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ABSTRACT 
 

Recent reports have indicated different effects of immunostimulatory sequences 
containing CpG-Oligodeoxynucleotides (ODN) on various immune cells. However, the 
exact role of CpG-ODN in the human gut is unclear.  

In the present study, we assessed potential effects of CpG-ODN on non lymphoid cell 
(intestinal epithelial cell line HT-29) on a dose-response and time-course basis. Intestinal 
epithelial cell line HT-29 was treated with CpG-ODN (CpG 2006) and lipopolysaccharide 
(LPS) at 5, 10, 25, 50 μg/ ml and 1, 5, 10 μg/ ml concentrations, respectively. Following 
treatments, dose- response and time-course cytotoxicity using a colorimetric method, 
Metaloproteinase-2 (MMP-2) activity (using gelatin zymography) and apoptosis (using 
annexin-v flowcytometry method) assays were performed. Chloroquine treatment was also 
used for its inhibitory effect on endosomal acidification process to verify specific CpG-ODN 
and Toll Like Receptor 9 (TLR9) interactions.  

Cytotoxicity analysis of CpG-ODN showed that CpG-ODN increased significantly the 
proliferation of CpG-ODN treated cells, as compared to untreated cells, at concentrations of 
10-25 μg/ml (p< 0.05). Overall MMP-2 activity analysis showed significant differences 
between treated and untreated cells. However, minimal changes were observed when MMP-2 
activity was assessed per cell. Moreover, CpG-ODN treated cells demonstrated an increasing 
apoptosis rate of 0.8%, 6.46% and 14.21% at concentrations of 5, 10, 25 μg/ml, respectively.  

Collectively, our data indicated that intestinal epithelial cell line HT-29 is highly 
responsive to CpG effect in vitro and exhibits modified activities. The direct CpG-ODN and 
TLR-9 interactions in HT-29 cells could provide new approaches in malignant tumor 
therapeutic strategies. 
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INTRODUCTION 
 

Recognition of cytidine phosphorothioate guanine 
oligonucleotides (CpG-ODN), which induce signaling 
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through Toll-like receptor 9 (TLR9) is an integral part 
of the innate immune system. CpG motifs which are 
common in bacteria, but not in mammalian DNA, are 
currently under investigation as adjuvants in therapy 
against infections and cancer.1,2  

CpG oligodeoxynucleotides (ODNs) are synthetic 
DNA sequences that mimic bacterial DNA and have 
potent immunostimulatory effects on dendritic cells, B 
cells and natural killer (NK) cells.3 Murine and human 
dendritic cells and B cells express high levels of TLR9 
and respond to bacterial DNA on stimulation with 
synthetic CpG-ODNs in vitro.4-6 

Potential of CpG-ODNs as therapeutic agents and 
vaccine adjuvants has been demonstrated in animal 
models of infection disease, allergy and cancer and are 
currently undergoing clinical trails in humans.7 

The vast majority of published studies on CpG-
ODNs have explored its effect on various immune cell 
populations. Some studies have focused on effects of 
CpG-ODNs on expression of cytokines in different 
cells.8 It has recently been demonstrated that the 
administration of CpG-ODN through tape-stripped skin 
induced a Th1-type immune response and suggested 
the CpG-ODN for vaccinological applications.9 

Induction of direct tumoritoxic responses by the 
cells of the innate immune system might help to induce 
antitumour reactions through different recognition and 
destructive pathways than those used by T cells. 
Macrophages, the effector cells of the innate immune 
system, can play an important role in antitumour 
immune reactions. While involved in tumour 
development and progression; macrophages can also be 
activated to destroy cancer cells via both cell contact-
dependent and -independent mechanisms. In a recent 
study to determine the effect of CpG therapy on 
macrophage activation, Buhtoiarov et al. showed that 
cytotoxic macrophage, rather than T cells or NK cells, 
can also play a role in antitumour reactions against 
weakly immunogenic tumours during immunotherapy 
with CpG-ODN.10  

