG) (Fig. 1).

The irradiation was carried out on the Novalis Tx
linear accelerator, Varian. Topometric tomography
was previously performed on a Siemens Somatom
computed tomograph, and preliminary topometry
was processed at the Singo Via virtual simula-
tion station. A full-body vacuum mattress with an
ArmShuttle board was used for immobilization and

Fig. 2. Radiation planning. A — anatomical segmentation and contouring of critical organs and structures; B — delineation of the GTV volume
from images of various modalities and formation of the CTV volume; C - contouring of the spinal cord and the formation of PTV volume;
D - dosimetry planning with control of target coverage and load on critical organs and structures, followed by analysis of the calculated

irradiation plan
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reproducibility of the patient's laying. Using the Ele-
ments Brainlab software, segmentation, contouring
and formation of a 3D treatment plan for a linear
accelerator were performed. The laying and con-
trol of the patient's position were performed using
orthogonal X-rays using the ExacTrac X-Ray Moni-
toring BrainLab positioning system. Verification of
the calculated stereotactic radiotherapy treatment
plan was carried out on a StereoPHAN phantom with
a matrix of SRS Mapcheck detectors. Before the
radiosurgical treatment session, the absolute dose
calibration of the accelerator and the calibration
of the positioning system were checked. The dose
was delivered using a dynamic volume modulated
technique (VMAT).

The clinical volume of the tumor (CTV) was
determined in accordance with the International
Spine Radiosurgery Consortium Consensus Guide-
lines [4]. The planned tumor volume (PTV) was cal-
culated by adding a 2 mm edge to the CTV bound-
aries, minus the PRV (planning risk volume) for
the spinal cord (+ 3 mm to the edge of the spinal
cord in all directions) and taking into account the
location of the risk organs (oropharynx, esopha-
gus, etc.) (Fig. 2).

For each group of indicators, the type of data dis-
tribution was determined (histogram construction
according to the Kolmogorov — Smirnov test). If the
application of the criterion showed a normal dis-
tribution of data, the average, the error of the aver-
age (M £ m) was used for the description. When the
distribution differs from the normal law, the values
of the median, 1st and 3rd quartiles (Me [Q1; Q3])
were used for the description. The threshold level of
significance for testing statistical hypotheses was
assumed to be 0.05.

STUDY RESULTS

In 12 patients, 19 metastatic vertebral tumors
were irradiated.

The majority of patients (80 %, n = 10) underwent
1 course of radiation therapy, 20 % of patients re-
ceived 2 courses of radiation. At the same time, ir-
radiation of one vertebra was performed in 8 (67 %)
patients, 4 (33 %) received irradiation of two or more
segments of the spinal column. The SBRT technique
was used in 6 (50 %) patients, radiosurgery (SRS)
was used in 4 (34 %) patients. Both SBRT and SRS

1 PanoXMpYpPruyeckoro IeYeHns MeTactaTuyecknx onyxonei No3BOHKOB

irradiation techniques were used in 2 (17 %) patients
on various affected segments of the spinal column.

The radiation therapy performed was part of the
complex treatment in 10 (83 %) patients, combined -
in2 (17 %).

The average duration of follow-up was
12.18 + 2.23 months. Radiological local control
(complete, partial response and stabilization of
the disease according to the RECIST criteria) was
achieved in 11 (92 %) patients within 6 months, in 10
(83 %) — within 1 year. Progression of the underlying
disease during the follow-up period was noted in
6 (50 %) patients. The average survival rate before
progression was 9.11 + 2.69 months. A decrease
in back pain after irradiation was noted by 8 (67 %)
patients, there were no cases of an increase in pain
syndrome.

DISCUSSION

Stereotactic radiation therapy and radiosurgery
show high efficiency in the treatment of metastatic
tumors of the vertebrae. One of the primary goals of
irradiation of tumors that do not compress the spinal
cord is the treatment of pain syndrome. Vargo J. A.
et al. [5] It is proposed to apply certain modes of irra-
diation, depending on the purpose of the treatment.
If the main task is to relieve pain, then preference is
given to radiation for 1 fraction (16—18 Gy). In order
to achieve long-term local control, preference is giv-
en to fractionated SBRT modes (8-9 Gy x 3 fr,, or
6-7 G x 51r.).

Randomized studies of the analgesic effect
of radiation therapy performed in patients using
single-fraction SBRT (16—18 or 24 Gy) and mono-
multi-fraction CRT (8 Gy for 1 fraction or 30 Gy for
10 fractions) showed no significant difference be-
tween the groups of patients 3 months after treat-
ment, and a significantly better effect of SBRT after
6 months [6, 7]. The limitation of these studies was
the lesion of no more than 2 adjacent vertebrae
and the presence of a distance of at least 3 mm
between the edge of the tumor and the spinal cord
(no more than 1b degree ESCC), otherwise the
groups could not be randomized. Sahgal A. and
co-author. [8] In the course of a randomized multi-
center study, the advantages of SBRT (two-fraction
24 Gy) over CRT (20 Gy in 5 fractions) in effective-
ness against pain syndrome in metastatic spinal in-
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jury were also noted, even during the first 3 months
after treatment. The results of randomized stud-
ies comparing the effectiveness of CRT and SBRT
techniques in relation to local tumor control are
currently not available in the literature. Meta-anal-
ysis conducted by Singh R. et al. [9], which included
3237 patients, showed the presence of local tumor
control in 92.9 % of patients after single-factional
SBRT (RS) versus 81 % after CRT or 82.1 % after
multi-factional CRT.

Local radiation does not prevent the progression
of the underlying disease, so it should be used in
combination with chemotherapy treatment. During

the follow-up period, progression was noted in 50 %
of patients, while local control was achieved by the
end of the first year after completion of the radiation
course in 83 %.

CONCLUSION

Stereotactic radiation therapy and radiosurgery of
metastatic vertebral tumors without compression of
neural structures provides local tumor control in 92 %
of patients for 6 months. and in 83 % of patients
within 1 year, regression of pain syndrome after ir-
radiation — in 67 % of patients.
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ABSTRACT

Purpose of the study. Was to reveal the effect of urokinase gene knockout in male and female mice with transplanted
B16/F10 melanoma on the functions of the fibrinolytic system units.

Materials and methods. Male and female mice were used: main group with genetically modified mice C57BL/6-Plautm1.
1Bug — ThisPlauGFDhu/GFDhu (uPA-/-); control group with C57BI/6 (uPA+/+) mice. B16/F10 melanoma was transplanted
by the standard methods to the animals, and levels of plasminogen (PG), plasmin (PAP), urokinase receptor uPAR, content
(AG) and activity (act) of uPA, t-PA and PAI-| were measured with ELISA (Cussabio, China) in 10 % tumor homogenates and
peritumoral area after 3 weeks of tumor growth.

Results. The activity and levels of urokinase in intact uPA-/- animals were significantly (by 100-860 times) inhibited, compared
to uPA+/+, but uPAR levels were unchanged in females and were 1.9 times lower in males. PAP levels in uPA-/- mice were
2.1-4.2 times higher than in uPA+/+ animals. The growth of B16/F10 melanoma in uPA-/- mice was slower and metastasizing
was suppressed, but their survival was not improved. The dynamics of changes in components of the fibrinolytic system in
presence of melanoma growth differed in uPA-/- mice, compared to uPA+/+ animals: PAP levels in tumor samples decreased
by over 2 times, uPA levels and activity were not increased, PAIl was practically unchanged, but activity of t-PA elevated by
3.8-8.2 times, as well as in uPA+/+ mice.

Conclusion. Despite the suppression of the growth and metastasis of the primary tumor nodes in uPA-/- mice, their average
survival was not improved, which indicates that the mechanisms of tumor are complex and there are alternative biological
pathways supporting melanoma to survive in conditions of the urokinase gene knockout.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

3BeHbA GUOPMHONUTMYECKOI CUCTEMDI Y MbILIEI C HOKAYTOM MO FEHY YPOKMHA3bI
Ha ¢oHe pocTa MenaHoMbl B16/F10
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r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus

2Orb0Y BO «PocToBcKuil rocyAapCTBEHHbI MeAULIMHCKMIA yHUBepcuTeT» MUHUCTepCTBa 3paBooxpaHeHus Poccuiickon depepaumy,
r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
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PE3IOME

Llenb uccnepoBaHus. MayuyeHne BAUSIHUA HOKayTa Mo reHy YpoKUHasbl Y Mbllleil 060ero nona c nepeBuToi MenaHoMow
B16/F10 Ha pyHKUMOHUpOBaHUE 3BEHbEB (DUOPUHONTMTUYECKON CUCTEMDI.

Martepuanbi u MeToAbl. Bbiny MCNonb30BaHbl MbiLLY 060Ero Nosia: OCHOBHas rpynna reHMoanduumMpoBaHHas nMHusa C57BL/6-
Plautm1.1Bug - ThisPlauGFDhu/GFDhu (uPA-/-); rpynna kKoHTpons — nuHust C57BI/6 (UPA+/+). XXMBOTHbBIM Mo cTaHZapTHOM
MeToAuKe nepesuBanu menaHoMy B16/F10 n yepes 3 Hegenu pocta B 10 % roMoreHaTax onyxonm u ee nepudokanbHom
30He MDA MeTofioM onpefiensny ypoBeHb: NnasMuHorena (M), nnasmuHa (PAP), pellentopa ypokvHasbl UPAR, conepxxaHue
(Ar) n akTuBHOCTB (aKT) UPA, t-PA 1 PAI-l (Cussabio, Kutait).

PesynbraTbl. Y MHTAKTHbIX XXMBOTHbIX UPA-/- B KOXe OKasanacb CyLLeCTBEHHO nofjasfieHa, No cpaBHeHuto ¢ uPA+/+ ak-
TUBHOCTb U cofiepXaHue ypokuHa3sbl (B 100—860 pas), o4HaKo y caMOK He U3MeHuCcs ypoBeHb UPAR, Toraa Kak y camuoB
cHusuncs B 1,9 pasa. YpoBeHb nnasMuHa y uPA-/- Mbiluein 6b1n Bbiwe B 2,1—4,2 pasa, Mo cpaBHeHWIO ¢ UPA+/+ XXMBOTHbIMU.
PocTt MenaHombl B16/F10 y uPA-/- Mblwweit 6b11 3aMefieH, TOpMO3UIOCh MeTacTa3npoBaHue, OAHAKO He yBemunBanachb
NPOAOCHKUTENIBHOCTb XU3HW. [IMHaMUKa U3MeHeHU KOMNOHEHTOB PUOPUHONNTUYECKOK CUCTEMbI NPU POCTE MENTaHOMbI
y UPA-/- Mblluein oTnnyanacb oT UPA+/+: B o6pasLax onyxonu cHuxarncsi ypoBeHb PAP 6onee yem B 2 pasa, He noBblwarn-
CSl ypOBEeHb W aKTUBHOCTb UPA, npakTnyecku He pearuposana PAl, ogHako, Kak 1 y uPA+/+ Bo3pacTasna akTMBHOCTb t-PA
B 3,8—8,2 pa3za.

3akntoyeHue. HecMoTpsA Ha NogaB/ieHWe pocTa NEPBUYHOMO y3/ia ONyXoan U NPOLLECCOB MeTacTasMpoBaHUSA Y MblLLen
UPA-/-, cpeAHAs NPOAOHKUTENBHOCTb XXM3HU HE YBeIMYMBanach, YTo CBUAETENIbCTBYET O C/IOXKHbIX MeXaHn3Max oryxose-
BOW 60/1€3HU U HaNMYMK anbTepHaTUBHbIX GUONIOTMYECKMX NYTEN, MO3BONAIOWMX MESIaHOME NMPOrPeccMpoBaTh B YCII0BUSX

HOKayTa reHa ypokunHasbl.

KntoyeBble cioBa: HoKayT NO reHy ypokuHa3sbl, Mbllu, MenaHoMa B16/F10, pubpuHonutuyeckas cuctema

[na untuposanus: ®panuunsaHy E. M., baHgoBkuHa B. A., Cypukosa E. 1., Kannuesa W. B., Moropenosa 10. A., Hecky6una W. B., Tpenutaku J1. K.,
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INTRODUCTION

The fibrinolytic system is considered one of the
leading mechanisms of carcinogenesis, due to the
destruction of cell membranes, proliferation, migra-
tion and invasion of cells [1].

Urokinase-type (UPA) and tissue-type (t-PA) plas-
minogen activators are serine proteases that convert
plasminogen into plasmin after binding to the uPA
receptor (UPAR) [2]. uPA is found on the surface of
tumor cells, and its overexpression at the final stage
of transformation of malignant cells contributes to
the processes of metastasis [3]. The activation of
the fibrinolytic system and the formation of plasmin
stimulates metalloproteinases, vascular growth fac-
tors, this in turn consequently destroys the physical
barrier to the migration of tumor cells and stimulates
tumor growth [4].

Several researchers believe that understanding
the molecular mechanisms of the biological action
of the plasmin/plasminogen system and inhibition
of angiogenesis by blocking serine proteases may
allow improving therapeutic strategies for regulating
the growth of malignant tumors and disorders asso-
ciated with neovascularization [5, 6].

It has been previously shown that changes in the
links of the fibrinolytic system of the skin occur in the
growth dynamics of B16/F10 transfused melanoma
in C57BI/6 mice with wild type genes, characterized
by increased activity of all components of the plas-
minogen activation system, subsequently leading to
an increased content of plasmin in it. The comorbid
disease, i.e. chronic neurogenic pain, has a modify-
ing effect on the studied indicators [7-9].

Experimental models of tumors make it possible
to find out the causes, study the pathogenesis of the
tumor process, develop methods for its prevention
and treatment, while the use of various animal lines,
including those with genetically determined char-
acteristics, is justified [10]. Models of genetically
engineered mice have been successfully used for
decades in modeling the tumor process [11]. There
are certain types of transgenic mice used in studies
of the malignant process in which oncogenes can
be constitutively or conditionally expressed. In such
animal models, tumor suppressor genes can be sup-
pressed using traditional methods such as retroviral
infection, microinjection of DNA constructs and the
so-called "gene-directed" transgenic approach. To
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date, transgenic models have become traditional and
are successfully used in carcinogenesis studies [12].

For us, the mice with uPA gene knockout were of
the greatest interest, obtained using a molecular ge-
netic method during which changes are made to the
nucleotide sequence of the uPA gene, as a result of
which urokinase is not bound by the urokinase-type
plasminogen activator receptor (UPAR). These mu-
tant animals can be used in the study of inflamma-
tion, oncogenesis, and fibrinolysis mechanisms in
tumors and surrounding tissues.

The aim of the study was to study the effect of
knockout by the urokinase gene in mice of both
sexes with B16/F10 transplanted melanoma on the
functioning of the fibrinolytic system links.

MATERIALS AND METHODS

The study used genetically modified female and
male mice of the C57BL/6-Plautm1.1Bug — This-
PlauGFDhu/GFDhu (uPA-/-) line with an initial weight
of females — 24-26 g, 31-33g for males. The rodents
were btained from the nursery of laboratory animals
"Pushchino” Branch of the Institute of Bioorganic
Chemistry named after Academicians M. M. Shem-
yakin and Yu. A. Ovchinnikov (Pushchino, Moscow
region). Animals with urokinase knockout gene
(uPA-/-) can be used in studies of chronic tissue in-
flammation, mechanisms of fibrinolysis, oncogenesis
and vascular growth in the tumor and surrounding
tissue. Mice of both sexes of the C57BL/6 (UPA+/+)
line with an initial weight of 21-23 g obtained from
the Andreevka Scientific Center for Biomedical
Technologies (FMBA) (Moscow Region) were used
as controls. The animals were kept under natural
lighting conditions with free access to water and
food. The study was conducted in accordance with
the "International Recommendations for conducting
biomedical research using animals” and the Order of
the Ministry of Health of the Russian Federation No.
267 dated 06/19/2003 "On approval of the rules of
laboratory practice”.

