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Pesome

HecmoTpa Ha ycnexu B 0601acTy CKpUHUHTA U NIeUeHns paka KesyaKa, akTyanbHoi 0CTaeTca npobnema Noucka 1 u3yyeHus
3OGeKTUBHbBIX METOAOB NeueHnsa 1 NPOGUNAKTVKI NpeaonyXoneBbiX 3ab0neBaHuiA, BKNOUaA XPOHUYECKI aTpodunUiecKiii
ractput. Ocoboe MecTo cpeav CTpaTeruin NpodUIaKTUKK 310Ka4eCTBEHHbIX HOBOOOPA30BaHWii 3aHMaeT MMMYHONPOdH-
NaKTUKa paKa.

Llenb paboTbl — OLEHUTb 3MEHEHsA CY6NOonyALMOHHOIO COCTaBa MMMYHHOMO MHOWABTPATA CUHTEHHOM OMYXOK Ha GoHe
KypCOBOrO MPUMEHEHUA MY TaMUA-TPUNTOdAHA Y MblLLIe.

MaTepuansl 1 meTofbl. ICTOUHMKOM OMYyXONeBOro Matepuana CyXuUam KNeTkn CUHFeHHOTO KOMIOPEKTabHOro paka
M(C38, TpaHCNNAHTUPOBAHHbIE MHTPAMAMMaPHO. JKCNepUMEHTasbHbIe XKMBOTHbIE NoyYany rayTamun-Tpuntodpat (0,02 mr/
Kr); KOHTPOSbHble — GU3MONOTNUECKMiA PacTBOP. BBeAeHNA Obin MHOTOKPATHbIE, HaUMHasA 3a 14 AHel A0 TpaHCNaHTaLmy
¥ 0o 14-ro vay 21-ro AHA nocne TpaHcnnaHTaumm onyxonu. OUeHMBaNM KUHETUKY POCTa OMyXonu 1 CyOnonynAaLVOHHbIN
COCTaB K/IETOYHOTO MHGUNBTPATa ONyX0M METOAOM NPOTOYHON LUTOMETPUN.

EDN: WTSWSE PesynbTatbl. BBeaeHve rnyTamua-TprnTodaHa He 0Ka3ano BAMAHWA Ha POCT OMyXON), HO NOBAKANO Ha KNETOUYHBIN COCTaB
VIMMYHHOTO MHOQMUNBTPATa Ha BTOPOM CPOKe UCCIeA0BaHuA B BUAe CHUxeHna CD45%, nosbiwerna CD3*, cHkeHna M2-no-
AO006HbIX Makpodaros ¢ BbICOKMM ypoBHem skcnpecci MHC. OueHka cybnonynaunii DN-KneTok Mexay AByMA CpOKamu
aHanm3a ceuaeTenncTyet o pocte DN B 0benx rpynnax. B koHtpone DN NK* cHvkanuch B 2 pasa, yero He Habnoaanoch
B8 OMbITHOM rpynne. CHuxeHve yposHei CD3*CD8* 1 NK1.1* 8 06eunx rpynnax NoATBEpKAaeT NPOrpeccupoBaHme OMyXOniu.
B kOHTpONE, B OTANUME OT OMbITHOW Fpynnbl, Habnoaany peskoe cHxkeHne CD3*, MHC Il low CD206* 1 DN NK1.1*, 4yto MOXHO
PacCMaTpPUBaTh Kak Nepexom OnyxoneBoro MUKPOOKPYKEHWA B IMMYHOCYNPECCUBHOE COCTOAHNE.
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3aktoueHue. BriepBble Ha MOAENM TPAHCMNAHTPYEMOI CUHFEHHOM OMYyXOmI Y IMMYHOKOMMETEHTHBIX XMBOTHBIX NPOBEEHa
OLIEHKa V3MEHeH A COCTaBa IMMYHHOTO MHOWBTPATA Ha GOHE NPUMEHEHNA Ty TaMIA-TPHUNTOdAHA. YCTaHOBNEHbI BO3MOXHbIE
3G GEKTOpHbIE KNEeTKM, OTBETCTBEHHbIE 3a Peann3aLmio MMMYHOOMOCPeJ0BAHHOMO HaA30pa 3a NPOMOLIVEN 1 Nporpeccueit
TPAHCMNAHTPOBAHHO OMYXONW B YCIIOBUAX SKCNEPUMEHTa in Vivo.

Kntouesble cnosa: ryTamun-TpuntodaH, cuHreHHas onyxonb MC38, MMyHHbIA MHGUABTPAT, TPOTUBOOMYXONEBbIA UMMYHWTET,
PEracTVM racTpo, aTpoOGUUECKUit racTput
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summary

Despite advances in gastric cancer screening and therapy, the search for effective methods for treating and preventing
precancerous conditions, including chronic atrophic gastritis, remains an important challenge. Immunoprevention of cancer
occupies a special place among strategies aimed at reducing the incidence of malignant neoplasms.

The aim of this study was to assess changes in the subpopulation composition of the immune infiltrate in a syngeneic tumor
model during course administration of glutamyl-tryptophan in mice.

Materials and Methods. Tumor material was obtained from syngeneic MC38 colorectal cancer cells, transplanted
intramammarily. Experimental animals received glutamyl-tryptophan (0.02 mg/kg), while control animals received saline.
Repeated administrations were performed starting 14 days prior to tumor transplantation and continued until day 14 or day
21 after transplantation. Tumor growth kinetics and the subpopulation composition of the tumor immune infiltrate were
assessed using flow cytometry.

Results. Glutamyl-tryptophan administration did not affect tumor growth, but altered the cellular composition of the immune
infiltrate at the second time point, manifested as a decrease in CD45* cells, an increase in CD3* cells, and a reduction in M2-like
macrophages with high MHC expression. Analysis of DN-cell subpopulations at both time points demonstrated an increase
in DN cells in both groups. In controls, DN NK* cells decreased twofold, whereas no such decrease was observed in the
experimental group. Reduced levels of CD3*CD8* and NK1.1* cells in both groups confirmed tumor progression. In contrast to
the experimental group, the control group exhibited a pronounced decline in CD3*, MHC Il low CD206*, and DN NK1.1* cells,
which may indicate a transition of the tumor microenvironment toward an immunosuppressive state.

Conclusion. For the first time, changes in the composition of the immune infiltrate were evaluated in a model of
a transplantable syngeneic tumor in immunocompetent animals treated with glutamyl-tryptophan. The study identified



SKCNepuMeHTalibHaA ractposHTeponormna | experimema\gastroemerology

potential effector cell populations responsible for mediating immunosurveillance of tumor promotion and progression

under in vivo experimental conditions.
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BBepeHue

XpoHnYecKnit aTpopuyecKnit FaCTpUT — PACIPOCTPAHEHHOE
[IPeJIONyX0JIeBOE COCTOSIHIE CIM3NUCTOI 000IOUKI XKeTy/i-
Ka, KOTOpO€ SIB/IsIETCS] BaXXHBIM (PaKTOPOM pUCKa pasBU-
TSI 37I0Ka4eCTBEHHBIX HOBooOpasoBauuit (3HO) manuOI
nokanusanuu [1, 2]. ITo ganaeiM GLOBOCAN B 2022 rony
6b1710 3aperucTpupoBaHo 6omee 968 000 HOBBIX CTyUaeB pakKa
Kemygka u okono 660000 cmepreit 0T 3TOro 3a60MeBaHMA,
YTO COOTBETCTBYET ISITOMY PAHTOBOMY MECTy B CTPYKType
OHKOJIOTMYeCKOIl 3a60/1eBaeMOCTI I CMEPTHOCTU B MUpe
[3]. Kpome Toro, nmosiBiseTcs Bce OOblie CBEIEHNUIT O TOM,
YTO aTpOdMA CIUBUCTON 0O0TOUKY JKeNTyiKa MOKET ObITh
accoLMMpOBaHa C MOBBIUIEHHO YaCTOTO MOABIEHU MON-
II0B B KMIIEYHNKE, YTO [IO3BOJISIET PACCMATPUBATD ATPODUIO
JKenmyKa Kak GakTop pycKa, HOBBIIIAINIT BEPOSITHOCTD
PasBUTHMI KOTIOPeKTanbHOTO paka [4]. ITonck apdekTrBHBIX
n 6esomacHbIX cpencts npopuaaktuku 3HO xemypodHo-
kuiednoro Tpakra (OKKT) y manyueHTOB ¢ XpOHMYECKUM
aTpodUYeCKUM racCTPUTOM ABIAETCA aKTyaIbHON 3amadet
COBpEeMEeHHOI FaCTPOIHTEPOIOTUIL.

EnMHCTBEHHDBIN 3apeTrnCTPUPOBAHHBIN OPUTMHAIBHBIN
OTe4eCTBEHHBIII IeKapCTBEHHBIII Ipenapar A1 IeYeH N XPo-
HUYECKOTO aTpoduyeckoro ractpura — «Peractum lacTpo»
(meticTByIOIIEE BEleCTBO: abda-TIyTaMUI-TPUITODAH) —
[IPOIEMOHCTPUPOBAJI CBOIO 3¢ (PeKTUBHOCTH B XOf€ IIPOBEEH-
HOTO MY/IBTUIIEHTPOBOT'O PaHLOMMU3MPOBAHHOIO JIBOJIHOTO
CJIETIOTO I/Ia1le60-KOHTPOIMPYEMOTO KIMHIUIECKOTO MCCTIEe0-
BaHI B KayecTBe (apMaKOIOTMYeCKOTr0 CPefCTBa, CIIOCOOHO-
IO He TOJIBKO C/IeP>KMBATh IIPOrpecCcUpoBaHye aTpopuyecKux
ABJIEHUI B CIM3UCTON XKelyiKa, HO U obecrneynBarIero
perpeccarpodui [5] 3a cueT yMeHbIIEeHN I XPOHMYECKOTO BOC-
HaJIeHN A ¥ CTUMY/IALIMY PeapaTUBHBIX IpolieccoB. COITacHo
IIPOBEJIeHHBIM UCCIejoBaHuAM, Peractum actpo yBennun-
BaeT KOJIMYECTBO JKeTYHAOYHBIX XKeJle3, BOCCTAaHaBIMBasl MX
MOPdOIOrnYecKyo (KIeTOUYHYI0) CTPYKTYPY U CEKPETOPHYIO
YHKIUIO C yTy4lIeHneM KICIOTOIPOAyKIMH [6]. YKasaHHbIe
3¢ deKThI HO3BONAIOT IPENTIOKUTD K 00CYKIEHNIO BOIIPOC
O JOIIOJIHUTE/IbHOM u3ydeHunu npenapara Peractum l'actpo
B KayeCTBe CpeficTBa papMaKOIOrnyeCcKoi KOppeKI N pefo-
Ty XOJIEBBIX COCTOSTHMI JKeTY/IKa ¥ COYeTAHHOM MPOUIaKTH-
k1 3HO JXKT, 4To MOXXHO paccMaTpyBaTh Kak MpopUIaKTUKY
paxa xenyzka [7].

