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Abstract: Multiple myeloma (MM) is a malignant disease in which monoclonal plasma cells proliferate abnormally. The poor 

prognosis of MM is always closely related to the immunosuppression of T cells. Restore the immune function of suppressed T 

cells may reverse the immunodeficiency in the MM microenvironment and improve prognosis. In recent years, 

immunosuppressive receptors such as programmed cell death receptor-1 (PD-1), T cells immunoglobulin and ITIM domain 

(TIGIT), Lymphocyte-Activation Gene-3 (LAG-3), T cell immunoglobulin and mucin domain–containing molecule 3 (Tim-3), 

Leukocyte immunoglobulin-like receptor B1 (LILRB1) and Cytotoxic T- lymphocyte antigen 4 (CTLA-4) have been discovered 

playing a key role in the tumor immunodeficiency microenvironment. For patients with solid tumors and some leukemia, 

immunotherapy targeting such receptors can significantly improve the T cells immunodeficiency. However, similar positive 

results were not found in MM patients, which is related to the complex immunosuppressive mechanism. At present, the 

understanding of immunosuppressive receptors in MM is insufficient. In this review, this paper summarized part of the studies 

on PD-1, TCLA-4, Tim-3, TIGIT and other popular immunosuppressive receptors in MM, in order to attract more attention, and 

in-depth research on the immunotherapy also to promote the immunotherapy of MM from basic research to clinical 

transformation as soon as possible. 
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1. Introduction 

Multiple myeloma (MM) is a malignant disease caused by 

the abnormal proliferation of monoclonal plasma cells. In 

recent years, the promotion and application of proteasome 

inhibitors and immunomodulators have prolonged the 

survival of MM patients, but MM is still an incurable disease. 

Studies have shown that the poor prognosis of MM is closely 

related to the immune suppression of T cells. Reversing T 

cell immunodeficiency may lead to a better prognosis. [1] It 

has been reported that there are immune dysfunction 

mechanisms such as abnormal T cell classification ratio, low 

cytotoxicity and functional exhaustion in MM patients [2]. 

However, conventional treatments can lead to premature 

aging phenotypes and metabolic dysfunction in T cells, 

which makes it even more difficult for MM patients with 

existing immunodeficiency to restore the immune function of 

T cells [3]. Recent in-depth studies on tumor 

microenvironment have shown that immunosuppressive 

receptors such as programmed cell death receptor-1 (PD-1) 

[4], T cell immunoglobulin and ITIM domain (TIGIT) [5], 

Lymphocyte-Activation Gene 3 (LAG-3) [6], T cell 

immunoglobulin and mucin domain–containing molecule 3 

(Tim-3) [7], Leukocyte immunoglobulin-like receptor B1 

(LILRB1) [8] and cytotoxic T- lymphocyte antigen 4 

(CTLA-4) [9] play a key role in the formation of an 

immunosuppressive microenvironment. Clinical studies have 

shown that targeted immunosuppressive receptor 

immunotherapy for patients with solid tumors and some 

leukemias can significantly improve the T cell 

immunodeficiency of patients and achieve exciting clinical 

effects [10-12]. 

The above results provide hope for MM patients who are 

refractory to treatment and prone to relapse. However, 

clinical studies on MM patients have not shown positive 
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results. The reason may be that there are multiple 

immunosuppressive receptors involved in mediating tumor 

immunity in MM patients. Targeting a single 

immunosuppressive receptor cannot well reverse T cell 

immune dysfunction. Therefore, this article will review the 

research of some common immunosuppressive receptors in 

MM, aiming to provide more basic information and strategies 

for the combined anti-immunosuppressive receptor therapy 

of MM. 

2. Immunosuppressive Receptor 

2.1. PD-1 

PD-1 is a member of the CD28 familyinhibit T cell 

activation by inhibiting CD28 costimulation [13]. Under 

normal circumstances, the combination of PD-1 and PDL1/2 

can transmit inhibitory signals, maintain the immune tolerance 

of peripheral lymphocytes to self-antigens, and avoid the 

occurrence of immune storms [14]. However, in tumor 

environments such as lymphoma, non-small cell lung cancer 

and acute myeloid leukemia, the overexpression of PD-1 and 

PD-L1/2 is an important factor in tumor progression and poor 

prognosis [4, 15, 16]. Studies have found that MM patients 

have an imbalance and dysfunction in the ratio of CD4 to CD8 

T cell subsets, which mediate reduced cytotoxicity, restricted 

T cells cloning, and suppressed T cells activation [17, 18]. 

