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ORIGINAL ARTICLE

BLOOD LEVELS OF GROWTH AND PROGRESSION FACTORS IN
PATIENTS WITH LOCALLY ADVANCED BREAST CANCER DURING
NEOADJUVANT CHEMOTHERAPY

E.M.Frantsiyants, N.Yu.Samaneva*, L.Yu.Vladimirova, A.E.Storozhakova, E.A.Kalabanova,
S.N.Kabanov, A.V.Tishina

South Russian
Journal of Cancer

HxHo-Poccuitckuit
OHKONIOTWYECKHiA XypHn
Vol. 2
No. 3, 2021

National Medical Research Centre for Oncology of the Ministry of Health of Russia, 63 14 line str., Rostov-on-Don 344037, Russian Federation

ABSTRACT

Purpose of the study. An analysis of blood levels of TGF-B, TGFR2, TNF-a, TNF-aR1, TNF-aR2, CD44 and MMP9 in
patients with various biological subtypes of breast cancer receiving neoadjuvant chemotherapy.

Materials and methods. This article presents an analysis of levels of growth and progression factors (TGF-B, TGFR2,
TNF-a, TNF-aR1, TNF-aR2, CD44 and MMP9) in the blood of 162 patients with various biological subtypes of locally
advanced breast cancer receiving 8 cycles of neoadjuvant chemotherapy.

Results. Levels of TGF-B, TGFR2, TNF, TNF-a, TNFR1, TNFR2, CD44, MMP9 in patients with all BC subtypes were high
before the treatment. After chemotherapy cycles, the values decreased statistically significantly in all BC subtypes:
CD44 decreased by 25.2 %, 30 % and 54.7 % in luminal A, luminal B and TNBC, respectively; TNFa- by 26.2 %, 48.3 %
and 50.8 %, respectively; TNFa-R1 — by 52.1 %, 39.2 % and 50.3 % respectively; TNFa-R2 — by 31.7 %, 32.8 % and 41.9 %
respectively; MMP9 — 35.3 %, 32.6 % and 43.3 % respectively.

Conclusions. We identified a combination of growth and progression factors which determines the chemotherapy
sensitivity and resistance in all subtypes of breast cancer; so, a decline in the levels of TGF-B, TNFa, MMP9 and CD44
after neoadjuvant chemotherapy predicts further remission for at least 3 years. On the contrary, stabilization or an
increase of these indicators leads to the early tumor progression.

Keywords:
breast cancer, biological subtypes, neoadjuvant polychemotherapy, growth and progression factors, IHC,
remission, progression, chemotherapy resistance.
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OPUTUHATIbBHASA CTATbA

COZEPXAHUE GAKTOPOB POCTA W NPOTPECCMPOBAHUA B KPOBY BOJIbHbIX
MECTHOPACIPOCTPAHEHHbBIM PAKOM MOJIOYHOM XEJIE3bI B NPOLLECCE
HEOAAbIOBAHTHOW XUMUOTEPANUIA

E.M.®panuusny, H.10.CamaneBa*, J1.10.Bnagumupoea, A.3.CtopoxakoBa, E.A.Kana6aHoea, C.H.Ka6aHos, A.B.TuwuHa

®rbY «<HMUL onkonorun» Munsgpasa Poccum, 344037, Poccuiickas Oepepaums, r. PoctoB-Ha-[loHy, yn. 14-a nuHus, f. 63

PE3IOME

Llenb uccnepoanus. N3yyenue yposHa TGF-B, TGFR2, TNF-a, TNF-aR1, TNF-aR2, CD44 n MMP9 B KpoBU 60J1bHbIX
PaKkoM MOJIOYHOM XXenesbl PasnyHbIX GUONOrMYECKMX MOATUMOB, NOTYYMBLUMX HEOAABIOBAHTHYIO XUMUOTEPAruIo.
Martepuanbl n meTofbl. B paboTe npefcTaBneHbl pesynbTaTbl UCCNEA0BaHNA U3yYeHUs copepXaHus GakTopoB pocTa
n nporpeccupoBanus (TGF-B, TGFR2, TNF-a, TNF-aR1, TNF-aR2, CD44 n MMP9) B kpoBM y 162 601bHbIX MecTHopac-
NPOCTPaHEHHbIM PakOM MOJTIOYHON Xene3bl PasnyHbIX GUONOrMYECKNX MOATUMNOB, KOTOPbLIM 6bIN10 NPOBEAEHO 8
KYPCOB HeOaAbloBaHTHON XMMMUOTEPanuu.

PesynbraTbl. YpoBHu TGF-B, TGFR2, TNF, TNF-a, TNFR1, TNFR2, CD44, MMP9 y nauMeHTOB CO BCEMW MOATMNAMU
PMX 6b1711 BbICOKMMU [0 SleyeHus. MNocne UMKI0B XMMUOTEPanum 3Ha4eHns CTaTUCTMYECKU 3HAYMMO CHUSUITUCH
BO Bcex noatunax PMXX: CD44 ymeHbLumncs Ha 25,2 %, 30 % n 54,7 % B ntomnHanbHoMm A, B 1 TNBC cooTBeTCTBEHHO;
TNFa - Ha 26,2 %, 48,3 % n 50,8 % cootBeTcTBEeHHO; TNF-aR1 — Ha 52,1 %, 39,2 % 1 50,3 % cooTBeTcTBEHHO; TNF-0R2 —
Ha 31,7 %, 32,8 % n 41,9 % cootBeTcTBEHHO; MMP9 — 35.3 %, 32,6 % 1 43,3 % COOTBETCTBEHHO.

3akntoyeHue. BoisBneH KoMnniekc pakTopoB pocTa 1 Mporpeccum, onpeaensiowmin 4yBCTBUTENbHOCTb U PE3UCTEHT-
HOCTb K XMMUoTepanuu npu Bcex nogrunax PMXX, a uMeHHo cHuxkeHue ypoHsa TGF-B, TNF-a, MMP9 n CD44 nocne
HeoaZblOBaHTHOM XMMUMOTEPanun onpeaenseT B fasbHelLleM PEMUCCUIO B TeYeHne MUHUMYM 3 nieT. HanpoTtus,
cTabunusaumsa Unm yBesimyeHune aTUx nokasarenieit NPUBOAUT B AaNlbHENLLEM K paHHEMY NMPOrpecCcMpoBaHuIO 310-
Ka4yeCTBEHHOro npotecca.

KntoueBble cnosa:
pak MOJIOYHOM XXenesbl, 6MoNorMYeckme NOATUMbI, HEOAAbIOBAHTHAA MOIMXUMUOTEPANWS, haKTopbI
pocTa u nporpeccupoBaHnusi, UI'X, pemuccus, nporpeccupoBaHme, pe3UCTEHTHOCTb K XMMUOTEpanuu.
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Despite the improvement in the 10-year overall
survival rate of breast cancer patients, this dis-
ease remains the leading cause of cancer death
in women worldwide. One of the main reasons is
the occurrence of tumor recurrence and resistance
to therapy [1]. There is increasing evidence that the
aggressive nature of TNBC tumors may be due to
the presence of a higher frequency of cancer stem
cells (CD44 high CD24 low/-) compared to other
subtypes of breast cancer [2, 3]. These observations
suggest that the subgroup of cancer stem cells in
tumors is heterogeneous in nature with respect to
the phenotype and may function among different
subtypes of breast cancer. Single-cell transcrip-
tomic analysis of primary and metastatic tumors
of various subtypes of breast cancer can certainly
provide very interesting information about the het-
erogeneity of cancer stem cells. Such information
could then provide the basis for a hypothesis about
how heterogeneity in the cancer stem cell compart-
ment in different subtypes of breast cancer can be
a predictor of response to therapy and resistance
to therapy.

Currently, the clinical problem in the treatment of
breast cancer is the development of resistance to
therapy, the progression of the disease due to the
occurrence of relapses and distant metastasis. The
regulation of cancer stem cell function and the in-
duction of chemoresistance under the influence of
external factors, such as cytokines, chemokines and
hypoxia, become obvious as potential strategies.
They can be aimed at the interaction of cancer stem
cells with cellular and non-cellular components of
the extracellular matrix as more effective therapeutic
approaches.

The role of transforming growth factor B (TGF-B)
in the regulation of tumor cell proliferation, metas-
tasis and remodeling of the extracellular matrix is
also well documented [4]. According to the literature,
prolonged exposure to TGF-B on human breast epi-
thelial cells enhances the phenotype of the epithelial-
mesenchymal transition (EMT) and increases the
number of CD44 cells — a known marker of stem
cancer cells [5, 6]. In response to the effect of TGF-B,
epithelial and carcinoma cells undergo a partial or
complete epithelial-mesenchymal transition, which
contributes to the progression of cancer. This pro-

cess is considered reversible, because the cells
return to the epithelial phenotype after removal of
TGF-B. However, the authors found that long-term
exposure to TGF-B contributes to stable EMT in
breast epithelial cells and carcinoma, in contrast
to reversible EMT caused by shorter exposure. The
stabilized EMF was accompanied by a steadily in-
creased production of stem cells and resistance to
antitumor drugs.

Other cytokines, such as tumor necrosis factor
alpha (TNF-a) and endothelial growth factor (EGF),
regulate the activity of cancer stem cells. When tumor
cells from the luminal A subtype of breast cancer
were exposed to TNF-q, the population of breast can-
cer cells became enriched for the CD44+ CD29+ CSC
phenotype with increased metastatic properties [7].
Further studies should be conducted to assess the
content of TNF-a and their receptors in the serum of
various subtypes of breast cancer before and after
standard treatment [8].

Cancer biomarker research can play an important
role in areas such as cancer diagnosis and predic-
tion, monitoring of disease progression, predicting
disease recurrence, monitoring and predicting treat-
ment effectiveness, and cancer screening. Accord-
ing to some studies, the level of expression of p53
protein receptors in luminal subtypes is different.
In hormone-positive tumors, a high level of p53
expression is associated with overexpression or
mutation of Her2neu [9]. It was found that MMR9
is a potential biomarker for several types of can-
cer [10, 11]. It can be used as a marker in areas
such as diagnosis, monitoring the effectiveness
of treatment and monitoring the progression of the
disease. Some biomarkers may not have sufficient
specificity for clinical applicability when they are
used as a single marker. The use of a combination
of biomarkers is one of the strategies for increas-
ing their specificity. To achieve this goal, MMR9
can also be used in combination with other cancer
biomarkers [9].

The purpose of the study: the study of the level of
TGF-B, TGFR2, TNF-q, TNF-aR1, TNF-aR2, CD44 and
MMRS9 in the blood of breast cancer patients of var-
ious biological subtypes who received neoadjuvant
chemotherapy.
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MATERIALS AND METHODS

The study included data on 162 patients with lo-
cally advanced primary inoperable Her2 negative
stage Il breast cancer aged 30 to 65 years, having
a somatic status on the ECOG-WHO scale from 0
to 1 points (on the Karnovsky scale from 100 % to
80 %). After the diagnosis and comprehensive treat-
ment, the patients were monitored, according to the
results of which they were divided into 2 groups. The
first group consisted of data on 58 patients who had
previously experienced disease progression (local
relapse or distant metastasis) in the period from 6 to
12 months. The second group included 104 patients
who had remission after treatment for at least 3 years
(36 months).

According to the biological subtype, the patients
were distributed as follows: in group 1 there were
58.62 % (34) patients who were diagnosed with
a thrice-negative variant of the tumor, in 41.38 % (24)
patients-a luminal negative subtype in Her2. Luminal
A subtype was not observed in any patients in group
1; hormone-dependent subtypes of the tumor were
most common in group 2 (82 patients — 78.85 %). Lu-
minal B, Her2 negative subtype was diagnosed in 40
patients (38.46 %), luminal A subtype — in 42 patients
(40.39 % of cases). Also, 21.15 % (22 patients) were
diagnosed with a triple-negative variant of the tumor.

The following levels were determined in the blood
serum of patients using standard ELISA test systems:
TGF-B1, TNF-a, CD44, MMR9 (BenderMedSystem,
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Austria); TGF-BRII (RayBiotech, USA); TNF-aRl and
TNF-aRI (R&D systems, USA&Canada).

Statistical data processing was performed using
the STATISTICA 10 statistical package (StatSoft Inc.,
USA). Descriptive statistics of quantitative features
are presented in the form of the arithmetic mean
and the standard error of the arithmetic mean (Mts).
The reliability of the differences between the sam-
ples was evaluated using the nonparametric Mann-
Whitney test (the differences were considered reliable
at p<0.05).

RESEARCH RESULTS AND DISCUSSION

Interesting are the results of studying the blood
parameters before treatment, depending on the bio-
logical subtype of the tumor in patients with subse-
quent progression for 6-12 months (Table 1).

First of all, it should be noted that this group in-
cluded only breast cancer patients with luminal B
and TNBC. It was found that in the blood of patients
with luminal B before the start of chemotherapy, all
the studied indicators had significant differences
from the standard values of healthy donors. Thus,
the level of TGF-B and its receptor TGF-BR2 was on
average 1.9 times higher than the values in the blood
of donors. The content of TNF-a and its TNF-aR1 and
TNF-aR2 receptors before the start of treatment was
increased by 4.3 times, 1.2 times and 1.8 times, re-
spectively. The level of CD44 and MMR9 in the blood
of patients with luminal BC during this period of the

Table 1. Growth and progression factors in the blood of breast cancer patients with subsequent progression for 6-12 months

Luminal B TNBC

Indicators Donor

Before therapy After chemo Before therapy After chemo
TGFB pg/ml 210.1+£19.6 392.9+34.3" 331.7431.5 194.1£18.3 178.9+£16.9
TGFB-R2 pg/ml 99.7+8.2 194.34+17.5 316428.2'2 255.1+26.1" 479.2+43.8'2
TNF-a pg/ml 1.14£0.2 4.7+0.5 5.9+0.5"2 8.510.8" 8.540.9"
TNF-a-R1 pg/ml 405.2+35.4 486.6+42.3" 747.3159.4'2 755.4+63.1" 773.3t72.5"
TNF-a-R2 pg/ml 829.21+74.6 1471+112.8" 2309.64256.7'2 2757.74242.1" 2442 .34252.3"
CD44 ng/ml 25.142.6 69.616.4" 94.748.3'2 182.8417.6" 181.5+19.4
MMR9 ng/ml 48.314.6 181.64£17.97 243.2+21.5'2 162.4114.27 237.5+24.2'2

Note: ' - reliable in relation to the indicators of donors; 2 reliable in relation to the "before treatment" stage (p<0.05).
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study exceeded the normative indicators by 2.8 times
and 3.8 times, respectively. In the blood of TNBC
patients with subsequent progression, the content
of TGFB unexpectedly turned out to be at the level of
values in donors, and the level of its TGF-BR2 receptor
was increased by 2.6 times. The content of TNF-a
and its TNF-aR1 and TNF-aR2 receptors before the
start of treatment was increased by 7.7 times, 1.9
times and 3.3 times, respectively. The level of CD44
and MMR9 in the blood of patients was increased by
7.3 times and 3.4 times, respectively.

Analyzing the dynamics of changes in indicators
after chemotherapy in the blood of patients with sub-
sequent progression, it was revealed (Table. 1), the
absence of significant changes in the level of TGF-B
relative to the indicator before treatment. The TGF-
BR2 receptor, on the contrary, increased in luminal BC
by 1.6 times relative to the indicator before treatment
and became 3.2 times higher than the norm; in TNBC,
the increase compared to the indicators before treat-
ment was 1.9 times and, accordingly, the indicator
was 4.8 times higher than the normative values.

After neoadjuvant courses of chemotherapy, the
level of CD44 in luminal BC increased by 1.4 times
and became 3.8 times higher than normal, with TN-
BC-remained unchanged. The level of TNF-a during this
period of the study in luminal BC increased by 25.5 %

relative to the values before treatment and 5.4 times
exceeded the normative indicators, while in TNBC it
remained unchanged. TNF-aR1 and TNF-aR2 in the lu-
minal subtype increased by 1.5 times and 1.6 times and
became 1.8 times and 2.8 times higher than normal,
respectively. In both studied types of breast cancer,
the content of MMR9 in the blood of this contingent
of patients increased: in luminal B — by 1.3 times, in
TNBC - by 1.5 times, and in both cases, the indicators
became higher than normal on average up to 5 times.

It was also of interest to consider the studied indica-
tors before treatment, depending on the biological sub-
type of the tumor in patients with subsequent remission
for at least 3 years. The results are presented in Table
2. It was found that in the blood of patients, almost
all the studied indicators had significant differences
from the standard values in the direction of increase.
The exception was the level of TGF-B in patients with
luminal A breast cancer, which did not significantly dif-
fer from healthy donors. With luminal B and TNBC, this
indicator exceeded the standard values by 34.8 % and
73.4 %, respectively. The level of the TGF-BR2 receptor
was also higher than normal in all biological subtypes
of breast cancer - on average 4.4 times in luminal
A and B, 6.3 times in TNBC. This was accompanied by
an increase in the CD44 index by 1.8 times, 3.3 times
and 7.3 times, respectively, with luminal A, luminal B

Table 2. Growth and progression factors in the blood of breast cancer patients with subsequent remission for 3 years

Luminal A Luminal B TNBC

Indicators Donors

Before After chemo Before After chemo Before After chemo

therapy therapy therapy
Z&Fﬁl 210.1419.6  234.4421.8 20174103 283.329.2' 210.3+18.52 364.3433.11 209.2419.72
gg/FnE[Rz 09.748.2  4415$32.9"  191.1#17.5' 43564383  200.8+19.42  628.5+64.6' 207.1422.412
gg‘;‘? 1.140.2 42404 3.140.3"2 8.740.9' 454052 6.340.6' 3.140.312
TNF-O-RT 40591354 03064872 4452446.9° 979449531  5952¢51.6'2  1067.8489.1'  530.3457.312
pg/ml LD o LU . LD . Bl 8 . L . " .02 . D . "
TNF-a-R2 1 12 7 12 7 12
o/ 82024746  1557.7+132.9'  1064.2496.4'2  2404.4+156.3'  1616.14142.7'2  3508.84253.1'  2036.95+189.2
CDa4 25.142.6 456443 34.143.212 83.9+7.5' 58.746.012 182.5¢16.9' 82.747.512
ng/ml NEVA .64, 113.2" 947, 7+6.0" .5¢16. 717.5"
MMR9 483146 13694113 88.647.012 18104142 1225+1152  196.5¢17.3" 111,549,612
ng/ml

Note: ' - reliable in relation to the indicators of donors; 2 - reliable in relation to the "before treatment" stage (p=<0.05).
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and TNBC. Assessing the levels of TNF-a and its TNF-
aR1, TNF-aR2 receptors in each subtype of cancer, the
following was obtained: with luminal A, an increase of
3.8 times, 2.3 times and 1.9 times, respectively; with
luminal B — by 7.9 times, 2.4 times and 2.9 times, re-
spectively; with TNBC — by 5.7 times, 2.6 times and 4.2
times. Also, a significant increase in the level of MMR9
relative to donors was observed in various biological
subtypes of breast cancer - 2.8 times in luminal A, 3.8
times in luminal B, 4.1 times in TNBC.

