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Pesiome. [Tpobiiema jeueHrsI OHKOJIOTUYECKUX 3a00€BaHUA SIBJISIETCSI OJHOM U3 aKTyaJbHBIX JJIsl COBpe-
MeHHOU MeauuInHBI. CyIIecTBYIONINE MOAXOIEI JICUCHUN OCHOBAHEBI Ha XUPYPTUIECCKOM, JIYICBOM, XUMHO-
TepaneBTUICCKOM ITOIX0JIC U TAKXKE MCITOJIb30BAHNM METOIa MMMYHOTEPAITK, HallpaBJICHHOTO Ha MapKepPhI
U/Wiu celudruieckue aHTUTeHBI OITyXOJIeit.

IMoxxompl, OCHOBaHHBIC Ha MEXaHMU3MaX KJIETOYHON 1 MOJICKYJISIPHOM PETYIISIINY CIIeIN(UIECKOTO IPo-
THUBOOITYXOJICBOTO MMMYHHOTO OTBETa, IMOKa3aJIld CBOIO BBICOKYIO 3(P(heKTUBHOCTH (HAIlpuMep, aHTUTENa
npotuB HER2 npu pake MonI04YHOI1 Keae3bl), HO 3TH TTOAXO0AbI UMEIOT psiJ MOOOYHBIX U HEXKeIaTeIbHBIX
3((HEeKTOB, KOTOPBIC OTPAHNINBAIOT X MTPUMEHEHNE. YUNTHIBAS LIEHTPATBHYIO POJIb MEXaHU3MOB PacIio3-
HaBaHMS OIyXOJIEBBIX aHTUTEHOB U UX ITPE3€HTALIMN IIMTOTOKCUYECKUM KJIeTKaM B 3(h(HEeKTUBHOMN 3TUMMU-
HaIIMU OMYXOJIH, SIBJISIETCSI BasKHBIM ITOMCK U pa3paboTKa MOAXO0I0B BOCCTAHOBICHUS 3TUX MEXaHU3MOB ITPpU
OHKOJIOTMYECKOI MaTo0ruu. B ¢BsI31 ¢ TeM, YTO MPU OHKOJOTUYECKUX 3a001eBaHUSIX HapyIIaeTCs CO3peBa-
HEe, mnddepeHIIMPOBKA TeHIPUTHBIX KJIIETOK U CTPagaeT X OCHOBHAsI (DYHKIIUS, BEAYTCS HaydYHBIE UCCIIC-
MOBAHMSI TTO TTOJIYICHUIO 3PEIIbIX ACHAPUTHBIX KICTOK U BOCCTAHOBJICHIE €CTCCTBEHHOTO ITyTHU IIPEe3eHTAIIUN
aHTUTreHa 3(p(PEKTOPHBIM KIIeTKAM.