HapsopHas GyHKINA MMMYHHO CUCTEMBI UTPAET BaXKHYIO
poJb B 9HJOTeHHOI npodunakTuke omyxosneit. CormacHo
runoTese uMMyHopeaakTuposanusa 3HO, nurammyueckni
IIPOLiecC B3aMMO/IeIICTBIS OIYXO/IU C KOMIIOHEHTaMU IMMY H-
HOJI CCTeMBI OPraHM3Ma-X03AMHA IPOVICXOUT B CIIOKHOI
MHOTOKOMIIOHEHTHOII Cpefie, Ha3bIBaeMOil MIKPOOKpYXKe-
HueM onyxonu [8]. [IpoTMBOOIYXO/IEBbIl UMMYHHBII OTBET
ompepensgerca 6araHCOM MEX/Y OCHOBHBIMM 3¢ HeKTOPHBIMM
knerkamu (CD8* uroTokcnveckumu T-numdornuramm) u nm-
MYHOCYIIPECCUBHBIMM KIETKAMM, TAKMMY KaK M2-110106HbIe
makpodaru u perynstopuble T-knetku. V3BecTHO, HanpuMep,
4T0 MHGUIBTpanus onyxonu CD8* T-kreTkaMm acconmnpo-
BaHa C OIATONPUSATHBIM IIPOTHO30M, TOT/Ia KaK HAaKOIJIEHe

Introduction

Chronic atrophic gastritis is a widespread pre-
cancerous condition of the gastric mucosa and
a significant risk factor for the development of
malignant neoplasms at this localization [1, 2].
According to GLOBOCAN, more than 968,000
new cases of gastric cancer and approximately
660,000 related deaths were recorded in 2022,
placing gastric cancer fifth in global cancer inci-
dence and mortality [3]. Furthermore, emerging
evidence indicates that gastric mucosal atrophy
may be associated with an increased frequency
of intestinal polyps, suggesting that gastric at-
rophy may serve as a risk factor for colorectal
cancer development [4]. The search for effective
and safe approaches to preventing malignant
neoplasms of the gastrointestinal tract (GIT) in
patients with chronic atrophic gastritis there-
fore remains an important issue in modern
gastroenterology.

The only original domestic pharmaceutical
agent registered for the treatment of chronic
atrophic gastritis — Regastim Gastro (active in-
gredient: a-glutamyl-tryptophan) - has demon-
strated efficacy in a multicenter, randomized,
double-blind, placebo-controlled clinical trial.
It has been shown to not only inhibit the pro-
gression of atrophic changes in the gastric mu-
cosabut also induce regression of atrophy [5] by
reducing chronic inflammation and stimulating
reparative processes. According to the con-
ducted studies, Regastim Gastro increases the
number of gastric glands, restoring their mor-
phological (cellular) structure and secretory
function, leading to improved acid production
[6]. These effects provide a rationale for further
investigation of Regastim Gastro as a pharma-
cological agent for correcting precancerous
gastric conditions and for combined prevention
of GIT malignancies, potentially contributing
to gastric cancer prevention [7].

The surveillance function of the immune
system plays a crucial role in endogenous tumor
prevention. According to the cancer immu-
noediting hypothesis, the dynamic interaction
between a developing tumor and components of
the host immune system occurs within a com-
plex, multicomponent environment known as
the tumor microenvironment [8]. Antitumor
immune responses are determined by the bal-
ance between key effector cells (CD8" cytotoxic
T lymphocytes) and immunosuppressive cells
such as M2-like macrophages and regulatory T
cells. For example, tumor infiltration by CD8*
T cells is associated with favorable prognosis,
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M2-Makpo¢aroB cnoco6CTByeT YCUICHNIO MMMYHOCY-
IIpeccyy, aHTUOTeHe3a U pocTy omyxonn [9].

PaHee ObI/IO MOKAa3aHO, YTO IIYTaMUI-TPULNTODAH
y4acTByeT B MeXaHU3MaX GOpMMUPOBAHNA aJallTUBHOTO
MMMYyHUTeTa IyTeM ctuMynanun T-mumbounmnTos, sKc-
npeccupyomux guddepennupoouHsle anturensr CD3’,
CD4* 1 CD8" y manueHToB ¢ pasindHbIMI MMMyHOReDU-
IIUTHBIMM COCTOAHMAMM [10]. YUNTBIBasA 9TU UMMYHOMO-
Iynupyolue CBOCTBA Ipenapara, a Takyke TOT GaKT, 4To
MMMYHHasA CUCTeMa MOXeT KaK CTUMY/IMPOBATh (HaIpu-
Mep, IPU XPOHMIECKOM BOCIA/IEHNN), TAK ¥ MHTUOUPO-
BaTb IIPOIECCHI KaHI[epOreHe3a, IePCIeKTUBHON BUAUTCSA
OLieHKa BIMAHMA ITTyTAMUI-TPUITOGaHA Ha COCTAB KIle-
TOYHOTO MUMMYHHOTO MHOW/IbTPATa IIPY MOfIEIMPOBAHNI
OITyXOJIEBOTO POCTA B 9KCIIEPUMEHTE it Vivo. BeiOpanHas
MUIST ICC/TeIOBAHMSI CMHTeHHAs KjeTo4uHast nuams MC38
HIMPOKO MCIIONb3yeTCA B 9KCIIEPUMEHTANbHO MIMMYHOO-
HKOJIOTMM, B YaCTHOCTH JI/Is OLIEHKM COCTaBa UMMYHHOTO
MHQUIBTPATA OIYXOMN IIOJ AefICTBUEM MMMYHOTPOIITHBIX
CpeJCcTB.

ITenp Mccnen0BaHUA — OLIEHUTD M3MeHEHMe Cy OOy is-
IIMOHHOTO COCTaBa MMMYHHOTO MH(U/IbTPaTa CUHTE€HHO
omyxonu MC38, TpaHCTIZTaHTMPOBAHHOI MHTPaMaMMapHO,
Ha (OHe KypCOBOTO IIPUMEHEeH N Iy TaMUI-TpunrodaHa
y UMMYHOKOMIETEHTHBIX caMOK Mbiireit C57BL/6.

MaTtepunanbl n metoabl

MccnenoBanue IpoBeieHO Ha 25 I0/I0BO3PE/IbIX MbIIIAX-
camkax nunHuu C57BL/6 SPF-kateropun (IInToMHMK
naboparopubix xupotusix ®PVIBX PAH, r. Ilymuso,
MockoBckas 0671.), KOTOpble OBIIN pasje/ieHbl Ha JiBe
rpynnel: rpynmna Ne 1 (koHTponbHasA, n = 12) u rpynmna
Ne 2 (ombiTHas, n = 13). JKuBOTHBIX COfep>Kanu B CO-
orBercTBuU ¢ Jupektusoit 2010/63/EU [11] B koHTpO-
UPYyEeMBIX YCIOBUAX OKpy>Kawliell cpeanl. B mepuop
KapaHTMHA, aflallTallu} M OCHOBHOTO 3KCIEPUMEHTa
KMBOTHBIE HAXOAVIMCh B MHAMBU/YaTbHO BEHTUNNDY-
embix knetkax (VIBK). VccnegoBanue 6110 ofo6peno
IJ1S1 IPOBeJieHN A Ha 3acefJaHNy OM03TIYeCKOI KOMUC-
cun AO «HITIO «JOM ®APMAILIVU» (3aknmouyeHne
BIOK Ne 1.10/25). B xkauecTBe UCTOUHMKA OMYXOIEBOTO
MaTepuaja MCIOAb30BaNIN CUHIEHHYIO K/IETOUHYIO M-
Huio MC38 (xomopexrtanbubiit pak) (Kerafast, CIIIA).
KynbpTuBupoBaHMe KJIeTOK IIPOBOAVIIN B COOTBETCTBUN
C MaCIOpTOM KJIETOYHOI TMHUMN.

Knerounyio cycnensuio 1x107 /M1 TpaHCIIIAHTUPOBAIU
MBIIIIAM OTIBITHO ¥ KOHTPO/IbHO IPYIIII MHTPaMaMMap-
HO (B KMPOBYIO K/IETYATKY HPaBOJi OPIOIIHOI MOTIOYHOII
Keze3bl) B o0beMe 100 MKJI Ha KMBOTHOE.

AxTtuBHas papManeBTuyeckas cyocranuysa « [mmores’
HaTpuit» (anbda-rayraMua-TpunrodpaH HaTpuUA) cepun
1020425 (AO «MBHIIK «IJutomen», Poccus), passe-
nenHas B 0,9% pacTBope HaTpuUsA XJI0PU/A, BBOAUIACH
BHYTpuOprounHHO B fo3e 0,02 Mr/kr. BegeHust 6pin
MHOTOKpAaTHbIE, Yepes NeHb, HauMHasA 3a 14 gHeit fo
TpaHctaHTanyy MC38 n o 14-ro wnn 21-ro gHA noce
TpaHCIIaHTanuy onyxonu. KoHTponbHbIE )KMBOTHBIE
nonydanu 0,9% crepunbHbI PACTBOP HATPUSA XJIOpUa
B 0o6beMe 10 MJI/KT IO aHAJIOTUIHOI CXeMe.

Y KMBOTHBIX PETUCTPUPOBANN MHAMUKY MAaCChI TeNa,
SHTpapTMEHT (CTEIeHb MPYDKUBICHNA) M CPOKM MOAB-
TIeHVA U3MepPsAEMBIX OIyXoseli. VIsMepeHus nuHeiHbIX
pasMepoB ONYXOJI¥ IPOBOJVIIN C TOMOIIBIO IU(PPOBOTO
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whereas accumulation of M2 macrophages pro-
motes immunosuppression, angiogenesis, and
tumor progression [9].

Previous studies have shown that glutamyl-
tryptophan is involved in mechanisms of adaptive
immunity, stimulating T lymphocytes expressing
CD3%, CD4%, and CD8* differentiation antigens in
patients with various immunodeficiency condi-
tions [10]. Given these immunomodulatory prop-
erties, and considering that the immune system
may either promote (e.g., through chronic inflam-
mation) or inhibit carcinogenesis, evaluating the
impact of glutamyl-tryptophan on the cellular
composition of tumor immune infiltrates in an in
vivo tumor growth model is of particular interest.
The syngeneic MC38 cell line selected for this study
is widely used in experimental immuno-oncology,
particularly for assessing tumor immune infiltrates
under the influence of immunotropic agents.

The aim of the study was to evaluate changes in
the subpopulation composition of the immune in-
filtrate in intramammary-transplanted syngeneic
MC38 tumors following repeated administration
of glutamyl-tryptophan in immunocompetent
female C57BL/6 mice.

Materials and methods

The study was conducted on 25 adult female
C57BL/6 mice of SPF category (Laboratory Animal
Breeding Facility of the Institute of Bioorganic
Chemistry, RAS, Pushchino, Moscow Region). The
animals were divided into two groups: Group 1
(control, n =12) and Group 2 (experimental, n =13).
The animals were housed under controlled envi-
ronmental conditions in accordance with Directive
2010/63/EU [11]. During the quarantine, accli-
matizaton, and main experimental periods, the
animals were kept in individually ventilated cages
(IVCs). The study was approved by the Bioethics
Committee of JSC “SPA “Home of Pharmacy’
(Bioethics Committee approval No. 1.10/25).

A syngeneic cell line MC38 (colorectal carci-
noma) (Kerafast, USA) was used as the source
of tumor material. Cell culture procedures were
performed according to the cell line certificate.
A cell suspension (1x107 cells/mL) was transplanted
intramammarily (into the adipose tissue of the
right abdominal mammary gland) at a volume of
100 L per animal in both the experimental and
control groups.

The active pharmaceutical substance “Timogen”
sodium” (a-glutamyl-tryptophan sodium), batch
1020425 (JSC Cytomed, Russia), diluted in 0.9% so-
dium chloride solution, was administered intraperi-
toneally at a dose of 0.02 mg/kg. The administrations
were repeated every other day, starting 14 days before
MC38 transplantation and continuing until day 14
or day 21 after tumor transplantation. Control ani-
mals received 0.9% sterile sodium chloride solution
at a dose of 10 mL/kg following the same schedule.

Body weight dynamics, engraftment (implant
survival rate), and the time of appearance of
measurable tumors were recorded. Linear tumor
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mranreHuupkyns SHAN (Kurait). O6bem omyxo-
M Ha KaXKJ0J BPEeMEHHOI TOUKe OIpefesIn 1m0

dbopmye:

_AxB
v 2

rge V - o6beM oryxonu, MM*; A — HauGOIbLINIL UAMETP
OITyXOJIN, MM; B — IlepIIeHIMKY/IAPHBII eMy AMaMeTp, MM.

