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Abstract
Significant advances in cancer immunotherapy have been made in recent 

years and one such tool is the use of double-stranded RNA (dsRNA) which is the 
molecular pattern of virus infection which are recognized by pattern recognition 
receptors. The combination of dsRNA and its receptors induce a significant 
immune response and trigger cancer cell apoptosis in vivo. In this paper, the 
use of dsRNA in immunotherapy of gastrointestinal cancer is briefly reviewed. 
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Abbreviations
ASC: Apoptosis-associated speck-like protein containing a 

caspase-activating and recruitment domain; dsRNA: double-stranded 
RNA; IFN: interferon; IL: interleukin; IRF: Interferon Regulatory 
Factor; MAVS: Mitochondrial Antiviral Signaling adaptor; MDA-
5: Melanoma Differentiation-Associated gene 5; NF-κB: Nuclear 
Factor-κB; NLRP: nucleotide-binding domain and leucine-rich 
repeat containing gene family pyrin domain; RIG-I: retinoic acid-
inducible gene-I; RLR: retinoic acid-inducible gene-I-like receptor; 
TLR: Toll-like receptor; TRIF: Toll/interleukin-1 receptor domain-
containing adaptor inducing interferon-β.

Introduction
In 1891, William B. Coley documented malignancy regression 

after erysipelas infection and based on this observation, initiated 
treatment of an unresectable tumor by inoculation with Streptococcal 
cultures in a patient. The tumor regressed and the individual was 
disease-free for 8 years [1]. He then combined heat-inactivated 
Streptococci and Serratia marcescens in a vaccine to treat patients with 
malignancies and this was eventually called Coley’s toxin [2]. The 
mechanism of action was unknown until the discovery of Toll-Like 
Receptors (TLRs) in human in late 1990s [4], and it is now known 
that activation of TLRs induces an immune mechanism that destroys 
cancer cells.

Interaction between the Immune System 
and Cancer

The intellectual perspective of the interaction between host 
immune system and transformed cell has undergone evolution 
from the earlier concept of immune surveillance [4] to the current 
cancer immune editing theory [5]. In the latest iteration, recognition 
of cancer antigen by immune cell to elicit potent tumor-specific 
Cytotoxic T Lymphocyte (CTL) response is believed to be the core of 
cancer immune therapy [6]. CTLs migrate to the tumor region and 
are activated by recognition of the tumor-associated antigen and the 
MHC complex. The activated tumor-specific CTLs attack the tumor 
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cells by releasing perforins or engaging Fas/FasL to induce apoptosis 
of tumor cells and regression of the tumor [7].

Signals Triggered by dsRNA
Double-stranded RNA (dsRNA) is the ligand of TLR3. Upon 

sensing dsRNA, TLR3 translocates from endoplasmic reticulum to 
endosome [8] and activates signal pathways, e.g. the nuclear factor-
κB (NF-κB) pathway to induce pro-inflammatory cytokines [9], 
the Interferon Regulatory Factor (IRF) 3/7 pathway to induce type 
I interferon [10]. The unique pathway of dsRNA-TLR3 interaction 
leads to activation of Fas-Associated cell Death Domain (FADD) 
protein-caspase-8 axis to initiate cell apoptosis [11]. This property 
is of importance in cancer immunotherapy. dsRNA can also 
activate retinoic acid-inducible gene-I (RIG-I)-like receptors (RLRs) 
including RIG-I and melanoma differentiation-associated gene 5 
(MDA-5) to induce type I interferon production [12]. In addition, 
dsRNA is able to associate with nucleotide-binding domain and 
leucine-rich repeat containing gene family pyrin domain 3 (NLRP3) 
to induce inflammasome and IL-1 and IL-18 production which elicits 
an immune response [13] (Figure. 1). Other dsRNA sensors also 
exist and play different roles on host immune response [14]. A recent 
review described these signal pathways in detail [14]. It appears that 
activation of TLR3 rather than MDA-5 is crucial for dsRNA mediated 
cancer immunotherapy [15].