Therefore, studying the causes of immunodeficiency in MM 

patients is a prerequisite for immunotherapy. 

Our previous studies found that the ratio of PD-1+CD3+T 

cells in the bone marrow of MM patients was higher than 

peripheral blood, which accompanied by positive expression 

of depletion phenotypes CD244 and CD57 [2]. Suggesting 

that T cells were in the state of depletion under the tumor 

microenvironment, and PD-1 is likely to be involved in the 

exhaustion of CD3+ T cells in the bone marrow of MM. In 

addition, it has also been reported that the PD-1/PD-L1 

pathway involves not only T cells, but also tumor-related DC 

cells and NK cells [19]. Researchers found high expression of 

PD-L1 in the DC cells subsets of the bone marrow of MM 

patients. The above suggests that the PD-1/PD-L1 pathway 

may weaken the ability of DC cells to trigger T cell responses, 

thereby mediating tumor cell immune escape [20]. Anything 

else, researchers such as Benson found that the NK cells of 

healthy people do not express PD-1, while the NK cells of 

MM patients highly express PD-1 [21]. In vitro experiments, 

the anti-PD-1 antibody was used to inhibit PD-1/PD-L1 

signaling pathway, which can significantly improve the 

function of NK cells to kill MM cells [21]. The above confirm 

that PD-1/PD-L1 is overexpressed in a variety of immune 

cells in MM patients, and targeting this pathway may reverse 

the immunodeficiency state of MM patients. 

Subsequently, PD-L1 inhibitors were applied to MM mouse 

models for the first time. This animal experiment showed that 

it can improve immunity and increase the survival rate of MM 

mice from 0% to 40% [22]. In vitro experiments and animal 

experiments showed the feasibility of targeting PD-1/PD-L1 

to reverse MM immunodeficiency. However, in a Ib clinical 

trial, nivolumab was used as a single drug to treat 27 patients 

with relapsed or refractory multiple myeloma, of which only 1 

patient obtained CR [23]. In another phase II clinical trial, 

pembrolizumab, pomalidomide and dexamethasone combined 

treatment for relapsed and refractory MM, only 8% of patients 

were close to CR, 19% VGPR and 33% PR [24]. Obviously, 

the treatment of PD-1 monoclonal antibody has not achieved 

satisfactory clinical efficacy. Based on the study of the tumor 

immune microenvironment of MM patients, the reason for the 

failure of PD-1 monoclonal antibody immunotherapy may be 

related to the complex T cell immunosuppressive mechanism 

of MM. In addition, our previous study also found a higher 

proportion of PD-1+Tim-3+CD8+T cells accompanying an 

increased exhaustion phenomenon of CD57 in the bone 

marrow of MM patients, pointed out that besides the 

PD1/PD-L1 pathway there are still other pathway involved in 

the exhaustion of T cell function in MM [2]. 

Besides studying the role of targeting PD-1/PD-L1, some 

researchers have found in the treatment of non-small cell lung 

cancer, in that the clinical response of anti-PD-1 

immunotherapy does not depend on the detection of 

PD1/PD-L1 level, but is positively correlated with the burden 

of non-synonymous mutations in the patient’s somatic cells 

[25]. The above studies highlight the role of somatic mutation 

in anti-PD-1 immunotherapy. Moreover, there are data 

showing that the expression of PD-L1 in different locations in 

the tumor microenvironment such as infiltrating immune cells, 

infiltration margins, tumor core, etc. may affect the function of 

PD-L1 as a biomarker [26, 27]. The above all indicate that the 

burden of somatic mutation and the distribution of 

immunosuppressive molecules in the tumor 

microenvironment are equally important in anti-PD-1 

immunotherapy, and these aspects in MM still need to be 

further studied. 