Yepes cyTKU IIOC/IE NTOC/IE/HETO BBeJeHNA IIpernapa-
Ta )KMBOTHbIE IOABEPrajuCch 9BTaHA3MMN: II0IOBMHA XKU-
BOTHBIX M3 KOHTPOJIBHONM U OIBITHOI IPYIII Ha JieHb 15,
Ipyras HoJoBMHA — Ha JieHb 20. OIyXo/eBblil y3el, a TaK-
JKe ce/le3eHKa M3B/IEKA/INCh IS ONpefie/leHNA NX MacChl
u MaccoBoro Koadduimenra. PparMeHTH OMYXO0IEBOII
TKaHY MCIIOIb30BAINCH J/IA Ha/lbHeNIIero UTOMeTpu-
YeCKOro aHalIu3a MMMYHHOTO MH(MUIbTpaTa OIYXOIU
1 BKJIIOYA/IN OIpefe/ieHne KJIeTOK ¢ MMMYHO(eHOTHIa-
mu: CD3+ T-xknetku, CD4+ T-knerku, CD8+ T-knetTku,
CD45+ nmmyHHbIe KneTKy, CD11b+ MuenonHble KIeTKH,
NKI1.1+ NK-knerkn, CD19+ B-knetku, makpodaru F4/80+,
F4/80- muenonpuble KreTku, M2-mogobusie Makpodarn
CD206+, MHC II high n low makpodarn, a raksxe MHC
II low CD206+ M2-like 1 MHC II high CD206+ M2-like.
IIpoTOoYHYI0 IMTOMETPUIO BBIIIOJIHSAN C UCIIONIb30Ba-
Huem nutomerpa CytoFLEX (Beckman Coulter, CIITA)
B KoHurypanuu V5-B5-R3. Knerxu o6pabarsiBanu ¢iy-
OpECLIeHTHO MEYEHHBIMY aHTUTETTAMH, IPeBAPUTETHHO
6noxuposas Fc-penienTopsl npy HoMoIy 5% TepMOMHAK-
TUBUPOBAHHOIL CBIBOPOTKOJ KpOoBU KpbIC. Vcnonbsosanu
anturena: APC/Cy7 anti-mouse CD45, Brilliant Violet
510™ anti-mouse/human CD11b, FITC anti-mouse NK-1.1,
APC anti-mouse CD3, PerCP/Cy5.5 anti-mouse CD4, PE/
Cy7 anti-mouse CD8a, Brilliant Violet 510™ anti-mouse
CD19, PE anti-mouse F4/80, APC anti-CD206, Alexa Fluor
MHCII (BioLegend, CIITA). [ToATOTOB/IEHHYIO CYCIIEH3NIO
Me4YeHHBIX aHTITe/IaMY KJIETOK BHOCIIN B IJIAHIIET 1 ITPO-
Bopunn aHanu3. CeneKunio CyOIOmyIsALuil BBIIOTHSNN
TPV OMOII U TIOCTIe/IOBATETbHOTO Te/i TUPOBAHN A 3aIIMCAH-
HBIX COOBITHII C y4ETOM Pe3y/IbTaTOB IPAMOTO 1 60KOBOTO
CBETOPACCEeHMA U JAHHBIX PErMCTpannu Gpayopecie .
Omnpepensing OfMHOYHbIE COOBITHS, Pa3/IMYHbIe K/IETOYHbIE
nony/sanyy suddepeHInpoBany ¢ UCIONb30BaHIEM IPO-
rpammHoro obecnevenus CytExpert (Beckman Coulter).

Cy6bronynannuu KaeToK uaeHTnUIpoBaIy Ha 0CHO-
Be OJIHOBPEMEHHOIT 9KCIIPEeCCHM HECKONIbKIX MapKepoB.
CTaHZapTMU3aLMIO IO KOIMYECTBY K/IETOK BBITIOTHSAMN 10
mapkepy CD45 Ha ocHOBe perucrpanuu He meHee 10000
cobbrTiit. Mapkep CD45 akcnpeccupyeTcs Ha OO/IbIINH-
CTBe UMMYHHBIX KJIETOK, 32 ICK/IIOUeHIeM HaTypalbHbIX
knjtepos (NK-Kkj1eTok), KOTOpble ONpeensiin ¢ UCTIOb-
30BaHMeM crenuduyeckux auturen K anrureny NK 1.1
HEMOCPEACTBEHHO U3 MOM /ALY BCEX O THOYHDIX KJIETOK.

JIumdouuTs 1 KIeTKU MUETOUTHOTO psfa gudde-
PeHLMPOBA/IN 10 HATMYNIO OJHOTO 13 TPEX AaHTUTEHOB:
CD3 pna T-knerox, CD19 gna B-kinerox u CD11b mna
MMETOUAHBIX KJIeTOK. BHyTpu cybnonymsanun CD3+
T-nuMbounTOB OnpenesAny ooy CyOnonyIanmnio
CD3+CD8+ T-kj1eTOK (BK/TI0Ya0Iy10 T-IIMTOTOKCIYecK e,
perynATopHble n T-K/IeTKM TaMATH), BO BTOPYIO CyOIOIY-
nanuio T-xnerok (CD3+CD4+) sxogart Thl u Th2 knerku,
a raxoke CD4+ T-knetku namsarty, perynaropubsie (CD4+
Treg) u HauBHble CD4+ T-kneTku. B obuieit momynsuun
CD45+CD3+ K/IeTOK TaKyXe BbIABIAITCA KIETKH, ¥ KO-
topbix HeT HU CD4, Hu CD8 MapkepoB.

dimensions were measured with a digital caliper
(SHAN, China). Tumor volume at each time point
was calculated using the formula:

where V - tumor volume (mm?), A - largest tumor
diameter (mm), B- perpendicular diameter (mm).

Twenty-four hours after the final administra-
tion of the drug, the animals were euthanized:
half of the animals from the control and exper-
imental groups on day 15, and the other half on
day 20. The tumor node and spleen were excised
for determining their mass and mass coeflicients.
Tumor tissue fragments were used for subsequent
flow cytometric analysis of the tumor immune
infiltrate. The analysis included identification of
cells with the following immunophenotypes: CD3+
T-cells, CD4+ T-cells, CD8+ T-cells, CD45+ im-
mune cells, CD11b+ myeloid cells, NK1.1+ NK cells,
CD19+ B-cells, F4/80+ macrophages, F4/80- my-
eloid cells, CD206+ M2-like macrophages, MHC
IT high and MHC II low macrophages, as well as
MHC II low CD206+ and MHC II high CD206+
M2-like subsets.

Flow cytometry was performed using
a CytoFLEX cytometer (Beckman Coulter, USA),
configuration V5-B5-R3. Before staining, cells
were incubated with 5% heat-inactivated rat serum
to block Fc receptors. The following fluorochrome-
labeled antibodies were used: APC/Cy7 anti-mouse
CD45, Brilliant Violet 510™ anti-mouse/human
CD11b, FITC anti-mouse NK1.1, APC anti-mouse
CD3, PerCP/Cy5.5 anti-mouse CD4, PE/Cy7 an-
ti-mouse CD8a, Brilliant Violet 510™ anti-mouse
CD19, PE anti-mouse F4/80, APC anti-mouse
CD206, Alexa Fluor MHC II (BioLegend, USA).

Prepared antibody-stained cell suspensions
were plated into a 96-well plate and analyzed.
Subpopulation selection was performed by se-
quential gating of recorded events, taking into
account forward and side scatter parameters and
fluorescence signals. Single events were identified,
and different cell populations were differentiated
using CytExpert software (Beckman Coulter).

Subpopulations were identified based on co-ex-
pression of several markers. Standardization by
cell number was performed using CD45+ cells,
with at least 10,000 events recorded. The CD45
marker is expressed by most immune cells except
natural killer (NK) cells, which were identified
using specific anti-NK1.1 antibodies directly from
the population of all single cells.

Lymphocytes and myeloid cells were differenti-
ated based on expression of one of three antigens:
CD3 for T-cells, CD19 for B-cells, and CD11b for
myeloid cells. Within the CD3+ T-cell population,
the CD3+CD8+ subset (including cytotoxic, reg-
ulatory, and memory T-cells) and the CD3+CD4+
subset (Thl, Th2, CD4+ memory T-cells, regula-
tory CD4+ Treg, and naive CD4+ T-cells) were
analyzed. In the total CD45+CD3+ population,
cells lacking both CD4 and CD8 markers were
also present.
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Figure 1.

Designations:
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B-xnerku Boifenany us nonynauyuy CD45+ KeTok maHe-
7 B Ha OCHOBaHWV TIOZITBEP>K/IEHM S COBMECTHOI 9KCIIpec-
cun mapkepoB CD19 nu MHCII. Takum obpasoM, peHoTnI
B-xnetounoit monynanun - CD45+CD19+MHCII+. [Ina
onpegenenu perentopoB MHC II kimacca ucnonbsoBann
antutena Alexa Fluor® 488 anti-mouse I-A/I-E antibody,
ob/1ajjarole peaKTUBHOCTDBIO B OTHOIIECHN MOJIEKYJI I/IaB-
HOTO KOMII/IeKca rucrocomectumoctn I kmacca, xapakrep-
HbIX 11 Mbient C57BL.

B cy6nomysanum MueTongHbIX KJIeTOK BBIE/ISIIN TPYII-
Iy Makpodaros (110 Ha/IMYNIO CIIEIU(UIECKOrO aHTUTEHA
F4/80+) u gpyrux Muenoupueix kaetok (F4/80 -). Cpenn
Makpodaros ompepensv Tak>xe M2-mopo6Hb1e Makpodar,
nmeromye mapkep CD206 1 M1 makpodaru (F4/80+CD206-).
BuyTpu M1 u M2 cybrionynsunit Makpodaros ompezesaim
raxxe MHCII low u MHCIT high knerkn o yposHio ¢yo-
pecueHuuy npu ucnonb3oBauny anTuren Alexa Fluor® 488
anti-mouse I-A/I-E antibody.

CraTucTn4ecKyo o6pabOTKY BBIIOMHSIIN C TOMOIIBIO
nporpaMmHoro obecrnedennsi GraphPad Prism Bepcun 9.1.1
(GraphPad Software, CIIIA). Ecin He yka3aHO MHOTO, KO-
NMYeCTBEHHbIE AHHbIE TIPeICTaBeHbl B Busle Me (Q;; Q,),
rie Me - menuana, Q, u Q, - mepBbIil U TpeTHIit KBAPTUIL,
COOTBETCTBEHHO. JIJIs1 Olpe/ieieHNs CTelleH! OTINYMS pac-
Npefe/eHNst OT HOPMaJTbHOTO VICIIONb30BaIU KPUTEPUIL
[Manupo-Yunka. MeXXTpyIIoBble CpaBHEHUA OCYIIeCTBIIA-
v ipu oMo t-xputepns CroiofenTta nian U-Kputepns
Manna-YurtHu. Bce Kputepun 1ByCTOpOHHUE, JOCTUTHYTOE
p-3Hauenue < 0,05 cunTany CTaTUCTUYECKU 3HAYMMBIM.

PesynbTatbl

JMHaMMKa Macchl Tea )KMBOTHBIX CTATUCTUYECKM He OT/IN-
Yajiach MEX/y 9KCII€PMMEHTA/IbHOI IPYIIIION ¥ KOHTPOJIEM
B 00a Hab/II0/jaeMBIX ITEPUOJiA (tm) =0,95; p = 0,35).