TLR is Involved in Cancer Immunotherapy
Current evidence has documented that TLR as a subclass of 

pattern recognition receptor (PRR) actively participates in innate 
and adaptive immune responses of the host to eliminate invading 
pathogens and transformed cells [16]. A recent study suggested 
that endosomal TLRs like TLR3 and TLR9 are more effective in 
the induction of CTL response than cell surface TLRs [17]. TLRs 
are present not only in immune cells but also in cancer cells [18]. 
Thus, application of dsRNA in the immunotherapy of cancer may 
involve 2 mechanisms: activation of immune cells to trigger innate 
and adaptive immune response overcoming the immunosuppressive 
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microenvironment created by cancer cells, and direct action on the 
dsRNA receptors expressed in cancer cell to induce cellular apoptosis, 
programmed necrosis and perhaps pyroptosis resulting in tumor 
shrinkage. Polyinosinic-polycytidylic acid [poly (I:C)], a synthetic 
dsRNA analogue is able to convert tumor-supporting macrophages 
to tumoricidal effector cells in mice. This is mediated by TNF-α 
signaling that is dependent of TLR3-Toll/interleukin-1 receptor 
domain-containing adaptor inducing interferon-β (TRIF) pathway 
and is independent of myeloid differentiation factor 88 (MyD88) 
pathways and MDA-5-Mitochondrial Antiviral Signaling Adaptor 
(MAVS) pathway [19].

dsRNA Applied in Immunotherapy of 
Gastrointestinal Cancer

dsRNA have been used [20-28] but specifically for disease 

related to the GI tract, the data is scant. Early studies showed that 
poly (I:C) can inhibit the growth of human colon carcinoma cells in 
vitro [29], and block the cytotoxicity of 5-fluorouracil by interfering 
with the bioactivation of the latter [30]. dsRNA analogues are able to 
synergistically enhance the cytotoxic effect of interferon γ on human 
colon carcinoma cell line [31]. They can also modulate the cancer 
microenvironment by killing TLR3-expressing cancer cells, inducing 
T cell and NK cell infiltration, and activating TLR3-expressing NK 
cells [32]. Activation of TLR3 in hepatocyte cancer cell line HepG2 
results in cellular apoptosis rather than pro-inflammatory cytokine 
production [33]. Similar results were also found in gastric cancer cell 
lines BGC-823 cells and AGS through RLRs signaling [34]. Another 
study reported that over-expression of TLR3 was correlated with poor 
prognosis [35]. Yet the expression of TLR3 in this study, analyzed by 
a computerized image analysis system, did not distinguish the surface 

Figure 1:  dsRNA induced signals. dsRNA can be recognized by endosomal TLR3. Activated TLR3 associates its ligand TRIF, and then activates either NF-κB 
or IRF3/7 pathways to induce production of proinflammatory cytokines or type I interferon. Activation of TLR3 is also able to trigger cell death through apoptosis 
or programmed necrosis. dsRNA can also associate RLRs, e.g. RIG-I or MDA-5. The activated RIG-I or MDA-5 combines its adaptor protein MAVS to activate 
IRF3 or IRF7 which induce type I interferon production. The activated RIG-I or MDA-5 can also associate ASC to induce assembly of inflammasome. Through 
combination of dsRNA with NLRP3, formation of inflammasome is induced which in turn promotes IL-1 and IL-18 production. The inflammasome can also induce 
cell death via pyroptosis.
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and the endosomal expressions of TLR3 [35]. The surface TLR3 may 
activate different signal pathways and result in different biological 
effect in comparison with the endosomal TLR3 [36]. TLR3 expression 
has been recognized as a biomarker for the therapeutic efficacy of 
dsRNA in breast cancer [37]. Thus, the anti-cancer effect of dsRNA in 
different cancer may be mediated by distinct signal pathways. Further 
study has shown that the activation of intracellular TLR3 induces cell 
apoptosis while activation of cell surface TLR3 can activate NF-κB 
activity but not affect cell viability [36]. dsRNA can also be used as an 
adjuvant to enhance the anti-cancer immunity of CEA-based vaccine 
in murine colorectal cancer model [38,39].

