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Abstract. Introduction. Colorectal cancer (CRC) is one of the most common oncological diseases, the patho-
genesis of which is closely associated with the development of inflammation. The study of inflammation
regulation, including the balance of pro- and antiinflammatory cytokines, is a promising topic for research,
allowing for a deeper understanding of the pathogenesis of CRC and improving clinical approaches to the
treatment for and diagnosis of this disease. This study investigates the altered secretion of proinflammatory
cytokines, i.e., TNF-a and IL-1p, in CRC patients, aiming to elucidate immune dysregulation mechanisms.
We sought to investigate the secretion characteristics of pro-inflammatory cytokines, such as tumor necrosis
factor-alpha (TNF-a) and interleukin-1 beta (IL-1p), in patients with CRC.

Materials and methods. We enrolled 25 newly diagnosed CRC patients and 20 age- and sex-matched cont-
rols. Monocytes were isolated from the peripheral blood of participants using magnetic separation based on
the CD14 marker. The isolated monocytes were cultured and subjected to dual stimulation with bacterial
lipopolysaccharide at 24 hours and 7 days, followed by quantitative measurement of basal and stimulated
cytokine levels using an enzyme-linked immunosorbent assay (ELISA).

Results. We revealed a significant reduction in TNF-a secretion in CRC monocytes after initial LPS stimu-
lation, with no subsequent recovery upon restimulation. In contrast, IL-1f secretion elevated markedly in
CRC patients, particularly after restimulation. These results suggest an impaired TNF-a response and an
exacerbated IL-1f response in CRC, indicating a potential immune tolerance mechanism that may contri-
bute to tumor progression. The distinct cytokine dynamics observed point at complex immune dysregulation
within the CRC microenvironment.

Conclusion. The observed cytokine secretion patterns may indicate immune dysregulation in the microen-
vironment of CRC. Our study underscores the importance of understanding the specific roles of cytokines
in CRC pathogenesis and highlights the potential for targeted therapeutic interventions to modulate these
immune responses. Further research is necessary to explore the underlying signaling pathways and the
broader implications of these findings for CRC treatment strategies. This work provides critical insights into
the pro-inflammatory cytokine profiles in CRC, advancing our understanding of the immune landscape in
cancer and opening new avenues for therapeutic exploration.
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Introduction

Pe3tome. Bseoenue. KonopekranbHbIi pak sSBISETCS OXHUM U3 CaMbIX PacIIpOCTPAHEHHBIX OHKOJIOTHYECKHUX
3a00JIeBaHUM, YeH IMaToreHe3 TECHO CBSA3aH C Pa3BUTHEM BOCHaJeHUs. V3ydeHue peryasnnu BocHajleHus,
B TOM 4Hcie OajlaHca IPOBOCHATUTENBHBIX U IPOTHBOBOCTIAINTEIBHBIX INTOKHHOB, — IIEPCIIEKTUBHAS TEMA
JUISL MICCIIE0BAaHMsI, IO3BOJISIONIAst ITyO)Ke MOHATH NMAaTOTeHE3 KOJIOPEKTAIBHOTO paKka M YIyUIIUTh KINHH-
YECKHE MMOAXOMBI B ICICHUHU U IMATHOCTHKE TOTO 3a00neBaHus. B naHHOl paboTe n3ydeHa ceKpenus npo-
BOCTIAJINTEIBHBIX INTOKUHOB, TAKUX Kak (hakTop Hekposa omyxoneii anbda (TNF-o) n unrepneiikun-1 6era
(IL-1B), y nameHToB ¢ KOJIOPEKTAIBEHBIM PAKOM C LIENBI0 BBISICHEHHSI MEXaHH3Ma MIMMYHHOW JIMCPETYIISIAN.
Mamepuanst u memooul. IIpoBejeHO HccleI0BaHUE 0COOCHHOCTEN CEeKPely NPOBOCHIANUTEIbHBIX U~
TokMHOB — TNF-a 1 IL-1p y manueHToB ¢ KOJIOpEKTaIBHBIM pakoM. B ncciienoBanue ObIIIM BKIIOUESHBI
25 ManueHToB ¢ KOJIOPEKTAIBHBIM pakoM U 20 COMOCTaBUMBIX 110 BO3pAcTy U MOy YYAaCTHUKOB U3 FPYTIIIE
cpaBHeHus. M3 nepudeprueckoil KpoBH y4acTHHKOB METOJIOM MAarHWTHOM cenapanuu 1o mMapkepy CD14
ObUTH BBIJIETICHBI MOHOIIUTHI. MOHOIMTHI KyJIBTHBUPOBAJIH M TIOBEPIIIN JBOHHOMY CTUMYJIHUPOBAHHIO OaK-
TepHaJBbHBIM JHUIONOINCAXapUaoM uepe3 24 yaca U uepe3 7 CyTOK C KOJIMYECTBEHHBIM OINpeeIeHUEM
0a3a’bHBIX U CTUMYJIMPOBAHHBIX YPOBHEW IIMTOKMHOB HMMYHO(EPMEHTHBIM METO/IOM.