SurpadprT™eHT KneToK MC38 B 9KCIIepuMeHTAIbHO
1 KOHTPO/IbHOJ rpynmax coctasuin 100%. Vismepsembie ory-
X0 NOABU/INCDH Ha 6 IeHb OC/Ie MHTPaMaMMapHON TpaHC-
mmaHTanym. [fuaaMuka pocra MC38 y MpIIneit, oy JaBIIx
ITyTaMUI-TPUITO(GAH CTATUCTMYECKY He OT/INYaIach OT
KOHTPOJIbHOI TPYIIIbl B PEIEPHbIX TOYKAX UCCIENOBAHMA:
Ha 15-1i (f ,, = 1,67; p = 0,100) 1 Ha 20-t (¢, , = 0,39; p = 0,701)
IeHb sKcrepuMenTa (puc. 1 u 2).

1

[lnHamuKa pocTa Konopek- 3500
TaNbHOW CUHFEHHOW ONyXOonu
MC38, TpaHcnnaHTMPOBaH- 3000

HOW MHTPamMamMmapHo. [laH-
Hble MpefCcTaBeHbl B BUAe
Mean + SEM. 2500

Control — KOHTpoNbHasA

rpynna, EW - skcnepumen- 2000
TanbHaaA rpynna (rnytamun-
TpunTodaH) 1500

Growth dynamics of the
syngeneic colorectal tumor 1000
MC38 transplanted intrama-
mmarily. Data are presented
as Mean = SEM.

Control - control group,
EW —experimental group
(glutamyl-tryptophan).

06bem onyxonu, Mm?
Tumor volume, mm?

500 Di
Lom N LWL
6 8 10 13
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B-cells were identified within the CD45+ pop-
ulation of Panel B based on the co-expression
of CD19 and MHC II markers. Thus, the B-cell
phenotype was CD45+CD19+MHCII+. For de-
tecting MHC class II receptors, Alexa Fluor® 488
anti-mouse I-A/I-E antibodies were used, specific
for major histocompatibility complex class IT mol-
ecules of C57BL mice.

Within the myeloid cell population, macro-
phages were identified by expression of F4/80+,
and other myeloid cells by F4/80-. Among
macrophages, M2-like macrophages expressing
CD206 and M1 macrophages (F4/80+CD206-)
were distinguished. Within the M1 and M2 sub-
populations, MHC IT low and MHC IT high cells
were identified based on fluorescence intensity
using Alexa Fluor® 488 anti-mouse I-A/I-E an-
tibodies.

Statistical analyses were performed us-
ing GraphPad Prism version 9.1.1 (GraphPad
Software, USA). Unless stated otherwise, quan-
titative data are presented as Me (Q1; Q3), where
Me is the median, and Q1 and Q3 are the firstand
third quartiles, respectively. The Shapiro-Wilk
test was used to assess deviation from normal dis-
tribution. Intergroup comparisons were carried
out using Student’s t-test or the Mann-Whitney
U-test. All tests were two-sided, and a p-value <
0.05 was considered statistically significant.

Results

Body weight dynamics did not differ statistically be-
tween the experimental and control groups during
either observation period (¢(23) = 0.95; p = 0.35).
The engraftment of MC38 cells in the experi-
mental and control groups was 100%. Measurable
tumors appeared on day 6 after intramammary
transplantation. Tumor growth dynamics in mice
receiving glutamyl-tryptophan did not differ sta-
tistically from the control group at the key time
points of the study: day 15 (#(23) = 1.67; p = 0.100)
and day 20 (t(11) = 0.39; p = 0.701) (figs. 1 and 2).

\:I Control
T B e

15 17 20

[leHb nocne TpaHcnnaHTaumum
Day after transplantation
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Figure 2.
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PucyHok 3.
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Figure 3.

Designations:

Tpaduku pacripefeneHa nHAVBIAYyanb- 5000 0,100 0,701
HbIX 3HaYeHu obbema onyxonu MC38, 5000
TPaHCMNNAHTUPOBaHHOI MHTPaMamMmMapHo, ° -
Ha [IByX TOUKax 3BTaHa3nm: Ha 15 aeHb (A) T - 4000
v Ha 20 geHb (b). laHHble NpeAcTaBneHbI = E 1500 § E ©
8 Buge Mean =+ SEM. = ° - S5 [
g E 5 g 3000 _':E
Control — koHTponbHasA rpynna, EW - akc- ?% 1000 " X5
nepumeHTanbHaa rpynna (rnytamun- ; ; o4 -; é g 2000 :
TpuntodaH 4 ® ] e
puntogar) &5 500 u &E .
Distribution plots of individual tumor o g 3~ 1000 ]
volume values for intramammarily trans- ]
planted MC38 tumors at two euthanasia 0 0
time points: day 15 (A) and day 20 (B). Data control EW control EW @
are presented as Mean + SEM.
Control - control group, EW - experimen-
tal group (glutamyl-tryptophan).
1.0 p=0,0012 05
0.9 % p=0,0221
0.4

M3meHeHUA foNn KNeTok Kaxgomn
cybrnonynAayum MMMyHHOTO UHGUIb-

e
~
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Proportion of cells
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[Llons KneTok
Proportion of cells

TpaTa Ha ¢uHaNbHOM CpoKe uccne- —T—
JloBaHua (aeHb 20). 06
Control - KoHTponbHaA rpynna, ' control EW control EW
EW - s3KcnepumeHTanbHas rpynna D3+ Das+ El
(rnyTamun-TpuntodaHn).
Changes in the proportion of cells in . 0.50
each subpopulation of the immune % 06 p=0,0221 K p=0,0513
infiltrate at the final study time point 5 S 1 S § 0.45
(day 20). 55 05 TRS]
25 25 040
Control - control group, EW - experi- = &=
mental group (glutamyl-tryptophan). & §_ 04 J_ 5 §_ 035 ——
a &
03 0.30
control EW control EW

MHC Il hight CD206+ M2-like

Pe3ynbTaTbl LUTOMETPUYECKOTO aHaNn3a

ITo pesymbpTaTaM CpaBHUTEIBHOI OLIEHKY CyOIOMyIALNOH-
HOT'O COCTaBa KIeTOK UMMYHHOTO UHOUIbTpaTa Ha IEPBOM
CpOKe McceioBaHuA (ieHb 15) CTaTUCTUYeCKM JOCTOBEPHOI
Pa3HUIIBI MEXY MICCTIeAYeMBbIMI TPYIIIaMy )KMBOTHBIX
BBIABJIEHO He 6b110. OfHaKo Ha QUHATBHOM CPOKe MCCIIe-
moBauus (HeHb 20) ObIIV BBISBIEHBI CTATUCTUYECKN 3Ha-
YUMBbIE PAa3IN4MA MEX/y 9KCIIePMMEHTAIbHOI I'PyIIOi
Y KOHTPOJIEM I10 PARY HOIIY/IALMIL ¥ CyOIIOM Y IALMIT KTIETOK
UMMYHHOTO UHQMIbTpaTa. Tak, B IpyIIe, IOTy4YaBIIel
DIy TaMUI-TPUITO(DAH, JO/IA KIETOK C UMMYHO(EHOTUIIOM
CD45+ 6p11a caykena (U: 5.000; p = 0,022), a gonst T-xmeTok
cakcrpeccueit CD3+ (TCR), Hao6opot, nossiuteHa (U: 0.000;
p = 0,001) B cpaBHeHuu ¢ KoHTponeM (puc. 3). CpaBHeHue
cybmonynAnuit Makpodaros B MMMYHHOM UHQUIBTpaTe HO-
Kas3aJio, YTO B TPYIIIe, IONTyYaBIIeli [Ty TaMUI-TPUITOdAH,
nons cybrnonynsanuy M2-mogo6HbIX Makpogaros ¢ BbICO-
K1M ypoBHeM akcrpeccuyt MHC 6bl/1a HeCKOIbKO CHIDKEHA
(U: 5.000; p = 0,022), B TO BpeMs KaK HONA CyOmONynAnum
M2-n1op06HbIX MaKpOGhAroB ¢ HI3KMM YPOBHEM 9KCIIPECCU
MHC nmena TenpeHnuo K yBenudenuto (U: 7.000; p = 0,051).
CTaH/JapTHBII MOLXOJ] K TeITUPOBAHUIO CYOIOIY AL
He TT03BOJIV/I IPOBECTM OOBEKTUBHYIO OIIEHKY M3MEHEHMIT
CyOIOmy AL MIi K/IETOK, 9KCIIpeccupyomux Mapkepsl CD45
u CD3, HO He MMEIOIKX JOCTATOYHOTO KOIMMYeCTBa pellel-
topos CD4 u CD8. TpysHOCTh UHTEepHpeTal[MM CBA3aHa
C TeM, 4TO 4acCTb 3TUX KJIETOK dKCIIpeccupyet guddepen-
LMPOBOYHBII K/TacTep ecTecTBeHHBIX Kunnepos NK1.1, Ho,
Py 9TOM, PYHKIIMOHATIBHO HATYPATbHBIMM KMJITIEPAMI He
AB/sAeTCA. DTO TaK Ha3bIBaeMble «IBOJIHbIE HETaTHBHBIE»

MHC Il low CD206+ M2-like

Flow cytometry results

According to a comparative evaluation of im-
mune infiltrate subpopulations on the first ob-
servation point (day 15), no statistically signifi-
cant differences between the study groups were
detected. However, at the final observation point
(day 20), statistically significant differences be-
tween the experimental and control groups were
observed for several populations and subpopu-
lations of the immune infiltrate. Specifically, in
the glutamyl-tryptophan group, the proportion
of CD45+ cells was reduced (U= 5.000; p = 0.022),
whereas the proportion of CD3+ (TCR+) T-cells
was increased (U = 0.000; p = 0.001) relative to
the control (fig. 3). Comparison of macrophage
subpopulations revealed that in the glutamyl-
tryptophan group, the proportion of M2-like
macrophages with high MHC expression was
somewhat reduced (U = 5.000; p = 0.022), while
the proportion of M2-like macrophages with low
MHC expression showed a trend toward increase
(U =7.000; p = 0.051).

A standard gating approach did not allow ob-
jective assessment of changes in subpopulations
of cells expressing CD45 and CD3 but lacking
sufficient levels of CD4 and CD8. Interpretation
is complicated by the fact that some of these
cells express the natural killer differentiation
marker NK1.1, but functionally are not true NK
cells. These are the so-called double-negative
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(DN) k1eTKn, cpefy KOTOPBIX MOTyT IpucyTcTBoBaTh NKT-
knetku ¢ penornnom CD45+CD3+CD4-CD8-NK1.1+, a Tak-
ke DN knerkn ¢ penorunnamu CD45+CD3+CD4-CD8-
NK1.1-. IIpoucxoxeHue STUX KIeTOK MOXeT ObITb CBA3aHO
C «He3PenoCcThIo» T-K/IeTOK UK ¢ yTpaToil (CHUXeHMeM
CIIOCOOHOCTI K KCIIpeccuy nin mepanurom anuddepen-
LMPOBOYHBIX KacTepoB) Mapkepos CD4 nau CD 8 [12].
B cybnonynsanun DN T-k/1eToK, KOTOpasi B OIIYX0/IeBOii
TKAaHJ MOXKEeT CTAHOBUTBCSA 3HAYNTEIbHON, IPUCYTCTBYIOT
T-xnerku mamartu u Treg (Bapmant CD17) xmeTKku Hera-
tusHble 10 CD4 u CD8, a takyxe NK T-kneTku (umeromue
y uenoseka ¢penorun CD3+CD16+CD56+CD45+), kKoTopble
MOTYT aKTMBMPOBAThCsA KCEHOAHTUTEHAMMU U NIPUBOJUTD
K JIM3UCY ayTOJIOTMYHBIX KI€TOK IMMYHHOII CYCTeMBI [13].