Currently, several synthetic dsRNA analogues have been tested or 
in clinical trials. Currently, a phase I/II clinical trial using poly (I:C) 
with substitution of every 13th cytosine (C) with uracil (U) [poly 
(I:C12U], interferon and celecoxib in fighting recurrent colorectal 
cancer is being conducted [40]. Another randomized, double-
blind, placebo-controlled trial in newly diagnosed advanced colon 
adenomatous polyps to evaluate the effect of poly (I:C) stabilized with 
poly L-lysine and carboxymethyl cellulose [poly (ICLC)] adjuvanted 
MUC1 peptide vaccine in preventing the recurrence of adenomatous 
polyps and preventing the development of colorectal cancer is also 
active [41]. A phase II trial using this poly (ICLC) with MUC1 vaccine 
in preventing adenomatous polyps advancing into colon cancer and 
preventing polyps from recurring has been completed early in 2014 
[42]. 

Perspectives
Cancer immunotherapy as a therapeutic approach has received 

increasing attention [43] with dsRNA analogues being one tool 
of the anti-cancer armamentarium. They are pregnant with 
therapeutic opportunities either as possible adjuvants of cancer 
vaccine or as combination therapy for the treatment of patients with 
gastrointestinal cancer. 

References
1. Coley WB. The treatment of malignant tumors by repeated inoculations of 

erysipelas. With a report of ten original cases. 1893. Clin Orthop Relat Res. 
1991; 262: 3-11. 

2. Coley WB. The treatment of inoperable sarcoma with the mixed toxins of 
erysipelas and bacillus prodigiosus-immediate and final results in one 
hundred and forty cases. The Journal of the American Medical Association. 
1898; 31: 456-465. 

3. Medzhitov R, Preston-Hurlburt P, Janeway CA. Jr. A human homologue of 
the Drosophila Toll protein signals activation of adaptive immunity. Nature. 
1997; 388: 394-397. 

4. BURNET M. Cancer; a biological approach. I. The processes of control. Br 
Med J. 1957; 1: 779-786. 

5. Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer immunoediting: 
from immunosurveillance to tumor escape. Nat Immunol. 2002; 3: 991-998. 

6. Coulie PG, Van den Eynde BJ2, van der Bruggen P2, Boon T3. Tumour 
antigens recognized by T lymphocytes: at the core of cancer immunotherapy. 
Nat Rev Cancer. 2014; 14: 135-146. 

7. Weigelin B, Krause M, Friedl P. Cytotoxic T lymphocyte migration and effector 
function in the tumor microenvironment. Immunol Lett. 2011; 138: 19-21. 

8. Garcia-Cattaneo A, Gobert  FX, Müller M, Toscano F, Flores M, Lescure A, 
et al. Cleavage of Toll-like receptor 3 by cathepsins B and H is essential for 
signaling. Proc Natl Acad Sci U S A. 2012; 109: 9053-9058. 

9. Sato S, Sugiyama M, Yamamoto M, Watanabe Y, Kawai T, Takeda K, et 

al. Toll/IL-1 receptor domain-containing adaptor inducing IFN-beta (TRIF) 
associates with TNF receptor-associated factor 6 and TANK-binding kinase, 
and activates two distinct transcription factors, NF-kappa B and IFN-regulatory 
factor-3, in the Toll-like receptor signaling. J Immunol. 2003; 171: 4304-4310. 

10. Sasai M, Oshiumi H, Matsumoto M, Inoue N, Fujita F, Nakanishi M, et al. 
Cutting Edge: NF-kappaB-activating kinase-associated protein 1 participates 
in TLR3/Toll-IL-1 homology domain-containing adapter molecule-1-mediated 
IFN regulatory factor 3 activation. J Immunol. 2005; 174: 27-30. 

11. Kaiser WJ, Offermann MK. Apoptosis induced by the toll-like receptor adaptor 
TRIF is dependent on its receptor interacting protein homotypic interaction 
motif. J Immunol. 2005; 174: 4942-4952. 

12. Li X, Lu C, Stewart M, Xu H, Strong RK, Igumenova T, et al. Structural basis 
of double-stranded RNA recognition by the RIG-I like receptor MDA5. Arch 
Biochem Biophys. 2009; 488: 23-33. 

