
ABSTRACT
Background: Toll-like receptors (TLRs) are key sensor molecules that are expressed together on immune cells and on tumor 
cells and trigger an immune response and cancer treatment. The study aimed to evaluate the relationship between TLR-7 and 
9 and tumor necrosis factor-alpha (TNF-α) level, and progression of urinary bladder carcinoma (UBC). 
Methods: This study included 57 UBC Iraqi patients with 50 healthy control subjects. Enzyme-linked immunosorbent assay 
kits estimated serum level of TLR-7, TLR-9, and TNF-α.
Results: Showed a significant increase in TLR-7 in muscle-invasive bladder cancer (MIBC) in comparison to none muscle-
invasive bladder cancer (NMIBC) and control. Expression of TLR-9 and TNF-α were significantly higher in MIBC and NMIBC 
in comparison to control. Also, results revealed a significant positive correlation between TLR-7 and TLR-9 with TNF-α level.
Conclusions: Upregulation of serum circulating TLR-7 and TLR-9 may regulate TNF-α production and could be playing a 
role in UBC progression and development.
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INTRODUCTION
Urinary bladder cancer (UBC) is a multi-factorial that generally 
established by chronic exposition to environmental risk factors 
and genomic instability caused by genetic variations.1 Smoking 
which the dominant risk factor for bladder cancer (BC).2,3 Other 
factors, including arsenic exposure, exposure to carcinogenic 
chemicals, and inflammation, are common risk factors for BC.4 
The UBC is a worldwide illness and graded globally as the 
seventh most predominant cancer in males than females in ratio 
of 4:1. It is considered the 4th most common cancer in males, 
while it is the 8th most popular cancer in females.5 In Iraq, UBC 
is the 6th most common malignancy, and males are three times 
more prospective than females to develop the disease.6 The 
genetic markers that have been examined are TLRs. They are 
complicated domestic of transmembrane receptors involved in 
identifying conserved molecular patterns of a microbial source 
and endogenic damaged molecules.

Additionally, their role in preserving tissue hemostasis 
due to the inflammation. The TLRs employee leukocytes as 
a response to microbial-infected tissues; therefore, the innate 
and adaptive immune responses are persuaded, and also, they 
provide necessary signals for the determination of inflammation. 
but also play crucial roles in cancer.7,8 Ten different TLRs have 
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been recognized in humans, and two of these receptors are TLR7 
and TLR9, which play an essential role in the pathogenesis of 
different malignancies; among these is UBC and many researches 
demonstrate that bladder cancer cells express functional TLR7 
and TLR9 with possible effects on cancer progression.9,10 The 
TNF-α is an inflammatory cytokine that is mediated in wide 
variety of diseases, including cancer. It is mainly produced by 
macrophages that encourage cell proliferation and differentiation, 
cell death, and regeneration. The role of TNF-α related to all 
cellular steps complicated in tumorigenesis, including cellular 
survival, promotion, transformation, angiogenesis, invasion and 
metastasis.11,12 There are substantial direct and indirect signals 
to implicate the TNF-α in UBC progression. In angiogenesis, 
TNF-α is known to significant role in the regulation of thymidine 
phosphorylase, which has been confirmed to be a major factor 
in UBC progression and metastasis.13 This current study was 
intended to study the impact of TLR 7 and 9 in inflammation 
and UBC progression.

MATERIALS AND METHODS

Subjects
Venous blood samples were collected from 53 Iraqi patients 
with urinary bladder cancer. They were sub-grouped in to 
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48 males and 9 females; their ages was ranged from 35 to 85 
years old, during the period from February to April 2019, from 
the Urology department of Al-Jaibachi private Hospital and 
Al-Yarmook Teaching Hospital in Baghdad. The tumors were 
subclassified into low grade and high grade according to the 
histological observations on the basis of WHO classification 
criteria. The TNM stage was classified as non-invasive 
(Ta-T1) and invasive (T2–T4) according to the American Joint 
Committee on Cancer guidelines (AJCC). Fifty blood samples 
of healthy volunteers who age-matched to the UBC patients 
were enrolled in this study.
Blood Collection
Five mL of blood samples were collected from each individual. 
The blood was left-hand to clot in plain tubes and centrifuged 
to collect the serum, and then stored at - 20 °C.
Serum Level of Toll-like Receptors (TLRs) 
Sandwich enzyme-linked immunosorbent assay (ELISA) kit 
(MyBioSource, Canada) was used to measure serum level of 
TLR7 and TLR 9. The TNF-α was estimated by quantitative 
ELISA kit (R&D, USA). 
Statistical Analysis
Serum level of TLR7, TLR 9, and TNF-α was statistically 
investigated via statistical package for the social sciences 
(SPSS) program version 24. The data were assumed as mean 
± Standard error (SE) and variances between means were 
measured by analysis of variance (ANOVA) followed by least 
significant difference (LSD). The p values less than 0.05 were 
taken as significant.

