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Abstract: Multiple myeloma (MM), a cancer of the bone marrow, is categorized as the second

most common hematological malignancy of adults in the Western world. Despite dramatic
improvements in immunotherapies in the field of cancers, MM immunotherapy has not

been promising until now. Recent clinical studies of immune checkpoint inhibitor therapy,
either alone or in combination with anticancer drugs, showed excessive side effects or low
efficacy, particularly in advanced MM patients. In this context, lymphocyte levels of exhaustion
markers play a pivotal role in the MM tumor microenvironment (TME). Hence in the present
review, the mechanisms relevant to MM of five inhibitory molecules including T-cell
immunoreceptor with Ig and ITIM domains (TIGIT), T-cell immunoglobulin, and mucin domain
3 (Tim-3), lymphocyte activation gene-3 (LAG-3), V-domain Ig Suppressor of T-cell activation
and killer immunoglobulin-like receptors along with bispecific T-cell antibodies (BsAbs) will
be discussed. Further, we summarized the underlying biology of these checkpoints in cancer
and their rapidly emerging role in pathways in MM along with presenting recent clinical trials

in context.

Keywords: Multiple myeloma, Check point inhibitors, Immunotherapy

Introduction

Cancer immunotherapy for the treatment of neo-
plastic disease has been consistently raising atten-
tion over the past century. Multiple myeloma
(MM) is a cancer of clonal plasma cells that
accounts for approximately 10% of hematological
malignancy.! In multiple myeloma, the bone mar-
row (BM) microenvironment, including the
immune cell components, is pivotally involved in
disease development and pathogenesis.? In the
BM microenvironment, the extensive interaction
among bone marrow stromal cells (BMSCs), BM
endothelial cells, and the MM cells may lead to
secretion of various cytokines such as hepatocyte
growth factor, transforming growth factor-f3
(TGF-p), vascular endothelial growth factor, and
stromal cell-derived factor-laa (SDF-1a) that
increase myeloma cells durability.? The interac-
tion between myeloma cells and BMSCs releases
interleukine-6, which further enhances the
durability of the malignant cells and, interest-
ingly, the association between increased levels
of IL-6 and IL-17A and survival has been
recently reported in patients with newly

diagnosed multiple myeloma.*> Under optimal
physiological circumstances, the immune system
actively eliminates neoplastic cells persistently
emerging.® In this context, the tumorigenic
antigens that are recognized by major histocom-
patibility complexes are introduced to antigen-
presenting cells (APCs), including dendritic cells,
macrophages, and B cells, that finally differenti-
ate effector T cells to recognize and eliminate
cancer cells.” This precise cell-mediated immune
response is regulated by either costimulatory or
co-inhibitory signaling molecules. In addition,
the roles of the secretion of various immune
mediators that influence cell-mediated immunity
should not be neglected.® The cytotoxic tumor
lymphocyte antigen 4 (CTLA-4) and the pro-
grammed cell death-1 (PD-1) are the most stud-
ied co-inhibitory molecules that belong to
B7-CD28 group of proteins on the surface of T
cells, B cells, and natural killer (NK) cells, which
favor immune tolerance. The immune response
can also be suppressed upon binding of PD-1 on
the surface of immune cells with its associated
ligand PD-L1, either on APCs or cancer cells.

Correspondence to:

Ali N. Kamali

CinnaGen Medical
Biotechnology Research
Center, Alborz University
of Medical Sciences, Karaj,
Iran

CinnaGen Research and
Production Co., Alborz,
Iran
kamaliaf@cinnagen.com;
alin_kamalifdyahoo.com

Haleh Hamedifar
CinnaGen Medical
Biotechnology Research
Center, Alborz University
of Medical Sciences, Karaj,
Iran

CinnaGen Research and
Production Co., Alborz,
Iran

Michael Eisenhut
Department of Pediatrics,
Luton & Dunstable
University Hospital, Luton,
UK

Jose M. Bautista
Department of
Biochemistry and
Molecular Biology,
Complutense University
of Madrid, Faculty of
Veterinary Sciences,
Madrid, Spain

Research Institute
Hospital 12 de Octubre,
Madrid, Spain

*These authors
contributed equally to this
work

journals.sagepub.com/home/tav

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tav
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:kamalia@cinnagen.com
mailto:alin_kamali@yahoo.com