13. Kanneganti TD, Body-Malapel M, Amer A, Park JH, Whitfield J, Franchi L, 
et al. Critical role for Cryopyrin/Nalp3 in activation of caspase-1 in response 
to viral infection and double-stranded RNA. J Biol Chem. 2006; 281: 36560-
36568. 

14. Jin B, Cheng LF, Wu K, Yu XH, Yeo AE1. Application of dsRNA in cancer 
immunotherapy: current status and future trends. Anticancer Agents Med 
Chem. 2014; 14: 241-255. 

15. Seya T, Azuma M, Matsumoto M. Targeting TLR3 with no RIG-I/MDA5 
activation is effective in immunotherapy for cancer. Expert Opin Ther Targets. 
2013; 17: 533-544. 

16. Reynolds JM, Dong C. Toll-like receptor regulation of effector T lymphocyte 
function. Trends Immunol. 2013; 34: 511-519. 

17. Mandraju R, Murray S, Forman J, Pasare C. Differential ability of surface and 
endosomal TLRs to induce CD8 T cell responses in vivo. J Immunol. 2014; 
192: 4303-4315. 

18. Guo Z, Chen L, Zhu Y, Zhang Y, He S, Qin J, et al. Double-stranded RNA-
induced TLR3 activation inhibits angiogenesis and triggers apoptosis of 
human hepatocellular carcinoma cells. Oncol Rep. 2012; 27: 396-402. 

19. Shime H, Matsumoto M, Oshiumi H, Tanaka S, Nakane A, Iwakura Y, et 
al. Toll-like receptor 3 signaling converts tumor-supporting myeloid cells to 
tumoricidal effectors. Proc Natl Acad Sci U S A. 2012; 109: 2066-2071. 

20. Field AK, Tytell AA, Lampson GP, Hilleman MR. Inducers of interferon and 
host resistance. II. Multistranded synthetic polynucleotide complexes. Proc 
Natl Acad Sci U S A. 1967; 58: 1004-1010. 

21. Absher M, Stinebring WR. Toxic properties of a synthetic double-stranded 
RNA. Endotoxin-like properties of poly I. poly C, an interferon stimulator. 
Nature. 1969; 223: 715-717. 

22. De Clercq E. Antiviral drug discovery: ten more compounds, and ten more 
stories (part B). Med Res Rev. 2009; 29: 571-610. 

23. Carter WA, De Clercq E. Viral infection and host defense. Science. 1974; 
186: 1172-1178. 

24. Carter WA, Pitha PM, Marshall LW, Tazawa I, Tazawa S, Ts’o PO. Structural 
requirements of the rI n -rC n complex for induction of human interferon. J Mol 
Biol. 1972; 70: 567-587. 

25. Levy HB, Baer G, Baron S, Buckler CE, Gibbs CJ, Iadarola MJ, et al. 
A modified polyriboinosinic-polyribocytidylic acid complex that induces 
interferon in primates. J Infect Dis. 1975; 132: 434-439. 

26. Bot A, Smith D, Phillips B, Bot S, Bona C, Zaghouani H. Immunologic 
control of tumors by in vivo Fc gamma receptor-targeted antigen loading 
in conjunction with double-stranded RNA-mediated immune modulation. J 
Immunol. 2006; 176: 1363-1374. 

27. Sugiyama T, Hoshino K, Saito M, Yano T, Sasaki I, Yamazaki C, et al. 
Immunoadjuvant effects of polyadenylic:polyuridylic acids through TLR3 and 
TLR7. Int Immunol. 2008; 20: 1-9. 

28. Perrot I, Deauvieau F, Massacrier C, Hughes N, Garrone P, Durand I, et al. 
TLR3 and Rig-like receptor on myeloid dendritic cells and Rig-like receptor 