2.2. CTLA-4 

Cytotoxic T- lymphocyte antigen 4 (CTLA-4) is a homolog 

of CD28, mainly expressed in CD4+T and CD8+T cells, and 

constitutive expressed on Treg cells. Antigen achieves 

immune escape by CTLA-4 binding to the ligand B7 molecule 

to transmit signals that inhibit T cell proliferation and 

cytotoxicity [9, 28]. 

In the study of solid tumors [29, 30], it was found that 

overexpression of CTLA-4 represents a poor prognosis and 

disease progression. In hematological malignancies, CTLA-4 

may also be a prognostic marker for patients with AML, MDS, 

and lymphoma [31, 32]. It is worth noting that the 

overexpression of FOXP3 and CTLA4 in bone marrow 

samples found in the MM patients suggests that local 

accumulation of Tregs is immunosuppressed [28]. Blocking 

the expression of CTLA-4 may reverse the immune deficiency 

in the tumor microenvironment to some extent. 

In 2010, a phase III randomized controlled clinical trial 

showed that the use of the anti-CTLA4 antibody Ipilimumab 

to treat patients with metastatic melanoma can prolong 

survival [33]. Since then, Ipilimumab has obtained varying 
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degrees of benefit in the treatment of many solid tumors, such 

as non-small cell lung cancer and kidney cancer [34, 35]. For 

the treatment of MM, a phase I/Ib trial is currently underway 

to study the side effects and optimal dose of Ipilimumab or 

Nivolumab in patients with hematological malignancies 

recurring after stem cell transplantation (NCT01822509). 

Although PD-1 is also one of the mechanisms that cause T 

cells exhaustion, CTLA-4 is different from PD1, in that 

CTLA-4 acts in the initial stage of naive T cells activation, 

usually in the lymph nodes [36]. The PD-1 pathway inhibits T 

cells in the late stage of immune response, mainly in 

peripheral tissues [37]. The above suggests that PD-1 and 

CTLA-4 inhibit T cells at different times, and it may be better 

to inhibit the expression of both receptors at the same time. In 

non-small cell lung cancer (NSCLC) with high expression of 

wild-type EGFR and CTLA4, anti-CTLA-4 antibody can 

induce the expression of PD-L1 in NSCLC cells [38]. The 

combined effect of anti-CTLA4 and anti-PD-1 antibody is 

better than anti-PD-1 antibody alone [38]. The reason for this 

result may be that two different antibodies in different 

molecular pathways jointly relieve the immune suppression of 

T cells, so the combined application can show a better effect of 

activating cellular immunity. This conclusion is also 

confirmed in the treatment of solid tumors [39, 40], that the 

combined blockade of CTLA-4 and PD1 does extend the 

survival of tumor patients, which brings new hope for the 

treatment of MM. 

Studies have also found that EGFR is a key protein that 

causes exosomes to promote resistance to bortezomib in 

myeloma cells [41]. Combination therapy of anti-EGFR 

aptamer and Ipilimumab has achieved encouraging results in 

the treatment of non-small cell lung cancer [42]. It can be 

inferred that if the above combined treatment is adopted, it can 

not only improve the efficacy of anti-PD-1, but also improve 

the resistance of MM cells to proteasome inhibitor. However, 

it should be noted that studies have found that blocking 

CTLA-4 can promote the proliferation of lung cancer cells, 

which is a bad signal for anti-tumor therapy. More clinical 

evidence of anti-CTLA-4 in MM is needed to prove the safety. 

2.3. TIGIT 

T cell immunoglobulin and ITIM domain (TIGIT) are 

members of the CD28 family, a new type of co-inhibitory 

receptor, which is mainly expressed on the surface of NK cells. 

The combination of TIGIT with its CD155 (PVR) and CD112 

(PVRL2, nectin-2) ligands directly inhibits the activation of 

NK cells [43, 44]. As the costimulatory receptor of TIGIT, 

CD226 can also bind to CD155, but has the opposite effect to 

TIGIT, and TIGIT binds to CD155 with higher affinity to 

inhibit CD226 signal transduction, thereby reducing the 

anti-tumor immune effect of NK cells [45]. Studies have 

found that the overexpression of TIGIT and PD-1 on the 

surface of NK cells and T cells and the down-regulation of 

CD226 expression can also lead to the reduction of the 

secretion of anti-tumor cytokines such as CD107a, INF-γ and 

TNF-α [5]. 

