
 
 

CELLULAR & MOLECULAR BIOLOGY LETTERS 
http://www.cmbl.org.pl  

 
Received:  27 March 2008                                                                                       Volume 14 (2009) pp 248-272 
Final form accepted: 09 December 2008                                                           DOI: 10.2478/s11658-008-0048-z 
Published online: 18 December 2008                                            ©  2008 by the University of Wrocław, Poland 

 
* Author for correspondence; e-mail: robaktad@csk.umed.lodz.pl, tel.: +48 42 689 51 91, 
fax: +48 42 689 51 92   

Abbreviations used: AJCC – American Joint Committee on Cancer; AML – acute myeloid 
leukemia; AP-1 – activator protein 1; APC – antigen-presenting cell; CLL – chronic 
lymphocytic leukemia; DC – dendritic cell; FADD – Fas-associated death domain; Flt3 – 
FMS-like tyrosine kinase 3, FL – Flt3 ligand; HSP – heat shock protein; IFN-γ – interferon 
gamma;  IL-1R – Interleukin 1 receptor; IRF – interferon regulatory factor; LBP – LPS-
binding protein; LPS – lipopolysaccharide; MCP-1 – monocyte chemotactic protein 1; NF-
κB – nuclear factor kappa B; ODN – oligodeoxynucleotide; PAMP – pathogen-associated 
molecular pattern; SOCS1 – suppressor of cytokine signaling 1; TGF-β – transforming 
growth factor beta; TIR – Toll/Interleukin 1 receptor; TIRAP – TIR domain-containing 
adapter protein or Mal; TLR – Toll-like receptor; TNFα – tumor necrosis factor alpha; 
TRAM – TRIF-related adapter molecule; Treg – regulatory T cells; TRIF – TIR domain-
containing adapter inducing IFNβ 
 

 
 
 

Review 
 

TOLL-LIKE RECEPTORS AND THEIR ROLE IN CARCINOGENESIS 
AND ANTI-TUMOR TREATMENT 

 
ANNA WOLSKA, EWA LECH-MARAŃDA and TADEUSZ ROBAK* 

Department of Hematology, Medical University of Łódź, Ciołkowskiego 2,  
93-513 Łódź, Poland  

 
 
Abstract: Toll-like receptors (TLRs) have been described as major components 
of the innate immune system, recognizing the conserved molecular structures 
found in the large groups of pathogens called pathogen-associated molecular 
patterns (PAMPs). TLR expression is ubiquitous, from epithelial to 
immunocompetent cells. TLR ligation triggers several adapter proteins and 
downstream kinases, leading to the induction of key pro-inflammatory mediators 
but also anti-inflammatory and anti-tumor cytokines. The result of this activation 
goes beyond innate immunity to shape the adaptive responses against pathogens 
and tumor cells, and maintains host homeostasis via cell debris utilization. TLRs 
have already become potent targets in infectious disease treatment and vaccine 
therapy and in neoplastic disease treatment, due to their ability to enhance 
antigen presentation. However, some studies show the dual effect of TLR 
stimulation on malignant cells: they can  be proapoptotic or promote survival 
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under different conditions. It is therefore crucial to design further studies 
assessing the biology of these receptors in normal and transformed cells. The 
established role of TLRs in human disease therapy is based on TLR7 and TLR4 
agonists, respectively for the novel treatment of some types of skin cancer and 
for the anti-hepatitis B virus vaccine. Some clinical trials involving TLR 
agonists as potent enhancers of the anti-tumor response in solid tumors have 
begun.  
 
Key words: Toll-like receptors, Innate immunity, Treatment, Carcinogenesis, 
Tumor, Vaccine, Dendritic cells 
 
INTRODUCTION  
 
Innate immunity is based on receptors that are able to recognize and respond to 
pathogens within minutes of an invasion, providing efficient protection against 
infectious agents. Among them are the Toll-like receptors (TLRs). These are 
activated by conserved pathogen-associated molecular patterns (PAMPs), which 
are essential for pathogen survival (e.g. the components of the cell wall, nucleic 
acids), and therefore do not mutate among large groups of microbes [1]. They 
take their name from the Toll protein first found in the 1990s in the Drosophila 
fruit fly; that protein is implicated in the dorso-ventral polarization of the 
embryo [2] but is also responsible for the antifungal immunity of the adult fly 
[3]. It was observed that the intracellular domains of the Drosophila Toll and 
mammalian Interleukin-1 receptor (IL-1R) had similar structures [4]. The Toll-
like protein was shown to induce pro-inflammatory gene expression after 
ligation with specific PAMPs [5]. There are 11 human TLRs described out of  
a total of 13 mammalian TLRs, but ligands for some have yet to be discovered [6].  
 
