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Abstract. Toll-like receptor-9 (TLR9) is a member of the 
innate immune system and recognizes bacterial and vertebrate 
DNA in cells. In addition to being expressed in cells of the 
immune system, it is widely expressed in various types of 
human cancer, including prostate cancer. We have previously 
demonstrated that synthetic TLR9 ligands induce invasion 
in TLR9-expressing prostate cancer cells in vitro. However, 
the role of TLR9 in the pathophysiology of prostate cancer 
is unclear. The expression of TLR9 in radical prostatectomy 
samples (n=186) was studied using immunohistochemistry. 
TLR9 staining scores were compared with tumor stage, 
Gleason score and prostate-specific antigen (PSA) concentra-
tion prior to treatment and progression-free survival. Results 
revealed that 124 (66.7%) of the tumors were strongly positive, 
59 (31.7%) were weakly positive and 3 (1.6%) were negative, 
for cytoplasmic TLR9 immunostaining in cancer cells. There 
was no significant association between cytoplasmic TLR9 
expression and distributions of pT-class, prostatectomy sample 
margin status, Gleason score and preoperative PSA value. 
Prostate cancer-specific progression-free survival was signifi-
cantly longer for patients whose tumors were graded as negative 
for cytoplasmic TLR9 expression, as compared with patients 
whose tumors were strongly immunopositive for cytoplasmic 
TLR9 (P=0.009). In the Cox regression analysis, high TLR9 
expression was an independent marker of poor prognosis in 
prostate cancer. Expression of TLR9 is associated with poor 
progression-free survival in prostate cancer patients who were 
treated by radical prostatectomy with curative intent. 

Introduction

The innate immune system serves as an important first line 
defense against invading infections  (1). Central mediators 
of this task are the Toll-like receptors (TLRs), which func-
tion as pattern recognition proteins that detect microbe- and 
host‑derived molecular patterns (2). To date, 13 mammalian 
TLRs have been recognized, and each responds to a different 
ligand. For example, TLRs -4 and -5 recognize bacterial lipo-
polysaccharide (LPS) and flagellin, respectively, whereas the 
TLR9 subfamily members are nucleic acid receptors. More 
specifically, TLRs -7, -8 and -13 are RNA receptors, while 
DNA that enters the cell is recognized by TLR9 (2,3). The 
various receptors are expressed in different parts of a cell; 
TLRs -1, -2 and -4 are expressed and bind their ligands on the 
cell surface, while the TLR9 subfamily resides in intracellular 
vesicles. Binding of the cognitive ligands to the various TLRs 
activates transcription factors, one of the most significant 
being nuclear factor-κB (NF-κB). Eventually, TLR activation 
results in an immune response, and also in the activation of the 
adaptive immune system (1,2). 

It is well established that in addition to being expressed 
in the immune system, TLR9 is widely expressed in various 
cancer cell lines and in clinical cancer specimens, including 
breast, brain, gastric, lung, esophageal, prostate and renal 
cancer  (4-11). Previous studies have demonstrated that 
treatment of TLR9‑expressing cancer cells with synthetic 
TLR9 ligands, which mimic the structure of bacterial DNA, 
stimulates their invasion in vitro through matrix metallopro-
teinase-13 (MMP-13) activation (6,12,13). In prostate cancer 
cells, native bacterial DNA had similar in vitro effects (12). 
Data concerning the regulation of TLR9 expression are starting 
to accumulate, although thus far, not much is known. In breast 
cancer cells, TLR9 expression is upregulated by sex steroids 
and bicalutamide (14). Testosterone has been shown to poten-
tiate the TLR9 ligand-induced invasion of breast cancer cells, 
without affecting NF-κB signaling in vitro. However, expres-
sion of the estrogen receptor-α (ERα) inhibited these male sex 
hormone effects (14). Estradiol also upregulated TLR9 expres-
sion in prostate cancer cells in vitro (12). In malignant breast 
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tumors, high TLR9 expression is associated with an ER-, and 
in breast cancer cells, overexpression of ERα suppresses TLR9 
expression in vitro (14,15). Notably, steroid hormone receptors 
have also been shown to regulate the innate immune response 
in Drosophila melanogaster, which is suggestive of evolu-
tionarily well-conserved regulatory pathways in this immune 
system (16). Hypoxia is another important regulator of TLR9 
expression in cancer  (17). Finally, various viral infections 
have been shown to downregulate TLR9 expression in normal 
tissues (18,19), although this has not yet been demonstrated in 
cancer cells.