YunuThIBasA OrpaHNYEHNA, CBA3AHHbIE C IIPUMEHAEMbIM
B JMICC/IEIOBAHNY HA0OPOM aHTUTEN, CJI0KHO JaTh OHO-
3HAYHYIO Pa3BEPHYTYIO XapaKTEePUCTUKY U OIEHKY JMHa-
MUKJ MUKPOOKPY>KEHMs OYara omyXojeBoro pocTa, yuu-
TBIBAIOLIYIO BCE BO3MOXKHOE PasHOOOpasme KJIeTOUHBIX
MapKepoB 3Tux Knetok. OxHako gona Takux DN T-kmetox
B OIIYX0JIEBOM MHQUIbTpaTe HAMHOTO 60JIee 3HAUMTE/NbHA,
4yeM B nepudepudeckoil KpoBu, IO3TOMY OLeHUBAIN U3Me-
HeHNs, CBA3aHHbIE C 9TUMU KJIeTKaMy B Ipollecce pocTa
CHHTEHHOI OIIyX0/IM B OTCYTCTBYE MMMYHOMOAYIATOpA
¥ IIPY €T0 BHY TPUOPIOLIMHHOM BBefieHN . C 3TOII Lie/IbIo Tpu
reiiTupoBanuy B naHenu A Boifienany CD4- u CD8- kneTkn
B IOMYIANNAX, MMetomux Mapkepel CD45 u CD3. BayTtpn
nonynAanuy T-muMQonnToB OLleHMBAIN LOMU K/IETOK, 9KC-
npeccupymomux Mmapkep NK1.1 (NK1.1+) u He uMeomux
takoro Mapkepa (NK1.1-).

ITepBUYHBIIT OTOOP OCYLIECTBIANCA 10 eIV HIYHBIM K/IeT-
KaM C UCK/TIOUEHMEM JIYTIZIETOB, 3aTeM 110 MapKepy CD45 BbI-
nenany nonynaunio CD45+ MMMyHHBIX KJIETOK 1 B JAHHOI
MO Y/IALMM OLeHMBa/IN paciipefiesieHune TMMQOIUTOB € 9KC-
npeccueit NK1.1+ n NK1.1-. B pesynbraTe Takoro nogxozga
OBbI/IV IOy YeHbl TaHHBIE O KOTMYeCTBE «MCTUHHBIX» NK-
KJIETOK U K/IeTOK, TO3UTUBHBIX 110 auTuredam NK1.1 n CD45.
B monysanmu T-K/1e TOK BBIfe/AIN fOYepHIUe CYOIOMyIALMN
CD4+ 1 CD84+, a B cybmonysanusax CD4- n CD8-, B cBOIo
ouepefib, BBIIEN AN KIeTKM, IIO3UTUBHbIE U HETATUBHEIE 10
mapkepy NK1.1. B pesynbraTe Bo Beex rpynnax o6pasios
6p11 Beietensl cyononysanuy DN NK+ u DN NK-, koto-
Ppble HanboIee MHTEPECHBI C TOUKN 3PeHIs XapaKTePUCTUKA
K/IeTOYHOTO MIMMYHHOTO MHOUIBTPATa, BCICACTBIE UX BbI-
Pa’keHHOJI aBTOHOMHOJI TPOTUBOOITYX0/IEBOJ aKTUBHOCTI.

CpaBHeHIe MeXX [y TPYTIIIaMII B peTIePHBIX TOUKaX MCCIIe-
TOBAHN A He BBIABIIIO CTATUCTIYECKY 3HAYMMBIX PasIanit
cofiep>KaHu A JaHHBIX MOMYNANMit K1eTok. OfHaKo crefyeT
OTMETUTD, 4TO 107151 DN T-K/1eTOK B K/IeTOYHOM MHUIBTpA-
Te JOBOJIbHO BENIMKA Y 3TO MOKET CBU/IETENbCTBOBATDH O 3HA-
YUTETHHOM BK/Ia/ie 3TUX K/IETOK B yTHETEHME IIPe3eHTal U
OITyXOJIeBLIX AHTUTEHOB B ITPOIIeCCe POCTA TPAHCIIAHTUPO-
BaHHOJ CUHTEHHOI OITyX0/H, HOCKONbKY i DN T-kmeTox
XapakTepHa QYHKLMA IOaBIeHNA MIMMYHHOTO OTBETA.

CpaBHeHIe pe3ynbTaTOB LUTOMETPUYECKOTO aHAMM3a
B JieHb 15 u B fienpb 20 noATBEpKAAl0T NPOrpeccupoBaHme
OIYXOJIM B ;MHAMUKE — 06 9TOM CBUIETEbCTBYIOT CHIDKEHME
yposaeit CD3+CD8+ u NK1.1+ B o6enx rpynmnax (puc. 4 B,
3). InbIMU c10BaMu, [Ty TaMU/I-TPUIITO(AH He CLIep>KUBaJT
pasButue omyxonu. C pyroi CTOPOHEI, B KOHTPO/IbHOI
IpyTIIIe UfIeT pe3Koe CHM KeHMe CO BpeMeHeM TaKMX IToKasa-
teneit kak CD3+ (U: 1.000; p = 0,004), MHC II low CD206+
(U:3.000; p = 0,015) 1 DN NK1.1+ (U: 3.000; p = 0,015), uto
MO>XHO pacCMaTpUBaTh KaK I€Pexoj; OIyX0/lIeBOT0 MUKPO-
OKPY>KeHMIA B IMMYHOCYIIPeCCHBHOE COCTOSTHNE, TUIIITYHOE
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(DN) cells, which may include NKT cells
with the phenotype CD45+CD3+CD4-CD8-
NKI1.14, as well as DN cells with the phenotypes
CD45+CD3+CD4-CD8-NKI1.1-. Their origin
may be associated with T-cell “immaturity” or
with loss (reduced ability to express or shed-
ding) of CD4 or CD8 markers [12]. The DN T-cell
subpopulation — which can become substantial
in tumor tissue — may include memory T-cells
and CD17-variant Tregs lacking CD4 and CDS8,
as well as NK T-cells (in humans expressing
CD3+CD16+CD56+CD45+), which can be acti-
vated by xenoantigens and induce lysis of autol-
ogous immune cells [13].

Given the limitations associated with the an-
tibody panel used in the study, it is difficult to
provide an unambiguous and comprehensive
characterization of the tumor microenvironment
dynamics capturing the full diversity of potential
cellular markers. However, the proportion of
such DN T-cells in the tumor infiltrate is substan-
tially higher than in peripheral blood; therefore,
we assessed changes related to these cells during
syngeneic tumor growth in the absence or pres-
ence of the immunomodulator. For this pur-
pose, during gating in Panel A, CD4-CD8- cells
were identified within CD45+CD3+ populations.
Within the T-cell population, we then evaluated
the fractions of NK1.1+ and NK1.1- cells.

Initial gating was performed on singlets with
exclusion of doublets. CD45+ immune cells were
then identified, and within this population the
distribution of NK1.1+ and NK1.1-lymphocytes
was assessed. This approach yielded quantitative
data on “true” NK cells and cells positive for
NK1.1 and CD45 antigens. Within the T-cell
population, CD4+ and CD8+ subsets were iden-
tified, and within each of these subsets we fur-
ther distinguished NK1.1+ and NK1.1- cells. As
a result, DN NK+ and DN NK- subpopulations
were identified in all sample groups - of particular
interest due to their pronounced autonomous
antitumor activity.

Comparison between groups at the study time
points did not reveal statistically significant dif-
ferences in the abundance of these populations.
However, the proportion of DN T-cells in the
infiltrate was notably high, which may indicate
a substantial contribution of these cells to sup-
pression of tumor antigen presentation during
the growth of the transplanted syngeneic tumor,
since DN T-cells are known to suppress immune
responses.

A comparison of flow cytometry data between
day 15 and day 20 confirmed dynamic tumor pro-
gression — indicated by a decrease in CD3+CD8+
and NK1.1+ levels in both groups (fig. 4B, 4Z). In
other words, glutamyl-tryptophan did not inhibit
tumor development. On the other hand, in the
control group a pronounced decrease over time
was observed in CD3+ (U = 1.000; p = 0.004),
MHC II low CD206+ (U = 3.000; p = 0.015), and
DN NK1.1+ cells (U= 3.000; p = 0.015), which can
be interpreted as a transition of the tumor mi-
croenvironment toward an immunosuppressive
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1715 Iporpeccupyoiux omyxoneit (puc. 4 b, E u JK). OgHaxo,
B IpYIIIle, IOy 9aBlIeli [Ty TAMII-TPUITO(AH, TAKOTO CHU-
JKeHU He HabII0#anocs. BeposATHo, mpenapar KakuM-To
06pa3oM «CiepXKUBa» UCTOUIeHNEe MUMMYHHO CHCTEMBI
B OIIYXO/IEBOM MH(U/IbTpATE.

O6cyxpaeHne

I'Mnoresa MMMyHOpeJaKTMPOBAHNUA 3/10Ka4€CTBEHHbIX HO-
BOOOPa30BAHNII IOCTYINPYET, YTO UMMYyHHas CUCTeMa
KOHTPOJIMPYET He TOJIbKO POCT OIIyXOJIM, HO M €€ Ka4eCTBEH-
HbliT cocTaB [14]. KoHuenuus mpepmnonaraeT Haau4dme Tpex
(a3 B3aMMOOTHOIIEHMIT OMYyXO/MN M UMMYHHOII CHCTEMBI:
anMuMuHaNuA (o0 Habopa OIMYXONbI0 «KPUTUYECKON Mac-
ChI»), paBHOBecHUe (B IEePUOJ, JOCTUKEHNA «KPUTUUYECKOI
MacChl») M YKJIOHEHNe U3-II0f] MMMYHO/IOTMYeCKOT0 Hafi30pa
(n36eranne — mpu 60TBLUINX pasMepax omyxonu). B dase
MUMUHALNY TPaHCHOPMIUPOBAHHBIE KIIETKM HOTUOA0T
1071 AEVICTBIEM IIPOTUBOOIYXO0/IEBbIX UMMYHHBIX 3 dek-
TOPHBIX Me€XaHM3MOB. HekoTopble 13 9TUX KJIETOK MOTYT
BBDKIUTD U IPU JajIbHeli1Iel Ipoudepannn BoiTn B Gpasy

NK1.1+

state typical of progressing tumors (fig. 4B, 4E,
4G). However, in the group receiving glutamyl-
tryptophan, no such decline was observed. The
compound likely “buffered” or mitigated im-
mune exhaustion within the tumor infiltrate.

