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Toll-Like Receptor Ligands as Cancer Immunotherapeutics
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Toll-like receptors (TLRs) are pattern recognition receptors (PRRs) expressed in a wide spectrum of cell types that

recognize distinctive ligands and subsequently activate adaptive immune responses. TLR ligands are considered a

promising target for development of immunomodulatory agents. Extensive clinical investigations are currently underway

to develop TLR ligands-based non-specific immunostimulants and vaccine adjuvants. It has been well accepted that

cancer cells develop a strategy to avoid host immune responses by producing inhibitory molecules. In addition,

tumor-associated antigens are often not strong enough to induce effective anti-cancer immune responses. In this context,

immunostimulants or adjuvants are critically required for more effective cancer immunotherapies. Here, we discuss

recent progresses in the field of cancer immunotherapy under special emphasis on the TLR ligands as a component of

immunostimulatory agents.
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1. &t MR 2 (Cancer immunotherapy)

e AR ARl ® B8kl A8 & AME
< 71538k e Agto|t) o] FokAl Tl digh oF
Al Wg, kAl WA 3], A8 B A
A, AU AR R 540y E Sl 7]
e Aoz A7 E o Ay, nAES), Ayg-as)
O Al ddel TS F AlSE AV R
WA A dgko] ofpHEet ofue} oH& X3S o
& I Agke] o 9 A5k 1 HA o] g
a1 9it). rahehul Al(cancer vaccine) -2 '&Qf WYX F

H(cancer immunotherapy)-> "Z“ % f%}%(tumor—associated

antigen, TAA)-S A0 = g ¥

=, AP AEy A ﬂ%}i‘i}f% '5 ALAARD EekA|
HEHS BAs F 9l Al 44 %‘%“lﬁ‘ﬁ&i 7}
= W3 Qv FH 2 oAzt il AP 2 A7 B
= AYow GAE Yol APge] AaEe dds 54
g 4= vk 2 FAelE MerkAHF 713l Gardasil® 2}
GlaxoSmithKlineA 7} 7023} Cervarix"9} 22 &ol o
W] £Ye E 4 ik oli= vlde] WA awe v
% 7499 e 2o AgEo] g Wuel AE
b ok VA I, Aeel g, weler] A9,
b 5% A Soz A4 A+ A8S ZRUT

AL FF 3 vholeizo] 2 o Asha o
o 2B SATAG olu] WAT e ARsh WA
2 A, 2 AT ARIA ] WS e

1) 3¢t oWl Al (preventive or prophylactic cancer vaccine)
g s 47l A wellde pges
b ore X7 EluA}t e 2) slol =] g Al
(treatment of therapeutic cancer vaccine) 7 7= F-iat
T AT (). olHF FPEF e HAMES] VTS
s o 2M eatA] dA] s 5 Skt 'XH‘:‘L o
(recurrent cancer)'©|1} ' 0] H(metastatic cancer)2] *| &

S 25 w9 {83t &E o H]’/\}/‘*S-mol‘/]r
sietawia et A8 £ s o= Azt
2ot gk Qubow v oAl el
o, TAAE A7k Feow A4E S ] i
oﬂ AF-A el ﬂo}g@i HE Qe 9]
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stimulantL} cancer vaccine adjuvant®] Alg-o]tH o]= &t
ARG A3 F58 Foi= o= AZEn (3,4

Adjuvant= T2 71 WAl §5S SAAA EF
o= ALgElo] $ov], 23710 ALEHH S E(alum,

aluminium hydroxide %=+ aluminium phosphate)©] <+
0 AANE FHA7IR o] e AgH Ak 2

P alume T2 Aoy g zde] 4] HE

outgol o Fad A goli} ek
el Agie] g wlalo} e mAle] e SleiA
1 y

2748t adjuvant®] 7 of gt}
2. Toll—like receptors

Toll-like receptor (TLR)T & x=Z W33 Wiyl 4%
A(pattern recognition receptor, PRR)=A] & A|7kA] B8] %1
PRR % 7} B2 A+7F J3e 8Aelt} (3, 4). TLR
n AL faf 22 AEE e FEARA PA
A} o3 22 o5 A2 Aske] A3 HeRt
A3t A Bl oluE} &

= Od?ﬂ—_O_

m{n rlo

-5-(innate immune response)<
S Y90S (adaptive immune response)S =8 5=
g 4 7] Wl (5) WA adjuvant} non-specific
immunostimulant 7|'22] =& ¥ o0 2A AZIEo] o3

