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Abstract: Bladder cancer is widely studied for its association 

with cigarette smoke (CS) exposure. Nicotine and carcinogenic 

substances in CS could induce chronic inflammatory state and 

DNA damage. This research was aimed to investigate the effect 

of CS exposure in chronic inflammatory state and p53 

expression in bladder epithelial of Wistar rats. 25 male Wistar 

rats aged 6-8 weeks were divided into five groups as follows: 

Control (without treatment); CS-1, CS-2, CS-4, and CS-8 

(treated with CS 1x, 2x, 4x, and 8x/day, respectively). Each 

exposure was done for 15 minutes for 60 days. Chronic 

inflammatory score was calculated from HE-stained specimens 

and Immunohistochemistry method was applied to measure p53 

expression. Results showed that lymphocyte and histiocyte count 

in CS-8 was significantly higher as compared to CS-1 (p<0.05) 

and control (p<0.05). Lymphocyte and histiocyte count in CS-4 

was also significantly higher compared to non-treated group 

(p<0.05). Chronic inflammatory score was significantly higher 

in CS-8 compared to other group (p<0.05). Moreover, p53 

expression was found in CS-8 group (2 of 5 subjects had positive 

p53 expression, 20 positive cells in from total 10 hpf) and 

significantly different with other groups (p=0.011). Correlation 

study showed significant correlation between frequency of 

cigarette smoking exposure and lymphocyte count (p=0.000; 

r=0.956); monocyte count (p=0.000; r=0.928); chronic 

inflammation score (p=0.000; r=0.928); and p53 expression 

(p=0.007; r=0.522). We concluded that there was significant 

differences in chronic inflammation state and p53 expression 

among groups. Correlation study showed that frequency of 

cigarette smoking exposure was positively correlated with 

chronic inflammation and p53 expression. 

 

Keywords: bladder, chronic inflammation, cigarette smoke, 

p53. 

I. INTRODUCTION 

Epidemiological study reported that the bladder cancer 

incidence was 429.793 with 165.084 mortality rate in 2012.1 

Bladder cancer is common in elderly patient, it has median of 

age 72 years old but rarely observed in patient < 40 y.o.2 

Bladder cancer is more frequent in men the in women, 

prevalence in women was increase 0.2%/ year.3 Transitional 

bladder cell carcinoma (SCC) type is  the most common in 

Developed country, 2 while in developing countries, 

squamous cell carcinoma (SCC) type is more frequent.4,5 
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The accurate incidence of bladder cancer in Indonesia has 

not known yet. However, data from GLOBOCAN predicted 

that bladder cancer was accounted for 5,8 per 100.000 

populations.6 Data from Saiful Anwar Hospital within 

interval 2012-2018 reported 287 cases of bladder cancer.   

Cigarette smoking has been widely studied for its 

correlation with the development of bladder cancer.7-9 

Aromatic amine consisting in cigarette smoke will be 

metabolized into highly carcinogenic form, 

N-hydroxylamine.10 Genetic polymorphism regarding 

enzymatic capacity to neutralize this substance was 

associated with bladder cancer risk.11 Evidence showed that 

heavy smoker has higher risk for bladder cancer compared 

with light smoker. Consistently, smoking cessation has 

beneficial effect on reducing the risk. Beside the intensity of 

smoking, the duration of smoking12-14 and type of tobacco8 

also contribute to bladder cancer risk. 

Beside the direct carcinogenic or mutagenic effect, 

oxidant-containing cigarette smoke could trigger oxidative 

stress and chronic inflammatory state. Nicotine could induce 

the production of hydrogen peroxide and anion superoxide 

which could further disrupts mitochondrial function.15 For a 

long term period, oxidative stress and chronic inflammatory 

state impair the cellular regulation on apoptosis, thus cause 

tissue damage and remodeling.16 Furthermore, chronic 

inflammatory state which is characterized by macrophage 

infiltration had been studied for its role in the cellular 

transformation into malignancy.17,18 

Protein p53 is a transcriptional factor and essential in 

regulation, apoptosis, and DNA restoration. Lack of 

functional p53 was correlated with chemotherapy 

resistance.19 Previous studies reported that intravenous 

administration of nicotine reduced the p53 expression in 

lung, liver, kidney, and bladder.20 At certain point, nicotine 

or other substances in cigarette smoke possibly cause DNA 

damage, including p53 gene.21 Damaged DNA could be a 

potential risk for gene mutation, including p53. 