Discussion

The hypothesis of cancer immunoediting posits
that the immune system controls not only tu-
mor growth but also its qualitative composition
[14]. This concept assumes the existence of three
phases in tumor - immune system interactions:
elimination (prior to the tumor reaching a “crit-
ical mass”), equilibrium (during the attainment
of this “critical mass”), and escape from immuno-
logical surveillance (immune evasion at larger tu-
mor sizes). In the elimination phase, transformed
cells die under the action of antitumor immune
effector mechanisms. Some of these cells may
survive and, upon further proliferation, enter

171
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paBHOBeCHs, B KOTOPOIt 06pasyoTCsi BAPUAHTBI OIYXO-
JIEBBIX K/IETOK, CIIOCOOHDIE n30eraTb MMMYHHON aTaKM.
B ¢dase nzberanus onyxosb MpOTrPecCUBHO PacTeT M3-3a
YCUJIEHU S JIOKa/IbHOM MMMYHOCYIIPECCUU Y, BO3MOXKHO,
OTCYTCTBMA 9KCIPECCUU AaHTUTEHHBIX IeTEPMUHAHT, CIIO-
COOHBIX AKTUBU3UPOBATH IMMYHOKOMIIETEHTHbIE KIIETKH,
YTO MO3BOJIACT YKJIOHATHCA OT IPOTUBOOIIYXOJIEBOTO MM-
MYHHOTO 0TBeTa. [lepCrieKTHBHBIM HallpaBieHeM B 60pbhe
C 3/I0Ka4eCTBEHHBIMIU HOBOOOPA30BAHUSIMMU SIBIISIETCS M-
MYHOIPO(U/IAKTUKA ¥ UMMYHOTePaIs OHKOMTOTMYeCKIX
3aboneBanuit. [eHOMHas HECTAOUIBHOCTD ABJIAETCS OT/IU-
YHUTE/NbHOI YepPTOJ paKa M CBA3aHa C MMMYHHBIM OTBETOM.
HecTabubHble TeHOMBI OIIYXO/IEBBIX K/IETOK PACIIONAraloT
K PasBUTHIO MHOXXECTBA MYTAaI[MOHHBIX U3MEHEHMI, KO-
TOpble HPOU3BOAAT OIyXoecHenndriecKye aHTUTeHbI
(TAAs), yHUKa/IbHBIE /IS OITYXO/IEBOTO T€HOMA U KOTOpbIe
UCIIONIb3YIOTCA B KauecTBe MUIIEHeN! /1A MMMYHHOJI CUCTe-
Ml [15]. VIMMyHOIpO®NMIAKTIKA AKTUBUSUPYET PACIIO3HA-
BaHIL€e J1 OTBET MMYHHOJI CHCTEMbI Ha Oy Xorecmerudude-
CKIe aHTUTEHBI C I]eJTbI0 IIPefJOTBPAIleH M I BOSHUKHOBEHU A
OITyXOJIM W/IU 3/I0Ka4eCTBEHHOI TpaHCPOpMaLNM KIIETOK,
a TaKOKe X JIe3MHTErpaL Mo KJIeTKaMM IMMYHHOII CHCTeMbI
IyTeM PasBUTHUA IUTOTOKCUIHOCTI Y IOCTIEYIOLIEro (aro-
unrosa. PapmaleBTHYeCcKas IPOMBIIIIEHHOCTb B HACTOSI-
1jee BpeMsi IPOSIB/ISIET MHTEPEC K M3YYEeHNIO 1 pa3paboTke
CPEefiCTB MMMYHOIIPODUIAKTUKY M UMMYHHOTO «IIepexBa-
Ta» 3/I0Ka4eCTBEHHBIX HOBOOOpasoBauuit. HoBas cTpate-
IV BK/II0YAET YCYJIeHMe MMMYHOJIOTMYeCKOT0 Hai30pa 3a
IpoljeccaMu KaHIleporeHesa ¢ IIOMOIIbIO (hapMaKoIorye-
CKUX CPEJICTB, O/{HUM 13 IIePCIeKTUBHBIX K/IACCOB KOTOPBIX
MOTYT BBICTYIIATh MEITU/BI C UMMYHOMOJYISATOPHBIMU
U AHTUAHTMOTEHHBIMU CBONCTBamMu [16].

VI3BeCTHO, YTO IIyTaMUI-TpunrodaHa crocobeH Top-
MO3UTD CIIOHTaHHbIN 1 MHYLVPOBAHHBI KaHIlepOreHe3
B 9KCIIepUMeHTaX in vivo [17, 18]. Hanpumep, nmerorcs faH-
HBI€ O CHVDKEHIY YaCTOTBI M MHOXKECTBEHHOCTI OIIyXO/Ielt
rOJIOBHOTO MO3Ta, IToYeK 1 nuinesofa [19], remo6macrosos
u numdom [20] Ha ¢poHe ero npumeHeHus. CanuTaeTcs, 4To
9TOT AUTENTUS 00/I1ajjaeT He TONMbKO UMMYHOMOLYIUPYIO-
MMM, HO ¥ aHTMAHTUOT€HHBIMU CBOJICTBAMM, peannsye-
MBIMIU Yepe3 MHrubupoBaHue GakTopa pocTa SHAOTENN
cocynos (VEGF) - ofHOTO 13 I/ITaBHBIX PEry/IATOPOB aHI M-
orenesa [18, 21, 22]. 9To cBOIICTBO paccMarpuBaeTca Kak
JKe/TaTe/bHOE 151 BCEX MOTEHI[MaTIbHbIX MeJIMKAMEHTO3HBIX
CpeJiCTB, KCIIO/Ib3yeMBIX B TepaIlyi OHKOJIOTMYeCKIX 3a60-
JIeBaHUIL, M OCOOEHHO areHTOB MeNTH/JHOI IPUpPOAbI [16].
OpHaKo ONMCaHHbIE B IUTEPATYPe MEXaHM3MbI aHTMAHTUO-
T€HHOTO JeIICTBMA [Ty TAMU/I-TPUIITO(GaHA HOCAT HPOTHUBO-
peunBsiit xapaxTep. Tak, cornacHo nccnefosanuio S. Khedr
¢ coaBropamn [23] rayTaMuI-TpunTodaH OKasbBaeT Cia-
60e nnrnbupymomee Busnne Ha VEGF, ognako B pabore
A. Ferrario ¢ coaBTopamn atoT apdeKT He MO TBEPAUICA
[22]. TIpu mpoBemeHy KTMHMYECKOTO MCCIefoBanHmsI assl
II repanusa rIyTaMmuI-TpunToGaHOM IPUBOANIA K CHYDKE-
Huio yposHaA VEGF B niasme KpoBu nanueHToOB, CTpaja-
IOLIVMX METACTATNYECKUM [TOY€YHOK/IETOYHBIM pakoM [21].
C [pyToit CTOPOHBI, U3BECTHO, YTO Iy TaMIUI-TPUITODAH
OKa3bIBaJI CTUMYJIMPYIOIiee BN AHNE Ha CIOHTAaHHBII ypo-
BeHb ICAM-1 (CD54) B MoHOHYKIeapax [24, 25], a VEGF
006bIYHO TOXe ycumBaeT akcrpeccuio ICAM-1 u nosbliaer
a/ire3nIo IeMIKOIIUTOB K 9HA0TENNI0 coCcyoB [26]. [TosTomy
TOYHbIE MEXAHU3MBI HeiICTBUSA IIyTaMUI-TpuITodaHa
B orHomreHun VEGF-curnanmura ocraeTcs HeM3BeCTHBIM.

VI3y4eHVe MMMYHOOIIOCPeLOBaHHBIX 9¢deKTOB
[Ty TAMWI-TPUITO(AHA Y MBILIElT C TPAHCIIAH T POBAHHOI
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the equilibrium phase, during which variants
of tumor cells arise that are capable of avoiding
immune attack. In the escape phase, the tumor
grows progressively due to enhanced local immu-
nosuppression and possibly a lack of expression
of antigenic determinants able to activate immu-
nocompetent cells, allowing it to evade antitumor
immune responses.

A promising direction in combating malignant
neoplasms is immunoprevention and immuno-
therapy of cancer. Genomic instability is a hall-
mark of cancer and is associated with immune
responses. Unstable tumor genomes predispose
to the development of numerous mutational alter-
ations that give rise to tumor-associated antigens
(TAAs), which are unique to the tumor genome
and serve as targets for the immune system [15].
Immunoprevention enhances the recognition of
and immune response to tumor-specific antigens
in order to prevent tumor initiation or malignant
transformation of cells, as well as to promote their
disintegration by immune effector cells through
cytotoxicity followed by phagocytosis. The phar-
maceutical industry has shown increasing interest
in the development of agents for immunopreven-
tion and immune “interception” of malignant
neoplasms. The new strategy includes strength-
ening immunological surveillance over carcino-
genesis using pharmacological agents, among
which peptides with immunomodulatory and
antiangiogenic properties may represent a prom-
ising class [16].

Itis known that glutamyl-tryptophan is capable
of inhibiting spontaneous and induced carcino-
genesis in in vivo experiments [17, 18]. For example,
there is evidence for reduced incidence and multi-
plicity of brain, renal, and esophageal tumors [19],
as well as of hemoblastoses and lymphomas [20]
upon its administration. This dipeptide is thought
to possess not only immunomodulatory but also
antiangiogenic properties mediated through in-
hibition of vascular endothelial growth factor
(VEGEF), one of the key regulators of angiogenesis
(18,21, 22]. This feature is considered desirable for
all potential therapeutic agents used in oncology,
particularly those of peptide origin [16]. However,
the mechanisms of the antiangiogenic activity of
glutamyl-tryptophan described in the literature
are contradictory. For instance, according to the
study by S. Khedr et al. [23], glutamyl-tryptophan
exerts a weak inhibitory effect on VEGF, whereas
the work of A. Ferrario et al. did not confirm this
finding [22]. In a phase II clinical trial, thera-
py with glutamyl-tryptophan reduced plasma
VEGEF levels in patients with metastatic renal cell
carcinoma [21]. On the other hand, glutamyl-
tryptophan has been shown to stimulate sponta-
neous ICAM-1 (CD54) expression in mononuclear
cells [24, 25], and VEGF typically also enhances
ICAM-1 expression and increases leukocyte adhe-
sion to vascular endothelium [26]. Therefore, the
exact mechanisms of glutamyl-tryptophan action
on VEGF signaling remain unknown.

The study of immuno-mediated effects
of glutamyl-tryptophan in mice bearing
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MHTPaMaMMapHO CUHT€HHOJ IHMel KOJTOPEKTaIbHOrO paka
MC38 noxasaso, YTo Ipenapar He OKa3bIBaeT 3aMETHOTO
B/IMAHMSA Ha POCT TPAHCIUIAHTUPOBAHHOI omyxonu. Takue
II0Ka3aTeny Kak 00'beM OIYXOJIM, Macca OIIyX0/IeBOTo y3/a
U MacCOBBII KO3 GUIINMEHT OITyX0/IM Ha MOMEHT OKOHYaHN A
HAOMIONEeHNIT CTATUCTUYeCKH He Pas/Indaiich MeXXAy IpyI-
naMu. IIpu 9TOM IpUSHAKYU TPOTPECCHM OITYXO/IM IO AHATIU3Y
KJIETOYHOTO OITyX0jIeBoro nH@uubTpaTa — cHykenne NK1.1+
1 CD3+CD8+ Habmofannuch Kak B KOHTPOJIE, TaK U B TPYIIIIE,
HOJTyYaBIel [y TaMuI-Tpunrodad. Heo6XonnmMo oTMeTUTD,
YTO JaHHA CHI'€HHA A OITyXO/Ib XapaKTepu3yeTcs ObICTPbIM
arpecCMBHBIM POCTOM, KPOMe TOTO, B MCCIEJOBAHNY U3y YEHO
BIMAHME KYyPCOBOTO BBefIeHN [Ty TaMUI-TPUITODaHa Ha
COCTaB UMMYHHOTO MHQUIbTPATA «TOTOBOJ» CHHICHHOI
OITyXOJIN, TPAHCIVIAHTMPOBAHHOI MHTPaMMaMapHO, MUHYA
3Tl MHUIMALVI Y IPOMOLIMM KaHIleporeHesa. /i onHoro
IIOHMMAaHUA MeCTa UCC/IeyeMOro npenapara B GyHKIMOHU-
POBaHNMU IPOTUBOOIYXO/IEBOTO MIMMYHUTETA, HEOOXOLUMO
IIpOBeJieHe MCCIIeIOBaHIA Ha Ay TOXTOHHBIX (CIIOHTAHHbIX)
MofieAX (KaHIlepOTeH-MHAYIIMPOBAHHBIX UM MCIONb3Ys
TeHeTUYeCKM-MOAVIPUIIMPOBAHHBIE IMHNN KMBOTHBIX).
OpHako OONBIIMHCTBO MCCIefoBaTeIell BCe XKe CXOATCA
Ha TOM, YTO IJTyTaMUI-TPUNTO(AH B 1I€/IOM He IPUBOJUT
K KIMHUYECKVM yIy4IIeHNAM IPY TePaluu pasIMuHbIX
¢dopm 3HO (capkoma Kamorun, mo4e4HOKIETOUHBII PaK,
PaK ANYHUKOB, IEPUTOHEAIbHBII pak) [27] 1 He peKOMeH0-
BaH JI/I1 MOHOTepPAIIMU OHKOJIOIMYeCKMX 3abomeBanmit [21].
TeM He MeHee B IIPOBECHHOM 9KCIIEPVMMEHTE, IPMMEHEHIEe
DTy TaMUI-TpUNTO(paHa HECKOIBKO 3aMeJ/IA/IO0 JUHAMUKY
poCTa ONyXO/nM Ha ypOBHE CTAaTUCTUYECKOI TeHIEHIIUN
B OIIpeie/IeHHBIX PeIlePHBIX TOUKax (puc. 2 A).