The study was performed on 64 male and 64 fe-
male mice. The animals were divided into groups of
10 individuals each: intact females and males of the
C57BL/6 line (UPA+/+); intact females and males of
the C57BL/6 line -Plautm1.1Bug — ThisPlauGFDhu/
GFDhu (uPA-/-); control group females and males
of the C57BL/6 line (uPA+/+) 3 weeks after trans-
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plantation of melanoma B16/F10; the main group of
females and males of the C57BL/6-Plautm1.1Bug -
ThisPlauGFDhu/GFDhu (uPA-/-) line 3 weeks after
transplantation of melanoma B16/F10. The study
period — 3 weeks after the transplantation of mela-
noma B16/F10 was chosen because it was the stage
of mass death for male mice and the beginning of
death of females, in addition, after 3 weeks, maxi-
mum differences in average tumor volumes in ani-
mals of uPA-/- and uPA+/+ lines were noted. Groups
of uPA-/- (12 individuals of each sex) and uPA+/+
(25 individuals of each sex) animals were separately
identified for the study of average life expectancy.

This work used a cell line of mouse melanoma
B16/F10 metastasizing to the lungs, obtained from
the N. N. Blokhin Russian Research Center of the
Russian Academy of Medical Sciences (Moscow).
Melanoma B16/F10 was transferred by subcutane-
ous injection of 0.5 ml of tumor tissue suspension
in saline solution (1:10) into the right hind leg of
a mouse according to the standard procedure [13].
With standard grafting, the tumor appears in 100 %
of cases, grows quite quickly and on the 12th-16th
day of growth metastasizes mainly hematogenously
to the lungs (60-90 %), less often to the liver and
spleen [14]. For the experiment, the second passage
of melanoma B16/F10 transplantation in C57BL mice
was used/6.

Tumor growth was assessed by daily measuring
its diameters in three mutually perpendicular areas,
followed by calculating the volume of the tumor as
the product of its three measurements.

Intact animals, as well as mice of the control and
main groups, were decapitated 3 weeks after the
transplantation of melanoma, and the following were
isolated in the cold: tumor, perifocal zone, skin. The
samples were mechanically homogenized, 10 % ho-
mogenates were obtained from the tissues, prepared
on a 0.1M potassium phosphate buffer pH 7.4 con-
taining 0.1 % Twin-20 and 1 % BSA In tissue homoge-
nates, the level of plasminogen (PG), plasmin (PAP),
urokinase receptor uPAR, content (AG) and activity
were determined using enzyme immunoassay meth-
ods (act) uPA, t-PA and PAI-I (Cussabio, China).

Statistical processing of the obtained results
was carried out using the Statistica 10.0 program.
For all quantitative data, the group arithmetic mean
(M) and standard error (m) were calculated. All the
results obtained were checked for compliance with

the law of normal distribution (Shapiro-Wilk crite-
rion (for small samples)). When the sample cor-
responded to the normal distribution, parametric
statistics were used (Student's criterion), and when
there was a discrepancy, nonparametric statistics
were used (Wilcoxon-Mann-Whitney criteria). The
differences were considered statistically significant
at p < 0.05.

STUDY RESULTS

It was found that the process of carcinogene-
sis in genetically modified female mice (uPA-/-)
compared with the control (UPA+/+) had features
consisting in a reduction in the preclinical period of
melanoma development and a decrease in the aver-
age volume of tumor nodes at all stages of obser-
vation (from 1 to 4 weeks). Single lung metastases
were diagnosed in the females of the experimental
group, whereas metastatic lung and liver damage
was observed in the control group. In males, tumors
were characterized by a fairly active, "spasmod-
ic" growth, and their average volume at 4 weeks
after transplantation did not differ from those in
mice with a normal genome. In uPA-/-males, no
visible metastases to internal organs were detected
at all stages of the growth of B16/F10 transfused
melanoma, but hemorrhages to the lungs were de-
tected. The average life expectancy in uPA-/- and
uPA+/+ mice had no significant differences and
was 34.6710.67 versus 30.25 + 1.67 in females,
and 23.33 + 3.18 versus 22.1 + 0.82 in males, re-
spectively [15].

Based on the previously obtained results of differ-
ences in the growth of malignant tumors in animals
with a knockout of the urokinase gene and a wild
type of gene, it was interesting to find out what differ-
ences in the content and activity of the main links of
the fibrinolytic system of the skin are characteristic
of animals with a knockout of the urokinase gene
(Tables 1, 2).

Compared with animals of the control group, only
traces of uPA were recorded in the skin of intact uPA-
/- mice of both sexes: a decrease in uPA levels and
activity was noted by 100-860 times (Tables 1, 2).
In intact uPA-/- females, the high content of PPB
attracts attention, exceeding 4.2 times the same indi-
cator in female uPA+/+ mice with a 1.3-fold (p 0.05)
reduced PG content.
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In intact uPA-/-males, concentrations of both
PAP and PG were increased 2.1-fold and 1.8-fold in
the skin, compared with those in the skin of intact
uPA+/+ mice (Table 2).

In conditions of uPA deficiency with a high con-
tent of PAP, an increase in the level of the second
activator of PG — tPA was expected, However, its
content and activity were reduced only in uPA-/-
males by 4.3 times and 1.7 times, respectively. In
uPA-/- females, a decrease was revealed, relative
to the data in uPA+/+ mice, only tPA activity by
2.5 times, despite an increase in its content by
1.7 times.

The amount of the uPAR receptor in uPA-/- female
mice was at the same level as in uPA+/+ mice, where-
as in males it was reduced by 1.9 times. Significant
differences with the norm were also observed for
PAI-1: in females, uPA-/- PAI-l activity and its content
were 15.0 and 3.0 times lower than normal, respective-
ly, in males by 4.9 times and 9.8 times, respectively.

Since the average tumor size in female uPA-/-
mice was smaller after 3 weeks of the experiment
than in uPA+/+ females [15], a comparative analysis
of the links of the fibrinolytic system in samples of
melanoma of animals with knockout and mice with
wild genome type was further performed.

Table 1. The content and activity of fibrinolytic system components in the skin, tumor and perifocal zone of female uPA -/-
mice with melanoma B16/F10 3 weeks after transplantation (M + m)

Intact mice skin

Indicators
(normal)

Skin

Tumor volume cm?® Perifocal zone

UPA -/- female mice (n = 10)

uPA-act (u/g t) 0.010 £ 0.001° 0.009 + 0.0009%3 0.025 + 0.0023 0.01 +0.001°
UPA-AG (ng/g t) 0.220 + 0.02° 0.24 +0.01823 0.14 £ 0.011'3 0.73 £0.06'23
uPAR (pg/gt) 58.20+4.3 56.2 + 4.7 66.2 + 5.3° 59.5 + 5.3%
PAP (ng/g t) 45.0 +3.4° 18.75+ 1.6' 19.7 +1.413 24.4£2.213
PG (ng/g t) 7.70 + 0.6 10 +0.97'3 81+0.77° 20+1.7122
tPA-act (u/gt) 0.240 £ 0.028 0.16 £ 0.014"23 1.95+0.16' 0.155+0.014"23
tPA-AG (ng/g t) 0.670 £ 0.05° 0.34 +0.028'23 0.69 + 0.05° 1.55+0.13'28
PAl-l-act (u/g t) 1.60 £ 0.1° 1.85+0.1528 3.05+0.29"3 5.25 + 4.4"23
PAI-I-AG (ng/g t) 3.30+0.38 22+0.17'8 2.7+0.243 2.8+0.223
uPA +/+ female mice (n = 10)

uPA-act (u/g t) 1.6+0.12 2.5+0.2 2.8+0.19 26+017
UPA-AG (ng/gt) 31.7+2.1 187.5+13"2 335.5+ 23" 186.5+12.5'2
uPAR (pg/gt) 56.06 + 4.5 65.36 + 5.6 141.8 £11.7° 112.0 £ 9.6
PAP (ng/g t) 10.7+0.7 19.9+1.1'2 36.4+1.5 18.9+1.213
PG (ng/g t) 10.25+0.9 135+ 1.1 16.7 +1.4" 11.03£0.9
tPA-act (u/gt) 0.6 +0.04 0.7 £0.032 22+0.19 0.7 £ 0.06°
tPA-AG (ng/g t) 0.4 +£0.02 2.0+0.15'? 12.3+0.9" 2.5+0.13'3
PAl-l-act (u/g t) 24.0+0.16 24.0+1.42 711242 81.0+5.8"
PAI--AG (ng/g t) 9.9+0.4 2454182 79.5+6.3' 71.6 £5.21

Note: ' - the differences are statistically significant relative to the norm in animals; 2 = compared with a tumor; 3 — compared with similar sam-

ples in uPA+/+ animals (p < 0.05)
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In the tumor samples of uPA-/- females, compared
with the tumor samples of uPA+/+ females, the indi-
cators of the determined factors were significantly
lower: the activity and content of uPA by 112 times
and by 2396 times, the level of uPAR by 2.1 times,
PP and PG by 1.8 times and 2.1 times, the content of
tPA by 17.8 times, the activity and content of PAI-1
by 23.3 times and 29 times, respectively. Only the
activity of tPA did not have significant differences
in tumor samples depending on the urokinase gene.

That said, 3 weeks after the transplantation of
melanoma B16/F10 in uPA+/+ females in tumor
samples, compared with the corresponding intact

skin, an increase in all studied parameters of the
fibrinolytic system was noted, whereas in uPA-/- fe-
males in melanoma samples such stimulation was
not detected, except for an increase in activity, but
not the content tPA.

There were also differences in the studied param-
eters in the perifocal zone and the skin unaffected by
tumor growth. Thus, in the perifocal zone of uPA -/-
females after 3 weeks of melanoma growth, uPA ac-
tivity and level were lower than in the perifocal zone
of uPA+/+ mice by 260 and 255 times, respectively,
and the concentration of uPAR was also 1.9 times
lower. The level of tPA, as well as its activity, were

Table 2. Content and activity of fibrinolytic system components in the skin, tumor and perifocal zone in male uPA -/- mice

with melanoma B16/F10 3 weeks after transplantation (M £ m)

Intact mice skin

Indicators
(normal)

Tumor volume cm?® Perifocal zone

uPA -/- male mice

uPA-act (u/gt)

0.010 £ 0.0013

0.009 + 0.0007%3

0.013+0.0011"®

0.015+0.001"2

UPA-AG (ng/g t) 0.250 £ 0.023 0.25+0.018%2 0.10 £ 0.009"® 0.39 £0.03'®
uPAR (pg/g t) 56.90 + 4.33 67.4+59 90.8+7.6' 67.55+ 5.52
PAP (ng/gt) 30.0+2.58 18.13+1.4'3 14.4+0.9"3 18.13+1.7°
PG (ng/gt) 12.50 +0.98 9.1+0.77'3 10 £ 0.078 12.2+0.8
tPA-act (u/g t) 0.320 + 0.023 0.17 £+ 0.015"23 1.22+0.78"3 0.17 £ 0.014'23
tPA-AG (ng/g 1) 0.70 £ 0.05°% 0.66 + 0.06%3 0.46 £ 0.04"3 0.88 £0.0712°
PAl-l-act (u/g t) 2.60 +0.23 1.77 £ 0.13128 2.87+0.21° 2.37+0.18°
PAI-I-AG (ng/g t) 410+0.33 243 +£0.21'%3 3.9+0.33° 4.8+0.433
uPA +/+ male mice
uPA-act (u/g t) 1.561+0.10 1.65+0.143 2.7+0.21 1.9+0.17
UPA-AG (ng/g t) 215.3+16.8 181.6 £17.1° 300.4+24 210.3+19
uPAR (pg/g t) 110.3+6.5 65.13+5.7" 73.48 + 5.3 85.96 + 7.2
PAP (ng/g t) 14.52+0.9 30.7+29 488+ 4.1 19.8+1.7
PG (ng/g t) 6.851+0.5 15+1.2 21.6+1.9 13+1.1
tPA-act (u/g t) 0.551+0.04 0.86 + 0.07 2.4+0.19 0.8+0.06
tPA-AG (ng/g 1) 2.981+0.2 4.8 +0.38" 11.6 £0.9 551042
PAl-l-act (u/g t) 12.61+1.02 52.5+4.7 41.3+3.8 59.4+5.6
PAI-I-AG (ng/g t) 40.0+3.5 28+2.5 39+34 548+45

Note: ' - the differences are statistically significant relative to the norm in animals; 2 - compared with a tumor;  — compared with similar
samples in uPA+/+ animals (p < 0.05)
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1.6 times and 4.5 times lower than in animals without
knockout, respectively. The activity of PAI-I and its
content were reduced by 15.4 times and 25.6 times.
Despite this, the level of PAP and PG in the perifocal
zone of uPA-/- females turned out to be 1.3 times and
1.8 times higher than in uPA+/+ females, respectively.

That said, in the perifocal zone in female uPA+/+
mice, after 3 weeks of melanoma growth, almost all
links of the fibrinolytic system (with the exception of
PG and tPA activity) exceeded the indicators in the
skin of intact animals, whereas in uPA-/- mice in the
perifocal zone, compared with the skin of intact an-
imals, only an increase in the content was detected
PG, uPA and tPA, without increasing their activity, as
well as increased activity of PAI-I.

In the skin of uPA-/- females unaffected by tu-
mor growth, almost all indicators of the fibrinolyt-
ic system were reduced, except for the absence of
differences in PAP and uPAR, compared with skin
samples in uPA+/+ females. Thus, in skin samples
with tumor growth in females, uPA-/- activity and uPA
content were lower by 277.8 times and 781.3 times;
tPA activity and content by 4.4 times and 5.9 times;
PAI-I activity and content by 13 times and 11.4 times,
respectively. After 3 weeks of tumor growth, the
dynamics of changes in the studied parameters in
unaffected skin in uPA+/+ females, compared with
intact mice, generally corresponded to the orienta-
tion in the tumor and perifocal zone - activation of
the fibrinolytic system was observed, whereas in
uPA-/- females, on the contrary, either no changes
or a decrease in the level of RAR, activity and the
content of tPA and the content of PAI-I, compared
with intact mice of the same line.

At the stage 3 weeks after transplantation, the
volumes of primary tumors in uPA-/- males were
smaller than in animals with wild type genes [15].

In the tumor samples of uPA-/- males, compared
with similar samples in uPA+/+ males, the level of plas-
min was reduced by 3.4 times and plasminogen by
2.2 times (Table 2). The activity and content of uPA in
males with urokinase gene knockout were 208 times
and 3004 times lower than in wild-type animals, re-
spectively, and the content and activity of tPA were
25.2 times and 2 times lower, respectively. In addition,
a decrease by 14.4 times and 10 times in the activity
and concentration of PAI-l was revealed as well.

Only the uPAR content did not differ depending
on the state of the urokinase gene. So if in males

20

uPA+/+ in tumor samples, compared with intact skin
(normal), almost all the studied parameters of the
fibrinolytic system have increased, with the exception
of the receptor level, in melanoma in males uPA-/-
on the other hand only an increase in tPA and uPAR
activity was noted.

In the perifocal zone of uPA-/- males, compared
with the perifocal zone of uPA+/+ males, the activity
and level of uPA were 127 times and 538 times lower,
and tPA was 25 times and 11.4 times, and PAI-l was
25 times and 8.8 times, respectively. At the same
time, the level of uPAR, plasmin and PG in the perifo-
cal zone did not carry any significant differences de-
pending on the state of the urokinase gene. It turned
out that with tumor growth in uPA+/+ males in the
perifocal zone, the content of PAP, PG, as well as the
activity and content of tPA and PAI-l increased com-
pared with the skin of the corresponding intact ani-
mals, whereas in males uPA-/- either did not change
compared with intact skin, or decreased.

In the samples of unaffected skin in uPA-/- males
with melanoma B16/F10, compared with the indica-
tors in unaffected skin in uPA+/+ males, the concen-
trations of PAP and PG were on average 1.7 times
lower, the activity and content of uPA 183 times and
726 times, the activity and content of tPA 5.1 times
and by 7.3 times, the activity and concentration of
PAI-I by 29.7 times and 11.5 times. Only the uPAR lev-
el had no significant differences. At the same time,
it should be noted that in uPA+/+ males and in mice
with urokinase gene knockout, only the absence of
changes in the activity and content of iRA, as well as
a decrease in PAl-I levels, turned out to be the same
in unaffected skin with melanoma growth, as well
as a decrease in the level of PAI-I, compared with
the indicators of healthy skin of the corresponding
intact animals. The rest of the studied parameters
changed in different directions — in uPA-/- males
either decreased (PAP, PG, tPA activity) or did not
change (PAI-I activity, tPA content, uPAR), whereas
activation was detected in uPA+/+ (with the excep-
tion of uPAR).