Observational studies reported that mutation of p53 was 

highly found in high grade bladder cancer22 and associated 

with the incidence of TCC in uranium-exposed Iraqi army.23 

Furthermore, p53 overexpression was associated with return 

of non-muscle invasive bladder cancer (NMIBC) in 

BCG-treated patient,24 and this marker could be used as 

prognostic factor.25  

Recently, there are limited study investigate the role of 

cigarette smoking exposure toward bladder malignancy 

process, particularly via p53 and chronic inflammation. 

Therefore, this research was aimed to investigate the effect of 

cigarette smoke exposure on chronic inflammatory state and 

p53 expression in bladder epithelial cells of Wistar rats. 

II. MATERIALS AND 

METHODS 

Effect of Smoke Exposure on Chronic 

Inflammation and P53 Expression in Bladder 

Epithelial 
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A. Study Design and Animal Treatment 

This design study was true laboratory experimental 

post-test only controlled group. As many as 25 male rats 

(aged 6-8 weeks with weighed 200-250 grams) were obtained 

from Laboratory of Pharmacology, Faculty of Medicine, 

Brawijaya University. All rats then randomly assigned into 

five treatment group as follows: (A) Control Group (without 

cigarette smoke exposure), (B) Cigarette Smoke 1x [CS-1], 

(C) CS-2, (D) CS-4, and (E) CS-8  (treated with cigarette 

smoke 1x/day, 2x/day, 4x/day, and 8x/day, respectively). 

Cigarette smoke exposure was done in special chamber 

connected with smoking pump for 15 minutes/ treatment. 

Cigarette using in this study was obtained from local store 

(Surya brand, consist of 31 mg tar and 2.2 nicotine/ 

cigarette).  

 During study, rats were observed for any distress, 

behavioral changes, and disease. Body weight was measured 

before treatment, after 30 days treatment, and at the end of 

study. After 60 days treatment, all rats euthanized by using 

ketamine injection intraperitoneally and the bladder was 

removed for further analysis. All of procedure performed was 

been approved by ethical clearance in Medical and Health 

Research with number 400/123/K.3/302/2019. 

B. Histology Feature and Chronic Inflamation Score 

Removed, divided into two parts, one of them was fixed in 

10% formalin solution. Preparation of histopathological 

specimen for hematoxylin eosin (HE) staining was conducted 

as previously described.26 Briefly, the processes including 

dehydration, embedded in paraffin block, and sectioning at 5 

µm thickness. 

Hematoxyllin eosin staining was conducted as previously 

described. Briefly, specimens were deparaffinized by using 

xylene, continued with rehydration process using ethanol in 

reducing manner (95%, 90%, 80%, and 70%, respectively). 

After this process, specimens were stained using 

hematoxyllin and eosin sequentially. At the final step, 

specimens were dehydrated by using ethanol and cleared 

with xylene. The preparation of histopathological specimens 

was conducted in the Laboratory of Pathology Anatomy, 

Faculty of Medicine, Brawijaya University. 

All slides were observed under light microscope (Olympus 

BX-51) using 400x magnification. Each specimen were 

observed for 10 random hpf and analyzed for neutrophil 

count, lymphocyte count, histiocyte count, presence of 

edema, congestion, granulation, fibrosis, mucosal erosion, 

etc. Chronic inflammation score was analyzed as previously 

described in the literature.27 Briefly, each specimen was 

observed for neutrophil infiltration, edema, congestion, 

MMN, granulation tissue, and fibrosis. Furthermore, each 

HE specimen also observed for any dysplasia and sign of cell 

proliferation. 

C. Measurement of P53 Expression 

Firstly, half part of bladder organ was fixed in the 10% 

buffered formalin. After fixation process, the bladder was 

embedded in paraffin block, sectioned at 5 µm thickness by 

using microtome and put on the polysine adhesion slides. 

Paraffin-embedded were stained by using 

immunohistochemistry method.28 Briefly, following 

deparaffinization using xylene and rehydration using 

ethanol, specimens were soaked in peroxidase blocking 

solution and then incubated with prediluted blocking serum. 

