OPINION | IMMUNOLOGY

THE USE OF MONOCLONAL ANTIBODIES IN AUTOIMMUNITY TREATMENT
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Recently, monoclonal antibodies (MA) have gained popularity as therapeutic agents for the treatment of autoimmune disorders.
These antibodies target proinflammatory cytokines, as well as T and B cells potentially involved in the pathogenesis of such
conditions. In the present work we attempt to give a systematic description of available therapeutic MA, highlight their key
mechanisms of action and pinpoint their adverse effects. We believe that MA that are capable of recognizing and eliminating
pathogenic T- and B-cell clones hold the most promise for medical application as biologics. Detection and identification of
autoreactive lymphocyte clones is one of the most serious challenges of contemporary medicine.
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NCroJIbBOBAHNE MOHOKIJTIOHAJIbHbIX AHTUTEN ONA TEPANUNU
AYTOMMMYHHbIX 3ABEOIEBAHUN

E. M. Mep3nsak'2 2, [1. C. Cbipko?, E. A. MycatkunHa?®, M. 13paenbcor’?
"HcTuTyT BroopraHndeckorn xvmun umeHn M. M. LemskuHa v tO. A. OBUMHHUKOBA Poccuiickoi akagemin Hayk, Mockea

2Hay4Ho-vcenenoBaTenbCKuii UHCTUTYT TPAHCNSLMOHHOW MEAMLIMHBI,
Poccuiickunin HaumoHanbHbI MCCnefoBaTensCKUi MEAULIMHCKIA YHUBepcuTeT nmenn H. V1. Muporosa, Mockea

B nocnegHee Bpems B Tepanuv ayTOUMMYHHbIX 3a60eBaHWN CTamM aKTUBHO MPUMEHSTb MOHOKIOHabHbIE aHTUTena (MA).
MULLIEHBIO 3TUIX aHTUTEN CAYXXaT NPOBOCHANNTENbHbBIE LITOKNHBI 1 COBCTBEHHO T- 1 B-KNeTKM, NOTEHUMaNIbHO yHacTByOLLME
B naTtoreHe3de 3aboneaHvd. B gaHHOW cTaTbe caefaHa MombiTka CUCTEMAaTU3MPOBATb WCMOb3yeMble Mnpenapatbl U
MPUBECTN OCHOBHbIE MEXaHV3Mbl, NeXXalllle B OCHOBE TakOro pofda Tepanuu, OnvcaHbl HexkenaTefbHble MOoBOoYHble
OencTens. MNoTeHuvanbHbIMU NyTAMU 1 NEPCMEKTBAMU Pa3BUTUS BUOMOTMKCOB B NIEYEHN ayTOUMMYHHbIX 3a60NeBaHWiN,
Mo HalemMy MHeHNo, SBnsatoTca MA, KOTOpble Y3HAKOT 1 SIMMUHMPYIOT KIOHbI T- 11 B-KneTok, obycnosavBaroLLe naToreHe3
ayTOUMMYHHOrO 3aboneBaHnst. [1OMCK ayTOpPeaKTMBHbIX KIOHOB — SIBASIETCS OOHOW N3 CMOXHbIX 1 aKkTyasbHbIX 3aaad
COBPEMEHHOW B1OMEaULINHDI.

KntoueBble cnoBa: ayToOMMMYyHHbIe 3a060MeBaHusl, BMONOrVKChI, TepanesBTU4ecKme aHTuTena ais neveHnst ayToUMMYHHbIX
3aboneBaHun, MexXaHn3mM OenCcTBUS MOHOKJITOHaSIbHbIX aHTUTEN
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As we broaden our knowledge of the mechanisms underlying
the adaptive immunity, we learn to identify its malfunctioning

that directly or indirectly mitigate inflammation (see the Figure).
This article looks at therapies for autoimmune diseases that

elements posing a risk of autoimmune disorders. The latter
encompass an extensive array of pathologies affecting almost
all body tissues. The pathogenesis of these disorders is linked
to the production of autoimmune antibodies and proliferation
of effector T-cell clones that recognize self-antigens and
therefore provoke inflammation both locally and systemically.
In their anergic (self-tolerant) state, autoreactive T-cells have
also been found in the bloodstream of healthy donors [1] where
they are controlled by regulatory T cells (Tregs). The aberrant
concentrations and abnormal functional activity of Tregs are
among the possible causes of inflammation accompanying
autoimmune disorders.