http://www.ncbi.nlm.nih.gov/pubmed/1984929
http://www.ncbi.nlm.nih.gov/pubmed/1984929
http://www.ncbi.nlm.nih.gov/pubmed/1984929
http://jama.jamanetwork.com/article.aspx?articleid=472933
http://jama.jamanetwork.com/article.aspx?articleid=472933
http://jama.jamanetwork.com/article.aspx?articleid=472933
http://jama.jamanetwork.com/article.aspx?articleid=472933
http://www.ncbi.nlm.nih.gov/pubmed/9237759
http://www.ncbi.nlm.nih.gov/pubmed/9237759
http://www.ncbi.nlm.nih.gov/pubmed/9237759
http://www.ncbi.nlm.nih.gov/pubmed/13404306
http://www.ncbi.nlm.nih.gov/pubmed/13404306
http://www.ncbi.nlm.nih.gov/pubmed/12407406
http://www.ncbi.nlm.nih.gov/pubmed/12407406
http://www.ncbi.nlm.nih.gov/pubmed/24457417
http://www.ncbi.nlm.nih.gov/pubmed/24457417
http://www.ncbi.nlm.nih.gov/pubmed/24457417
http://www.ncbi.nlm.nih.gov/pubmed/21333682
http://www.ncbi.nlm.nih.gov/pubmed/21333682
http://www.ncbi.nlm.nih.gov/pubmed/22611194
http://www.ncbi.nlm.nih.gov/pubmed/22611194
http://www.ncbi.nlm.nih.gov/pubmed/22611194
http://www.ncbi.nlm.nih.gov/pubmed/14530355
http://www.ncbi.nlm.nih.gov/pubmed/14530355
http://www.ncbi.nlm.nih.gov/pubmed/14530355
http://www.ncbi.nlm.nih.gov/pubmed/14530355
http://www.ncbi.nlm.nih.gov/pubmed/14530355
http://www.jimmunol.org/content/174/1/27.short
http://www.jimmunol.org/content/174/1/27.short
http://www.jimmunol.org/content/174/1/27.short
http://www.jimmunol.org/content/174/1/27.short
http://www.ncbi.nlm.nih.gov/pubmed/15814722
http://www.ncbi.nlm.nih.gov/pubmed/15814722
http://www.ncbi.nlm.nih.gov/pubmed/15814722
http://www.ncbi.nlm.nih.gov/pubmed/19531363
http://www.ncbi.nlm.nih.gov/pubmed/19531363
http://www.ncbi.nlm.nih.gov/pubmed/19531363
http://www.ncbi.nlm.nih.gov/pubmed/17008311
http://www.ncbi.nlm.nih.gov/pubmed/17008311
http://www.ncbi.nlm.nih.gov/pubmed/17008311
http://www.ncbi.nlm.nih.gov/pubmed/17008311
http://www.ncbi.nlm.nih.gov/pubmed/24237222
http://www.ncbi.nlm.nih.gov/pubmed/24237222
http://www.ncbi.nlm.nih.gov/pubmed/24237222
http://www.ncbi.nlm.nih.gov/pubmed/23414438
http://www.ncbi.nlm.nih.gov/pubmed/23414438
http://www.ncbi.nlm.nih.gov/pubmed/23414438
http://www.ncbi.nlm.nih.gov/pubmed/23886621
http://www.ncbi.nlm.nih.gov/pubmed/23886621
http://www.ncbi.nlm.nih.gov/pubmed/24688022
http://www.ncbi.nlm.nih.gov/pubmed/24688022
http://www.ncbi.nlm.nih.gov/pubmed/24688022
http://www.ncbi.nlm.nih.gov/pubmed/22308357
http://www.ncbi.nlm.nih.gov/pubmed/22308357
http://www.ncbi.nlm.nih.gov/pubmed/22308357
http://www.ncbi.nlm.nih.gov/pubmed/5233831
http://www.ncbi.nlm.nih.gov/pubmed/5233831
http://www.ncbi.nlm.nih.gov/pubmed/5233831
http://www.ncbi.nlm.nih.gov/pubmed/5805520
http://www.ncbi.nlm.nih.gov/pubmed/5805520
http://www.ncbi.nlm.nih.gov/pubmed/5805520
http://www.ncbi.nlm.nih.gov/pubmed/19219846
http://www.ncbi.nlm.nih.gov/pubmed/19219846
http://www.ncbi.nlm.nih.gov/pubmed/4610750
http://www.ncbi.nlm.nih.gov/pubmed/4610750
http://www.ncbi.nlm.nih.gov/pubmed/5083149
http://www.ncbi.nlm.nih.gov/pubmed/5083149
http://www.ncbi.nlm.nih.gov/pubmed/5083149
http://www.ncbi.nlm.nih.gov/pubmed/810520
http://www.ncbi.nlm.nih.gov/pubmed/810520
http://www.ncbi.nlm.nih.gov/pubmed/810520
http://www.ncbi.nlm.nih.gov/pubmed/16424163
http://www.ncbi.nlm.nih.gov/pubmed/16424163
http://www.ncbi.nlm.nih.gov/pubmed/16424163
http://www.ncbi.nlm.nih.gov/pubmed/16424163
http://www.ncbi.nlm.nih.gov/pubmed/17981792
http://www.ncbi.nlm.nih.gov/pubmed/17981792
http://www.ncbi.nlm.nih.gov/pubmed/17981792
http://www.ncbi.nlm.nih.gov/pubmed/20639488
http://www.ncbi.nlm.nih.gov/pubmed/20639488