THERAPEUTIC ADVANCES in
Vaccines and Immunotherapy

Volume 12

Hence, the cancer cell growth can be due to either
suppression of T-cell activation or escaping of
cancer cells from immune surveillance.%!!
Further, two ligands, CD80 (B7-1) and CD86
(B7-2), which are approximately 25% identical in
gene sequence to cytotoxic tumor lymphocyte
antigen-4 or CD28 also restrict the production of
antigen-specific T cells.!2 Various studies revealed
the elevated expression levels of both CTLA-4
and PD-L1 in BM plasma cells of patients with
MM.13:14 The aberrant expression of PD-1 on
peripheral blood CD4 T cells in patients diag-
nosed with MM has been correlated with the
compromised functionality of CD4 T cells
throughout the progression of the disease.!> In
patients with active myeloma that exhibit
increased PD-1 expression in T cells, the PD-1
blockade by anti-PD-1 antibody, improves ex
vivo T-cell responses to autologous DC/tumor
fusion stimulation.!® Further to the aforemen-
tioned two important inhibitory immune check-
points, there are other crucial inhibitory molecules
that are involved in the immune function of T
cells in MM.!7 This review delineates the mecha-
nistic involvement, specifically in MM, of five
inhibitory molecules, namely T-cell immunore-
ceptor with Ig and ITIM domains (TIGIT),
T-cell immunoglobulin, and mucin domain 3
(Tim-3), Lymphocyte activation gene-3 (LAG-
3), V-domain Ig Suppressor of T-cell Activation
(VISTA) and killer immunoglobulin-like recep-
tors (KIRs); alongside with bispecific T-cell anti-
bodies (BsAbs). Further, their underlying biology
and their rapidly emerging role in pathways in
MM along with the recently conducted clinical
trials are presented.

Role of classical co-inhibitory molecules
PD-1/PD-L1 in pathogenesis of MM

Over the past decade, the anti-PD-1 (pembroli-
zumab, nivolumab, and cemiplimab) and anti-
PD-L1 (atezolizumab, avelumab, and
durvalumab) agents have been used for immune
checkpoint blockade (ICB) therapy in various
cancers; however, until now they have shown
clinical benefits only in a few hematological
malignancies.1819 It has been proposed that the
communication between MM cells and BM stro-
mal cells enhances tumor survival by blocking
CD4+ T-cell activity via the interaction between
PD-L1 and PD-1.!% Despite the PD1/PD-L1
immunosuppressive mechanism of action in

various solid tumors and MM, the accumulating
data indicate the lack of adequate responsiveness
or even resistance to anti-PD-L/PD-1 therapy.
Conversely, in relapsed or refractory MM a com-
bination of pembrolizumab with dexamethasone
and lenalidomide in a phase Ib trial has shown a
50% overall response rate while the ORR
decreased to 38% in lenalidomide-refractory
patients.?? Notably, a 60% ORR was seen for a
combination of pembrolizumab with pomalido-
mide and low-dose dexamethasone for relapsed/
refractory multiple myeloma (RRMM).2! These
studies further highlighted the importance of the
anti-PD-1 therapy in combination with various
phase III trials, including Checkmate 602 (poma-
lidomide and dexamethasone * nivolumab in
relapsed myeloma), Keynote-183 (pomalidomide
and dexamethasone = pembrolizumab in relapsed
myeloma), and Keynote 185 (lenalidomide and
dexamethasone * pembrolizumab in myeloma.??
Importantly, all these trials were stopped in
September 2017 by the FDA due to increased
risk of death due to autoimmune disorders such
as myocarditis and pneumonitis, as compared to
the control group. There are factors that influ-
ence the efficacy of PD1/PD-L1 blockade strat-
egy, including T-cell function, the levels of PD-L1
and PD-1 expression, tumor microenvironment,
and its immunogenicity. In this context, there has
been an association between resistance to thera-
peutic PD-1 blockade and upregulation of alter-
native immune checkpoints.?? For example, in an
experimental study of lung cancer, the analyses of
the tumor microenvironment TME have shown
that following anti-PD-1 therapy in two fully
immunocompetent mouse models of lung adeno-
carcinoma, an increased regulation of TIM-3
has observed that hampered the treatment.
Consistently, another study of nivolumab in a
PD-1 blockade phase IB trial in 27 MM patients
has also shown little effect due to stimulation of
immunosuppressive cells, including Treg or
exhausted T cells.?* Importantly, the PD-1"CD8"
T cells from the BM of MM patients at advanced-
stage co-expressed RAG3 and TIGIT and further
indicated the blockade of the PD-L1-PD-1 path-
way alone could not sufficiently recover T-cell
function while TIGIT ICB improved the treat-
ment strategy.?> Regarding the low efficacy of
anti-PD-1 blocking antibody treatment, the prop-
erties of exhausted T cells that can limit current
immunotherapy approaches also deserve particu-
lar attention.?® Pauken et al.26 have found that
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reinvigoration of exhausted CD8 T cells (Tgx) in
mice by PD-L1 blockade could minimize mem-
ory development. The PD-L1/PD-1 blockade
might be an effective therapeutic approach par-
ticularly when it comes in association with other
anti-MM therapeutic strategies. In this context,
the potential immunomodulatory effects of
immunomodulatory drugs (IMiDs), including
suppression of regulatory T cells and myeloid-
derived suppressor cells, the stimulation of T and
NK cells, and their effects on decreasing PD-1
expression on T cells should not be overlooked.
The CD38 as a type II transmembrane glycopro-
tein is a multifunctional protein and has a double
function as receptor and ectoenzyme.?’ Regarding
enzymatic function, isatuximab readily inhibits
cyclase and hydrolase activity through binding to
CD38 ectoenzyme catalytic site without altering
its configuration while daratumumab, especially
inhibits cyclase activity with enhancing
the hydrolase activity via binding to specific
epitope outside of the CD38 catalytic site.2® The
increased efficacy of anti-PD-L1 agents through
inhibition of extracellular adenosine (ADO)
production also deserves attention. The ADO
that is produced in tumor microenvironment
enhances tumor cell survival through its binding
with purinergic receptors. The over-expressed
CD38 in all stages of myeloma also can regulate
the calcium signaling through catalyzes of extra-
cellular conversion of nicotinamide adenosine
dinucleotide (NAD™*). The NAD™* also is the
main intracellular purine resource in the tumor
microenvironment for producing ADO.?° The
ADO binding to adenosine receptors (AdoRs)
inhibits tumor adaptive immunity through vari-
ous mechanisms, including suppressing tumor
antigen presentation and downregulation of
major histocompatibility complex II (MHC II).
Further, the ADO inhibits antitumor cytokine
and chemokine secretion with consequent inhibi-
tion of T-cell receptor (TCR) binding or disrup-
tion T-cell infiltration into the tumor site.?? These
findings suggest that there might be an interac-
tion between CD38-mediated immune response
and the PD-L1/PD-1 axis in the MM microenvi-
ronment. In this context, unveiling the anti-CD?38
antibodies signaling pathways for the treatment of
MM patients is of high clinical importance.
Consequently, elucidating the signaling pathways
activated by anti-CD38 antibodies for the thera-
peutic management of MM patients holds sub-
stantial clinical significance.