DISCUSSION

Currently, it is known that urokinase (uPA) is
secreted in many malignant cells, including pan-
creatic, breast, and colorectal cancers, and its ex-
pression often correlates with the prognosis of the
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disease [4, 16]. The biological role of this protease
is to bind to the uPAR receptor to stimulate the pro-
teolytic cascade and convert inactive proteases such
as plasmin and matrix metallopeptidase 9 (MMP-9)
into active forms, thereby endowing tumor cells with
the ability to destroy the components of the extra-
cellular matrix, activate the growth and metastasis
of tumor cells [17-19]. Therefore, the role of uPA in
migration, invasion and metastasis of tumor cells is
undeniable [18].

Previously, we received confirmation of the effect
of urokinase gene knockout on the tumor process,
namely, significant suppression of tumor volume
growth and metastasis in animals of both sexes [15].
We found that in intact uPA-deficient mice of the
C57BL/6-Plautml.IBug-ThisPlau6FDhu/GFDhu line,
almost the entire cascade of PG regulators was
suppressed in the skin (with the exception of the
urokinase receptor uPAR and tPA content only in
females). We expected to detect an increase in the
activity of a number of enzymes, but in intact uPA-
/- mice, an increased content of plasmin alone was
recorded. With uPA deficiency in C57BL/6-Plautml.
IBug-ThisPlau6FDhu/GFDhu mice, plasmin activity
could have found other targets in our experiment.
We believe that an increase in the content of PAP in
knockout mice is a kind of compensation, contrib-
uting to a sharp decrease in urokinase, cleavage of
its receptor.

Despite the significant suppression of the fibri-
nolytic system in mice, uPA-/- transfused melano-
ma grew, and although it had significantly smaller
volumes (especially in females) and rarely metas-
tasized (males had no visible metastases), the life
expectancy of animals of the two lines did not have
significant differences. In addition, the level of plas-
min in the skin of intact uPA-/- mice exceeded the
values in animals of the C57BL/6 line. These points
prove the presence of alternative biological pathways
that melanoma "uses" for its survival in conditions
of knockout of the urokinase gene.

One of the alternative pathways in urokinase gene
knockout conditions may be uPAR, known as CD-87,
which is highly expressed in various tumor cells, and
various signals regulated by uPAR play an important
role in neoplasm proliferation and metastasis, tumor-
related glycolysis, as well as tumor microenviron-
ment and angiogenesis [20]. There is evidence that
it is UPAR that regulates the migration of melanoma

cells by assembling them in complex regulatory units
with transmembrane receptors [21].

Our study showed that on the background of
significant suppression of urokinase, the level of
the uPAR receptor in intact skin in females did not
change, and in males. Although an almost twofold
decrease in its concentration was detected. However,
its content in the tumor and surrounding tissues on
the background of the growth of melanoma B16/F10
has no significant differences from those in animals
with wild the type of genome. It is known that uPAR
competes with uPA for participation in many non-pro-
teolytic biological processes, such as migration, ad-
hesion, cell proliferation and angiogenesis [22]. Thus,
uPA-/- uPA functions could be performed by uPAR
in mice. In our study, the uPA-/- urokinase receptor
level in the studied samples did not change in rela-
tion to the parameters in intact animals, whereas in
males the tumor samples increased, which was ac-
companied by large volumes of melanoma in males,
compared with females.

Series of studies confirm that a decrease in uPAR
expression on the cell surface mitigates the develop-
ment of characteristic cancer signs caused by PIK-
3CA and KRas mutations in colorectal cancer [23],
and by interacting with uPA and IGF1R, uPAR is able
to enhance the malignant potential of triple negative
breast cancer [24]. Clinical observations are con-
firmed by experimental studies in which knockout of
the uPAR gene in mice leads to G2/M arrest, thereby
suppressing cell proliferation [25]. There are studies
on the possibility of using uPA inhibitors to slow tu-
mor growth and metastasis [26].

It is believed that overexpression of uPAR in hu-
man melanoma cells controls the invasive and gly-
colytic phenotype. uPAR-mediated pathways have
already been established, including the integrin-
dependent association of uPAR with at least four
IL-TKR systems: EGFR, IGFR, PDGFR and MET [27].
The results of our studies showed a significant
increase in the level of uPAR in tumor samples
and its perifocal zone in uPA+/+ mice, whereas in
uPA-/- females such a pattern was not observed
and only in uPA-/- males the concentration of the
urokinase receptor increased in tumor samples.
The complexity of various molecular pathways al-
lows malignant cells to continue to proliferate and
migrate even in conditions of urokinase deficiency,
using uPA-independent pathways of proteolytic
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activation of angiogenesis factors. This was con-
firmed by our previous studies of angiogenesis
factors in animals with urokinase gene knockout,
demonstrating an increased content of VEGF-A
and especially VEGF-C in unaffected skin in female
uPA-/- mice [28].

At the same time, it should be considered that
knockout by the urokinase gene is a kind of artificial-
ly induced genetic comorbid disease, as a result of
which the fibrinolytic system is suppressed not only
in the skin, but also in other organs and systems.
The involvement of the fibrinolytic system in various
physiological processes, wound healing, as well as
in the preservation of brain neurons after various
ischemic injuries indicates a possible insufficiency
of these processes in uPA-/- animals.

CONCLUSIONS

The fact that in uPA-/- mice, despite the extremely
small volumes of the primary tumor and rare metas-
tasis, tumor disease caused the death of animals
at the same time as in uPA+/+ animals, indicates
a significant effect of tumor disease on all regula-
tory systems of the body, regardless of the size of
the neoplasm. Our study confirmed the claim that
the use of drugs that inhibit the urokinase pathway
may be promising in the treatment of the disease
by slowing the growth of neoplasm volume and its
metastasis, but is not a panacea, since the effect of
a malignant tumor on the body is much more com-
plex, therefore further studies of the pathogenesis
of malignant growth are required.
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ABSTRACT

Purpose of the study. To study the function of the sphincter in patients with rectal cancer after chemoradiotherapy using the
method of high-resolution anorectal manometry.

Patients and methods. The study included 30 patients with cancer of the middle and lower ampullary rectum, who underwent
combined treatment at the National Medical Research Center of Oncology. The patients underwent a course of neoadjuvant
gamma radiation therapy using capecitabine. High-resolution anorectal manometry was performed before the start of treat-
ment and 2 months after completion of chemoradiotherapy to study the functional parameters of the sphincter apparatus.
The severity of anorectal dysfunction was assessed using the Wexner anal incontinence scale.

Results. According to high-resolution anorectal manometry, the average pressure of the anal canal at rest decreased by 1.4 times
(p < 0.05), and the average absolute compression pressure with voluntary contraction decreased by 1.2 times (p = 0.0012)
after neoadjuvant chemoradiotherapy. A comparative assessment of the maximum absolute compression pressure at this
stage of treatment did not allow us to trace a significant difference between its value before the start of radiation therapy
and 2 months after its completion (p > 0.05). An increase in threshold sensitivity volumes was noted in 23 patients (p = 0.16).
The use of the Wexner scale didn't show a statistically significant change in the median scores according to the results of
patient surveys following the completion of treatment (5.2 vs. 5.5 points, p > 0.05).

Conclusions. Radiation therapy has an effect on anorectal function, which may contribute to the occurrence of low anterior
resection syndrome after surgical treatment. For this reason, it is now necessary to carefully consider the risks of developing
anorectal dysfunction. Equally important is the use of methods for the prevention of low anterior resection syndrome for
patients who have received combined treatment for rectal cancer.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUT'MHAJIbHASl CTATbA

OcobeHHOCT aHOpeKTaNbHON GYHKLUMM NOCNE JIYYEBOW Tepanuu y 6ONbHbIX paKoMm
NPAMON KULIKK

0. W. Kut, 0. K. BongapeHko™, 10. A. leBopksH, H. B. CongatkuHa, M. A. l'ycapesa, H. I Kowenega, A. A. ConHuesa,
B. C. Metpos, 1. A. CaBYeHKO

®IbY «HaunoHanbHbI MeLULMHCKUIA UccnefoBaTenbCKuil LIEHTp oHKonoruu» MuHucTepcTBa 3apaBooxpaHeHust Poccuiickoit ®egepauuy,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus
B4 bondarenkoo.olga@yandex.ru

PE3IOME

Lienb uccnepoBaHus. N3yyerue hyHKLUM CHUHKTEPHOrO annapata y 60J1bHbIX pakoM MPSIMOi KULLIKW NOCe XMMUOMyYeBOit
Tepanuu ¢ NOMOLLbIO MeTofa aHopeKTalbHOM MaHOMETPUUN BbICOKOIO paspeLLeHus.

MaumneHTbl M MeTOAbI. B nccnegoBaHuy npuHumany yuyactue 30 601bHbIX PaKOM CpeaHeaMNyasipHOro U HYUXKHeaMnynsip-
HOrO OTAENOB NPSAMOWN KULLIKW, MPOXOAMBLUNX KOMBUHMPOBaHHOE NeveHne B PI'BY «HaunoHanbHbIN MeaULMHCKNUIA uccne-
[0BaTeNbCKUI LIeHTP OHKOoNornm» MuHucTepcTBa 3apaBooxpaHeHns Poccuiickon depepaunm. MauneHTaM BbINOMHANCS
KYpPC HeoafibloBaHTHOW AUCTALMOHHOW raMma-Tepanum ¢ NpuMeHeHneM KaneuutaduHa. Jns nsyyeHns GyHKLMOHaNbHbIX
napameTpoB CHUHKTEPHOro annapara BbINOMHANN aHOPEKTANIbHYHO MaHOMETPUIO BbICOKOMO paspelleHust o Havana fe-
YeHus 1 Yepes 2 Mec. Nnoce 3aBepLUeHUst XMMUOy4eBoi Tepanuu. CTeneHb BbIPaXKEHHOCTU aHOPEKTaNbHOW ANCHYHKLMM
OLleHVBanu ¢ UCNonb30BaHMEM LUKasbl @aHasIbHON MHKOHTUHeHLMKN Wexner.

PesynbraThbl. [Tocne npoBefeHNA HeOaAblOBaHTHOWM XMMUOJTy4eBOW Tepanuu No AaHHbIM aHOPeKTanbHOW MaHOMeTpun
BbICOKOrO paspelleHns nokasaTtesib CpefHero AaB/ieHNs aHa/lbHOro KaHasa B COCTOSIHUM MOKOSi CHMxascs B 1,4 pasa
(p < 0,05), a cpeaHee abCoONOTHOE JABJIEHNE CXKATUSI NMPU BONIEBOM COKpaLleHUn yMeHbLlianock B 1,2 pasa (p = 0,0012).
CpaBHUWTeNbHan OLleHKa MakCMManbHOro abCoNOTHOIO AaB/ieHUsl CXaTusl Ha aHHOM 3Tare JlIeYeHns He No3BosIMa NPo-
CneAvTb AOCTOBEPHOIO OT/INUNA MeX Y ero 3HaYeHneM [0 Hayana Jly4eBoi Tepanuu 1 Yepes 2 Mec. Nocne ee 3aBepLUeHns
(p >0,05). Y 23 naumeHTOB 6b1/10 OTMEYEHO YBENUYEHME NMOPOrOBbIX 06bEMOB YyBCTBUTENBHOCTU (p = 0,16). MpUMeHeHune
Lkanbl Wexner He nokasasno CTaTUCTUYECKMN 3HAYMMOro U3MEHEHWSA MeiMaHbl 6anoB No pesynbTaTam ONpoCcoB NaLneHToB
nocre 3asepLueHus nedenus (5,2 npotus 5,5 6annos, p > 0,05).

3akntoueHue. JlyueBas Tepanvs okasbiBaeT BMSHWE Ha aHOPEKTaNbHYIO BYHKLMIO, YTO MOXKET CMOCO6CTBOBATb BO3HMUK-
HOBEHMWIO CUHAPOMa HU3KOW NepeaHen peseKLuun nocne XMpypruiyeckoro neveHus. Mo aTon NnpuymHe B HacTosLLee BPeMS
Heo6X0AMMO yUUTbIBaTb PUCKU Pa3BUTUA aHOPEKTanbHOW AuchyHKUMM. He MeHee BaXXHbIM ABNISETCA UCMONb30BaHWe
MeTOoA0B NpodUNakTUKN CUHAPOMA HU3KOIN NepeAHen pe3ekumn Ans 60bHbIX, MONYYMBLUMX KOMOMHUPOBAHHOE leveHne
no NoBoAy paka NPsAMOW KULLIKK.

KnioueBble cnosa: CUHApOM HU3KOMN nepe,quﬁ pes3ekuunun, aHopekTasibHasd MaHOMETPUSA BbICOKOro paspelleHuns, Heoa-
AblOBaHTHaA XxuMunonyyeBsaa Tepanma

Onsa uutnposanua: Kut 0. U., BonaapeHko 0. K., FeBopksH 0. A., Conaatkuna H. B., T'ycapesa M. A., Kowenesa H. I, ConHuesa A. A.,
Metpos [. C., CaBueHko [1. A. 0cO6EHHOCTH aHOPeKTanbHO GYHKLMUK Nocne Ny4eBoi Tepanum y 60/bHbIX pPakoM NPAMON KULIKN. OXHO-
Poccuiickuii oHkonornyeckuii xypHan. 2024; 5(2):25-34. https://doi.org/10.37748/2686-9039-2024-5-2-3, https://elibrary.ru/cmrrin
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INTRODUCTION

In 2020, 1,931,590 new cases of colorectal cancer
and 935,173 deaths were detected worldwide, while
in Russia these morbidity and mortality rates were
77,213 and 42,079 cases, respectively [1]. Statisti-
cal data indicate that the problem of diagnosis and
treatment of rectal cancer continues to be relevant.

The standard of treatment for patients with locally
advanced cancer of the middle and lower ampullary
parts of the rectum is neoadjuvant chemoradiothera-
py followed by surgical treatment with total mesorec-
tumectomy. An important aspect in the treatment
of rectal cancer remains an organ-preserving strat-
egy using nerve-sparing techniques [2]. Maintaining
the integrity and functional activity of the sphincter
avoids the need for the formation of a lifelong co-
lostomy and improves the quality of the patients’
lives [3].

The use of radiation therapy at the first stage of
combined treatment can reduce the risk of local re-
currence by reducing the size of the tumor process
and improve the long-term survival of patients [4,
5]. Modern modified radiation therapy not only re-
duces the size of the primary tumor, but also reduc-
es the area of radiation for surrounding tissues [6].
Nevertheless, neoadjuvant chemoradiotherapy
may negatively affect the work of the sphincter of
the rectum [7]. Due to the increase in the number
of sphincter-preserving surgical interventions and
non-adjuvant radiation therapy in recent years, more
and more attention has been paid to functional re-
sults [8, 9]. Systematic reviews consider radiation
therapy as one of the significant risk factors for in-
testinal dysfunction [10].

According to a number of authors, the effect of
radiation therapy is associated with the development
of fibrous changes in structures and tissues exposed
to radiation [6, 11]. By reducing the elasticity of the
rectum by thickening its wall, radiation therapy leads
to a deterioration in long-term functional results [12].
When the primary tumor is located close to the anal
canal, the sphincter apparatus is often also in the
field of high radiation doses, which can affect the
tone of the sphincters, reducing the contractility of
the locking apparatus [10].

Changes in the functioning of the sphincter ap-
paratus may include an increase in the frequency
of urges and a deterioration in the control of gas

aHOpeKTanbHOM yHKLMK Nocne Ny4eBoil Tepanui y 60NbHbIX PaKOM NPAMOI KULKK

discharge and defecation with the possible develop-
ment of incontinence [13]. Similar clinical manifes-
tations may occur with varying frequency in patients
with rectal cancer after low anterior resection [14].
Therefore, it is relevant to study anorectal function
at different stages of treatment in order to develop
individual methods for preventing the development
and correction of these symptoms.