After blocking process, slides were soaked in primary p53 

antibody (p53 mouse monoclonal antibody, Santa Cruz 

Biotechnology, sc-47698, dilution factor 1:250) at room 

temperature (10 minutes). Slides then washed with PBS and 

incubated with secondary antibody at room temperature (5 

minutes). Slides then washed with PBS and incubated at 

room temperature (10 minutes). Slides then washed again 

with PBS and incubated with DAB (diaminobenzidine) 

chromogen at room temperature (10 minutes). Slides was be 

mounting by hematoxylin eosin staining. Expression of p53 

was defined as brownish appearance in the nucleus of 

epithelial and stromal cells. 

D. Analysis Data 

For calculation of chronic inflammation score, neutrophil 

count, lymphocyte count, and histiocyte count were 

transformed into ordinal data (originally presented as 

numeric data). Data analysis was conducted by using 

software SPSS version 24.0 at confidence interval 95%. 

Graphical data were made by using GraphPad Prism version 

III. RESULTS AND DISCUSSION 

A. Baseline Characteristic 

Of 25 rats, 20 rats were exposed to cigarette smoke at 

different frequency (1, 2, 4, and 8 times/ day). During 2 

months exposure period, there were no significant difference 

of body weight among five group at each time point (before 

treatment, after first month, and after two month). Based on 

behavioral pattern, there were a decreased food intake and 

activity especially in highest cigarette smoke exposure group. 

Furthermore, there were a brownish discoloration on rat’s fur 

particularly in the 4- and 8-times exposure/ day. The mean of 

body weight of each group during research period were 

reported in Table 1. 

Table-I. Body Weight Before Study, At First Month, And 

Second Month 

Group BW-0 (gram)
a
 BW-1 (gram)

b
 BW-2 (gram)

c
 

Control 229±2.55 280.4±5.86 337.4±5.23 

CS-1 230±7.04 281.4±7.60 334.6±10.38 

CS-2 232±3.39 282.6±3.36 334.6±2.88 

CS-4 232±2.00 280±3.08 329.2±3.63 

CS-8 229.8±1.92 278.2±3.11 325.6±3.98 
a
: measurement body weight in zero mount or before treatment; 

b
:  measurement 

body weight first mount or first month after treatment; 
c
: measurement body 

weight at second month or second mount after treatment. All data were 

presented as mean ± SD. 

B. Comparison of Acute and Chronic Inflammatory Level 

 Several indicators were used as acute inflammatory 

state in this study such as neutrophil count, presence of 

edema, congestion, and mucosal erosion. Our finding 

showed that there was a significant difference among groups 

only in neutrophil count (Kruskal-Wallis test, p = 0.000). 

Multiple comparison study demonstrated that neutrophil 

count was significantly higher in control group compared 

with CS-4 and CS-8 group 

(p = 0.03 and p = 0.001). 

Moreover, neutrophil count 
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in CS-8 also significantly lower compared with CS-1 group 

(p = 0.023). Detailed data regarding neutrophil count in each 

group was represented in Table 2 and Figure 1. 

Based on chronic inflammatory indicators, this study 

showed that there were a significant difference of lymphocyte 

and histiocyte count among groups (p = 0.000 and p = 0.000, 

respectively). However, our study did not find any fibrosis in 

all groups. Multiple comparison that the lymphocyte count 

was significantly lower in control group compared with CS-4 

and CS-8 (p = 0.041 and p = 0.001, respectively). Moreover, 

the lymphocyte count in CS-8 also significantly higher 

compared with CS-1 (p = 0.003). Based on histiocyte count, 

the number of histiocyte was significantly higher in CS-8 

compared with control (p = 0.003) and CS-1 group (p = 

0.001). Furthermore, the histiocyte count was significantly 

higher in CS-4 compared with CS-1 (p = 0.032). Detailed 

data regarding neutrophil count in each group was 

represented in Table 2 and Figure 2 and 3. 

Chronic inflammation score was obtained from several 

parameters including neutrophil count, mononuclear cells 

infiltration, edema, congestion, granulation, and fibrosis. 