V-domain Ig suppressor of T-cell activation

In the B7 family, the VISTA is a type I immuno-
globulin membrane protein with 55-65kDa
molecular weight that is also known as differenti-
ation of embryonic stem cells 1, platelet receptor
Gi24 precursor, B7-H5, SISP1, DD1a and pro-
grammed death protein-1 homolog (PD- 1H). It
shares 22% homology with PD-L1 while having
large structural differences with CD276, CD80,
and CD86 in the same family.3! The VISTA
expression in hematopoietic, myeloid cells, and
mature APCs has been identified with its poten-
tial action as a T-cell checkpoint inhibitory ligand.
The proposed role of VISTA in suppressing
T-cell activity is supported by several experimen-
tal approaches: (a) an engineered checkpoint
receptor agonist (VISTA.COMP) targeting the
putative  VISTA-receptor inhibits T-cell-
mediated immune responses, (b) genetic disrup-
tion of VISTA in mice altered immune reaction
to neoantigen and enhanced susceptibility to the
development of autoimmunity (c) an engineered
anti-VISTA antibody (SG7) blocks the VISTA
interactions with both PSGL-1 and VSIG-3 pro-
teins and inhibits its activity in humans and
mice.323¢ The two specific and potential VISTA
ligands including V-Set and Immunoglobulin
Domain Containing Protein-3 (VSIG-3) and
P-Selectin Glycoprotein Ligand 1 (PSGLI1) have
recently been seen to be highly expressed on
tumor and stromal cells.33:3¢ In this context, the
VISTA can act with both functions either as a
T-cell co-inhibitory ligand and a co-inhibitory
receptor.3’Although in MM the VISTA plays an
important role in the immune regulation of T
cells, the precise mechanisms by which the can-
cerous plasma cells escape T-cell immunity are
yet to be discovered. A recent study conducted by
Mutsaers et al. indicates that tumor infiltrating
CDI11b+ myeloid cells have higher VISTA
expression, and interestingly cells that are strongly
positive for both VISTA and CD11b in a tumor
are significantly associated with poor survival.38
Further, analyses of the BM tissue compartmen-
talization of VISTA+, CD11b+ cells, and CD8+
T cells in patients with MM revealed that
VISTA+ and CDI11b+ cells in the tumor have
been associated with low circulation of CD8+ T
cells into the same compartment. Consistently, a
high VISTA expression on CDI11b+ myeloid
cells in tumors has been previously discovered in
mice.3® The observed correlation between height-
ened VISTA and CDI11b expression within
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tumors, coupled with the absence of CD8+ T
cells in tumors (but not in stroma), and its con-
current association with diminished survival rates,
implies a potential role of increased VISTA
expression on CD11b+ cells preventing the infil-
tration of newly circulating CD8 T cells into
tumor sites. The activation of integrin CD11b,
which belongs to a family of adhesion receptors
promotes pro-inflammatory macrophage polariza-
tion through expression of microRNA Let7a, which
can lead to antitumor immunity.*® Hence, to target
CD11b for cancer immunotherapy, it should be
also of interest to investigate the influence of VISTA
expression on the CD11b+ cells toward recruit-
ment of CD8+ T cells into the TME. In this con-
text, the ligation of other ligands such as VSIG3 or
PSGLI1 with CD11b+ myeloid-derived suppressor
cells, should not be further overlooked. Of interest,
the concurrent expression of VISTA with other
immune checkpoints on T-cell subsets either in
peripheral blood or BM of affected patients also
deserves attention. Huang et al. reported double-
positive expression of VISTA with other
checkpoints including VISTA+PD-1+,
VISTA+Tim-3+, and VISTA+TIGIT+ CD3+/
CD4/CD8+ in peripheral T cells.*! Further, high
expression of VISTA+ T cellsand VISTA+PD-1+/
Tim-3+/TIGIT+ T cells from peripheral blood
was also found. These results strongly indicate that
the increased VISTA expression on peripheral T
cells compared with BM T cells should be investi-
gated precisely. Additionally, it emphasized that
the elevated expression of VISTA in Tregs in MM
should be associated with Tregs activation and
upregulation. In this context, determining the lev-
els of VISTA expression either alone or in combi-
nation with PD-1, Tim-3, and TIGIT on various
T-cell subsets, including CD3+, CD4+, Treg,
and CD8+ is urgently suggested. To summarize:
Blocking of VISTA can potentially prevent T-cell
depletion while it improves T-cell function in
patients with MM. Consistently, transcriptomic
analysis conducted independently on 718 patients
with MM enrolled in trials alongside analysis of
1654 samples of BM from various clinical trials
revealed that the VISTA+, CD11b+, and CD8+
cell combined scores can potentially be associated
with immunotherapy prognosis.!?