However, a few investigators have reported direct 
effect of CpG-ODNs on non immune cells. Some 
studies revealed constitutive expression of mRNA for 
TLR9 in three human colonic epithelial cell lines, HT-
29, Caco2 and T84.11 Toll-like receptors (TLRs) are 
essential in the host defense against infections and sofar 
10 human TLRs (TLR1-TLR10) and one TLR-
homolog (RP105) have been characterized.12  Although 
studies in cell lines and murine colitis models strongly 

suggest that TLRs including TLR9 play a role in 
recognition and response to bacterial products in the 
gut, the experimental results are conflicting.13-15 
Anticancer agents ultimately kill cancer cells by 
inducing the apoptotic cell-suicide pathway. There is 
evidence that CpG-ODNs bear anti-proliferative 
properties. The effects appear to be mediated both by 
the down-regulation of IL-10 production and increased 
apoptosis.16,17 These findings provide a major part of 
the rationale to assess the proapototic and anti-
proliferative potentials of CpG-ODNs.  

Moreover, Matrix metalloproteinases (MMPs), a 
family of related proteinases, are responsible for 
degradation and remodeling of extracellular matrix. 
These enzymes are over expressed in many tumors and 
there is solid evidence that they play a key role in the 
malignant progression and invasiveness of many 
tumors.18 We assessed, therefore, the effects of CpG-
ODNs on MMP-2 activity. 

The aim of the present study was to investigate the 
direct effects of CpG 2006 on human colon carcinoma 
cell line HT-29 characteristic phenotypes as assessed 
by cytotoxicity, MMP-2 activity, and apoptosis.  

 
MATERIALS AND METHODS 

 
Cell Line 

The intestinal epithelial cell line HT-29 was 
purchased from National Cell Bank of Pasteur Institute 
of Iran, Tehran, Iran. 

 
CpG-ODN 2006 and 2006C 

The CpG-ODNs sequences used in this study were 
selected according to published reports1 and were 
commercially synthesized (AlphaDNA, Montreal, 
Canada). ODN 2006C was used as CpG control 
desoxyoligunucleotide.  

 
LPS 

Lipopolysaccharide was obtained from Sigma-
Aldrich (Germany).  

 
Cell Culture 

The cell line HT-29 was seeded at an initial density 
of 10,000 cells / well in 96-well tissue culture plate. 
Cells were maintained in DMEM medium 
supplemented with 10% fetal calf serum, 100 u/ml 
penicillin, 100 μg/ml streptomycin, with 5% CO2, at 
37°C and saturated humidity. 
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Dose-response and Time-course Treatments 
Triplicate, CpG-ODN 2006 preparations at 

concentrations of 5, 10, 25, 50 μg/ml were transferred 
to overnight cultured of HT-29 cells. Non-treated cells 
were used as controls. Cell were cultured for 24 hours, 
48 hours and 72 hours and then subjected to 
colorimetric cytotoxicity assay. A sample of each of the 
medium was also used for gelatinase zymography. 

We assessed effects of chloroquine (Daru pakhsh, 
Terhan, Iran) on CpG-ODN effects. Before treating the 
cells with CpG, they were treated to 10 μg /ml 
chloroquine for 30 minutes, then the cells were treated 
to various concentration of CpG-ODN (5,10,25,50 μg 
/ml ) followed by incubation for 24 hours and then 
colorimetric cytotoxicity and gelatin zymography were 
performed. The effect of LPS on HT-29 cell line was 
also evaluated at concentrations of 1, 5, 10 μg/ml. 

 
Colorimetric Cytotoxicity Assay 

This method was carried out as described 
previously.19 After each experiment, cells were washed 
three times with ice-cold phosphate buffered saline 
(PBS), pH 7.2, followed by fixation in a 5 % 
formaldehyde solution. Fixed cells were washed three 
times and stained with 1 % crystal violet. The stained 
cells were washed, lysed and solublised with 33.33 % 
acetic acid solution. The density of developed purple 
color was read at 580 nm using a conventional ELISA 
reader instrument. 

