ORIGINAL RESEARCH | IMMUNOLOGY

ASSESSMENT OF THE FEATURES OF INNATE LYMPHOID CELLS IN PATIENTS
WITH MULTIPLE MYELOMA
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Multiple myeloma (MM) is a B-cell malignant tumor, the morphological substrate of which are plasma cells that produce monoclonal immunoglobulin. This is one
of the most common tumors of lymphoid origin. It is known that during oncogenesis, the immune balance shifts towards suppression of the antitumor immune
response. Innate lymphoid cells (ILC) are one of the key factors influencing the said balance. This study aimed to assess the features of ILC in MM patients. The
peripheral blood levels of ILC1, ILC2, and ILC3, as well as the expression of HLA-DR on ILC 2, were measured with the help of flow cytometry. We found that MM
patients (0 = 14; 7 male and 7 female, mean age 59.2 + 2.08) had significantly more ILC2 in the peripheral blood, with the content thereof amounting to 63.1 + 4.51%
among "helper" ILC, while in donors the proportion of ILC2 was 43.2 + 6.17% (p = 0.03). MM patients were also found to have a decreased amount of ILC2 that
express HLA-DR: the proportion of such cells was only 2.2 + 1.53%, compared to 15.6 + 5.29% in donors (p = 0.003). The results of this study point to the shift
in the immune balance and polarization of the immune response towards type 2 (T2), which may contribute to the suppression of the antitumor immune response.
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OLIEHKA OCOBEHHOCTEN BPOX>XEHHbIX MTMM®OUOHbIX KJIETOK Y NALMEHTOB
C MHO>XECTBEHHOW MUEJIOMOM

E. A MawkvHa'? & O. C. boesa', B. V. Bopucesn4'?, B. C. A6bacosa'?, W. . Ckadkos'?, 4. A. Jlasapes', B. B. [JeHncosa'

" Hay4Ho-1ccnenoBatenbCKmii MHCTUTYT (hyHOAMEHTABHOM 1 KIIMHUHECKOW MMMyHonorum, HoBocunbmpek, Poccust
2 HoBOCMOMPCKMIA FOCYAaPCTBEHHbIN MEAULMHCKUIA YHBEpCKTeT, HoBocnbnpcek, Poccust

MHoxecTBeHHast mvenoma (MM) — B-knetodHas 3nokadecTBeHHas OryXosb, MOPGONOrM4eckM CybCcTpaToM KOTOPOW ABASIOTCS MnadMatnyeckme KneTku,
NPOAYLWVIPYIOLLIME MOHOKIOHAMBHBIA MMMYHOMI0BYAVH. STO OAHA U3 HaCTo BCTPEeHatoLLMXCS Oy xone IMMGOnAHOr0 NPOUCXOXXAEHNS. VI3BeCTHO, YTO B MpoLiecce
OHKOreHesa MPOVICXOANT U3MEHEHWE MMMYHHOrO 6anaHca B CTOPOHY CynpecCuy MPOTVBOOMYXONEBOrO MMMYHHOrO oteeTa. OfHUMM 13 KOYEBbIX (HhaKTOpPOB,
BANSAIOLLIX HA BanaHC NapameTpoB UMMYHHOW CUCTEMbI, SBNAKOTCA BPOXKAEHHbIE MMdbonaHble kneTku (innate lymphoid cells, ILC). Liensto nccneposanms 6bi10
MPOBECTIN OLIEHKY OCOBEHHOCTEN BPOXAEHHBIX NMMMMONIAHLIX KNeToK y naupeHToB ¢ MM. OueHky codepxkaHns B nepudpepndeckoin kposm ILCT, ILC2 n ILC3,
a Tarkke akcnpeccun HLA-DR Ha ILC2 mpoBognnm METOAOM MPOTOYHOW LToMeTpuin. OBHapYy>KeHO, YTO B Nepudepun4eckon Kposu y naumeHtos (0 = 14;
7 MY>XHUH 1 7 XKeHLLMH, cpegHui BodpacT 59,2 + 2,08) ¢ MM pons ILC2 cyuecTBeHHO Bbilwe 1 coctasnseT 63,1+4,51% cpegun «xennepHbix» ILC, Torga Kak
y AoHopoB gons ILC2 43,2 + 6,17% (p = 0,03). BeisBneHo, 410 y naumeHtoB ¢ MM CHMKeHO oTHocuTenbHoe konmdecTso ILC2, akcnpeccrpytolmx HLA-DR:
00N 3TUX KNETOK cocTaswna Bcero 2,2 + 1,563% no cpaBHeHnto ¢ 15,6 + 5,29% y goHopoB (p = 0,003). MNony4eHHble pedynsraTbl CBUAETENLCTBYIOT 06
V3MEHEHUN UMMYHHOrO 6anaHca v nonsapusaum UMMYHHOrO OTBETa B CTOPOHY MMMYHHOrO oTBeTa 2-ro Tuna (T2), 4TO MOXET CrnocobCTBOBATL Cynpeccum
MPOTUBOOMYXONEBOrO UMMYHHOrO OTBETA.