Killer immunoglobulin-like receptors
Cytotoxic lymphocytes including NK cells along
with subsets of activated CD8+ T cells express

important surface inhibitory receptors known as
KIRs that specifically bind to MHC class-I which
is also called human leukocyte antigen (HLA)
class-1.42 The KIRs have both stimulatory and
inhibitory activity through KIRxDS and KIRxDL,,
respectively. The inhibitory activities of KIRs are
transmitted with a long cytoplasmic tail (L), while
those with short cytoplasmic tails (S) transmit
stimulatory signals, however, the HLA class-I
ligands interact with both of them.*? Several KIRs
that bind with HLA molecules as their ligands
include (a) KIR2DL1 and 2DS1, (b) KIR2DL.2,
2DL3, and 2DS2, (¢) KIR3DLI1, and (d)
KIR3DL2 that recognize the HLA-C2 group,
HLA-C1 group, HLA-Bw4 with HLA-A3 and
finally All, respectively.4¥The distinct interac-
tions between these receptors and their associated
ligands mediate the effects of KIRs on host
immune response. The main inhibitory receptors
of NK cells that recognize HLA class-I ligands
and are known as conventional inhibitory recep-
tors are KIR, CD94 associated with NKG2A,
and LILRB1.4> In a MM mouse model study, the
anti-myeloma NK-cell activity increased when
the anti-inhibitory KIR antibody 1-7F9 (also
called IPH2101, which cross-reacts with
KIR2DL1, -2, and -3 receptors), and lenalido-
mide both were used.#¢ In another study, the
NK-cell-mediated lysis of HILA-C—expressing
tumor cells was increased by 1-7F9 monoclonal
antibody (mAb) which indicates an enhancement
of NK-cell cytotoxicity.4” In contrast to this find-
ing, a study revealed that the infusion of IPH2101
monoclonal antibodies (mAbs) in patients with
myeloma, resulted in a rapid decrease in both
NK-cell reactions and KIR2D expression on the
NK-cell surface.*® In this study, the reduction of
NK-cell functionality that was associated with the
loss of free KIR2D surface protein could be due
to trogocytosis, a process that either result in cell
death or acquisition of altered functions in recipi-
ent cells via antibody-dependent cytotoxicity
mechanisms or intercellular protein transfer,
respectively.®® In this context, other factors such
as the heterogeneity of KIR expression that influ-
ences KIRs mAbs targeting should not be
neglected. Targeting potential therapeutic candi-
dates like HLA-E binding peptides that are
expressed on the MM plasma cells further
deserves attention.>® Clinical trials examining the
NK anti-KIRs monoclonal antibody 1-7F9
(IPH2101) are presented in Table 1. Last but not
least, the association of the expression levels of
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Table 1. Conducted clinical trials evaluating NK anti-KIRs monoclonal antibody for multiple myeloma immunotherapy.

Name of the compound Trial ID

Phase of clinical

Indications

trial development

Status

Anti-KIR (1-7F9) NCT00552396 Phase |

IPH2101 NCT01256073 Phase |

IPH2101 NCT01222286

IPH2101 NCT00999830

IPH2101 + Lenalidomide ~ NCT01217203 Phase |

Phase Il

Phase Il

An open-label, dose-escalation
safety and tolerability trial assessing
multiple dose administrations of
anti-KIR (1-7F9) human monoclonal
antibody in subjects with multiple
myeloma

An open-label, safety, and tolerability
extension trial assessing repeated
dosing of anti-KIR (1-7F9) human
monoclonal antibody in patients with
acute myeloid leukemia

The purpose of this study was to
evaluate the antitumor activity,

safety, and pharmacology of two dose
regimens (0.2 and 2mg/kg) of IPH2101
in patients with smoldering multiple
myeloma

Evaluating the antitumor activity,
safety, and pharmacology of two
dose regimens of IPH2101, a human
monoclonal anti-KIR antibody, in
patients with multiple myeloma in
stable partial response after a first-
line therapy

The primary objective of the clinical
study is to evaluate, in patients who
experience a first or second relapse of
their multiple myeloma, the safety of
escalating doses of IPH2101 combined
with lenalidomide

Completed

Completed

Completed

Completed

Completed

NK, Natural killer; KIR, killer immunoglobulin-Llike receptors.