We have previously demonstrated that the level of TLR9 
expression is higher in prostate cancer than in benign hyper-
plasia (9). We further showed that high TLR9 expression is 
significantly associated with a high Gleason score (9). Previous 
clinical studies similarly suggest that TLR9 may contribute 
to the pathogenesis of various types of cancer, where high 
expression of TLR9 in tumors has been shown to predict 
decreased survival in patients with glioblastoma multiforme 
and esophageal cancer (7,8). A high level of TLR9 expression 
in prostate cancer tumor cells was also shown to be signifi-
cantly associated with a higher probability of biochemical 
recurrence (20). On the contrary, we recently demonstrated 
that absent or low TLR9 expression in tumors is associated 
with poor prognosis in patients with renal cell carcinoma or 
triple‑negative breast cancer, however not in ER+ breast cancer 
patients (10,17). Therefore, the impact of TLR9 expression in 
tumors on the prognosis of a patient appears to be dependent 
on the type of cancer. The aim of this study was to investigate 
whether expression levels of TLR9 in tumors has prognostic 
value in prostate cancer.

Materials and methods

Patient samples. Prostate specimens were obtained from 
an archive; these were originally collected from patients 
who underwent radical retropubic prostatectomy as a treat-
ment for prostate cancer at Oulu University Hospital, Oulu, 
Finland, between 1996 and 2003. During this period, surgery 
was performed on 242 males. Following evaluation of the 
original diagnostic slides, six cases were excluded due to the 
minimal presence of carcinoma tissue. For the remaining 
cases, representative areas were located on the slides and 
the Gleason score was determined. Gleason scoring was 
only carried out for the prostatectomy samples, not for the 
diagnostic prostate biopsies. Oulu University Hospital is a 
tertiary referral center; patients were referred there to receive 
surgery after diagnosis, therefore a number of the diagnostic 
biopsy slides were not available. Information concerning 
the corresponding TNM classification and prostate-specific 
antigen (PSA) concentrations preceding prostatectomy 
were obtained from patient records. PSA concentration 
results were missing for a number of the patients. Time to 
biochemical recurrence (PSA progression leading to second 
line treatment), time to clinical recurrence (identification 
of metastases or histologically confirmed local recurrence), 
treatments received and the possible cause of death were also 
obtained from patient records. This study was approved by 
the Ethics Council of The Northern Ostrobothnia Hospital 
District.

Immunohistochemistry. Immunohistochemical staining of the 
specimens was performed as previously described (9,11,17). 
Briefly, 4-µm sections were cut from paraffin-embedded 
blocks and mounted onto pre-coated slides. The sections were 
deparaffinized in xylene and rehydrated in descending ethanol 
series. To enhance immunoreactivity, the sections were 
incubated in a citrate buffer (pH 9.0) and boiled. Endogenous 
peroxidase activity was eliminated by further incubation in 
hydrogen peroxide and absolute methanol. A mouse mono-
clonal anti-human TLR9 antibody (Img-305A, clone 26C593.2; 
Imgenex, San Diego, CA, USA; dilution 1:200) was used to 
detect specific TLR9 expression. The bound antibodies were 
visualized using Envision Detection System (K500711; Dako, 
Carpinteria, Denmark A/S). Diaminobenzidine (DAB) was 
used as a chromogen (15). All staining was performed using 
the LabVision Autostainer™ (LabVision, Fremont, CA, USA).

Evaluation of immunostaining. TLR9 immunostaining was 
classified as negative (0), weakly positive (+1) or strongly 
positive (+2). Using these criteria, the immunostained sections 
were evaluated by two observers (M-R.V. and M.V.) to reach a 
consensus.

Statistical analysis. Statistical analysis was carried out using 
SPSS for Windows 15 (Chicago, IL, USA). Associations between 
clinicopathological variables and TLR9 immunostaining 
patterns were assessed using the χ2 test or, in the case of low 
expected frequencies, by the Fisher's exact test. Progression-free 
survival rates were calculated using the Kaplan-Meier method, 
and the statistical significance between groups was analyzed 
using the log-rank test. Hazard ratios (HRs) were assessed 
using Cox univariate analysis. Progression-free survival rates 
in prostate cancer were calculated from the date of radical pros-
tatectomy to either biochemical relapse of prostate cancer (as 
indicated by increase in serum PSA values) leading to second 
line treatments (radiation therapy or hormonal therapies), 
clinical progression or the last day of follow-up. Multivariate 
survival analysis was carried out using the Cox proportional 
hazards model. Two sided P-values were used. P<0.05 was 
considered to indicate a statistically significant result.