In solid tumors [46, 47], the TIGIT ligands CD155 and 

CD112 are overexpressed, which seems to indicate a certain 

association between tumors and overexpressed TIGIT. The 

abnormal expression of TIGIT also occurs in hematological 

malignancies. First, T cells and NK cells of MDS patients 

show that the expression level of CD226 is reduced, and the 

expression level of TIGIT is increased [5]. Secondly, 

Guillerey et al. found in the body of MM tumor-bearing mice 

that 30-40% of Treg cells in the bone marrow express TIGIT, 

and reported in mouse and human studies that the progress of 

MM is related to the high level of TIGIT expression on CD8+ 

T cells. Relatedly, the bone marrow CD8+ T cells of newly 

diagnosed or relapsed MM patients express higher levels of 

TIGIT than the healthy, NK cells and CD4+ T cells express 

intermediate levels of TIGIT [44]. The above also indicate that 

in MM, TIGIT is mainly expressed on CD8+ T cells, which 

reduces the body's anti-tumor activity by inhibiting the 

activation of lymphocytes effect. Subsequently, Guillerey 

confirmed in a mouse model that TIGIT can limit the immune 

response to myeloma, and monoclonal antibodies can be used 

to block TIGIT receptors to increase the activation of CD8+ T 

cells in MM mice and inhibit the progression of MM [44]. 

It is widely known that autologous stem cell transplantation 

(ASCT) is a common clinical method for the treatment of 

refractory relapsed and high-risk MM. Although some 

patients can obtain short-term clinical remission after 

transplantation, tumor recurrence and disease progression are 

still inevitable. Animal experiments found that in mice with 

MM recurrence after ASCT, in the bone marrow the 

expression ratio of CD226 in CD8+T cells decreased, while 

the expression ratio of other immunosuppressive receptors 

increased, such as TIGIT, PD-1, LAG- 3, Tim-3, etc. and the 

expression of inhibitory receptors on CD8+ T cells is related 

to myeloma load [48]. While researchers have found that the 

inhibition of TIGIT early after transplantation can prevent T 

cell failure, thereby maintaining long-term immune control of 

myeloma, and show fewer adverse reactions than PD-1 

checkpoint inhibitors [49]. The above studies suggest that 

targeting immunosuppressive receptors TIGIT may be 

possible to further improve the prognosis of MM patients who 

undergoing ASCT. 

Moreover, targeting PD-1 combined with TIGIT has 

obtained pleasing results in experiments. Dual TIGIT and 

PD-1/PD-L1 blockade can work synergistically to enhance the 

proliferation of anti-tumor CD8+ T cells function [50-52]. In 

mouse tumor models and in vitro experiments, after dual 

PD-1/TIGIT blockade [50], it was found that the inhibitory 

effect of the immune environment on CD226 disappeared, 

which shows that blocking TIGIT can activate the promotion 

of CD226 on immune cells. In clinical trials, the currently 

commonly used anti-TIGIT antibody is Tiragolumab. The 

results of a phase II study (NCT03563716) of Tiragolumab 

and PD-L1 inhibitor (Tecentriq) in the treatment of PD-L1+ 

advanced NSCLC showed that despite similar toxicity, double 

PD-L1 /TIGIT blockade seems to provide better clinical 

efficacy than PD-L1 blockade alone as the first-line treatment 

of PD-L1+ non-small cell lung cancer. Regarding the 

treatment of MM, the current clinical trial is a phase I/II 



62 Jiaxin Wang et al.:  Potential Treatment for Multiple Myeloma: Immune Checkpoint Inhibitors  

 

randomized trial aimed at patients with relapsed refractory 

multiple myeloma, aiming to evaluate two immune 

checkpoint inhibitors’ (anti-LAG-3 and anti-TIGIT) 

immunological effect and safety (NCT04150965). 

The role of anti-TIGIT antibodies in myeloma has not been 

discussed much in the clinical setting. Due to the lack of more 

preclinical animal validation, no direct evidence was provided 

to support the clinical role of anti-TIGIT antibodies in MM 

patients. Therefore, future research should focus on testing the 

effectiveness and tolerability of anti-TIGIT antibodies in 

living models before applying the results to the clinic. 