The anorectal dysfunction symptom assessment
system includes various questionnaires, the most
widely used of which are the low anterior resection
syndrome and Wexner scales. In the analysis of the
randomized clinical trial of FOWARC, neoadjuvant
radiation therapy was associated with a worse low
anterior resection syndrome score and quality of
life [15]. However, the question of the effect of neo-
adjuvant therapy on functional outcomes in patients
after combined treatment of rectal cancer currently
remains controversial.

An objective assessment of the function of the
sphincter apparatus of the rectum can be obtained
by performing high-resolution anorectal manometry.
This method of investigation represents the pressure
distribution in the anal canal, both at rest and when
performing physiological tests. The advantage of
high-resolution anorectal manometry is the use of
a higher physiological resolution created by the in-
creased density of sensitive sensors and their loca-
tion around the circumference [16]. High-resolution
anorectal manometry displays changes in anorectal
activity at rest and with various functional tests in
the form of a colored contour graph [17].

The purpose of the study: to study the indicators
of the functional state of the sphincter apparatus
in patients with rectal cancer after chemoradiother-
apy using the method of high-resolution anorectal
manometry.

PATIENTS AND METHODS

The analysis of changes in the anorectal func-
tion of the sphincter was performed in patients un-
dergoing observation and treatment in the period
from 2022 to 2023 at the National Medical Research
Center for Oncology, Ministry of Health of the Rus-
sian Federation. The study included 30 patients
with a confirmed diagnosis of cancer of the middle
and lower ampullary rectum. At the time of treat-
ment, the average age of patients was 63.2 years
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(patients ranged in age from 40 to 76 years). At the
same time, 60 % of men (18 patients) and 40 % of
women (12 patients) were men. According to the
results of histological analysis, adenocarcinoma with
a predominance of a moderately differentiated tumor
form was observed in patients (56.7 %). In 16 pa-
tients (53.3 %), the primary tumor site was located at
a distance of < 5 cm from the anorectal junction. The
median distance from the lower edge of the tumor
to the anodermal junction was 6.5 cm (3-10 cm).

Patients underwent conformal remote radiother-
apy with a single focal dose of 2 Gy 5 times a week
to a total focal dose of 50—54 Gy per primary tumor
focus and 44 Gy on the path of regional metastasis.
Radiation therapy was accompanied by modification
with capecitabine at a dosage of 1,650 mg/m? per
day orally in two doses on the days of the sessions.

To study the functional parameters of the rectal
sphincter, high-resolution anorectal manometry was
performed using water perfusion technology with
an 8-channel catheter of the WMP Solar Gl device
(MMS, Holland). The study was conducted before
the start of treatment and 2 months after the end
of chemoradiotherapy. Anorectal manometry was
performed according to a standard procedure in the
position of a patient with bent knee and hip joints.
The level of average anal pressure in the anal ca-
nal at rest and the levels of average and maximum
compression pressure were assessed. To study the
sensitivity and reservoir function of the rectum, the
first rectal sensation, the volume at the first urge to
defecate and the maximum tolerable volume when
filling the balloon with air were recorded.

The severity of dysfunction of the sphincter ap-
paratus of the rectum was assessed according to
clinical gradation using the Wexner anal incontinence
scale. The results of the scale are presented in the
form of points from 0 to 20, while intestinal incon-
tinence is established when 12 points or more are
scored.

According to the Shapiro-Wilk criterion, the pa-
rameters considered in the study had a distribution
different from normal. Statistical data processing
was carried out using the Statistica 13.0 package.
Quantitative data in our study were represented by the
median (Me) and quartile values Q1 and Q3 in the Me
(Q1 - Q3) format. The nonparametric Mann-Whitney
criterion was used to compare the variables of two
samples (before and after chemoradiotherapy).

28

STUDY RESULTS

Since the onset of rectal cancer in patients, the
clinical manifestations of tumor lesions have ranged
from episodes of intestinal discomfort and irregular
stools to involuntary defecation. Of the total study
group, 16 cases (53.3 %) had loose stools more of-
ten than 5 times a day, 12 patients (40 %) had false
urges to defecate, 7 patients (23.3 %) had manifes-
tations of anal incontinence in the form of cases of
uncontrolled gas discharge and 4 of them (13.3 %)
had incontinence intestinal contents.

Functional changes in the internal anal sphinc-
ter reflect the parameters of resting anal pressure.
When comparing the obtained indicators, the level
of average anal pressure at rest in patients has de-
creased by 1.4 times after completion of the course
of chemoradiotherapy (p < 0.05) (Fig. 1).

A similar trend was observed when estimating the
average absolute compression pressure with volun-
tary contraction. 2 months after the completion of
radiation therapy, its index in patients decreased by
1.2 times (p = 0.0012). A comparative assessment
of the maximum absolute compression pressure
at this stage of treatment did not allow us to trace
a significant difference between its value before the
onset of radiation therapy and 2 months after its
completion (p > 0.05). The values of the obtained
parameters of high-resolution anorectal manometry
are presented in Table 1.

Attention was drawn to a decrease in the endur-
ance of volitional contraction and an increase in
muscle fatigue during functional tests. Upon com-
pletion of chemoradiotherapy, there was a decrease
in the median duration of sphincter contraction from
an average of 22 seconds from the initial state to
18 seconds. Also, an increase in threshold sensitivity
volumes was noted in 23 patients, but no statistical
difference was found when comparing these indica-
tors (p = 0.16).

The study of anorectal function on the Wexner
scale did not show a statistically significant change
in the median scores according to the results of pa-
tient surveys after completion of the neoadjuvant
stage of treatment (5.2 points and 5.5 points before
treatment and after radiation therapy, respectively,
p > 0.05). Before the start of treatment, a minimum
score of 2 points on the Wexner scale was observed in
11 patients (36.7 %), while in 7 of them (23.3 %) after
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radiation therapy, the minimum threshold increased
to 4 points. At the same time, the number of patients
with a maximum score of 13 points on the Wexner
scale did not change after radiation therapy (13.3 %).

DISCUSSION

Chemoradiotherapy at the first stage of treatment
in patients with cancer of the middle and lower amp-
ullary rectum increases the possibility of performing
organ-preserving treatment and improves oncolog-
ical treatment results by reducing the frequency of
local tumor recurrence by less than 6 % [13]. How-
ever, along with this advantage, the use of radiation
therapy followed by anterior rectal resection and
total mesorectomectomy is associated with higher
rates of intestinal dysfunction [18]. The development
of anorectal dysfunction of varying severity after
combined treatment of rectal cancer was associated
with a deterioration in the quality of life in 19-52 %
of patients [19].

There are many works in the modern literature
describing a more significant effect of combined
treatment on the sphincter apparatus of the rectum
compared with surgical intervention [13, 20]. Surgical
trauma can cause neurogenic damage to the locking
apparatus due to mobilization, especially with low
rectal resections [21]. Intraoperative trauma in the
form of anal dilation can affect both the external
and internal anal sphincters with a transient zone
and the so-called "hemorrhoidal cushion" [22]. How-
ever, there are much fewer studies providing data

aHOpeKTanbHOM yHKLMK Nocne Ny4eBoil Tepanui y 60NbHbIX PaKOM NPAMOI KULKK

on the direct effect of neoadjuvant radiation thera-
py on the sphincter apparatus [9, 10]. In this study,
the effect of radiation therapy on the function of the
sphincter apparatus of the rectum was evaluated in
accordance with manometric parameters and clinical
manifestations.

Anorectal function is a complex physiological
mechanism, an important role in the implementa-
tion of which belongs to the sphincter apparatus of
the rectum. The activity of the smooth muscles of
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Fig. 1. Comparative assessment of the resting pressure index in
the anal canal

Table 1. Parameters of anorectal manometry of the subjects studied during radiation therapy

Before the start of

After radiation

PEGETIEE treatment Me (Q1; Q3)  therapy Me (Q1; Q3) P
Average anal pressure at rest (mmHg) 87 (73;92) 61 (55;74) p<0.05
Average absolute compression pressure (mmHg) 154 (128;173) 124 (102;139) p=0.0012
Maximum anal compression pressure (mmHg) 196 (161;221) 176 (149; 139) p>0.05
Endurance Test time (sec) 22 (17; 25) 18 (11;23) p>0.05
Threshold sensitivity volume (ml) 35(28; 49) 46 (41; 54) p=0.16
Threshold sensitivity volume (ml) 35(28; 49) 46 (41; 54) p=0.16
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the internal anal sphincter maintains pressure in the
anal canal at rest. While the striated musculature
of the external anal sphincter and pelvic floor is in-
volved in the implementation of arbitrary contraction,
especially over a long period [23]. The coordinated
functioning of the anal sphincters and the ampoule
of the rectum provides the possibility of adequate
implementation of the locking function [24].

The results of the analysis demonstrate a de-
crease in resting pressure after a neoadjuvant
course of radiation therapy, which is confirmed by
information from other studies found in modern lit-
erature [25, 26]. At the same time, the above data
did not reveal a significant change in the work of
the external anal sphincter compared with the work
of the internal sphincter. Also, several publications
showed no changes in the work of the external anal
sphincter after radiation therapy [26—28]. However,
in our study, a decrease in the average values of
anal compression pressure was observed, which
can be considered as a possible prerequisite for
a decrease in the strength and endurance of arbi-
trary contraction.

Randomized studies demonstrate a decrease in
resting pressure in the postoperative period after
neoadjuvant radiation therapy due to deterioration of
the internal sphincter [29, 30]. Irradiation is associat-
ed with damage to the sacral plexus and with fibrous
changes in the muscle fibers of the sphincters [31].
The greater susceptibility to radiation exposure of
the internal sphincter compared with the external one
may be due to such features as a smaller number of
muscle fibers and innervation by a thin network of
nerve fibers of the pelvic plexus [28].

Changes in the locking apparatus of the rectum
were also noted during morphological examination.
Histological analysis revealed damage to the my-
enteric plexus of the internal anal sphincter, and
there was also a tendency to increased collagen
deposition in this structure [32].

The pathogenetic aspects of the effect of radi-
ation therapy on the blocking function are studied
in many studies. In the work of Rahbari N. N. et al,,
(2013) it was found that radiation therapy can not
only cause difficulties in performing total mesorecto-
mies, but also reduce the ability of irradiated tissues
to repair, thereby leading to an increase in a number
of complications in patients after low anterior rec-
tal resection [33]. The literature has also described
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the relationship between radiation therapy and the
development of colorectal cancer failure (Kit O. I.
et al., 2018) [34].

On the other hand, the pathogenetic factor of the
negative effect of radiation therapy on the function
of anal sphincters is vascular fibrosis, pelvic and
musculoskeletal plexus [11, 32, 35]. Some research-
ers describe a malfunction of the function of the
internal anal sphincter, which is not even included in
the radiation field, which can also affect the capacity
and pliability of the rectum [36]. The above facts con-
tribute to the development of anorectal dysfunction
and the occurrence of anal incontinence in some of
the treated patients.

Irradiation of the rectum causes weakening of the
anal sphincter, as well as impaired processing of
anorectal sensory stimuli [36]. According to a study
conducted by van der Sande M. E. et al. (2019), the
relationship between the dose of radiation therapy
and the severity of anorectal dysfunction in patients
with rectal cancer was monitored [37].

Clinical manifestations of the negative effects of
radiation therapy on the function of the rectal occlu-
sion apparatus may be characterized by a specific
pattern. Most authors report a higher frequency of
loose stools and urge to defecate after radiation
therapy, signs of anal incontinence in the form of
incontinence of gases and intestinal contents and
laundry contamination are less common [13, 26, 28].
However, according to the data obtained in our study,
there was no significant difference in the clinical
picture before and after radiation therapy. The most
frequent complaints, as well as before the start of
treatment, were frequent loose stools and false urge
to defecate. Only a small number of patients had cas-
es of uncontrolled gas discharge and incontinence
of intestinal contents.

De Nardi and co-authors studied 39 patients with
rectal cancer before and after radiation therapy. The
results of anorectal manometry showed a significant
decrease only in resting pressure after the treatment.
When assessing incontinence on the Wexner scale
before neoadjuvant therapy, 5 patients already had
mild incontinence with an average score of 3, and
after neoadjuvant therapy, 11 reported incontinences
with an average score of 3.8 [38].

When assessing the quality of the function of the
sphincter apparatus according to the Wexner scale,
no significant difference in the median scores was
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noted in our work according to the results of the
patient survey. This fact suggests that radiation ther-
apy does not always cause deterioration of clinical
symptoms on the part of the evacuation function.

Thus, in our study, changes in the manometric
parameters of the internal and external anal sphinc-
ters, a decrease in the endurance of contractions of
the rectal locking apparatus were not accompanied
by significant clinical manifestations. However, the
changes we have identified may become a prerequi-
site for the development of anal incontinence after
completion of treatment.

CONCLUSION

Radiation therapy may affect the function of the
rectal occlusion apparatus, especially the internal
anal sphincter. These changes may contribute to the
formation of low anterior rectal resection syndrome
after surgery. For this reason, it is now necessary to
consider the risks of developing anorectal dysfunc-
tion. Equally important is the use of methods for
the prevention of low anterior resection syndrome
for patients who have received combined treatment
for rectal cancer.
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ABSTRACT

Purpose of the study. The purpose of this research was to investigate the effect of in vivo hypoxic conditions on the prolifer-
ative potential of HepG2 liver cancer cells.

Materials and methods. Human liver cancer cells of the HepG2 line have been cultured. The HepG2 cell suspension was
injected subcutaneously into mice in an amount of 5 x 10° to obtain a xenograft. Tumor nodes that had reached the required
size were divided into fragments and transplanted into the orthotopic site. Balb/c nude mice with implanted HepG2 liver cancer
xenograft were used in this experiment. The mice with tumor implanted in the liver were divided into two groups, intact and
hypoxic. Mice from the second group underwent liver blood flow reduction by occlusion of the portal triad for 20 minutes.
Tumor nodes were extracted for histological and immunohistochemical staining for proliferation marker Ki-67 on the 4th day
after the procedures. The proportion of positively stained cells was calculated, and the results were statistically analyzed
using the Statistica 10.0 software.

Results. Orthotopic models of liver cancer in Balb/c Nude mice were obtained. Histological and immunohistochemical stud-
ies were carried out. Histological analysis showed that hepatocellular carcinoma is characterized by an average degree of
differentiation. In the tissues of these xenografts, by using immunohistochemical analysis for the proliferation marker Ki-67,
it was possible to identify statistically significant differences between the two groups, i.e. intact and the one with reduction
of blood flow. The proportion of immunopositive cells was 65 [65-70] % and 19 [15-25] %, respectively.

Conclusion. A tendency to decreased proliferative activity of tumor cells after hepatic blood flow reduction, i.e. hypoxia expo-
sure, was demonstrated. Our data indicate that the proliferative activity of tumor cells is directly related to the microenvironment,
and to the hypoxic environment in particular. Further study of the effect of hypoxia on the processes of growth and develop-
ment of malignant tumors may contribute to a deeper understanding of the biological features of tumors and their treatment.
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PE3IOME

Lienb uccnepgosanus. OLeHNTb NponudepaTUBHYH akTUBHOCTb KNIETOK paka neyeHn HepG2 npu MoaenvpoBaHum rmnok-
CUYECKUX YCIOBUN in Vivo.

Martepuanbi n meToabl. KynbTUBMPOBanu KNeTku paka nevyeHu Yyenoseka nuHuv HepG2. [1ns nonyyeHns kceHorpadTa KneTouy-
Hyto cycneHsuto HepG2 BBOAWAM MbllaM NOAKOXHO B KonunyecTse 5 x 10°. [locTuriine Heo6xoaAMMOro pasMmepa onyxoneBble
y3/1bl AeNWAn Ha GparMeHTbl M TPaHCNNaHTUPOBasIM B OPTOTONUYECKMIA caiT. B paboTe ucnonb3osanu Mbilueit nvHum Balb/c
Nude, koTOpbIM UMNNaHTUpoBanu kceHorpadT paka neyeHn HepG2. MbiLwel ¢ MPYKMBLLENCS OMYXOJbio B NeYeHU Aennimn
Ha ABe rpynmnbl — UHTAKTHasA 1 C rMnokcmen. Mblilwam 13 BTOPOI rpynmbl BbIMOAHANN PeAyKLMIO KPOBOTOKA NeYeHN NyTem
OKKJt03UN nopTanbHoOM Tpuagbl B TedyeHne 20 MUH. Ha 4-e cyTKM nocre NpoBefeHHbIX MaHUMYNSaLMA onyxoneBble y3nbl
n3BneKkanu AN BbINOJHEHUS TMCTONIOMMYECKOro U UMMYHOTMCTOXMMMUYECKOrO OKpaLlUMBaHUA Ha Mapkep nponundepauum
Ki-67. Bbluncnsinu aonto no3MTUBHO OKPALLEHHbIX KETOK U MPOBOAWAN CTaTUCTUYECKUIA aHaNIn3 pe3ybTaToB C MOMOLLbIO
naketa nporpamm Statistica 10.0.