RESULTS
The results suggested that there are no significant differences 
(p > 0.05) between the mean age of UBC patients (68 years) 
compared to control (55 years); in contrast, 86% of UBC 

patients’ group were ≥ 50 years have the most frequent. The 
UBC male patients’ incidence was higher (84.4%) than female 
(15.8 %). Most UBC patients were cigarette-smokers (80.7%), 
while non-smoker UBC patients presented at a lower frequency 
(19.3%). More than 50% of UBC patients were at the clinical 
stages I–II (44%) and 56.0% had an invasive tumor stage 
Table 1. 
Serum TLRs
The results revealed that serum TLR-7 level was significantly 
decreased (1.73 ± .21 ng/mL) in control than UBC patients. The 
muscle-invasive UBC and none-muscle invasive UBC level 
revealed that TLR-7 level was (2.78 ± 0.19ng/mL) in MIBC 
followed by NMIBC (2.04 ± 0.17) with significant differences. 
The results of the TLR-9 level displayed a significant increase 
in level of TLR-9 in the invasive stage of bladder cancer patients 
(54.86 ± 3.11pg/mL) followed by the non-invasive UBC patients 
serum (27.13 ± 1.90pg/mL). In contrast, the healthy control 
presented a remarkable low level (16.53 ± 1.52pg/mL) Table 2.
Serum Tumour Necrosis Factor Alpha (TNF-α)
Comparison between the TNF-α levels in NMIBC and MIBC 
of BC and the healthy volunteer established that the MIBC BC 
had a notable high level of TNF-α (57.60 ± 2.78 pg/mL) than 
the NMIBC (26.13 ± 1.41pg/mL) with significant differences 
(p < 0.05), while the level was lower in healthy control 
(11.60 ± 0.85 pg/mL) with significant differences (p < 0.05) 
compared with NMIBC and MIBC Table 2.
Correlation of Serum TLRs with TNF-α in UBC
Pearson correlation tests used to depict the relationship 
between TLR-7 and TLR-9 with TNF-α result indicated a 
positive weak correlation between TLR-7 level and TNF-α 
(r = 0.470, P < 0.01) (Figure 1). 

Figure 2: illustrated the correlation between TLR-9 and 
TNF in the UBC. The results indicated a positive correlation 

Table 1: Characteristics of UBC patients and controls

Characteristic
N

UBC Healthy
p-value% N %

Gender Male 48 84.2 33 66 Non-sig.
Female 9 15.8 17 34 Non-sig.

Age group ≤50 years 8 14 10 20 Non-sig.
≥50 years 49 86 40 80 Non-sig.

Smoking Yes 46 80.7 22 44 Sig.
No 11 19.3 28 56 Sig.

Tumor invasion Non-invasive 25 44 - - Non-sig.
Invasive 32 56 - -

Table 2: Serum levels of TLR-7, TLR-9 and TNF- α in UBC and control

Groups N
Serum conc. (mean ± SE)
TLR-7 TLR-9 TNF-α

Healthy 50 1.73 ± .21 b 16.53 ± 1.52c 11.60 ± 0.85c
Non-invasive 25 2.04 ± 0.17 b 27.13 ± 1.90b 26.13 ± 1.41b
Invasive 32 2.78 ± 0.19a 54.86 ± 3.11a 57.60 ± 2.78a

Diverse letters represent a significant differences with probability P < 0.05 of the same column.
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(r = 0.822, p < 0.01). This result supports the fact that TLR-9 
associated with an increased in the TNF-α level.

DISCUSSION  
The current study revealed an association between activation 
of TLR7, TLR9 and TNF-α production respectively with the 
development of UBC.TLR7 play role in bladder cancer and 
there is some evidence that its pathway is crucial in anti-tumor 
immunity and the risk of UBC may be influenced by TLR7 
gene SNPs in the first intron.19,20 Downregulation of TLR7 
is recommended by Al-Humairi et al.21 to have a part in the 
etiology and UBC pathogenesis. Targeting TLR 7 can activate 
the innate immune cells, resulting in cellular and humoral 
immunity, thus initiating a sequence of anti-tumor events.22 
The R-837 advised as a TLR7 specific agonist that encourages 
pro-inflammatory immune response with the same mechanism 
of action as BCG acts. Several studies recorded the therapeutic 
potency and activity of R-837 in superficial bladder cancer.23,24 
Another study reported that targeting TLR-7 byTMX-101 

and TMX-202 are inform action for treatment of non-muscle 
invasive BC in rat model.25 The TLR9 expression was found 
in human bladder cancer cells and it signaling initiates the 
accumulation, development, and lymph nodes migration of 
antigen-loaded tumor dendritic cells. Inside the lymph nodes, 
these dendritic cells facilitate the activation of tumor-specific T 
cytotoxic lymphocytes, which pro-liferate and accumulate into 
the tumor site to control cancer growth.10,14 A study exposed that 
the numerous incentives, such as LPS, had failed to encourage 
crucial immune response. In contrast, the CpG ODNs targeting 
TLR9 and order as a superior to BCG in the orthotopic murine 
model of BC.18 The TLR9 targeting has received considerable 
attention aimed at their competence to initiates an anti-tumor 
immune response against BC.15 CpG ODNs in reducing tumor 
growth in MB49 mouse model of bladder cancer was verified 
by Ohadian and Nowroozi.16 It has generally fine tolerated 
and demonstrated the potential as a novel immune-therapeutic 
method for cancer treatment. The responses of tumor to TLR9 
agonist mono-therapy had been experiential in numerous tumor 
types, including solid hematologic and tumor malignancies.17 
TNF-α is a pleio-tropic cytokine that has an essential role 
in immune homeostasis, inflammation, and host defense 
against different infections. It may stimulate many effects 
such as angiogenesis, cell differentiation, and cell migration, 
all of which directly affect tumor immune surveillance.26 In 
accordance with the present results, several studies recorded 
that the TNF-α serum concentration was significantly higher 
in advanced invasive stage and has been implicated in tumor 
invasion and metastasis.27,28  Also, these results are compatible 
with Metwally et al.29 who found a significant increase in 
TNF-α level in bladder cancer patient’s sera versus normal 
controls. Another study suggested that TNF- α can be used as 
a diagnostic biomarker for urinary bladder cancer.30
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