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Chen and Mellman. Immunity. 2013;39:1-10.

A Place for TLR 
Agonists in the 
Cancer Immunity 
Cycle

Ideal Scenario:
1. Intratumoral presence of TLR agonist
2. Antigen presenting cell maturation
3. Tumor antigen presentation to T cells
4. T cell (re-)activation
5. Systemic T cell response
6. Systemic tumor eradication



TLR7 and TLR8 Structure and Signaling



TLR 7/8 Molecular Structure and Natural 
Ligand Binding Sites

TLR7/8 ligands: ssRNA and ssRNA-derived 
guanosine (G) and uridine (U)

Miyake et al., Immunity 2016



TLR7/8 Are 
Expressed in 
Endosomes

Gangloff. Trends Biochem Sci. 2012;37:92-8.



Consequence of TLR7 
vs. TLR8 Signaling

Thwaites et al. Front Immunol. 2014 Jan 16;5:1. doi: 10.3389/fimmu.2014.00001.



Expression of TLR 7/8 and Consequences of Triggering
Table 1  TLR expression and functionality on DC subtypes

moDC

mDC

pDC

Schreibelt et al. Cancer Immunol Immunother. 2010;59:1573-82.



Expression of TLR 7/8 and Consequences of Triggering
Table 1  Phenotype and function of human DC subsets

O’Keeffe et al. Cell Mol Life Sci. 2015;72:4309-25. 



TLR7 vs TLR8 Response 
in Whole PBMCs

Keith B. Gorden et al. J Immunol 2005;174:1259-1268



TLR7 vs TLR8 Response 
in Whole PBMCs

Keith B. Gorden et al. J Immunol 2005;174:1259-1268



TLR7 on pDCs and TLR8 on mDCs: Consequences

Schreibelt et al. Cancer Immunol Immunother. 2010;59:1573-82.



Preclinical Studies:

MOA and Potential for Combinations



Structural Similarity Among Some Imidazoquinoline
Compounds Under Investigation

Imiquimod (TLR7) Resiquimod/R848 (TLR7/8)

852A (TLR7) MEDI9197/3M-052 (TLR7/8)

CL097 (TLR7/8)
SZU-101 (TLR7)

TMX-202 (TLR7)

Guanosine (TLR7)



Agonist Tumor type In vitro In vivo References

TLR7 Imiquimod Squamous carcinoma
Prostate cancer
Bladder cancer
Breast cancer
Melanoma

YS-10B, FaDu,
TRAMP-C2, PC3
MB49
TSA
/

/
C57BL/6
C57BL/6
BALB/c Human (preclinical)

Human (preclinical)

Ahn et al., 2012
Han et al., 2013
Hayashi et al., 2010
Adams et al., 2012; Dewan et al., 2012
Narayan et al., 2012

TLR7/8 Resiquimod Gliomas
Acute myeloid leukemia

Breast cancer
T-cell lymphoma

GL261
HL60, THP1, OCI-AML3, HCT116, 
293T
4T1
/

C57BL/6
Nod/SCID/IL2R-/-(NSG)

BALB/c
Human (phase I)

Grauer et al., 2008
Smits et al., 2010; Ignatz-Hoover et al., 2015

Yin et al., 2015
Rook et al., 2015

TLR7 Gardiquimod Melanoma
Pancreatic cancer

B16
BxPC-3

C57BL/6
/

Ma et al., 2010
Zou et al., 2015

TLR7 852A Ovarian cancers
Cervix cancer
Breast cancer
Melanoma
Lymphocytic leukemia

/
/
/
/
/

Human (preclinical)
Human (preclinical)
Human (preclinical)
Human (phase II)
Human (phase I/II)

Geller et al., 2010
Geller et al., 2010
Geller et al., 2010
Dummer et al., 2008
Spaner et al., 2010

TLR7 Loxoribine Melanoma
B-chronic leukemia

B16
/

C57BL/6
Human (preclinical)

Pope et al., 1994
Tosi et al., 1997; Pellacani et al., 1999

TLR7 Bropirimine Bladder tumor
Prostate cancer
Renal-cell carcinoma

KK-47 724
MBT-2
Renca

/
/
BALB/c

Tei et al., 2002
Sarosdy, 1997
Fujioka et al., 1995

TLR7/8 3M-011 Pancreatic cancer
Colon cancer

BxPC3 Panc-1
HT29 HCT-116

BALB/c C57BI/6
BALB/c C57BI/6

Scholch et al., 2015
Scholch et al., 2015

Chi et al., Front. Pharm. 2017

Preclinical and Clinical Oncology Studies with TLR7/8 Agonists



Preclinical and Clinical Oncology Studies with TLR7/8 Agonists
Agonist Tumor type In vitro In vivo References