Pesynemamei. Pe3ynbsraTsl uccienoBaHus oka3auin 3HAYUTENbHOE CHIkeHue cekpenuu TNF-a B kynsType
MOHOIIMTOB ITOCJIE NIEPBOHAYAILHOTO CTUMYJIMPOBAHHUS JINTIONOJINCAXapHIOM Oe3 ITOCIeyIONIero BoccTa-
HOBJICHHS YPOBHS CEKPELIUH NPH MOBTOpHOU cTiuMyisiiin. Cekpenust IL-1, HarpoTus, Obliia 3HAYNTETHHO
TIOBBIIIEHA Y MAIMEHTOB C KOJIOPEKTAIBEHBIM PAaKOM, 0COOEHHO I0CIE TOBTOPHON CTUMYIISIIAN. DTH PE3yIb-
TaTbl CBUAETENBCTBYIOT 00 M3MEHEHHOM IIMTOKHHOBOM OTBETE, BHIPKAIOIIEMCS] B HCTOILCHUN CEKPEINU
TNF-a u ycunenno# cexperyu [L-1 y manmeHTOB ¢ KOJOPEKTAIBHBIM PAKOM, YTO MOJKET CITIOCOOCTBOBATH
Pa3BUTHIO UIMMYHHOH TOJIEPAHTHOCTHU OMYXOJIH.

3axnouenue. Habnromaemast 0COOCHHOCTD CEKPEIMH IIUTOKMHOB MOXKET YKa3bIBaTh HA UMMYHHYIO JHC-
PETYISILNI0 B MUKPOOKPYXEHUU KOJIOPEKTAIBHOTO paka. Haie nccnenoBanue noguepkuBaeT 3HAYMMOCTb
M3Y4YEHUS POJIM [IUTOKMHOB B MATOT€HEe3¢ KOJOPEKTAIBbHOTO paKa M MOXKET OBITh OCHOBOM JJIsl M3Y4EHUS
TEpaneBTUYECKON KOPPEKIINU U3MEHEHHH UTOKUHOBOIO OTBETA y MAIUEHTOB C KOJIOPEKTAIbHBIM PAKOM.

KnioueBble cj10Ba: KOIOPEKTAIBHBIA pak, IUTOKUHBI, (PAKTOP HEKPO3a OIyXOJIn-aib(a, HHTepIeHKuH- |
Oera, UMMyHHasl TOJIEPAHTHOCTh
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volves a multifaceted interplay between genetic, environ-

Colorectal cancer (CRC) represents a significant global — mental, and immunological factors. Central to this process
health burden ranking as the third most common cancer is the tumor microenvironment (TME) which includes vari-
worldwide. The pathogenesis of CRC is complex and in-  ous cellular and molecular components that collectively
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influence cancer progression. Among these components,
inflammation plays a crucial role in both the initiation and
progression of CRC.