 
Gelatinase Zymography 

This technique is mainly used for the detection of 
gelatinases, MMP-2 and MMP-9. The zymography 
procedure was adopted according to our previous 
publication.20 It is extremely sensitive because levels of 
10 pg of MMP-2 can be detected. Briefly, protein-
content adjusted (normalized) aliquots of conditioned 
media, in triplicate, were subjected to sodium dodecyl 
sulfate polyacrilamide gel electrophoresis (SDS-PAGE) 
containing 2 mg/ml gelatin. Electrophoresis was 
performed for 3 hours at a constant voltage of 80 volts. 
After electrophoresis, gels were gently washed three 
times with 2.5 % Triton X-100 solution to remove 
SDS. The gel slabs were then incubated at 37ºC 
overnight in 0.1 M Tris HCL gelatinase activation 
buffer (pH 7.4) containing 10 mM CaCl2. Staining was 
performed with 0.5 % coomassie brilliant blue followed 
by intensive destaining. MMP-2 proteolysis areas 
appeared as clear bands against a blue background in 

the gels. Using a UVI pro gel documentation system 
(GDS-8000, Cambridge, UK), quantitative evaluation 
of both surface and intensity of lysing bands, on the 
basis of grey levels, were compared relative to non–
treated control wells and expressed as Relative 
Expression of gelatinolytic activity. To determine the 
CpG mode of action, a set of treatments and analyses 
were performed on cell-free media.  

 
Cell Apoptosis Assay 

The cells were treated to various concentrations of 
CpG-ODN 2006 (5,10,25,50 μg/ml) and incubated for 
24 hours and harvested cells were stained with FITC-
cojugated annexin-v (IQ Products Germany) and 
propidium iodide. The cell death was assessed by 
flowcytometry. Apoptotic and total cells were counted 
by flowcytometry instrument (Partec PAS Germany). 
The results were expressed as percentage of apoptotic 
to necrotic cells. 
 
Statistical Analysis 

The differences in cell proliferation and gelatinase 
activity were compared using Kruskal-wallis Test. P 
values <0.05 were considered significant. 

 
RESULTS 

 
Cytotoxic Analysis of CpG-ODN and LPS 

Figure 1 shows the proliferative response of 
epithelial cell line HT-29 to CpG-ODN at various 
concentrations (5, 10, 25, 50 μg/ml) and different 
times. The comparison of proliferative response 
between various concentrations showed a significant 
difference (p <0.05). 

 

 
Figure 1. Panel A: HT-29 cell line as observed in tissue 
culture plate (X40). 
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Figure 1. Panel B: Depiction of CpG cytotoxicity assay on 
HT-29 cell line. 

HT-29 cell lines were cultured (Panel A) and subjected to CpG-
ODN treatments (Panel B) at various concentrations (5-50 
μg/ml). CpG-ODN cytotoxicity was analysed at 24, 48, and 72 
hours, as indicated in Materials and Methods. 
 

Figure 2 shows inhibitory effect of chloroquine on 
CpG-ODN. There was no significant difference 
between cytotoxic effect of CpG-ODN at given 
concentrations. 

Figure 3 shows the proliferative response HT-29 
cell line to LPS at concentrations of 1, 5, 10 μg/ml 
treatments for 24 h. The comparison of proliferative 
response between various concentrations showed a 
significant difference. Moreover, the comparison of 
proliferative response to LPS and CpG-ODN treated 
groups at equal concentrations showed significant 
difference at concentrations of 5 and 10 μg/ml (p<0.05) 
(Figure 4).  

In addition, there was a significant difference on 
proliferation effects between the ordinary CpG-ODN 
2006 and CpG-ODN 2006C control (data not shown). 