Austin J Gastroenterol 1(1): id1005 (2014)  - Page - 04

Jin B Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

on human NK cells are both mandatory for production of IFN-gamma in 
response to double-stranded RNA. J Immunol. 2010; 185: 2080-2088. 

29. Chapekar MS, Glazer RI. Effects of fibroblast and recombinant leukocyte 
interferons and double-stranded RNA on ppp(2’-5’)An synthesis and cell 
proliferation in human colon carcinoma cells in vitro. Cancer Res. 1983; 43: 
2683-2687. 

30. Iigo M, Glazer RI. Antagonistic effect of polyinosinic-polycytidylic acid on the 
cell lethality produced by 5-fluorouracil in human colon carcinoma cells in 
vitro. Cancer Res. 1985; 45: 1953-1957. 

31. Chapekar MS, Glazer RI. Potentiation of the cytocidal effect of human immune 
interferon by different synthetic double-stranded RNAs in the refractory 
human colon carcinoma cell line BE. Cancer Res. 1986; 46: 1698-1702. 

32. Chew V, Abastado JP. Immunomodulation of the tumor microenvironment 
by Toll-like receptor-3 (TLR3) ligands. Oncoimmunology. 2013; 2: e23493. 

33. Khvalevsky E, Rivkin L, Rachmilewitz J, Galun E, Giladi H. TLR3 signaling 
in a hepatoma cell line is skewed towards apoptosis. J Cell Biochem. 2007; 
100: 1301-1312. 

34. Qu J, Hou Z, Han Q, Zhang C, Tian Z, Zhang J. Poly(I:C) exhibits an anti-
cancer effect in human gastric adenocarcinoma cells which is dependent on 
RLRs. Int Immunopharmacol. 2013; 17: 814-820. 

35. Fernandez-Garcia B, Eiró N, González-Reyes S, González L, Aguirre A, 
González LO, et al. Clinical significance of toll-like receptor 3, 4, and 9 in 
gastric cancer. J Immunother. 2014; 37: 77-83. 

36. Nojiri K, Sugimoto K, Shiraki K, Tameda M, Inagaki Y, Kusagawa S, et al. 
The expression and function of Toll-like receptors 3 and 9 in human colon 
carcinoma. Oncol Rep. 2013; 29: 1737-1743. 

37. Salaun B, Zitvogel L, Asselin-Paturel C, Morel Y, Chemin K, Dubois C, et al. 
TLR3 as a biomarker for the therapeutic efficacy of double-stranded RNA in 
breast cancer. Cancer Res. 2011; 71: 1607-1614. 

38. Park JS, Kim HS, Park HM, Kim CH, Kim TG. Efficient induction of anti-tumor 
immunity by a TAT-CEA fusion protein vaccine with poly(I:C) in a murine 
colorectal tumor model. Vaccine. 2011; 29: 8642-8648. 

39. Hong X, Dong T, Hu J, Yi T, Li W, Zhang Z, et al. Synergistical toll-like receptors 
activated dendritic cells induce antitumor effects against carcinoembryonic 
antigen-expressing colon cancer. International journal of colorectal disease. 
2013; 28: 25-33. 