2.4. LAG-3 

Lymphocyte activating gene-3 (LAG-3) is a member of the 

immunoglobulin (Ig) superfamily [6]. It is expressed in 

activated T cells, NK cells, B cells and plasmacytoid 

dendritic cells (pDCs), mainly through binding to MHC II 

molecules to down-regulate the activity of T cells and also 

enhance the inhibitory activity of Treg cells [53]. In tumor 

immunity, LAG-3 has been identified as one of the main 

inhibitory receptors involved in T lymphocyte exhaustion in 

tumor diseases, and its inhibitory function is closely related 

to its expression level on the surface of T lymphocytes [54]. 

In malignant diseases or chronic inflammation, continuous T 

cell activation will cause LAG-3 and other inhibitory 

receptors to be continuously co-expressed on T cells [55] 

which can explain why a single anti-PD-1 treatment cannot 

achieve the desired therapeutic effect and causes treatment 

resistance [56]. In addition, the inhibitory function of LAG-3 

also includes the inhibition of T cell proliferation and the 

production of anti-tumor cytokines, including INF-γ and 

TNFα [57]. 

The expression of LAG-3, like other immunosuppressive 

receptors, is increased in a variety of solid tumors [58, 59]. 

The overexpression of LAG-3 has also been found in studies 

of hematological tumors. For example, the expression of 

CTLA-4 and LAG-3 genes in AML patients are significantly 

up-regulated [60], and the expression of LAG-3 on CD8+ T 

and regulatory T cells in MDS patients is higher than healthy 

people [61]. During the transformation from monoclonal 

gamma globulinemia to MM, the expression of PD-L1 on 

plasma cells and the expression of LAG-3 in the 

microenvironment increased [62]. Besides, it was found that 

an increased expression of LAG-3- in peripheral blood T 

lymphocyte (PBTL) in 90 days after ASCT was an early 

indicator of relapse or death in MM [63]. The above studies 

suggest that the abnormal expression of LAG-3 promotes the 

proliferation of minimal residual tumor cells for patients 

whose immune function has not been reconstructed after 

ASCT, and may be an important predictor of poor prognosis 

in MM patients. Target blocking the inhibitory effect of 

LAG-3 in various immune cells may restore the anti-tumor 

function. 

Early studies have found that the combination of LAG-3 

blockers and specific anti-tumor vaccines can significantly 

increase the number of activated CD8+ T cells in the tumor 

microenvironment and destroy the tumor substance [64]. In a 

mouse model, anti-LAG-3 antibody treatment delayed tumor 

growth [65]. The combination of anti-PD-1 antibody and 

anti-LAG-3 antibody has a better inhibitory effect on tumor 

growth than monotherapy, which is consistent with previous 

conclusions [66]. In animal experiments, it was first 

discovered that the combination of PD-L1 inhibitors and 

LAG-3 inhibitors can indeed improve the survival rate of 

myeloma mouse models [62, 67]. This seems to have found 

another potential pathway for the treatment of MM. 

In current clinical research on anti-LAG-3 drugs, a phase 

I/II clinical trial reported that the vaccination of LAG-3Ig 

(IMP321) and peptides can induce specific CD4+ and CD8+ 

T cell responses in patients with metastatic melanoma [68]. 

Other clinical trials of anti-LAG-3 antibodies are ongoing, 

and no specific results have been announced yet. Such as the 

safety study of anti-LAG-3 in relapsed or refractory 

hematological malignancies, the combination of anti-LAG-3 

antibody and anti-TIGIT antibody (NCT04150965), 

anti-LAG-3 combined with or without anti-PD-1 in research 

in the treatment of solid tumors (NCT01968109) and so on. 

Regarding the specific use of anti-LAG-3 drugs, more 

clinical trials are still needed to prove its safety and 

effectiveness. 

2.5. Tim-3 

T cell immunoglobulin and protein 3 containing mucin 

domain (Tim-3) are members of the TIM family of 

immunomodulatory proteins [69]. They were first reported as 

negative regulators in Th cells that secreting IFN-g (Th1) is 

expressed on [70], and subsequently found it expressed on 

DC, CD8+ T cells and other lymphocyte subsets, and was 

related to its apoptosis [71, 72] The above shows that Tim-3 

is involved in the suppression of a variety of immune cells. 