The dynamics of changes in indicators after che-
motherapy in the blood of patients with subsequent
remission for at least 3 years is clearly shown in
Table 2. During this period, the level of TGF-8 and its
receptor TGF-BR2 decreased relative to the previous
period by 14 %, 25.8 %, 42.6 % and 56.7 %, 53.9 %,
67 %, respectively, in luminal A, luminal B and TNBC,
respectively.

The dynamics of a decrease in the blood content of
breast cancer patients was also noted for other stud-
ied indicators after chemotherapy. Thus, the level of
CD44 decreased by 25.2 %, 30 % and 54.7 %, respec-
tively, with luminal A, luminal B and TNBC; the level
of TNF-a - by 26.2 %, 48.3 % and 50.8 %, respectively;
TNF-aR1-by 52.1 %, 39.2 % and 50.3 %, respectively;
TNF-aR2 — by 31.7 %, 32.8 % and 41.9 %, respectively;
MMR9 - 35.3 %, 32.6 % and 43.3 %, respectively.

Our results are confirmed by the data of literary
sources. CD44 is known to serve as a docking mole-

HeoaAblOBaHTHON XumMnoTtepanuu

cule for matrix metalloproteases (MMPs), which are
matrix-modifying enzymes that destroy the basement
membrane and promote cell migration [12]. MMR9,
in turn, cleaves TGFp for activation, which promotes
angiogenesis and invasion [13]. According to the re-
sults of the study, Kuo Y.C. showed that TGFB induces
the expression of membrane-type MMP in breast
cancer cells, which causes CD44 cleavage [14]. The
cleaved CD44 then promoted the migration of tumor
cells, which indicates a significant role of the CD44-
MMP-TGF-B axis in cancer invasion and metastasis.
CD44 also contributes to the emergence of multidrug
resistance [15].

CONCLUSION

Thus, a complex of growth and progression fac-
tors has been identified that determines sensitivity
and resistance to chemotherapy. A decrease in the
level of TGF-B, TNF-a, MMR9 and CD44 after neoad-
juvant chemotherapy determines further remission.
On the contrary, the stabilization or increase in these
indicators leads to an early progression of the ma-
lignant process in the period from 6 to 12 months.
The assessment of indicators of growth factors and
progression can play an important prognostic role
with the help of which it is possible to distinguish
a group of patients with the development of resis-
tance to chemotherapy.
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ABSTRACT

Purpose of the study. An analysis of indices of free radical oxidation and respiration of mitochondria of heart cells in
a malignant process in presence of diabetes mellitus and chronic neurogenic pain in experimental animals.
Materials and methods. The study included outbred female rats (n=32) and C57BL/6 female mice (n=84). Experimen-
tal groups of rats were: intact group 1 (n=8), control group 1 (n=8) with diabetes mellitus (DM), comparison group 1
(n=8) with standard subcutaneous transplantation of Guerin’s carcinoma, main group 1 (n=8) with Guerin's carcinoma
transplanted after 1 week of persistent hyperglycemia. Experimental groups of mice were: intact group 2 (n=21),
control group 2 (n=21) with a model of chronic neurogenic pain (CNP), comparison group 2 (n=21) with standard
subcutaneous transplantation of melanoma (B16/F10), main group 2 (n=21) (CNP+B16/F10) with melanoma trans-
planted 3 weeks after the CNP model creation. Heart mitochondria were isolated by differential centrifugation. Levels
of cytochrome C (ng/mg of protein), 8-hydroxy-2-deoxyguanosine (8-OHdG) (ng/mg of protein), and malondialdehyde
(MDA) (umol/g of protein) were measured in mitochondrial samples by ELISA. Statistical analysis was performed
using the Statistica 10.0 program.

Results. DM in rats upregulated 8-OHdG by 6.3 times and MDA by 1.9 times (p=0.0000) and downregulated cyto-
chrome C by 1.5 times (p=0.0053) in heart cell mitochondria, compared to intact values. DM+Guerin’s carcinoma in
rats increased 8-OHdG by 14.0 times and MDA by 1.7 times (p=0.0000) and decreased cytochrome C by 1.5 times
(p=0.0000), compared to intact values. CNP in mice did not affect the studied parameters in mitochondria of the heart.
CNP+B16/F10 in mice increased 8-OHdG by 7.1 times and MDA by 1.6 times (p=0.0000) and decreased cytochrome
C by 1.6 times (p=0.0008).

Conclusions. Comorbidity (diabetes mellitus, chronic neurogenic pain) together with malignant pathology aggravates
mitochondrial dysfunction of heart cells with destabilization of the respiratory chain mediated by free radical oxidation
processes.

Keywords:
mitochondria, heart, experimental animals, Guerin’s carcinoma, B16/F10 melanoma, cytochrome C,
8-hydroxy-2'-deoxyguanosine, malondialdehyde.
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OPUTUHATIbBHASA CTATbA

(YHKLLMOHAJTIbHOE COCTOAHUE MUTOXOHIPUI KAPAUOMWOLIUTOB
MPW 310KAYECTBEHHOM NPOLIECCE HA ®OHE KOMOPBUAHOW
[ATO10TUWA B IKCNEPUMEHTE

E.M.dpanuusny, U.B.Heckybuna*, H.[l.Yepsapuna, E.N.Cypukosa, A.W.Wnxnsaposa, B.A.banpoBkuHa, J1.A.Hemawkanosa,
WU.B.Kannuesa, J1.K.Tpenutaku, I1.C.Kauecosa, U.M.KoTuesa, M.U.Mopo3oB.a, |0.A.Moropenosa

®rbY «<HMUL onkonorun» Munsgpasa Poccum, 344037, Poccuitickas Oepepaums, r. PoctoB-Ha-[loHy, yn. 14-a nuHus, f. 63

PE3IOME

Llenb nccnepoBanus. M3yyeHne nokasateneit CBO60JHOPaAMNKAIbHOIO OKUCIIEHUS U AbIXaHUS MUTOXOHAPUIA
KJIETOK cepALa Npu 3/10Ka4eCTBEHHOM MNpoLiecce Ha PoHe caxapHOro auabeTta n XPOHUYECKOW HEMPOreHHo 60n
y 9KCNepuMeHTasIbHbIX XXMBOTHbIX.

Martepuanbl n MeTogbl.Pa6oTa BbinosHeHa Ha HEMIMHENHDBIX Kpblcax-camkax (n=32) 1 Mblllax-caMmkax nnHum C57BL/6
(n=84). 3kcnepuMeHTasbHble rpynnbl KpbIC: MHTaKTHasA 1 (n=8), KoHTponbHas rpynna 1 (n=8) ¢ caxapHbiM AnabeToM
(CLo), rpynna cpaBHeHus 1 (n=8) — cTaHAapTHasA NOAKOXHas NepeBMBKa KapLMHOMbI [epeHa, ocHoBHas rpynna 1
(n=8) — Yepes 1 HefeNtO CTOWKOMN MMNEPrIMKEMUM NEPEBUBANM KapLMHOMY epeHa. SKCnepuMeHTasbHbIe rpynnbl
MblLIel: HTaKTHas 2 (1=21), KoHTposbHas 2 (1=21) — BOCNpoV3BeAeHNe MOLEN XPOHUYECKON HENPOreHHOMN 60K
(XHB), rpynna cpaBHeHus 2 (n=21) — cTaHAapTHasi NOAKOXHas nepeBuBka MenaHombl (B16/F10), ocHoBHasi rpynna
2 (n=21) (XHB+B16/F10) — MmenaHoMy nepeBuBanu Yepes 3 Heflenun nocre cospanus mogenu XHb. MutoxoHapum
cepAua nonyyanu metofoM aAvddepeHumanbHoro LeHTpudyruposaHus. B obpasuax MutoxoHapui metogom UOA
onpenensnm KoHUeHTpaLuuto: uutoxpoma C (Hr/Mr 6enka), 8-ruppokcu-2-aesokeuryaHosuHa (8-OHdG) (Hr/mr 6enka),
ManoHoBoro gvanbgernaa (MOA) (MKMonb/r 6enka). CTaTucTudeckuin aHanma — Statistica 10.0.

Pesynbratbl. Hanuune CLl y Kpbic cnoco6¢cTBOBano nosbiweHunto 8-OHdG B 6,3 pasa, MOA B 1,9 pasa (p=0,0000)
1 CHUXeHuto umuToxpoma C B 1,5 pasa (p=0,0053) B MUTOXOHAPUAX KNETOK cepALia Nno CPaBHEHWUHO C UHTAKTHbIMU
3HayeHussMu. C+kapumHoma lepeHa y Kpbic Bbi3biBano noBbileHne ypoeHsa 8-OHAG B 14,0 pa3, MA B 1,7 pasa
(p=0,0000) 1 cHMKeHMe umToxpoMa C B 1,5 pasa (p=0,0093) No cpaBHEHMUIO C MHTAKTHbIMM 3HaYeHUAMU. MpucyT-
ctBue XHbB y MblLLe He NOBAKANO Ha YPOBEHb N3yYaeMblx NokasaTesien B MUTOXOHAPUAX cepaua. XHb+menaHoma
B16/F10 y MblLei NPMBOAWIIO K NOBbILEHMIO ypoBHS 8-OHAG B 7,1 pasa, MOA B 1,6 pasa (p=0,0000) 1 CHUXEHWMIO
ypoBHs LuuToxpoma C B 1,6 pasa (p=0,0008).

3akstoueHmne. Komop6uaHas naTtonorus (caxapHblit anabeT, XpoHMYecKasi HeMporeHHast 60J1b), COMpsiXeHHasi co
3/10Ka4YeCTBEHHbIM NPOLECCOM, YCyrybnsieT ANCc@yHKLUIO MUTOXOHAPWIA KNETOK cepAla ¢ AecTabunusaunen gbixa-
TeNbHON Lienu, onocpefoBaHHON NpoLeccaMmn CBO60AHOPaANKAIbHOrO OKUCIEHUS.

KniouyeBble cnosa:
MWTOXOHAPUN, CepaLe, SKCNepMMEHTasbHbIE XXMBOTHbIE, KapLMHoMa epeHa, MmenaHoma B16/F10,
uutToxpom C, 8-rmapokcu-2'-4e30KCUryaHo3mH, ManoHOBbIW Ananbaern.
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RELEVANCE

Currently, a new multidisciplinary direction is ac-
tively developing — cardiac oncology, based on a com-
prehensive personalized approach to the prevention
and treatment of cardiovascular diseases (CVD) in
cancer patients. Advances in oncology have led to
an increase in their survival rate, which in turn has
increased the number of patients who live to develop
long-term cardiac complications [1]. In general, such
complications are not uncommon and can occur in
almost every cancer patient [2]. The reasons are not
only the cardiotoxic effects of antitumor therapy,
but also the fact that the oncological disease itself
provokes the appearance of cardiovascular problems,
especially in patients with prerequisites for this, as
well as CVD can be associated with the decompen-
sation of chronic comorbid pathology existing in an
oncological patient. The addition of a cardiological
disease reduces the quality of life, and sometimes
makes it impossible to continue special treatment.

In addition to cardiological pathology, the malig-
nant process is often accompanied by other comor-
bid diseases. The connection of diabetes mellitus
with a malignant process is known, often diabetes
is present in patients with malignant tumors [3]. Pain
is quite often an accompanying component of the
tumor process and is present in 30-50 % of cancer
patients after antitumor therapy, in 65-90 % of pa-
tients due to the progression of the disease, 33 % of
patients suffer from pain after the end of antitumor
treatment [4]. The origin of pain in cancer patients is
usually multifactorial: concomitant diseases, direct
and indirect effects of tumor growth, side effects of
antitumor therapy [4].

The heart is an organ that consumes a lot of en-
ergy, and its function largely depends on ATP (ade-
nosine triphosphate) produced by mitochondria. It is
well known that mitochondria ensure the functioning
of various organs under normal and pathological
conditions [5-7]. Mitochondrial dysfunction is one of
the main causes of various heart diseases, which re-
quires a close study and understanding of the mech-
anisms of mitochondrial remodeling in the heart [5,
8, 9]. The most well-known role of mitochondria is
energy production, which is of paramount importance
for organs with a high level of metabolism, such as

the heart. Moreover, mitochondria mediate the fate
of cells, including proliferation, differentiation and vi-
ability, and can also change the normal development
of the body [10]. It is proved that the mitochondria of
cardiomyocytes are the largest producers of reactive
oxygen species (ROS), and hydroxyl radicals damage
mitochondrial proteins, mitochondrial DNA (mtDNA)
and membrane lipids. The latter, called lipid perox-
idation, can disrupt the functions of mitochondria,
including the oxidation of fatty acids (FA) [11] and the
production of ATP, which in turn can potentially cause
systolic dysfunction [12, 13]. Significant oxidative
damage detected in mitochondria can thus contribute
to their functional deficiency in the heart [5].

Diabetes mellitus occurs when glucose tolerance
is impaired due to insulin resistance. Various factors
interact in the pathogenesis and progression of dia-
betes mellitus [14]. Diabetic cardiomyopathy is the
main cause of heart failure and death in patients
with diabetes [15].

Chronic neuropathic pain is defined as "pain re-
sulting from a direct lesion or disease of peripheral
or central neurons that affects the somatosensory
system" [16] and is associated with a violation of the
structural and functional connections of the brain [17,
18]. At the moment, the question of the effect of pain
syndrome on the cardiovascular system has not been
fully studied, therefore it is an area of science that
requires more careful research.

In connection with the above, it is very relevant to
study the influence of comorbid diseases accompa-
nying the malignant process and to identify dysfunc-
tional parameters at the subcellular level in organs
not affected by the malignant process.

The purpose of the study was to study the indi-
cators of free radical oxidation and respiration of
mitochondria of heart cells in a malignant process
against the background of diabetes mellitus and
chronic neurogenic pain in experimental animals.

MATERIALS AND METHODS

The work was performed on non-linear female rats
(n=32) 180-220 g and female mice of the C57BL/6
line (n=84) 8 weeks of age with an initial weight
of 21-22 g. The animals were obtained from FSBI
NMRC Scientific Center for Biomedical Technolo-
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gies "Andreevka" FMBA (Moscow region). The study
used a cell line of mouse melanoma B16/F10 and
a strain of Guerin's carcinoma. The tumor strains
were obtained from the N. N.Blokhin National Re-
search Center of Oncology. The work with animals
was carried out in accordance with the rules of the
"European Convention for the Protection of Animals
Used in Experiments" (Directive 86/609/EEC) and the
Helsinki Declaration, as well as in accordance with
the "International Recommendations for conducting
Biomedical research using Animals" and Order No.
267 of the Ministry of Health of the Russian Feder-
ation dated June 19, 2003 "On approval of the rules
of laboratory practice". The animals were kept un-
der natural lighting conditions with free access to
water and food. The Commission on Bioethics of
the National Medical Research Centre for Oncology
of the Ministry of Health of Russia of 31.05.2018
approved the protocol of the study (protocol of the
ethical committee No. 2) on working with mice of
the C57BL/6 line and on working with nonlinear rats
of 01.09.2020, protocol of the ethical committee No.
21/99. Manipulations with animals were performed
in the box in compliance with the generally accepted
rules of asepsis and antiseptics.

Female rats (n=32) were randomly assigned to
the following experimental groups: intact group 1
(n=8), control group 1 with diabetes (n=8), compari-
son group 1 (n=8) - rats with standard subcutaneous
transplantation of Guerin's carcinoma, main group
1 (n=8) - rats who were first reproduced diabetes
mellitus (DM) (once, intraperitoneal alloxan was ad-
ministered at a dose of 150 mg/kg of weight) and
after 1 week Guerin's carcinoma was transplanted to
persistent hyperglycemia with 0.5 ml of a suspension
of tumor cells in saline solution at a dilution of 1:5. At
the time of transplantation of Guerin's carcinoma in
animals of the main group 1 (n=8), the average blood
glucose values were 25.4+1.2 mmol/Il, whereas in the
group of intact animals 1 (n=8) 5.2+0.3 mmol/I. De-
capitation of animals was performed on a guillotine
14 days after transplantation of Guerin's carcinoma
and 21 days after reproduction of experimental DM.

Female mice of the C57BL/6 line (n=84) were ran-
domly assigned to the following experimental groups:
intact group 2 (n=21), control group 2 (n=21) - re-
production of a model of chronic neurogenic pain

16

(CNP) [19]. Comparison group 2 (n=21) — mice with
standard subcutaneous melanoma grafting (B16/
F10), main group 2 (n=21) (CNP+B16/F10) — mice
that had melanoma grafted 3 weeks after the creation
of the CNP model.

Female mice of the main group 2 (CNP+B16/
F10) underwent ligation of the sciatic nerves from
2 sides under xyl-zoletil anesthesia: xylazine (Xyl
preparation) intramuscularly, at a dose of 0.05 mi/kg
(according to the instructions), after 10 minutes Zo-
letil-50 was administered at a dose of 10 mg/100g.
3 weeks after the healing of the surgical wound, 0.5
ml of a suspension of melanoma B16/F10 tumor
cells was injected subcutaneously under the right
shoulder blade in a 1:10 saline solution. Animals
from the comparison group were transplanted with
melanoma B16/F10 subcutaneously in the same
dose and volume as in the main group, but without
reproducing the model of chronic pain. Decapitated
mice on the guillotine. Animals from the main group
2 and the comparison group 2 were decapitated 14
days after transplantation of experimental melano-
ma B16/F10.