Results

TLR9 protein expression in prostate cancer. Baseline patient 
characteristics are provided in Table I. There were 186 prostate 
cancer samples available for the evaluation of TLR9 immuno-
reactivity. Evaluation revealed that 124 (66.7%) of the tumors 
were strongly positive, 59 (31.7%) were weakly positive and 3 
(1.6%) were negative for cytoplasmic TLR9 immunostaining in 
cancer cells. For further analysis, the negative and weakly posi-
tive cases were combined and reclassified as TLR9-negative 
samples (n=62, 33.3%). Stromal immunoreactivity was also 
recorded in these specimens. The majority of the samples 
(n=114, 61.3%) exhibited stromal immunoreactivity to TLR9; 
these were classified as strongly positive (n=3, 1.6%) or weakly 
positive (n=111, 59.7%). The remaining 72 (38.7%) cases were 
negative for TLR9 immunostaining in stromal cells. 

Association of cytoplasmic TLR9 expression with clinico-
pathological characteristics. Twenty-five patients received 
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neoadjuvant hormonal therapy with LHRH-analogs. These 
cases were excluded from the Gleason pattern analysis. 
Distributions of pT-class, prostatectomy sample margin status 
and Gleason score, and their association with cytoplasmic 
TLR9 expression are presented in Table II. The mean preop-
erative PSA values for patients with negative cytoplasmic 
TLR9 expression and positive cytoplasmic TLR9 expression 
were 15.1 ng/ml (95% CI, 8.36-21.9) and 11.2 ng/ml (95% CI, 
9.21-13.2), respectively (P=0.12). Although the results were 

not determined to be statistically significant, more TLR9-
positive staining was observed among samples with higher 
Gleason scores. 

Prognostic significance of TLR9 expression in prostate cancer. 
The prostate cancer-specific progression-free survival rate was 
significantly longer for patients whose tumors were graded 
as negative for cytoplasmic TLR9 expression, as compared 
with patients whose tumors were strongly immunopositive 
for cytoplasmic TLR9 (P=0.009; Fig. 1). The HR of patients 
with TLR9-expressing tumors was 2.27 (95% CI, 1.20-4.28, 
P=0.007). The mean prostate cancer-specific progression-free 
survival times for TLR9-negative and TLR9-positive tumors 
were 147 (95% CI, 138-161) and 116 (95% CI, 105-128) months, 
respectively (P=0.009). The Cox regression analysis results 
for age, cytoplasmic TLR9 expression and Gleason score 
were stratified as: Gleason score, ≤7 vs. ≥8; pT class, ≤T2c 
vs. T3a or T3b; and prostatectomy resection surgical margin 
status, negative vs. positive, as shown in Table III. Cytoplasmic 
TLR9 expression, Gleason score 8-10 and pT3a-pT3b, were 
statistically significant factors in prostate cancer-specific 

Table I. Baseline patient characteristics.

Characteristic	 Value

Age (years) (n=186)
  Minimum	 45
  Maximum	 72
  Mean	 62.0
PSA (ng/ml) (n=56)
  Minimum	   3
  Maximum	 50
  Mean	 12.2
Androgen deprivation therapy prior
to radical prostatectomy
  Yes, n (%)	   25 (13.4)
  No, n (%)	 161 (86.6)

PSA, prostate-specific antigen.

Table II. Associations between cytoplasmic TLR9 expression 
and tumor pT-class, surgical margin status and Gleason score 
of the prostatectomy sample.

	 Cytoplasmic TLR9 expression
	 -------------------------------------------------------------------------
Characteristic	 Negative, n(%)	Positive, n(%)	P-value

pT			 
  2a	 13 (32)	 28 (68)	 0.63
  2b	   4 (22)	 14 (78)	
  2c	 36 (38)	 59 (62)	
  3a	   2 (40)	   3 (60)	
  3b	   7 (26)	 20 (74)	
Surgical margin status			 
  Negative	 37 (33)	 76 (67)	 0.87
  Positive	 25 (34)	 48 (66)	
Gleason score			 
  4	   4 (67)	   2 (33)	 0.36
  5	 17 (40)	 25 (60)	
  6	 20 (29)	 49 (71)	
  7	 16 (29)	 40 (71)	
  8	   3 (38)	   5 (62)	
  9	   2 (40)	   3 (60)	

TLR9, Toll-like receptor-9.