Pesynbrartbl. bblsiv NonyyYeHbl opToTONMYeckMe Mofenn paka nevyeHu y Moiwen nuHum Balb/c Nude. MNpoBeaeHbl ructo-
Nlornyeckoe U UMMYHOTMCTOXMMUYECKOe UccnefoBaHns. MMCTonormyecknii aHanma nokasar, 4Yto renaTouensonsapHas
KapuuHOMa xapaKTepuayeTcsi cpefHeit cTeneHbio AnddepeHUMPOBKU. B TKaHsAX AaHHbIX KCeHOrpadToB C MOMOLLbIO UM-
MYHOMMCTOXMMUYECKOrO aHam3a Ha Mapkep nponudepaumm Ki-67 ynanoch BbIiBUTb CTaTUCTUYECKU 3HAUUMbIE pPa3nnyums
MeXAay ABYMs FpynnaMm — MHTaKTHOM U C peayKLmei KpoBOToKa. [1o/18 MUMMYHOMO3UTUBHbIX KNIETOK cocTaBuia 65 [65-70]
% 1 19 [15—25] % COOTBETCTBEHHO.

3aknioyeHue. NpogeMOHCTPUPOBaHa TEHAEHLMSA K CHUXEHWIO nponndepaTUBHON akTUBHOCTMW OMyXONeBbIX KNETOK nocie
peayKLMn KpOBOTOKA MEYEeHU, TO eCTb BO3AENCTBUA MMNOKCKM. [only4eHHble HaMK flaHHble CBUAETENbCTBYIOT O TOM, YTO
nponudepaTMBHas akTUBHOCTb KJIETOK OMyXO0JSIM HanpsiMyto CBsI3aHa C MUKPOOKPYXXEHUEM, B YACTHOCTHU, C TMMOKCUYECKOM
cpepon. [lanbHenwwee ndyyeHve BO3AEeNCTBUSA MMNOKCUM Ha NPOLLECChl POCTa U pa3BUTHA 3110KaYeCTBEHHbIX 06pa3oBaHui
MOXET Cnoco6CcTBOBaThL 60s1ee rNy6oKoOMY NOHMMaHUIO BUONOrNYECKUX XapakKTePUCTUK OMyXosei N UX NeYeHus.

KnioueBble cnoBa: runokcus, neyeHb, HepG2, nponudepauus, Ki-67, in vivo
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INTRODUCTION

The hypoxic environment, characterized by low
oxygen content, plays a crucial role in the process-
es of cell survival and reprogramming. This fact is
confirmed by numerous studies on the evolution and
development of organisms [1, 2]. Particularly, it has
been established that the normal development of
mammals occurs under conditions of hypoxia (mod-
erate to severe), which regulates many aspects of
ontogenesis and morphogenesis. In addition, it is
known that the oxygen gradient is an important reg-
ulator of cellular processes in both physiological and
many pathological conditions, including malignant
diseases [3].

Sudden and short-term effects of hypoxia (from
several minutes up to 72 hours), resulting from fluc-
tuations in tumor perfusion, are accompanied by
functional and structural defects in the vascular
network of the tumor. Such exposure can lead to
the formation of high levels of reactive oxygen spe-
cies (ROS), which can damage cells [4]. Hypoxia can
also cause the growth of cancer cells to stop, slow
down proliferation and, subsequently, their death.
It has been shown that hypoxia-induced factors di-
rectly affect the proliferative activity of tumor cells
[5]. The most widely used marker of proliferation in
both normal and tumor cells is the Ki-67 protein. It
participates in the cell cycle, being involved in ribo-
some biogenesis, heterochromatin organization and
mitotic chromosome separation [6]. The Ki-67 index
makes it possible to assess the degree of malignan-
cy of the tumor and predict the course of the disease
in combination with other factors. A direct correla-
tion has been established between the number of
tumor cells expressing Ki-67 and the stage of malig-
nant diseases [7, 8]. The proliferative potential and
survival of cancer cells can be modulated by creating
hypoxic conditions, which is actively used in such
therapeutic procedures as transarterial embolization
and transarterial chemoembolization [9]. However,
it is also known that hypoxia is crucial for the sur-
vival of cells resistant to low-oxygen environments,
characterized by resistance to therapeutic effects
and increased invasive ability [10]. On this matter,
a comprehensive study of the tumor's response to
hypoxia, as well as an understanding of its positive
and negative effects, will expand the understanding
of the mechanisms of interaction of cancer cells and

the features of their microenvironment.

The effect of the level of oxygenation is studied
using various approaches, including in vitro, it is also
possible to use methods of isolated primary tumors,
but they do not accurately reflect the real parame-
ters of the tumor microenvironment [11]. An analysis
of the literature data shows that the most reliable
and trustworthy data can be obtained using in vivo
methods that allow more accurately, compared with
other research approaches, to model the effect of
hypoxia on the activity of malignant neoplasms and
their proliferative potential, which may be important
for planning further translational studies [12, 13].

The purpose of the study was to evaluate the
proliferative activity of HepG2 liver cancer cells in
modeling hypoxic conditions in vivo.

MATERIALS AND METHODS

Laboratory animals and their maintenance

For this experiment, mice with Balb/c Nude immu-
nodeficiency (n = 14) 10-12 weeks old and weighing
25-27 g have been used and obtained from the vivar-
ium National Medical Research Center for Oncology,
the Russian Federation Ministry of Health. The mice
were in an IVC system (individually ventilated cages),
food and water were provided without restrictions.
All work with experimental animals was carried out in
accordance with the ethical principle of the European
Convention for the Protection of Vertebrates Used
for Experiments or Other Scientific Purposes (ETSN
123, Strasbourg, March 18, 1986). This experiment
was approved by the decision of the local bioethical
committee of the National Medical Research Center
for Oncology.

Culture of human liver cancer cells

Human liver cancer cells of the HepG2 line were
cultured in accordance with a standard procedure
using a culture medium for DMEM cells with the ad-
dition of veal serum (Gibco, Thermo Fisher Scientific)
at a concentration of 10 %, as well as 1 % penicil-
lin and streptomycin. Cultivation was carried out in
a CO, incubator (Thermo Fisher Scientific, 8000W)
at a humid atmosphere of 37 °C, 5 % CO,,.

Creating an orthotopic model of liver cancer

Initially, before conducting the experiment, we cre-
ated a liver cancer xenograph by subcutaneously
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injecting a 5 x 10° cell suspension of HepG2 into Bal-
b/c Nude mice (n = 2). When the obtained subcutane-
ous xenographs reached a diameter of 1-1.5 cm, the
mice were euthanized, the tumor nodes were extract-
ed and divided into fragments about 1 x 1 x T mm in
size for further transplantation into the liver. Access
to the liver was carried out by performing laparotomy
on pre-anesthetized recipient animals. An incision
was made in the left lobe of the liver, after which the
previously obtained tumor fragments were placed
into the parenchyma of the left lobe of the liver using
anatomical tweezers. The wound was sewn up with
a wound stitch after the manipulations.

Creating hypoxic conditions by reducing liver

blood flow

A control laparotomy was performed to measure
the volume of tumor nodes 2 weeks after the tumor
fragments were implanted into the liver of mice. To
determine the size of the tumor node, the following
formula was used: V = LW?/2, L for the length of the
tumor, W for the width of the tumor. Then the animals
were divided into 2 groups (n = 6 for each), the distri-
bution criterion was the size of the tumor node, while
the values of the average volume of tumor nodes in
the groups differed with a minimum interval. The
first group is intact, the second group is with a re-
duction in liver blood flow. To provide access to the
liver and its blood vessels, the mice of the second
group underwent laparotomy. Then, to occlude the
vessels of the portal triad of the liver, a needle with
suture material was inserted under them and blood
flow was reduced for 20 minutes using the tension
of the suture material. After that, the tension of the
suture material was removed to restore blood supply
to the liver and the surgical wound was sutured in
layers. The mice of the first group underwent a con-
trol laparotomy without blood flow reduction.

Euthanasia

On the 4th day after the surgical manipulations,
the animals were euthanized to extract tumor nodes.
Euthanasia was performed by dislocation of the cer-
vical vertebrae.

Histological and immunohistochemical (IHC)

studies

The resulting tumor material was fixed in 10 %
formalin for 24 hours, then enclosed in paraffin, sec-
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tions were made using a rotary microtome, which
were subsequently dewaxed according to a standard
protocol. Hematoxylin and eosin staining was per-
formed for histological examination. IHC staining
was performed automatically in the BenchMark UL-
TRA Ventana immunohistostainer according to the
protocols of manufacturers attached to the antibod-
ies used. Antibodies Ki-67 (clone SP6), CellMarque
were used in a 1:200 dilution. To analyze the expres-
sion of Ki-67 by tumor cells, the proportion of cells
with colored nuclei (percentage of the total number
of tumor cells) in at least 10 random fields of view
was calculated.

Statistical analysis

The results obtained during the experiment were
analyzed using the Statistica 10.0 software package.
The data are presented in the form of the median,
25th and 75th percentiles. A comparative analysis
of the differences in Ki-67 nuclear staining between
the groups was carried out with the Mann-Whitney
statistical criterion.

STUDY RESULTS

During the experiment, orthotopic models of liver
cancer in Balb/c Nude mice were obtained by implant-
ing a fragment of the xenograft of the HepG2 cell line
directly into the left lobe of the liver [14]. A control
laparotomy made it possible to demonstrate that all
animals developed tumor nodes in the left lobe of the
liver. The measurement results showed that 2 weeks
after implantation of the HepG2 xenograft fragment
into the liver, the size of intrahepatic tumor nodes was
130.27 [42.88-345.3] mm?3. (Fig. 1).

After performing the control laparotomy proce-
dure, the animals were divided into 2 groups. In or-
der to induce hypoxic conditions, group 2 animals
underwent reduction of liver blood flow (Fig. 2). For
this, the right lobe of the liver was shifted closer to
the diaphragm, which facilitated free access to the
portal triad. Clamping the vessels of the portal tri-
ad with suture material made it possible to achieve
a reduction in the blood flow of the liver and the tu-
mor node located in it, which was visually confirmed
by a change in the color of the liver, as a result of
insufficient blood supply, the organ became paler.
After the restoration of blood supply, the liver turned
maroon again.
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The results of histological examination showed
a focus of hepatocellular carcinoma in the liver tis-
sues, characterized by an average degree of differ-
entiation, represented by solid-trabecular structures,
in the thickness of which the vessels are located.
Necrosis foci are locally present. The cellular com-
position is represented by large epithelial cells re-
sembling hepatocytes. Large polymorphic nuclei with
granular chromatin and well-distinguishable nucleoli
are visible inside the cells. Mitosis figures are also
found, including atypical forms (Fig. 3).

In the immunohistochemical study of the expres-
sion of the Ki-67 proliferation marker in the tissues of
liver cancer xenographs, the number of immunopos-

diy

itive cells was 65 [65-70] % (Fig. 4A), in the group
with blood flow reduction, the number of stained nu-
clei was statistically significantly less, which amount-
ed to 19 [15-25] % (p < 0.001) (Fig. 4B).

DISCUSSION

It is known that hypoxia is an important factor that
can contribute to the formation of cellular plasticity
and tumor heterogeneity, affecting the phenotype
and cell functions. However, despite the impressive
array of data presented in the scientific literature, it
is possible to observe a lack of correlation between
different methods of studying the effect of oxygen

Fig. 1. Measurement of a tumor in the liver of a mouse

Fig. 2. The process of performing liver blood flow reduction by
occlusion of the portal triad to induce hypoxic conditions

Fig. 3. Histological specimen: morphological picture of hepatocellular carcinoma. A — without hypoxia; B - after hypoxia. Magnification x 100
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levels, since they all provide information about dif-
ferent diseases, non-uniform time and topological
points of sampling of tumor material, or, for exam-
ple, blood oxygenation. From this point of view, the
use of animal models allows, as far as possible, to
bring uniformity to the experimental conditions and
obtain reproducible results by performing serial ex-
periments. Considering the listed advantages of the
in vivo approach, we performed an experiment to
study the effect of low oxygenation on liver cancer
cells. The results of the IHC study showed that in
tumor samples of animals with reduced blood flow,
a lower value of the Ki-67 proliferation marker was
observed. An analysis of the literature data showed
that in the works of other authors there is a direct
connection between hypoxia and the proliferative
potential of tumor cells. For example, a study of en-
dometrial tumors showed that the expression level
of Ki-67 is inversely correlated with the expression
level of hypoxia-induced factor (HIF-1a), which in-
dicates low cell proliferative activity in conditions
of oxygen deficiency. In addition, such a correlation
may contribute to reducing the effect of anti-cancer
drugs such as metformin [15]. Also, in the work on
visualization of hypoxia of cancer cells in animals
and cancer patients, it was found that tumor cells
in effusions and micrometastases were in a state
of high hypoxia and low proliferation, regardless of
the type of tumor. In this work, samples of human
and animal tumor cells were examined by IHC for
HIF-1a, glucose transporter (GLUT-1) and prolifera-
RS 5 :—,-; ‘:,
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tion marker (Ki-67). In addition, it has been convinc-
ingly demonstrated that ascites is an environment
with a very low level of oxygenation since the cells
floating in it do not have adequate blood supply and
can survive only through glycolysis pathway. It is im-
portant to note that the authors mention that tumor
hypoxia is a driving factor in resistance to radiation
therapy and chemotherapy [16].

In this study, a low level of Ki-67 expression was
noted in tumor samples of animals with blood flow
reduction, however, zoning in the location of positive-
ly colored cells was observed in tumor tissues. Cells
expressing Ki-67 were concentrated along the tumor
zones directly in contact with intact liver tissue. It is
known that the so-called "invasion front" of a tumor
is formed by cells located on its surface, and they
form patterns of invasion and tumor spread. Given
this fact, it can be assumed that cells that have re-
tained their proliferative potential, despite the effects
of hypoxic conditions resulting from blood flow re-
duction, and located along the edge of the tumor
node, may have an increased invasive potential. In
addition, the observed zonality of Ki-67 expression
may probably be related to proximity or distance
from blood vessels with reduced blood flow.

CONCLUSION

This study shows that liver tumors of mice sub-
jected to the liver blood flow reduction procedure
were characterized by lower Ki-67 values. The ob-

Fig. 4. IHC reaction of the tumor to Ki-67 antibodies (clone SP6). A — without reduction of liver blood flow; B — after reduction of liver

blood flow by occlusion of the portal triad. Magnification x 200
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ABSTRACT

Purpose of the study. Assessment of the level of certain cytokines in the saliva of patients with primary locally advanced
cancer of the oral mucosa in addition to surgical treatment with intraoperative PDT (IPDT).

Patients and methods. Patients with primary locally advanced cancer of the oral mucosa T3-4aN0-2M0 were divided into
2 groups: the main group (30 patients) underwent radical tumor removal supplemented with IPDT and the control group
(30 patients) without addition. IPDT was performed using Latus-T (farah) and a chlorin E6 photosensitizer. Cytokine levels
were determined in unstimulated whole saliva the day before, on the 3rd and on the 7th day after the operation by the ELISA
multiplex analysis method.

Results. A similar dynamic of the cytokine profile of patients of both groups was shown: on the 3rd day after surgery, the
levels of G-CSF, IL-6, MIP-1 increased, and GM-CSF and IFN-y decreased compared with baseline values. On the 7th day, the
dynamics of G-CSF, GM-CSF, IL-6 persisted, while IL-8, IL-10, IL-12 changed to the opposite.