After decapitation, the heart was quickly extract-
ed from the animals using refrigerants and mito-
chondria were isolated according to the method of
Egorova MV, Afanasiev SA (2011) [20] using differ-
ential centrifugation on a high-speed refrigerated
centrifuge Avanti J-E, BECMAN COULTER, USA. The
tissues were washed with an icy 0.9 % KCI solution.
To destroy the intercellular connections, the cell wall
and plasma membranes, mechanical processing of
tissues with grinding with scissors and homogeni-
zation in a glass homogenizer with a Teflon pestle
(Potter-Elvegame homogenizer) was used. For each
gram of tissue, 10 ml of the isolation medium was
added (0.22 M mannitol, 0.3 M sucrose, T mM EDTA,
2 mM TRIS-HCL, 10 mM HEPES, pH 7.4). The tissues
were homogenized and centrifuged for the first time
for 10 min at a speed of 1000 g, temperature 0-2 °C,
the second and third centrifugation is carried out
at 20,000 g, 20 min, temperature 0-2 °C. Between
centrifugation, the procedure of resuspending the
mitochondrial sediment in the isolation medium
was performed. The mitochondrial fraction was
additionally purified from lysosomes, peroxisomes,
melanosomes, etc., by centrifuging in a 23 % Percoll
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gradient. The suspension of subcellular structures
was layered on a Percoll gradient, centrifuged for
15 minutes at 21000 g, after which separation into
3 phases was observed, the lower layer of mitochon-
dria was left and resuspended with an isolation me-
dium. The next washing of the mitochondria was car-
ried out by centrifugation for 10 minutes at 15,000
g, temperature 0-2 °C. The obtained mitochondrial
samples (protein concentration 4-6 g/I) were stored
at-80 °C in the isolation medium before analysis. The
concentration of cytochrome C (ng/mg protein) (Bio-
science, Austria), 8-hydroxy-2'-deoxyguanosine (8-
OHdG) (ng/mg protein) (Enzo Life Sciences, Switzer-
land), malondialdehyde (MDA) (umol/g protein) was
determined in mitochondrial samples of all groups
using test systems on an ELISA analyzer (Infinite
F50 Tecan, Austria) (BlueGene Biotech, China); by
the biochemical method-the amount of protein (mg/
ml) - the biuret method (Olvex Diagnosticum, Russia)
on the ChemWell automatic analyzer (Awareness
Technology INC, USA).

Statistical analysis of the results was carried out
using the Statistica 10.0 software package. The
obtained data were analyzed for compliance of the
distribution of features with the normal distribution
law using the Shapiro-Wilk criterion (for small sam-
ples). Comparison of quantitative data in groups
(independent samples) was carried out using the
Kraskel-Wallis criterion (multiple comparisons). The
data of the tables are presented in the form Mtm,
where M is the arithmetic mean, m is the standard
error of the mean, p<0.05 was taken as the level of

statistical significance. The obtained results were
statistically processed in compliance with the general
recommendations for medical research.

RESEARCH RESULTS AND DISCUSSION

When analyzing experimental data, obtained using
the model of diabetes mellitus and the growth of
Guerin's carcinoma, it was necessary to establish the
effect of diabetes mellitus (control group 1) on the
mitochondria of female rat heart cells. Thus, com-
pared with the values in intact group 1, an increase
in 8-OHdG by 6.3 times, MDA by 1.9 times (p<0.05)
and a decrease in cytochrome C by 1.5 times (p<0.05)
were found (Table 1).

No significant changes were found in compari-
son group 1. The combination of two pathological
processes in the animal's body — diabetes mellitus
and a malignant tumor caused the following chang-
es in the studied parameters: the level of 8-OHdG
increased by 14.0 times, MDA by 1.7 times (p<0.05),
and cytochrome C decreased by 1.5 times (p<0.05)
compared to the values in intact group 1. Statisti-
cally significant differences between animal groups
were determined only in the level of 8-OHdG, this
indicator was 2.2 times higher in the main group
when compared between the control 1 and the main
1 groups, and when compared with the values in
the comparison group it was 17.4 times higher in
the main 1. The level of MDA in the main group 1
exceeded the values in the comparison group 1 by
1.5 times (p<0.05).

Table 1. Changes in indicators of free radical oxidation and respiration of mitochondria of female rat heart cells in diabetes

mellitus and Guerin's carcinoma

8-OHdG ng/mg protein

MDA pmol/g protein Cytochrome C ng/mg protein

Intact group 1 (n=8) 0.927+0.048 14.91241.110 1.382+0.137
Control group 1 — diabetes 5.89040.529" 27.86610.813" 0.90040.048"
mellitus (n=8) p'=0.0000 p'=0.0000 p'=0.0053
Comparison group 1-Guerin's 0.748+0.058 16.992+0.599 1.215+0.101
carcinoma (n=8)
Main group 1-diabetes 13.05040.942'23 26.09210.642'3 0.949+0.041"

: S p'=0.0000 p'=0.0000 p'=0.0093
e

p®=0.0000

Note: p' - statistically significant differences compared to the values in the intact group; p? — statistically significant differences compared to the
values in the control group; p® — statistically significant differences in relation to the values in the comparison group.
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Thus, the most pronounced changes in the level of
the studied parameters (8-OHdG, MDA, cytochrome
C) in the mitochondria of the heart cells of female
rats were determined in the group of animals where
the malignant process developed against the back-
ground of comorbid pathology-diabetes mellitus.

The next section of the work was devoted to the
study of the influence of another comorbid pathology-
chronic neurogenic pain accompanying the growth of
melanoma B16/F10 in female mice in the mitochondria
of heart cells. First of all, it was necessary to assess
the state of free radical processes and respiration of
the mitochondria of the heart cells of female mice, un-
der the influence of CNP, as a result, it was determined
that there were no significant differences between all
the studied parameters (8-OHdG, MDA, cytochrome
C) with the values in intact group 2 (Table 2).

With the independent growth of melanoma B16/
F10 in female mice, as in the case of the independent
growth of Guerin's carcinoma in rats, no significant
changes were found compared to the level in intact
group 2.

The combination of two pathological processes
(CNP+melanoma B16/F10) in the animal's body led to
a change in all the studied biochemical parameters in
the mitochondria of the heart of female mice. Thus,
with the growth of melanoma against the background
of chronic neurogenic pain, compared with the values
in intact group 2, an increase in the level of 8-OHdG
was recorded by 7.1 times, MDA by 1.6 times (p<0.05)
and a decrease in the level of cytochrome C by 1.6
times (p<0.05). Compared with the values in con-
trol group 2, an increase in the level of 8-OHdG was

determined by 6.6 times, the level of MDA — by 2.0
times, and the level of cytochrome C, on the contrary,
decreased by 2.1 times. When comparing the results
obtained between the main group 2 (CNP+melanoma
B16/F10) and the comparison group 2 (melanoma
B16/F10), it was determined that the level of perox-
idation products — 8-OHdG and MDA exceeded the
corresponding indicators for comparison group 2 by
7.7 times and 1.8 times (p<0.05), and cytochrome C
was reduced by 1.3 times (p<0.05).

The totality of the presented changes in the indica-
tors of 8-OHdG, MDA and cytochrome C in the case
of standard melanoma growth and concomitant CNP
in female mice characterizes different mitochondrial
dysfunction depending on the presence of comorbid
pathology — CNP. At the same time, more pronounced
dysfunctional changes in the mitochondria of the
heart cells of female mice were noted when a ma-
lignant process was superimposed on the comorbid
pathology — CNP.

Among the most important biological markers
of oxidative stress, purines can be distinguished:
8-OHdG or its oxidized form-8-oxo-7,8-dihydro-2' -
deoxyguanosine (8-oxodG). Although all living cells
develop a wide range of DNA repair mechanisms,
their enzymatic repair system does not always lead
to the complete removal of all DNA modifications.
Therefore, incorrectly reconstructed DNA is a se-
rious problem for cells, mainly due to changes in
genetic information, as well as related mutagenesis
and apoptosis of cells [21]. Modifications of 8-OHdG
and 8-oxodG occur as a result of the interaction of
hydroxyl or superoxide radicals and guanine G in the

Table 2. Indicators of free radical processes and respiration of mitochondria of heart cells in female mice with chronic

neurogenic pain and the growth of melanoma B16/F10

8-OHdG ng/mg protein

MDA pmol/g protein Cytochrome C ng/mg protein

Intact group 2 (n=21) 1.52540.078 3.728+0.189 4.61140.57
Control group 2 ~CNP (n=21) 1.63+0.082 2.909+0.254 6.18+0.59
Comparison group 2 ~ 1.39940.107 3.254+0.227 3.8140.47

melanoma B16/F10 (n=21)

123
Main group 2 - 10.785+0.387

=
CNP+melanoma B16/F10 P2_0~0000
(n=21) p?=0.0000

p3=0.0000

6.003+0.216'23 2.934+0.47'%3

p'=0.0000 p'=0.0008
p?=0.0000 p?=0.0010
p*=0.0000 p3=0.0024

Note: p1 — statistically significant differences compared to the values in the intact group; p? — statistically significant differences compared to
the values in the control group; p* — statistically significant differences in relation to the values in the comparison group.
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DNA chain. Free radicals attack the G chains of DNA
or free 2' — deoxyguanosine, resulting in the formation
of radical adducts. The separation of electrons forms
8-0OHdG, which, as a result of a reaction known as
keto-enol tautomerism, turns into the main oxidized
product of 8-oxodG [21].

Numerous experimental data emphasize the direct
connection between oxidative stress and diabetes
by measuring biomarkers of oxidative stress both in
patients with diabetes and in experimental animals
with reproduced diabetes mellitus [15, 22, 23]. A hy-
perglycemic condition can lead to increased levels of
markers of DNA damage caused by oxidative stress,
such as 8-hydroxy-2' — deoxyguanosine (8-OHdG) and
8-ox0-7,8-dihydro-2' — deoxyguanosine; lipid peroxi-
dation products, measured as substances reacting
with thiobarbituric acid (TBARS); protein oxidation
products, such as the level of nitrothyrosine and
carbonyl, and also reduce the activity of antioxidant
enzymes [15].

In the presented study on experimental animals, an
increase in the processes of lipid peroxidation was
confirmed by an increase in the oxidation products
of 8-OHdG, MDA and a decrease in the component
of the respiratory chain — cytochrome C in diabetes
mellitus in the mitochondria of heart cells.

One of the end products of lipid peroxidation (LP)
is MDA. The formation of MDA occurs as a result of
free radical oxidation of polyunsaturated fatty acids
of phospholipids of cell membranes by active oxygen
forms [24]. At the sites of the addition of peroxide
radicals, fatty acids are torn into fragments, on the
edges of which there are aldehyde groups with high
reactivity. If the gap occurred on both sides, an MDA
is formed. Reacting with the SH-and CH3-groups of
proteins, MDA suppresses the activity of enzymes:
cytochrome oxidase, hydroxylase, etc. MDA is a high-
ly toxic compound that causes polymerization of
proteins, destruction of DNA, sulfhydryl antioxidants,
modification of the lipid layer of cell membranes. As
a result, there is a suppression of the generation of
high-energy compounds by mitochondria, in partic-
ular, adenosine triphosphate, which is necessary to
ensure the vital activity of cells, growth rates, and
development of the whole organism. MDA is con-
sidered to be the most mutagenic product of lipid
peroxidation [24].

We believe that the detected changes in MDA and
8-OHdG in a rodent experiment using a model of dia-
betes mellitus and chronic neurogenic pain combined
with two strains of a malignant tumor (Guerin's carci-
noma, melanoma B16/F10) may indicate the ability
of MDA to damage DNA, through an increase in the
biomarker of oxidative stress — 8-OHdG.

Cytochrome C is an "extremely multifunctional”
protein [25]. It mediates the transfer of electrons
in the respiratory chain and acts as a detoxifying
agent to get rid of ROS. In addition, cytochrome C
participates in cell apoptosis as a precursor of in-
ternal apoptosis mediated by mitochondria [25, 26].
As a protein of the mitochondrial peripheral mem-
brane, cytochrome C acts between the inner and outer
mitochondrial membrane of healthy cells, where it
mediates electron transfer between complexes |l
and IV of the respiratory chain [25].

Within the framework of this experiment, it was
shown that the level of cytochrome C in the mito-
chondria of the heart with the standard growth of
Guerin's carcinoma and melanoma B16/F10 had no
statistically significant changes, whereas with Guer-
in's carcinoma and the growth of melanoma against
the background of comorbid pathology - diabetes
mellitus and CNP, its decrease was noted.

In this work, using two models of comorbid pathol-
ogy (diabetes mellitus, chronic neurogenic pain) and
two strains of malignant tumor (Guerin's carcinoma,
melanoma B16/F10) on different experimental ani-
mals (rats, mice), both general dysfunctional changes
in the mitochondria of heart cells and fundamental
differences were demonstrated. As a result, differ-
ences between the two comorbid pathologies were
revealed, so in diabetes mellitus, an increase in free
radical oxidation with suppression of mitochondrial
respiration was revealed, and in chronic neurogenic
pain, the mitochondria of heart cells were stable. It
is worth noting that the independent development of
the tumor process-Guerin's carcinoma and melanoma
B16/F10 in the body of female rats and female mice
did not affect the functional state of the mitochondria
of heart cells. General dysfunctional disorders in the
mitochondria of heart cells were recorded with a com-
bination of comorbid pathologies and a malignant
process, which resulted in an increase in all products
of lipid peroxidation and suppression of cytochrome C.
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Recently, mitochondria have attracted considerable
attention from both academic circles and pharma-
cological concerns, since mitochondrial dysfunction
is a sign of many diseases, including heart failure.
In general, many studies confirm the leading role
of impaired activity of the mitochondrial electron
transport chain, oxidative stress, etc.in cardiomyocyte
dysfunction and, as a result, in the establishment
or progression of heart failure [23, 27]. Why do mi-
tochondria play such a central role in heart failure?
First of all, the mitochondria are the powerhouse of
the cell. Mitochondria make up ~ 35 % of the volume
of cardiomyocytes and form a long, dynamic and
well-organized network that facilitates both physical
and chemical interactions between mitochondria
and other intracellular structures. Recent studies on
cellular and molecular mechanisms involved in the
pathophysiology of heart failure and in the field of
cardioncology point to mitochondria as strategic and
dynamic nodes that actually affect every biochemical
process in heart cells [23]. A dysfunctional mitochon-

drial network of cardiomyocytes can quickly spread
damage inside cardiomyocytes in heart failure [23].
Therefore, the identification of points or markers
of the dysfunctional state of mitochondria can be
considered as a promising scientific direction, the
results of which can be used to develop various new
therapeutic strategies, including small molecules and
peptides aimed at various mitochondrial anomalies
that can improve heart function.

CONCLUSION

Summarizing the results obtained for all the used
models of comorbid pathology (diabetes mellitus,
chronic neurogenic pain) and malignant process
(Guerin's carcinoma, melanoma B16/F10) in rodents,
it can be argued that comorbid pathology associat-
ed with a malignant process exacerbates the dys-
function of the mitochondria of heart cells with the
destabilization of the respiratory chain mediated by
the processes of free radical oxidation.
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ABSTRACT

Purpose of the study. Evaluation of the cytotoxic effect of strains RVK100 and RVK228 of a new unclassified group
of human rotaviruses on human peripheral blood mononuclear cells in vitro.

Materials and methods. As a material for the study, we used peripheral blood mononuclear cells of a healthy donor.
The cells were exposed to two strains of rotaviruses RVK100 and RVK228 for 24 and 48 hours. The cytotoxicity of
the tested viruses was assessed using the Colorimetric Cell Viability Kit | (WST-8) (PromoCell, Germany). Analysis of
lymphocytes subpopulation composition was assessed on a FACSCantoll flow cytometer (BD, USA) using monoclonal
antibodies to human antigens: CD3, CD4, CD8, CD16/56, CD19, CD45, CD38, HLA-DR.

Results. According to the cell viability test, there was no significant decrease in the number of living cells in the sam-
ples with the addition of viruses in comparison with the control. On the contrary, after 48 hours of cultivation in the
samples with the addition of RVK228, the number of living cells was significantly higher than in the control. The study
of lymphocytes subpopulation composition showed a relative increase in the number of early activation markers on
T cells in samples with viruses, which was also more pronounced in samples with the addition of RVK228.
Conclusion. The investigated strains of rotaviruses have no cytotoxic effect on human peripheral blood mononuclear
cells. Moreover, the RVK228 strain is likely to have the ability to activate lymphocytes.
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PE3IOME

Llenb uccnepgoBanus. OueHka LMTOTOKCUYecKoro aencteus wrammoB RVK100 n RVK228 HoBol Heknaccuduumpo-
BaHHOW rpynmnbl pOTaBUPYCOB YENOBEKA HA MOHOHYK/eapHble KNeTKW nepudepruyeckoin KpoBU YenoBeka in vitro.
Martepuanbl U MeToabl. B KauecTBe MaTepuana Asa UCcCnefoBaHUA UCMONb30BaIM MOHOHYKJ1I€apHble KN1eTKn
nepugepryeckon KpoBu 310poBOro foHopa. Ha kneTku Bo3gencTeoBanu AByms wtammamm RVK100 n RVK228
B TeueHue 24 1 48 yacoB. LUMTOTOKCUYHOCTb TECTUPYEMBIX BUPYCOB OLleHMBanu ¢ nomoupbto Tecta Colorimetric
Cell Viability Kit | (WST-8) (PromoCell, FepMmaHus). AHanua cy6nonynsumMoHHOro cocTasa IMMGOLMTOR OLleHUBanu
Ha npoToyHoM uutodnyopumetpe FACSCantoll (BD, CLLA) ¢ ucnonbaoBaHMeM NaHeny MOHOK/OHANbHbIX aHTUTEN
K yenoBeyeckunm aHTureHam: CD3, CD4, CD8, CD16/56, CD19, CD45, CD38, HLA-DR.

Pesynbrathbl. [10 JaHHBIM TECTa Ha XXM3HECTNOCOBHOCTb He 6bl/T0 06HAPYXXEHO AOCTOBEPHO 3HAYMMOIO CHUXKEHUSA
KOJIMYECTBA XMBbIX KNeTOK B 06pasuax ¢ Ao6aBlieHMeM BUPYCOB MO CPaBHEHUIO C KOHTposieM. HanpoTus, nocne
48 yacoB KynbTUBMpPOBaHMs B obpasuax ¢ gobaBneHvem RVK228 konmyecTBa XuBbIX KNETOK 6bIN10 JOCTOBEPHO
60sblue, YeM B KOHTpone. MiccneaoBaHue cy6rnonynsiLMOHHOrO cocTaBa MMMAOLMTOB Nokasasio OTHOCUTENbHOE
yBeNnYeHne KoNMYeCcTBa MapkepoB paHHe akTuBaLumn Ha T-kneTkax B o6pasLax ¢ BUpycamu, KOTOPOe Takxe 6b110
60s1ee BblpaxeHo B o6pasuax ¢ gobaBneHneMm RVK228.

3akntoyeHue. Viccnepgyemble LITaMMbI POTaBUPYCOB HEe OKa3blBatOT LIMTOTOKCMYECKOro AENCTBUSA HAa MOHOHYKIeap-
Hble KNeTKU nepudepryeckoi Kposu Yyenoseka. [Mpu aTom wtamm RVK228, BeposiTHO, 06/11afjaeT CNoCOBHOCTbIO
K aKTMBaumn numeoLmnTos.
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INTRODUCTION

Despite the success of modern oncology, malig-
nant tumors are the second most common cause of
death worldwide [1]. Oncolytic virotherapy is one of
the antitumor strategies, the development of which
remains relevant for a number of decades. The po-
tential of oncolytic viruses (OV) was finally realized
when the first drug for therapy based on OV — Oncorin
(H101) — was approved by the State Food and Drug
Administration of China (SFDA) for clinical use in the
treatment of nasopharyngeal carcinoma in 2005 [2].
Later, in 2015, the US Food and Drug Administration
(FDA) approved the drug T-Vec based on a modified
herpes simplex virus (HSV) for the treatment of met-
astatic melanoma [3]. Both natural attenuated and
engineered viruses that are nonpathogenic to humans
are being studied all over the world. Identifying the
most active and safe of them would allow us to offer
new methods of treating malignant tumors.