Current approaches to treating autoimmunity are based on
the suppression of the immune system by therapeutic agents

involve the use of monoclonal antibodies (MA). Such MA, as
well as other genetically engineered pharmaceutical agents, are
referred to as biologics in the literature published in English.
Some MA have already been proved effective in managing
autoimmune conditions; some are currently undergoing
clinical trials.

Therapeutic MA considerably vary in terms of their
mechanism of action. They can bind a soluble ligand or a
receptor on the membrane of a target cell thereby blocking the
interaction between the receptor and the ligand, modulating
the signal from the receptor or triggering apoptosis (Fig).

The mechanisms underlying the depletion of a target cell
population by MA are diverse. Depletion mediated by the Fc
fragment can induce apoptosis of the target cell, lead to cell
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death via antibody- or complementary-dependent cellular
cytotoxicity (ADCC/CDC) pathways, and provoke antigen-
dependent phagocytosis. The mechanisms activated by the
blockade of surface costimulatory receptors are fundamentally
different. They suppress the signal produced in response to
antigen-induced stimulation or reprogram effector T cells
into Tregs.

Therapeutic antibodies causing a decline in the levels of
anti-inflammatory cytokines (IFNy, TNF, IL17, and others) or
blocking cytokine receptors can only bring temporary remission
depending on their clearance rate. We think that approaches
based on the depletion of lymphocyte subpopulations enriched
in autoreactive T cells are the most promising because they
allow us to eliminate the cause of an autoimmune disease.
Another interesting therapeutic strategy is based on the
functional activation of regulatory T cells in order to boost the
expression of inhibitory cytokines, such as IL10.

An overview of the structure of therapeutic
antibodies and their application

In the past few years, the list of therapeutic antibodies has
been expanded considerably to comprise drugs with selective
mechanisms of action used in disease modifying therapies
(DMT). The US Food and Drug Administration (FDA) has
approved about 40 MA for treating various diseases including
those of autoimmune nature.

As a rule, the primary products of MA synthesis require
further optimization. The optimization strategies include
modification of the Fc fragment aimed to extend the half-life of
the obtained antibody; humanization by altering the amino acid
sequence (this ensures the similarity of the synthetic structure
to human antibodies and therefore reduces the immunogenicity
of the drug); the use of special cell lines for antibody synthesis
deficient in glycosylation enzymes, which helps to enhance
the cytotoxicity of the end product. The cytotoxicity of
nonfucosylated therapeutic antibodies is 500-1,000 times
higher than that of the same antibodies with a high degree
of glycosylation [2]. Recently, there have been proposals to
introduce modifications to the Fc-fragment to avoid a wide
range of adverse effects caused by inflamsmatory cytokines that
are released in response to the massive death of effector cells

that accompanies the use of therapeutic antibodies against
surface markers found in many cell types.

Monoclonal antibodies against cytokines
and inflammatory factors

The first MA approved in 2002 by FDA for the treatment of
infammatory diseases (mostly autoimmune) were anti-
TNF (tumor necrosis factor) antibodies. Recently, the list
of therapeutic targets has been upgraded with a number of
cytokines, including IL1, IL6, IL12, IL15, IL17, IL18, and IL23,
associated with autoimmune pathology. The efficacy of the
MA designed to fight various autoimmune disorders has been
discussed in a few review articles [3, 4].

