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抗ヒトLILRB4モノクローナル抗体

新規免疫チェックポイント阻害剤として、がん、自
己免疫疾患、アルツハイマー病などの治療剤へ

本発明は、ヒト免疫抑制性受容体 LILRB4（白血球
Ig 様受容体 B4）に特異的に結合し、その生理的リガンド
であるフィブロネクチン (FN)との結合を阻害する新規抗ヒト
B4 モノクローナル抗体に関する。

本発明のポイント：
・新規免疫チェックポイント阻害剤：B4-FN 経路は、B4 

を介した免疫抑制機能の発現に関わるため 、本抗体を有効
成分とする免疫チェックポイント阻害剤は、がん免疫療法など
に新たな選択肢を提供する。
・広範な疾患への適用：がん、自己免疫疾患、炎症性疾
患、アレルギー性疾患、アルツハイマー病などのB4が関与する
幅広い免疫チェックポイント関連疾患の治療剤としての利用
が期待される。

概要

 がん（原発性のがんを含む）、自己免疫疾患、炎症性疾患、ア
レルギー性疾患、アルツハイマー病などの治療剤

 生体試料中B4を測定するための診断・測定ツール
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図1 免疫チェ ッ クポイント 抗体医薬不応答のカスケード （ 左フロー図） と ミ エロイド 免疫チェ ッ クポイント ・ リ ラB4 ‒FN（ 右概念図）
T細胞の免疫チェ ッ クポイント を阻害してもミ エロイド 免疫チェ ッ クポイント は機能するが， ミ エロイド 免疫チェ ッ クポイント を打破す
ることで不応答の悪循環を断ち切ることができる

and showed a trend to reduce liver metastasis in B16F10 
tumor-bearing mice. Combination immunotherapies such as 
chemotherapy combined with immune checkpoint inhibitor 
(ICI) therapy and ICI two-drug combination therapy are the 
current treatment trend.42 LILRB4 expression has been shown 
to highly associated with CTLA-4 expression in chronic mye-
lomonocytic leukemia (CMML) samples.43 In this study, we 
observed that with the positive correlation between LILRB4 
and PD-1, the combination therapy of anti-LILRB4/gp49B and 
anti-PD-1 mAbs showed higher anti-tumor metastasis ability 
compared to the monotherapy. These results suggested ICI 
targeting LILRB4 may provide a novel combination therapeu-
tic approach in several cancer diseases.

A previous study reported that with intradermal injec-
tion of B16F10 cells, gp49B was expressed on most types of 
tumor-infiltrating immune cells, including CD3 T cell, 
macrophages, neutrophils DCs, NK cells. In addition, 
LILRB4 is highly expressed on Treg cells, exhausted CD8 
T cells, and CD11b+ TAMs in the B16F10 model. Sharma 
et al. also reported that frequencies of CD8 T cells and CD4 
Teff cells were increased, while the Treg frequency was 
decreased in tumors.41 In this study, we found that gp49B 
is constitutively expressed on splenic MDSCs and DCs in 
WT control mice (Supplemental Figure 7A). After tumor 
challenge with LLC cells by iv injection, the expression of 
gp49B was increased on splenic and lung-infiltrated 
MDSCs, a subset of CD4/8 T cells and DCs 
(Supplemental Figure 7, B and C). The expression level of 
gp49B was not highly expressed on CD4 and CD8 cells, 
possibly due to the use of a different tumor challenge mode 
and a different tumor type. Although with weak expression 
of gp49B, the frequency of Treg population decreased, 
while the frequency of CD4 T cells increased in splenocytes 

and lung-infiltrated cells from gp49B−/− tumor-bearing 
mice. The frequency of the DC population was comparable 
the in lung of WT and gp49B−/− tumor-bearing mice 
(Supplemental Figure 8 and 9).

In the TME, M-MDSCs rapidly differentiate to TAMs.9 

An LILRB4 analysis of tumor-infiltrating myeloid cells in 
a murine colon adenocarcinoma MC38 tumor model by 
CyTOF showed that myeloid-expressed LILRB4 is major 
on TAMs with immunosuppressive markers, such as Arg- 
1, CD206, and CD163.41 Our data showed that tumor- and 
lung-infiltration of M-MDSCs was decreased in gp49B−/− 

tumor-bearing mice (Figure 3 and Supplemental Figure 8), 
while population frequencies of splenic and BM M-MDSCs 
were not significantly different between WT and gp49B−/− 

mice inoculated with or without LLC cells (Supplemental 
Figure 9–11). These results suggested that gp49B may play 
an important role in the recruitment of M-MDSCs in TME. 
The mechanism of LILRB4-mediated MDSC recruitment in 
TME needs to be further elucidated.

Polarization and reprogramming of MDSCs, which are 
able to be polarized from an M1 phenotype to an M2 pheno-
type or vice versa, affect tumor progression.7 Predominantly, 
tumor-associated MDSCs exhibit M2-like phenotype with 
pro-tumor activities. M2 phenotype MDSCs activate Treg to 
suppress Teff, whereas M1 counterparts have the opposing 
actions. Herein, we showed that the MDSCs from gp49B−/− 

tumor-bearing mice inhibit Treg activation and activate CD4 
Teff proliferation, suggesting that LILRB4 could regulate the 
polarization of tumor-associated MDSCs. Several studies 
have shown that STAT3 activation results in the polarization 
of M2-TAM, and also results in the production of factors that 
promote tumor invasiveness, such as VEGFA and MMPs.44,45 

Therefore, we propose that LILRB4 signaling may activate 

Figure 7. The tumor-promoting function of LILRB4/gp49B in MDSC-mediated tumor metastasis. LILRB4/gp49B facilitates M-MDSCs infiltration in tumor 
environment, and promotes MDSC-mediated tumor metastasis by promoting the activation of Treg cells, inhibiting Teff cells, enhancing cancer cell migration, and 
accelerating angiogenesis. In addition, LILRB4/gp49B suppresses anti-tumor miR-1 family microRNAs (miRNAs) expressed in MDSC-derived exosomes.
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