The safety of the use of OV depends on their abil-
ity to infect and replicate only in tumor cells. It is
known, in particular, that the selective replication
of viruses in cancer cells is mainly due to impaired
mechanisms of the antiviral response in transformed
cells (for example, the type | interferon signaling
pathway) [4]. Disorders of cellular metabolism [5]
and signaling pathways regulating cell division [6]
are also considered as possible reasons for the OV
tropism to tumor cells. Since it is impossible to draw
a conclusion about its safety only on the basis of
data on the interaction of OV with tumor cells, a nec-
essary stage in research to find new OV is testing
their cytotoxic activity in relation to normal cells of
the body.

In the Rostov Institute of Microbiology and Parasi-
tology (the Rostov Research Institute of Microbiology
and Parasitology of Rospotrebnadzor), during the
work on the adaptation of group A human rotaviruses
to growth on transplanted cell cultures for their use
as a vaccine for children, strains that did not belong
to any of the known groups of human rotaviruses
were detected and isolated [7]. The new group is
called group K rotaviruses (RVK), its representatives
have common features both with group A rotaviruses,
which are the most common pathogens of gastro-
enteritis in children, and with reoviruses. Further joint

studies of the National Medical Research Centre for
Oncology of the Ministry of Health of Russia and
the Rostov Research Institute of Microbiology and
Parasitology showed the oncolytic activity and im-
munomodulatory properties of this group of viruses
in vivo and in vitro [8-10]. The future prospects of
using new rotavirus strains in oncolytic virotherapy
will be determined by their safety in relation to normal
human cells.

The purpose of the study was to evaluate the cyto-
toxic effect of RVK100 and RVK228 viruses of a new
unclassified group of human rotaviruses of the family
Reoviridae on peripheral blood mononuclear cells of
healthy donors.

MATERIALS AND METHODS

Oncolytic strains of rotaviruses

The study used two live attenuated, nonpathogenic
rotavirus strains previously isolated at the Rostov
Institute of Microbiology and Parasitology, with the
working name rotaviruses of group K - RVK100 and
RVK228 [7].

Cultivation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells (MNCs) were
obtained from a healthy male donor of 25 years. The
donor signed an informed consent to participate in
the study. Mononuclear cells were isolated by cen-
trifugation using Vacutainer® CPT ™ tubes (BD, USA)
according to the manufacturer's instructions. The
resulting cells were counted with the addition of 0.4 %
trypan blue on an automatic Eve counter (NanoEnTek
Inc, Korea).

Determination of the cytotoxic activity of viruses

MNCs were introduced into a 96-well tablet (Ep-
pendorf, Germany) in an equal seeding dose of 10*
cells per well in 100 ml of RPMI 1640 nutrient me-
dium (Gibco, USA) without the addition of serum
and antibiotics. Then the cells were cultured for 24
hours at 37 °C in a humid atmosphere containing
5 % CO,. After 24 hours, viruses were introduced
into the wells with MNCs to a final concentration of
107 particles/ml, for which 1 ml of a suspension of
viruses with a concentration of 10° particles/ml in
the RPMI 1640 nutrient medium without serum was
added to each well of the 96-well tablet. An equal
amount of virus-free medium was introduced into
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the control wells. Next, the MNCs were cultured for
24 or 48 hours at 37 °C in an atmosphere of 5 % CO,,.
WST-8-the test used to determine cytotoxicity is an
analog of the popular MTT test. The number of living
cells was evaluated by colorimetric measurement of
the concentration of formazan obtained during the
reduction of WST-8 by cellular reductases. The study
used the Colorimetric Cell Viability Kit | (WST-8) (Pro-
moCell, Germany) according to the manufacturer's
instructions. The optical density (OD) was measured
using an ELISA reader Stat Fax2100 (Awareness
Technology, USA) at a wavelength of 492 nm. Each
variant of the experiment was put in 16 repeats, in-
cluding 2 incubations and 2 strains.

Determination of the population composition

of lymphocytes

For cytofluorimetric analysis, cells were introduced
5 x 10° cells per well of a 6-well tablet (Eppendorf,
Germany) in 1.5 ml of RPMI 1640 nutrient medium
without the addition of serum and antibiotics. The
cultivation of cells with viruses was carried out as
described above. The study of the population and
subpopulation composition of lymphocytes was
carried out on a 6-color flow cytometer BD FACS-
Canto Il (Becton Dickinson, USA) using a panel of
monoclonal antibodies to human antigens: CD3, CD4,
CD8, CD16/56, CD19, CD45, CD38, HLA-DR (Becton
Dickinson, USA).

Statistical analysis

The colorimetric test data is presented as an aver-
age value of + 95 % confidence interval. The reliability
of the difference between the average values was de-
termined using the Student's t-test. The significance
level adopted in the study, taking into account the
Bonferroni correction for multiple comparison, was
a’'=a/6=0.005/6=0.008. The critical value of the Stu-
dent's t-test for the adjusted a’=0.008 and df=2n-2=30
wast =2.84.

crit

RESEARCH RESULTS AND DISCUSSION

The addition of viruses to the culture medium did
not have a cytotoxic effect on the MNC. According to
the results of the colorimetric test, the level of living
cells in both samples with the addition of viruses
and in control samples did not differ significantly
after 24 hours of cultivation (0OD_  =0.21+0.007,
0D, ,0,=0.22%0.007, OD,,,,,,=0.21£0.01). After 48
hours of cultivation, there was a significant decrease
in the proportion of living cells in all samples, but in
the sample with the addition of the RVK228 strain, the
decrease was less pronounced (OD_ =0.14+0.003,
0D, 10,=0.1420.01, OD_,,,,=0.15£0.005) (Fig. 1).
Testing the hypothesis of equality of mean values us-
ing the Student's t-test showed that the difference in
the proportion of living cells between the control and

0,250

0,200 -

0,150

492 nm, conv.units

0,100 -

OD A=

0,050 -

0,000 -

= Control

= RVK100

RVK228

Cultivation time, h

Fig. 1. The results of the WST-8 test under the action of oncolytic rotavirus strains RVK100 and RVK228 on MNCs under in vitro conditions
(mean value + 95% confidence interval). * - the difference in the average values compared to the control is statistically significant at the

significance level a'<0.008.
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the variant with the addition of RVK228 is significant
at the significance level a’<0.008 (t,, =3.53, df=30),
while the differences between the other variants did
not reach the accepted significance level.

A decrease in the proportion of living MNCs after
a short period of time after passage indicates the
death of some cells, probably caused by the absence
of specific signals in the serum-free environment that
support the activation and proliferation of lympho-
cytes [11]. The fact that the decrease in the level of

living cells after 48 hours of cultivation in the sample
with RVK228 was not as pronounced as in the con-
trol sample and in the sample with RVK100, may be
due to the fact that this strain has a greater ability
to activate cells of the immune system compared to
RVK100. This assumption is supported by the results
cytofluorimetric studies are shown in tables 1, 2.

It should be noted that incubation of donor sam-
ples MNC for 24 hours under these conditions with-
out viruses has led to significant changes in their

Table 1. Effect of RVK100 and RVK228 strains on the population composition of lymphocytes under in vitro conditions

Lymphocyte populations, % of CD45+ (mean value + standard deviation)

Samples
CD3* CD19* CD16/56* CD3/16/56*
Before incubation 80.4+7.4 1.7+0.2 14.3+2.1 2.6+0.9
24 hours
Control 67.416.2 0.740.05 25.6+3.0 5.3+1.1
RVK100 72.1£8.0 0.940.1 24.4+2.8 4.1%1.0
RVK228 67.217.8 0.7+0.08 27.3%3.1 4.10.7
48 hours
Control 68.815.8 0.90.15 23.9+2.3 3.610.5
RVK100 68.3+7.1 0.410.03 25.6+3.05 2.510.5
RVK228 69.116.5 0.5+0.03 25.6+2.8 3.110.8

Table 2. Effect of RVK100 and RVK228 strains on the subpopulation composition of T-lymphocytes under in vitro conditions

T-lymphocyte subpopulations (mean value * standard deviation)

Samples CD4+, CD8*, CD4*HLA-DR?, CD4+*CD38, CD8*HLA-DR?, CD8*CD38,
% of CD3* % of CD3* % of CD4* % of CD4* % of CD8* % of CD8*
Before incubation 38.1+4.8 38.0%5.1 6.4+0.9 33.8+3.8 10.4+1.8 10.7£2.1
24 hours
Control 15.842.1 39.6+3.5 17.0+1.3 12.8+1.7 4.3+3.1 3.8£0.45
RVK100 13.841.05 48.0+5.6 23.5%1.9 7.80.9 2.7+1.9 6.0+0.8
RVK228 13.2+1.4 39.54.2 19.6%2.1 13.7£1.2 6.0+0.7 8.8+0.74
48 hours
Control 14.0x1.7 40.8+4.02 20.5%2.5 9.5£1.05 2.310.4 4.51+0.6
RVK100 12.941.07 39.0£4.5 18.9+2.1 8.7+0.9 2.7+0.3 4.6+0.8
RVK228 11.2£1.5 39.9+3.8 21.3+2.8 14.7£1.9 3.5+0.7 3.5¢0.4
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composition: there was a decrease in the percentage
of cells expressing CD3* and CD4*, with preservation
of the percentage of CD8*, the marked increase in the
percentage of NK-cells, which, apparently, was more
resistant to such cultivation; the changes were made
in subpopulations of activated T-cells.

After 24 hours, in both samples with the addition of
viruses, compared with the cultivation control, there
was a relative increase in the proportion of T-killers
expressing an early activation marker (CD8*CD38%),
while the reaction to RVK228 was more pronounced
(RVK228 - 8.8 % + 0.74 %, RVK100 - 6.0 % + 0.8
%, control — 3.8 %+0.45 %). The 24-hour incubation
of MNCs with RVK was also accompanied by an
increase in the percentage of CD4* cells and a de-
crease in CD8* cells expressing HLA-DR* under the
action of RVK100. After 48 hours of cultivation, the
expression of the early activation marker on T-helpers
(CD4+CD38*) exceeded the control values only in sam-
ples with the addition of RVK228 (RVK228 - 14.7
1.9 %, RVK100 - 8.7 £ 0.9 %, control — 9.5 %+1.05 %).

There were no significant changes in the relative
number of T-lymphocytes (CD3*), T-killers (CD8*),
T-helpers (CD4*), B-lymphocytes (CD19%), as well as
natural killers (NK) and natural killer T-cells (NKT) in
the experimental samples compared with the control
ones (Tables 1, 2).

Activation of lymphocytes in response to inter-
action with a foreign agent, including a virus, is
a well-known fact. However, at this stage, without
additional studies, it is impossible to accurately
determine the mechanisms underlying the ability
of the RVK228 strain to maintain lymphocyte prolif-
eration. However, there are a number of works that
provide results similar to ours and investigate pos-
sible intermediary cells of the mitogenic activity of
rotaviruses in vitro. So, in the work of Yasukawa
et al. [12], it was suggested that the source of the
mitogenic effect on the lymphocytes of the Wa
strain of human rotavirus and the NCDC strain of
cow rotavirus are memory T cells that previously
came into contact with this group of viruses, since
this effect was not observed in experiments with
umbilical cord blood, whose lymphocytes were
naive to pathogens. The repeated encounter with
the virus, according to the authors, provoked the
active proliferation of memory T cells and the
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production of such factors as interleukin-2 (IL-2)
and interferon-y (IFN-y), which stimulate the pro-
liferation of lymphocytes [12]. However, in more
recent studies by other authors, it was shown that
the primary source of activation of lymphocytes,
including T cells, by rotaviruses are plasmacytoid
dendritic cells (PDC) [13, 14], which are present
in a small amount in all MNC preparations. Thus,
in the work of Mesa et al. [13], it was shown that
macs, when infected with the Wa strain, secrete
proinflammatory cytokines IL-6, tumor necrosis
factor-a (TNF-a) and IFN-a into the medium, which,
in turn, leads to the activation of T-helpers and
their production of regulatory cytokines IFN-y,
IL-2 and IL-10. In the same study, it was shown
that in addition to PDC, monocytes and B cells
are susceptible to rotavirus infection, with almost
complete resistance of T cells to it, which is as-
sociated with a4-integrin and other unexplored
factors [13]. It is emphasized that the infection
is of a short-term nature and does not affect the
viability of these cells, which is consistent with
the results of our experiment.

Despite the fact that our study did not observe
a relative increase in the number of T-helpers, which
is mentioned in the study of Yasukawa et al. [12],
we can assume that this subpopulation is activat-
ed, as evidenced by an increase in the proportion of
CD4*CD38* cells. Whether the activation of T-helpers
is direct or mediated by antigen-presenting cells, as
well as how much T-helpers are involved in maintain-
ing the proliferative activity of MNCs, has yet to be
established. Given that in our study we are studying
the properties of a previously unexplored group of
rotaviruses, the mechanism of their interaction with
blood cells may differ from mechanisms given in the
works cited above.

CONCLUSION

The studied strains of human rotaviruses belong-
ing to group K, first described at the Rostov Institute
of Microbiology and Parasitology, do not have cyto-
toxic activity against human lymphocytes in vitro.
Moreover, the RVK228 strain probably has the ability
to activate T cells, but further research is required to
test this hypothesis.
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ABSTRACT

The discovery of immune checkpoint inhibition has revolutionized the treatment of many solid malignancies, including
non-small cell lung cancer (NSCLC). Immune checkpoint inhibitors (ICI) can restore the antitumor immune response
by blocking the inhibition of T-cell activation. Anti-programmed death-ligand 1 (PD-L1) is currently the main biomarker
of the effectiveness of anti-PD-1 / PD-L1 blockade in the treatment of NSCLC without driver mutations. High tumor
mutational burden suggests an increased neoantigens load and has been associated with the effectiveness of ICI
therapy. Microsatellite instability, a biomarker approved for immunotherapy across solid tumors, but it is uyncommon
in NSCLC. Primary resistance to IClsis characteristic of NSCLC with driver mutations, acquired is associated with im-
munoediting resulting in the depletion of potentially immunogenic neoantigens. The review discusses recent advances
and future directions for predicting the results of immunotherapy in patients with NSCLC.
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bUOMAPKEPbI A1 UMMYHOTEPANTUA HEMENKOKNETOYHOIO PAKA JIETKOTO

[.A.Xapare3os, [0.H.J1a3yTuH, E.I0.3naTHuk, A.b.CaraksHu, 3.A.Mup3oan*, A..MunakuH, 0.H.CtaTewHblii,
A.B.YybapsaH, U.A.Jleiiman

®rbY «<HMUL oHkonoruu» Munagpaea Poccuu, 344037, Poccuiickas ®epepaums, r. PoctoB-Ha-[loHy, yn. 14-a nuHus, 4. 63

PE3IOME

OTKpbITUE MHIMBUPOBAHUA UMMYHHbIX KOHTPOJbHbIX TOYEK MPOU3BENIO PEBOJIIOLMIO B JIEHEHUM MHOTUX CONMAHbIX
3/10KaYeCTBEHHbIX HOBOOGPa30BaHWi, BKJIOYasi HEMENKOKNETOYHbIN pak nerkoro (HMPJT). UHrMéutopbl UMMYyH-
HbIX KOHTPOJIbHbIX Touek (MUKT) o6nafatoT CnoCO6HOCTbIO BOCCTAHABIMBATL MPOTUBOOMYXOEBbI UMMYHHbIN
OTBET, 6/I0KNPYS TOPMOXeHUe akTuBauuu T-numdounTtos. Anti-programmed death-ligand 1, TpaHcMeM6paHHbIi
6enokK, nuraHg K peuentopy PD-1(PD-L1) B HacTosiLiee BpeMa ABNAETCA OCHOBHbIM 6MOMapKepoM adhheKTmB-
HocTu aHTu-PD-1/ PD-L1 npenapaTtoB nedeHnn HMPJ1 6e3 apaitBepHbix MyTaLuit. Bbicokas MyTaLMOHHas Harpyska
ornyxosnu, NpeanonararoLas noBbILWEHHYI NPOAYKLMNIO HEOAHTUIEHOB, TakXXe accoummnpyeTcs ¢ 3GHEKTUBHOCTbIO
MMMyHOTepanuu. MukpocaTeNnnuTHaa HecTabunbHOCTb — ApYroi 6uomMapkep, 0A06PEHHbIV A1 UMMYHOTepanum
npu CONMAHBIX OMyXonsax,— peako Habntoaaetca npu HMPJI. NepBuyHas pesncteHTHOCTb K UMKT xapakTepHa ans
oHKoppaviBepHoro HMPJ1, npuo6peTeHHas cBsidaHa C UMMYHOPeaKTUpOBaHNEM B pe3yfbTaTte UCTOLLEHUS NOTeH-
LnanbHO MMMYHOTeHHbIX HeoaHTUreHoB. B 0630pe o6cyxaatoTcs nocnegHne AOCTUXEHUS 1 ByayLine HanpaBieHus
NPOrHO3UpPOBaHUs pesyNibTaToB UMMYHOTepanuu y 6onbHbix HMPJT.

KnioueBble cnoa:
HEMEeJIKOKJIETOUHbIN paK Nerkoro, UMMyHoTepanus, 6uoMapKepbl, UHFUGUTOPbI UMMYHHbIX KOHTPOJbHbIX
Touek, anti-programmed death-ligand, onyxonesasi MyTaLMOHHas Harpy3ska.
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INTRODUCTION

The discovery of immune checkpoint inhibition has
revolutionized the treatment of many solid malignan-
cies, including non-small cell lung cancer (NSCLC).
Anti-programmed death-ligand 1, transmembrane
protein, ligand to the PD-1 receptor (PD-L1) is cur-
rently the main biomarker of the effectiveness of
anti-PD-1/ PD-L1 drug blockade in the treatment of
NSCLC without driver mutations.

To date, the biomarkers approved by the Food and
Drug Administration (FDA) for determining indica-
tions for immunotherapy of progressive NSCLC are:
the proportion of a tumor proportion score (TPS)
expressing PD-L1 on tumor cells and microsatel-
lite instability. Other promising markers studied for
immunotherapy are: tumor mutation burden (TMB),
tumor-infiltrating lymphocytes (TILs), and the density
of CD8+T cells in the tumor microenvironment. The
genomic landscape of a tumor affects its immuno-
genicity and response to immunotherapy. The review
discusses the latest achievements and future direc-
tions for predicting the results of immunotherapy in
NSCLC patients.