PesynpTaThl IPOBEIEHHOTO MCCIEOBAHUA CBU/IETENb-
CTBYeT, 4TO IIpeNapaT CIOCOOeH MO3UTIBHO BO3JIEIICTBOBATD
Ha KJIETOYHOE MUKPOOKPY KeHIe OIIyX0/IeBOro MHMUIbTpa-
Ta, YTO BBIPAXKAJIOCDh, B IIEPBYI0 OYepe/ib, B YMEHbIICHNN
o6utero myna CD45+ KIeTOK Ipu OFHOBPEMEHHOM YBe/IN-
yeHuu copiepxannst CD3+ numeountos. IToT QakT corna-
CyeTCsA C MUTepaTypPHBIMM JAHHBIMMU, COITTACHO KOTOPBIM
[Ty TaMMU/I-TPUNTOdAH CIIOCOOEH yBEMNYNBATH KOMNYECTBO
muMpounTos, skcnpeccupyomux TCR - CD3+, Hanpumep,
y HallMeHTOB C KIMHMYecKoit popmoit BYUY-nubexumm, npu
[IePUTOHNTE, XPOHNIECKOM OPOHXIITE, INOEPMIIL, @ TAKIKE
IIpU COYETAHHBIX IIOPa)KeHMAX GPOHXOMIETOYHOI CHCTEMbI
MHOUIBTPATUBHBIM Tybepkynesom [10]. OgHako mpu MH-
TepIpeTalyy 3TUX NaHHBIX, HEOOXOUMO UMETb B BUJY,
410 7151 CD3+ K/IeTOK POJAUTENbCKON SAB/IANACH HOI YA
CD45+, 17151 KOTOPOTI HAO/TIOAMOCH 3HAYNTETBHOE CHYDKEHIIe
B I'PyIIIE )KMBOTHBIX, IIOJTyYaBUIVX IJTy TAMUI-TPUIITO(AH.

Jpyroit BaykKHBIIT 3apernCTpUpOBaHHbIT 9 deKT 3aKiio-
YajicA B CTAaTUCTUYECKM 3HAYMMOM CHYDKEHUM COepKaHMA
B KJIETOYHOM HHOM/IBTPATe OIYXO/IV MIMMYHOCYIIPECCHBHBIX
M2-nopo6ub1x (CD206+) Makpodaros ¢ BBICOKOI 9KCIIpec-
cueit MHC II npn ofHOBpeMeHHOI TeH[JeHIIMU K IIOBBI-
urenyio M2-nogo6uerx (CD206+) Makpodaros ¢ HU3KOI
akcnpeccueit MHCII. CrefryeT oTMETUTD, YTO pOAMUTENbCKAS
nonysinus M2-like M (CD206+) pist makpogaros (MHC
II low CD206+ 1 MHC II high CD206+) 6s11a cHM>XeHa
IpaKTIYecky Ha 60% B 06eMX nccmeyeMbIX rpynnax (puc. 4
1), 109 TOMY MHTepIIpeTalA N0y YeHHBIX JAHHBIX TpeOyeT
aKKypPaTHOTO M KPUTUYHOTO OCMBICTIEHM .

VI3BecTHO, 4T0 M2-mopo6ubie (CD206+) Mmakpodary, Kak
IIPaBMJIO, OTBETCTBEHHBI 3a IOJ/lep>KaHMe POCTa ONyXO/u,
noziaByieHye T-KIeTOYHOrO MMMYHUTETA, CTUMY/IALMIO aH-
IMOTeHe3a ¥ peMOJieNINPOBaHMe MEXXK/IETOYHOTO MaTPUKCa
[28] 1 cHIDKeHUe eTo coflep)KaHMA MOXKET 03HAYATDb CMellleHNe

intramammary transplanted syngeneic MC38
colorectal carcinoma revealed that the drug does
not exert a noticeable effect on tumor growth.
Tumor volume, tumor nodule mass, and tumor
mass coefficient did not differ statistically be-
tween groups at the end of observation. Signs of
tumor progression based on analysis of tumor-
infiltrating cells - namely, decreased NK1.1+ and
CD3+CD8+ populations — were observed in both
control and treated groups. It is important to
note that this syngeneic tumor is characterized
by rapid aggressive growth. Moreover, the study
addressed the effects of a course of glutamyl-
tryptophan administration on the immune in-
filtrate of an already established intramammary-
transplanted syngeneic tumor, bypassing the
stages of carcinogenesis initiation and promo-
tion. To fully understand the role of the studied
compound in antitumor immunity, experiments
on autochthonous (spontaneous) tumor models
(carcinogen-induced or genetically modified
animal lines) are required. Nevertheless, most
researchers agree that glutamyl-tryptophan does
not lead to clinical improvement in the treat-
ment of various malignancies (Kaposi sarcoma,
renal cell carcinoma, ovarian cancer, peritoneal
cancer) [27] and is not recommended for mono-
therapy of oncological diseases [21]. However, in
the present experiment, glutamyl-tryptophan
slightly slowed tumor growth dynamics, reach-
ing statistical trend levels at certain time points
(fig. 24).

The results of the study indicate that the com-
pound can positively modulate the cellular mi-
croenvironment of the tumor infiltrate, primarily
through reducing the overall pool of CD45+ cells
while simultaneously increasing CD3+ lympho-
cyte content. This finding is consistent with pub-
lished data showing that glutamyl-tryptophan
can increase the proportion of TCR-expressing
CD3+ lymphocytes, for example, in patients with
HIV infection, peritonitis, chronic bronchitis,
pyoderma, and combined bronchopulmona-
ry disorders with infiltrative tuberculosis [10].
However, in interpreting these data, it is im-
portant to note that CD3+ cells originate from
the CD45+ population, which was significantly
reduced in the glutamyl-tryptophan group.

Another important observed effect was the
statistically significant decrease in the content
of immunosuppressive M2-like (CD206+) mac-
rophages with high MHC II expression in the
tumor infiltrate, accompanied by a trend to-
ward increased M2-like (CD206+) macrophages
with low MHC II expression. Notably, the parent
M2-like macrophage (CD206+) population for
both MHC II low CD206+ and MHC II high
CD206+ subsets decreased by nearly 60% in both
study groups (fig. 4D), requiring careful and
critical interpretation.

M2-like (CD206+) macrophages are gener-
ally responsible for supporting tumor growth,
suppressing T-cell immunity, stimulating angio-
genesis, and remodeling the extracellular matrix
[28]. Therefore, a reduction in their levels may

173



SKCMepuMeHTanbHaa 1 KNWHMYeCKas ractposHTeponorus | Ne 244 (12) 2025

174

MakpodaraabHOII IOISAPU3ALMY B CTOPOHY MEHEe UMMYHO-
cymnpeccuBHOro pexoruna knetok (M1) 1 OTeHIMaIbHOTO
yAydIIeHNA MPOTUBOOIYX0/MeBOro MMMyHnTeTa. OfHAKO
3TO yTBep)K/ieHMe TpebyeT fa/bHelIIero N3y4eHns, Tak
KaK CyOHmOMy/IALUU PETYIATOPHBIX MaKpodaros MOTyT
obnmazaTh cMenraHHbIM GeHoTunoM. [lepeuncieHHble U3-
MEHEH 1 COiep)KaHNsI KIeTOK B OITyX0/IeBOM MHUIbTpaTe
MIPOMCXOAMIN Ha (OHE OTCYTCTBUS BBIPaXKEHHDIX M3Me-
HeHuit B cofep>xanny CD4, CD8 u B-keTok, 4T0 MOXXeT
CBUETENbCTBOBATD O JOCTATOYHO BHICOKOM CE/TeKTIBHOM
TeICTBUY TIperapaTa Ha MapaTyMOpPaAbHbIN PeKPYTUHT
T-mum$onuToB u Makpodaros, MperMyI[ecTBEHHO C I10-
nspusanmeit M1, a He 17106a1bHO Ha BCe KJIETOYHbIE IMHIY
U BHEKJIETOYHBIE TapaMeTPbl MIMMYHHO CUCTEMBI.

Poct monu «aBoiHbIX HeratuBHbIX» CD4-CD8-(DN)
T-xnerox (Ha 44,2% Ha BTOpOM CpOKe aHa/mn3a 1o CpaBHe-
HIIO C IIePBBIM) MOXKET OTpaXkaTh MM KOMIIEHCATOPHBIII
LUTOTOKCHYEeCKIiT oTBeT (eciu 910 YO T-KaeTKm), unm nm-
myHocynpeccuio (ecnu aTo DNTregs). Jons DN NK1.1+
T-kneTok (CD3+) K/1eTOK B UMMYHHOM NHUIbTPaTe Ha BTO-
POM CpOKe aHa/N3a, B OTIIYNe OT KOHTPOIbHO TPYIIIIBI, He
CHIDKAJICA B I'PYIIIe, IOMy4aBIIeil Iy TaMuI-TPUITODaH.
Takum 06pa3oM MccaenyeMblii penapaT IpefoTBpalaer
(MM KOMIEHCUPYET) ONyXO/Nb-MHAYLMPOBAHHOE CHMU-
sxkeHne gonu DN NK+ T-kjeTok, T.e. 0OKa3plBaeT UMMY-
HO3AIMTHOE JeCTBYE Ha 9Ty nonynsanuio. OfHako 6e3
IOIIOJIHUTENBHOTO (EeHOTUIIMPOBAHNU S TPAKTOBATD ITU
PesyIbTaThl OfTHO3HAYHO He MPeCTABIACTCA BO3MOXKHBIM.
B mro6oM cryuae, u3MeHeHMe BeKTopa inud depeHnpoBKy
¢ M2- Ha M1-mofo6uble MaKpodary sABIsIeTCs KI0IeBbIM
MOMEHTOM B BOCCTAHOBJICHU! HOPMAaJIBHON CTPYKTY PbI
TKaHU IPU aJbTepaliui, YTO MOXeT OKa3aThCs Ba>KHBIM
IIA TOHMMAaHUA TOHKJMX MEeXaHM3MOB pereHepaTOpHO-
racTpPONPOTEKTOPHOTO JIEMICTBNU A JIEKAPCTBEHHOTO IIpela-
para «Peractum lFactpo» [5].