KnioyeBble cnoBa: BPOXXAEHHbIE NMMMQOVIHBIE KNETKM, NPe3eHTaLyst aHTUreHa, MMYHHbIN 6anaHc, MHOXXECTBEHHast MenoMa
®uHaHCMpoBaHue: BbINosiHeHo Npu hrHaHcoBOW nogaepke oT MpasuTensctBa HoBocnbunpckoi obnacti, cornatueHne Ne MJ1-1 ot 26 okTabpst 2023 1.
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It is known that there are three main types of immune response
[1]: T1, T2, and T17, which are regulated by T helper (Th)
populations Th1, Th2, and Th17, respectively. The immune
system is balanced between possible types of immune
response [2]. Under the influence of a number of external and
internal factors, this state, the immune equilibrium, changes
over the person's lifetime in terms of the proportions of various
types of immune responses [3-5]. In addition to the Th, innate
lymphoid cells (ILC) are capable of influencing the immune
balance. They can synthesize cytokines characteristic of Th
much faster and in greater quantities, and thus either enhance
or suppress the immune response at the earliest stages of its
development [B].

By the ability to produce cytokines characteristic of the T1,
T2, and T17 immune responses, ILC 1, ILC 2, and ILC3,
respectively, are distinguished. However, it is currently believed
that, in addition to acting similarly to T helper cells, ILCs form
a link between the environment monitoring sensory cells (track
all changes, not necessarily pathogenic) and effector cells,
which translates into the support of body's homeostasis and
immune balance [7]. Several mice studies demonstrated the
MHC-dependent (major histocompatibility complex) cross-
interaction of ILC-T cells [8-12], but the antigen-presenting
properties of human ILC are still poorly understood. It has
been shown that human intestinal tumor tissues contain ILCs
that actively express HLA-DR, and most ILCs lack additional
signaling molecules T cells stimulation. Together with T cells,
HLA-DR+*CD127+ phenotype ILC cells localize in the unaffected
colon tissue and by the edge of the tumor, which indicates the
possibility of physical interaction between these two types of
cells. Earlier, ILCs were shown to suppress T cell response
to intestinal commensal bacteria in mesenteric lymph nodes
in mice [10, 11]. Therefore, presentation of ILC antigen in a
complex with MHC class Il without costimulatory signals may
play a role in the development of immunosuppression while
protecting the tumor from destruction by cells of the immune
system. However, in the case of ILC2, the antigen presentation
process may be significantly different. It has been shown that in
addition to the production of T2 cytokines, ILC2 express MHCII
in combination with costimulating molecules CD80, CD86, and
the OX40L ligand. Thus, ILC2 can act as antigen-presenting
cells (APC), processing and presenting antigens to T cells,
thereby inducing the antigen-specific response of CD4*T cells
[13, 14].