Inflammation is increasingly recognized as a key fac-
tor in the development of many cancers, including CRC.
Chronic inflammation in the colon, as seen in conditions
such as inflammatory bowel disease, significantly elevates
the risk of developing CRC [1]. This is largely due to the
persistent presence of pro-inflammatory cytokines, reac-
tive oxygen species, and other mediators that can induce
genetic mutations and promote a favorable environment
for tumorigenesis.

Macrophages, a critical component of the immune sys-
tem, are highly plastic cells capable of adopting various
functional phenotypes in response to environmental sig-
nals. In the context of CRC, macrophages can exhibit either
a pro-inflammatory (M1) or anti-inflammatory (M2) pheno-
type. M1 macrophages are characterized by their ability to
produce high levels of pro-inflammatory cytokines, such as
TNF-a and IL-18, which can promote anti-tumor immunity.
Conversely, M2 macrophages are associated with tissue
repair and immunosuppression, often contributing to tu-
mor growth and metastasis by secreting anti-inflammatory
cytokines and growth factors [2, 3].

The role of macrophage reactivity and cytokine secre-
tion in CRC is of particular interest. Pro-inflammatory
cytokines, including TNF-a and IL-1p, play pivotal roles
in modulating the immune response and influencing the
behavior of other cells within the TME. TNF-a is involved
in promoting inflammation and apoptosis, while IL-1f is
known to enhance the inflammatory response and has been
implicated in contributing to angiogenesis and tumor in-
vasiveness [4, 5].

In CRC, the balance between these cytokines can signi-
ficantly impact disease progression. Dysregulated cytokine
production can lead to chronic inflammation that supports
tumor growth and immune evasion. For instance, elevated
levels of IL-1p have been associated with increased tumor
aggressiveness and poorer prognosis in CRC patients [6].
Similarly, aberrant TNF-a signaling has been linked to both
tumor-promoting and tumor-suppressing effects, depending
on the context and timing of its expression [7, 8].

Understanding the dynamics of cytokine secretion and
macrophage reactivity in CRC is crucial for developing tar-
geted therapies aimed at modulating the immune response.
By elucidating the mechanisms underlying the altered cy-
tokine profiles in CRC patients, we can identify potential
biomarkers for disease progression and therapeutic targets
to improve patient outcomes. This study aimed to provide
insights into specific alterations in TNF-a and IL-1 secre-
tion by monocytes in CRC patients, shedding light on the
complex interplay between inflammation and cancer.

Materials and methods
Study participants

The study encompassed 45 participants: 25 newly di-
agnosed colorectal adenocarcinoma patients and 20 age-
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and sex-matched controls. We excluded subjects with
specific acute and chronic diseases. Only individuals who
had not yet undergone any therapeutic interventions, such
as chemotherapy, or radiation therapy, were included.
All procedures, including comprehensive post-operative
pathomorphological analysis, adhered to the 1975 Helsinki
Declaration and its 2013 update. All stages of the study
comply with the legislation of the Russian Federation and
regulatory documents of the research organization. Written
informed consents were obtained from all participants. The
research protocol No. 8 was approved by the local ethical
committee of the Petrovsky National Research Center of
Surgery on October 20, 2022.

Monocyte culture isolation and double
lipopolysaccharide stimulation assay

Mononuclear cells were isolated from 30-ml blood
samples via Ficoll density gradient centrifugation, fol-
lowed by CD14+ cell immunomagnetic separation using
LS Columns and CD14+ MicroBeads (Miltenyi Biotec
Inc., USA). Isolated CD14+ monocytes were cultured at
1,000,000 cells/ml in X-VIVO serum-free medium (Lonza,
Switzerland) with L-glutamine, gentamicin, and phenol red,
at 37°C and 5% CO:.. Triplicate cultures were established
per patient. Lipopolysaccharides (LPSs) from Escherichia
coli 0111:B4 (Sigma-Aldrich, USA) were used for stimu-
lation at a concentration of 1 pg/ml. Two healthy patients
received LPS on day 1, with the third serving as a control.
Cytokine levels were assessed at 24-hour intervals and after
a medium refresh. Restimulation with LPS occurred in one
healthy individual on day 6. The medium was collected on
day 7 for final cytokine analysis and stored at —70°C until
assayed for TNF-a and IL-1f concentrations.

