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Abstract: Many risk factors can cause upper urinary tract 

carcinoma. Smoking is the most influential risk factor and is 

associated with the formation of aromatic acids and could 

induce apoptotic cycle. This research was aimed to examine the 

effect of cigarete smoke exposure on inflammatory state and p53 

expression in renal pelvis epithelial of wistar rats. As many as 25 

male 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. histopathological 

changes were evaluated from HE-stained specimens and 

immunohistochemistry method was applied to measure p53 

expressio neutrophile and lymphocyte count in CS-8 was 

significantly higher as compared to CS-1 (p<0.05) and control 

(p<0.05). p53 expression was found in the CS-8 (3 out of 5 

subjects had positive p53 expression, with a total of 4-7 cells 

from 10 hpf). Correlation study showed significant correlation 

between frequency of cigarette smoking exposure and 

neutrophile count (p=0.000; r=-0.856); lymphocyte count 

(p=0.000; r=0.985); and p53 expression (p=0.000; 0.072). We 

concluded that there were significant differences in acute 

inflammation state, chronic inflammation state and p53 

expression among groups. Correlation study showed that 

frequency of cigarette smoking exposure was positively 

correlated with lymphocyte count and p53 expression. 

 

Keywords: chronic inflammation, cigarette smoke, renal 

pelvis, p53 

I. INTRODUCTION 

Upper urinary tract carcinoma is a malignancy at 

urothelium from the kidney dialect to the distal ureter. This 

cancer has opposing urothelial cancer in the bladder but has 

different management1. This cancer has a prevalence of 

5-10% of all urothelial cancers. It has estimation annual 

incidence in western countries mostly two cases per 100,000 
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population 2. Based on data from 2018 cancer statistics in 

America, 3,820 new cases were obtained with an estimated 

960 case fatalities2. Evaluation data from the National 

Cancer Institute's Surveillance, Epidemiology and End 

Results (SEER) in 1973 to 2005 showed an increase in 9 

annual events from 1.88 to 2.06 cases per 100,000 people per 

year 1. 

Many risk factors can cause urothelial cancer. Smoking is 

the most influential risk factor and is associated with the 

formation of aromatic acids which are metabolized into 

highly carcinogenic N-hydroxylamine. Everyone's 

susceptibility to the effects of cigarette smoke may be related 

to genetic changes in the enzymes that neutralize the 

substance3. 

One cigarette content, namely nicotine can cause oxidative 

stress that disrupts the balance of oxidants and antioxidants 

in blood cells and tissues. Intravenous administration of 

nicotine in mice can cause urinary mucosal lesions, vascular 

changes, and parenchymal damage accompanied by 

infiltration of inflammatory cells. Nicotine increases the 

production of hydrogen peroxide and superoxide anion 

which causes disruption in the mitochondrial metabolic 

chain4. 

P53 protein is a transcription activator that can induce 

gene expression in regulating cell cycles, apoptosis, and 

DNA repair in response to cellular stimuli in the form of 

hypoxia and DNA damage. Lack of functional p53 protein in 

cells is known to be related to resistance to chemotherapy, 

and conversely an increase in p53 levels decreases the 

occurrence of cancer5. P53 protein mutation increases the 

risk of recurrence and metastasis in cancer. In addition, the 

p53 protein mutation can be a biomarker for predicting the 

recurrence of urothelial cancer patients6. 

In this study, we will examine differences in the frequency 

of exposure to cigarette smoke to histopathological changes 

and immunohistological expression of p53 protein in the 

renal pelvic mucosa of the wistar rat. 

II. MATERIALS AND METHODS  

A. Study Design and Animal Treatment 

This design was designed as true laboratory experimental 

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

(aged 6-8 weeks, weighed 

200-250 grams) were 
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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). 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 dan 2,2 

nicotine/cigarette). 

Of the 25 experimental animals used in this study, 20 

experimental animals were exposed to secondhand smoke 

with a different frequency with variations of exposure 

1x/day; 2x/day, 4x/day and 8x/day. After 2 months of 

exposure to cigarette smoke, differences in rat body weight 

gain were explained as described in table 1. For food intake 

in mice with a frequency of exposure 8x/day, the second 

month decreased appetite and decreased motion activity. It 

also found differences in rat fur color with a frequency of 

exposure to cigarette smoke 4x/day and 8x/day experiencing 

more brownish skin discoloration compared to another 

group. 