KIR and its ligands with the response to treat-
ment in MM has been recently identified. In this
context, Thai patients with MM, have shown
lower frequencies of KIR3DL1 and 2DS4 com-
pared to controls (p=0.02). Interestingly, after
treatment with bortezomib, patients who achieved
more than a very good partial response (VGPR)
showed higher frequencies of KIR3DL1, 2DS4,
2DL1 with C2, and 3DL1 with Bw4 compared
with those patients with a VGPR or worse
response.44

Lymphocyte activation gene-3 (LAG-3)
Numerous immune cells such as T cells, regula-
tory T cells (Tregs), natural killer cells (NK cells),

natural killer T cells (NKT cells), activated B
cells, plasma cells, and plasmacytoid dendritic
cells (pDCs) express a transmembrane molecule
closely related to CD4, that is named lymphocyte
activation gene-3 (LAG-3).5152 QGalectin-3 a
31-kDa lectin, liver sinusoidal endothelial cell
lectin (LSECtin), MHC II, and fibrinogen-like-
protein 1 (FGL1) are four ligands for LAG-3
with inhibitory activities on antitumor T-cell
dependent responses.>35% LAG-3 exerts inhibi-
tory effects on T-cell activation by either compet-
ing with CD4 for binding with human leukocyte
antigen class II (HLA-II) or binding with fibrino-
gen-like protein 1 FGL-1. Preclinical investiga-
tions have demonstrated that mAbs targeting
LAG3-FGL-1 axis enhanced antitumor T-cell
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Table 2. Conducted clinical trial evaluating anti-LAG-3 antibody for multiple myeloma immunotherapy.

Name of the Trial ID Phase of clinical Indications Status
compound trial development

BMS-986207 NCT04150965 Phase I/1I To evaluate two agents, Active, not
BMS-986207 Anti-LAG-3 and Anti- recruiting
+ TIGIT, to understand their

Pomalidomide immunologic effects and

+ safety both as single

Dexamethasone agents and in combination

with pomalidomide and
dexamethasone

LAG-3, lymphocyte activation gene-3.

activity.>%5% LAG-3 is expressed in various tumor
types and alters the tumor microenvironment via
immunosuppressive activities.’” In the tumor
microenvironment of MM patients, effector
T-cell responses were enhanced by blocking
immune checkpoints PD1 and LAG3 either alone
or in combination.?> In MM patients, increased
LAG-3 expression along with increased surface
and intracellular expression of galectin-3 were
observed in proliferating CD3+ T cells and
CD138+ cells, respectively. In these patients,
blocking LAG3/GAL-3 improved the prolifera-
tion of T cells and their functional activities
against MM via XBP1/CD138/CS1-targeting
memory CD8+ T cells.53 The pathological shift
including increased expression of T-cell inhibi-
tory molecules LAG-3 during smoldering MM
evolution, also highlights its potential as an
immunotherapy target.’® Importantly, a recent
study further confirmed that type 1 interferons
(IFN-I) can regulate co-inhibitory receptor
expression, including PD-1, TIM-3, and LAG-3
on human T cells.? In this context, the investiga-
tion of potential transcription factors that differ-
ently regulate co-inhibitory receptor expression
under IFN-I secretion may provide a rationale for
further investigation of immunotherapy in human
cancer. On iTreg cells, the expression of LAG-3
can induce secretion of transforming growth fac-
tor beta (TGF-B1) and IL-10 that results in inhi-
bition of Tregs and subsequently tumor immune
escape. Interestingly, the study performed by
Wang et al. indicates interleukin-10 plays a pivotal
role in immune suppressive microenvironment in
MM.%0 In this study an elevated serum IL-10 was
associated with various clinical factors with prog-
nostic significance like increased lactate dehydro-
genase (LDH) levels, high international staging

system (ISS stage), and poor performance status.
These findings may indicate the level of serum
IL-10 as a prognostic factor in MM that should be
more investigated. In this context, the LAG-3" T
cells that represent a new Tregs subset that can
induce interleukin-10 secretion with its potential
role as biomarkers for a treatment approach in
autoimmune disorders have been discussed else-
where.¢! Even though important progress has been
made in hematological cancer immunotherapy,
the mechanisms in which LAG-3 governs its func-
tional properties, including its expression in corre-
lation with overall prognosis, need to be entirely
evaluated. A phase I/II randomized trial of anti-
LAG-3 and anti-TIGIT agents either alone or
combined with pomalidomide and dexamethasone
for evaluation of their safety and immune efficacy
in patients with relapsed refractory MM is ongo-
ing. Targeting compounds and conducted clinical
trials examining potential anti-LLAG-3 in hemato-
logical malignancy are presented in Table 2.