AT (3, 4). AAZ AR ofe} OA-O/] Th= 2] Aok
7]9ellM %= TLR 2lRP=g o] &3 Hodda)] 7ol &
de dATE i) st %lﬂ} 2, 6). T3+ 184
71l Edward Jenner’} # 2] WA @ HE A|Z=SH o] =2
TLR] A7} Tl 7](1996'd) o] A58l Qlfi+e ol
TLR 2i7h=g uRlayiol A48 25 218 o+ 3)
o @), ol2lg WA mae] A =
gelel 9= TLR 2Rb=ollA #
ol @HOR TIR #Rk=e] Al HEA)
Aol ofv] R FHHAEE elvlah= FA0IE &
ok TLR A% Aol e =85 53] iy
Qorz B AR ks Bk

3. TLR 2[Zt=2 & HAX =

I

PRRZ HAlE fref #2F  #¥(pathogen-associated
molecular patterns, PAMPs)¥} 22 &J5 & 39S <l
218k Bk opuel A |- F
associated molecular pattern, DAMP)S- <1418 4= 1t} (7).
HAA7HA] 4H 7 PRRE FF+ FA TLR, nucleotide-
binding oligomerization domain (NOD)-like receptor (NRL),

2 danger signal (danger-
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Table 1. Human Toll-like receptors and their ligands
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Target

Exogenous ligands

Endogenous ligands

Fully synthetic small

Synthetic analogues molecules

TLR1

= Lipopeptides

(Bacteria and Mycobacteria)
= Soluble factors

(Neisseria meningitides)

= Triacyl lipopeptides =

TLR2

= Lipoprotein/lipopeptides

(Gram-positive bacteria, Mycoplasma,

Mycobacteria, Spirochetes)

= Peptidoglycan
(Gram-positive bacteria)

= Lipoteichoic acid
(Gram-positive bacteria)

= Phenol-soluble modulin
(Staphylococcus epidermidis)

= Heat-killed bacteria
(Listeria monocytogenes)

= Porins (Neisseria)

= Soluble factors
(Neisseria meningitides)

= Atypical lipopolysaccharides
(Leptospira interrogans,
Porphyromonas gingivalis)

= Outer membrane protein A
(Klebsiella pneumoniae)

= Glycolipids
(Treponema maltophilum)

= Lipoarabinomannan (Mycobacteria)

= Hemagglutinin (Measles virus)
= Structural viral proteins

(Herpes simplex virus, Cytomegalovirus)

= Zymosan (Saccharomyces)

= Phospholipomannan
(Candida albicans)

* Glycoinositolphospholipids
(Trypanosoma cruzi)

= Hsp70
= Hsp60
= Hsp96
= Hyaluronic acid
= HMGBI protein

= Diacyl and triacyl
lipopeptides

TLR3

* Double-stranded RNA (Viruses)

* mRNA

*Poly (I: C)
= Poly (I: C12U)

TLR4

= Lipopolysaccharide
(Gram-negative bacteria)
= Hsp60 (Chlamydia pneumonia)
= Envelope proteins
(Respiratory syncytial virus and
mouse mammary tumor virus)
= Fusion protein
(Respiratory syncytial virus)
= Glycoinositolphospholipids
(Trypanosoma cruzi)
= Taxol (Plant product)

= Hsp60

= Hsp70

= Hsp96

= Extra domain A

of fibronectin

= Hyaluronic acid
= Heparan sulfate
= Fibrinogen

= Surfactant-protein A

= HMGBI protein
= B-defensin

= Lipid A mimetics
(Monophosphoryl lipid A,
Aminoalkyl glucosaminide
4-phosphates)

= E6020
= E5531
= E5564
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Table 1. Continued

Target Exogenous ligands

Endogenous ligands

Fully synthetic small

Synthetic analogues molecules

TLR5  =Flagellin (Flagellated bacteria) -

= Discontinuous
13-amino-acid peptide

= Diacyl lipopeptides (Mycoplasma)
= Lipoteichoic acid
(Gram-positive bacteria)
= Phenol-soluble modulin
TLR6 (Staphylococcus epidermidis) N
= Heat-labile soluble factor
(Group B Streptococcus)

= Zymosan (Saccharomyces)

= Diacyl lipopeptides -

= Imidazo- quinolines
(Imiquimod, Resiquimod)

TLR7 = Single-stranded RNA (Viruses) * Endogenous RNA = Oligonucleotides * Guanosine nucleotides
(Loxoribine, Isatoribine)
= Bropirimine
« Imidazo- quinoli
TLR8 = Single-stranded RNA (Viruses) = Endogenous RNA (rlrllés?;:l)in?:)l(lir)lo es
= Unmethylated CpG DNA = CpG oligodeoxynucleotides
TLR9 (Bacteria and viruses) * Endogenous DNA (CPG 7909, CPG 10101, -
* Hemozoin (Plasmodium) 1018 ISS)
TLR10 - - - -
TIRIL Profillin-like molecule _ B B