TNF is one of the primary inducers of inflammation in the
cytokine cascade; therefore, its inhibitors can cause nonspecific
inflammation in patients suffering from autoimmune disorders,
such as rheumatoid arthritis or RA, ankylosing spondylitis,
psoriasis, Crohn’s disease, etc. Today, 4 MA against TNF are
available clinically: infliximab, golimumab, certolizumab, and
adalimumab. They are different in their humanization degree
and the site they target. These drugs are widely used to
manage rheumatoid disorders of autoimmune nature, including
ankylosing spondylitis. TNF inhibitors slow down the progression
of this disease but cannot prevent it from happening. However,
not every patient responds to anti-TNF therapy. For example,
one-third of patients with RA do not show any improvement
when treated with TNF inhibitors. No therapeutic effect is also
observed in patients with multiple sclerosis.

Unfortunately, the use of anti-TNF MA contributes to the
risk of cancer and infection. In addition, TNF blockade does
not cause any decline in IL1 implicated in cartilage degradation
and joint erosion, which was demonstrated in mice with
experimental RA [5].

Proinflammatory IL1 is another therapeutic target. We still
think, though, that unlike anakinra (the antagonist of the IL1
receptor), MA against IL1 may not find wide application in clinical
practice. For example, an anti-IL1B drug gevokizumab has
proved ineffective against noninfectious uveitis (the symptom
of Behcet'’s disease). Another fully human anti-IL13 antibody
(lgG1, canakinumab) has recently completed a phase llI clinical
trial [6]. Although it was able to induce therapeutic response in
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less than half of patients with RA and juvenile idiopathic arthritis
(JIA) [7], it was still approved by FDA for the treatment of JIA and
the cryopyrin-associated periodic syndrome (CAPS). Sustained
remission was observed in 97% of patients with CAPS after a
single dose of the drug; the adverse reactions were very mild
[8, 9l

Another effective strategy for treating autoimmune
disorders relies on the blockade of cytokines involved in the
activation or differentiation of Th1- and Th17-cell populations
associated with the pathogenesis of many autoimmune
diseases. IL6 is an example of such proinflammatory factors
that together with IL23 and TGFB triggers differentiation of
naive CD4+-lymphocytes into Th17 cells [10]. Normally, Th17
cells participate in the immune response to bacterial and
fungal infections. Hyperactive Th17 excessively produce IL17,
GM-CSF, and IL21, promoting inflammation. The Th17/Tregs
imbalance is observed in systemic lupus erythematosus (SLE),
in the peripheral blood of patients with RA, at inflammation sites
in patients with JIA, type 1 diabetes and Crohn’s disease [11, 12].

One of the most effective drugs capable of inhibiting IL6
is tocilizumab (IgG1). It is a monoclonal antibody against the
B-chain of the IL6 receptor that competes for this receptor
preventing its binding to IL6. The drug has been proved safe
and highly effective for the treatment of RA and JIA. The same
level of efficacy has been demonstrated by olokizumab (a
humanized antibody against IL6) that successfully completed
a phase |l clinical trial in 2017.

IL6 blockade by tocilizumab leads to an increase in the
proportion of Tregs in the population of CD4+-cells both in mice
with experimental EAE and patients with RA. This correlates
with marked remission observed in such patients [13].
The therapeutic effect of these MA against IL6 relies on the
methylation of the Foxp3 promoter induced by IL6, which leads
to a decline in the functional activity of Tregs [14]. IL6 plays an
important role in the immune response to bacterial infection
in healthy individuals. It also exhibits protective properties in
patients with liver/neural tissue injuries. It should be born in
mind, though, that the prolonged intake of MA against IL6 can
increase sensitivity to bacterial and viral infections and poses a
risk of death in people with liver cirrhosis and strokes.

The blockade of interleukins or their receptors by MA can
have a better therapeutic effect than methotrexate-based
treatment or the use of other immunosuppressive drugs. Sadly,
it is associated with a number of adverse effects (infections,
pharyngitis, etc.). The drugs described above alleviate the
symptoms of autoimmune diseases and sometimes slow down
their progression, but cannot eliminate their cause ensuring
only temporary remission.