The overexpression of Tim-3 may lead to 

immunosuppression [69, 71]. 

Like other immunosuppressive receptors, the 

overexpression of Tim-3 represents a poor prognosis in solid 

tumors and hematological malignancies [73-75]. Researchers 

have found that anti-Tim-3 antibodies can improve disease 

progression in AML allograft models, indicating that Tim-3 is 

very likely to serve as an immunosuppressive marker and 

clinical target [76]. 

However, it is interesting that although Tim-3 can weaken 

the cytotoxicity of NK cells [77], Tim-3 also has an 

immune-enhancing effect, which can enhance IL-12 and 

IL-18 mediated IFN-γ secretion by NK cells, and after Tim-3 

was blocked, the production of IFN-γ by NK cells in AML 

was reduced [78]. This study shows that triggering a receptor 

can produce two different functions. Therefore, for the Tim-3 

receptor, how to use its promotion of immune function to 

reduce the immunosuppressive effect as much as possible is a 

difficult problem at present. 

A study on the changes of Tim-3 expression in peripheral 

blood of 30 MM patients found that the percentages of 

CD3+CD4+Tim-3+T and CD3+CD8+Tim-3+T cells in MM 

patients were higher than those in healthy subjects [79]. Tan 

et al. reported that in MM, higher levels of PD1+CD244+ or 
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PD1/Tim-3+CD57+CD8- T cells may be the main reason for 

low T cells activation and T cells immunodeficiency in MM 

patients. However, the number of Tim-3+ T cells in different 

MM patients shows a high degree of individual heterogeneity, 

suggesting that MM has a complex immunosuppressive 

pattern [2]. Blocking negative regulatory factors including 

Tim-3 may further restore and release T cell immune function 

to a greater extent of MM patients. 

In a mouse model, targeting Tim-3 can enhance the 

anti-tumor immune response by reducing Treg in head and 

neck squamous cell carcinoma [80]. Similarly, after the use 

of anti-Tim-3 antibodies in mice, it promotes anti-tumor 

immunity mediated by T cells and interferon INF-γ, and 

inhibits the growth of existing tumors [81]. Anti-Tim-3 

antibody and anti-PD1 antibody have a synergistic effect in 

animal models of melanoma, which can reverse 

tumor-induced T cell failure and dysfunction in patients with 

advanced melanoma [82]. The above experiments have 

proved that after blocking Tim-3, part of the immune 

function can be restored and the growth of tumors can be 

restricted, and the combined use of anti-PD-1 antibody can 

enhance the effect of blocking immune suppression. 

Therefore, for MM tumors that also have multiple 

immunosuppressive molecules involved in negative 

regulation, combination therapy may also bring a good 

therapeutic response. 

Currently, in the study of anti-TIM-3 antibodies, the first 

reported data of TSR-022 (humanized anti-TIM-3IgG4 

antibody), 31 patients treated with monotherapy are in stable 

condition and are currently undergoing phase II clinical trials. 

Others, MBG453, Spartalizumab (NCT02608268), and 

humanized IgG4mAb, respectively block the binding of 

TIM-3 to PtdSer and PD-1 to PD-L1/2, it was found in the 

phase I/II study of metastatic solid tumors that patients are 

well tolerated. Other bispecific antibodies that target both 

Tim-3 and PD-1 have also entered phase I clinical trials. 

Whether targeted blocking tim-3 will benefit MM patients in 

the real world remains to be seen through the results of 

multiple clinical trials. 

2.6. LIRB1 

Leukocyte immunoglobulin-like receptor B1 (LILRB1) is 

an immune receptor based on tyrosine inhibitory motifs, 

which is widely expressed in human immune cells, including 

B cells, monocytes, macrophages, DC cells, and NK cells 

and T cell subsets. After binding to its ligand MHC I 

molecules, it activates LILRB1 and transmits inhibitory 

signals, thereby suppressing the immune response [8]. 