Table III. Cox multivariate progression-free survival analysis 
in 186 patients with prostate cancer treated using radical 
prostatectomy.

Co-variate	 Hazard ratio	 95% CI	 P-value

Age	 0.99	 0.94-1.04	 0.74
Gleason score ≤7	 1 (ref)		
Gleason score ≥8	 2.47	 1.02-5.99	 0.044
pT2a-pT2c	 1 (ref)		
pT3a-pT3b	 2.38	 1.34-4.23	 0.003
Surgical margin-negative	 1 (ref)		
Surgical margin-positive	 1.29	 0.75-2.24	 0.36
Positive cytoplasmic 			 
TLR9 expression	 2.27	 1.18-4.37	 0.014

TLR9, Toll-like receptor-9; CI, confidence interval.

Figure 1. Association between cytoplasmic TLR9 expression and prostate 
cancer-specific progression-free survival. Patients with TLR9-negative 
tumors exhibited better progression-free survival rate compared with patients 
with tumors positive for these proteins (P=0.009). TLR9, Toll-like receptor-9.
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progression-free survival (Table  III). PSA concentration 
was excluded from the Cox regression analysis, due to the 
numerous cases which were missing a preoperative PSA value. 
Based on the results of this study, high TLR9 expression is an 
independent marker of poor prognosis in prostate cancer.

Discussion

The possible pathophysiological significance of cellular 
DNA receptor TLR9 in various types of cancer has attracted 
research interest, after studies have established that it is 
widely expressed in malignant tumor cells (6,9,11,12). TLR9 
recognizes DNA from bacteria, viruses and the host. DNA 
recognition by TLR9 takes place in the endosomal-lysosomal 
compartment of cells. The eventual outcome of TLR9 stimula-
tion is inflammation, characterized by increased expression 
of proinflammatory cytokines and other inflammatory 
mediators. Stimulation of TLR9 by synthetic DNA ligands or 
bacterial DNA also stimulates cancer cell invasion (6,12,21). 
Our previous studies with breast cancer cells further suggested 
that TLR9 expression may regulate cancer cell invasion, even 
in the absence of ligands (17).

Using a cohort of 186 prostate cancer samples and their 
associated clinical data, this study showed that high TLR9 
expression in tumor cells is an independent marker of poor 
prognosis in prostate cancer. TLR9 staining was also detected 
in prostate cancer stroma, however there are no published 
results with regard to the prognostic role of TLR9 staining in 
prostate cancer stroma. Stromal staining for TLR9 appeared to 
be markedly less than that detected in epithelial cancer cells. 
Our results agree with those of Gonzáles-Reyes et al  (20), 
who demonstrated that high TLR9 mRNA expression in 
prostate tumors is significantly associated with recurrence and 
higher probability of biochemical recurrence. Although the 
results of this study were not statistically significant, higher 
TLR9 expression scores were observed in tumors with higher 
Gleason scores. This has also been demonstrated in previous 
studies (9,20).

If TLR9 is significant in the pathophysiology of prostate 
cancer, the mechanism by which it promotes prostate cancer 
must be determined. There are several possibilities; firstly, 
TLR9 may promote the spread of prostate cancer by facili-
tating prostate cancer invasion. This hypothesis is supported 
by our previous findings, which show that knocking out TLR9 
expression from cancer cells results in decreased invasion, 
and that E. coli DNA promotes prostate cancer cell invasion 
in  vitro  (12,17,21). Notably, testosterone promotes TLR9 
ligand-induced invasion in breast cancer cells in vitro (14). 
Whether the effects are similar in prostate cancer cells 
requires further investigation. Secondly, TLR9 stimulation 
by DNA results in inflammation, which has been associated 
with prostate carcinogenesis (22-25). Finally, TLR9 expression 
appears to be upregulated by sex hormones in breast and pros-
tate cancer cells in vitro (12,14). Considering the importance 
of sex hormones in the aggressive behavior of prostate cancer, 
this effect on TLR9 may also contribute to the explanation. 
These issues require further characterization in pre-clinical 
models of prostate cancer.

In conclusion, this study shows that increased expression of 
TLR9 is associated with poor prognosis in prostate cancer. The 

question that remains, however, is whether TLR9 is a driver or 
a passenger in prostate cancer. This should be answered via 
research in pre-clinical prostate cancer models, using prostate 
cancer cells with manipulated TLR9 expression levels.
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