Intergroup differences were revealed in the level of IL-1B — on day 3, an increase in the main group and a decrease in the control
group. The level of IL-7 on day 7 decreased sharply in the control group and increased statistically significantly in patients
receiving IPDT. The main group showed a 4.8-fold increase in IL-8 on day 3 and its 3.6-fold drop on day 7 with the opposite
dynamics in the control group. The TNF-a level increased only in the main group on day 7, and in the control group it decreased
by 3 and recovered on day 7. On day 3, the MCP-1 level increased in the main group and decreased in the control group. The
level of IL-17 in the main group increased on the 3rd day with a further decrease below the baseline, and in the control group
it decreased on the 3rd day, followed by a recovery on the 7th. An increase in IL-5 and IL-13 levels on day 3 was noted only
in the control group, however, the level of IL-5 in both study periods in the main group was lower than in the control group.
Conclusion. IPDT in patients with primary locally advanced oral cancer causes changes in the cytokine composition of saliva
during the first week after surgery, some of which can be associated with an elongation of the relapse-free period in such patients.
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PE3IOME

Lienb uccneposanus. OLieHKa ypOBHS HEKOTOPbIX LLUTOKUHOB B C/IOHE 60/1bHbIX NEPBUYHBIM MECTHO-PACMPOCTPAHEHHbIM
paKoM CNU3UCTOW 060/I04KM MOSIOCTU PTa NpU JOMOSTHEHUM XMPYPrMYECKOro leYeHus UHTpaonepaumoHHon OAT (MDAT).
NauueHTbl U MeToAbl. MNaLneHTbl NePBUYHBIM MECTHO-PAcnpOCTPaHEHHbIM PAKOM C/IM3NCTON 060JI04KMU MOMOCTH pTa
T3-4aN0-2MO0 6binun pacnpegeneHbl B 2 rpynnbl: ocHoBHasa rpynna (30 60/bHbIX) — MPOBEeAEeHO pajuKanbHoe yaaneHve
onyxonu, gononHeHHoe UPAT u koHTponbHas rpynna (30 nauyueHToB) — 6e3 fononHenus. UOOT NnpoBoAnUaM ¢ MOMOLLbIO
«J1aTyc-T» (papa) n hoToceHCUBM3aTOPOM XNOPUH E6. YPOBHM LIUTOKMHOB ONPESENANN B HECTUMYMPOBAHHOM LieNbHOW
CIIOHE 3a CYTKM [0, Ha 3-U 1 Ha 7-e CYTKM nocne npoBeAeHus onepaunm metogomMm NOA mynbTunnekc-aHanmsa.
Pe3synbrathbl. [MokasaHa cxoAHas AMHaMKUKa LUTOKMHOBOrO Npodunsa 60bHbIX 06eunx rpynn: Ha 3-1 CyTKM nocne onepauum
ypoBHu G-CSF, IL-6, MIP-18 noBbiwanucb, a GM-CSF un IFN-y CHm»xanncb no cpaBHEHUIO C UCXOAHbIMU NokasaTensmu. Ha 7-e
CYTKM xapakTep anHaMukun G-CSF, GM-CSF, IL-6 coxpaHsncs, a IL-8, IL-10, IL-12 MeHsincsi Ha NPOTMBOMOIOXHbIN.
MexrpynnoBble pa3nuuns BbisiB/ieHbl M0 YPoBHIO IL-13 — Ha 3-U CYyTKU NOBbILEHNE B OCHOBHOM U CHMYXEHWE B KOHTPONbHOM
rpynne. YpoBeHb IL-7 Ha 7-e CyTKu Pe3K0 CHUXKAJICA B KOHTPO/BbHOM IPyrne u CTaTUCTUYECKM 3HAYMMO MOBbILLANCS Y 6OJIbHBIX,
nonyyaslmnx MOAT. B ocHOBHOI rpynne nokasaHo 4,8-kpaTHoe nosbilueHune IL-8 Ha 3-u cyTKm u ero 3,6-kpaTHoe nageHve Ha
7-e C NPOTUBOMOIOXHOWN AMHAMUKON B KOHTPONbHON. YpoBeHb TNF-a Bo3pacTan TofIbKO B OCHOBHOW rpymnne Ha 7-e CyTKMU,
a B KOHTPOJIbHOW OTMEYEHO €ro CHUXEHMe Ha 3-M 1 BOCCTaHOBIIEHNe Ha 7-e cyTku. Ha 3-u cyTku ypoBeHb MCP-1 Bo3pacTan
B OCHOBHOW U CHW)XaJICA B KOHTPOJIbHOW rpynne. YpoBeHb IL-17 B OCHOBHOM rpynne HapacTan Ha 3-U CYTKW C AaNlbHENLUUM
CHWXEHWEM HUXKE UCXOAHOTO, @ B KOHTPOJIbHOW rPyre CHUXKaCca Ha 3-M CYyTKM C MOoCNeayoLWwMM BOCCTaHOBIEHNEM Ha 7-€.
HapacTaHue ypoBHei IL-5 u IL-13 Ha 3-1 CyTKM OTMeYeHbl TONIbKO B KOHTPONBbHOM rpyrnmne, 0fHaKo, ypoBeHb IL-5 B 06a cpoka
nccnefoBaHUa B OCHOBHOW rpyrnmne 6bi1 HUXe, YeM B KOHTPObHOM.

3akniouenmne. O[Ty 60nbHbIX NEPBUYHBIM MECTHO-PACNPOCTPAHEHHbIM PakoM MOJIOCTH PTa Bbi3blBaeT U3MEHEHUS LIUTO-
KWHOBOrO COCTaBa CJIOHbI B TEYEHUE MepBOV HeAEeNM Noce onepawumm, 4acTb U3 KOTOPbIX MOXKHO CBSA3aTb C YAJIMHEHNEM
6e3peuUmAnBHOro Nepruoaa y Takux naumueHToB.

KnioueBble cnoBa: MHTpaonepaLuoHHas GoToaMHaMuyeckas Tepanusi, LUTOKWHbI, CNIFOHA, NepPBUYHBbI
MECTHO-pacnpoCTpaHeHHbIN paK NosocTy pra
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Co6ntofieHne aTUYecKux CTaHZapToB: B paboTe COBMIOAANMUCH ITUYECKME MPUHLMNBI, NPeAbsBNsieMble XeNbCUHKCKOM Jeknapaumeii BcemupHoit
megauumHekoii accoumnaumu (World Medical Association Declaration of Helsinki, 1964, peg. 2013). WccnegoBaHue 0406peH0 3TUYECKUM
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INTRODUCTION

Currently, it is recognized that under the influence
of inflammation, neoplastic and stromal cells interact
and control the evolution of the tumor, producing
cytokines that modulate the antitumor immune re-
sponse [1-3]. The similarity of the cytokine pattern
for tumors of different localization and histogen-
esis has been demonstrated [4], however, there is
no consensus on whether cytokines play a decisive
pro-oncogenic or anti-oncogenic role [5]. Both can be
assumed based on the known biological properties
of cytokines as stimulants, on the one hand, prolifer-
ation and neo angiogenesis, and on the other hand,
the immune response.

In recent decades, the participation of various
pro- or anti-inflammatory cytokines of the tumor
microenvironment of squamous cell carcinoma of
the oral cavity in the oncogenesis of a tumor of this
localization has been shown [6—-8]. Most studies
describe elevated levels of IL-1B, 6, 8, 10, TNF-a in
patients with oral cancer compared with healthy
ones at both the local and systemic levels [9, 10].
Moreover, a higher content of IL-18 and IL-6 was
demonstrated in tumors of the oral mucosa than
in areas of unchanged mucosa [11]. Literature data
show that hyperproduction of cytokines by tumor
cells and its microenvironment in patients with oral
cancer is one of the causes of tumor spread.

Thus, when developing approaches to the treat-
ment of oral cancer, it is important to analyze the
local and systemic cytokine status of such patients,
as well as the induction of an antitumor immune
response. The latter can be achieved with photo-
dynamic therapy (PDT), one of the mechanisms
of antitumor effectiveness of which is immuno-
genic cell death [12]. PDT induces it through the
release of damage-associated molecular patterns
(DAMPs) [13]. PDT-induced acute inflammation and
immunogenic cell death are considered the initial
step in the implementation of its immunostimulat-
ing effect [14], which manifests itself in a tumor-
specific immune response [15]. The role and place
of immune mechanisms in the realization of the
antitumor effect of PDT are summarized in a recent
review [14].

The purpose of the study was to assess the level
of certain cytokines in the saliva of patients with

primary locally advanced cancer of the oral mucosa
in addition to surgical treatment with intraoperative
PDT (IPDT).

PATIENTS AND METHODS

The study group included 60 patients with primary
locally advanced cancer of the oral mucosa who were
being treated by the Department of Head and Neck
Tumors of the Federal State Budgetary Institution
“National Medical Research Center of Oncology" of
the Ministry of Health of the Russian Federation. The
average age of the patients was 63.1 + 14.3 years.
The distribution of patients by gender was as follows:
male — 48 people, female — 12 people. In all patients,
the diagnosis was morphologically verified and cor-
responded to stages IlI-IV (T3-4aN0-2M0) of cancer.
According to the morphological structure, the tumors
were represented by squamous cell carcinoma, of
which moderate—differentiated — 79 %, highly differ-
entiated — 16 % and low—differentiated — 5 %.

The patients were randomized into 2 groups:
the main group (30 patients) — patients who un-
derwent radical tumor removal supplemented with
IPDT and the control group (30 patients) — with-
out the supplement. The patients in the groups
were comparable in age, gender and location of
the primary focus. All patients underwent surgical
intervention in the volume of radical removal of the
tumor of the tongue and oral mucosa with cervical
lymphadenectomy in a volume adequate to the
prevalence of the tumor process, on the affected
side or bilateral (with damage to the anterior parts
of the oral cavity).

The study was approved by the Ethics Committee
of the National Medical Research Center of Oncol-
ogy Protocol No. 15 dated 10/12/2021, all patients
signed a voluntary informed consent.

Intraoperative PDT was performed in accordance
with the developed and patented method (RF Pat-
ent No. 2797433) [15]. At the first stage, patients
with locally advanced cancer of the mucous mem-
brane of the oral cavity and tongue underwent sur-
gical treatment, and then, after hemostasis of the
postoperative wound of the oral cavity, PDT was
performed after covering the healthy surrounding
tissues around the surgical field with sterile eight-
layer gauze wipes. Latus-T (headlight) was used for
the session, with parameters: wavelength 662 nm,
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power density 45 MW, light energy 200-300 J/cm?.
The lamp was placed in such a way that the area
of laser light emission covered both the bed of the
removed tumor and the edges of the surgical wound.
The duration of exposure was calculated depending
on the size of the bed of the removed tumor of the
oral cavity according to the formula: T = TO x nw/kp,
where T0 is the tabular value of the irradiation time,
nw is a coefficient showing how many times the
energy density WS (J/cm?) to be collected by the
surface differs from the tabular WS/0 = 100 J/cm?
nw = WS/100, kp is a coefficient showing how
many times the laser power differs from the tabular
PO = 100 MW: kp = P/100. After completion of the
photodynamic therapy stage, plastic surgery of the
postoperative defect was performed. Chloride E6
was used as a photosensitizer, which was adminis-
tered intravenously in a single dose of 2 mg per 1 kg
of patient weight 3—-3.5 hours before the expected
end time of tumor removal. The immediate results
of complex treatment supplemented with IPDT were
evaluated in patients with locally advanced oral mu-
cosal cancer.

Cytokine levels (G-CSF, GM-CSF, IFN-y, IL-1B, IL-2,
IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17,
MCP-1, MIP-1B, TNF-a) were determined in saliva
by ELISA multiplex analysis (Bio-Plex Pro Human
Cytokine Assays 17-Plex Panel, Bio-Rad, USA). The
collection of unstimulated whole saliva for the study
was carried out from 8 to 9 a.m. the day before the
operation, on the 3rd and on the 7th day after it. The
results were expressed in pg/ml.

Statistical analysis of the study results was carried
out using the Statistica 12.0 program (StatSoft Inc.,
USA), MedCalc (version 9.3.5.0). Since the distribution
was not normal, the Mann-Whitney criterion was used
to compare intergroup indicators, and the Wilcoxon
criterion was used to compare indicators in dynamics;
the differences were considered statistically signifi-
cant at p < 0.05. The data are presented as a median
with upper and lower quartiles (Me [LQ, UQ]).

STUDY RESULTS AND DISCUSSION

The results of the study are shown in Fig. TA-1G,
2A-2G.

On the 3rd day after surgery in patients of both
groups, the levels of G-CSF, IL-6, MIP-1B increased
(Fig. 1A), and GM-CSF and IFN-y decreased (Fig. 1B)
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compared with baseline values; the content of the
remaining cytokines was multidirectional in the
compared groups of patients.Some of the indicators
changed statistically significantly in only one of the
groups, which is apparently related to the effect of
PDT (Fig. 1B, 1G).

On the 7th day, the dynamics of G-CSF, GM-CSF,
IL-6 persisted, IL-8, IL-10, IL-12 changed to the op-
posite, the levels of other cytokines changed in the
main and control groups in different ways (Fig. 2A-D).

Differences were revealed between the main and
control groups in terms of colony-stimulating factors:
an increase in G-CSF and a decrease in GM-CSF on
both the 3rd and 7th days after surgery compared
with baseline values, and in the main group, chang-
es in G-CSF are less pronounced than in the control
group, and in both The duration of the study was at
lower values (Fig. 1A, 2A). So, in the control group,
the level of G-CSF increased 22.8 times on the 3rd
day after surgery, and 13 times in the main group,
and on the 7th day it was 22.2 and 4.8 times higher
than the initial one, respectively, i.e. the decrease on
the 7th day after the initial increase by 3 occurred
only after the effect of PDT.

IL-1B levels on day 3 increased in the main
group from 410.1 [321.9; 522.6] to 550.8 [528.7,
590.6] pg/ml and decreased in the control group to
102.1 [22.1; 159] pg/ml, and on the 7th the reverse
pattern was observed (Fig. 1B, 2B).

There was a 3.3-fold increase in IL-6 in the sali-
va of patients of both groups on day 3 compared
with the baseline, which continued on day 7 with
higher rates in the main group (1856.2 [1753.1;1975]
versus 1356.9 [1261.3; 1450.7] pg/ml, p < 0.05),
(Fig. 1A, 2A).

The dynamics of IL-7 consisted in an increase in
the level of this cytokine in the saliva of patients of
both groups on the 3rd day after surgery, statisti-
cally significant only in the control group (by 53 %)
and multidirectional on the 7th day — a sharp drop
(to 0) in the control group and a continued increase
that reached statistical significance (15.3[13.6; 17.2]
versus 10.2 [6.8; 13.5] before treatment; p < 0.05) in
patients receiving IPDT.

In the main group, there was a pronounced
(4.8-fold) transient increase in IL-8 content on day
3 and its 3.6-fold drop on day 7; in the control group,
on the contrary, it decreased on day 3 and increased
on day 7, exceeding the indicator of the main group
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in the last period (Me 2883.1 [2621.8;3338.2] and
2006.4 [1934.3;2310.4] pg/ml, respectively, p < 0.05),
(Fig. 1A, 2B). The TNF-a level increased only in the
main group on day 7, and in the control group it de-
creased by 3 and recovered on day 7 (Fig. 1D, 2D).
On the 3rd day, there was a multidirectional dynam-
ics of MCP-1 levels: an increase in the main group
and a decrease in the control group (Fig. 1D), and
on the 7th in both groups, the indicators become
3.5 and 4.6 times lower, respectively, than the initial
one (Fig. 2D). The content of MIP-1B has a similar

dynamics in both groups, increasing by 3 and re-
turning to the baseline on the 7th day after surgery
(Fig. 1A, 2G).