The result of calculation was presented in Table 2. Our 

finding on chronic inflammation score was consistent with 

previous data (lymphocyte and histiocyte count). Multiple 

comparison study revealed that the chronic inflammation 

score in the most frequent cigarette smoke-treated group 

(CS-8) was significantly higher than control (p = 0.001) and 

CS-1 (p = 0.003). 

 

Fig. 1. Neutrophil count in each group 

 

Fig. 2. Lymphocyte count in each group 

 

Fig. 3. Histiocyte count in each group 

C. Comparison of p53 Expression 

Immunohistochemistry staining was performed to 

semi-quantitatively measure the p53 expression in each 

group. Interestingly, our finding demonstrated that there 

were no p53 expression detected in control, CS-1, CS-2, and 

CS-4 group. Expression of p53 was detected in CS-8 group (2 

of 5 subjects showed positive for p53 expression, as many as 

20 cells from 10 hpf) (Kruskal Wallis test, p = 0.011). 

Further multiple comparison showed significant differences 

between CS-8 and another group (p = 0.042). Figure 5 

represented the features of immunohistochemistry staining 

for p53 in bladder. 
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Fig. 4. Immunohistochemistry staining was conducted to detect p53 expression in each group. Picture was obtained by 

using Olympus BX-51 microscope (400x magnification). (A) Control, (B) CS-1, (C) CS-2, (D), CS-4, and (E) CS-8. 

Positive p53 was detected in CS-8 group, indicated by yellow circle (epithelial or stromal cells with brownish nuclear 

staining). 

D. Correlation of Cigarette Smoke Exposure Frequency 

with Inflammation, Dysplasia, and p53 Expression 

Our data suggested that the frequency of cigarette smoke 

exposure was negatively correlated with neutrophil count 

(Spearman correlation test, p = 0.000; r = -0.918). In the other 

hand, the frequency of cigarette smoke exposure was positively 

correlated with mucosal erosion (Spearman test, p = 0.003; r = 

0.570), lymphocyte count (Spearman test, p = 0.000; r = 0.956), 

histiocyte count (Spearman test, p = 0.000; r = 0.928), chronic 

inflammation score (Spearman test, p = 0.000; r = 0.928), cell 

proliferation (Spearman test, p = 0.000; r = 0.707), dysplasia 

(Spearman test, p = 0.017; r = 0.471), and p53 expression 

(Spearman test, p = 0.007; r = 0.522). Overall correlation data 

suggested that higher cigarette smoke exposure increase chronic 

inflammatory state, trigger dysplasia and proliferation and it is 

partially mediated by p53 expression. 

IV. DISCUSSION 

A. Correlation of Cigarette Smoke Exposure and Chronic 

Inflammation 

 This study showed that frequency of cigarette smoke 

exposure was strongly correlated with increased chronic 

inflammatory state and decreased acute inflammatory state. 

These finding was also supported with enhanced 

mononuclear cells infiltration (lymphocytes and histiocytes) 

and reduced neutrophil recruitment.  

Cigarette smoke is well known for its nicotine and other 

toxic constituents which could induce the development of 

reactive oxygen species (ROS) and further cause dysfunction 

of mitochondria.29 Previous study reported that smoking 

could increase chronic inflammatory state characterized by 

increased signal of nuclear factor kappa b (NF-kB) in lung 

tissue.30 Activation of NF-kB induces transcriptional activity 

of cytokine proinflammatory, otherwise suppresses 

transcriptional activity of anti-inflammatory cytokines.  

Basically, chronic inflammation is unresolved acute 

inflammation characterized by fibrosis and continuous 

mononuclear infiltration and all consequences beyond these 

processes including damaged and remodeling of tissue. The 

process is complex interaction between hyper-activation state 

of immune cells and altered function of residing cells 

(epithelial and connective tissue cells).31,32  

 Observational study in chronic obstructive pulmonary 

patients with positive smoking history showed the evidence 

of mononuclear cells migration (lymphocytes and 

monocytes), particularly CD8+, into lung tissue and possibly 

caused by chemokines CXCR3 and CCL5.33 This finding 

was consistent with our finding in bladder tissue. 