All of procedure performed in this study has been 

approved by ethical committee of medical and health 

research, faculty of medicine Brawijaya university 

(400/123/K.3/302/2019). 

B. Histology Feature and Chronic Inflammation Score 

Following terminal surgery, renal pelvis was removed, 

devide into two part, one of them was fixed in 10% formalin 

solution. Preparation of histopathological specimen for 

hematoxylin eosin (HE) staining was conducted as 

previously described. Briefly, the processes including 

dehydration, embedded in paraffin block, and sectioning at 5 

m thickness. 

Hematoxylin aeosin 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 

hematoxylin and eosin sequentially. At the final step, 

specimens were dehydrated by using ethanol dan cleared 

with xylene. The preparation of histopathilogical specimens 

were conducted in the Laboratory of Pathology Anatomy, 

Faculty of Medicine, Brawijaya University. 

All slide was observed under light microscope (Olympus 

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

observed for 10 random hpf and analyzed for sign of acute 

inflammation (neutrophil), chronic inflammation 

(lymphocyte), Proliferation cell, dysplasia and carcinoma. 

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 

Calculation of neutrophil count and lymphocyte count 

were transformed into ordinal data. Data analysis was 

conducted by using software SPSS version 24.0 at confidence 

interval 95% and use kruskal-wallis to analyze chronic 

inflammation state and p53 expression, one-way anova to 

analyze acute inflammation state. Correlations study perform 

to analyze correlations between frequency of exposure to 

Inflammation and Expression of p53. 

III. RESULTS 

A. Comparasion of Acute and Chronic Inflamatory Level 

Inflammatory parameters in this study are broadly divided 

into 2, namely acute and chronic. Acute inflammatory 

parameters include neutrophil count, edema, congestion, and 

mucosal erosion. While the parameters of chronic 

inflammation include lymphocyte count and monocyte 

count. In this study, acute parameters that have emerged are 

neutrophils and for chronic inflamation parameters that have 

appeared, namely lymphocytes. The test carried out to 

analyze the differences of each variable between the 5 

treatment groups on lymphocyte count is the Kruskal-Wallis 

test. As for the neutrophil count, one-way anova is used. If 

the p value <0.05, that interpretation is a significant 

difference between the treatment groups. If the value of p> 

0.05 hasn’t significant difference between five treatment 

group. 

From the research it was seen that only neutrophil and 

lymphocyte count variables showed significant differences 

between the five treatment groups. To find out more which 

groups were significantly different between the five 

treatment groups, multiple comparisons were made between 

the five groups. The results of the comparison can be seen in 

the Appendix. The value of statistic was a significant 

difference between neutrophil counts of the control with 4x 

and 8x exposure, and between1x and 8x exposure group. 

B. Comparision of p53 Expression 

P53 expression was 

measured using 
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immunohistochemical methods to look semiquantitatively at 

p53 expression in histology preparations. P53 expression was 

calculated using a large field of view (40x) by counting the 

number of brown epithelial or stromal cells in the nucleus. 

The non-parametric test used Kruskal Wallis, it showed 

differences in p53 expression between the five treatment 

groups. If the p value <0.05, it can be concluded that there are 

significant differences between the five treatment groups. 

Conversely, if the value of p> 0.05, it means no significant 

difference between the five treatment groups. 

Test results showed that in the control group, 1x exposure, 

2x exposure, and 4x exposure did not obtain p53 expression. 

P53 expression was found in the 8x exposure group (3 out of 

5 subjects had positive p53 expression, with a total of 4-7 

cells from 10 lpb). Kruskal Wallis test results showed 

significant results on CS-8 (p = 0.011) 

 

Fig. 1. Neutrophil Count in each group. in acute inflammatory parameters there was a difference in the control 

treatment with exposure 1x and decreasing in exposure 8x 

 

Fig. 2. Lymphocyte Count in each group. in chronic inflammatory parameters there was a difference in the control 

treatment with exposure 1x and increasing in exposure 8x. 
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Fig. 3. p53 Count in each group. There is p53 expression in exposure 8x 

 
Fig. 4. The results of hematoxylin eosin staining to assess the histopathological picture through the Olympus BX-51 

microscope 400x magnification (10 large field of view) in each treatment group: (A) control, (B) exposure 1x 

(magnification 200x) (C) exposure 2x, (C) exposure D) 4x exposure, and (E) 8x exposure. Some signs indicate 

neutrophils (blue circles), and lymphocytes (black circles). 