PD-L1 tumor expression

PD-L1 is a transmembrane protein encoded by
the PD-L1 gene found on chromosome 9 in humans.
Constitutive expression of low-level PD-L1, charac-
teristic of resting lymphocytes, antigen-presenting
cells of other tissues, is necessary for maintaining
homeostasis in anti-inflammatory conditions [1]. The
inhibitory PD-1 molecule present on B-lymphocytes,
activated T-lymphocytes and natural killer cells binds
to the ligands PD-L1 (B7-H1 or CD271+) and PD-L2
(B7-DC or CD273+) [2]. The interaction of the PD-1
molecule with the PD-L1 sligand inhibits the prolifera-
tion, survival and activity of cytotoxic T-lymphocytes,
induces apoptosis of tumor-infiltrating lymphocytes
(TILs) and the accumulation of immunosuppressive
regulatory T cells (T-reg.) in the tumor microenviron-
ment [3]. With advanced NSCLC, approximately 40
to 58 % of patients have PD-L1-negative tumors, 28
to 31 % have tumors with low (1-49 %) expression
of PD-L1, and only 10 to 32 % have tumors with high
(50 % or more) expression of PD-L1 [4, 5]. Antibody
blockade of immune control points of the PD-1/PD-

BMOMapKepr AN UMMYHOTEpanun HeEMeNKOKNETOYHOro paka nerkoro

L1 axis revolutionized the treatment of advanced
and metastatic NSCLC, becoming the standard of
first-line treatment of patients both in isolation and
in combination with chemotherapy [6].

The expression of PD-L1 is determined by the im-
munohistochemical method. 5 different anti-PD-L1
immunoglobulins of the IgG1 class are used for test-
ing in clinical trials: 22C3, 28-8, SP142, SP263 and
73-10. The percentage of expression is most often
measured using the TPS indicator, which is estimat-
ed by quantifying viable tumor cells with partial or
complete staining of cell membranes [7].

Numerous clinical studies [8] of the use of anti-
PD-1 and anti-PD-L1 antibodies have shown the
value of studying the expression of PD-L1 as a pre-
dictive biomarker. A randomized clinical trial of KEY-
NOTE-010, which compared the effectiveness of pem-
brolizumab at two different doses of 2 or 10 mg/kg
every 3 weeks with docetaxel chemotherapy in pre-
viously treated patients with progressive NSCLC with
a TPSPD-L1 index of =1 %. The main endpoints of the
study were determined by the overall survival (s) and
progression — free survival (PFS-progression-free
survival). Patients treated with pembrolizumab had
a significantly longer median S: 10.4 months. when
prescribing pembrolizumab at a dose of 2 mg/kg
(HRO, 71, p=0.008) and 12.7 months at a dose of 10
mg/kg (HR 0.61 p<0.00001) compared with patients
receiving only docetaxel-8.5 months. After 1 year,
most of the patients receiving pembrolizumab were
alive: in the group of pembrolizumab at a dose of 10
mg/kg, OV was 52.3 %, and at a dose of 2 mg/kg -
43.2 %, compared with those receiving docetaxel -
34.6 %. A subgroup analysis revealed that a higher
PD-L1 TPS is a predictor of longer survival. The me-
dian OV of patients with TPS PD-L1=50 % was 14.9
months in the group of patients receiving pemroli-
zumab at a dose of 2 mg/kg versus 8.2 months. In
the docetaxel group (HR 0.54; 95 % [CI] 0.38-0.77,
p=0.0002) and 17.3 months. In the group of patients
receiving pemrolizumab at a dose of 10 mg/kg versus
8.2 months in the docetaxel group (HR 0.50; 95 % [CI]
0.36-0.70; p<0.0001) [8].

In a study by Reck M, Rodriguez-Abreu D, Robin-
son AG, et al. PHASE 3 KEYNOTE-024 The efficacy of
pembrolizumab immunotherapy compared to stan-
dard two — component platinum - containing chemo-
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therapy in the first line for EGFR-and ALK-negative
advanced NSCLC with PD-L1 TPS expression = 50 %
was studied. As a result, the study demonstrated
clear advantages in patients receiving immunother-
apy in terms of median PFS, S and the frequency
of objective responses to treatment. The median
response duration in the pembrolizumab group was
not reached [5].

Recently, the results of the follow-up study of the
KEYNOTE-024 study were published [9]. The median
0S in the group of patients receiving pembrolizumab
in the first line was 30.0 months versus 14.2 months
in the chemotherapy group [9]. The presented results
ultimately led to the approval of pembrolizumab
monotherapy in patients with metastatic NSCLC with-
out activating mutations with high PD-L1 expression
(Table 1).

A phase 3 clinical trial of KEYNOTE-042 led to
the approval of pembrolizumab for PD-L1 - positive
progressive NSCLC with any level of PD-L1 expres-
sion. The KEYNOTE-042 protocol is a randomized
open-label international double-blind study of pem-
brolizumab immunotherapy compared to standard
chemotherapy in patients with untreated metastatic
PD-L1-positive (TPS=1 %) NSCLC. Patients who start-
ed treatment showed significantly longer GS in the
group receiving pembrolizumab compared to first-line
chemotherapy in all PD-L1 positive groups: PD-L1
TPS=50 % — HR 0.69, 95 % [CI] 0.56-0.85, p=0.0003;
PD-L1 TPS220 % — HR 0.77, 95 % [CI] 0.64-0.92,
p=0.002 and PD-L1 TPS21 %-HR 0.81,95 % [CI] 0.71-
0.93, p=0.0018 [10]. The median GS was 17.7 months
in the pembrolizumab group versus 12.2 months in
the chemotherapy group; among patients with PD-L1
TPS=50 %, the median GS reached 17.7 months ver-

sus 16.7 months in the group with PD-L1 TPS=20 %
and against 12.1 months. in the group with PD-L1
TPS 21 %, respectively [10].

It was shown that smoking or quit smoking pa-
tients with progressive non-squamous NSCLC who
received nivolumab had better GS indicators com-
pared to non-smoking patients [12]. Two studies have
linked the history of smoking with an increase in TPS
PD-L1 [11, 12]. The group of patients with the nico-
tine addiction gene had a higher level of objective
response — 56 % compared to the group of patients
without it =17 % (p=0.03) [12]. In addition, the clinical
study of KEYNOTE-024 demonstrated an increase
in the survival rate when quitting smoking during
immunotherapy [5].

In most clinical studies of IT immunotherapy in
EGFR - and ALK-negative progressive NSCLC, high
levels of PD-L1 expression correlated with better
GS, PFS indicators and the frequency of objec-
tive responses to treatment compared to first-line
chemotherapy [9, 13]. However, for patients with
metastatic NSCLC, whose disease progressed on
platinum-containing two-component chemotherapy,
both nivolumab and atezolizumab are approved in the
second line regardless of PD-L1 expression [14-17].

Microsatellite instability and MMR-deficient

malignant tumors

The defective DNA repair process is known to lead
to hypermutation genomic status, otherwise called
high microsatellite instability (MSI-H). Mismatch re-
pair (MMR) DNA repair proteins are represented by:
MutL homolog 1 (MLH1), MutS homolog 2 (MSH2),
MutS homolog 6 (MSH6) and PMS1 Homolog 2
(PMS?2). Inactivation of any of the genes encoding

Table 1. Approved biomarkers for IT immunotherapy in NSCLC

Biomarkers approved by FDA  Drug

Evidence-based clinical

Therapy outcomes studies

Pemrolizumab in the first line

PD-LT=50% against chemotherapy

The best indicators of GS
and PFS in the pemrolizumab
group

KEYNOTE-024 [9]

PD-L1=50% Pemrolizumab in the first line

The best indicators of GS
and PFS in the pemrolizumab
group

KEYNOTE-042 [10]

Pemrolizumab for any

MSH-H morphological subtype

The best indicators of GS

and PFS D.T.Le et al, 2015 [22]

Note: MSI-H — microsatellite instability high.
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these proteins occurs in 80 % of cases as a result of
somatic mutations, and in 20 % is secondary to ger-
minal mutations, followed by a second inactivating
somatic damage in the remaining wild-type allele [18].
MMR-deficient colorectal cancer carries 100 times
more somatic mutations than MMR-deficient adeno-
carcinomas. MMR-deficient cancers and among them
NSCLC have pronounced lymphocytic infiltrates that
correlate with the immune response [19].

MSI-H (microsatellite instability high) tumors or
tumors with high microsatellite instability show in-
creased regulation of control points in the tumor
microenvironment, including PD1, PD-L1, LAG3
(lymphocyte activation gene 3) and IDO (indolamine
2,3-dioxygenase). These control points that sup-
press the activity of CD8+cytotoxic T-lymphocytes
that infiltrate the tumor microenvironment are also
found in MMR-deficient malignant neoplasms [20].
In a phase 2 clinical study, the results of therapy of
patients with MMR-deficient and MMR-surplus solid
tumors, including NSCLC, treated with pembrolizum-
ab were compared. WES-whole-exome sequencing
revealed approximately 1,782 somatic mutations
per tumor in patients with MMR-deficient cancer and
an average of 73 mutations per tumor in patients
with MMR-surplus cancer (p=0.007). The observed
objective response rate was 39.6 % in a cohort of
149 patients with 15 different solid tumors, including
NSCLC, of which 7 % had a complete response. Four
out of 10 patients with MMR-deficient colorectal
cancer responded to imunotherapy with pembroli-
zumab (Table. 1) [21].

Based on the study under discussion, pembroli-
zumab is approved by the FDA for the treatment of
adults and children with unresectable or metastat-

BI/IOMapKepr ANA UMMYHOTEpanun HeMenKOoKeTOYHOro paka nerkoro

ic, MSI-H - positive or MMR-deficient solid tumors
that do not have alternative treatment options after
progression [19].

Mutational load of the tumor

The mutational burden of a tumor (TNB) is a set of
somatic non-synonymous mutations: insertions, dele-
tions and substitutions of protein-coding bases in the
coding region of the tumor genome. The increased
mutational load is the result of exposure to smoking,
radiation, ultraviolet rays and other environmental and
nutritional factors that lead to inflammation. It is sug-
gested that high TMB enhances immunogenicity by
increasing the number of neoantigens expressed by
cancer cells, which are recognized by T-lymphocytes
as foreign, causing a stronger immune response in
the presence of IT (Table. 2) [22, 23].

TMB is measured by various methods, including
full-exome sequencing (WES-whole-exome sequenc-
ing) and targeted next-generation sequencing (NGS)
panels. The use of WES for the determination of TMV
in NSCLC patients revealed an association between
a higher load of somatic non-synonymous mutations
and the clinical efficacy of pembrolizumab in 2 dif-
ferent groups of patients [24]. In the group with high
TMB, consisting of 16 patients with a predominant
clinical response duration of more than 6 months, the
average number of non-synonymous mutations was
302 versus 148 for the group with a short response
(p=0.02). In patients with a high load of tumors with
non-synonymous mutations, an increase in the level
of objective response was observed to 63 % versus
its complete absence (p=0.03) and survival rates to
progression with a median of 14.5 versus 3.7 months
(HR0.19,95 % CI 0.05-0.70; p=0.01) [24]. An inde-

Table 2. Potential biomarkers for IT immunotherapy in NSCLC

Studied biomarkers Medication

Evidence-based clinical

Therapy outcomes studies

TMB high Nivolumab, Ipilimumab

ORR, PFS indicators
improvement

CheckMate-227 [25]
CheckMate-026 [23]

Anti-PD-1 or anti-PD-L1
antibodies or a combination
of anti-PD-L1 with anti-
CTLA-4 antibodies

STK11/LKB1 Mutation

SU2C and CheckMate-057

Shorter PFS [28]

HLA class | allele C03:04 IT

Shorter PFS M.V.Negrao et al, 2019 [32]

Combination of anti-PD-L1
with anti-CTLA-4 antibodies

Acquired loss of
beta-2-microglobulin

IT resistance S.Gettinger et al, 2017 [31]
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pendent set of 18 NSCLC samples from patients re-
ceiving pembrolizumab formed a validation group.
The average load of non-synonymous mutations was
244 in the tumors of patients with a long-term clinical
response, compared with 125 in tumors without one
(p=0.04). Significantly longer PFS was observed in pa-
tients with a non-synonymous mutational load above
200: their median PFS was not reached compared
to 3.4 months in the group with low TMV (HR 0.15,
95 % CI0, 04-0.59; p=0.006) [24].

Subsequently, as part of the CheckMate-026 study,
TMV was calculated using tumor WES and compared
with blood DNA in 312 patients. The patients were
divided into trigroups in accordance with the values
of TMV. TMV from 0 to less than 100 mutations was
considered a low load, from 100 to 242 mutations
were considered an average load, and from 243 or
more mutations were considered a high load. Pa-
tients with high TMV treated with nivolumab had
higher objective response rates — 47 % vs. 28 %
and longer PFS with a median of 9.7 months vs. 5.8
months. compared with patients who received che-
motherapy [23].

CheckMate-227-an open phase 3 clinical trial com-
pared the results of immunotherapy with nivolum-
ab, nivolumab in combination with ipilimumab - an
CTLA-4-anti—cytotoxic Tlymphocyte—associated
protein (4anti-CTLA-4 antibody) and nivolumab in
combination with platinum-containing two-compo-
nent chemotherapy in patients with stage IV NSCLC.
TMV was calculated using the NGS target panel after
applying various filters and, as a result, was divided
into a calculated area (0.8 Mb) to calculate the num-
ber of mutations per megabase. Among the patients
selected for TMV, a predetermined TMV reference
point of 10 mutations per mega base was selected
for a preliminary study of the effectiveness of com-
bined immunotherapy with nivolumab and ipilimumab
in comparison with chemotherapy in the group. Pa-
tients who received combined immunotherapy with
anti-PD-1 and anti-CTLA-4 antibodies had a higher
level of objective response — 45.3 % versus 26.9 %
in those who were treated with chemotherapy. The
median PFS was 7.2 months. when using nivolumab
and ipilimumab against 5.5 months. with chemother-
apy (HR-0.58;97.5 % [CI] 0.41-0.81; p<0.001), a1-year
PFS: 42.6 % vs. 13.2 %, respectively [25].
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It was found that TMV calculated using MSK-IM-
PACT (Memorial Sloan Kettering-Integrated Muta-
tion Profilingof Actionable Cancer Targets), a clin-
ical diagnostic platform for molecular oncology
of solid tumors based on NGS, predicts survival
after immunotherapy for several types of cancer.
The study also included 350 NSCLC patients who
received IT therapy. The reference point determined
by the 30 % normalized MSK-IMPACT mutation load
for NSCLC was 10.8 mutations per megabase. The
patients of this group had the best OV (HR 0.75;
p<0.032) [26].

Thus, TMV is a new biomarker that, as shown
in several clinical studies, predicts the response
to IT immunotherapy. A higher TMV of the tumor,
apparently, increases the probability that immuno-
genic neoantigens cause a pronounced antitumor
response. Currently, it is necessary to harmonize
the methods of measuring TMV for the use of a bio-
marker in clinical practice in order to optimally select
patients who will benefit from the appointment of
immunotherapy.

Tumor infiltrating lymphocytes

The infiltration of the tumor by lymphocytes cor-
relates with the best survival of patients who un-
derwent surgical treatment. In the Lung Adjuvant
Cisplatin Evaluation Biomarker (LACE) Bio study,
which included patients with localized NSCLC, the
degree of tumor infiltration by lymphocytes was stud-
ied based on the criterion-intensive or non-intensive,
with the primary endpoint chosen by the S, and the
secondary endpoint-relapse-free survival. Intensive
lymphocytic infiltration was defined as more than
50 % of lymphocytes in the volume of tumor tissue
compared to epithelial tumor cells. The study estab-
lished the lymphocytic infiltration of the tumor as an
independent prognostic factor predicting a longer
life of patients whose removed tumors had intense
lymphocytic infiltration [27].

The above-mentioned effectiveness of IT in
MMR-deficient and MSI-H tumors is not least associ-
ated with their high lymphocytic infiltration. However,
it is important not only the total number of lympho-
cytes, but also their subpopulation composition and
functional activity. Thus, CD8+ infiltration by lympho-
cytes is associated with a positive effect of immuno-
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therapy, and the accumulation of Tregs cells in the
tumor is an unfavorable predictor sign. As shown in
experimental models, their removal with CD25 anti-
bodies before the use of anti-PD-1 antibodies leads
to an increased antitumor response and, in the future,
may be one of the therapeutic strategies [28].

STK11/LKB1 gene

The CTK11/LKB1(Serine/threonine-proteinkinase/
liverkinaseB1) gene is a tumor suppressor gene in-
activated in approximately one-third of KRAS-mutant
NSCLC, playing a key role in the primary resistance
of NSCLC to IT. The STK11/LKB1 gene encodes
serine-threonine kinase, which, when inactivated by
mutational or non-mutational mechanisms, affects
the immune microenvironment of the tumor, leading
to a decrease in the number of tumor-infiltrating cy-
totoxic CD8+ T lymphocytes both in human tumors
and in genetically engineered mouse models [29].
Increased accumulation of T-cell depletion markers
and increased production of interleukin-6 by tumor
cells, leading to the recruitment of myeloid cells
and neutrophils with suppressive properties against
T-lymphocytes, was shown in mice with the knockout
CTK11/LKB1 gene. Neutrophil depletion and neutral-
ization of interleukin-6 in mouse models with loss of
STK11/LKB1 enhanced the function and increased
the number of T-lymphocytes in the tumor [30].
STK11/LKB1 is an ascending activator of the AMPK
(adenosinemonophosphate-activated proteinkinase)
signaling pathway, which, being inactive, cannot block
the mTOR (mammialian target of rapamycin) signaling
pathway or induce mitochondrial autophagy. The
activated mTOR signaling pathway ultimately leads
to the growth of tumor cells. Repeated induction of
LKB1 restored the level of PD-L1 expression on the
surface of tumor cells, stimulating the chemotaxis
of T-lymphocytes [31].

Retrospective clinical studies of SU2C and
CheckMate-057 of two different groups of patients
showed that the alteration of the STK11/LKB1 gene
in lung adenocarcinomas makes them less sensitive
to IT immunotherapy with a significant decrease in
the level of objective response, PFS (p<0.001) and
OV (p=0.0015) compared with lung adenocarcino-
mas with REDSTK11/LKB1 mutations of the wild
type [29].