(Toxoplasma gondii)

Modified from the reference (2, 6)

retinoic acid inducible gene-I1 (RIG-I)-like receptor (RLR)Z}
DNA sensor® 1A% o] At} 8~11). ¥ A|HS S
Wojzgal wel AT el g AEH o o)Folxl
ey AT A AR

A58zt gk
FAH e 50 WY A|=HS A3t 9|
BE SN QHORA (6) °] AYHA W] FAE=
19417] & Algt 7Hdo] Al gk g avbel A
o] th= HareA] frefgtial & 4= Qi (12). ol¢} &
& HuE 2147] WSt SHEAH ) 7ukste] )4 st
B Al AlAe] E3E ] 9l&  3lE ©/%4, DNA
2 71eke] Aldt A AEo] TLR & NLR¥} 722
S s Wz o3

ol =815 A3 AA
3k & ok AEE 1935%

Bacillus Calmette-Guérin (BCG)2] <t

i
2
o

| Al AL
of gk Hx

)

ko

a7F e (6), ©1F BCG ¥ 599X
Ho = 27 R} (13).
FIHFolA FAHE Hx TLRS 1S4 ATe] ¢
2 821 lipopolysaccharide® $1431= TLR40]™ 1
ARl = - 10579 TLRO] 4= 31T (6). TLR
12/4/5/6= = M2 Z13te] PAMPE Q1418hH, TLR3/
7/8/9- double stranded (ds) RNA, single stranded (ss) RNA <}
unmethylated CpG DNAS} 22 34ks 7Hko = 3= &
A HEg Q1AEE Ao IR At (8, 10). 1AL
TLR109] 2]7F=+= oF2] 545 vh7b §loKTable 1).
HollE %719 932 TLR #zt= 2] 7} TLRO|
A2 e 4= Q= A2 2k=ol] He JuIt Ed] B
1H I 9lom, E3] DAMP] 9J3F TLR &4 3}= 5
gk 8k S7HAE Ho]al QITKTable 1).
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Table 2. Selected implications of Toll-like receptor ligands in cancer immunotherapy and cancer vaccine adjuvant
Target Ligand Implication Indication Status
B and T cell lymphoma Phase I
Anaplastic gliomas Phase I
Cancer Immunotherapy
Glioblastoma multiforme Phase 11
Primary liver cancer or pancreatic cancer Phase I/II
Primary peritoneal cancer Phase I
TLR3 Poly-ICLC Cervical intraepithelial neoplasia Phase |
Astrocytomas or oligoastrocytomas Phase 0
Vaccine AdJ.uvant Advanced colorectal adenoma Phase I
(Therapeutic)
Melanoma Phase I/11
Prostate cancer Phase |
Breast cancer Phase I
Vaccine Adjuvant Human papillomavirus Approved
(Prophylactic) Cervical intraepithelial neoplasia or cervical cancer ~ Phase II1
TLR4 MPL
Vaccine Adjuvant Melanoma Phase I
(Therapeutic) Nonsmall cell lung cancer Phase I
Basal cell carcinoma Approved
Cancer Melanoma Phase I
Immunotherapy Cervical intraepithelial neoplasia Phase II/ITI
Imiquimod
Breast Cancer Phase 1T
TLR7/8 :
Vaccine Adjuvant Ovarian cancer Phase I
(Therapeutic) Melanoma Phase I
- Vaccine Adjuvant
Resiquimod (Therapeutic) Melanoma Phase I
Bropirimine ~ Cancer Immunotherapy Bladder carcinoma in situ Phase 1T
Breast cancer Phase 11
Melanoma Phase 11
Nonsmall cell lung cancer Phase II/I11
Cancer Immunotherapy Renal cell carcinoma Phase 11
Cutaneous T cell lymphoma Phase 1T
CPG 7909
Non-Hodgkin's lymphoma Phase I/II
TLR9
Chronic lymphocytic leukemia Phase |
Esophageal cancer Phase I/I1
Vaccine AdJ. uvant Melanoma Phase I/11
(Therapeutic)
Prostate cancer Phase |
Non-Hodgkin's lymphoma Phase 1T
1018 ISS Cancer Immunotherapy
Colorectal cancer Phase |
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Table 2. Continued

Target Ligand Implication Indication Status
Renal cell carcinoma Phase II
IMO-2055 Cancer Immunotherapy Colorectal cancer Phase I
LR Nonsmall cell lung cancer Phase I
MGN-1703  Cancer Immunotherapy Colorectal cancer Phase I