Blockade of cell response

At the cell level, autoimmunity can be suppressed by the MA
that specifically recognize unique receptors marking certain cell
populations (CD2, CD3, CD4, CD8, CD19, CD20, and CD22).
This treatment strategy, however, leads to the inhibition of the
entire subpopulation of lymphocytes, affects healthy cells and
causes Sserious immune suppression.

CD3

The MA against CD3 perform well in the mouse models of
autoimmune diseases, including autoimmune encephalitis,
TNP-KLH-induced colitis, and collagen-induced arthritis. The
therapeutic effect of these antibodies can be explained by a few
different yet noncontradictory mechanisms. Anti-CD3 MA bind

to the &-subunit of CD3, and the entire CD3-complex is then
internalized or blocked. As a result, the T cell temporarily stops
to respond to antigens presented to it. Anti-CD3 antibodies are
also reported to cause apoptosis of activated T cells [15].

Teplizumab and otelixizumab (ChAglyCD3) are another pair
of antibodies against CD3. They are capable of halting (not
permanently, though) the death of insulin-producing B-cells
in patients with type | diabetes [16]. Currently, teplizumab is
undergoing a phase lll clinical trial (TrialNet) that has recruited
over 500 patients with stage 2 of diabetes.

Nondepleting antibodies against CD4 and CD8

A few research works have been published recently on the
use of nondepleting monoclonal antibodies against the
coreceptors CD4 and CD8. The efficacy of the drugs has
been demonstrated in mice with experimentally induced type 1
diabetes [17]. The mechanism of their action is based on the
specific interaction with surface receptors of lymphocytes that
prevents activation of the immune response. Cell depletion
does not occur because the Fc-fragment of MA is unable to
bind the Fc-receptor of the recipient and, therefore, does not
cause cell death. The mice who received nondepleting MA
went into long-term remission (over 20 days) characterized by
the reduction in the hyperproduction of IL2 and IFNy.

Anti-CD20

An anti-CD20 MA known as rituximab (Mabthera) has turned
to be highly effective against some autoimmune diseases,
such as autoimmune vasculitis, antiphospholipid syndrome,
myasthenia gravis, RA, SLE, and multiple sclerosis. The
therapeutic effect of the drug is based on the depletion of B
cells and lasts for 6 months. In many patients, the response to
rituximab is delayed: it is often registered a few months after the
intravenous infusion of the drug. A few possible explanations
have been proposed: 1) the rate of B-cell clearance from
the body varies from patient to patient; 2) the half-life of a
plasma cell can affect the rate of response because the cell
does not carry CD20 on its surface and keeps secreting
antibodies; 3) in some patients even low concentrations
of autoimmune antibodies can trigger pathology, delaying
response to therapy until the antibodies are cleared from the
body. The efficacy of rituximab is comparable or higher than
that of immunosuppressants, such as cyclophosphamide,
azathioprine, etc. However, rituximab ensures long term
remission in as few as 20% of patients. Among the adverse
reactions accompanying the rituximab-based regimens
are sensitivity to infection, hypogammaglobulinemia and
neutropenia [18, 19]. In the studies mentioned above
rituximab was prescribed to patients with severe RA whose
conventional treatment with glucocorticoids and cytotoxic
agents had failed. It is likely that rituximab not only induces
depletion of B lymphocytes, but also leads to the elimination
of CD20+-Th17-effector cells whose proportion is quite high in
the blood of patients with RA, which explains the therapeutic
effect of the drug [20]. Another possible mechanism exploited
by the anti-CD20 therapy is associated with active production
of IL6 by B cells: IL6 stimulates the differentiation of T-cell
precursors into Th17 and inhibits their conversion into Tregs
[21, 22]. Another humanized anti-CD20 antibody known by
the name of ocrelizumab has successfully completed its
clinical trials and is now approved by FDA for the treatment of
multiple sclerosis; it reduces the number of lesions and slows
down the progression of the disease [23].