 

Fig. 5. Immunohistochemical staining results to assess p53 expression through an Olympus BX-51 microscope with 
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400x magnification (10 large visual fields) in each treatment group: (A) control, (B) exposure 1x, (C) exposure 2x, (D) 

exposure 4x, and (E) 8x exposure. Positive p53 expression was found in the 8x exposure group (red arrow). 

 

C. Correlation of cigarette smoke exposure frequency 

with inflammation and p53 expression 

The next test is to determine the correlation between the 

frequency of cigarette smoke exposure with each variable. 

Correlation test is done by the Spearman test 

(non-parameteric). From the results of the correlation test 

will get the value of p and r. If the value of p <0.05, it can be 

interpreted that has correlation between frequency of 

exposure and the variable of exposure, whereas if the value of 

p> 0.05, the interpretation shows that there is no correlation. 

The value of r indicates the strength of the correlation. From 

this study, the frequency of cigarette smoke exposure was 

negatively correlated with neutrophils whereas lymphocytes 

and p53 were positively correlated. 

 

TABEL 1. CORRELATION OF CIGARETTE SMOKE EXPOSURE 

FREQUENCY WITH INFLAMMATION AND P53 EXPRESSION 

Parameter Variabel P Value R Value 

Inflammation 
Neutrophil 

count 
0.000 -0.856 

 
Lymphocyte 

count 
0.000 0.985 

p53 Expression P53 count 0.000 0.702 

IV. DISCUSSION 

A. Correlation of cigarette smoke exposure and 

inflammation 

In this study, statistical tests have been carried out to see 

the differences in each inflammatory variable in each 

treatment group. The results had a significant correlation 

between the frequency of cigarette smoke exposure with 

chronic inflammatory variables including lymphocyte 

counts. Conversely, the frequency of exposure to cigarette 

smoke is negatively correlated with the acute inflammatory 

parameter, neutrophils. This is related to the long exposure to 

cigarette smoke for 8 weeks included in the chronic category. 

The effect of exposure to cigarette smoke is mediated by 

nicotine and other toxic substances contained. This substance 

when entered into the biological system will induce the 

development of oxygen free radicals or reactive oxygen 

species (ROS) and disrupt the function of mitochondria so 

that it will induce cell apoptosis7. Previous studies have 

reported that smoking can increase the chronic inflammatory 

status characterized by increased kappa b (NF- kB) nuclear 

signaling factor in the lung which can induce the occurrence 

of chronic obstructive pulmonary disease and lung cancer8. 

Activation of NF-κB will induce transinflammatory cytokine 

transcription and suppression of anti-inflammatory gene 

transcription. 

Lymphocytes and neutrophils have also been investigated 

as predictor factors for the prognosis urothelial carcinoma 

using clinical parameters of the neutrophil-lymphocyte ratio. 

The results show that the neutrophil-lymphocyte ratio is 

significantly related to prognosis and is associated with 

tumor stage, lyphovascular invasion and also level of tumor9. 

The effect of smoking on epithelial damage to the upper 

urinary tract has also been studied. From the results of 

multivariate analysis conducted miyata and his team showed 

that ex-smoking correlates with lymphatic vessel density 

(LVD) and intratumoral lymphatic vessels (iLV). In survival 

analysis, LVD, the presence of iLV, expression of 

cyclooxygenase (COX)-2 and matrix metalloproteinase 

(MMP)-9 were identified as metastasis predicting factors 

after surgery. In conclusion, lymphangiogenesis and 

expression levels of COX-2 and MMP-9 were found to be 

associated with smoking patients with upper urinary tract 

malignancy10. 