STRUCTURE AND ACTIVATION 
 
TLRs belong to the type I transmembrane receptor family. The intracellular 
Toll/Interleukin-1R domains (TIR) required for downstream signaling have  
a striking similarity to IL-1R. The three-dimensional structure of the 
extracellular domain is responsible for ligand discrimination, eliciting an 
adequate immune reaction to a broad range of agonists attributed to their 
respective TLRs. According to an X-ray analysis of the extracellular domain of 
TLR, there is a capacity for direct but not exact engagement of PAMPs with 
TLRs [7]. Dimerization between TLRs enables further tailoring of the agonist 
recognition: e.g. the TLR1/TLR2 heterodimer responds to triacyl peptides, 
whereas TLR2/TLR6 recognizes diacyl peptides [8, 9]. There are six major 
families of TLRs, based on their phylogenetic backgrounds [10]. Each family is 
attributed to a general class of PAMPs. TLR2 belongs to the TLR2 family, with 
TLR1, TLR6 and TLR10, and it responds to various bacterial (lipopeptides, 
peptidoglycan, lipoteichoic acid), fungal (zymosan) and viral (viral core 
proteins) PAMPs [11-13]. TLR2 also cooperates with lectin receptors, enabling 
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recognition of the fungal cell wall component zymosan [14, 15]. Double-
stranded RNA and some synthetic RNA derivatives (polyinosilic-polycytidylic 
acid) are ligands for TLR3 [16, 17]. The ultimate lipopolysaccharide receptor is 
TLR4 [18]. It functions in a complex composed of the soluble LPS-binding 
protein (LBP), the membrane CD14 molecule, and the MD-2 glycoprotein that 
binds to the extracellular domain of TLR4 [19]. TLR5 has been shown to 
recognize an evolutionarily conserved domain of flagellin (a monomeric 
constituent of bacterial flagella) [20]. It has also been found on the basolateral 
side of intestinal epithelial cells and in the subepithelial compartment, indicating 
its relevant role in microbial recognition and homeostasis at the mucosal surface 
[21]. The sixth family contains TLR7, TLR8 and TLR9. TLR7 and TLR8 are 
both predicted to recognize a nucleic acid-like structure, guanosine- or uridine-
rich single-stranded RNA (ssRNA), from viruses such as the human 
immunodeficiency virus and influenza virus [22]. ssRNA is abundant in the host. 
However, it is not detected by TLR7/8 due to the subcellular expression of these 
TLRs in the endosomes. Human TLR7 and TLR8 also recognize synthetic 
compounds: imidazoquinolines, which are currently approved in the treatment of 
genital warts, and loxoribine [23, 24]. TLR9 is a receptor for unmethylated CpG 
DNA motifs characteristic to bacterial DNA [25]. The function of this receptor 
has also been studied using synthetically designed oligodeoxynucleotides 
(ODNs) [26]. 
Some of the host molecules have also been found to contribute to TLR 
activation. They play an essential role in tissue repair, being released from 
necrotic but not apoptotic cells [27]. The so-called endogenous TLR agonists are 
capable of promoting the inflammatory response with maturation of dendritic 
cells into professional antigen-presenting cells (APC) [28, 29]. This allows for 
the immune system to be involved in responding to danger signals such as tissue 
damage caused by trauma or infection. However, induction of the inflammatory 
reaction to heat shock protein 60 or 70 may contribute to the development of 
autoimmune diseases like type I diabetes [30] and Crohn’s disease [31]. Some 
researchers question the existence of such endogenous ligands. The reason is 
that TLR ligands may be contaminated with LPS during the process of 
production or purification, especially when manufactured by genetically 
modified E. coli strains [32, 33]. So far, only mRNA seems to be the true 
endogenous ligand for TLR3 [34]. Nevertheless, it is plausible that such 
reactions to minute amounts of endotoxin, not detectable using commercial 
testing kits, are due to the increased sensitivity of the studied cells to TLR 
stimulation. Kowalski et al. observed an excessive (more than 100-fold) 
responsiveness of peripheral blood mononuclear cells from patients with recent 
onset rheumatoid arthritis to LPS stimulation, compared to healthy controls and 
subjects diagnosed with degenerative arthritis [35]. That might also be the case 
in experiments studying the influence of endogenous ligand preparations 
contaminated with minute amounts of LPS. 
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TLR SIGNALING 
 
The downstream pathway of TLR signaling requires two major adapter proteins, 
MyD88 and TRIF (TIR domain-containing adapter inducing IFNβ), which are 
exploited by all of the TLRs, and others that are exclusively utilized by TLR2 
and TLR4: TIRAP (TIR domain-containing adapter protein or Mal) and TRAM 
(TRIF-related adapter molecule). Interaction of the TIR domains on TLRs and 
adapter molecules initiates a kinase cascade that induces transcription factors 
like nuclear factor-κB (NF-κB), AP-1, IRF3 and IRF7. Stimulating some TLRs 
results in the activation of specific adapter proteins, whereas others activate 
multiple adapter molecules. This enables the tailoring of the immune responses 
to different ligands, e.g. rapid antiviral response after IRF-3 activation through 
TRIF following TLR3 stimulation, and two-phase NF-κB activation subsequent 
to TLR4 ligation [for a review, see 36].  
 