TLR7/8 3M-052 Melanoma B16.F10, B16.OVA, BP C57BL/6 Singh et al., 2014

TLR7 DSR-6434 Colon cancer
Renal cell carcinoma

CT26
Renca

C3H BALB/c
Balb/c C57BL/6

Adlard et al., 2014
Koga-Yamakawa et al., 2015

TLR7 DSR-29133 Colon cancer
Osteosarcoma
Renal cell carcinoma

CT26
LM8
Renca

Balb/c
C3H
Balb/c

Dovedi et al., 2016
Dovedi et al., 2016
Dovedi et al., 2016

TLR7 SC1 Lymphoma
Renal cell carcinoma

RMA-S
Renca

C57BL/6
Balb/c

Wiedemann et al., 2016
Hamm et al., 2009

TLR7 SZU-101 Breast carcinoma
Gastric cancer
T cell lymphoma

4T1
EAC
EL4

Balb/c
Balb/c
C57BL/6

Diao et al., 2016
Wang et al., 2015
Zhu et al., 2015

TLR7 SM-360320 Colon cancer MC38 BALB/c Dharmapuri et al., 2009

TLR7 SM-276001 Renal cell carcinoma
Colon cancer

Renca
CT26

Balb/c
Balb/c

Koga-Yamakawa et al., 2013
Koga-Yamakawa et al., 2013

TLR7/8 Resiquimod Gliomas
Acute myeloid leukemia

Breast cancer
T-cell lymphoma

GL261
HL60, THP1, OCI-AML3, HCT116, 
293T
4T1
/

C57BL/6
Nod/SCID/IL2R-/-(NSG)

BALB/c
Human (phase I)

Grauer et al., 2008
Smits et al., 2010; Ignatz-Hoover et al., 2015

Yin et al., 2015
Rook et al., 2015

TLR8 VTX-2337 Lymphoma / Human (phase I) Northfelt et al., 2014

TLR7/8 3M-011 Pancreatic cancer
Colon cancer

BxPC3 Panc-1
HT29 HCT-116

BALB/c C57BI/6
BALB/c C57BI/6

Scholch et al., 2015
Scholch et al., 2015

Chi et al., Front. Pharm. 2017



TLR7/8 Agonist Efficacy Depends on CD8+ T cells …

Singh et al., J. Immunol. 2014

3M-052/
MEDI9197



TLR7/8 Agonist Efficacy Depends on CD8+ T cells …

Singh et al., J. Immunol. 2014



TLR7/8 Agonist Efficacy Depends on CD8+ T cells …

Singh et al., J. Immunol. 2014



… and Others!

Singh et al., J. Immunol. 2014

B cells Type I IFN pDCs

But not CD4+ T cells and NK cells



Shift from Intratumoral M2 M1 Macrophages

Singh et al., J. Immunol. 2014



Shift from Intratumoral M2 M1 Macrophages

Singh et al., J. Immunol. 2014

MAC reduction
method 1 

MAC reduction
method 2 



Combination of CTLA-4 and PD-L1 Checkpoint Inhibitors with 
Intratumoral TLR7/8 Agonist

Singh et al., J. Immunol. 2014



Synergy Between IL-2 and Tumor-retained TLR7 Agonist

2
5

Hayashi et al., Melanoma Res. (2011)

1V270



Combination Therapy with Tumor-Retained,
PEGylated TLR7/8 Agonist and IL-2 Prodrug
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Kivimae et al., SITC 2017



Why go Intratumoral and not Systemic?



Tissue-retained TLR7/8 Agonist: Increased Tolerability

Dowling et al. JCI Insight 2017



Intratumoral vs. Subcutaneous TLR7/8 Agonist:
Route of Administration Is Critical

Mullins et al. JITC 2019



Intratumoral vs. Intravenous TLR9 Agonist:
Route of Administration Is Critical

intratumoral Luciferase+ tumor-specific CD8+ T cells

intratumoral T cells

Lou et al., J Immunother. 2011 



circulating T cells

Intratumoral vs. Intravenous TLR9 Agonist:
Route of Administration Is Critical

intratumoral Luciferase+ tumor-specific CD8+ T cells

intratumoral T cells

Lou et al., J Immunother. 2011 



circulating T cells

Intratumoral vs. Intravenous TLR9 Agonist:
Route of Administration Is Critical

intratumoral Luciferase+ tumor-specific CD8+ T cells

intratumoral T cells

Lou et al., J Immunother. 2011 

vaccine + i.t. PBS

vaccine + i.v. CpG

vaccine + i.t. CpG



Intratumoral vs. 
Systemic TLR9 
Agonist: 
Intratumoral
Chemokines

Lou et al., J Immunother. 2011 



Approaches to 
TLR 7/8 Agonist 
Delivery

Dowling et al., Immunohorizons 2018



Clinical Studies





Narayan et al., Journal of Investigative Dermatology (2012) 132

Imiquimod-induced Regression of Superficial Melanoma

tumor tissue

draining lymph node

Surgery  -------->



responder biopsy after 8 weeks of imiquimod



Rozenblit et al., Scientific Reports, 2019

Imiquimod-induced Regression of Breast Cancer Skin Metastases 

mRNA profiling



Imiquimod-induced Regression of Breast Cancer Skin Metastases 

Rozenblit et al., Scientific Reports, 2019

mRNA profiling



Imiquimod-induced Regression of Superficial Melanoma

Rozenblit et al., Scientific Reports, 2019

mRNA profiling



Some TLR7 & 8 Agonists In (Pre-)Clinical Development
Marketed Imiquimod/Aldara

(Medicis Pharmaceuticals)