B pabote Ob11M MpoBeAeHbI OrpaHUYeHHbIE KTIMHUYecKue ucciaeaoBaHus (13 60JbHBIX KOJOPEKTaIbHbIM
pakoM), paHee pa3pabOTaHHOTO IIPOTOKOJA ITOJIYYSCHUST aHTUTCH-TIPaiMUPOBAHHBIX ICHIPUTHBIX KIIETOK
OOJIbHBIX KOJIOPEKTAIBHBIM PAKOM M UX COBMECTHOM KYJIBTYPHI C ayTOJIOTUYHBIMUA MOHOHYKJICAPHBIMU KJIET-
KaMM B YCJIOBUSIX in vitro. 13 mepudeprueckoit KpoB1M OHKOOOJIbHBIX ObLIM MOIyYeHbl AeHAPUTHBIE KJIET-
KM, TIpaiMUpPOBAHHBIC ayTOJOTMYHBIMHM OIYXOJICBBIMU aHTUTEeHaM (JIM3aT OITYXOJIEBBIX KJIETOK), KOTOPBIC
COKYJIBTUBHUPOBAJIN C COOCTBEHHBIMM MOHOHYKJICAPHBIMH KJICTKAMH B IPUCYTCTBUY UMMYHOPETYJISITOPHBIX
uToKHOB (IL-12 u IL-18). ITonyyeHHBIe KJIETOUHbBIE CYCIIEH3UN OUYMIIAIMCH OT KYJBTYpaabHOI Cpeabl U
LIUTOKWHOB 1 UCITOJb30BaUCh 1151 TPOBEACHUS Kypca UMMYHOTepanuu (exxeHeaeabHo 1o 20-30 MJIH KJTIeTOK
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BHYTPMBEHHO, KalleJIbHO), COCTOSIIETo U3 3-5 BBeneHU. Ha pasHbIX cpoKax ITpoBeaeHUS MMMYHOTEpaITin
(o Hayaja Kypca UMMYHOTeparuu, yepe3 3 Mecsiia 1 yepe3 6 Mecs1ieB Mocjie OKOHYAHUSI UMMYHOTePaIim)
OlLICHUBaJIM B MepudepruyecKoil KpoBrU OOJTbHBIX UMMYHOJOTMYEeCcKUe nmokaszareau (MMMyHorpamma (CD3*,
CD3*CD4*, CD3"CD8*, CD19, CD16"CD56"-kj1eTK1), OTHOCUTEIbHOE colepxKaHue T-peryassTOpHbIX
knetok (CD4*CD25"FoxP3*-kieTkn), MuenonaHbIx cynpeccopHbIiX KiaeTok (CD14*HLA-DR -knetku)) u
LIMTOTOKCUYECKYI0 aKTUBHOCTh MOHOHYKJICAPHBIX KJIETOK MepudeprnyeckKoil KpoBU OOJIbHBIX IIPOTUB KJle-
TOK OITyXOJIEBOM JIMHUM KOJIOpeKTaJIbHOTO paka uyenoBeka (Colo-320).

[MomygeHHbIC TaHHBIC TTOKA3aJIM, YTO Y OHKOJOTMYECKUX OOJBHBIX Ha (DOHE MPOBOAUMOII MMMYHOTE-
parnuy JOCTOBEPHO BO3pACTaeT MoKa3aTeb MPSIMOTO IIMTOTOKCUYECKOTO TECTa, UTO MO3BOJISIET CYIUTh 00
3D HEKTUBHONM CTUMYJISIIINNA MTPOTHUBOOITYXOJIEBOTO KJISTOYHOIO0 MMMYHHOTIO oTBeTa. Ha 3T0 TakKe yKasbI-
BaeT Bo3pacTaHue oTHocuTeabHOro konndectsa CD16*CD56"-knetok (NK-kiteTkn) yepes 3 mecsiiia mociie
UMMYyHoOTeparnuu. M3yyeHrue MUMMYHOCYIIPECCOPHBIX KJIETOK B KPOBU OHKOOOJIbHBIX MTOKA3ajl0 OTCYTCTBUE
3HaunMbIX u3MeHeHnit CD14*"HLA-DR -knetok u T-peryiasiTopHbIX KJIETOK.

TakuM o6pa3oM, MpoBeACHHBIC OTpaHUYCHHBIE KIIMHUYECKUE UCCICA0OBAaHNSI UMMYHOTEpAaITu OOJIbHBIX
KOJIOPEKTaJIbHBIM PAaKOM Ha OCHOBE ayTOJOIMYHbBIX IEHAPUTHBIX KJIETOK, MPailMUPOBAHHBIX JIM3AaTOM ay-
TOJIOTMIHBIX OITYXOJIEBBIX KJIICTOK, ITPOACMOHCTPUPOBAJIN ITOBBIIICHUE ITIPOTUBOOITYX0JIEBOTO IIMTOTOKCHYC-
CKOTO MMMYHHOTO OTBETa.

Karouegnie cnosa: ummynomepanus, deHopumible KAemKU, ONYX0ae8bie AHMU2eHbl, KAeMO4HAs YUMOMOKCUYHOCMb,
K010peKmanvHbulil pak

EFFECT OF ANTIGEN-PRIMED DENDRITIC CELL-BASED
IMMUNOTHERAPY ON ANTITUMOR CELLULAR IMMUNE
RESPONSE IN PATIENTS WITH COLORECTAL CANCER

Kurilin V.V.2 Kulikova E.V.2, Sokolov A.V.’), Kozhevnikov Yu.A.z2,
Blinova D.D.?, Obleukhova I.A.2, Starostina N.M.?, Sennikov S.V.2

¢ Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation
b City Clinical Hospital No. 1, Novosibirsk, Russian Federation

Abstract. The problem of treatment of oncological diseases is one of the most urgent for modern medicine.
Existing treatment approaches are based on a surgical, radiation, chemotherapeutic approach, and the use of
immunotherapy methods aimed at markers and / or specific antigens of tumors.