 

 
Figure 2. Inhibitory effect of chloroquine on CpG-ODN. 
HT-29 cell lines were treated with 10 μg/ml chloroquine 
(30 min); then were subjected to CpG-ODN at various 
concentration (5-50 μg/ml) and cytotoxicity was analysed 
at 24 hours.  
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Figure 3. Cytotoxic effect of LPS on epithelial cell line. 
HT-29 cell lines were subjected to LPS at various 
concentrations (1-10 μg/ml) and cytotoxicity was analysed 
at 24 hours. 
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Figure 4. Comparison of cytotoxic effects of CpG-ODN 
and LPS.HT-29 cell lines were subjected to CpG-ODN 
and LPS at various concentrations (5-10 μg/ml) and 
cytotoxic effects of CpG-ODN and LPS were compared. 

 
Effect of CpG-ODN and LPS on MMP-2 Activity 

Dose response analysis of CpG-ODN on MMP-2 
activity of epithelial cell line HT-29 is presented in 
figure 5.  Overall MMP-2 activity analysis showed 
significant differences between different groups of 
treated and untreated cells (p<0.05). However, minimal 
changes were observed when MMP-2 activity was 
assessed per cell.  Assessments of cell-free media 
showed no difference in treatments versus untreated 
supernatant, indicating that CpG effects on cells are 
direct rather than on enzyme alone.    

 
Effect of CpG-ODN on Apoptosis 

As depicted in figure 6, the rates of apoptosis to 
necrosis for CpG-ODN at concentrations of 5, 10, 25 
μg/ml were 0.8 %, 6.46%, 14.21%, respectively. These 
results show that apoptosis occurred significantly 
higher in CpG-ODN treated cells, as compared to un-
treated cells (p<0.05). 
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Figure 5. Dose response and time course analysis of CpG-ODN effect on MMP-2 activity. HT-29 cell lines were incubated 
with doses of CpG-ODN (0=untreated, 5, 10, 25, 50 μg/ml) for 24, 48, 72 hours, in triplicates, as described in "Materials and 
Methods". A representative zymogram gel for each treatment set was depicted on top of the histogram. 

 

0
2
4
6
8

10
12
14
16

0 5 10 15 20 25 30

Concentration of CpG (μg/ml)

A
po

pt
os

is
 to

 n
ec

ro
si

s 
ra

tio
 (%

)

apoptpsis

 
Figure 6. Assessment of apoptosis by flowcytometery. The 
apoptosis assay revealed that the rate of apoptosis as 
compared to necrosis was 0.8 %, 6.46 % and 14.21 % at 
concentrations of 5,10 and 25 μg/ml, CpG-treatments, 
respectively. The number of apoptotic cells was 
demonstrated as percentage of apoptosis to necrosis in a 
given gated area. 

 
DISCUSSION 

 
Study of the antitumour properties of 

immunostimulatory CpG-ODN represent a rapidly 
expanding field of experimental and applied 
immunology.10 

This study was aimed at determining the influence 
of CpG-ODN on epithelial cell line HT-29 that 
expresses TLR9 (specific receptor for CpG-ODN). The 
CpG-ODN 2006 was selected due to its strong 
immunostimulatory activity in human mononuclear 

cells.22 Pedersen et al reported that CpG-ODN exposure 
induced no significant change in viability in colonic 
epithelial cells as judged by MTT metabolism.1 In 
contrast, cytotoxicity analysis for CpG-ODN-treated 
cells in the present study revealed that CpG-ODN (CpG 
2006) significantly increased proliferation of epithelial 
cell line HT-29 as compared to untreated cells. 
However, treatment of cells with CpG-ODN at 
concentration of 50 μg/ml showed a lower proliferative 
response than 25 μg/ml indicating that CpG-ODN 
might exhibit some cytotoxic potential at high dose 
administrations. A report on intestinal epithelial cells 
proliferation in proximal small intestinal biopsy 
specimens from children showed increased 
proliferation rates in a wide range of enteropathies for 
instance enteropathogenic E coli enteritis.23 