TLR7 Agonist
Actinic Keratosis, Genital Warts, 

Basal Cell Carcinoma of Skin

Registration Imiquimod/Aldara

(Medicis Pharmaceuticals)

TLR7 Agonist
Anal Cancer, Cervical Cancer, 

Vulvar Intraepithelial Neoplasia

Phase II Imiquimod/Aldara

(Medicis Pharmaceuticals)

TLR7 Agonist

Liquid and Solid Tumors

Resiquimod

(Spirig Pharma)

TLR7/8 Agonist

Anaplastic Astrocytoma, 

Anaplastic Astro-

oligodendroglioma, 

Glioblastoma, 

Melanoma

DPV 001

(UbiVac)

TLR 2,3,4,7,9 Agonist

Non Small Cell Lung 

Cancer

VTX-2337/Motolimod

(Celgene, VentiRx)

TLR8 Agonist

Cancer

CV 9202

(CureVac)

TLR7/8 Modulator

Non Small Cell Lung 

Cancer

Vesimune

(UroGen Pharma)

TLR7 Agonist

Bladder Cancer

Phase I Imiquimod/Aldara

(Medicis Pharmaceuticals)

TLR7 Agonist

Liquid and Solid Tumors

CV 8102

(CureVac)

TLR7/8 Agonist

Adenoid-Cystic-

Carcinoma, Head and 

Neck Cancer, 

Melanoma,

Squamous Cell 

Carcinoma of Skin

DPV 001

(UbiVac)

TLR 2,3,4,7,9 Agonist

Prostate Cancer

DSP 0509

(Boston Biomedical; 

Sumitomo Dainippon 

Pharma)

TLR7 Agonist

Solid Tumors

Telratolimod/MEDI919

7/3M-052

(3M Drug Delivery 

Systems/MedImmune)

TLR7/8 agonist

Cutaneous T cell 

lymphoma, Solid 

Tumors

BDB001

(Birdie 

Biopharmaceuticals)

TLR Agonist

Solid Tumors

NKTR 262

(Nektar Therapeutics)

TLR7/8 Agonist

Bladder Cancer, CRC, 

RCC Melanoma, Merkel 

Cell Carcinoma, 

Ovarian Cancer, Soft 

Tissue Sarcoma, TNBC

LHC165/NJH395

(Novartis)

TLR7 agonist

Solid Tumors

Preclinical 1V270

(University of California, San 

Diego, La Jolla, USA; Graduate 

School of Tokyo Medical and 

Dental University, Japan)

TLR7 Agonist

Lung metastases, Breast cancer,  

melanoma, Pulmonary metastatic 

cancers

DV 1001

(Dynavax Technologies)

TLR7/8 Agonist

Multiple malignancies

3M-011

(Technische Universität 

Dresden, Germany)

TLR7/8 Agonist

Pancreatic cancer, 

Colon cancer

DSR-6434

(University of Manchester, 

Manchester Academic 

Health Sciences Centre, 

United Kingdom)

TLR7 Agonist

Colon cancer, Renal cell 

carcinoma

DSR-29133

(Sumitomo Dainippon 

Pharma, Osaka, Japan;  

AstraZeneca 

Pharmaceuticals Ltd.)

TLR7 Agonist

Colon cancer, Renal cell 

carcinoma, Osteosarcoma

SC1

(BioNTech AG , 4SC 

Discovery GmbH)

TLR7 Agonist

Lymphoma,  Renal cell 

carcinoma, Cancer

SZU-101

(Shenzhen University, 

Shenzhen, China)

TLR7 Agonist

Breast carcinoma, Gastric 

cancer, T cell lymphoma

SM-276001

(Dainippon Sumitomo 

Pharmaceuticals)

TLR7 Agonist

Tumor



Conclusions

• Intratumoral TLR7/8 agonists stimulate APCs to activate tumor-specific T cells

• Other immune cells are also activated/attracted, and contribute to tumor killing

• Selective intratumoral localization of TLR agonist is important

• Intratumoral TLR7/8 agonists combine well with other immunological and non-

immunological therapeutics, including checkpoint blockade

• Multiple agonists of TLR7 and/or TLR8 are under clinical development



Thank You