THE RESULTS OF TLR ACTIVATION – TLRs IN CARCINOGENESIS 
 
TLRs are very potent activators of gene transcription and translation. Murine 
macrophages initiate about 1000 LPS-responsive genes following TLR4 
stimulation [37]. The activity of the transcription factor NF-κB is enhanced by 
TLR stimulation as early as 15-30 minutes after TLR ligation, with subsequent 
cytokine production occurring 2 hours later [38, 39]. The most evident 
consequence of TLR stimulation is the induction of the inflammatory response. 
TLR ligation results in the production of pro- and anti-inflammatory cytokines 
(IL-1, IL-6, IL-8, IL-10, TNFα) [40-42], chemokines (IL-8, MCP-1) [43, 44], 
defensins [45], and antiviral type-I interferons [46, 47]. Other mechanisms 
attributed to TLR signaling are processes including apoptosis, tissue repair and 
angiogenesis.  
It has long been observed that chronic infection and inflammation are important 
factors contributing to the development of malignant tumors. For example, 
gastric cancer is linked to chronic Helicobacter pylori inflammation, and there is 
an association between chronic inflammatory bowel diseases and colon cancer 
[48, 49]. The chronic inflammatory process promotes the proliferation of cells 
and may promote the development of cancer. What’s more, the results of several 
studies imply that using non-steroidal anti-inflammatory drugs may lower the 
risk of some types of malignancies developing [50, 51]. The role of TLRs in 
mammalian cell biology seems overwhelming, and reaches far beyond the 
simple antimicrobial immune response of the innate immunity. Therefore, it has 
become even more tempting to scrutinize the Toll-like pathway in human 
diseases, especially in malignancies. TLRs are believed to be involved in tumor 
development and growth, with several possible mechanisms, but they have also 
been found in reactions directed against tumor cells (Tab. 1).  
The factor that links chronic inflammation and tumor development is NF-κB 
[52]. It was found activated in a number of human malignancies, including acute  



Vol. 14. No. 2. 2009         CELL. MOL. BIOL. LETT.         
 

252 

 
Tab. 1. TLRs and tumor development and growth. 
 

Tumor-promoting TLR References Anti-tumor TLR Reference 
Pro-angiogenic 2, 9 58 Anti-angiogenic 7, 9 [59-61] 
Proliferation 3, 4 64-67 Apoptosis 3, 4, 7, 9 [68, 70-72, 74] 
Chemoresistance 4 81, 82 Chemosensitivity 2, 4, 7 [83-86] 

Treg activation 4, 5 93, 94 Treg inhibition 
Antigen presentation 4, 5, 7, 8, 9 [94, 95, 98-102] 

   Cytotoxicity 9 [103, 106-109] 