In an oncopathology, an immune imbalance is one of the key
factors triggering its development: T1 cytokines are associated
with the increased antitumor immune response, whereas T2
cytokines can promote tumor growth and metastasis [15, 16].
In case of solid tumors of non-hematopoietic origins, cytokines
are primarily a means of achieving immunosuppression of
the antitumor response, but in hemoblastosis cases they can
act as growth factors for tumor cells. In patients with chronic
lymphocytic leukemia, characterized by the production of
atypical mature B lymphocytes, a shift towards Th2 was
noted, which is corrected by ibrutinib (Bruton's tyrosine kinase
inhibitors) [17].

In the case of multiple myeloma (MM), the number of
CD4+-Th1 and CD4+*-Th17 in patients was higher than in
donors [18]. However, despite the greater numbers in this cell
population, the concentration of T2 cytokine IL4 (interleukin-4)
was significantly increased in the blood serum. Therefore, the
high production of this cytokine may be primarily associated
with its secretion by the ILC2 cells.

The purpose of this study is to evaluate the features of
innate lymphoid cells in patients with MM.
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METHODS

The study included 14 MM patients and 13 conditionally
healthy donors. Both study groups were comparable in terms
of gender and age characteristics. The study was conducted
from May to November 2024. Test group inclusion criteria: MM
diagnosis, any sex, age 18-65 years; Il and I clinical stages
(Durie-Salmon Staging System); complete remission (CR) or
very good partial remission (VGPR) at the moment of inclusion;
written informed consent. Control group inclusion criteria: good
health, any sex, age 18-65 years; no autoimmune, oncological
and chronic recurrent viral infections.

Exclusion criteria (both groups): non-compliance with the
inclusion criteria; severe decompensated cardiovascular,
respiratory, and liver failure; acute infectious diseases;
pregnancy; mental disorders; refusal of the patient or donor to
participate in the study.

Peripheral blood mononuclear cells (PBMC) were the
studied material; it was isolated in the volume of 30-50 ml from
the samples taken in both groups by standard Ficoll-Urografin
density gradient centrifugation.

To determine the immunophenotype of the ILC, the isolated
PBMC were stained with monoclonal antibodies conjugated with
fluorochromes: anti-Lineage (CD2/3/14/16/19/20/56/235a),
antiCD11c¢ and anti-FceR1 alpha-FITC, anti-CD294-PE, anti-
CD127-PerCP/Cy5.5, anti-CD117-APC, HLA-DR-PE/Cy7. The
total number of ILC was established as Lin-CD127+, since these
cells do not carry linear markers, but have an alpha chain of the
IL7 receptor on their surface. To assess the ratio of different
ILC subpopulations, we counted CD294+ILC (ILC2); CD117-
CD294-ILC was taken as ILC1, and CD117+CD294-ILC as
ILC3. The cell phenotype was established using a LongCyte
flow cytometer (Challenger, China).

Statistical processing of the results was performed using
GraphPadPrizm 9.0.0 (GraphPad Software, Inc., USA). The
Mann-Whitney test was used to compare the values registered
in the groups. The results are presented as a median (Me)
with interquartile range [25"; 75™ percentile]. The results were
considered significant at p < 0.05.

RESULTS

We have established that MM patients have a lower relative
amount of peripheral blood "helper" ILC compared to the
conditionally healthy individuals: 0.05% [0.03; 0.16] versus
0.24% [0.06; 0.48] (Fig. 1). It should be noted that the smaller
total number of ILC is the result of erosion of the subpopulation
composition of these cells. The relative amount of ILC2 in
PBMC was 0.06% [0.02; 0.17] and 0.04% [0.02; 0.09], healthy
donors and MM patients, respectively, the difference being
insignificant (Fig. 2). In healthy donors, the predominant type
was ILC1, the proportion of which in the peripheral blood was
0.07% [0.02; 0.19], while that of ILC3 amounted to 0.008%
[0.003; 0.018]; in MM patients, the relative amounts of ILC1
(Fig. 3) and ILC3 (Fig. 4) were 0,02% [0,01; 0,04] and 0.001%
[0; 0.004], respectively, which is significantly lower than in the
control group.