Modified from the reference (2, 6)

TLRS T2 WAAEe A=l AT human
keratinocyte, mucosal epithelial cell, endothelial cell, mesen-
chymal stem cell % TFSE F-F2] neuronal cellol| A %= 2t
HAsl= Ao= Wawar Qlrt (6, 14). wWekA TLR 3¢
S AGHERT olUe B SFAE L PAE

o= AF IFE VI T ASS F AFel ol

- e A =

oF 3lH (6, 14, 15), o]& g AMd& TLR = QW]
F2Rgol| e AN Fejsh 5= S-S AJALETh T1E]al AL
T} vp9-2~9] TLR AlZ=Hlo] UAX|3HA] eF7] wiitol] A
3 FES o83 AY ANE Al B AH U]
& = 9leS <lASof it wiebd TLR Bt=s &%
o elol] 283t7] 9l e TLR 2l7H=9] ¢hA Eoj
hak A4 &3el TLR =S F3 59 Wy
Z4& F3 adjuvant 85 ZH2F i S|of st

ot w5l Ag3sty] S8 A Aol W3
%<2l TLR ¥4 TLR3, 4, 7, 8, 9 5-°| AUTKTable 2).

A
TLR3= A2 o] EA31H 2001 Alexopoulou -5
o o3l (16) dsRNAE Q1218h= F&A%lo] Wajxlom,
TLR39] &4 EZH=21 Poly [I:C]9] &<¢F &4 ov] &
g AEE AR sk} (6). AAZ TLR3 2= in
vitro 2271004 QPA|ES] TS AAlstaL SHAIE A
freste] A4 Q1 aet &Ado] glsol ohFek ehEellA
Huxa glom 3k TLR3 2]7k=7} oAl A
adjuvantZA] $-82 4= S0 HuFAG (6, 17). o]
™ol A TLR3 23=9] thekgl o4 Alge] 18 &<l
Z1 02 FFolE tHTable 2). Wb TLR3 &4 287
ol gk A7k S EThE TLR3 gi=F o] &3

=13 Aoz A7tE

J

Sa=]
Uk TLR4 2j3t=s= A2 gt
2 Cervarix” AA2] 4 AEo|t} Cervarix“+=
AS04 adjuvant= T-d =] AT} AS04+= TLR4 ]+
3-O-desacyl-4'-monophosphoryl lipid A (MPL)¥} aluminium

o

o oy
0 e o

[e]

N

;

—

¢

4

hydroxideE® X~3Hgtth. 1 9] TLR4 =8 383 3

2 e A5 adjuvantZA 28517
A3+ AA} Algo] 23x|ar JTHTable 2). TLR72} TLRS
2 HE Q1A fARE EAEE UE
Wtk 19979 5 7H4 79] imiquimod Al Al(Zyclara™2}
Aldara™)7} A=Y S FEZ FAFJoH, AFFF
vlo] 2 2~(human papillomavirus, HPS)2} ¥ H warts2}
977 815 X Fell AFEE AL 9o, Aldara™= W= 4]
ook otA A ) FH AT O ZXE basal cell carcinoma
(BCC) A|ZA| 2% 5Q1= AT} TLR7/8 2F=7} T3+
oA wEstE FAGAEY] GASE s TLR3 2
TLR4 2]7=9) & Fof A] NKAIE 9 [FNyE AAtst
= CTL 848 S7MZIbE Aol s St} (18).
o]:= TLR7/8 X=7F A3k kil adjuvant=A] A}
|4 5 A gv)shy AAZ TLR7/8 =g It
WA adjuvant® -§-8§3h= TheE Ak Ade] aE
2ATHTable 2). CpG ODN- H}o]2] 229} A7l DNAYA]
FAE = FS ssDNA #4124 TLR9S] #E3t Z|7t=
t}. CpG ODN-2 plasmacytoid DC (pDC), B cell, NK cell
< EA3AI7IH, pDCAlA THEOIR IL-129} type 1 IFN
Thl AYGRHES FEste] CTL WHg-& ZsAZIvkaL
ATk (19, 20). ©]<} Z°] CpG ODN

YA ) AEH o Aoy
_1‘:1111

g o
12
T
o
o

H BEA FEet A o] BauEHT (22).
3k Pk Algo] L 1= TLRY AA 2= CpG7909,
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ol vX = GES in vitro F in vivo A= o]8-51]
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Az ZHHES A2E 49 HEe] S4& 912%]
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FAIZS] TLRS 415 Aol 243t & 35 9o H]E
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