T-cellimmunoreceptor with Ig and ITIM
domains

The activated T cells and NK cells express other
important inhibitory immune checkpoints that
are named T-cell immunoreceptors with Ig and
ITIM domains. Multiple ligands bind to TIGIT
among which is the poliovirus receptor (PVR)
characterized by a singular extracellular immuno-
globulin variable domain and a short intracellular
domain. The type I extracellular transmembrane
domain shares sequence homology with DNAM-
1, CD96, CD155,CD111,CD112,CD 113, and
PVRL4.%2 The short intracellular domain includes
one ITIM and one immunoglobulin tyrosine tail
(ITT)-like motif while the ITIM has an identical
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Table 3. Conducted clinical trial evaluating anti-TIGIT antibody for MM immunotherapy.

Name of the Trial ID Phase of clinical Indications Status
compound trial development
EO0S884448 NCT05289492 Phase I/1I To assess the safety, tolerability, antitumor Recruiting
E0S884448 activity, pharmacokinetics, and pharmacodynamics
+ of E0S884448 (also known as EQS-448 or
Iberdomide with GSK4428859A), alone or in combination with
and without iberdomide with and without dexamethasone in
Dexamethasone participants with relapsed/refractory multiple
myeloma (RRMM).
BMS-986207 NCTO04150965 Phase /Il To evaluate two agents, Anti-LAG-3, and Anti- Active, not
BMS-986207 TIGIT, to understand their immunologic effects and  recruiting
4 safety both as single agents and in combination
Pomalidomide with pomalidomide and dexamethasone.
J’_
Dexamethasone

TIGIT, inhibitory molecules including T-cell immunoreceptor with Ig and ITIM domains.

sequence in mice and humans.52:63 These ligands,
prominently expressed on cancerous cells, elicit
inhibitory responses that impede the antitumor
capabilities of both T and NK cells.®* Recently,
an IgG4-type monoclonal antibody against
human TIGIT known as MGI1131 has been
developed that interacts with TIGIT more firmly
than the PVR receptor. In patients with MM,
MGI1131 improved NK-cell-mediated tumor-
killing properties along with inhibitory activity on
Tregs-mediated immune suppression. Moreover,
MGI1131 improved Interferon-gamma (IFN-
gamma) secretion from peripheral blood mono-
nuclear cells and it has been proven that
IFN-gamma can act as an inhibiting factor on
myeloma cell proliferation.®4%5 By observing these
results, authors concluded that MG1131
improves the effector functions of T cells and NK
cells while influencing negatively Treg cell activ-
ity. Consistent with this finding, the overexpres-
sion of TIGIT in NK and T cells has been found
to be associated with tumor immune escape with
decreased secretion of activating immune media-
tors including interferon-y (IFN-y) and tumor
necrosis factor-alpha (TNF-a) in patients with
myelodysplastic syndromes.® Another signaling
pathway that induces NK-cell exhaustion is the
interaction between CD155 and the TIGIT in
the regulation of BMSC.%7 In newly diagnosed
MM patients (NDMM), CDI155 is highly
expressed on bone marrow stromal cells (BMSCs)
while its expression is very low on myeloma cells.
The TIGIT immunoglobulin domain is able to

bind with their ligands CD155, CD226, CD112,
and CD113 with high affinity for CDI155.
Importantly, the CD155/TIGIT signaling can
stimulate BMSC-induced NK-cell exhaustion
and in vitro co-culture showed that TIGIT block-
ade may rebuild NK-cell exhaustion by BMSCs
and subsequently impede myeloma progression.
In light of the restricted efficacy observed in
impeding inhibitory immune checkpoints among
MM patients, there is a need to discern alterna-
tive immune inhibitory ligands.®® Within this
framework, investigating the inhibitory interac-
tions of newly identified ligands like PVRIG that
induce inhibitory signals to T and NK cells is sug-
gested. Further, analyzing the expression of novel
ligands including PVRL2 and PVR in the content
of DNAMI1 axis also deserves attention. The con-
ducted clinical trials examining potential anti-
TIGIT in MM are presented in Table 3.

T-cell immunoglobulin and mucin domain 3
(Tim-3)