There was a decrease in IFN-y and IL-4, expressed
in the main group only on the 7th day with indicators
at this time lower than the control ones (Fig. 2B).
The median level of IFN-y in the main group on
day 7 was 4.7 [4.2; 5.2] pg/ml, and in the control
group 6.8 [6.3; 7.4] pg/ml versus 10.6 [8.4; 12.4]
pg/ml before treatment; for IL-4, the indicators were
4.11[3.2;4.7] and 8,6 [7,2; 8,9] versus 10,9 [8,7; 14,2]
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Fig. 1. The concentration of cytokines in the saliva of patients on the 3rd postoperative day.
Note: * — statistically significant differences compared to the level before surgery, p < 0.05; ** — statistically significant differences

compared to the level of the control group, p < 0.05
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pg/ml, respectively; for both cytokines, the differenc-
es between the indicators of the main and control
groups are statistically significant (p < 0.05). The
dynamics of IL-2 levels in the form of an increase
was detected only in the control group on day
7 (Me 29.6 [26.9; 30.7] versus 21.4 [17.4; 25.5] pg/mi
before treatment, p < 0.05), (Fig. 2B).

A decrease in IL-12 levels occurs in both groups
on day 7 (Fig. 2B), and it is less pronounced in the
main group than in the control group (Me 11.7 [10.6;
12.8] and 7.9 [7.2; 9.3], respectively, versus
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14.7 [13.5; 16.7] pg/ml before treatment; p < 0.05)
only for the control group), which can be regarded
positively, given the role of this cytokine in the po-
larization of T-helper cells in Th1, providing cellular
immunity.

IL-17 levels demonstrate different phases of
changes: in the main group, a transient increase on
the 3rd day with a further decrease below the initial
one, and in the control group, a decrease on the 3rd
day followed by a recovery on the 7th (Fig. 1G, 2G).
The increase in the levels of cytokines polarizing
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Fig. 2. The concentration of cytokines in the saliva of patients on the 7" postoperative day.
Note: * — statistically significant differences compared to the level before surgery, p < 0.05; ** - statistically significant differences

compared to the levels in the control group, p < 0.05
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CD4+ in Th2, IL-5 and IL-13 on day 3, noted only in
the control group, is also transient. However, the
level of IL-5 in both study periods in the main group
was lower than in the control group (Fig. 1B, 2b):
on day 3, 136.3 [130.2; 144.4] versus 173.6 [168.7,
176.8] pg/ml, on day 7, 117.4 [106.6; 125.2] versus
138.5[131.7; 147.2] pg/ml, respectively, at both pe-
riods p < 0.05), which, taking into account the data
described in the literature on its association with the
recurrence of some tumors [16], is probably one of
the positive aspects of the action of IPDT.

The importance of chronic inflammation and
its accompanying cytokine production in tumor
growth is known. The pro-oncogenic role of most
known cytokines in neoplasia has been repeat-
edly described, realized through the activation
of various transcription factors and signaling
pathways, stimulation of proliferation, neoangio-
genesis, epithelial-mesenchymal transition, and
other processes [4]. However, it seems difficult
to distinguish the importance of cytokines for
malignant growth and for the immune response,
of which they are an integral component, as a re-
sult of which their antitumor activity is carried
out. Probably, a lot depends on their number, ra-
tio, expression of receptors to them, etc. Unlike
chronic, acute inflammation, moreover, is not mi-
crobial, but induced by a physical factor such as
PDT, apparently exhibits an inhibitory effect on
tumor growth both directly by destroying its cells
and indirectly through the immune system [15].
In this regard, PDT-induced hyperproduction of
cytokines in the lesion, especially after removal
of the tumor, not only contributes to its sanitation,
accelerating wound cleansing and healing, but
also may have positive long-term consequences
associated with an increase in the recurrence-free
period due to the destruction of residual tumor
cells and induction of an immune response to
DAPMSs. Our results partially confirm this. Oxi-
dative stress caused by PDT stimulates the re-
lease of proinflammatory cytokines into the tu-
mor microenvironment, which also affects their
content in saliva. At the beginning of PDT-induced
inflammation, tumor vessels become permeable
to adhesion proteins (ICAM 1, VCAM 1, selectins),
thus contributing to massive infiltration of the
tumor by immune cells producing a wide range
of cytokines, of which the literature emphasizes

the importance of TNF-q, IL-6, IL-1B, as well as
heat shock proteins, metabolites of arachidon-
ic acid [17]. In this regard, cytokines that have
a pro-inflammatory effect, in particular, the ability
to increase vascular permeability, and are usually
considered pro-oncogenic due to their stimulating
effect on neoangiogenesis, have a positive value
in PDT for the realization of its effect. The com-
parative dynamics of saliva cytokines obtained
by us in patients of the main and control groups
suggests earlier peaks in IL-1B and IL-8 concen-
trations occurring on the 3rd day after intraoper-
ative PDT and high local levels of TNF-a and IL-6,
which persist throughout the follow-up period.
On the contrary, anti-inflammatory cytokines, for
example, IL-10 and TGF-B, suppress the effects of
PDT [18]. It is known about the importance of IL-7
in inflammation that its local content increases
due to the production of macrophages, dendritic
cells, fibroblasts, and its target are T lymphocytes
expressing a receptor for it. IL-7 stimulates main-
ly Th1 and Th17 lymphocytes mediating cellular
immunity [19]. A recent review on the role of IL-7
in tumors indicated that it inhibits the growth of
melanoma, enhances the action of IFN-y, restores
the activity of CD8+ T lymphocytes by reducing
their expression of PD-1 [20]. Based on this, it can
be assumed that the decrease in the level of this
cytokine observed by us after a transient increase
in the saliva of patients in the control group is
prognostically unfavorable for the state of local
cellular immunity, and, on the contrary, its stable
increase in the saliva of patients receiving IPDT
reflects stimulation of the T-cell link.

The role of granulocytes and related cytokines
in the body of the tumor carrier is twofold. There
are numerous literature data on the pro-oncogenic
effect of neutrophils [21], as well as chemokines
that attract them to the focus. Neutrophilic "traps”
promote the survival of circulating tumor cells in the
blood and tumor metastasis [22, 23]. Nevertheless,
neutrophils, as participants in the generation of
ROS, are given important importance in the action
of PDT [24]. However, since G-CSF promotes the
release of immature granulocytes with immunosup-
pressive effects (MDSC) from the bone marrow into
the peripheral blood and tissues, we consider a low-
er level of it in our patients receiving IPDT compared
with the control group as a positive moment.
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CONCLUSION with the resulting clinical effect, consisting in pro-

longation of the relapse-free period in such patients

Intraoperative use of PDT in patients with locally ~ (RF Patent No. 2797433). However, further studies
advanced oral cancer causes changes in the cytokine  are required to clarify the role of cytokines in the
composition of saliva that develop during the first  antitumor effectiveness of the applied photodynamic
week after surgery, some of which can be associated  effect in patients with locally advanced oral cancer.
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ABSTRACT

Purpose of the study. Study of the characteristics of human papillomavirus (HPV) infection, comparison of HPV status, mo-
lecular and genetic parameters of HPV high risk (HR) with the clinical and morphological characteristics of cervical cancer.
Materials and methods. The study included 240 patients with morphologically verified cervical cancer stages I-Ill, in whom
the presence of HPV DNA of 14 genotypes was examined before treatment; upon detection, viral load (VL), the presence and
degree of DNA integration into the genome of the host cell were examined.

Results. A number of statistically significant associative relationships have been identified between the molecular and genetic
parameters of HPV infection and clinical and morphological indicators of the tumor process, in particular the relationship
of HPV-negative CC with age and stage of the disease; HPV infection with several genotypes and HPV genotype - with the
histological type of tumor; VL — with age, stage and histological type of tumor. Significant associative connections have been
established between the molecular genetic parameters of the virus itself: genotype and level of VL, genotype and integration
of HPV DNA into the host genome, as well as a negative linear correlation between VL and the degree of integration.
Conclusion. The obtained data on the relationship between the molecular and genetic parameters of HPV infection and
traditional prognostic factors can become the basis for further research on the development of prognostic models for the
purpose of personalizing multimodal treatment programs.

Keywords: human papillomavirus (HPV), high carcinogenic risk (HCR), cervical cancer (CC), HPV genotype, multiple
infection, viral load, HPV status, virus DNA integration into the cell genome
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3.1.6. OHKonorus, nyyeBas Tepanus
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Llenb uccnegoBaHus. N3yyeHme oco6eHHoCTelN nanunnomaeupycHoii (BMY) nHoekumn, conoctaenexHme BMN4Y-cratyca,
MOJEKYNIAPHO-TEHETUYECKMX NapameTpoB BIMY Bbicokoro kaHueporeHHoro pucka (BKP) ¢ knMHUMKo-Mopdoniornyecknmm
XapaKTepUCTUKaMM paka ek matku (PLUM).

Martepuanbl u meTogbl. B nccnegoaHue 6b1nv BktodeHbl 240 605bHbIX ¢ MOpdonornyeckn sepuduumnpoBaHHbiM PLUM
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BIMY - ¢ ructonornyecknm Tunom onyxonu; BH — ¢ Bospactom, ctaguei u rucToNIorM4ecKUM TUNOM OMyxosn. YCTaHOBEHbI
3HayYnMble accoumaTUBHbIE CBA3N MeX Y MONEKYNAPHO-TeHeTUYeCKMMU NapaMeTpaMu CaMoro BUpyca: reHoTumna v yposHs
BH, reHotuna un nHterpaunv JHK BIMY B X03ANCKUI reHOM, @ Tak)xe oTpuuartesibHas nHenHas Koppensauuns mexay BH
1 CTEMEHbIO MHTErpaLnm.
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INTRODUCTION

Cervical cancer (CC) ranks first among malignant
neoplasms of the female genital organs [1]. Annually,
more than 600 thousand new cases are detected in
the world and about 342 thousand deaths from this
pathology are registered [2]. In the Russian Federa-
tion, breast cancer is the leading cause of death from
cancer in the female population aged 30-39 years
(21.5 %) [3].

Human papillomavirus (HPV) of high carcinogenic
risk (HCR) is a proven factor in the development of
breast cancer [4]. Among the total number of pa-
tients with breast cancer, 88-95 % are HPV-positive,
according to various authors [5, 6]. The most com-
mon HPV genotypes, according to most literature
sources, are types 16 and 18, which are collectively
detected in almost 75-85 % of cases of HPV-positive
breast cancer [6-9]. In 2020, the World Health Orga-
nization introduced a new classification of cervical
epithelial tumors based on the presence/absence
of HCR HPV, the so-called HPV status [10, 11]. The
cited sources indicate that HPV-negative status is
an indicator of an unfavorable prognosis of the ef-
fectiveness of treatment, but, as noted above, the
proportion of such patients is small, which dictates
the need to search for prognostic markers in the ma-
jority other breast cancer patients with HPV-positive
status. It is known that HPV infection is character-
ized by significant diversity at the molecular genetic
level, and, importantly, some of its parameters can
affect the sensitivity of tumor cells to antitumor
effects (according to the results of studies on cell
cultures in vitro). In this regard, it could be assumed
that studying the features of HPV infection in cer-
vical cancer can provide additional information for
stratification of patients in a prognostic aspect, will
allow to personalize multimodal treatment programs
for breast cancer and, ultimately, improve the effec-
tiveness of treatment.

Data on the relationship between the clinical and
morphological characteristics of breast cancer and
the molecular genetic parameters of HPV infection
are widely presented in the literature. The authors
report the presence of an association between HPV
status and lymphovascular invasion [12], HPV HCV
genotypes and the morphological form of the tumor,
the relationship of HPV type 18 with the presence of
deep stromal invasion and lymph node damage [13].

(akTOopamu paka Weiku MaTku

Some researchers pay attention to a statistically
significant relationship between high viral load (VL)
and the risk of metastatic lymph node damage, tu-
mor size [14], others — to the correlation of low VL
with the stage of the disease and enlarged lymph
nodes [15]. However, the heterogeneity of the sam-
ples with the lack of a comprehensive assessment
of the relationship of the entire spectrum of mo-
lecular genetic parameters of HPV infection with
prognostically known clinical and morphological
factors often determines the contradictory nature
of the data obtained and makes it relevant to further
studies in homogeneous groups of patients with
breast cancer with the inclusion of the maximum
number of criteria studied.

MATERIALS AND METHODS

The study on the topic of HPV infection features,
the comparison of HPV status, molecular genetic
parameters of HPV HCR with the clinical and mor-
phological characteristics of the tumor process was
performed in 240 patients with morphologically ver-
ified stage I-Ill breast cancer (FIGO) who under-
went examination and treatment in the department
of radiation and combined methods of treatment
of gynecological diseases of the A. F. Tsyb Medi-
cal Radiological Research Centre — Branch of the
National Medical Research Radiological Centre of
the Ministry of Health of the Russian Federation,
Obninsk, Russian Federation [16]. The study is
a retrospective-prospective cohort, conducted in
accordance with the protocol approved by the local
ethics committee of the A. F. Tsyb Medical Radiolog-
ical Research Centre — Branch of the National Medi-
cal Research Radiological Centre of the Ministry of
Health of the Russian Federation, Obninsk, Russian
Federation (Protocol No. 103 dated 09/17/2015).
The ethical principles set forth by the Helsinki Dec-
laration of the World Medical Association (World
Medical Association Declaration of Helsinki, 1964,
ed. 2013). Prior to inclusion in the study, the patients
signed a voluntary informed consent to participate
in the study and determine in vitro the parameters
of HPV infection in the biomaterial of the cervix.
The inclusion criteria were: morphologically verified
stage I-Ill breast cancer, lack of specialized treat-
ment for this disease; non—inclusion criteria - preg-
nancy, stage IV breast cancer, specialized treatment
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for this disease in the anamnesis; exclusion crite-
ria — refusal of patients from further participation
in the study. The average age of the patients was
47.2 £+ 12.0 years. Locally advanced forms of breast
cancer (stages Il and Ill of the disease) prevailed -
in total in 186 (77.5 %) patients. According to the
morphological structure of the tumor, squamous
cell carcinoma of various degrees of differentiation
was most often verified in patients —in 216 (90 %).
According to the form of growth, endophytic and
mixed prevailed, respectively, in 59 (24.6 %) and
136 (56.6 %) patients; according to the variant of
the spread of the tumor process, parametric in var-
ious variations and metastatic, respectively, in 174
(93.5 %) and 66 (66.7 %) patients.

The presence of HPV DNA of 14 genotypes was
studied in all 240 patients before treatment: 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68. Bi-
opsies and/or joint scrapings of the epithelium of
the cervical canal (endocervix) and the outer wall
served as the material for the study cervical sur-
faces (exocervix) taken before the start of treat-
ment. All stages of the subsequent analysis of the
obtained biomaterial samples were performed on
domestic test systems produced by the Federal
State Budgetary Institution of the Central Research
Institute of Epidemiology of Rospotrebnadzor. DNA
isolation was carried out by the sorbent method
using a set of reagents "DNA-sorb-AM". The pres-
ence, differentiated determination of the genotype
and quantitative load of HPV was carried out by
multiplex PCR with the detection of a fluorescent
signal over four channels in real time on the Rotor
Gene amplifier (Corbett Research, Australia) using
the reagents "HPV Amplification HCR genotype-titer
FL'. In this test system, the viral genes E1, E6, E7 and
the B-globin cellular gene are amplified. Only data
for samples with a positive result of B-globin anal-
ysis are considered valid. This gene serves as an
internal control of the reaction (EQ), and also allows
you to estimate the number of cells in a sample (1
cell contains 2 B-globin molecules) and normalize
the results of amplification of viral genes for the
same number of cells. The results of the study were
processed in the Excel software add-in attached
to the test system and interpreted in accordance
with the following criteria: a) logarithm (lg) of the
number of HPV DNA copies per 105 cells less than
3 (VL < 3) — low viral load; b) Ig of the number of
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copies of HPV DNA per 105 cells is equal to or more
than 3, but less than 5 (3 = VL < 5) — moderate viral
load; c) Ig of the number of copies of HPV DNA per
105 cells is more than or equal to 5 (VL = 5) — high
viral load. In case of multiple infection, the quantita-
tive load of all established HPV HCV genotypes was
determined, the highest indicators corresponded to
the leading genotype of the virus.