Lymphocytes and monocytes have been studied as a predictor 

for determining prognosis of patient with urothelial 

carcinoma. Evidence showed that ratio lymphocyte with 

neutrophil, lymphocyte with platelet ratio, and monocyte 

with lymphocyte ration was significantly related with 

progression and disease-free survival.34  Effect of smoking 

on the destruction of bladder tissue has been studied in 

human, in vivo, or in vitro. Study using primary culture of 

human urothelial cells (HUC) reported that cigarette smoke 

exposure induced uroepithelial damage through increased 

interaction of platelet activating factor (PAF) with its 

receptor35 and knock out model confirmed the role of PAF.36  

NLR at 3 month after surgery was strongly correlated with 

RFS, CSS, and OS in patient with invasive bladder cancer.37 

 At certain point, chronic inflammatory state, which is 

characterized partially by continuous activation of 

macrophage, is a risk factor for the malignant 

transformation. Tumor-associated macrophages (TAMs) has 

dual effect related to the development of bladder cancer 

depend on cell polarization 

(M1 and M2 stage).38 M1 

stage has cytokine and 
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lipopolysaccharide. It could be induced  by interleukin 

(IL)-1β, IL-23, IL-6 tumor necrosis factor (TNF)-α, 

interferon-γ (IF-γ), lipopolysaccharide (LPS), and 

progression of bladder cancer or showed inhibitory effect on 

initiation.17,18 Otherwise, M2 is activated mainly by 

transforming growth factor-β (TGF-β) or IL-4, IL-10, IL-13  

and correlated with induction of proliferation, invasion, 

migration, metastasis of cell, and suppression of anti-tumor 

responses.39,40 Induction of M1 activity using 

streptococcus-derived substance confirmed the anti-cancer 

activity of M1 on bladder cancer.41 The other hand, 

predominant Mw phenotype in stromal region of bladder 

cancer was associated with failure of immunotherapy with 

BCG (Bacillus Calmette-Guerin).40 However, the role TAM 

especially for immune-driven cancer progression still need to 

be further elucidated.32 

 The role of chronic inflammatory caused by diet or 

infection on the development of bladder cancer. Cross 

sectional study involving 690 patients with bladder cancer 

reported that chronic pro-inflammatory diet (high 

carbohydrate and lipid) had higher risk of bladder cancer 

compared than anti-inflammatory diet (high intake of 

vegetables, fruit, and antioxidants) (OR 1.97; 95% CI; p = 

0.003).42 Chronic inflammation induced by Schistosomiasis 

infection was also correlated with increased risk for bladder 

cancer.43 

B. Correlation of Cigarette Smoke Exposure, Dysplasia, 

and p53 Expression 

 Our data revealed that chronic exposure of cigarette 

smoke was correlated with cell dysplasia. Furthermore, p53 

expression was elevated significantly in the highest cigarette 

smoke exposure. Protein p53 is well-known as tumor 

suppressor encoded by p53 gene. P53 is a transcriptional 

factor which has essential role in regulating the cell cycle and 

commonly found as mutated form in several malignancy 

cases, particularly in lethal muscle invasive bladder cancer 

(MI-BC).44
  

Previous study confirmed three primary genetic alterations 

which were consistently affect pathogenesis of papillary 

precursor lesion and non-muscle invasive bladder cancer 

(NMI-BC) including tyrosine kinase receptor fibroblast 

growth factor receptor 3 (FGFR‐3), phosphatidylinositol‐4, 

5‐bisphosphate 3‐kinase, catalytic subunit α (PIK3CA) and 

Harvey rat sarcoma viral oncogene homolog (H‐RAS).45,46 In 

the other hand, alteration in tumor suppressor genes such as 

p16, Rb99 TP53 was oncogenesis machinery for the 

development of precursor neoplastic of muscle invasive 

bladder cancer (MI-BC) termed as CIS and urothelial 

dysplasia. Evidence also showed that the progression from 

papillary NMI-BC into high grade MI-BC was depend on 

TP53 and Rb activation.47 Interestingly, observational study 

reported that p53 was highly expressed in high grade 

urothelial carcinoma, thus p53 could be assigned as 

prognostic marker for bladder cancer.48 

V.  CONCLUSION 

We concluded that there was a significant difference in 

chronic inflammation state (lymphocyte and histiocyte 

count), dysplasia, and p53 expression among groups. 

Correlation study showed that frequency of cigarette 

smoking exposure was positively correlated with chronic 

inflammation, dysplasia, and p53 expression. 
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