Approaches based on the mechanisms of cellular and molecular regulation of a specific antitumor immune
response have shown their high efficiency (for example, antibodies against HER?2 in breast cancer), but these
approaches have a number of side and undesirable effects that limit their application. Considering the central
role of the mechanisms of recognition of tumor antigens and their presentation to cytotoxic cells in effective
tumor elimination, it is important to search for and develop approaches to restore these mechanisms in cancer
pathology. Because maturation, differentiation of dendritic cells and their main function are impaired in
oncological diseases, scientific research is underway to obtain mature dendritic cells and restore the natural
way of antigen presentation to effector cells.

The work carried out limited clinical studies (13 patients with colorectal cancer), a previously developed
protocol for obtaining antigen-primed dendritic cells of patients with colorectal cancer and their joint culture
with autologous mononuclear cells in vitro. From the peripheral blood of cancer patients, dendritic cells primed
with autologous tumor antigens (tumor cell lysate), which were co-cultured with their own mononuclear cells
in the presence of immunoregulatory cytokines (I1L-12 and IL-18). The resulting cell suspensions were purified
from the culture medium and cytokines and used for a course of immunotherapy (weekly, 20-30 million cells
intravenously, dropwise), consisting of 3-5 injections. At different periods of immunotherapy (before the start
of the course of immunotherapy, 3 months and 6 months after the end of immunotherapy), immunological
parameters were assessed in the peripheral blood of patients (immunogram (CD3*, CD3*CD4*, CD3*CD&",
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CD19, CD16"CD56%-cells), the relative content of T-regulatory cells (CD4*CD25"FoxP3*-cells), myeloid
suppressor cells (CD14"HLA-DR- cells)) and assessed the cytotoxic activity of peripheral blood mononuclear
cells of patients against cells of the tumor line of human colorectal cancer (Colo-320).

The data obtained showed that in cancer patients, against the background of ongoing immunotherapy,
the indicator of the direct cytotoxic test significantly increases, which makes it possible to judge the effective
stimulation of the antitumor cellular immune response. This is also indicated by an increase in the relative
number of CD16"CD56"-cells (NK-cells) 3 months after immunotherapy. The study of immunosuppressive
cells in the blood of cancer patients showed the absence of significant changes in CD14*HLA-DR--cells and

T-regulatory cells.

Thus, limited clinical studies of immunotherapy of patients with colorectal cancer based on autologous
dendritic cells primed with lysate of autologous tumor cells demonstrated an increase in the antitumor cytotoxic

immune response.

Keywords: immunotherapy, dendritic cells, tumor antigens, cellular cytotoxicity, colorectal cancer

Introduction

The incidence of cancer in the population in many
countries worldwide shows a steady trend to increase.
In Russia, colorectal cancer ranks the second in the
pattern of malignant neoplasm incidence (11,3%)
and related mortality (13,1%). Every year in Russia
this nosology is diagnosed in more than 50 thousand
patients. According to the histological classification
of the World Health Organization, there are 4
main forms of colorectal cancer: adenocarcinoma,
mucous adenocarcinoma, cricoid and squamous cell
carcinoma. Adenocarcinoma accounts for 75-80% of
colorectal cancer cases [5].

Surgical intervention, chemotherapy and radiation
therapy are considered classical methods of treating
patients with colorectal cancer, but the results of these
methods, in general, remain ineffective [9]. Currently,
along with other methods of conservative therapy for
malignant neoplasms, specific immunotherapy is a
modern and promising approach, the main purpose of
which is to induce and maintain a long-term immune
response aimed at recognizing and eliminating tumor
cells.