Takum 06pasoM, B yCIOBUAX MOJENTNPOBAHISA CUHTEH-
HOIT ONyXOJIY IIyTaMUI-TpUNTOdaH CIIOCOOCTBOBAT «IIe-
pedopMaTHpPOBAHNIO» OIIYX0TI€BOTO MUKPOOKPYKEHMS
13 UMMYHOCYIIPECCUBHOTO COCTOAHNUA B «T-KIeTOYHO-
TOMMHAHTHOE» M «MaKpodaraaibHO-pPeryasiTOPHO-
BOCCTaHOBUTE/NbHOE». [Ipu aTOM HabI0KaeMblil UMMYHO-
JIOTMYECKUIT CIBAT MOXKHO TPAKTOBATh KaK «IMMYHHOE
HepenporpaMMIPOBaHye MUKPOOKPY KEHMU A OITyXO/IH», YTO
SBJISIETCS BaXKHBIM MOMEHTOM COBPEMEHHBIX IIPOTUBOOIY-
XOJIeBBIX CXeM Tepanuiu. VIrpaloT 1 3T UMMYHOTPOITHbIE
3¢ dexTpl KaKy0-T1M00 POIb B IpOLleCcCaX aHIMOTeHe3a,
CKa3aThb CJIOXKHO, HY>KHBI JanbHeIINe NCCIeOBAHNA.
OpHako y4uTbIBasgt ponb M2-Makpoaros Kak MCTOYHU-
Ka aHTUOTeHHBIX (PaKTOPOB U MEeAMATOPOB MMMYHOCY-
[peccui, yMeHblleHye UX Yucia Ha GpoHe IpUMeHeHNs
[Ty TAMUI-TPUITO(AaHA OTEHIIMATBHO MOYXKET CIIOCOOCTBO-
BaTbh CHVDKEHNIO aHTMOTeHHOI aKTMBHOCTH. B 3TOl cBA3M
Hab/IoiaeMoe nosbliieHye yposHa CD3+ T-K/IeTOoK 1 CHU-
eHue ypoBHsA CD45+ B 011yxo/1eBOM MHOUIBTPATe MOXET
KOCBEHHO CBI/IETE/IbCTBOBATH O MOJAaB/IEHUN IPOLIECCOB
aHTMOreHe3a, MOCKonbKy 6mokasa VEGF BoccraHaBmuBaer
apresuio u cioco6crByet Tpaduky CD3+ kimetok [29, 30].

B KOHTeKCTe XPOHMYECKOTO aTpOpUUECKOT0 racTpura,
ACCOIMVMPOBAHHOTO C IOBBIIIEHHBIM PUCKOM Pa3BUTUSA
a/IeHOKaPI[MHOMBI ¥ KOIOPeKTaIbHBIX OMNUIIOB, TTy TAMMJI-
TpunTOo(aH MOXKET PaCCMATPUBATHCS KaK CPEACTBO BTO-
PUYHOI MIMMYHOIIPODIIAKTUKY JAaHHBIX 3a001eBanuit. Ero
CIIOCOOHOCTD yCMIMBATh T-K/I€TOYHBIT OTBET M CHUXKATD
TOJTI0 UMMYHOCYTIPeCCUBHBIX K/IeTOK IIOTE€HIIMATbHO 03BO-
JIAeT yCUNMBATh IMMYHHBIN HafI30p, TeM CaMbIM YMeHbIIa s
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indicate a shift in macrophage polarization toward
a less immunosuppressive (M1-like) phenotype
and potential improvement in antitumor immu-
nity. However, this assumption requires further
investigation, as subpopulations of regulatory
macrophages may exhibit mixed phenotypes. The
described changes in the cellular composition of
the tumor infiltrate occurred in the absence of
marked alterations in CD4, CDS8, and B-cell con-
tent, which may indicate a rather selective effect
of the compound on paratumoral recruitment
of T lymphocytes and macrophages - primarily
promoting M1 polarization - rather than a global
impact on all cellular lineages and extracellular
immune parameters.

The increase in “double-negative” CD4-CD8-
(DN) T-cells (by 44.2% at the second time point
compared to the first) may reflect either a compen-
satory cytotoxic response (if these are yd T-cells) or
immunosuppression (if these are DNTregs). The
proportion of DN NK1.1+ T-cells (CD3+) in the
tumor infiltrate at the second time point, unlike
in the control group, did not decrease in animals
treated with glutamyl-tryptophan. Thus, the
compound prevents (or compensates for) tumor-
induced reduction of DN NK+ T-cells, i.e., exerts
an immunoprotective effect on this population.
However, without additional phenotyping, these
results cannot be interpreted unequivocally. In
any case, the shift in differentiation from M2- to
M1-like macrophages is a key step in restoring
normal tissue structure following injury, which
may be important for understanding the mech-
anisms underlying the regenerative and gastro-
protective effects of the drug Regastim Gastro [5].

Thus, under conditions of a syngeneic tumor

model, glutamyl-tryptophan contributed to “refor-
matting” the tumor microenvironment from an
immunosuppressive state to a “T-cell-dominant”
and “macrophage-regulatory-restorative” one.
This immunological shift can be interpreted as
“immune reprogramming of the tumor micro-
environment,” which is an important compo-
nent of modern antitumor therapeutic strategies.
Whether these immunotropic effects play any
role in angiogenesis remains unclear and requires
further research. However, given the role of M2
macrophages as sources of angiogenic factors and
mediators of immunosuppression, reducing their
numbers during glutamyl-tryptophan adminis-
tration may potentially contribute to decreased
angiogenic activity. In this regard, the observed
increase in CD3+ T-cells and decrease in CD45+
cells in the tumor infiltrate may indirectly indicate
suppression of angiogenesis, since VEGF blockade
restores adhesion and promotes trafficking of
CD3+ cells [29, 30].

In the context of chronic atrophic gastritis,
which is associated with an increased risk of ad-
enocarcinoma and colorectal polyps, glutamyl-
tryptophan may be considered a means of sec-
ondary immunoprevention of these conditions.
Its ability to enhance T-cell responses and re-
duce the proportion of immunosuppressive cells
may strengthen immune surveillance, thereby
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PUCK PasBUTHA HEOM/IA3UM JKENYJOYHO-KMIIETHOTO TPAKTa
y HaIMeHTOB C aTpodueil CIU3UCTOI >KenynKa. B aToit cBs-
31 IpMMeHeHMe npenapara «Peractum I'acTpo» B KauecTBe
CpefcTBa BTOPMYHOI UMMYHOIPO(UIAKTUKY HEOITa3 Uil
(kaHI[epOIIPeBEHIINI) TTALIMEHTAMU C aTPOPUIECKUM FaCTPH-
TOM, IIPEfCTaB/AETCS MePCIEKTUBHBIM U L1e7IeCO0OPas3HBIM.
Tem He MeHee, C 1Ie/IbI0 IIPOBEPKY IUIIOTE3 M YCTAHOBIEHNU A
TOYHBIX MEXaHU3MOB JIeJiCTBIA Mo60ro dpapmakodopa, moce
BBINTOJTHEH WA 9KCIIEPYIMEHTAIbHOI paboThl TpebyeTcs mpo-
BeJleHMe COOTBETCTBYIOIMX KIMHNYIECKUX MCCIeJOBAHMIA.

3aKknyeHune

BriepBble Ha MOJIe/IM TPAHCIIAHTUPYEMOII CHT€HHOJ OITyXO0-

M Y UMMYHOKOMIIeT€HTHBIX )KMBOTHBIX IIPOBE/IeHa OI[eHKa

U3MEHEHMIT COCTaBa MMMYHHOTO KJIeTOUHOTO MH(UIbTpaTa

Ha QoHe IPMMeHeHNsA [Ty TaMII-TPUITOdaHa. YCTaHOBIEHDI

BO3MOXKHBIE 9 PeKTOPHBIE KIETKM, OTBETCTBEHHBIE 3a pea-

NM3aLMI0 MMMYHOOIIOCPEOBAHHOTO HaI30pa 3a HPOMOILMelt

U TIpOrpeccueii TPaHCIITAHTYPOBAHHO OITYXO/IN B YCTIOBUAX

9KCIIEPMMEHTA i1 Vivo.

PesynbTaThl IPOBEAEHHOTO MCCETOBAHNSA TO3BOAIOT
BBIABUHYTD PAJ TUIOTe3, TPeOYIOINX HaTbHEIIIIEro MOf-
TBEPXKJIeHNA:

1. YBenuuenue cy6mnonymanuyu CD3+ T-KIeTok yKasbiBaeT Ha
npusnederne T-mMMpoOUNTOB B OIyXonb. bosee Bbicokoe
npucyrcrsue CD3+/CD8+ acconumupoBaHo C Ty4YIINM
IPOTUBOOIYXO0/EBHIM KOHTponeM (T-xmeTounas nquro-
TOKCUYHOCTD);

2. Cumxenne cy6monysinuyu CD45+ npy ofHOBpeMEHHOM
ysemuenun CD3+ Mo)XeT 03HaYaTh CeeKTUBHYIO Iepe-
CTPOJIKY KJIeTOYHOTO COCTaBa OITyXOJIeBOTO MHMU/IbTPaTa
B CTOPOHY YCU/IEHV MMMYHOTOTMYECKOTO Haji30pa 3a
OITyXOJIbIO;

3. Cumxenne M2-mofo6HbIX MAKpO(aroB CBULETEIbCTBYET
0 cMellleHNH MaKpodaraapHoOit HOMY/IALUY OT IPOOIY-
XOJIEBOTO M IIPOTHBOBOCIANNUTENbHOrO eHOTUIIA M2
K IPOTUBOOIIYXO/E€BOMY, IIPOBOCIIATUTE/IbHOMY 1 IIUTO-
TOKcHYeckoMy denoruiry M1;

4. TloMMMO MMMYHOMORYMUPYIOMUX 3¢ HEKTOB HeMb3s uc-
KJTIOYUTb BO3MOXHBIX 9 (HeKTOB TecTipyeMoro 06bexTa
Ha VEGF-curnanuur B onyxonmu.

PesynpTaThl MpOBe/IeHHOTO MCCIEOBAHNA MOTYT CITY KUTb
9KCIIEPVIMEHTA/IbHBIM 00OCHOBAHMEM /IS Jla/IbHEIIero
HeK/IMHMYECKOTO U KIMHNIECKOTO V3yYeHN A KYPCOBOTO
npuMeHeHus npenapara Peracrum ['acTpo B KauecTBe HeBaK-
L[MHA/IbHOI CTpaTerny (MMMYHO)IPOPUIAKTUKY B IEPBYIO
ouepenb Ul ¢ BRICOKMM puckom passutua 3HO xenynka
Y IIPeJIOITyX0JIEBBIMM COCTOSTHUAMM (ITAl[MEeHThbI C XPOHUYe-
CKUM aTpOUIECKIM FaCTPUTOM).
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lowering the risk of gastrointestinal neoplasia in
patients with gastric mucosal atrophy. In this re-
gard, the use of Regastim Gastro as a secondary
immunopreventive (cancer-preventive) agent in
patients with atrophic gastritis appears prom-
ising and justified. Nevertheless, to test these
hypotheses and establish precise mechanisms
of action for any pharmacophore, appropriate
clinical studies are required following experi-
mental research.

Conclusion

For the first time in a model of a transplantable
syngeneic tumor in immunocompetent animals,
an assessment of changes in the composition of
the immune cell infiltrate during administration
of glutamyl-tryptophan was carried out. Potential
effector cell populations responsible for the imple-
mentation of immune-mediated surveillance of
tumor promotion and progression under in vivo
experimental conditions were identified.

The results of the study allow several hypotheses
tobe proposed, which require further verification:
1. Anincreasein the CD3+ T-cell subpopulation
indicates enhanced recruitment of T lymphocytes
into the tumor. A higher presence of CD3+/CD8+
cells is associated with improved antitumor con-
trol (T-cell cytotoxicity).
2. A reduction in CD45+ cells combined with
an increase in CD3+ cells may reflect a selective
restructuring of the cellular composition of the
tumor infiltrate toward enhanced immunologi-
cal surveillance of the tumor.
3. A decrease in M2-like macrophages sug-
gests a shift in macrophage polarization from
a pro-tumorigenic and anti-inflammatory M2
phenotype toward an antitumor, pro-inflam-
matory, and cytotoxic M1 phenotype.
4. Inaddition toimmunomodulatory effects, po-
tential effects of the tested compound on VEGF
signaling within the tumor cannot be excluded.

The findings of this study may serve as an
experimental basis for further nonclinical and
clinical investigations of the course-based use
of Regastim Gastro as a non-vaccine (immuno)
preventive strategy, particularly for individuals
at high risk of gastric malignancies and those
with precancerous conditions (e.g., patients with
chronic atrophic gastritis).
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