MMP-2 activity was also assessed in this study. 
One of the critical steps for tumor invasion and 
metastasis is the destruction of extracellular matrix, 
which is catalyzed mainly by the MMPs.24 Thus; 
inhibition of MMPs could be beneficial in preventing 
tumor metastasis. Some studies found that MMP-2 was 
overexpressed in colorectal adenocarcinomas and 
weakly expressed in non cancer mucosa.25 In another 
report Merrell et al. found that CpG oligonucleotide 
treatment decreased tissue inhibitor of metallo-
proteinase-3 expression and increased the levels of 
active MMP-13 in TLR9-expressing but not TLR9(-) 
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breast cancer cells without affecting MMP-8.26 They 
also proposed a new molecular target for cancer 
therapy, since TLR9 has not previously been associated 
with cancer invasiveness. In a recent study regarding 
the TLR9 expression and function in human prostate 
cancer (CaP) cells, Ilvesaro et al. reported that 
treatment of TLR9(+), but not TLR9(-) CaP cells with 
CpG-ODNs increased their invasion, which was 
inhibited with chloroquine. CpG-ODN treatment also 
increased MMP-13 activity and neutralizing anti-
MMP-13 antibody prevented CpG-ODN-induced 
invasion in TLR9(+) CaP cells.27 The results of these 
reports might be in accordance with our presented data. 
As depicted in figure 5, overall MMP-2 activity 
analysis in our study showed significant differences 
between different groups of treated and untreated cells. 
However, minimal changes were observed when MMP-
2 activity was assessed per cell, as elaborated in a dose 
response fashion. The CpG effect on MMP-2 activity 
indicates a very sensitive dose-dependent modulatory 
pattern, which calls for further investigations for 
verification of effective clinical applications. We 
performed paralleled paired zymography tests to 
determine whether CpG-ODN effects could also be 
detected in the absence of HT-29 cells. Interestingly, no 
direct chemical interaction was found between CpG 
and MMP-2 when HT-29 cells were depleted from the 
medium. 

A number of recent reports indicate that TLR 
expression might have the potential to induce apoptosis 
upon ligand binding. 28,29 It has also been demonstrated 
that CpG DNA inhibits spontaneous apoptosis of 
dendritic cells.30 Some investigators showed that 
stimulation with CpG-ODN resulted in a strongly 
increased sensitivity of TLR9-expression in fibroblasts 
to apoptosis induced by staurosporine and UV-
irradiation advocating that TLR9 signaling can 
sensitize fibroblasts for apoptosis.31 In contrast, rescue 
of both splenic B cells and WEHI-231 cells from 
apoptosis have been reported upon CpG treatments.32 
Our data obtained from apoptosis assay showed 
induction of cell apoptosis by CpG-ODN. Further 
comparative analysis revealed that in the background of 
decreasing necrosis rate with higher CpG 
concentrations, the apoptosis to necrosis ratio is 
increased indicating that the relative number of 
apoptotic cells are increased at higher CpG 
concentrations (Figure 6). 

In conclusion, intestinal epithelial cell line HT-29 is 
potentially highly responsive to CpG treatment in vitro 
and exhibits deviated cancer cell characteristic 
phenotypes.  

Our data support the role of CpG in HT-29 cell 
function and provide a rationale for further clinical 
development of CpG therapy in patients with malignant 
intestinal tumors. The potential pro-apoptotic capacity 
of CpG therapy on colonic cancer HT-29 cell line is 
promising in further anti-cancer cell therapies. 
Moreover, studies on the mediators that have the 
potential to orchestrate onset of the mucosal 
inflammatory responses, T cell activation, and 
regulation of apoptosis signaling processes are also 
recommended. 

 
ACKNOWLEDGEMENTS 

 
This work has financially been supported by a grant 

from Medical Sciences/University of Tehran, 2006, 
Tehran, Iran. 

 
REFERENCES 

 
1. Pedersen G, Andresen L, Matthiessen MW, Rask-Madsen 

J, Brynskov J. Expression of Toll-like receptor 9 and 
response to bacterial CpG oligodeoxynucleotides in 
human intestinal epithelium. Clin Exp Immunol 2005; 
141(2):298-306. 

2. Droemann D, Albrecht D, Gerdes J, Ulmer AJ, Branscheid 
D, Vollmer E, et al. Human lung cancer cells express 
functionally active Toll-like receptor 9. Respir Res 
2005;6:1. 