The effectiveness of modern immunotherapy for
oncological diseases relies on correcting impaired
antigen presentation and generation of antigen-
specific cytotoxic T-lymphocytes. Dendritic cells
(DCs), professional antigen-presenting cells, play
a key role in these processes [7, 10]. Dendritic cells
are considered the most powerful stimulators of
the body immune responses, able to recognize and
present antigens to T- and B-lymphocytes in the
context with MHCI and class II molecules, which are
expressed in large quantities on the cell surface along
with co-stimulatory molecules (CD80, CD86) [6].
Therefore, mature DCs demonstrate a high ability
to present tumor-associated antigens in vitro and in
vivo [2, 9]. Primed CD4" and CDS8*T-lymphocytes
secrete cytokines such as interferon gamma (IFNy)

and tumor necrosis factor alpha (TNFa), which
promote CTL proliferation, destruction of tumor
tissue and potential control and even elimination of
tumor cells [8]. However, the functional activity of
DCsin cancer patients is significantly reduced mainly
due to impaired DC maturation to functionally active
counterparts [1, 6]. In this regard, the production
of mature functionally active DCs in vitro and their
activation with tumor-associated antigens to stimulate
a cytotoxic response is promising for developing
dendritic cell-based antitumor vaccines and allows
mobilizing the patient own defense systems using
natural ways of recognizing tumor antigens and theirs
subsequent elimination.

There are many methods for the production of
DCs in vitro that stimulate the antitumor response,
including loading of cells with proteins of tumor-
associated antigens, as well as the introduction of
DNA or mRNA encoding such antigens [3]. The
loading of dendritic cells with tumor lysate allows for
the presentation of the entire spectrum of patient-
specific tumor antigens. The possibility of antigen-
specific activation of dendritic cells with the formation
of antitumor cytotoxic immune response is currently
considered as one of the promising methods to fight
cancer.

Thus, the aim of the study was to study the effect
of cellular immunotherapy of patients with colorectal
cancer based on autologous antigen-primed dendritic
cells and mononuclear cells “trained” by them to
stimulate antitumor cytotoxic immune response.

Materials and methods

The studies were carried out within the limited
clinical protocol NCT0321493 (clinicaltrials.gov),
dedicated to investigate clinical and Ilaboratory
effectiveness of immunotherapy based on autologous
antigen-activated dendritic cells in the treatment
of patients with colorectal cancer. The study was
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approved by the local ethics committee at the RIFCI.
The selection of patients (13 patients with colorectal
cancer) was carried out according to the inclusion and
exclusion criteria.

The study consisted of the following main stages:

1. Stage of clinical examination (selection of
patients with colorectal cancer who meet the research
criteria, and their clinical examination, review and
providing signed up informed consent).

2. The stage of obtaining biological material
(collection of peripheral venous blood of a cancer
patient, a histological sample of a malignant tumor
(colorectal cancer) during planned surgical treat-
ment).

3. Laboratory stage for preparing cell suspen-
sion for immunotherapy.

The immunotherapy is based on the use of
in vitro-induced autologous dendritic cells, primed
with their own tumor antigens, and their co-culture
with autologous mononuclear cells under in vitro
conditions to “train” effector cells and induce an
antitumor cytotoxic immune response [12]. The
maturation of the induced dendritic cells and their
viability were monitored by flow cytometry (BD
FACS Verse). Co-culture of antigen-primed dendritic
cells and MNCs was performed in the presence of
recombinant IL-12 and IL-18 to obtain specifically
activated lymphocytes. The final cell suspensions
were cryopreserved.

4. Stage of immunotherapy.

Immunotherapy was carried out as planned (3-4
weeks after surgery; in the period between che-
motherapy courses). Injections of the cell suspension
were carried out weekly by using 20-30 million cells
dissolved in 100 ml of 0.9% NaCl (physical solution)
administered via IV drip in the hospital of the RIFCI
immunopathology clinic. The number of injections
(a course of cellular immunotherapy) depended
on the final number of cells obtained during the
laboratory stage upon preparing cell suspension for
immunotherapy and ranged from 3 to 5 injections.

3 and 6 months after the end of the full course
of cellular immunotherapy), repeated blood samp-
ling was performed to assess the immunological pa-
rameters.

5. Stage of evaluating the effectiveness of the
conducted immunotherapy.

For patients with 1IA, IIB, IIIA, IIIB stages of
colorectal cancer, it is planned to assess the quality of
life, as well as overall and disease-free survival within 3
years after completing all stages of treatment.