Measurement of TNF-o. and IL- 1§ concentrations

TNF-a and IL-1B concentrations in the culture medium
were quantified using ELISA kits (Human TNF-alpha/
TNFSF1A DuoSet ELISA and Human IL-1beta/IL-1F2
DuoSet ELISA; R&D Systems Inc., USA). Assessments
included the following figures: 1) basal cytokine levels after
24 hours without LPS (nonstimulated), 2) cytokine levels
after 24 hours of LPS stimulation (first stimulation), 3) ba-
sal cytokine levels on day 7 in cultures not restimulated
with LPS (non-restimulated), and 4) cytokine levels on day
7 following a 24-hour LPS restimulation (restimulation).

Statistical analysis

We performed statistical analysis using SPSS Statistics
v. 26.0. Data distribution and differences between the CRC
and control groups were assessed with the Shapiro-Wilk
test and Mann-Whitney U-test, respectively. Quantitative
results are presented as median and interquartile range.

Results
Table 1 provides characteristics of study participants.
In our study, we aimed to investigate the differential
cytokine responses of blood monocytes in CRC patients
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Table 1| Tabruya 1
Characteristics of study participants | Xapakrepucruka
Y4aCTHHKOB HCCJIeI0BAHUS

Characteristics | Control Group CRC Patients
XapakTepucTHKa (n=20) | 'pynna (n=25) |
CpaBHeHUS MMamuents! ¢ KPP
Age (years) | 58 (56-63) 61 (59-65)
Bospacr (i1et)
Sex, M/F | ITox, M/ 13/7 14/11
CRC Stage: | Cragus KPP

T3NOMO - 12
T3N1aMO - 6
TINOMO - 2
T3N2bMla - 1
T3N1cMO — 1
T4bN2aMO0 - 1
T4bN2bMlc - 1
T4bN2bMO - 1

CRC - colorectal cancer | KPP — konopekTaibHbIil pak

and healthy controls to LPS stimulation. We focused on
TNF-o and IL-1B, given their pivotal roles in modulating
tumor inflammation and their distinct cellular mecha-
nisms [9, 10].

Upon LPS stimulation, we found that monocytes from
CRC patients exhibited an initial secretion of TNF-a, fol-
lowed by an exhaustion in its secretion. Specifically, a lower
basal level was observed after a 7-day culture and minimal
increase upon LPS restimulation (Table 2). Conversely,
IL-1pB secretion showed elevated baseline levels and in-
creased responsiveness to restimulation in CRC patients
(Table 2).

Discussion

Our study elucidates differential cytokine secretion pat-
terns in blood monocytes from CRC patients as compared
to that in healthy controls. Specifically, monocytes in CRC
show an exhaustion in TNF-a secretion and an elevated
IL-1p secretion following LPS stimulation. These cytokines
serve distinct roles in inflammatory processes, regulated via
unique pathways and kinetic profiles [11-13]. We revealed
a marked reduction in TNF-a secretion by monocytes in
CRC patients after initial LPS stimulation, with no signifi-
cant recovery upon restimulation. This suggests a potential
exhaustion or dysfunction of monocytes, which could im-
pair the body’s ability to mount an effective inflammatory