BULLETIN OF RSMU | 6, 2018 | VESTNIKRGMU.RU



Immune therapy: reprogramming T cells into Tregs

Tregs ensure immune tolerance in the peripheral organs by
attenuating the immune response and bringing autoimmune
reactions to a halt [24]. Tregs secrete anti-inflammatory
cytokines IL10, TGFB, and IL35, activate granzyme/perforin
pathways mediating the apoptosis of effector cells, and
inhibit dendritic cell functions. On the one hand, attempts
to intentionally elevate the blood levels of Tregs or stimulate
hyperproduction of suppressor cytokines can be regarded as
an approach to treating autoimmune diseases. On the other
hand, hyperactivity of Tregs leads to the suppression of the
immune response and promotes malignancy. A new drug
tregalizumab based on nondepleting MA was tested in 2016; it
binds the unique epitope on the CD4 molecule, causing CD4+-
lymphocytes to differentiate into Treg cells.

We believe that combination therapy should be a preferred
treatment modality in patients with autoimmune disorders. Such
therapy should include the targeted elimination of T- or B-cell
clones associated with autoimmunity. The treatment regimen
can be based on the consecutive administration of several
biologics that target different components of the immune
response. For example, cytokine inhibitors and depleting
MA can be used as a first-line therapy, as proposed recently.
The second-line therapy could include inhibitors of CD28 co-
stimulation mediators or of homeostatic cytokines [25]. Recent
studies have demonstrated that inhibition of homeostatic
cytokines such as IL15 or IL7 can be a promising approach to
the therapy of autoimmune diseases [26].
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CHIMERIC ANTIGEN RECEPTOR EXPRESSION IN NATURAL KILLER
CELL LINE NK-92 BY TRANSDUCTION WITH LENTIVIRAL PARTICLES
PSEUDOTYPED WITH THE SURFACE GLYCOPROTEINS OF THE MEASLES

VIRUS VACCINE STRAIN

Kravchenko YE, Gagarinskaya DI, Frolova El, Chumakov SP =
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences, Moscow

Cancer immunotherapy with T-cells that carry chimeric antigen receptors is currently on cutting edge of modern oncology.
Autotransplantation of T-lymphocytes with chimeric receptor specific for certain tumor antigen proves to be clinically effective,
but costly. Linear carriers of chimeric antigen receptors based on natural killer NK-92 cell culture may be an affordable alternative,
however, this culture is resistant to lentiviral transduction. Recently, lentiviral vectors, pseudotyped with surface glycoproteins
of the measles virus vaccine strain, have recently been successfully applied for transduction of primary immune cells. The
aim of the work was to assess the efficiency of transduction of NK-92 cells with lentivirus vectors, pseudotyped with measles
F and H surface glycoproteins, as well as to establish optimal conditions for selection of NK-92 transduced with the chimeric
receptor against CD20 and to evaluate the culture’s cytotoxic potential. The results showed that the maximum infectious titer is
achieved using the HA18 variant in combination with FAS0, and the use of the TBK1/IKKe inhibitor BX795 results in additional
3-fold increase in the infectious titer. CAR-expressing NK-92 were able to suppress the proliferation of CD20* cell line Raji in
lower effector-to-target ratios than unmodified NK-92.

Keywords: cellularimmunotherapy, chimeric antigen receptors, CAR, lentiviral vectors, natural killer cells, linear cellular carriers,
pseudotyping with measles glycoproteins
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IAKCMNPECCUA XUMEPHOI'O AHTUT'EHHOIO PELIENTOPA B HATYPAJIbHbIX
KUNNEPAX JINHUN NK-92 NYTEM TPAHCAOYKUWN NNTEHTUBNUPYCHbIMIA
YACTUUAMWU, NCEBAOTUNNPOBAHHbIMU MOBEPXHOCTHbLIMI
MWKOMPOTEMHAMI BAKUMHHOIO LUTAMMA BUPYCA KOPU

tO. E. KpaByerko, . V. TarapuHckas, E. . ®dponosa, C. 1. Yymaxkos =
VIHCTUTYT BroopraHmyeckoin xumum uvenn M. M. LLemskuHa n HO. A. O4nHHMKoBa PAH, Mockea