Assessment of peripheral blood immunological
parameters during immunotherapy included para-
meters of cellular immunity (CD3*, CD4*, CDS8",
CD16", CDI19*, HLA-DR expression on mono-

cytes), assessment percentage of T-regulatory cells
(CD4+*CD25*FoxP3"), analyzed by flow cytometry.
Monitoring of immunological parameters was car-
ried out before vaccine administration, 3, and 6
months after the last administration. In addition, as
a direct indicator of antitumor cytotoxic activity, we
assessed the ability of MNCs at different periods of
immunotherapy (before vaccine administration and 3
and 6 months after the last administration) to cause the
death of tumor cells (human colorectal cancer cell line
Colo-320) by using “CytoTox 96 Non-Radioactive”
kit (Promega). The change in the level of intracellular
enzyme (lactate dehydrogenase) in the conditioned
environment of the co-culture between tumor cells
and the cell “preparation” was used to estimate the
percentage of tumor cell death in the cytotoxic test
and, thereby, an effect of immunotherapy on inducing
antitumor immune response.

Results and discussion

Evaluating cytotoxic test of peripheral blood
mononuclear cells 6 months after immunotherapy
showed significant increase in the tumor cell death
(human colorectal cancer cell line Colo-320)
compared to that observed before immunotherapy
and 3 months after immunotherapy (Figure 1).

When assessing the parameters of the cellular
immune response, a significant increase in percentage
of CD16"CD56%-cells was revealed 3 months after
the end of immunotherapy (Figure 2). The relative
quantity of CD3*, CD4", CD8* and CD19*-cells in
the peripheral blood of cancer patients at different
timepoints before and after immunotherapy did not
significantly differ.

Percentage of T-regulatory cells (CD47CD25"
FoxP3*) in the blood of patients with colorectal
cancer decreased during immunotherapy, but showed
no significant differences between the groups (data
not shown).

When assessing the level of HLA-DR expression
on monocytes, in particular, the density of HLA-
DR-negative CD14* monocytes (myeloid suppressor
cells), no significant changes in were revealed (data
not shown).

Thus, while applying ongoing cellular immu-
notherapy after co-culture of autologous antigen-
primed dendritic cells and mononuclear cells, it
resulted in increased anti-tumor cellular activity as
shown in in vitro cytotoxic test and increased amount
of CD16"CD56"-cells serving as an indicator of
general stimulation in effector cells.

The percentage of suppressor cells (T-regulatory
cells and myeloid suppressor cells) in the peripheral
blood of patients did not change significantly.
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Figure 1. Antitumor cytotoxic activity of mononuclear

cells in patients with colorectal cancer at different periods
of immunotherapy (before immunotherapy (IT), 3 and 6
months after the end of immunotherapy)

Note. The graph shows the percentage of dead tumor cells of the Colo-
320 cell line when co-cultured with mononuclear cells of patients with
colorectal cancer in vitro. Data are presented as median and upper
and lower quartiles, arrows indicate statistically significant differences
between groups (n=13).

Conclusion

The data obtained demonstrate that in pa-
tients with colorectal cancer receiving ongoing
immunotherapy, the indicator of the direct cytotoxic
test was significantly increased allowing to conclude
about effective stimulation of the antitumor cellular
immune response. This is also indicated by increased
percentage of CDI67CD56%-cells (NK-cells) 3
months after immunotherapy. Assessing frequency
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Figure 2. Relative content of CD16*CD56*-cells in the
peripheral blood of patients with colorectal cancer at
different periods of immunotherapy (before immunotherapy
(IT), 3 and 6 months after the end of immunotherapy)

Note. Data are presented as median and upper and lower quartiles;
the arrow indicates statistically significant differences between groups
(n=13).

of immunosuppressive cells in the blood of cancer
patients showed a tendency towards a decrease in the
number of T-regulatory cells at 3 and 6 months after
the end of immunotherapy and no significant changes
in the number of CD14*HLA-DR--cells.

Thus, limited clinical studies of immunotherapy of
patients with colorectal cancer based on autologous
dendritic cells primed with lysate of autologous tumor
cells demonstrated enhanced antitumor cytotoxic
immune response.
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