Table 2 | Tabnuya 2

Levels of TNF-a and IL-1p Secretion | YpoBens cexpeuuu TNF-a u IL-1p

Control Group | CRC patients | p (U-test) |
I'pynna cpaBHeHust IMauuents! ¢ KPP p (U-tecT)
TNF-a concentration (pg/ml) | Koruentparms TNF-o (mir/mor)
Level at 24 hours | Nonstimulated | HectumynupoBaHHbIH 135 (89-199) 97 (79-134) 1.0
YpoBeHb uepe3
24 4aca First LPS stimulation | [Tepsast crumymsimms JITIC 3,356 (2,740-5,030) 4,503 (2,532 7,148) 0.222
Level at 7 days | Non-restimulated | HepectumymmipoBaHHBIH 148 (99-169) 4 (2-5) 0.001*
VpoBeHb uepe3
7 nuei Restimulation with LPS | Pectumymsiius JITIC 141 (92-185) 7 (4-9) 0.001*
IL-1P concentration (pg/ml) | KoruenTpamms [L-10 (r/mot)

Level at 24 hours | Nonstimulated | HectumynupoBaHHbIH 114 (66-208) 274 (264-328) 0.001*
VYpoBeHs uepe3
24 aca First LPS stimulation | ITepas ctumyssims JIIIC 984 (856-1,101) 1,258 (1,198-1,581) 0.008*
Level at 7 days | Non-restimulated | HepectumyimipoBaHHBIH 120 (106-147) 187 (175-203) 0.001*
YpoBeHs uepe3
7 nueit Restimulation with LPS | Pectumysstus JITIC 123 (82-148) 248 (215-288) 0.001*

LPS — lipopolysaccharide; CRC — colorectal cancer | JITIC — nmunononucaxapun; KPP — konopexranbHbIH pak.
* Statistically significant difference between the control group and CRC patients | * CTtarucTudecku 3Ha9YUMBIE Pa3IAIAS MEKITY

rpynmnoi cpaBHeHus U nanuenTamu ¢ KPP
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response against tumor cells. The inability to sustain TNF-a
production could facilitate immune evasion by the tumor,
contributing to its progression and metastasis. Conversely,
IL-1p secretion was significantly elevated in colorectal can-
cer patients, especially following restimulation. IL-1 is
known to enhance inflammatory responses and has been im-
plicated in promoting tumor invasiveness and angiogenesis.
The heightened IL-1p levels may reflect a state of chronic
inflammation within the colorectal cancer microenviron-
ment, which could support tumor growth and spread.

The exhaustion of TNF-a secretion could indicate an
impaired proinflammatory response, facilitating immune
evasion by tumor cells. TNF-a plays a dual role in cancer,
potentially promoting antitumor immunity through its in-
flammatory effects, while also being capable of promoting
tumor growth under certain conditions [7, 8]. The inability
of monocytes to sustain TNF-a production in CRC patients
may impair effective immune surveillance and response,
contributing to tumor progression.

The TNF-a pathway, primarily modulated through
NF-«B signaling, is involved in acute inflammation and
cellular survival mechanisms, including apoptosis via Fas
receptors [11].

IL-1PB is a potent proinflammatory cytokine that acti-
vates immune cells and is regulated through the NLRP3 in-
flammasome pathway [10]. In our findings, IL-1p secretion
was significantly elevated in CRC patients, particularly
after restimulation with LPS. This heightened IL-1f level
suggests a state of chronic inflammation within the CRC
microenvironment, which is conducive to tumor growth
and metastasis. IL-1f has been implicated in promoting
angiogenesis, tumor invasiveness, and creating a protu-
morigenic inflammatory milieu [14]. The elevated IL-1§
in CRC patients could thus reflect an environment that
supports cancer cell survival and dissemination.

IL-1B, conversely, activates immune cells and is regu-
lated through the NLRP3 inflammasome pathway [12, 13].
The secretion kinetics of these cytokines are divergent as
well, with TNF-a peaking within 1-2 hours after LPS ex-
posure and IL-1p reaching a peak at 4-6 hours [11-13].