3. Hornung V, Rothenfusser S, Britsch S, Krug A, Jahrsdorfer 
B, Giese T, et al. Quantitative expression of toll-like 
receptor 1-10 mRNA in cellular subsets of human 
peripheral blood mononuclear cells and sensitivity to CpG 
oligodeoxynucleotides. J Immunol 2002; 168(9):4531-7. 

4. Verthelyi D, Ishii KJ, Gursel M, Takeshita F, Klinman 
DM. Human peripheral blood cells differentially recognize 
and respond to two distinct CPG motifs. J Immunol 2001; 
166(4):2372-7. 

5. Klinman DM, Takeshita F, Gursel I, Leifer C, Ishii KJ, 
Verthelyi D, et al. CpG DNA: recognition by and 
activation of monocytes. Microbes Infect 2002; 4(9):897-
901. 

6. Hartmann G, Krieg  AM. Mechanism and function of a 
newly identified CpG DNA motif in human primary B 
cells. J Immunol 2000; 164(2):944-53. 



Apoptosis Induced by Interaction of CpG-ODN with TLR9 

Vol. 6, No. 3, September 2007                 IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY /113 

7. Krieg Arthur M. CpG motifs in bacterial DNA and their 
immune effects. Annu Rev Immunol 2002; 20:709-60. 

8. Aderem A, Ulevitch RJ. Toll-like receptors in the induction 
of the innate immune response. Nature 2000; 
406(6797):782-7. 

9. Inoue J, Aramaki Y. Cyclooxygenase-2 inhibition 
promotes enhancement of antitumor responses by 
transcutaneous vaccination with cytosine-phosphate-
guanosine-oligodeoxynucleotides and model tumor 
antigen. J Invest Dermatol 2007; 127(3):614-21. 

10. Buhtoiarov IN, Sondel PM, Eickhoff JC, Rakhmilevich 
AL. Macrophages are essential for antitumour effects 
against weakly immunogenic murine tumours induced by 
class B CpG-oligodeoxynucleotides. Immunology 2007; 
120(3):412-23. 

11. Akhtar M, Watson JL, Nazli A, McKay DM. Bacterial 
DNA evokes epithelial IL-8 produc-tion by a MAPK-
dependent, NFkB independent pathway. FASEB Journal 
2003;17(10):1319-21. 

12. Bohnhorst J, Rasmussen T, Moen SH, Fløttum M, 
Knudsen L, Børset M, et al. Toll-like receptors mediate 
proliferation and survival of multiple myeloma cells. 
Leukemia 2006; 20(6):1138-44. 

13. Rakoff-Nahoum S, Paglino J, Eslami-Varzaneh F, Edberg 
S, Medzhitov R. Recognition of commensal microflora by 
toll-like receptors is required for intestinal homeostasis. 
Cell 2004; 118(2):229-41. 

14. Strober W, Fuss IJ, Nakamura K, Kitani A. Recent 
advances in the understanding of the induction and 
regulation of mucosal inflammation. J Gastroenterol 2003; 
38( Suppl 15):55-8. 

15. Strober W .Epithelial cells pay a Toll for protection. Nat 
Med 2004; 10(9):898-900 

16. Jahrsdörfer B, Jox R, Mühlenhoff L, Tschoep K, Krug A, 
Rothenfusser S, et al. Modulation of malignant B cell 
activation and apoptosis by bcl-2 antisense ODN and 
immunostimulatory CpG ODN. J Leukoc Biol 2002; 
72(1):83-92. 

17. Bjersing JL, Tarkowski A, Collins LV. Anti-proliferative 
effects of phosphodiester oligodeoxynucleotides. 
Immunobiology 2004; 209(8):637-45. 

18. Harmey JH, Bucana CD, Lu W, Byrne AM, McDonnell 
S, Lynch C, et al. Lipopolysaccharide-induced metastatic 
growth is associated with increased angiogenesis, vascular 
permeability and tumor cell invasion. Int J Cancer 2002; 
101(5):415-22.  