Studies have reported that overexpression of LILRB1 has 

been found in solid tumors, such as on metastatic prostate 

cancer [83] and breast cancer [84] the percentage of 

LILRB1+ in peripheral blood NK cells of patients is 

significantly higher than that from healthy donors or local 

cancer patients’ NK cells. 

After searching the literature of multiple myeloma and 

fingdingthat during the treatment of MM patients, the 

percentage of LILRB1+NK cells in the peripheral blood was 

significantly higher than that of healthy blood donors and 

patients with mild or complete remission [85]. Obviously, the 

overexpression of LIRBL1 in MM, is likely to be related to 

the severity of the patient’s condition. Subsequently, 

experiments have proved the new anti-LILRB1 monoclonal 

antibody (B1-176) can block the activation of LILRB1 on 

NK cells by MHC-I ligands in vivo or vitro, and can 

stimulate NK cells killing activity against MM, leukemia and 

solid tumor cells [85]. Although trials have found that 

treatments targeting LILRB1 can show a certain effect of 

restoring tumor immunity, complex results have emerged. 

Some trials have confirmed that the absence of malignant 

plasma cell immune checkpoint CD85j/LILRB1 leads to 

immune escape in multiple myeloma, and increase the 

expression of LILRB1 [86]. The above studies suggest that 

for malignant plasma cells transformed by immune cells, 

such as MM LILRB+ cells, the expression of LILRB1 may 

inhibit the proliferation of tumor cells. This suggests that we 

cannot easily block the expression of LILRB1, otherwise 

there may be the possibility of promoting tumor cell 

proliferation. Therefore, for immunotherapy, patients with 

immune cells LILRB1+ and MM cells LILRB1- should be 

selected for LILRB1 receptor blocking therapy. 

In addition to studying the function of LILRB1 itself, 

researchers have also found that human 

CD45RA+CCR7−CD8+ T cells are highly sensitive to BiTE 

molecule stimulation, but on that cells express a variety of 

unique inhibitory receptors, including LILRB1. The binding 

of LILRB1 and its ligands to tumor cells significantly 

inhibited the activation of CD8+ T cells induced by BiTE 

molecules [87]. Therefore, blocking the expression of 

LILRBI can enhance the activation of BiTE molecules on 

CD8+ T cells. Preclinical studies have demonstrated that the 

use of a bi-specific T cell binding (BiTE) molecule combined 

with the TCR complex to stimulate the cytolytic activity of 

tumor-targeting polyclonal T cells has been shown to be 

effective in the treatment of MM [88]. The above studies 

have expanded our understanding of immune response, 

suggesting that we should not only pay attention to the direct 

inhibitory effect of immunosuppressive receptors on immune 

cells, but also pay attention to its indirect inhibitory effect. 

More importantly, in addition to staying in the tumor 

microenvironment, we should also pay attention to the role of 

immunosuppressive receptors expressed on tumor cells 

transformed from immune cells. 

At present, the research results of the LILRB1 antibody 

have not been published. More preclinical studies are needed 

to provide reliable evidence in the future to further apply the 

anti-LILRB1 antibody to the clinic. 

3. Summary 

As the second most common hematopoietic tumor, 

multiple myeloma is still an incurable disease. How to 

prolong the survival time of patients and reduce many 

adverse reactions caused by treatment is a thorny issue at 

present. Immunotherapy has been shown to be effective in 
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the treatment of solid tumors and lymphoma with relatively 

few adverse reactions. However, no satisfactory results have 

been obtained in immunotherapy for multiple myeloma. 

Various studies have found that several different 

immunosuppressive molecules play a role in the 

immunosuppressive mechanism of MM. However, various 

side effects that follow, such as cardiotoxicity [89], 

pulmonary toxicity [90] and so on caused by immune 

checkpoint inhibitor therapy, are often limits the application 

of immune checkpoint inhibitors in clinical settings. At 

present, the understanding of immunosuppressive receptors 

in MM is insufficient. This review summarized part of the 

studies on PD-1, TCLA-4, Tim-3, TIGIT and other popular 

immunosuppressive receptors in MM, in order to attract more 

attention, and in-depth research on the immunotherapy also 

to promote the immunotherapy of MM from basic research to 

clinical transformation as soon as possible. 
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