These findings raise questions about altered immune re-
sponses in CRC. Monocytes in CRC patients may undergo
a form of “tolerization,” reducing their efficacy against
tumors and potentially fueling the tumor microenviron-
ment. The abnormal cytokine secretion patterns observed
underscore the complexity of CRC pathogenesis and the
role of chronic inflammation therein.

The altered secretion profiles in CRC potentially align
with the theory that CRC is an inflammation-associated
malignancy. This leads us to several hypotheses that war-
rant further investigation:

1. Acquired immune tolerance in monocytes could serve
as a protective mechanism for tumor cells against
immune attack [15, 16]. This could particularly be
relevant given that IL-1p secretion is elevated in
CRC patients, necessitating a broader cytokine panel
for a complete understanding.
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2. Abnormalities in key signaling pathways such as
NF-xB and MAPK in monocytes could be pivotal
in understanding the observed phenotypes [17].

3. The tumor microenvironment, a dynamic entity
involving various soluble factors and exosomes,
could influence the reduced TNF-a resecretion [18].

4. A depletion in monocyte count in CRC patients could
also contribute to the observed exhaustion of TNF-a
secretion [19].

5. CRC-associated alterations in gut microbiota
and intestinal permeability could be influencing
monocyte interactions and subsequent cytokine
secretion [20].

Collectively, these results and hypotheses open up new
avenues for future research aimed at elucidating the com-
plex interplay between inflammation, immune responses,
and CRC pathogenesis. To fully understand the altered
cytokine dynamics, further research should explore the
signaling pathways involved in TNF-a and IL-1f regula-
tion. Investigating the roles of NF-kB, MAPK, and NLRP3
inflammasome pathways could provide deeper insights
into the molecular mechanisms driving these changes.
Expanding the cytokine panel to include other pro- and
antiinflammatory mediators will help delineate the com-
plex network of immune interactions in CRC. This could
identify additional biomarkers for disease progression and
potential therapeutic targets.

Longitudinal studies assessing cytokine levels through-
out the course of CRC treatment could elucidate their prog-
nostic value and guide the development of personalized
immunotherapy strategies. Monitoring cytokine profiles
may also help predict patient responses to existing therapies
and improve treatment outcomes.

Understanding how the tumor microenvironment influ-
ences monocyte function and cytokine secretion will be
crucial. Factors such as hypoxia, tumor-derived exosomes,
and stromal cell interactions likely play significant roles in
shaping the immune response in CRC.

Conclusion

The altered cytokine response observed in colorec-
tal cancer patients highlights a significant dysregula-
tion in immune function that may contribute to tumor
progression. Our findings underscore the importance of
cytokines, particularly TNF-o and IL-1f, in modulat-
ing the immune landscape within the colorectal cancer
microenvironment.

The observed cytokine profile suggests that monocytes
in colorectal cancer patients may undergo a form of “to-
lerization,” reducing their efficacy in attacking tumor cells
and potentially fostering a more permissive environment
for tumor development. This immune tolerance could be
a strategic adaptation by the tumor to evade immune sur-
veillance.

These results indicate that targeting cytokine respon-
ses could be a viable strategy for colorectal cancer treat-
ment. Modulating the immune response to restore effec-
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tive TNF-a production while controlling excessive IL-13
secretion might improve antitumor immunity and inhibit
tumor progression. Future therapies could focus on rever-
sing monocyte exhaustion and reactivating their proinflam-
matory functions.

In conclusion, this study provides critical insights into
the proinflammatory cytokine profiles in colorectal cancer,
advancing our understanding of the immune dysregulation
associated with cancer progression. These findings expand
possibilities for therapeutic exploration aimed at modu-
lating immune responses to improve patient outcomes in
colorectal cancer.
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Mudopmanus 06 aBTopax

Huxonaii Koncrantunosny 1llaxnassiH — kKaHIMIAaT MEIUIIMHCKUX HAayK, 3aBEIYIOIINI IPYIIIOI MOJIEKYISIPHOW OUOJIOTUH U TCHETUKU
¢ QyHKUMSIMU OMOMETPUH, OMOMEINIIMHEI U OMOMEINIIMHCKOM CTaTUCTHKU pedepeHc-IIeHTpa HHPEKIIHOHHOM U BUPYCHON OHKOIIATOJIOTHU
HUU mopdonoruu yenoseka um. akaa. A.Il. Asupiaa PHIIX um. akan. b.B. Iletposckoro.