 
and chronic myelogenous leukemia, prostate cancer, multiple myeloma, and 
hepatocellular carcinoma [53-56]. Therefore, the agents that lead to the 
activation of NF-κB may be directly implicated in the development and 
progression of tumors. Toll-like receptors are potent activators of the NF-κB 
pathway. Their role in carcinogenesis depends on the activation of NF-κB and 
related genes, resulting in the production of cytokines such as IL-1, IL-2, IL-6, 
IL-10 and TNF-α; the recruitment of cells of the immune system by chemokines; 
the maintenance of chronic inflammation; and suppression in the tumor 
microenvironment. This complex net of chemical and direct cell-to-cell 
interactions may contribute to tumor survival and progression through an anti-
apoptotic effect, the direct inhibition of cell cytotoxicity or angiogenesis [57, 58]. 
There is still controversy regarding TLRs in angiogenesis, as to whether they 
promote or inhibit the formation of new vessels. Pro-inflammatory cytokines and 
growth factors produced after TLR ligation favor angiogenesis, but at the same 
time, the synthetic TLR7 ligand (imiquimod) is found to halt this process and is 
a potent and approved topical anti-tumor agent in dermatological malignancies 
[59-61].  
TLR expression has also been studied using tumor cells. The cells of several 
tumors display increased and changed TLR expression, and mice deficient in 
such receptors may be protected or develop fewer inducible tumors in 
experimental models [62, 63]. Moreover, the induction of TLRs on tumor cells 
may directly promote proliferation, such as in human prostate cancer and in head 
and neck cancer. This reaction is time- and dose-dependent and is reflected by 
NF-κB induction and the subsequent upregulation of oncoprotein c-Myc [64, 65]. 
However, there are studies suggesting a protective role of TLR stimulation and 
possible therapeutic options exploiting TLR ligation. A study of Paone et al. 
showed increased apoptosis of prostate cancer cells stimulated with the TLR3 
agonist. This reaction may be due to the established balance favoring apoptosis 
rather than the proliferation of cancer cells under TLR ligation [68]. This 
balance may depend on the concentration of certain cytokines and the time of 
stimulation [69]. Direct TLR3 stimulation of melanoma cells leads to increased 
apoptosis. Moreover, TLR3-mediated cell death involves the activation of 
caspases and engages both the extrinsic and intrinsic apoptotic pathways. The 
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results suggest that TLR3 agonists may be very promising adjuvants for cancer 
vaccines thanks to their newly identified direct cytostatic and cytotoxic effects 
on tumor cells [73]. Apoptosis may be a potent mechanism of eliminating acute 
myeloid leukemia cells (AML). Monocytic AML cell lines were found to be 
sensitive to IFN-α with LPS-induced apoptosis, which is partially dependent on 
caspase-8 recruitment and associated with enhanced Fas/CD95 expression.  
A few samples of primary blast lines obtained from patients with AML also 
responded to the additive effects of LPS and IFN-α, indicating that sensitivity to 
TLR4-mediated inducible apoptosis is found in a fraction of AML samples with 
no correlation with FAB phenotypes [74]. It has been observed that cells 
stimulated with TLR ligands udergo programmed cell death after NF-κB 
activation by Fas-associated death domain protein (FADD) and subsequent 
caspase recruitment [75-78]. This phenomenon reflects the regulatory capacity 
of TLR signaling protecting the host from excessive proliferation of 
immunecompetent cells being activated during inflammatory reactions, and may 
be implicated in an anti-tumor response enhanced with TLR stimulation. 
However, some studies have had completely contrary outcomes. Fas-FasL 
interaction with murine and human macrophages has been shown to enhance 
activation via TLR4 signaling. This surprising outcome is associated with the 
progression of chronic collagen-induced inflammation in a murine model [79]. 
Even more astounding is the observation that intact FADD protein is essential 
for TLR3- and TLR4-induced proliferation of B lymphocytes [80]. This dual 
role of TLRs in apoptosis is still indistinct, and reflects the complex associations 
between different signaling pathways in cells expressing TLRs. 
The Toll-like pathway favoring tumor growth may also be triggered by 
chemotherapeutic agents themselves. Chemotherapeutics such as doxorubicin or 
paclitaxel can activate NF-κB  and promote cell survival rather than apoptosis, 
which may explain the increased tumor growth despite the treatment reflecting 
some kind of chemoresistance [81, 82]. It may then be appropriate to assess the 
unique TLR expression pattern in tumor cells and direct the treatment according 
to the actual sensitivity to TLR stimulation. This would be plausible to overcome 
the undesirable NF-kB activation in prone individuals. On the other hand, 
studies show enhanced chemosensitivity upon TLR stimulation; for example, 
TLR7 ligation results in sensitization of the B cells of chronic lymphocytic 
leukemia to chemotherapeutic agents in vitro, presumably by impaired signal 
transduction through a stress-activated protein kinase pathway [83, 85]. 
In spite of these controversies, the potential of TLR agonists to drive and 
enhance the adaptive immune response against certain antigens has been 
investigated in anti-tumour therapy. Effective anti-tumor therapy has some 
major aspects that must be addressed. As tumor cells are capable of modulating 
the immune system, favouring survival and inhibiting anti-tumor responses, it is 
important to induce effective immunogenicity of tumor cells by augmenting 
antigen presentation. The other concern is the immuneparesis and tolerance 
towards malignant cells that accompany weak immunogenicity and are reflected 



Vol. 14. No. 2. 2009         CELL. MOL. BIOL. LETT.         
 

