#4554  Acta Pharmaceutica Sinica 2026, 61(5): 1513-1521 - 1513 -

Toll 3£ 521K 7 BN I B R it R

FE&ET, FEE, BB, THRY, GBXHT
(L R REEZKE, R 301617, 2. oft B BE SR b M FER 32 5 U TR LT, T 300192)

E: Toll £ 521K (toll-like receptor, TLR) 1 A {45 7 iR Jj| 5244 (pattern recognition receptors, PRR), | 2 4
A5 T G A B A0 DR A4 il 55 G 728 41 B 1 P AR FBE SR THD, P TLR7 R AR 1 1R 03109 25 5K U ) B 5% RNA (ssRNA) [1)
Sy P &2 G . TLR7 BN R LIRS, 22 B0S — R IG5 WL, )3 8l i K P 1) 3 G0 1458 9L e 2
MR ATERT B o AR, N LA R TLR7 Bah 7 CIE NG AR T35 97 HPV R S | 58 i 4 i e S5, JF o ol A
5 B RNA 25 W B0E S 2 fOA 35, 1235 30 A o S 52 08 200 i ) e 0 gk Thl Y Sy 2 . ARSI T TLR7 #ah 771
T 10 AR (AT 50 1 f RITE %l th R R, B TE A SRR TAERE S % .

SFHRIR): Toll BESZAA 7 BB F); SRAEPESN; UM ; (5 @ B

HE SIS R4 SCERARIRAD: A XEHS: 0513-4870(2026)05-1513-09

Research progress of Toll-like receptor 7 agonists
QIAO Xin-yu', XU Jing-fei’, WEI Hui-giang’, L1 Yi-liang”, HOU Wen-bin*

(1. Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China; 2. Institute of Radiation Medicine,
Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin 300192, China)

Abstract: Toll-like receptors (TLR), as important pattern recognition receptors (PRR), are widely distributed
on the endosomal membrane surface of immune cells such as macrophages and dendritic cells. Among them, TLR7
has attracted much attention due to its specific recognition of the molecular pattern of viral single-stranded RNA
(ssRNA). After TLR7 recognizes single-stranded ribonucleic acid, it activates a series of signal cascade reactions,
initiating a high level of systemic adaptive immune response to kill the virus. In recent years, artificially synthesized
TLR7 agonists have been used in the clinical treatment of diseases such as HPV infection and basal cell carcinoma.
They activate the immune microenvironment by mimicking the structure of viral RNA, significantly enhancing the
function of antigen-presenting cells and promoting Th1-type immune response. This paper summarizes the research
progress of TLR7 agonists in the past decade and their application in various diseases, aiming to provide references
for relevant research and development.
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Figurel Structure of toll-like receptor 7 (TLR7) (PDB ID: 7CYN)
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Figure 2 MyD88-dependent signaling pathway. TRAM: TRIF-
related adaptor molecule; TRIF: TIR-domain-containing adapter-
inducing interferon- f; MyD88: Myeloid differentiation primary
response 88; TRAF6: TNF receptor-associated factor 6; IRAK:
Interleukin-1 receptor-associated kinase; NF- xB: Nuclear factor
kappa-light-chain-enhancer of activated B cells; IRF: Interferon

regulatory factor
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Figure 3  Structure-based on guanosine and 8-oxoadenine TLR7 small molecule agonists
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Figure 4 TLR7 small molecules agonist of imidazoquinoline class
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Figure 5 Structures of TLR7 agonist PF-4171455 and pyrimidine-like TLR7 agonist
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Figure 6 Docking analysis of the compounds with TLR7. A: Binding mode of compound 18 and TLR7, adapted from Ref. 44 with permis-
sion. Copyright © ROYAL SOCIETY OF CHEMISTRY; B: Docking of compound 20 with TLR7, adapted from Ref. 46 with permission.
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