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A b s t r a c t
We developed the tumor-associated macrophage (TAM)-target-

ing liposomes encapsulating the TLR7/8 agonist resiquimod (R848). 
The R848-liposomes can convert the phenotype of macrophages 
from tumor-supportive M2 type to tumor-suppressive M1 type and 
the resulting macrophages can efficiently engulf the targeting tu-
mor cells in an antibody-dependent manner (antibody-dependent 
cellular phagocytosis, ADCP). In vivo, R848-liposomes were accu-
mulated into the tumor tissue of xenograft mice, and the combina-
tion with therapeutic antibody resulted in the shrink of the tumor. 
We confirmed the reduction of tumor burden was associated with 
the phenotypic change of TAMs in the tumor tissue.

 ▍ Background & Results

Macrophages are important therapeutic targets in cancer be-
cause the tumor-associated macrophages (TAMs) assist the tumor 
cells for their growth, evasion from immunity, and metastasis. The 
phenotype of TAMs is classified into two types: tumor-suppressive 
M1 type and tumor-supportive M2 type. In many cancers, M2-
TAMs are the major fraction of TAMs and these TAMs may support 
the progression of the tumor. Therefore, the conversion of M2-
TAMs into M1 type would build the anti-tumor microenvironment 
and improve the anti-cancer therapeutics, especially the antibody 
therapeutics via the antibody-dependent cellular phagocytosis 
(ADCP). Resiquimod (R848), an antagonist for TLR7/8, is known to 
induce the M1 phenotype in macrophages. We tried to deliver the 
R848 into TAMs in vivo and evaluated whether the treatment with 
R848-encapsulating liposomes can improve the therapeutic effect 
of antibodies in the mice xenograft model. We demonstrated that 
R848-liposomes can induce the M1 phenotype in the mouse-de-
rived macrophages and enhance the ADCP against multiple can-
cer cell lines. After the intravenous injection, the R848-liposomes 
could accumulate in the transplanted tumors in the mice. The com-
bination of R848-liposomes and antibody therapeutics (anti-EGFR 
antibody, clone 528) significantly suppressed the tumor growth in 
the tumor-bearing mice.

 ▍ Significance of the research and Future perspective

We demonstrated the TAM-targeting delivery of R848 using li-
posomes could convert the TAMs from M2 to M1 phenotype and 
improve the therapeutic effect of antibody therapeutics via the 
ADCP. 

「「研研究究のの背背景景とと結結果果」」（（880000 文文字字前前後後））  
記載ここから→ マクロファージは、がん組織において腫瘍の成長、抗腫瘍免疫の抑制、転
移などにも関与している、重要な治療標的である。特に腫瘍組織に存在するマクロファージ
は、腫瘍随伴マクロファージ(tumor-associated macrophage, TAM)と呼ばれており、腫瘍の
増殖を助ける M２タイプの TAM が多く、この M2-TAM を抗腫瘍的な M1 タイプに再教育
することで、がん治療の効果を向上させることができると期待されている。特にマクロファ
ージは、抗体を介してがん細胞を貪食する抗体依存性細胞貪食(antibody-dependent cellular 
phagocytosis, ADCP)によって抗腫瘍効果を発揮することが知られており、TAM の M1 タ
イプへの誘導は、ADCP によって抗体医薬品の効果を増強させることができると考えられ
る。 
本研究では、まず M2 と M1 のマクロファージの ADCP 活性を比較し、M1 タイプのマク
ロファージが顕著に高いADCP 活性を示すことを明らかにした。次に、 R848 処理によっ
て M2 タイプから M1 タイプへマクロファージの表現系を変換して再教育できることを示
した。さらに R848 を内封したリポソームでも、R848 単独と同様にマクロファージの再教
育及び ADCP活性の増強が確認できた。 R 848 リポソームを腫瘍移植マウスに静脈内投与
すると、腫瘍組織に蓄積することがわかり、さらに腫瘍組織内のマクロファージに主に取り
込まれていることを確認した。R848 内封リポソームおよび抗 EGFR抗体を投与した腫瘍移
植マウスでは、対照群のマウスと比較して顕著に腫瘍の増殖が抑制された。この抗腫瘍活性
は、腫瘍組織中のマクロファージが M2 から M1 に再教育されていることに由来するもの
であることが示唆された。 

 
 
 
 
 
 
 
 
 
 

英語版の記載（全文で 430 単語前
後） 
「「AAbbssttrraacctt」」  
記載ここから→We developed the 
tumor-associated macrophage 
(TAM)-targeting liposomes 
encapsulating the TLR7/8 agonist 
resiquimod (R848). The R848-
liposomes can convert the 
phenotype of macrophages from 
tumor-supportive M2 type to tumor-suppressive M1 type and the resulting macrophages can 
efficiently engulf the targeting tumor cells in an antibody-dependent manner (antibody-
dependent cellular phagocytosis, ADCP). In vivo, R848-liposomes were accumulated into the 
tumor tissue of xenograft mice, and the combination with therapeutic antibody resulted in the 
shrink of the tumor. We confirmed the reduction of tumor burden was associated with the 
phenotypic change of TAMs in the tumor tissue. 
 
「「BBaacckkggrroouunndd  &&  RReessuullttss」」  
記載ここから→ Macrophages are important therapeutic targets in cancer because the tumor-
associated macrophages (TAMs) assist the tumor cells for their growth, evasion from 
immunity, and metastasis. The phenotype of TAMs is classified into two types: tumor-
suppressive M1 type and tumor-supportive M2 type. In many cancers, M2-TAMs are the 
major fraction of TAMs and these TAMs may support the progression of the tumor. Therefore, 
the conversion of M2-TAMs into M1 type would build the anti-tumor microenvironment and 
improve the anti-cancer therapeutics, especially the antibody therapeutics via the antibody-
dependent cellular phagocytosis (ADCP). Resiquimod (R848), an antagonist for TLR7/8, is 
known to induce the M1 phenotype in macrophages. We tried to deliver the R848 into TAMs 
in vivo and evaluated whether the treatment with R848-encapsulating liposomes can improve 
the therapeutic effect of antibodies in the mice xenograft model. We demonstrated that R848-
liposomes can induce the M1 phenotype in the mouse-derived macrophages and enhance the 
ADCP against multiple cancer cell lines. After the intravenous injection, the R848-liposomes 
could accumulate in the transplanted tumors in the mice. The combination of R848-liposomes 
and antibody therapeutics (anti-EGFR antibody, clone 528) significantly suppressed the 
tumor growth in the tumor-bearing mice. 
 
「「SSiiggnniiffiiccaannccee  ooff  tthhee  rreesseeaarrcchh  aanndd  FFuuttuurree  ppeerrssppeeccttiivvee」」  
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