254 

by anti-inflammatory cytokine environment and naturally occurring regulatory  
T cells (Treg) that mediate antigen-specific local immune suppression. Not only 
do cells infiltrating the tumor seem to be reluctant to evoke anti-tumor reactions, 
but they also create an inflammatory microenvironment that contributes to 
cancer growth and supports the immune suppression to tumor cells [87]. 
Regulatory T cells occur naturally during any immune response and function as 
inhibitors of excessive immunological reactions, but also act as suppressors of 
autoreactive effector T cells [88, 89]. Animals depleted of regulatory T cells 
suffer from lethal infections when exposed to infectious agents [90, 91]. They 
exert their suppressive function with a delay to effector T cells, allowing for an 
effective immune response against non-self antigens, and limiting its extent [92]. 
DCs play an important role in stimulating Tregs, but Tregs have also been 
described as being able to directly respond to TLR ligands. In murine models, 
Tregs have been found to express mRNA for TLR4, 5, 7 and 8. Ligation of 
TLR4 with LPS results in the augmentation of their suppressive function on 
cytotoxic T lymphocytes without support from DCs. Stimulated Tregs are fully 
functional and suppress cytotoxic T cells in vivo in LPS-challenged alymphoid 
animals [93]. However, another study demonstrates the dual action of TLR 
stimulation on the anti-tumor effects of Tregs. Tregs stimulated with flagellin at 
the time of experimental tumor implantation exert their suppressive function and 
allow for tumor growth and progression, whereas delayed TLR5 ligation 
enhances the anti-tumor response reflected by the inhibition of tumor growth and 
a decrease in Treg number. Contemporaneous administration of the TLR5 
agonist favors a Th2 polarized response, in contrast to the increased IFNγ and Il-4 
production characteristic for a Th1 response. Moreover, the addition of CpG 
oligodeoxynucleotides with early flagellin treatment was associated with 
complete tumor suppression, which demonstrates an as-yet unknown synergy 
between the TLR agonists against the tumor [94]. Other TLR agonists are 
capable of reversing the suppressive function of Tregs. In the study of Peng  
et al., restoration of tumor growth inhibition was observed after the adoptive 
transfer of Tregs treated with poly-G oligodeoxynucleotides and CD8+ 
immunized T cells 3 days after tumor cell inoculation [95]. There is a lot of 
interest in Treg and TLR roles in anti-tumor immune responses. However, the 
kinetics of these reactions remain unknown and further studies need to be 
conducted.  
Another possible way to overcome tumor-related immuneparesis is to augment 
the immunogenicity of tumor cells and make them visible to the host immune 
system. Dendritic cells possess the ability to drive and ‘guide’ the adaptive 
immune responses. Their role involves presenting antigens and providing 
additional stimulating signals to naïve T cells, thus enhancing effector reactions 
against given antigens. They also express TLRs and thus respond to a vast array 
of microbial derivatives linking the innate and adaptive immunities. TLR 
ligation results in maturation and gaining the potential to activate naïve T cells. 
Distinct PAMPs can have opposite effects regarding Th balance. For example, 
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dsRNA, the TLR3 ligand, induces a strong Th1 reaction by releasing type I IFNs [96], 
and LPS from P. gingivalis (TLR2 agonist) induces DCs to prime a Th2-type 
response, whereas LPS from E. coli (TLR4 agonist) promotes the development 
of DC with Th1-polarizing activities through IL-12 [96]. DCs are also capable of 
reversing the Treg cell-mediated suppression after being stimulated with LPS 
and CpG oligodeoxynucleotides in vitro. This effect is accompanied by near to 
normal proliferation of effector T cells, and is independent of costimulation, but 
requires IL-6 [98]. Malignant cells may also become antigen-presenting cells. 
One of the most thoroughly studied hematological malignancies is chronic 
lymphocytic leukemia (CLL).  Leukemic B cells are not capable of effective 
antigen presentation to T lymphocytes, and so are weakly immunogenic. 
However, as with normal B lymphocytes, CLL B cells express mRNA for TLR7 
and TLR9, and are responsive to stimulation with TLR7 and TLR9 agonists. 