JIronmuita MuxaitnoBra Muxaiesa — JOKTOp MEJMIMHCKUX HayK, Ipodeccop, wieH-koppecnonaeHT PAH, aupekrop, 3aBeyromias
naboparopueii knuanueckoir Mmopgonorun HUN mopdonoruu yenoseka um. akan. A.Il. Asusina PHIX um. akan. b.B. [Terposckoro.

Huxonaii KsizumoBuy CapIXxoB — cTapIinii Hay4YHbIH COTPYIHHUK IPYIITEI MOJIEKYJISIPHOW OMOJIIOTHUH Y TEHETUKH C QYHKLIHSMH ONOMETPHH,
OMOMENIIMHBI U OMOMEIMIIMHCKOM CTaTUCTHKU pedpepeHc-LeHTpa HHPEKIMOHHOI U BUpycHO# onkonaronorun HUW mopdomnorun yenoeka
uM. akan. A.IL. ABusina PHIIX um. akan. b.B. IlerpoBckoro.

Apxanuii JlaBperTseBud bemxaHsH — TOKTOp MEAMIIMHCKUX HAYK, 3aBEAYIOIINN OT/eICHNEeM ablOMUHAIBHON XUPYPruy U OHKoIoru 11
(romompokrosoruu u yporunekonorun) PHIX um. akan. B.B. ITerposckoro.

3apuna BnagucnaBoBHa ['MoeBa — KaHAMIAT MEUIIMHCKUX HAyK, 3aBeyIOIIast IEHTPAIbHO aToI0roaHaTOMU4eCckoi aboparopueit

HUWU mopdonoruu yenoseka um. akan. A.Il. Asupiaa PHIIX um. akan. b.B. Iletposckoro.

Anexcanzp MBanoBud Muxases — JOKTOp MEMIMHCKUX HayK, podeccop kadenps! rocnuranbHoi xupypruu Ne 2 PHUMY um. H.U. Tluporosa.
Banentuna BuktopoBna [leuHrKoBa — KaHAWAAT MEIUIIMHCKUX HAYK, CTAPIIMI HAYYHBIH COTPYAHHUK Ja00paToOpun KIMHHYECKOH MOP(OIOrHi
HUWU mopdonoruu yenoseka um. akaa. A.Il. Asipiaa PHIX um. akan. b.B. Iletposckoro.

KoncranTus IOpseBry Munubep — kaHIuAaT MEAUIMHCKUX HAyK, 3aBEIYyIOIIHI Ipymmoil maroMopdonoruu pedepeHc-leHTpa HHPEKIHOHHO
u BupycHoii onkonaronorud HUU mopdonorun uenoseka um. akan. A.Il. Apusina PHIX uM. akaa. B.B. IlerpoBckoro, accucteHT kadeapbl
[IaTOJIOTUYECKOM aHaToMuu MenunuHckoro nHetutyta PYJIH nwm. [Marpuca JlymyMmOBL.

Anexcanap Hukonaesuy OpexoB — JOKTOp OHOIOrMYECKHUX HayK, TPodeccop, ITaBHBIN HAayYHbIH COTPYIHHUK Ta00paTOPHH KICTOUHOI
Y MOJIEKYJISIPHOI ITaToIoruu cepyieuHo-cocyauctoii cucrembl HUW mopgonorun yenoseka M. akaa. A.I1. Apusia PHIIX
nm. akaj. b.B. Ilerposckoro.
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