BMOMapKepr AN UMMYHOTEpanun HeEMeNKOKNETOYHOro paka nerkoro

HLA class |

HLA (human leukocyte antigen) of class | plays
an important role in the antitumor immune response,
and a wider range of molecules is believed to lead to
an increase in the chances of presentation of an im-
munogenic antigen and the probability of a response
to IT. The main histocompatibility complex | (MHC-I)
in humans is represented by the classical molecules
HLA-A, HLA-B and HLA-C. A decrease in the expres-
sion of beta-2-microglobulin, which is a component
of MHC-I, is described as a mechanism of acquired
resistance to IT immunotherapy [32]. However, a re-
cent study conducted in MD Anderson Cancer Center,
which compared 3 different groups of patients with
progressive NSCLC who received anti-PD-1/PD-L1
immunotherapy, did not reveal differences in results
depending on HLA status. The study evaluated the
expression of PD-L1, TMB, HLA genotype, mutation-
al status and the presence of STK11 mutations; all
these biomarkers were correlated with the results of
treatment. After HLA typing, 2 groups were identified:
HLA-heterozygous, with heterozygosity of patients in
all classes of HLA, and homozygous, with homozy-
gosity of at least 1 locus of the HLAI class. HLA-A
and HLA-B were grouped into supertypes. There was
no statistically significant difference in PFS between
heterozygous and homozygous HLA patients [33].

In recent years, the role of non-classical molecules
of the main histocompatibility complex has been con-
sidered, among which HLA-G attracts special atten-
tion. It is expressed on a number of cells, including tu-
mor cells, and exhibits an immunosuppressive effect
by interacting with inhibitory ILT2 and ILT4 receptors
expressed on many cells of the immune system (NK,
T, B, DC). These receptors bind to HLA-G 3-4 times
more strongly than with classical MHCI, which indi-
cates the leading role of this interaction in regulating
the activity of T cells and antigen-presenting cells. In
addition, ILT2 and ILT4 receptors compete with CD8+
lymphocytes for binding to MHCI, which results in
inhibition of their cytotoxicity [34]. Such features of
the tumor microenvironment can affect the IT effect.

Predictive multi-ohmic model

Given the complexity of the interaction between
the immune system and the tumor, it is likely that
one biomarker will not be enough to determine the
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treatment tactics, so it may be necessary to use
a combination of biomarkers. It was found that a tri-
variant multiomic model consisting of TMV, estimat-
edCD8+T-cell abundance (eCD8T) and fraction ofhigh
PD-1 messenger RNA (fPD1) improves the ability to
predict the response to IT immunotherapy in various
types of malignant tumors [35]. TMB and the level
of objective response to anti-PD-1/PD-L1 therapy
have a high and statistically significant correlation,
eCD8T is also characterized by a strong positive
correlation with the level of objective response. Most
types of malignant tumors with a higher objective
response rate than predicted by the TMB regres-
sion model have higher levels of ECD8T and vice
versa. The integration of TMB and ECD8T models
significantly improved the prediction of the response,
demonstrating a significantly improved likelihood
function compared to one-dimensional models
(p<0.001) [35]. The addition of FPD1 to the two-di-
mensional TMB — eCD8T model showed that the
resulting three-dimensional regression model has
significantly better prediction accuracy (p<0.02).
Subtypes of malignant tumors with a higher level of
responses than predicted by the bivariant prognostic
model have higher levels of fPD1, and those with
low levels of response are characterized by lower
levels of fPD1 [35].

NSCLC Mutation Status

Tumors of patients with driver NSCLC give differ-
ent responses to IT immunotherapy. For example, it is
known that tumors carrying the EGFR gene mutation
are characterized by feedback with PD-L1 expression,
low TMV, absence of T-lymphocytic infiltration and
a reduced ratio of PD-L1+ / CD8+tumor-infiltrating
lymphocytes (p=0.034) [36]. In a promising phase 2
study of the effectiveness of pembrolizumab in pa-
tients with EGFR-mutant NSCLC, objective responses
to IT therapy with activating EGFR mutations were
not observed [37].

An international retrospective study of IMMU-
NOTARGET examined data from 551 patients with
driver mutations, including KRAS, EGFR, ALK, ROST1,
BRAF, RET, MET amplification or MET mutation in
the 14exone and activating mutationher2. Anti—PD-1
antibodies were received by 94 % of patients and
anti-PD-L1 antibodies by 6 %. Only 5 % of patients
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received IT in the first line of therapy and 40 % in the
second line; the rest received immunotherapy as the
third line and subsequent lines. The percentage ex-
pression of PD-L1 in driver mutations is as follows:
HER2-0, EGFR - 3.5 %, ALK — 7.5 %, KRAS — 12.5 %,
RET - 26 %, MET — 30 %, BRAF - 50 % and ROS1-
90 %. The overall objective response, depending
on the driver alteration, was: KRAS — 26 %, BRAF -
24 %,RO0S1 —= 17 %, MET =16 %, EGFR — 12 %, HER2
-7 %, RET — 6 % and ALK — 0 %. For patients with
KRAS-mutant NSCLC, no difference in PFS between
the subtypes of the KRAS mutation was established.
However, PD-L1 positivity was statistically signifi-
cantly correlated with a longer median PFS: 7.2
months versus 3.9 months (p=0.01). Patients with
BRAF mutant and HER2-mutant NSCLC smokers
had a longer PFS compared to those who had never
smoked: 4.1 months versus 1.9 months (p=0.03)
and 3.4 months versus 2.0 months (p=0.04), respec-
tively. PD-L1-positive driver NSCLC with fusion and
rearrangements: ALK, ROS1 and RET did not give
any response to IT immunotherapy, amedian PFS in
never-smokers was equal to 2.6 months. it turned
out to be slightly longer compared to smokers-1.8
months (p=0.03) [38].

CONCLUSION

Currently, the considered biomarkers are being
studied to determine the relationship of immuno-
therapy with long-term results. Thus, high PD-L1
expression, high TMB and intensive infiltration of
the tumor by CD8+T-lymphocytes are associated
with the clinical effectiveness of blocking immune
control points. The expression of PD-L1, in turn,
correlates with the severity of infiltration by T-lym-
phocytes and S. The study of the composition of 3
biomarkers suggests a high potential of the multi-
comic model for predicting the long-term results
of treatment of patients receiving immunotherapy.
Soluble PD-L1 and TMB in the blood are tested as
biomarkers for the selection of candidates who
are indicated for immunotherapy. It is even more
necessary to identify biomarkers of acquired NS-
CLC resistance to IT blockade in order to identify
patients who need treatment correction to achieve
the best results.



l0xHo-Poccuitckuii oHkonornyeckuin xypHan 2021, 1.2, N23, c. 31-41

[.A Xaparesos, [0.H./Ta3ytuH, E.10.3naThuk, A.b.CaraksHu, 3.A.Mup3sosn*, A..MunakuH, 0.H.CtaTewwHbiii, A.B.Yy6apsH, U.A.NleiimaH /

BVIOMapKepr AN UMMYHOTEpanun HEMeNKOKNETOYHOro paka nerkoro

Authors contribution:

Kharagezov D.A., Lazutin Yu.N., Zlatnik E.Yu., Sagakyants A.B. - scientific editing.

Lazutin Yu.N. - writing the text, processing the material.

Mirzoyan E.A., Milakin A.G., Stateshny O.N., Chubaryan A.V., Leyman |.A. - data collection, analysis, technical editing, bibliography design.

References

1. Kythreotou A, Siddique A, Mauri FA, Bower M, Pinato DJ.
PD-L1. J Clin Pathol. 2018 Mar;71(3):189-194.
https://doi.org/10.1136/jclinpath-2017-204853

2. Bustamante Alvarez JG, Gonzalez-Cao M, Karachaliou N,
Santarpia M, Viteri S, Teixidd C, et al. Advances in immuno-
therapy for treatment of lung cancer. Cancer Biol Med. 2015
Sep;12(3):209-222.
https://doi.org/10.7497/j.issn.2095-3941.2015.0032

3. Karwacz K, Bricogne C, MacDonald D, Arce F, Bennett CL,
Collins M, et al. PD-L1 co-stimulation contributes to ligand-in-
duced T cell receptor down-modulation on CD8+ T cells.
EMBO Mol Med. 2011 Oct;3(10):581-592.
https://doi.org/10.1002/emmm.201100165

4. Velcheti V, Patwardhan PD, Liu FX, Chen X, Cao X, Burke T.
Real-world PD-L1 testing and distribution of PD-L1 tumor
expression by immunohistochemistry assay type among pa-
tients with metastatic non-small cell lung cancer in the United
States. PLoS One. 2018;13(11):e0206370.
https://doi.org/10.1371/journal.pone.0206370

5. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csészi T,
Fiilop A, et al. Pembrolizumab versus Chemotherapy for
PD-L1-Positive Non-Small-Cell Lung Cancer. N Engl J Med.
2016 Nov 10;375(19):1823-1833.
https://doi.org/10.1056/NEJMoa1606774

6. Ettinger DS, Aisner DL, Wood DE, Akerley W, Bauman J,
Chang JY, et al. NCCN Guidelines Insights: Non-Small Cell
Lung Cancer, Version 5.2018. J Natl Compr Canc Netw. 2018
Jul;16(7):807-821. https://doi.org/10.6004/jnccn.2018.0062
7. Teixidé C, Vilarifio N, Reyes R, Reguart N. PD-L1 expression
testing in non-small cell lung cancer. Ther Adv Med Oncol.
2018;10:1-17. https://doi.org/10.1177/1758835918763493
8. Herbst RS, Baas P, Kim D-W, Felip E, Pérez-Gracia JL,
Han J-Y, et al. Pembrolizumab versus docetaxel for previously
treated, PD-L1-positive, advanced non-small-cell lung cancer
(KEYNOTE-010): a randomised controlled trial. Lancet. 2016
Apr 9;387(10027):1540-1550.
https://doi.org/10.1016/S0140-6736(15)01281-7

9. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Cs6szi T,
Fiilop A, et al. Updated Analysis of KEYNOTE-024: Pembroli-
zumab Versus Platinum-Based Chemotherapy for Advanced

Non-Small-Cell Lung Cancer With PD-L1 Tumor Proportion
Score of 50 % or Greater. J Clin Oncol. 2019 Mar 1;37(7):537~-
546. https://doi.org/10.1200/JC0.18.00149

10. Mok TSK, Wu Y-L, Kudaba |, Kowalski DM, Cho BC, Tur-
na HZ, et al. Pembrolizumab versus chemotherapy for
previously untreated, PD-L1-expressing, locally advanced or
metastatic non-small-cell lung cancer (KEYNOTE-042): a ran-
domised, open-label, controlled, phase 3 trial. Lancet. 2019
May 4;393(10183):1819-1830.
https://doi.org/10.1016/S0140-6736(18)32409-7

11. PanY, Zheng D, Li Y, Cai X, Zheng Z, Jin Y, et al. Unique dis-
tribution of programmed death ligand 1 (PD-L1) expression
in East Asian non-small cell lung cancer. J Thorac Dis. 2017
Aug;9(8):2579-2586.
https://doi.org/10.21037/jtd.2017.08.61

12. Rangachari D, VanderLaan PA, Shea M, Le X, Huber-
man MS, Kobayashi SS, et al. Correlation between Classic
Driver Oncogene Mutations in EGFR, ALK, or ROS1 and 22C3-
PD-L1 =50 % Expression in Lung Adenocarcinoma. J Thorac
Oncol. 2017 May;12(5):878—-883.
https://doi.org/10.1016/j.jtho.2016.12.026

13. Leighl NB, Hellmann MD, Hui R, Carcereny E, Felip E,
Ahn M-J, et al. Pembrolizumab in patients with advanced
non-small-cell lung cancer (KEYNOTE-001): 3-year results
from an open-label, phase 1 study. Lancet Respir Med. 2019
Apr;7(4):347-357.
https://doi.org/10.1016/S2213-2600(18)30500-9

14. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M,
Ready NE, et al. Nivolumab versus Docetaxel in Advanced
Nonsquamous Non-Small-Cell Lung Cancer. N Engl J Med.
2015 Oct 22;373(17):1627-1639.
https://doi.org/10.1056/NEJMoa1507643

15. Brahmer J, Reckamp KL, Baas P, Crind L, Eberhardt WEE,
Poddubskaya E, et al. Nivolumab versus Docetaxel in Ad-
vanced Squamous-Cell Non-Small-Cell Lung Cancer. N Engl J
Med. 2015 Jul 9;373(2):123-135.
https://doi.org/10.1056/NEJMoa1504627
16.FehrenbacherL,SpiraA,BallingerM,KowanetzM,Vansteen-
kiste J, Mazieres J, et al. Atezolizumab versus docetaxel for
patients with previously treated non-small-cell lung cancer

39


https://doi.org/10.1136/jclinpath-2017-204853
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S2213-2600(18)30500-9

South Russian Journal of Cancer 2021, v.2, N23, p. 31-41

D.A.Kharagezov, Yu.N.Lazutin, E.Yu. Zlatnik, A.B.Sagakyants, E.A.Mirzoyan*, A.G.Milakin, O.N.Stateshny, A.V.Chubaryan, |.A.Leyman / Biomarkers

for non-small cell lung cancer immunotherapy

(POPLAR): a multicentre, open-label, phase 2 randomised
controlled trial. Lancet. 2016 Apr 30;387(10030):1837-1846.
https://doi.org/10.1016/S0140-6736(16)00587-0

17. Peters S, Gettinger S, Johnson ML, Janne PA, Garass-
ino MC, Christoph D, et al. Phase Il Trial of Atezolizumab
As First-Line or Subsequent Therapy for Patients With Pro-
grammed Death-Ligand 1-Selected Advanced Non-Small-Cell
Lung Cancer (BIRCH). J Clin Oncol. 2017 Aug 20;35(24):2781~-
2789. https://doi.org/10.1200/JC0.2016.71.9476

18. Subbiah V, Kurzrock R. The Marriage Between Genomics
and Immunotherapy: Mismatch Meets Its Match. Oncologist.
2019 Jan;24(1):1-3.
https://doi.org/10.1634/theoncologist.2017-0519

19. Marcus L, Lemery SJ, Keegan P, Pazdur R. FDA Approval
Summary: Pembrolizumab for the Treatment of Microsatel-
lite Instability-High Solid Tumors. Clin Cancer Res. 2019 Jul
1;25(13):3753-3758.
https://doi.org/10.1158/1078-0432.CCR-18-4070

20. Llosa NJ, Cruise M, Tam A, Wicks EC, Hechenbleikner EM,
Taube JM, et al. The vigorous immune microenvironment
of microsatellite instable colon cancer is balanced by mul-
tiple counter-inhibitory checkpoints. Cancer Discov. 2015
Jan;5(1):43-51.
https://doi.org/10.1158/2159-8290.CD-14-0863

21. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Ey-
ring AD, et al. PD-1 Blockade in Tumors with Mismatch-Repair
Deficiency. N Engl J Med. 2015 Jun 25;372(26):2509-2520.
https://doi.org/10.1056/NEJMoa1500596

22. Melendez B, Van Campenhout C, Rorive S, Remmelink M,
Salmon |, D’Haene N. Methods of measurement for tumor mu-
tational burden in tumor tissue. Transl Lung Cancer Res. 2018
Dec;7(6):661-667. https://doi.org/10.21037/tlcr.2018.08.02
23. Carbone DP, Reck M, Paz-Ares L, Creelan B, Horn L,
Steins M, et al. First-Line Nivolumab in Stage IV or Recur-
rent Non-Small-Cell Lung Cancer. N Engl J Med. 2017 Jun
22;376(25):2415-2426.
https://doi.org/10.1056/NEJMoa1613493

24. Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V,
Havel JJ, et al. Cancer immunology. Mutational landscape de-
termines sensitivity to PD-1 blockade in non-small cell lung
cancer. Science. 2015 Apr 3;348(6230):124-128.
https://doi.org/10.1126/science.aaa1348

25. Hellmann MD, Ciuleanu T-E, Pluzanski A, Lee JS, Otter-
son GA, Audigier-Valette C, et al. Nivolumab plus Ipilimumab
in Lung Cancer with a High Tumor Mutational Burden. N Engl
J Med. 2018 May 31;378(22):2093-2104.
https://doi.org/10.1056/NEJMo0a1801946

40

26. Samstein RM, Lee C-H, Shoushtari AN, Hellmann MD,
Shen R, Janjigian YY, et al. Tumor mutational load predicts
survival after immunotherapy across multiple cancer types.
Nat Genet. 2019 Feb;51(2):202-206.
https://doi.org/10.1038/s41588-018-0312-8

27. Brambilla E, Le Teuff G, Marguet S, Lantuejoul S, Dunant A,
Graziano S, et al. Prognostic Effect of Tumor Lymphocytic In-
filtration in Resectable Non-Small-Cell Lung Cancer. J Clin
Oncol. 2016 Apr 10;34(11):1223-1230.
https://doi.org/10.1200/JC0.2015.63.0970

28. Arce Vargas F, Furness AJS, Solomon |, Joshi K, Mek-
kaoui L, Lesko MH, et al. Fc-Optimized Anti-CD25 Depletes
Tumor-Infiltrating Regulatory T Cells and Synergizes with PD-
1 Blockade to Eradicate Established Tumors. Immunity. 2017
Apr 18;46(4):577-586.
https://doi.org/10.1016/j.immuni.2017.03.013

29. Skoulidis F, Goldberg ME, Greenawalt DM, Hellmann MD,
Awad MM, Gainor JF, et al. STK11/LKB1 Mutations and PD-1
Inhibitor Resistance in KRAS-Mutant Lung Adenocarcinoma.
Cancer Discov. 2018 Jul;8(7):822-835.
https://doi.org/10.1158/2159-8290.CD-18-0099

30. Koyama S, Akbay EA, Li YY, Aref AR, Skoulidis F, Hert-
er-Sprie GS, etal. STK11/LKB1 Deficiency Promotes Neutrophil
Recruitment and Proinflammatory Cytokine Production to
Suppress T-cell Activity in the Lung Tumor Microenvironment.
Cancer Res. 2016 Mar 1;76(5):999-1008.
https://doi.org/10.1158/0008-5472.CAN-15-1439

31. Kitajima S, lvanova E, Guo S, Yoshida R, Campisi M, Sund-
araraman SK, et al. Suppression of STING Associated with
LKB1 Loss in KRAS-Driven Lung Cancer. Cancer Discov. 2019
Jan;9(1):34-45.
https://doi.org/10.1158/2159-8290.CD-18-0689

32. Gettinger S, Choi J, Hastings K, Truini A, Datar I, Sowell R,
et al. Impaired HLA Class | Antigen Processing and Presen-
tation as a Mechanism of Acquired Resistance to Immune
Checkpoint Inhibitors in Lung Cancer. Cancer Discov. 2017
Dec;7(12):1420-1435.
https://doi.org/10.1158/2159-8290.CD-17-0593

33. Negrao MV, Lam VK, Reuben A, Rubin ML, Landry LL, Roar-
ty EB, et al. PD-L1 Expression, Tumor Mutational Burden, and
Cancer Gene Mutations Are Stronger Predictors of Benefit
from Immune Checkpoint Blockade than HLA Class | Gen-
otype in Non-Small Cell Lung Cancer. J Thorac Oncol. 2019
Jun;14(6):1021-1031.
https://doi.org/10.1016/j.jtho.2019.02.008

34.Lu L, Wang L, Zhao L, He C, Wang G. The Role of HLA-G in
Tumor Escape: Manipulating the Phenotype and Function of


https://doi.org/10.1016/S0140-6736(16)00587-0

l0xHo-Poccuitckuii oHkonornyeckuin xypHan 2021, 1.2, N23, c. 31-41

[.A.Xaparesos, [0.H./Ta3ytuH, E.10.3naThuk, A.b.CaraksaHu, 3.A.Mup3sosn*, A..MunakuH, 0.H.CtaTewwHbiii, A.B.Yy6apsH, U.A.NleiimaH /

Immune Cells. Front Oncol. 2020;10:597468.
https://doi.org/10.3389/fonc.2020.597468

35. Lee JS, Ruppin E. Multiomics Prediction of Response Rates to
Therapies to Inhibit Programmed Cell Death 1 and Programmed
Cell Death 1 Ligand 1. JAMA Oncol. 2019 Nov 1;5(11):1614~
1618. https://doi.org/10.1001/jamaoncol.2019.2311

36. Dong Z-Y, Zhang J-T, Liu S-Y, Su J, Zhang C, Xie Z, et al.
EGFR mutation correlates with uninflamed phenotype and
weak immunogenicity, causing impaired response to PD-1
blockade in non-small cell lung cancer. Oncoimmunology.
2017;6(11):e1356145.