TLR7 ligation induces proliferation, increased expression of costimulatory 
molecules and TNF-α and IL-10 production. Additional IL-2 stimulation leads to 
inhibition of proliferation and IL-10 production. CLL B cells become more 
immunogenic to cytotoxic T lymphocytes in a mixed in vitro culture [99, 100]. 
Synthetic agonists of TLR9 also enhance proliferation, proinflammatory 
cytokine production and the transformation of CLL B cells to APCs in vitro 
[101]. They also induce up-regulation of the high-affinity IL-2 receptor in 
malignant compared to normal B cells. The addition of IL-2 to CpG-ODN-
stimulated cells augmented proliferation in both normal B cells and B-CLL cells, 
but no costimulatory effect on cytokine production or surface molecule 
expression could be observed in normal B lymphocytes. By contrast, TNF-α and 
IL-6 production was increased in CLL cells, and the expression of CD80 and 
CD86 was further augmented when IL-2 was used as a costimulus. Autologous 
and allogeneic immune recognition of CLL B cells stimulated with CpG-ODN 
and IL-2 was increased compared with CLL B cells stimulated with CpG-ODN 
alone [102]. Furthermore, synthetic TLR9 ligands (oligodeoxynucleotides, 
ODN) bear the potential to enhance the immunogenicity of B-CLL cells by up-
regulation of CD25, a target for immunotoxin LMB-2. LMB-2 was found to be 
much less toxic to normal B and T lymphocytes compared with B-CLL cells, 
and immunostimulatory CpG-ODNs efficiently sensitized B-CLL cells to  
a recombinant immunotoxin via modulation of its target [103].  
However, in vivo studies of neoplastic diseases on animal models are most 
important, as the microenvironment of the tumor consists of interacting cells 
rather than individual reactions. In a study of an animal model of melanoma, 
continuous TLR2, 3, 4, or 7 stimulation elicits  cytotoxic T-cell generation, but 
no in vivo effect on anti-tumor responses reflected by uninterrupted tumor 
growth and no signs of autoimmunity (vitiligo) in treated animals can be 
observed. Additional modification of the TLR signaling pathway including 
SOCS1 inhibition in DCs induces effective anti-melanoma immunity with 
marked IL-12 secretion and visible tumor growth suppression [104]. Moreover, 
genetic immunization along with TLR ligation is not efficient enough in the 
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treatment of melanoma in mice, suggesting the existence of active tumor 
immunotolerance. Hence, the treatment may be sufficient to slow the 
progression of the primary tumor and reduce the number of metastases [105].  
Last but not least is the phenomenon of tolerance, which is still controversial, 
and is undermined by some authors. It is an effect of prolonged TLR stimulation, 
which is supposed to protect the host from the detrimental activation of the 
innate immune reaction following a microbial challenge. Animals exposed to 
sub-lethal doses of LPS resist subsequent lethal doses. This is achieved by 
entering a refractory state which is either expressed by a decrease in surface 
TLR4 and impaired signal transduction (inhibited phosphorylation of the kinase 
pathway, suppression of LPS-induced chemokine expression), or mediated by 
anti-inflammatory cytokines [110-113]. Tolerance may be undesirable for anti-
tumor therapy when it is directed to increase tumor immunogenicity and antigen 
presentation, but it would be of benefit in the case of inhibiting the regulatory 
functions of Tregs. Several studies have investigated the phenomenon in human 
cells using in vitro and ex vivo models. The results are quite surprising, as cells 
stimulated with TLR2, TLR4 and TLR9 agonists in a 24-hour culture show  
a sustained activation state rather than tolerance. Macrophages exposed to low 
doses of LPS rapidly secrete TNFα, but when exposed to higher doses of LPS, 
they progressively produce more cytokines (represented here by IL-1 and IL-12 
promoter activation) [115]. The decreased responsiveness reflected by low levels 
of proinflammatory cytokines appears to be due to the induction of the anti-
inflammatory cytokine milieu (IL-10 and Transforming Growth Factor-β; TGF-β) 
[110, 115].  
The role of TLRs in mammalian cell biology seems overwhelming and reaches 
far beyond the simple anti-microbial immune response of the innate immunity. 
Therefore, it has become even more tempting to scrutinize the Toll-like pathway 
in the treatment of human diseases, especially in malignancies. 
 