40. Kalinski P. Chemokine-Modulatory Regimen for Recurrent Resectable 
Colorectal Cancer. 

41. National Cancer I. Vaccine Therapy in Treating Patients With Newly 
Diagnosed Advanced Colon Polyps. 

42. Schoen R. Study of the MUC1 Peptide-Poly-ICLC Adjuvant Vaccine in 
Individuals with Advanced Colorectal Adenoma. 2008. 

43. Couzin-Frankel J. Breakthrough of the year 2013. Cancer immunotherapy. 
Science. 2013; 342: 1432-1433.

Citation: Jin B and Yeo AET. A Short Synopsis of the Current Status of Double-Stranded RNA-Mediated 
Immunokilling for Gastrointestinal Cancer. Austin J Gastroenterol. 2014;1(1): 1005.

Austin J Gastroenterol - Volume 1 Issue 1 - 2014
ISSN : 2381-9219 | www.austinpublishinggroup.com
Jin et al. © All rights are reserved

http://www.ncbi.nlm.nih.gov/pubmed/20639488
http://www.ncbi.nlm.nih.gov/pubmed/20639488
http://www.ncbi.nlm.nih.gov/pubmed/6189584
http://www.ncbi.nlm.nih.gov/pubmed/6189584
http://www.ncbi.nlm.nih.gov/pubmed/6189584
http://www.ncbi.nlm.nih.gov/pubmed/6189584
http://www.ncbi.nlm.nih.gov/pubmed/2580613
http://www.ncbi.nlm.nih.gov/pubmed/2580613
http://www.ncbi.nlm.nih.gov/pubmed/2580613
http://www.ncbi.nlm.nih.gov/pubmed/3081254
http://www.ncbi.nlm.nih.gov/pubmed/3081254
http://www.ncbi.nlm.nih.gov/pubmed/3081254
http://www.ncbi.nlm.nih.gov/pubmed/17243100
http://www.ncbi.nlm.nih.gov/pubmed/17243100
http://www.ncbi.nlm.nih.gov/pubmed/17243100
http://www.ncbi.nlm.nih.gov/pubmed/24029594
http://www.ncbi.nlm.nih.gov/pubmed/24029594
http://www.ncbi.nlm.nih.gov/pubmed/24029594
http://www.ncbi.nlm.nih.gov/pubmed/24509170
http://www.ncbi.nlm.nih.gov/pubmed/24509170
http://www.ncbi.nlm.nih.gov/pubmed/24509170
http://www.ncbi.nlm.nih.gov/pubmed/23467704
http://www.ncbi.nlm.nih.gov/pubmed/23467704
http://www.ncbi.nlm.nih.gov/pubmed/23467704
http://www.ncbi.nlm.nih.gov/pubmed/21343393
http://www.ncbi.nlm.nih.gov/pubmed/21343393
http://www.ncbi.nlm.nih.gov/pubmed/21343393
http://www.ncbi.nlm.nih.gov/pubmed/21945963
http://www.ncbi.nlm.nih.gov/pubmed/21945963
http://www.ncbi.nlm.nih.gov/pubmed/21945963
http://www.ncbi.nlm.nih.gov/pubmed/22777000
http://www.ncbi.nlm.nih.gov/pubmed/22777000
http://www.ncbi.nlm.nih.gov/pubmed/22777000
http://www.ncbi.nlm.nih.gov/pubmed/22777000
http://www.clinicaltrials.gov/show/NCT01545141
http://www.clinicaltrials.gov/show/NCT01545141
http://clinicaltrials.gov/show/NCT02134925
http://clinicaltrials.gov/show/NCT02134925
http://www.clinicaltrials.gov/ct2/show/NCT00773097
http://www.clinicaltrials.gov/ct2/show/NCT00773097
http://www.ncbi.nlm.nih.gov/pubmed/24357284
http://www.ncbi.nlm.nih.gov/pubmed/24357284

	Title
	Abstract
	Abbreviations
	Introduction
	Interaction between the Immune System and Cancer
	Signals Triggered by dsRNA
	TLR is Involved in Cancer Immunotherapy
	dsRNA Applied in Immunotherapy of Gastrointestinal Cancer
	Perspectives
	References
	Figure 1