Naturally, such changes altered the balance of different ILC
populations. Assessing the proportion of ILC2 in MM patients,
we noticed that it was greater than in the control group (Fig. 5).

We have also investigated the expression of HLA-DR (one
of the MHC class Il antigens needed for antigen presentation)
on the surface of ILC2, and found that MM patients had
significantly fewer ILC2 expressing the HLA-DR antigen on
their membrane than healthy donors (Fig. 6). Consequently,
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Fig. 1. The relative amount of ILC in the total PB MNC, MM patients and conditionally
healthy individuals

despite the increased relative amount of ILC2 in MM patients,
the ability of cells to present the antigen in this disease is
hampered, which can weaken the antitumor immune response
and decrease activation of T-lymphocytes.

DISCUSSION

According to the literature, there may be several specific
features of functioning of ILC in hematologic cancers, which
were demonstrated for acute myeloid leukemia and chronic
lymphocytic leukemia [19]. Firstly, in such cases, the amount
of ILC is smaller, and their functional activity weaker, which
translates into a lower concentration of cytokines in the tumor
microenvironment, and, as a result, suppression of the immune
response. Secondly, activation of ILC 2 and polarization of
the immune response towards T2 can boost the activity
of suppressor cells. Thirdly, outside the tumor, in normal
tissues, ILC maintain homeostasis and participate in tissue
repair, including in the context of a graft-versus-host reaction,
which is a common complication after allogeneic stem cell
transplantation.
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Fig. 3. The relative amount of ILC1 in the total PB MNC, MM patients and conditionally
healthy individuals
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Fig. 2. The relative amount of ILC2 in the total PB MNC, MM patients and conditionally
healthy individuals

In this study, we found that in MM patients, despite the
decreased relative content of "helper" ILC in PBMC, the ILC2
subpopulation count remained similar to that registered in
healthy individuals. Consequently, such changes could have
broken the ILC subpopulations balance, triggered growth
of the proportion of ILC2 and direct the immune response
towards T2, as well as cause the drop in the number of ILC1
that support the T1 type of immune response, which is most
effective against tumor cells. It is known that polarization of
the immune response towards T2 and weakening of the T1
immune response promote inactivation of anti-tumor immunity
and thus boost tumor growth, a situation often observed in
malignant neoplasm cases.

It should also be noted that our results are consistent
with the reported growth of the level of T2 cytokines in MM
patients [18]. In addition, with monoclonal gammopathy of
undetermined significance (MGUS) in the background, which
precedes MM, the peripheral blood level of ILC2 is increased
[20]. Bone marrow level of ILC1 is known to grow MGUS cases,
but the functional activity of ILC1 and ILC2 determined by the
intracellular cytokine content goes down. In our study, MM also
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Fig. 4. The relative amount of ILC3 in the total PB MNC, MM patients and conditionally
healthy individuals
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Fig. 5. The relative amount of ILC2 in the total number of ILC, MM patients and
conditionally healthy individuals

triggered a drop of the share of ILC2 cells capable of presenting
the antigen. Other authors have demonstrated a decrease in the
proportion of ILC2 among peripheral blood Lin-CD127+ cells [21],
which may be due to differences between patient groups, since
this study included patients with a fresh diagnosis before start
of the therapy. At the same time, functional properties of peripheral
blood ILC2 in patients with MGUS and MM were different from
those in conditionally healthy individuals: the former had these cells
developing cytotoxic activity against tumor cells. It is possible that
such changes are associated with the differentiation of ILC2 into
ILC1-like cells in MM patients [23], and the antitumor activity of such
cells, on the one hand, may increase due to the polarization of the
immune response towards T1 and the development of cytotoxic
activity, and on the other hand, may be impaired in hematologic
cancers, acute myeloblastic leukemia in particular [24].
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