TLRs AS ANTI-TUMOR VACCINES 
 
The potential of TLR ligands to induce appropriate and effective immune 
reactions against a given antigen has been exploited in the vaccine therapy of 
human melanoma (Tab. 2).  
 
Tab. 2. TLRs in anti-tumor vaccine studies for melanoma. 
 

TLR Vaccine Reference 
7 Cancer/testis antigen + imiquimod [120] 
Poly Melanoma antigen + Ribomunyl [121] 
9 Melanoma antigen + CpG7909 [118] 
7 Melanoma antigen + Flt3 + imiquimod [119] 
 
TLR agonists have been shown to induce DC maturation and antigen 
presentation, which is one of the issues to be addressed in the effective anti-
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tumor treatment. The rationale for designing studies with human tumors comes 
from animal models. Numerous studies have already been conducted on the use 
of TLR agonists along with tumor-antigen vaccination. The results are quite 
promising, showing the potential of TLR ligands to enhance and improve the 
efficacy of tumor vaccines. Adding TLR3, TLR4, TLR7 or TLR9 ligands 
potently activates CD8+ cytotoxic T cells with increased IFN-γ production and 
the leukocyte-rich immunostimulatory cytokine milieu at the tumor 
microenvironment [116-118]. Moreover, the most important evidence for the 
success of the combined treatment is the improved survival of tumor-bearing 
animals. However, studies in human malignancies reveal the great potential of 
TLR ligands but still mostly in in vitro models, which do not reflect the whole 
net of relationships between immunecompetent cells [119]. 
A pilot single-arm study was performed on 9 patients with malignant melanoma 
at stages II and III according to the AJCC criteria. The treatment included 
topical administration of imiquimod cream followed by intradermal injection 
with cancer/testis antigen formulation NY-ESO-1. The treatment was well 
tolerated, with only minor side effects at the site of administration and grade I 
systemic effects. In 4 of 9 patients, seropositivity for the tested antigen was 
observed. No CD4+ or CD8+ responses were detected, either by ELLISPOT or 
Delayed Type Hypersensitivity. However, CD4+ reactions were observed in  
in vitro sensitized cell cultures in 7 of the 9 study objects. No correlation 
between the clinical response and in vitro results was determined [120]. 
A phase I/II trial was conducted to evaluate clinical and immunological 
responses after intralymphatic and intranodal injections of mature dendritic cells 
loaded with specific tumor antigens and stimulated with a TLR ligand along 
with IFN-γ in patients with a metastatic melanoma. Fourteen patients enrolled in 
the study received 1 intralymphatic and 4 intranodal injections of DCs pulsed 
with melanoma antigens and matured in vitro with Ribomunyl (TLR ligand) and 
IFN-γ. Neither a complete nor partial response was observed. However, in  
2 subjects, the lesions remained stable for up to 10 months and the longest 
survival was 48+ months. The median survival was 10.5 months. The most 
common adverse events included local reactions at the site of injection, and only 
1 grade 4 lymphopenia occurred [121]. 
A study of Speiser et al. exploited another synthetic TLR ligand, CpG 7909. 
Eight patients enrolled in the study received vaccinations that consisted of the 
TLR9 agonist, melanoma antigen and incomplete Freund’s adjuvant. All the 
subjects exhibited strong antigen-specific T-cell responses, as assessed by the  
ex vivo secretion of IFN-γ and expression of granzyme B and perforin. 
Furthermore, the frequency of Melan-A-specific T cells was one order of 
magnitude higher than the frequency seen in the 8 control patients treated 
similarly but without CpG. Moreover, T-cell clones recognized and killed 
melanoma cells in an antigen-specific manner in vitro [122]. 
In a study of Shackleton et al., 27 patients with metastatic or high-risk resected 
melanoma received the Flt3 ligand (FL); eighteen of them were treated with 
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vaccination with melanoma antigens and 8 of the vaccinated subjects received 
imiquimod topically [123]. The treatment was generally safe and well tolerated, 
although some patients developed clinically significant toxicities related to FL. 
FL induced increases in immature CD11c+ and CD123+ peripheral blood (PB) 
DCs. Cutaneous reactions to peptide vaccination and circulating peptide-specific 
CD8+ T-cells were more frequent in the imiquimod-treated patients. FL 
treatment resulted in increased levels of circulating DCs, and stimulation with 
tumor antigens augmented with the TLR ligand enhanced the maturation of 
antigen-specific DCs. 
 
TLRs IN CLINICAL TRIALS AGAINST HUMAN MALIGNANCIES 
 
The promising role of the TLR pathway in the treatment of human malignancies 
was studied in several clinical trials (Tab. 3).  
 
Tab. 3. TLRs in clinical trials. 
 

Malignancy TLR Reference 
Advanced-stage non-small-cell lung cancer TLR9 [124] 
IV stage melanoma TLR7 [125] 
IIIb/c or IV stage melanoma TLR9 [126] 
Incompletely resectable pancreatic carcinoma TLR2/6 [127] 
Recurrent non-Hodgkin lymphoma TLR9 [128] 
Recurrent glioblastoma TLR9 [129] 
Recurrent non-Hodgkin lymphoma TLR9 [130] 
Recurrent non-Hodgkin lymphoma TLR9 [131] 
CLL, skin deposits TLR7 [132] 
 