BVIOMapKepr AN UMMYHOTEpanun HeMeNKOKNETOYHOro paka nerkoro

37. Lisberg A, Cummings A, Goldman JW, Bornazyan K, Reese
N, Wang T, et al. A Phase Il Study of Pembrolizumab in EG-
FR-Mutant, PD-L1+, Tyrosine Kinase Inhibitor Naive Patients
With Advanced NSCLC. J Thorac Oncol. 2018 Aug;13(8):1138-
1145. https://doi.org/10.1016/}.jtho.2018.03.035

38. Mazieres J, Drilon A, Lusque A, Mhanna L, Cortot AB,
Mezquita L, et al. Immune checkpoint inhibitors for patients
with advanced lung cancer and oncogenic driver alterations:
results from the IMMUNOTARGET registry. Ann Oncol. 2019
Aug 1;30(8):1321-1328.
https://doi.org/10.1093/annonc/mdz167

https://doi.org/10.1080/2162402X.2017.1356145

Information about author:

Dmitriy A. Kharagezov - Cand. Sci. (Med.), surgeon, head of department of thoracic surgery, National Medical Research Centre for Oncology
of the Ministry of Health of Russia, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0003-0640-2994, SPIN: 5120-0561,
AuthorlD: 733789

Yuriy N. Lazutin - Cand. Sci. (Med.), associate professor, leading Researcher of the Department of Thoracic Surgery National Medical Research
Centre for Oncology of the Ministry of Health of Russia, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0002-6655-7632,
SPIN: 5098-7887, AuthorID: 364457

Elena Yu. Zlatnik - Dr. Sci. (Med.), professor, chief Researcher of the Laboratory of Tumor Immunophenotyping National Medical Research
Centre for Oncology of the Ministry of Health of Russia, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0002-1410-122X,
SPIN: 4137-7410, AuthorlID: 327457, Scopus Author ID: 6603160432

Aleksandr B. Sagakyants - Cand. Sci. (Biol.), associate Professor, Head of the Laboratory of Tumor Immunophenotyping National Medical Research
Centre of Oncology of the Russian Ministry of Health, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0003-0874-5261,
SPIN: 7272-1408, AuthorID: 426904, ResearcherID: M-8378-2019, Scopus Author ID: 24329773900

Ellada A. Mirzoyan* - PhD student National Medical Research Centre of Oncology of the Russian Ministry of Health, Rostov-on-Don, Russian
Federation. ORCID: https://orcid.org/0000-0002-0328-9714, SPIN: 2506-8605, AuthorID: 1002948

Anton G. Milakin - oncologist at the Department of Thoracic Surgery National Medical Research Centre of Oncology of the Russian Ministry
of Health, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0002-2589-7606, SPIN: 7737-4737, AuthorID: 794734

Stateshny N. Oleg - oncologist at the Department of Thoracic Surgery National Medical Research Centre of Oncology of the Russian Ministry
of Health, Rostov-on-Don, Russian Federation. ORCID: https://orcid.org/0000-0003-4513-7548, SPIN: 9917-1975, AuthorID: 1067071

Anna V. Chubaryan - Cand. Sci. (Med.), senior Researcher, oncologist of the Department of Thoracic Surgery National Medical Research Centre
of Oncology of the Russian Ministry of Health, Rostov-on-Don, Russian Federation. SPIN: 7307-0670, AuthorID: 842662

Igor A. Leiman - Cand. Sci. (Med.), oncologist at the Department of Thoracic Surgery National Medical Research Centre of Oncology of the Russian
Ministry of Health, Rostov-on-Don, Russian Federation. SPIN: 2551-0999, AuthorID: 735699

41



South Russian Journal of Cancer 2021, v.2, N3, p. 42-47 (:
https://doi.org/10.37748/2686-9039-2021-2-3-5

REVIEW

THE IMPORTANCE OF DEVELOPING NEW MANNAN TESTS IN THE
DIAGNOSIS OF INVASIVE CANDIDIASIS IN ONCOLOGY PATIENTS

0.Yu.Kutsevalova'*, Yu.Yu.Kozel', N.E.Nifantiev?, A.V.Antonets??, V.B.Krylov?

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTUYECKMI XKypHan
Vol. 2
No. 3, 2021

1. National Medical Research Centre for Oncology of the Ministry of Health of Russia, 63 14 line str., Rostov-on-Don 344037, Russian Federation
2. N.D.Zelinsky Institute of Organic Chemistry of the Russian Academy of Sciences, 47 Leninsky Prospekt, Moscow 119334, Russian Federation

3. Rostov State Medical University, 29 Nakhichevansky lane, Rostov-on-don, 344022, Russian Federation

ABSTRACT

The regimens of anticancer therapy have been intensified and methods of high-dose chemotherapy (HDCT) have been
introduced for recent years which made it possible to achieve significant progress in the results of tumor treatments.
Intensification of chemotherapy regimens in cancer patients leads to the emergence of risk factors of invasive can-
didiasis (IC) development: agranulocytosis, disruption of the integrity of the mucous membranes, prolonged use of
CVC, repeated antibiotic therapy, long-term parenteral nutrition. Thus, intensification of anticancer therapy may be
accompanied by an increase in infection-mediated mortality.

IC is the most common invasive mycosis in Russia. More than 11 thousand cases of IC occur in our country every year.
The frequency IC in Russia is 8.29 per 100 thousand of the population, which corresponds to the results of the LIFE
study in European countries where this indicator varies from 2.2 to 11 per 100 thousand of the population. There are
no clinical signs or symptoms specific for IC. It develops in patients with concomitant diseases, which significantly
complicates the diagnosis. In this regard, an urgent issue is to improve the diagnosis of candidal infectious compli-
cations in cancer patients in order to optimize treatment by studying serological markers that have the greatest value
in the diagnosis of infectious complications in cancer patients.
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2. OT'BYH UHcTuTyT oprannyeckoi xumum um. H.[1.3enunckoro PAH, 119334, Poccuiickas ®epepauus, r. MockBsa, JleHUHCKMIA npocnekT, A. 47

3. OIrb0Y BO «PoctIMY» Munsppasa Poccun, 344022, Poccuiickas Gepepauus, r. Poctos-Ha-[loHy, nep. HaxuyeBaHckuii, 4. 29

PE3IOME

3a nocneaHue rofibl 6bINM UHTEHCMOULMPOBaHbI PEXUMbI MPOTUMBOOMYXOIEBOV TEPanum v BHeAPEHbI METOAbI BbICOKO-
Zlo3HOM xuMmoTepanuu (BAXT), 4To NO3BONWIO JOCTUYb 3HAYMMOTO NPOrpecca B pesynbTaTax JIEUeHWUsi ONyXoneBbIX
npoueccoB. MHTeHCUbUKaLMNA PeXXMMOB XMMUOTEPanuM y OHKONIOrMYECKUX 60/bHbIX MPUBOANT K BOSHUKHOBEHUIO
(haKkTOpOB PUCKOB Pa3BUTUA UHBA3UBHOIO KaHanA03a (MK): arpaHynouMTosy, HapyLLUEHUIO LLENOCTHOCTM CIM3UCTbIX
060104eK, ASIMTENBHOMY NMPUMEHEHUIO LIEHTPanbHbIX BEHO3HbIX KaTeTepoB (LIBK), noBTOpHOI aHTWGaKTepuanbHoi
Tepanuu, AnuTeNbHOMY NapeHTepasbHOMY NUTaHWIO. TakMM 06pa3omMm, ycuneHme NpoTUBOOMYXONIeBON Tepanuu
MOXET COMPOBOXAATbCA NOBbIWEeHNEM UHHEKLIMOHHO-0MOCPe0BaHHOW IeTaNbHOCTU.

MHBa3WBHbI KaHAWAO3 — CaMblii PacNpPOCTPaHeHHbI MUMKO3 B Poccun. ExxeropHo B Hallell cTpaHe BO3HUKaeT 6osiee
11 TbicAY cnyyaeB UK. CornacHo gaHHbIM MHOIOLEHTPOBbIX nccneaosaHmin, yactota MK B Poccum coctaBnser
8,29 Ha 100 TbicAY HaceneHus. B cTpaHax EBponbl, AaHHbI NokasaTenb Bapbupyetcsa oT 2,2 Ao 11 Ha 100 Tbicay
HaceneHus. He cyliecTByeT KNIMHWYECKUX MPU3HAKOB UM CUMMNTOMOB, CNeLn@UUHbIX A5 MIHBa3MBHOMO KaHAW-
[03a KOTOPbI, Kak NpaBuo, pa3BnBaeTCA y NaLMeHTOB Ha poHe CONyTCTBYHOLLMX 3ab01eBaHNI, YTO CYLLECTBEHHO
3aTpyAHAEeT AMarHocTuKy. B cBA3K ¢ 9TUM aKTyanbHOM 3ajavein ABNAETCA YNYULWUTb ANarHOCTUKY KaHANMA03HbIX
MHGDEKLMOHHBIX OCNOXHEHWI Y 60/IbHbBIX OHKONOrM4ecKoro Npodunisa ANa oNTUMU3aLMmn eYeHns 3a CHeT uccne-
[OBaHNA CeposIorMYecKUX MapKepoB, UMEIOLLMX HAaUGOMbLUYIO AMAarHOCTUYECKYH 3HaYMMOCTb B BO3HUKHOBEHUN

MHOEKLMOHHbBIX OC/TOXHEHWI Y OHKONOTMYECKUX BOSTbHbIX.
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RELEVANCE

In recent years, the regimens of antitumor therapy
have been intensified and methods of high-dose che-
motherapy (HDCT) have been introduced, which has
made it possible to achieve significant progress in
the results of treatment of tumor processes [1]. The
intensification of chemotherapy regimens in cancer
patients leads to the emergence of risk factors for the
development of invasive candidiasis: agranulocytosis,
violation of the integrity of the mucous membranes,
prolonged use of central venous catheters (CVC),
repeated antibacterial therapy, long-term parenteral
nutrition. Thus, intensification of anticancer therapy
may be accompanied by an increase in infection-
mediated mortality [1-2].

Invasive candidiasis is the most common mycosis
in Russia. Every year, more than 11 thousand cases
of IC occur in our country [3]. According to the data
of multicenter studies, the frequency of IR in Russia
is 8.29 per 100 thousand of the population. In Euro-
pean countries, this indicator varies from 2.2 to 11
per 100 thousand population [4]. The most common
variants of invasive candidiasis are candidemia, acute
disseminated candidiasis and candidal peritonitis,
other forms are somewhat less common [5].

According to the expert group of the Russian As-
sociation of Perinatal Medicine Specialists (RAPMS),
the frequency of IC in newborns in the structure of
infectious and inflammatory diseases is from 15 to
30 %. The incidence of IC in newborns is inversely
proportional to the gestation period and body weight
at birth and ranges from 2.6 % to 3.1 % in newborns
with very low body weight and from 10 % to 16 % in
newborns with extremely low body weight [6].

Candida spp. they are pathogens in 9-22 % of cas-
es of all nosocomial infections. The frequency of
invasive candidiasis in patients in intensive care units
(ICU) varies from 0.3 to 10 %, depending on the profile
of the departments. The mortality rate for invasive
candidiasis in patients in the ICU is 10-47 % [7-9].

In 2020, due to the spread of the new corona-
virus infection SARS-CoV-2, reports of cases of
COVID-19-associated invasive candidiasis (COVID -
19 associated candidiasis-CAC) began to appear
and systematize. To date, the development of acute
respiratory distress syndrome with a concomitant
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risk of developing superinfection and stay in the ICU

are identified as the main risk factors for the devel-

opment of CAC [10].

IC usually develops in patients with concomitant
diseases, which significantly complicates the diag-
nosis. The main risk factors for the development of
IC are:

« surgical abdominal interventions, in particular,
accompanied by the failure of anastamoses and
repeated laparotomies;
perforation of the gastrointestinal tract;

+ staying in the ICU;

+ chemo-and radiotherapy in cancer patients;

+ oncohematological diseases;

« multiple and long-term colonization of Candida spp.
(colonization index >0.5 or adjusted colonization
index >0.4);

+ the presence of a central venous catheter;

« complete parenteral nutrition;

+ the use of broad-spectrum antibacterial agents;
artificial ventilation of the lungs;

« infected pancreatic necrosis;

+ hemo - and peritoneal dialysis;

+ organ and tissue transplantation;

+ the state of prematurity of children with very low
and extremely low body weight;

+ stay in burn units;
diabetes mellitus;

HIV infection;

« immunodeficiency conditions, including those
caused by immunosuppressive therapy [6, 7, 11].
There are no clinical signs or symptoms specific

to invasive candidiasis. Invasive candidiasis should

be suspected in patients with known risk factors with
fever of unknown origin that cannot be treated with

antibacterial agents [12].

Thus, a large contingent of patients at risk of IC,
a change in the structure of pathogens of nosoco-
mial infections, accompanied by an increasing role
of fungal pathogens, an increase in resistance to
antimycotic drugs, bring the problem of diagnosing
invasive mycoses to a new level. Timely diagnosis
of IR is the key to ensuring a favorable outcome. In
fact, 1-2 days of delay in starting effective antifungal
therapy doubles the risk of death from IC [13, 14].

Microbiological methods and blood culture testing
remain the gold standard for the diagnosis of inva-
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sive candidiasis, but the difficulties of cultivating
Candida spp. in the study of hemoculture, as well as
a long growth time, this method is not sufficiently
reliable [12]. Thus, a positive result of hemoculture
is observed only in 21-71 % of patients with inva-
sive candidiasis confirmed at autopsy, depending
on the frequency of sampling and the volume of
blood taken [15].

The development of additional molecular and se-
rological methods for timely and accurate diagnosis
of IR is becoming increasingly relevant.

One of the first commercial ELISA test systems
were developed that allow detecting the mannan an-
tigen — the main component of the Candida spp. cell
wall and antibodies to mannan, PLATELIA™ Candida
Ag PLUS and PLATELIA™ Candida Ab PLUS (Bio-Rad
Laboratories, Marnes-la-Coquette, France). Under
the auspices of the Third European Conference on
Infectious Diseases in Leukemia, the characteristics
of these test systems were analyzed based on the
results of published studies [16, 17]. The diagnosis
of IC in this study was established in accordance
with the 2008 recommendations of the European
Organization for Research and Treatment of Cancer
/ Mycoses Study Group. Sensitivity and specificity
were calculated for the separate determination of
mannan antigen, mannan antibodies and for com-
bined testing. Data from 14 studies were analyzed
(all studies, with the exception of one, were retro-
spective). The total number was 453 patients and
767 control cases. In the studies, the sample was
represented by patients of oncological and oncohe-
matological departments, departments of surgery
and intensive care. The sensitivity of the deter-
mination of the mannan antigen was 58 % (95 %
confidence interval [Cl], 53-62); the specificity was
93 % (95 % CI, 91-94). When determining mannan
antibodies, the sensitivity was 59 % (95 % Cl, 54-
65); the specificity was 83 % (95 % Cl, 79-97). In the
combined determination of mannan and antibodies
to it, the sensitivity was 83 % (95 % Cl, 79-87), the
specificity was 86 % (95 % Cl, 82-90). A significant
heterogeneity of sensitivity was noted in the de-
termination of both mannan and mannan antibod-
ies for different Candida species. The highest was
found for C. albicans, followed by C. glabrata and
C. tropicalis [18].

WHBA3MBHOIo KaHAMA03a y OHKONOrn4yeckux 60/bHbIX

However, in a 2016 study, including among pa-
tients in the ICU with severe abdominal pathology,
a combined determination of mannan antigen and
antibodies to the mannan antigen Candida spp. it
turned out to be ineffective (sensitivity 55 % and
specificity 60 %). Antibodies are often present in
immunocompromised patients with previous candi-
demia or colonization [19].

Thus, the prognostic value of detecting antibodies
remains low with a single test and the absence of
subsequent detection of their increasing concentra-
tion. This observation and the unexplained variability
of tests in various studies are an important warning
for doctors, since the unreliability of the results of lab-
oratory diagnostics can lead to unjustified prescribing
of antifungal drugs to patients whose candidiasis is
unlikely [20, 21].

According to the updated 2016 Guidelines for the
Clinical Practice of IC Management of the American
Society of Infectious Diseases (Infectious Diseases
Society of America), the role of existing tests for the
determination of Candida spp. mannan and mannan
antibodies remains unclear. These tests are not ap-
proved by the US FDA and are available mainly in
Europe, where their use is allowed [22]. A number
of domestic clinical recommendations suggest the
possibility of using tests to determine mannan and
antibodies to mannan [6, 7, 23].