Several previous studies have reported that increased 

lymphovascular invasion and lymphangiogenesis are 

important stages in the spread of cancer cells in the upper 

urinary tract of malignancy. However, information about the 

influence of smoking status on lymph angiogenesis with the 

upper urinary tract malignancy is still not very much. Lung 

cancer had high association with smoking exposure, that of 

expression of interleukin-17 (IL-17), It was hypothesized to 

have an important role in metastasis by increasing lymph 

angiogenesis. Additionally, although lymph angiogenesis 

and COX-2 or MMP-9 expression had relationship in the 

upper urinary tract malignancy is not fully understood, that 

was reported the two molecules have been reported to 

stimulate lymphangiogenesis in other types of cancer. 

Therefore, it can be said that smoking induces the spread of 

cancer cells by stimulating lymphangiogenesis through 

increased regulation of COX-2 pathway and cytokine 

MMP-9 in patients with urothelial carcinoma of the upper 

urinary tract10. 

In addition, smoking is also associated with the 

pathological characteristics of urothelial carcinoma in the 

upper urinary tract affecting worse prognostic factors for 

recurrence and metastasis after surgery. Several other studies 

have proven that smoking intensity is a significant predictor 

of prognosis and survival in patients with urothelial urinary 

tract carcinoma 11,12. 

B. Correlation of cigarette smoke exposure and p53 

This research shows that exposure to cigarette smoke 

within 8 weeks can affect the expression of p53. Cells with 

p53 expression began to appear to be increased at 8x 

exposure and were significantly different compared to all 

treatment groups. It has been previously known that p53 is a 

tumor-suppressor that is encoded by the p53 gene (p53). P53 

molecule is a transcription factor with the main function as a 

regulator of the cell cycle and often mutates in various cases 

of human malignancy, which is about 50% of all 

malignancies in humans. p53 was discovered in the late 

1970s in the form of a 

cellular 53-kd nuclear 
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phosphoprotein bound to the SV40 DNA virus. This protein 

in addition to influencing cell cycle control, also plays a role 

in repairing DNA damage and DNA synthesis, cell 

differentiation, and cell death programs (apoptosis)13. 

BCL-2 family and tumor suppressors such as the P53 

protein are many characteristics of types cancers, including 

bladder cancer. This decrease gives cancer cells the ability to 

resist apoptosis, thereby supporting cell survival. Tobacco 

consumption is documented that risk factor for developing 

urinary tract cancer, but it wasn’t explained clearly about 

carcinogenic mechanism and molecular pathways. Many 

studies have focused on aromatic amines such as 

4-aminobiphenyl (ABP). 4-aminobiphenyl found in cigarette 

smoke and some industrial chemicals. One potential 

mechanism by which aromatic amines caused carcinogenesis 

is by forming DNA mutation that produces transitional 

mutations14.  

Cigarette smoke containing nitrosamine has been known 

to be a specific carcinogen in urothelial. It is known that 

N-butyl-N- (4-hydroxybutyl) nitrosamine (BBN) changes the 

expression of GSTM1, GSTO1 and NQO1 proteins in 

urotelium of mice after 20 weeks of treatment. GSTM1, an 

antioxidant enzyme associated with the development of 

urothelial cancer also has decreased expression at both 

protein and mRNA levels and this is mediated in part by 

DNA methylation15. 

In this research, IHC p53 examined the prognostic role of 

p53 expression in 83 patients with in the upper urinary tract 

carcinoma. Our result that p53 overexpression was 

significantly associated with tumor aggressiveness and 

prognostic patients. Tumor expression, grade, and p53 were 

all significantly related to results in univariate analysis. 

However, tumor level was not a predictor in multivariable 

analysis whereas p53 expression status remained 

significant16. 

In Japanese studies (n = 66) and Europe (n = 53), p53 was 

a predictor factor in univariable analysis but did not appear 

as an independent prognostic factor after adjusting for 

clinical and pathological characteristics. IHC study 

examined the expression of p53 in 112 UTUC patients and 

found high p53 expression was a bad predictor progression of 

disease (hazard ratio [HR] = 3.74, p = 0.025) and survival 

(HR = 5.87, p = 0.030)17. 

V. CONCLUSION 

There was a significant difference in acute, 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 exposure. 
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