Tim-3 that belongs to the immunoglobulin super-
family is mostly expressed at higher levels either
by CD8+ TILs and CD4+ regulatory T cells
(T,p) with four associated ligands such as galec-
tin-9, phosphatidylserine (PtdSer), high mobility
group protein B1 (HMGBJ1), and carcinoembry-
onic antigen-related cell adhesion molecule-1
(CEACAM-1). As an inhibitory regulating
molecule, the interaction of Tim-3 with its
associated ligands like galectin-9 (Gal-9) enhances
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lymphocyte apoptosis while its blockade exacer-
bates autoimmunity and tumor immune escape.®®
The expression of Tim-3 is not limited to immune
cells and its expression on tumor cells also
deserves attention. Tim-3 is expressed on a vari-
ety of solid tumors including prostate cancer cells,
non-small cell lung cancer, gastric cancer, and
hepatocellular carcinoma (HCC).%73 Among
blood cancer types, a high expression of Tim-3
has been reported in leukemic stem cells in acute
myeloid leukemia (AML), hematopoietic stem
cells in myelodysplastic syndrome (MDS), and
lymphocytes in MM.41:74-76 Among immune cells
NK cells are known for their effective antitumor
activity while Tim-3 negatively regulates them in
malignancies. Importantly, elevated levels of
Tim-3 expression have been reported on NK cells
of BM and peripheral blood of MM patients.””
Increased cytolytic activity of NK cells was
observed in both human MM cell lines and pri-
mary MM cells subsequent to Tim-3 blockade,
facilitated through diverse mechanisms such as
the upregulation of perforin, granzyme B, TNF-
o, and IFN-y.77 Consistently elevated Tim-3
expression, especially at the tumor site has been
associated with tumor invasion, and upregulation
of TNF-a molecules in human esophageal can-
cer.”8 In the BM, high expression of Tim-3 on
myeloma cells has been positively correlated with
B, microglobulin, creatinine, and plasma cells
while negatively associated with hemoglobin and
red blood cells.” Notably, the treatment of MM
cell lines either RPMI-8226 or U266 with Tim3
knock-down agents has shown to inhibit cell prolif-
eration along with induction of cell apoptosis.” In
a completed phase Ib, multi-arm, open-label study
in patients with AML or intermediate or high-risk
myelodysplastic syndrome (MDS) with trial ID
(NCT03066648), 51 vHR/HR-MDS (very high
risk/high risk), and 40 ND-AML patients that
treated with spartalizumab (a humanized mono-
clonal antibody targeting PD-1) or sabatolimab (a
high-affinity, humanized, IgG4 antibody targeting
TIM-3), either alone or in combination have
shown a higher overall response rate (ORR) and
l-year progression-free survival (PFS).80 In
another clinical trial NCT03946670), which was
a double-blind, placebo-controlled phase II study
that enrolled 127 patients with intermediate-risk,
high-risk, and very high-risk MDS, treatment with
either sabatolimab plus hypomethylating agent
(HMA) or placebo plus HMA has shown a

primary complete remission (CR) rate of 21.5%
and 17.7%, respectively. These studies further
indicate that Tim3 might be a pivotal inhibiting
checkpoint molecule in the treatment of MM.

Other potential MM antigens and
immunotherapy strategies

Bispecific T-cell antibodies (BsAbs) are recombi-
nant molecules with two binding sites, one is
involved with binding to the tumor cells epitopes
that is currently associated with B-cell maturation
antigen (BCMA), CD19, CD38, FC receptor-
like5 (FCRL5) or G protein-coupled receptor
class C group 5 member D (GPRC5D) while
with the other site binds to T and NK immune
effector cells through CD3 and CD16, respec-
tively.81 Bispecific T-cell engagers (BiTEs) are
other structurally and functionally similar mole-
cules to BsAbs with two linked single-chain vari-
able fragments (scFvs). These molecules activate
polyclonal T-cell reactions independent of MHC
and TCR and the simultaneous interactions of
two binding sites activate T cells and subse-
quently lead to tumor killing.82 Besides binding to
CD3, these antibodies bind to specific tumor
antigens and co-localize T cells with tumor cells
to enhance T-cell’s activities. Compared to the
bispecific antibodies (BsAbs), the BiTEs have
lower molecular weight and shorter half-life and
consequently, they have shorter intervals of injec-
tion for immunotherapy.83 Summaries of recently
conducted clinical trials examining the potential
BsAbs in combination with PD-1 inhibitors in
MM are presented in Table 4. In addition to MM
immune checkpoint inhibitors (ICI) therapy,
recent therapeutic approaches like chimeric anti-
gen receptor-T (CAR-T) cell therapies also
deserve attention. In MM, there are various anti-
gens for the CAR-T cell treatment strategy,
including CD19, CD138, light chains, NKG2D,
and B-cell maturation antigens.8* In 16 patients
with R/R myeloma that received 9 X 10° CAR-
BCMA T cells/kg against CD28 costimulatory
domain, an overall response rate (ORR) of 81%
was observed.8> Despite the high OR in this study,
the elevated toxicity level for 94% of patients who
developed cytokine release syndrome (CRS)
should not be neglected. Interestingly, recently,
in treatment of French patients with relapsed/
refractory myeloma that was treated with Ide-cel
at expansion of circulating CAR-T cells to more
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Table 4. A summary of the recently conducted clinical trials examining the potential BsAbs in combination

with checkpoint inhibitors therapy in MM.