The presence of HPV DNA integration was as-
sessed by the ratio of the number of genomic equiv-
alents of the E7/E2 virus, taking into account the
standard deviation and the coefficient of variation
of the data in accordance with the developed algo-
rithm [17]. Its principle is based on the fact that the
E7 gene remains intact during the integration of viral
DNA into the DNA of the host cell, respectively, its
amount in both forms of the virus — episomal and
integrated — is the same. In most cases, the E2 gene
is destroyed during integration and its amount de-
creases. The analysis was performed using TagMan
technology in real-time multiplex PCR format using
a set of reagents that allows differentiated determi-
nation of the number of E2 and E7 viral genes and
the B-globin cellular gene. In one test tube, sections
of the E7 and E2 virus genes and a section of human
B-globin DNA, ICS, were amplified. At the same time,
standard samples with known concentrations of
HPV 16 and 18 DNA and B-globin DNA were ampli-
fied in each experiment. All samples, both clinical
and standard, were amplified in three repeats. For
each of the repeats, the amount of E7 and E2 was
calculated using calibration curves and a regression
equation obtained on standard samples in accor-
dance with the program for amplification of these
genes. The degree of HPV DNA integration was es-
timated by the formula (1 - E2/E7) x 100 %. The
absence of an amplification signal for the E2 gene
in the presence of such a signal for the E7 gene
corresponds to 100 % integration of viral DNA into
the cell genome.

Statistical data processing was performed using
the Statistica 10.0 software package (StatSoft, Inc.).
For descriptive statistics, average values and stan-
dard error (SE) were used. The comparison of groups
by qualitative characteristics was carried out using
the Fisher criterion, by quantitative characteristics -
using the Mann-Whitney U-test. Spearman's nonpara-
metric correlation method with the calculation of the
rank correlation coefficient (r) was used to evaluate
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the linear relationships between variables. Multivari-
ate analysis was performed using the Agglomerative
clustering (AGNES) method with the construction of
tree diagrams — dendrograms.

STUDY RESULTS AND DISCUSSION

HPV status and genotype

The presence of HPV HCR was registered in the
overwhelming number of patients in the study co-
hort —in 215 (89.6 %) out of 240. The average age
of HPV-infected patients with breast cancer was
46.7 + 11.8 years, which is much lower than in Eu-
rope (54 * 14 years) [9]. The average age of patients
in whom HPV HCR was not detected was 50.6 + 14.0
years and did not differ from that of HPV-infected
patients (p > 0.05). However, HPV-negative breast
cancer was 3.5 times more common among patients
over 55 years of age (p = 0.004) (Fig. 1), which is
consistent with data from other studies [18, 19].
There was a statistically significant increase in the
frequency of HPV-negative forms of the disease at
stage Ill (18.2 %) compared with stages Il (3.4 %)
and | (7.4 %) (respectively p = 0.001 and p = 0.05),
as mentioned by domestic researchers [18].

Among all the genotypes found in patients with
breast cancer, prevailed 16 (62,6 %), 18 (13 %) and
45 (6.1 %) types of HPV HCR, followed by 31 (4,1 %),
33 (2,8 %), 39 and 56 types (2.5 % each) (Fig. 2).

100 %
25.6
80 %
60 % 74.4
40 %
20 %
0 % T 1
<55y.0. >55y.0.
m HPV (+)
HPV ()

Fig. 1. Features of high risk HPV infection in patients with breast
cancer, depending on age

(akTopamm paka Leikn MaTKm

The total proportion of other types of HPV HCR (35,
51, 52, 58, 59, 66, 68) It was 6.4 %. A similar share
distribution in the countries of the European region,
in particular the Russian Federation, is reported in
numerous publications, which also indicate the prev-
alence of HPV genotypes 16 and 18 in 70-75 % of
cases [18-20]. In the study group of 215 HPV-posi-
tive patients, genotypes or their combinations with
the dominant genotype belonging to the phyloge-
netic group A9 were most often found (16, 31, 33,
35, 52, 58) —in 76.7 % of cases. The share of rep-
resentatives of the A7 group (18, 39, 45, 59) was
more than 3.4 times lower — 22.3 %. The remaining
2 groups A5 (51) and A6 (56, 66) were represented
in isolated cases (0.5 %). The peak occurrence of
group A9 genotypes occurred at a young age — up
to 30 years (78.6 %), and A7 - in the age category
up to 45 years (31.3 %), however, without statistically
significant differences, which is consistent with the
results of multifactorial analysis [21], although some
studies demonstrate the presence of a link between
the HPV genotype and the age of patients with breast
cancer [9].

In squamous cell carcinoma, the prevalence of
genotypes of group A9 (80.0 %) (p = 0.0002) with
the dominance of HPV 16 (74.3 %) (p = 0.0002)
was noted; in adenocarcinoma, groups A7 (66.7 %)
(p = 0.0003) with the predominance of HPV 18
(60.0 %) (p < 0.0001). HPV type 16 (86 %) was sig-

Fig. 2. Prevalence of 14 high risk HPV genotypes in patients with
breast cancer, including cases of multiple infection
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nificantly more common among HPV 16/18-associ-
ated squamous cell carcinomas, and HPV type 18
(64.3 %) in adenocarcinoma (p = 0.0001). A similar
associative relationship of phylogenetic groups and,
accordingly, genotypes with the histological type of
tumor has been revealed in other studies [9, 22].
The distribution of the most common phylogenetic
groups (A9 and A7) did not significantly differ de-
pending on the stage of the disease, the form of
tumor growth, and in patients with locally advanced
breast cancer, including the variant of the spread of
the tumor process (presence/absence of infiltration
of parametria, metastatic variant) (p > 0.05), which is
also confirmed by the results of other research [23].

Infection with several types of HPV HCV (multiple
infection) was detected in 25 (11.6 %) of 215 HPV-in-
fected patients (19-2 genotypes, 6—3 genotypes).
There were no statistically significant differences in
the incidence of single or multiple HPV infection de-
pending on age, stage of the disease, form of growth
and variant of tumor spread, which is confirmed in
the study by N. Jing et al. (2003) [24]. However, it
should be noted that multiple infection occurred only
in patients with morphologically verified squamous
cell carcinoma (p < 0.0001 when compared with the
glandular morphotype of the tumor, p = 0.038 when
compared with undifferentiated cancer), this pattern
was noticed by other researchers [25].
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Viral load
Viral load was determined in 199 HPV-positive pa-
tients with stage I-Ill breast cancer, 175 (87.9 %) of

them with a single infection, 24 (12.1 %) cases with
multiple infection. In the study group, high VL was
most often observed (average level 6.4 £ 1.3) —in 142
(71.4 %) cases. In 50 (25.1 %) patients, VL was mod-
erate (average level 4.4 + 0.54),and only in 7 (3.5 %)
it was low (average level 2.4 + 0.1). When comparing
the data on VL obtained during the processing of
various biological materials — cervical scrapings and
biopsies of the same patients (n = 47) — a fairly high
correlation of these indicators was revealed among
themselves (r = 0.72, p < 0.0000001) (Fig. 3).

There was a statistically significant increase in
the proportion of cases with low VL with increasing
age (r = 0.86, p = 0.04), and no cases of low VL were
detected in the age group under 30 years (Fig. 4).

In HPV 16, high virus load was most common,
and in HPV 18, moderate and high loads were ob-
served with almost the same frequency (Fig. 5): the
average VL level in HPV 16 (6.0 * 1.7) turned out to
be statistically significantly higher than the same
indicator in HPV 18 (5.0 £ 1.1) (p < 0.001). This pat-
tern was maintained for the phylogenetic groups
to which these genotypes belonged: 6.0 + 1.6 and
4.9 £ 1, respectively, for the genotypes of the A9 and
A7 groups (p < 0.001).

Older 8.3 25 66.7

than 65

56-65

45-55

30-44

Younger
than 30

0 20% 40% 60% 80% 100%
W VL<3 W 3=<VL<5 VL=5

Fig. 3. Analysis of the correlation dependence of the HPV viral load
in epithelial samples and corresponding biopsies of the cervix of
patients with CC
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Fig. 4. Viral load (VL) in patients with CC depending on age
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In stage Il of the disease, the average VL level
(6.2 + 1.6) was significantly higher than in stage
1(5.4+1.9)and Il (5.4 +2.1), respectively, p = 0.006
and p = 0.02. Our data are consistent with the latest
results of domestic studies on relatively low VL in
the early stages of the disease [19, 26].

In squamous cell carcinoma, more cases of high
VL (73.9 %) (p = 0.08) were detected, and in adeno-
carcinoma — low load (13.3 %) (p = 0.07) (Fig. 6).
Accordingly, the average level of VL was higher in
squamous cell carcinoma (5.8 + 1.6) compared
with adenocarcinoma (5.0 + 1.6) (p = 0.10). The
relationship of low load with cervical adenocar-
cinoma and HPV type 18 is also noted by other
authors [27].

According to our data, there were no statistically
significant differences in the level of VL in different
forms and variants of the spread of the tumor process.

HPV DNA Integration 16/18

The presence of virus DNA integration, both
complete and partial, was studied in patients in-
fected with HPV types 16 and 18 (140 and 28 cas-
es, respectively), which are the most aggressive
and account for the vast majority of all genotypes
detected in breast cancer. Such patients accounted
for 78.1 % of all HPV-positive cases in our study. In
the studied cohort, the majority of patients revealed
the integration of virus DNA (integrated form) —in

78.9 448
100 %
80 %
60 % 48.3
40 %
16.3
20 %
0
HPV 16 HPV 18

VL=5 ® 3sVL<5 ®mVL<3

(akTOopamu paka Weiku MaTku

101 out of 168 people (60.1 %), which confirms
the results of a number of studies on the high
incidence of invasive PCV virus in the integrated
state [26, 28]. In the remaining 67 (39.9 %) patients,
there was a lack of integration of HPV DNA into
the cellular genome (episomal form according to
the criterion of preserving the E2 gene in an intact
state). It should be noted that the failure to inte-
grate HPV DNA into the genome of the host cell in
accordance with the algorithm described above
cannot be unambiguously interpreted as the pres-
ence of only the episomal form of the virus, since
such integration can occur with the participation
of various other viral genes [29-30]. However, this
process is mainly associated with a violation of the
integrity of the E2 gene of the virus [31], which is
explained by the high availability of this viral gene
for various types of genetic rearrangements. More-
over, we have obtained data suggesting a higher
biological significance of the E2-mediated pathway
of integration of the viral genome into the cellular
one, as opposed to integration invoVLing other viral
genes [32].

A comparative analysis of the data on the degree
of integration of viral DNA in scrapings and biop-
sies of the cervix obtained from the same patients
(n = 47) revealed a fairly high correlation of the in-
dicators with each other: the correlation coefficient
R =0.89 at a significance level p < 0.000001 (Fig. 7).

73.9 54.3
100 %
80 %
60 %
40 % 33.3
23.9
20 % 13.3
22
0

Squamous cell carcinoma Adenocarcinoma

VL=5 ®m 3s<VL<5 ® VL<3

Fig. 5. Viral load (VL) in HPV-positive patients with CC, depending
on the genotype of the virus

Fig. 6. Viral load (VL) in HPV-positive patients with CC depending
on the morphological form of the tumor
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Fig. 7. Analysis of the correlation dependence of the degree of
high risk HPV integration in epithelial scrapings and corresponding
biopsies of the cervix of patients with cervical cancer. The degree
of integration varies from 0% (the episomal form of the virus) to
100 % (full integration of viral DNA into the cellular genome). The
intermediate values correspond to the mixed form of high risk HPV-
the presence of both episomal and integrated forms; the quantitative
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of integrated forms of high risk HPV
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Fig. 8. Physical status and degree of integration of HPV 16 and
HPV 18 DNA in patients with CC

Table 1. Distribution of CC patients depending on the qualitative and quantitative parameters of HPV 16/18

Viral form Episomal abs (%) Integrated abs (%)
Viral load <50 % >50 %
VL<3 (n=5) 1(20.0) 0 4(80.0)
3< VL <5 (n = 39) 11(28.2) 5(12.8) 23 (59.0)
VL =5 (n=124) 55 (44.4) 21(16.9) 48 (38.7)
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Fig. 9. Correlation analysis of the molecular genetic parameters
of HPV infection in CC patients (n = 168): 0 % — lack of integration
(episomal form of the virus), 100 % — complete integration of HPV
DNA into the genome of the host cell. The intermediate values
correspond to the mixed form of HCR HPV - the presence of both
episomal and integrated forms; the quantitative indicator - the
degree of integration — corresponds to the proportion of integrated
forms of HPV 16/18
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Taking into account these data, as well as similar re-
sults of a comparative analysis of HCV, it is possible
to recommend the use of scraping of the cervical
epithelium for the molecular genetic study of HPV
parameters, since the informative value of the ma-
terial obtained by this method is not inferior to the
informative value when performing a more traumatic
procedure — cervical biopsy.

The integrated form of HPV HCR was most com-
mon in patients over 65 years of age — in 66.7 % of
cases, while in 44.4 % of cases it was in the form of
complete (100 %) integration. When infected with
HPV 18, compared with HPV 16, integrated forms of
the virus prevailed (82.1 % and 55.7 %, respectively,
p = 0.01) with a predominance of highly integrated
(DNA integration = 50 %) forms (64.3 % and 40.7 %,
respectively, p = 0.019), a high percentage of which
was full (100 %) integration HPV DNA (50.0 % vs.
20.7 %, p = 0.003) (Fig. 8). The more frequent de-
tection of HPV type 18 in the integrated state com-
pared with HPV type 16 is also reported in foreign
studies [33].

The analysis of the presence/absence and degree
of integration depending on clinical and morpholog-
ical characteristics did not reveal statistically signif-
icant associative relationships, which is consistent
with the literature data [34].

Dendrogram for 6 valuables
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The Euclidean distance
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Morphological type

HCR HPV
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Associative relationship of viral load and

HPV DNA status 16/18

The molecular genetic parameters of viral infec-
tion were studied in 168 HPV 16/18-positive patients
with stage I-Ill breast cancer. As the HCV increased,
there was an increase in the proportion of episomal
and a decrease in the proportion of highly integrated
forms of the virus (Table 1).

Low viral load only in a single case (20.0 %) ac-
companied the liposomal form of the virus; all other
cases of low viral load (80.0 %) were combined with
100 % integration. Previously, we had established
an inverse linear correlation between VL and the de-
gree of integration of HPV DNA into the cellular ge-
nome [35]. Subsequently, the sample of patients was
significantly increased, and this pattern remained
with high significance (r = - 0.41, p < 0.0001) (Fig. 9).

Multivariate analysis

In order to study possible associative relation-
ships between various parameters characterizing
the tumor process and HPV infection, a multidimen-
sional exploratory analysis was performed using the
clustering method, which allowed us to identify the
most interrelated parameters — the morphological
form of the tumor and HPV status (Fig. 10), and in
HPV-positive breast cancer — the morphological form

Dendrogram for 9 valuables
Single link method
The Euclidean distance
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Stage

'_

Distribution type

Growth type

Morphological type
Number of
genotypes
Genotype

Integration |

Viral load

8 9 10 11 12 13 14 15
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Fig. 10. Dendrogram of CC patients with HPV status (n = 240)

Fig. 11. Dendrogram of HPV-associated CC patients taking into
account the entire spectrum of molecular genetic parameters of
HCR HPV (n = 174)
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of the tumor and the following features of HPV in-
fection: the number of HPV HCV genotypes present,
genotypes 16 and 18, the physical status of viral
DNA - the presence/absence of integration into the
genome of the host cell (Fig. 11).

Thus, multifactorial exploratory analysis made
it possible to detect associative relationships that
were not obtained by pairwise comparison of various
factors, but which could be assumed indirectly when
studying the results of a single-factor analysis.

CONCLUSION

The study of possible associative relationships be-
tween a wide range of molecular genetic parameters
of HPV infection and the clinical and morphological
characteristics of a malignant tumor of the cervix re-

vealed the presence of correlations between HPV sta-
tus, HPV genotype, the number of genotypes present
and a known prognostic factor — the morphological
form of cervical cancer. At the same time, our work
shows the absence of a relationship between such
molecular genetic parameters of HPV infection as the
genotype and the level of integration of virus DNA into
the cellular genome with the main traditional factor in
predicting the effectiveness of treatment — the stage
of the disease. This fact suggests the possibility of
a prognostic value of these parameters independent
of the stage and justifies the expediency of conduct-
ing further studies to assess the prognostic value of
the level of integration of HPV DNA of various gen-
otypes (primarily the most common types 16 and
18) as potential independent biomarkers for predict-
ing the effectiveness of treatment of breast cancer.
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