KnetoyHast MMyHOTEpanns C UCMOMbB30BaHNEM XUMEPHBIX aHTUMEHHbIX PeLenTopoB (XAP) SBAsSieTCa OoHVMM 13 NMEPCMEKTUBHbIX
HanpaBneHU PasBUTUS COBPEMEHHOM oHKoNorMK. CoBCTBEHHbIE T-NMMMOLITLI NaLmeHTa ¢ NpuaaHHOM cneumnuYHOCTLIO
B OTHOLLEHNM HEOAHTUIEHOB OMyXOsen 3a cHeT akcnpeccun XAP OEMOHCTPUPYIOT KIMHNYECKYIO 3(P(EKTNBHOCTL, OQHAKO
CTOVMMOCTb TakOW Tepanuy Ypes3BblHaiHo BbICOKa. B kavecTse 6onee [OCTYNHOW ansTepHaTVBbl MOMYT ObiTb MCMOB30BaHbI
yHUDULMPOBaHHble HocuTenn XAP Ha OCHOBE NNMHUN KNETOK HaTypanbHbiX KunnepoB NK-92. OTa KynbTypa oTinyaeTcs
YCTOMYMBOCTBIO K JIEHTUBMPYCHOW TPaHCAYKLWW; OQHAKO ANst TPaHCOYKUMM NMEPBUYHBIX MMMYHHbBIX KNETOK HegaBHO Hadanu
YCMeLHO MPUMEHSATL JIEHTUBUPYCHbIE BEKTOPbI, MCEBAOTUMMPOBAHHbIE MOBEPXHOCTHBIMU MIMKOMPOTENHAMN BaKLIMHHOIO
WwTamMma Bupyca kopu. Llenbto paboTbl 6bino onpeaeniTe ahdeKTUBHOCTb TpaHcaykumn kneTok NK-92 neHTvBMpycamu,
NCEeBAOTUMMPOBAaHHbIMU FnKonpoTenHamn F n H Bupyca kopu, a Takke ycnosus cenexkummn NK-92, TpaHcayLUmMpoBaHHbIX
XVMEPHbIM peLienTtopoM npoTue CD20, 1 OLeHUTb 1X LIMTOTOKCUYECKOe AeNCTBMe. PesynstaTbl MCcneqoBaHns nokasanu,
4YTO MaKCcUMasbHbI TPaHCMEKUMOHHBIA TUTP OOCTUraeTcs NMpu UCnob3oBaHUM BapuaHTta 6enka H (HA18) B coveTaHum ¢
BapuaHTom benka F (FA30), a npumereHme BX795 (Hrnbutopa TBK1/IKKe) nononHUTenbHO Mo3BonsieT A0OUTLCA TPEXKPATHOMO
YBENMHEHNST MHADEKLIMOHHOTO TuTpa. XAP-akcnpeccupytoLLe knetki NK-92 okasanmch criocobHbIMU NoaaBnsTs nponmdepauyto
CD20*-kneTok MMHUK Raji B MeHbLLEN 003, MO CpaBHEHNIO C HeMoandrumMpoBaHHbIMK KneTkamn NK-92.

KntouyeBble cnoBa: KIETOYHAA MMYHOTEPaNs, XUMEPHbIE aHTUreHHble peLenTopbl, XAP, NEHTUBMPYCHbIE BEKTOPDI,
HaTypaJibHble KNepbl, JIMHENHbIE KNETOYHbIE HOocuTenn, ncesaoTunmpoBaHne, MnKOonpOTEHbl KOPW
®durHaHcupoBaHue: paboTa BbIMOHeHa Npy hrHaHCOBOM Nopaemkke MnHMcTepcTea 06pa3oBaHns 1 Haykn PO, yHkansHbI kop npoekta RFMEFI60716X0156.
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