CONCLUSION

The development of additional molecular and se-
rological methods for timely and accurate diagnosis
is becoming increasingly relevant. In this situation, it
is necessary to search for biomarkers that would be
an objective and reliable opportunity for a clinician
to quickly respond to the possible development of
a severe infectious complication [24-25]. The study
of the structure of carbohydrate antigens of fungal
pathogens is a key link in the successful development
of more valid diagnostic tests. The development of
additional molecular and serological methods for
timely and accurate diagnosis is becoming increas-
ingly relevant. The use of tests for the determination
of Candida spp. mannan and antibodies to mannan
will help to improve diagnosis and clarify the etiologi-
cal factor of life-threatening infectious complications.
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ABSTRACT

Cancer is one of the leading causes of death and disability worldwide. Timely diagnosis and the introduction of new
effective treatments, including intensive radiation and chemotherapy regimens, have significantly improved survival
forecasts in recent years. At the same time, the use of these types of treatment increases the risk of complications,
one of which includes chemotoxic cardiopathies. In this regard, timely detection and treatment of complications
from the cardiovascular system in patients receiving chemotherapy courses in combination with surgical methods
of treatment is important. This paper presents an assessment of the significance of the use of cardiomarkers in the
early diagnosis of acute myocardial infarction that developed during chemotherapy in a patient with tongue cancer
with a complicated cardiac history. Patient M., 45 years old, was admitted for surgical treatment for cancer of the
tongue St. IVA, T4aN1MO, cl. gr. 2. Planned laboratory and instrumental studies were performed. Contraindications
for surgical treatment were not identified. A preoperative course of chemotherapy was performed, against the back-
ground of which the patient's condition worsened with symptoms of acute cardiopathy. A second ECG was urgently
performed, as a result of which an increase in the ST segment in lll, aVF was established, as well as a study of the
concentration of cardiomarkers: highly sensitive troponin I, N-terminal propeptide of natriuretic hormone, creatine
phosphokinase MB, myoglobin, the dynamics of changes in the level of which indicated the development of acute
coronary syndrome. The complex application of diagnostic procedures, including the determination of the level of
cardiomarkers, made it possible to timely diagnose the development of acute type 1 myocardial infarction in a patient
with tongue cancer on the background of chemotherapy. When analyzing the entire array of clinical and laboratory data,
the leading initiating factor that played a decisive role in the development of myocardial infarction in this case was,
in our opinion, a preoperative course of polychemotherapy with paclitaxel and carboplatin, which have cardiotoxicity.
Thus, the category of patients with an initial unfavorable background, due to a common malignant process and the
presence of a history of cardiodisfunction, requires more careful preparation for preoperative courses of polychemo-
therapy, including cardiotropic therapy with mandatory monitoring of the level of the main cardiomarkers. The most
significant changes were in the levels of creatine phosphokinase MB, troponin |, and myoglobin, which were recorded
in the first hours of myocardial infarction. An association was found between an increase in troponin | concentration
and an increase in the ST segment of the electrocardiogram.
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W3MEHEHWUE YPOBHSA KAPZAUOMAPKEPOB P PA3BUTUU OCTPOI0 UHGAPKTA
MUOKAPZLA HA ®OHE XMMWOTEPATNUU BONIbHOTO PAKOM AA3bIKA

H.K.l'ycbkoBa*, J1.10.BnagumupoBa, E.A.CbiueBa, A.A.Mopo3oBa, [1.A.Po3seHko, A.K.[loHckas, 0.H.CentoTuHa,
A.M.CkonuHues, H.B.f'onomeeBa

®rbY «<HMUL, onkonorun» Munsgpasa Poccum, 344037, Poccuiickas ®Oegepaums, r. PoctoB-Ha-[loHy, yn. 14-a nuuus, 4. 63

PE3IOME

OHKonornyeckue 3a6oneBaHuns ABASKOTCA OAHON U3 OCHOBHbIX MPUYMH CMEPTHOCTM U MHBaNMAN3aLMK BO BCEM MUPE.
CBoeBpeMeHHas ANarHoCT1Ka U BHeApeHMe HOBbIX 3P deKTUBHbBIX METOAOB NIeYEHNS, BKITHOUAIOLLMUX MHTEHCUBHbIE
CXeMbl XMMMOTEPanNuK, 3HaYUTENbHO YNYYLIWAN NPOrHO3bl BbXKMBAEMOCTU. BMecTe ¢ TeM, NpUMeHeHne XMMKo-
Tepanuu yBennunBaeT PUCK OCJTIOXKHEHWI, K OAHUM M3 KOTOPbIX OTHOCAT XMMWOTOKCUYeCKue Kapanonatuu. B atoi
CBSI31 aKTyanbHO CBOEBPEMEHHOE BbISIB/IEHWE W JIeYeHNe OCTOXHEHWI CO CTOPOHbI CEPAEYHO-COCYANCTON CUCTEMbI
y MauMeHTOB, MOMYYatoLMX KypCbl XMMMUOTEPANnM B KOMIJIEKCE C XUPYPrMYecKMMmn MeTogamu fiedeHns. B gaHHon
paboTe npeacTaBneHa oLeHka MHPOPMaTUBHOCTU M3MEHEHWI YPOBHS OTAENbHbIX KapANOMapKepPOB Mpu pasBuUTUM
oCTporo nHdapkTa MMokapaa Ha poHe XMMuoTepanuu 60/1bHOr0 PaKOM A3blKa C OCNIOXXHEHHbIM KapANOIornyeckum
aHaMHe30M. NauneHT M., 45 neT NoCTynun Ha onepaTMBHOE JleyeHne No NoBoAy paka sisbika St. IVA, T4aN1MO, kn.
rp.2. BbinonHeHbl NnaHoBble 1abopaTopHble U MHCTPYMeHTanbHble uccnegoBaHus. NpoTnBonokasaHuin ans npo-
BeAEHNA XMPYPruyecKoro le4eHns He BbisBEHO. [IpoBeaeH NpeaonepaumoHHbIi Kypc XumMmoTtepanuu, Ha hoHe
KOTOPOro y NaumeHTa 0TMeYeHO YXyALleHne COCTOSAHWS C CUMMTOMaMu pasBuTUSA OCTPOW KapauonaTun. B cpoyHom
nopsake BbinonHeHbl noBTopHasa K[, B pedynbTate KOTOPON ycTaHOBIeH noagbem cermenTa ST B |lI, aVF, a Takxke
ncecneaoBaHue KOHLEHTpaL MM KapAnoMapKepoB: BbICOKOUYYBCTBUTEIbHOIO TpornoHuHa |, N-KoHueBoro nponentuga
HaTpUilypeTU4ecKoro ropMoHa, kpeatuHpocdokmHasbl MB, MMornobuHa, AMHaMmnKa M3MeHEHUs YPOBHS KOTOPbIX
yKasblBana Ha pa3BuTMe OCTPOro KOPOHAPHOro cuHApoma. KomnnekcHoe NpMMeHeHne AnarHocTUYecKmx npoueayp,
B UMCIle KOTOPbIX HeManoBaXKHOe 3HaYeHVe NMeNo onpeaeneHe ypoBHA KapAMOMapKepoB, MO3BOINIIO CBOEBpe-
MEHHO ANarHoCcTUpoBaTh pa3BuTMe OCTPOro MHbapkTa Mrokapaa 1 Tuna Ha GpoHe NpoBefeHNsA NpefonepaLMoHHOro
Kypca XuMuoTepanuu y 6051bHOro pakom si3bika. MNpu aHanu3e Bcero MaccuBa KIMHMKO-1abopaToOpHbIX AaHHbIX
BeAyLUMM UHULMUPYIOLWKUM (HaKTOPOM, CbirpaBLUMM PeLLatoLLyo Pofib B pa3BUTUM MHbapKTa M1oKapaa B JaHHOM
cnyvae, ABUIICSA, Ha HaL B3rNsAg, NpefonepaunoHHbI Kypc NofMXnMmMoTepanuy NaknTakcenom n kapbonnaTmHom,
obnafaroLMMn KapAMOTOKCUYHOCTbIO. TaknM 06pa3oM, kaTeropust 60/bHbIX C UCXOAHBIM HEGNaronpuATHbIM GOHOM,
06YCI0B/IEHHBIM PAcMpPOCTPaHEHHbIM 3/10Ka4ECTBEHHBIM MPOLIECCOM W HanM4yMeM B aHaMHe3e KapAMoanchyHKLMY,
TpebyeT 6onee TLATENbHON NOATOTOBKM K NMPOBEAEHWIO NPeOoNepaLMOHHbIX KYPCOB NMOIMXMMUOTEPanuu, BKIIO-
YatoLLei KapAMOTPOMNHYHO Tepanuio ¢ 06a3aTeNlbHbIM MOHUTOPUPOBaHNEM YPOBHS OCHOBHbIX KapAnOMapKepoB.
Hanb6onee nokasartenbHbIMU GbINN U3MEHEHUS1 YPOBHSA TPOMOHMHa |, kpeaTuHPochokunHasel MB, n MuornobuHa,
KOTOpble PerMcTpupoBanmnCh B NepBble Yacbl pa3BUTUA UH(apKTa MUOKapaa.

KntoueBble cnosa:
MH(AapKT MMOKapAa, KapAMoMapKepbl, TPOMOHUH |, KpeaTuHdochokmnHaza MB, MUOTIO6UH,
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RELEVANCE

Oncological diseases (OD) are one of the main
causes of mortality and disability worldwide [1, 2].
However, in recent years, mortality statistics have
begun to improve due to timely diagnosis and the
introduction of new effective treatment methods that
have significantly improved survival forecasts. This
includes intensive radiation and chemotherapy reg-
imens. However, the use of these types of treatment
increases the risk of complications, one of which
includes chemotoxic cardiopathies, including myo-
cardial dysfunction, heart failure, hypertension, vaso-
spastic and thromboembolic ischemia, arrhythmias
of various types and sudden cardiac death [3, 4].
In this regard, timely detection and treatment of
complications from the cardiovascular system
(CCQ) in patients receiving chemotherapy courses
in combination with surgical methods of treatment
is important. Currently, the diagnosis of CCC dis-
orders includes a number of studies: instrumental-
electrocardiographic (ECG), ultrasound (EchoCG),
cardiometric (CM), X-ray, magnetic resonance im-
aging, positron emission tomography, cardiac cath-
eterization and laboratory-hematological, biochem-
ical, coagulological, immunochemical methods [5].
A special place for early detection of cardiovascular
disorders in oncological hospitals and intensive care
units is occupied by determining the level of cardiac
biomarkers, such as highly sensitive troponin I, N-ter-
minal propeptide of natriuretic hormone, creatine
phosphokinase MB, myoglobin [6].

The aim of the study was to assess the informa-
tive value of changes in the level of individual car-

diomarkers in the development of acute myocardial
infarction against the background of chemotherapy
in a patient with tongue cancer with a complicated
cardiological history.

Clinical Case Report

Patient M., at the age of 45 years, was admitted
to the Department of Head and neck tumors of the
Ministry of Health of the Russian Federation at the
Department of Head and Neck tumors on 17.02.2021
for surgical treatment for tongue cancer, St. IVA,
T4aN1MO, cl. gr. 2. From the anamnesis: suffers from
coronary heart disease: angina pectoris, Il FC; hyper-
tension Il art. | did not receive treatment. Planned
laboratory and instrumental studies were carried out.
There are no contraindications for surgical treatment
and chemotherapy.

On 18.02.2021, the patient was consulted by
a chemotherapist: a preoperative course of poly-
chemotherapy (PCT) was recommended according
to the scheme: carboplatin AUCS5 655 mg, paclitaxel
350 mg intravenously against the background of
pre-and postmedication with dexamethasone-8 mg
intravenously, which was performed from 18.02.2021
t0 24.02.2021. The administration of the drugs was
carried out satisfactorily, he did not complain.

On 24.02.2021, at 9:15, a planned ECG was per-
formed in preparation for surgical treatment: si-
nus rhythm, normasystole with a heart rate of 61
beats/min, there are no rhythm disturbances, left
ventricular myocardial hypertrophy with signs of
systolic overload.

At 16:00, a deterioration of the condition was not-
ed, the patient complained of pressing pain behind

Table 1. Results of cardiomarkers level measurement in patient M. in dynamics

Studied indicators/units of

Research stages

Referent values

measurement | "

Troponin |, ng/ml 0.0 0.01 <0.03
Myoglobin, ng/ml 30.5 47.4 8.95-48.8
Creatine Phosphokinase MB, 977 112 2.0-4.99

ng/ml
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the sternum, weakness, sticky sweat. The patient
underwent a repeated ECG. The ST segment lift is
set to Ill, aVF. Due to the deterioration of the patient's
condition, he was urgently transferred to the depart-
ment of anesthesiology and intensive care. Studies of
the level of cardiomarkers were urgently performed:
highly sensitive troponin | (Abbott i-STAT critical
condition analyzer, USA), N-terminal propeptide of
natriuretic hormone, creatine phosphokinase MB,
myoglobin (PATHFAST immunochemiluminescent
analyzer, Japan). The studies were conducted twice
with an interval of 40 minutes. The results of the
study of the level of cardiomarkers are presented
in Table 1.

In the first study, 2 hours after the patient's com-
plaints, an increase in the level of creatine phos-
phokinase MB by 2 times in comparison with the
upper limit of the reference interval was noticed.
However, there were no changes in the level of oth-
er cardiomarkers — troponin |, N-terminal propeptide
of natriuretic hormone and myoglobin at this stage.

The results of the second study showed a ten-
dency to increase the values of the analyzed group
of indicators, with the exception of the N-terminal
propeptide of natriuretic hormone. Thus, there was an
increase in the level of troponin | within the reference

interval, the concentration of creatine phosphokinase
MB by 2.2 times in comparison with the upper limit of
the reference interval and by 1.2 times with the result
of the I-th study. The level of myoglobin increased
within the reference values, similar to troponin I, and
was 1.6 times higher than the data of the first study.
An increase in the concentration of myoglobin at this
stage of observation of the patient may be due to the
expansion of the area of ischemic myocardial lesions.
In general, the dynamics of changes in the levels of
the studied markers indicated the development of
acute coronary syndrome.

The obtained laboratory data corresponded to the
patient's clinical condition, the indications of an ECG
performed after the patient complained, and the re-
sults of cardiological monitoring conducted in the
intensive care unit.

The ECG revealed negative dynamics in compar-
ison with the initial study: sinus bradycardia with
a heart rate of 55 beats / min. ST segment elevation
in leads Il, 11l st and aVF, pronounced depression of
ST segment |, aVL, V1 - V6 - (discordant myocardial
changes). Conclusion: acute myocardial injury of the
posterior-lower parts of the left ventricle (Fig. 1).

According to the results of cardiological monitor-
ing carried out in the department of anesthesiology

Maunent: M

ehckataads Ll i

Jata: 24.02.2021 Bpews: 16:14:10 [ 9ccss |

ArMaSoft-12-Cardio

Fig. 1. ECG of patient M. with a significant ST segment elevation on leads Il, lll and aVF.
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and intensive care, there was a preservation of ST
wave rises in leads Il lll st and aVF, sinus bradycardia
with a heart rate of 54 beats/min, which indicated
an increase in ischemic injuries. Increases in the ST
segment of the teeth were associated with changes
in the level of the analyzed cardiomarkers, mainly
creatine phosphokinase MB, troponin | and myoglo-
bin, which made it possible to establish the diagnosis
of acute myocardial infarction type 1 in the shortest
possible time. A complex of therapeutic measures
was performed that led to an improvement in the pa-
tient's condition: relief of pain syndrome, stabilization
of hemodynamic parameters, which made it possible
to urgently transfer the patient for further treatment
and percutaneous surgery to the cardiology depart-
ment of the Emergency Hospital. After the treatment
and rehabilitation, the patient continued treatment of
the underlying disease at the FSBI "NMRC Oncology"
of the Ministry of Health of the Russian Federation.

DISCUSSION

According to the Russian clinical guidelines for the
diagnosis and treatment of acute myocardial infarction
with ST-segment elevation of the electrocardiogram
(MOH of the Russian Federation 2020), the primary
treatment strategy is based on the clinical picture and
ECG. For the final confirmation of the diagnosis, it
is necessary to determine cardiomarkers. There are
cases of a connection between changes in the ST
segment of the electrocardiogram and an increase in
the concentration of troponin | in patients with acute
myocardial infarction and the possibility of assessing
the volume of myocardial necrosis by the degree of
changes in the level of troponin | [7]. Nevertheless, de-
spite the high specificity, troponins are "late" markers
of myocardial necrosis, the peak of growth is recorded
after 6-8 hours from the onset of the disease, reaching
a maximum by 24 hours [8]. It is also known that it is
extremely difficult to measure the concentration of
troponin in the blood, since it is normally extremely
low [9]. Therefore, the recorded increase in the pa-
tient's troponin I level, which does not go beyond the
reference boundaries, is significant, in our opinion,
since according to the available data, even the small-
est increase in their level in the blood is dangerous
and may indicate a myocardial infarction [10].

52

According to International recommendations,
studies of an early cardiomarker, creatine phosphoki-
nase MB, are performed in addition to troponin | for
patients admitted within 6 hours from the onset of
pain syndrome. An increase in the level of creatine
phosphokinase MB in the blood is specific for myo-
cardial damage [11]. In our observation, an increase
in the level of the indicator in the patient's blood was
noted almost from the moment of filing complaints.

The informative value of the use of myoglobin is
shown to exclude the diagnosis of acute myocardial
infarction [12]. An increase in myoglobin is noted
during the first 3.5 hours from the onset of the attack
with a maximum of values by 6-12 hours and a re-
turn to the initial level within 24-36 hours [13], which
explains the absence of changes in the patient's
myoglobin level in the first study. However, after 40
minutes, an increase in the indicator was noted in
comparison with the initial value, which confirms the
expediency of using myoglobin in this case.

Thus, the ECG data, along with the study of the
level of creatine kinase MB, myoglobin, troponin |,
made it possible to establish the development of
acute type 1 myocardial infarction in the patient in
the shortest possible time. At the same time, there
is evidence that the N-terminal propeptide of natri-
uretic hormone, not being a direct indicator of necro-
sis, characterizes the functional capabilities of the
myocardium [14], and is also effective in assessing
the development of chronic heart failure in cancer
patients on the background of chemotherapy [15] and
as a prognostic factor for adverse outcomes [16]. The
absence of changes in the indicator in the presented
case does not contradict these data, but requires
additional observations.

When analyzing the entire array of clinical and
laboratory data, the question was also raised about
the factors that played a decisive role in the develop-
ment of myocardial infarction. One of the reasons can
be attributed to the initial unfavorable background
caused by a widespread malignant process and ac-
companied by cancer intoxication. However, this is
the case in most cancer patients. In our opinion, the
leading initiating factor was the preoperative course
of polychemotherapy with paclitaxel and carbopla-
tin, which have cardiotoxicity, the main mechanism
of which is acute vasospasm leading to ischemic
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complications [17]. At the same time, the presence
of the patient's initial cardiodisfunction, namely, cor-
onary heart disease, stable angina pectoris, arterial
hypertension, could certainly serve as an aggravating
factor.

CONCLUSION

The complex application of diagnostic proce-
dures, including the determination of the level of car-
diomarkers, made it possible to timely diagnose the
development of acute myocardial infarction of type

1 in a patient with tongue cancer on the background
of chemotherapy. Informative, along with troponin |,
were changes in the level of creatine phosphokinase
MB and myoglobin, which were recorded in the first
hours of the development of myocardial infarction.
The high sensitivity of the cardiovascular system to
drug therapy due to tumor progression requires more
thorough preparation of patients for preoperative
courses of polychemotherapy, including cardiotropic
therapy with mandatory monitoring of the level of
the main cardiomarkers, especially in persons with
a burdened cardiological history.
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