A randomized phase II trial of combination therapy with taxane and platinum 
plus an additional synthetic TLR9 agonist was performed with the aim of 
increasing the efficacy of a first-line treatment for the III and IV stage non-
small-cell lung carcinoma. One hundred and eleven patients were included in the 
study. The major side effects concerning subcutaneous administration of ODN 
were flu-like symptoms and local reactions, although grade 3 and 4 cytopenias 
were more common in the TLR arm. The objective response rates (complete and 
partial response) were 38% in the TLR9 agonist group and 19% in the 
conventional treatment arm. Blinded independent radiological reviews of CT or 
MRI scans from 90 patients with available scans in the study database revealed 
similar results with respect to the confirmed objective response rate (19% in the 
ODN plus chemotherapy arm, and 11% in the chemotherapy-alone arm;  
p = 0.323). Statistical analysis suggests a trend toward improved survival for 
patients treated with ODN plus chemotherapy. The median survival for patients 
in the ODN plus chemotherapy arm was 12.3 months compared with 6.8 months 
for patients in the chemotherapy-alone group [124].  
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A phase II, multicenter, open-label study in patients with chemotherapy-
refractory metastatic melanoma studied the anti-tumor activity of a systemically 
administered TLR7 agonist, 852A. Twenty one patients were enrolled and  
13 completed the whole 12-week treatment cycle, with two discontinuing for 
adverse events considered to be possibly related to the study drug. A systemic, 
intravenously administered TLR7 agonist was well tolerated and was capable of 
inducing activation of the anti-tumor immune response assessed by serum IFN-γ 
concentration. Four (19%) patients had disease stabilization for > 100 days [125]. 
A phase II, open-label, single-arm study was designed for the evaluation of the 
safety and efficacy of a subcutaneous injection of the TLR9 agonist in patients 
with unresectable stage IIIb/c or stage IV melanoma. Twenty patients were 
enrolled in the study, and they received a mean of 10.7 injections of the TLR9 
ligand. Adverse events included mostly flu-like symptoms of 1/2 grade, but in  
3 patients, a slight increase in the anti-dsDNA antibody titre was observed with 
no clinical evidence of autoimmune disease. Two patients experienced a clinical 
response: metastatic leasion regression. One of these responses was ongoing at 
more than 140 weeks after TLR9 agonist therapy, whereas the other patient 
developed new leasions with regression of previous target ones. Three patients 
experienced stabilization of the disease, although all presented with progression 
at week 24. The markers of immunological activation showed increased DC 
activation with elevated levels of type I IFN, and induction of NK cell 
cytotoxicity [126]. 
A phase I/II trial was designed to assess the safety and efficacy of the Toll-like 
receptor 2/6 agonist MALP-2 in combination with gemcitabine in patients with 
incompletely resectable pancreatic carcinoma. Ten patients were included in the 
study, receiving an intratumoral injection of MALP-2 during surgery plus 
subsequent chemotherapy. The TLR2/6 agonist was well tolerated and induced 
clear local effects reflected by the influx of lymphocytes and monocytes, and the 
enhancement of NK activity. The most important effect was a 17.1 +/- 4.2-
month increase in the mean survival, with 2 patients alive after 31 months, 
which is rarely seen with pancreatic cancer [127]. 
A phase I trial of the TLR9 agonist in patients with previously treated non-
Hodgkin lymphoma (NHL) evaluated safety across a range of doses, and 
assessed immunomodulatory and clinical effects. Twenty three patients received 
up to 3 weekly infusions of ODN. Serious adverse events included cytopenias of 
grade 3/4, probably due to progression of the disease. There were no clinical 
responses at day 42, as assessed by imaging techniques [128]. 
A phase I trial of CpG-28, a TLR9 agonist, administered intratumorally by an 
intracranial catheter in patients with recurrent glioblastoma was designed to 
evaluate safety and clinical efficacy of the studied immunomodulator.  
Twenty four patients, refractory to previous therapies (chemo- and radiotherapy) 
were observed for at least 4 months. The main side effects were limited to 
worsening of neurological conditions, fever and transient grade 3 lymphopenia. 
A minor response was observed in 2 patients with a reduced mass effect and 
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decreased surrounding oedema, and the overall median survival was 7.2 months 
from the time of enrollment. At the time of analysis, 20 patients had died [129]. 
A phase I trial to investigate the safety, tolerability, and preliminary anti-tumor 
activity of PF-3512676 in combination with rituximab was conducted on 
patients with relapsed or refractory CD20 positive B-cell lymphoma. Fifty 
patients were included in the study. The main side effects and adverse events 
were mild to moderate systemic flu-like symptoms and injection-site reactions. 
Four patients experienced grade 3/4 neutropenia. Objective responses occurred 
in 24% of patients overall [130].  
Friedberg et al. investigated the influence of systemic administration of ODNs 
concurrently with rituximab on the disease course in 20 patients with non-
Hodgkin lymphoma not responding to conventional chemotherapy. The regimen 
included once weekly administration of ODN with rituximab for 4 consecutive 
weeks. Drug tolerance and clinical efficacy were assessed. The most common 
side effects observed during the study were allergic reactions and skin irritation 
at the site of administration, a cough, airway infection and a headache. A dose-
related increase was measured in the expression of several interferon-inducible 
genes after CpG administration in peripheral blood mononuclear cells. Partial 
remission was achieved in 6 patients, while in 13 patients, the disease remained 
stable with a median progression-free survival of 12 months (from 5 to 23.5 
months) [131].  
Spaner et al. observed the regression of lymphomatous skin deposits in a CLL 
patient treated with a topically administered synthetic TLR7/8 agonist, 
imiquimod, which is approved for use against genital warts and basal-cell skin 
carcinoma [132]. Further clinical trials studying the efficacy of TLR ligands in 
the treatment of human malignancies are ongoing. 
 
CONCLUSION 
 
Toll-like receptors comprise a family of pattern recognition receptors. The 
effects of their activation reach beyond innate immune reactions. Activating 
dendritic cells and modulating specific immune reactions at the levels of T and B 
cells link mechanisms of innate and adaptive immunity to elicit an efficient 
response against the invading pathogen or maintenance of homeostasis. 
However, TLR involvement in the pathogenesis of neoplastic diseases has also 
been observed. Some issues concerning the exploitation of TLRs in the 
treatment of neoplastic diseases still need to be addressed. It is crucial to 
adequately assess the expression of TLRs on transformed cells and study the 
biology of TLR signaling, as there are still some discrepancies among 
researchers about the functionality of TLRs in malignant cells. The functionality 
of TLRs in transformed cells goes far beyond simple NFκB activation, but 
should be studied in the context of the tumor environment with its suppressive 
nature and weak immunogenicity. 
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