Name of the Trial ID Phase of clinical Indications Status
compound trial development

Talquetamab NCT05338775 Phase | A study of talquetamab and Recruiting
+ teclistamab each in combination

PD-1 inhibitor with a programmed cell death

Or receptor-1 (PD-1) inhibitor for

Teclistamab the treatment of participants

+ with relapsed or refractory MM

PD-1 inhibitor (TRIMM-3])

Talquetamab NCT05338775 Phase | A study of talquetamab and Recruiting

teclistamab each in combination
with a programmed cell death
receptor-1 (PD-1) inhibitor for
the treatment of participants with
relapsed or refractory multiple
(TRIMM-3])

than 180 mm?3 after infusion, prolonged PFS was
seen while 92% of patients have shown grade 1-2
CRS and only one patient has shown grade 3 or
more.?¢ In this context, the combined use of
CAR-T cell therapies with ICI for the treatment
of hematological malignancies also deserves
attention. In patients with refractory/relapsed
B-cell non-Hodgkin lymphoma (B-NHL), the
combined treatment of nivolumab with anti-
CD19 CAR (CD19 CAR)-T cells mediated
potent anti-lymphoma activity.8” Regarding the
adverse effects, 25% (3/11) showed grade 1 CRS
while 50% (6/11) of them showed grade 2. In this
study, the good objective and complete response
rate at 81.81% and 45.45%, respectively, high-
lighted the need for further investigation in
clinical trials. Car-T cell therapies either com-
bined or in sequential treatment with ICI applied
in hematological malignancies have been reviewed
systematically elsewhere.®® In summary, hetero-
geneous efficacy outcomes have been seen for
combined or sequential treatment of ICI (partic-
ularly PD1/PDL1 inhibitors) and CAR-T thera-
pies for hematological malignancies. Based on the
results obtained so far, the combination strategy
has not been proven to be superior as compared
to CAR-T cell monotherapy. The combination
has shown manageable toxicities with a toxicity
profile comparable to CAR-T cell monotherapy.
Last but not least, the new studies regarding vac-
cine therapy for the treatment of MM should not
be neglected. In this context, a phase I PD-L1

peptide vaccination with 10103 and adjuvant
Montanide should be addressed. In this study,
ten patients with MM who had been previously
treated with high-dose chemotherapy were
examined. All patients have shown peptide-
specific immune responses measured either by
IFNy enzyme-linked immunospot assay or intra-
cellular cytokine staining from blood and skin
infiltrating lymphocytes. Average responses to
PD-Llimmunization were seen with moderate
adverse reactions mostly at injection site.8°
Three out of ten patients had an enhanced
response to treatment with peptide vaccinations.
Based on myeloma anticancer vaccinations, sev-
eral clinical trials in combination with other pep-
tides like IDO, PD-L2, and arginase have been
under study (NCT03381768, NCT03939234,
and NCT04051307).

Concluding remarks

In recent years, the therapeutic potential of check-
point inhibitors are being studied either alone or
in combination for hematological malignancies.
Despite significant advancement in understanding
the functions of ICI for unveiling the pathways by
which the cancerous cells escape the immune sys-
tem, so far none of the examined inhibitory mol-
ecules have shown promising therapeutic potential
in MM. Mechanisms that mediate resistance to
MM immunotherapy vary and include induction
of IL-10 as an immunosuppressive immune
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mediator, molecular cascading of MM cells to
protect them from lysis, Treg cell suppression, and
finally T-cell exhaustion. Other immune factors
like APCs and effector T cells function or tumor
mutation properties have been found to be associ-
ated with autoimmune disorders and infectious
complications. Additionally, other new approaches
including combined PD-1 inhibitors with radia-
tion therapy also deserve attention. It presumed
that combined and multiple immune checkpoint
markers have a significant potential for escaping
MM cells from the host immune system. Despite
the potential of PD/PD-L1 blockage by pembroli-
zumab immunotherapy in MM, compelling clini-
cal trials so far have shown disappointing results.
The combination of checkpoint-inhibitor (CPI)
with immunomodulatory agents like IMIDs have
shown promising results. Significant gene expres-
sion alterations in MM tumor microenvironment
along with elevated number of monocytes, NK
cells, and monocytes were observed in combined
treatment of durvalumab (a human immunoglob-
ulin G1 kappa monoclonal antibody) and poma-
lidomide in patients with relapsed/refractory
MM.%0 However, pembrolizumab in combination
with IMiDs, lenalidomide or pomalidomide has
shown immune system-related toxicities (such as
infection, neutropenia, and pneumonia), particu-
larly in RRMM patients. Hence due to the
reduced survival and increased adverse effects in
these patients, the clinical trials of IMiD agents in
combination with CPIs were postponed. It should
be mentioned that monotherapy with nivolumab
has shown an equal safety profile in RRMM
patients. From these points of view, the potential
targets of checkpoint inhibitors for immunother-
apy would be those with increased and uniform
expression on the cancerous cells. However, in the
pursuit of optimal treatment, it is imperative to
explore the prospective roles of newly identified
immune checkpoints highlighted in this review,
namely VISTA, KIRs, lymphocyte activation
gene-3 (LAG-3), T-cell immunoreceptor with Ig
and ITIM domains (TIGIT) and T-cell immuno-
globulin and mucin domain 3 (Tim-3), whether
employed individually or in combination, to
ascertain their efficacy in MM immunotherapy.
In this context, unveiling the precise molecular
interactions regulated by BiAb/BiTE whether in
the treatment of RRMM patients or the earlier
lines of treatment remains a critical area of
investigation.
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