19. Shahverdi AR, Saadat F, Khorramizadeh MR, Iranshahi 
M, Khoshayand MR. Two matrix metalloproteinases 

inhibitors from Ferula persica var. persica. Phytomedicine 
2006; 13(9-10):712-7.  

20. Khorramizadeh MR, Aalizadeh N, Pezeshki M, Ghahary 
A, Zeraati H, Berahmeh A, et al. Determination of 
gelatinase A using a modified indirect hemagglutination 
assay in human prostate cancer screening and assessment 
of its correlation with prostate-specific antigen parameters. 
Int J Urol 2005; 12(7):637-43.  

21. Roberts TL, Sweet MJ, Hume DA, Stacey KJ. Cutting 
edge: species-specific TLR9-mediated recognition of CpG 
and non-CpG phosphorothioate-modified 
oligonucleotides. J Immunol 2005; 174(2):605-8. 

22. Savidge TC, Shmakov AN, Walker-Smith JA, Phillips 
AD. Epithelial cell proliferation in childhood 
enteropathies. Gut 1996; 39(2):185-93. 

23. John A, Tuszynski G. The role of matrix 
metalloproteinases in tumor angiogenesis and tumor 
metastasis. Pathol Oncol Res 2001; 7(1):14-23. 

24. Fischer SF, Rehm M, Bauer A, Höfling F, Kirschnek S, 
Rutz M, et al. Toll-like receptor 9 signaling can sensitize 
fibroblasts for apoptosis. Immunol Lett 2005; 97(1):115-
22. 

25. Papadopoulou S, Scorilas A, Arnogianaki N, 
Papapanayiotou B, Tzimogiani A, Agnantis N, et al. 
Expression of gelatinase-A (MMP-2) in human colon 
cancer and normal colon mucosa. Tumour Biol 2001; 
22(6):383-9. 

26. Merrell MA, Ilvesaro JM, Lehtonen N, Sorsa T, Gehrs B, 
Rosenthal E, Chen D, Shackley B, Harris KW, Selander 
KS. Toll-like receptor 9 agonists promote cellular invasion 
by increasing matrix metalloproteinase activity. Mol 
Cancer Res. 2006 Jul;4(7):437-47. 

27. Ilvesaro JM, Merrell MA, Swain TM, Davidson J, 
Zayzafoon M, Harris KW, et al. Toll like receptor-9 
agonists stimulate prostate cancer invasion in vitro. 
Prostate 2007; 67(7):774-81. 

28. El Andaloussi A, Sonabend AM, Han Y, Lesniak MS. 
Stimulation of TLR9 with CpG ODN enhances apoptosis 
of glioma and prolongs the survival of mice with 
experimental brain tumors. Glia 2006; 54(6):526-35. 

29. Jego G, Bataille R, Geffroy-Luseau A, Descamps G, 
Pellat-Deceunynck C. Pathogen-associated molecular 
patterns are growth and survival factors for human 
myeloma cells through Toll-like receptors. Leukemia 
2006; 20(6):1130-7. 

30. Park Y, Lee SW, Sung YC. Cutting Edge: CpG DNA 
inhibits dendritic cell apoptosis by up-regulating cellular 
inhibitor of apoptosis proteins through the 



M.R. Khorramizadeh, et al. 

114/ IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY                     Vol. 6, No. 3, September 2007 

phosphatidylinositide-3'-OH kinase pathway. J Immunol 
2002; 168(1):5-8. 

31. Fischer SF, Rehm M, Bauer A, Höfling F, Kirschnek S, 
Rutz M, et al. Toll-like receptor 9 signaling can sensitize 
fibroblasts for apoptosis. Immunol Lett 2005; 97(1):115-
22. 

32. Yi AK, Peckham DW, Ashman RF, Krieg AM. CpG 
DNA rescues B cells from apoptosis by activating NFkB 
and preventing mitochondrial membrane potential 
disruption via a chloroquine–sensitive pathway. Int 
Immunol 1999; 11(12): 2015-24. 

 


