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Abstract.
BACKGROUND: Smoking is one of the most popular risk factors provoking bladder cancer (BC). This research intended
to estimate cigarette smoking effect involving PAF signs between smoking patients with BC and non-smoking patients with
same diagnosis to define relations with pathological characteristics and their prognosis on zero-relapse and disease-associated
recovery.
METHODS: Two groups of smokers (n = 54) and non-smokers (n = 62) were selected. Both cohorts of patients had BC.
They were evaluated utilizing NGS on 9 cancer-related genes and confirmed through the Sanger DNA sequencing and
histopathological tests based on H&E staining. The factor of smoking and impact of PAF development by ELISA assay
and PAF-R manifestation in terms of immunochemical evaluation on BC areas comparing to a control group (n = 30) was
examined involving healthy contributors, including the use of well-designed statistical trials.
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RESULTS: The multivariate evaluation showed considerable rise in mutation patterns related to smoking among BC patients
(group 3), increase in PAF development (***P<0.001) and vivid signs of PAF-R contrasted to non-smokers with BC (group
2) and control group (group 1). All the identified biological changes (gains/losses) were recorded at the same locations in
both groups. Patients from group 3 held 3-4 various mutations, while patients from group 2 held 1-3 various mutations.
Mutations were not identified in 30 respondents from control group. The most repeated mutations were identified in 3 of 9
examined genes, namely TP53, PIK3CA and PTEN, with highest rates of increase in Group 3. Moreover, histopathological
tests revealed barely identifiable and abnormal traits in BC tissues, i.e. were without essential histopathological changes
between groups 2 and 3.

CONCLUSION: Smoking of cigarettes provokes PAF development due to urothelial inflammation and rise of mutations in

9 cancer-related genes. These are indicative factors of inducing BC.

Keywords: Cigarette smoking, 9 cancer-associated genes, somatic mutations, platelet-activating factor (PAF), bladder cancer
patients

Abbreviations

BC: bladder cancer
BSA: bovine serum albumin
CNAs: copy number aberrations
mg/ml: milligram/ milliliter
nm: nanometer
PAF: platelet-activating factor
PBS: phosphate buffered saline
SNVs: single nucleotide variants
TLC of lipids: Thin-layer chromatography
v/v: volume per volume
vol: volume
�M: micromolar
SSV: sanger sequencing validation
NGS: next generation sequencing

1. Introduction

Bladder cancer (BC) is one of the most prevalent global health concerns. It is the sixth most
widespread type of cancer, representing high mortality rates; for example, 16,870 deaths from BC
have been registered just this year [1, 2]. BC is characterized by several critical symptoms, e.g., blood
in the urine, regular urination triggers, and urination-related pain [2]. BC is also associated with the fol-
lowing risk factors: inheritance and family history, previous bladder complications, history of radiation
therapy, and smoking habits [2].

In Saudi Arabia, high rates of smoking (48–70.7%) are indicative of huge health problems for the
local population, which is especially relevant in young adults, particularly males [3]. Despite clear
evidence that smoking can provoke various types of cancer and shorten life, a considerable number of
male adults continue to smoke [4, 5]. To date, one of the leading causes of BC development is tobacco
smoking [6]. Previous research revealed that smoking contributes to elevated platelet-activating factor
(PAF) development and PAF receptor (PAF-R) manifestation, thus increasing chances of tumors and
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metastasis formation among smokers [1, 7]. PAF has been demonstrated to play a key part in the
inflammatory process, thereby affecting endothelium with inflammation. Other studies have shown
PAF’s principal role in provoking tumors and metastasis [8–13].

As urothelial cells are biologically vulnerable to cigarette smoke, smoking initiates the release of
PAF, suppresses hydrolysis functions, and intensifies PAF-R manifestation [14]. Experiments with mice
and long-term cigarette smoking showed signs of damage to urothelial function and high concentration
of PAF within the bladder [1, 14].

This study focused on the impact of cigarette smoke regarding nine cancer-related genes, utilizing
next-generation sequencing (NGS) technology. The data was confirmed via the Sanger sequencing
method, which was applied to both smokers and non-smokers diagnosed with BC. Moreover, smoking
and PAF accumulation with PAF-R manifestation in BC areas was studied with immunohistochemistry
and histopathological tests, based on H&E staining.

2. Materials and methods

2.1. Ethics, participants and compliance

Referring to the tenets and standards of the Deanship of Scientific Research for Princess Nourah Bint
Abdulrahman University, all clinical trials and studies have been performed in compliance. The local
ethics board, KACST, Riyadh, KSA has approved the study under the following credentials: study
number H-01-R059, IRB LOG number 20-0242. In addition, before taking any samples for analysis,
the official written permissions from patients have been retrieved.

2.2. Design and clinical analysis

The research has been performed by attracting 151 male participants. To get demographic data
and medical records, each participant has been assessed through self-reporting technique. Participants
have given their informed consent with no exceptions. Based on clinical evaluations, 121 patients aged
between 57 and 72 have been finally selected for the research project. They have been further divided
into two groups.

The first cohort represented the control group and involved 30 healthy male individuals with no
smoking history. The second cohort included 67 male participants diagnosed with BC yet hav-
ing no smoking history. Finally, the third cohort of 54 male participants diagnosed with BC with
smoking history was formed. Diagnosing was made prior to chemotherapy/radiotherapy procedures
(Table 1).

2.2.1. DNA extraction
DNA extraction from all three-group male participants’ blood samples was performed with a help

of Qiagen DNA isolation toolkit (Cat No. 69506, Quigen, Hilden, Germany) in compliance with the
manual. Samples’ concentration and quality was evaluated utilizing the NanoDrop Spectrophotometer
complex (Thermo Scientific, United States).

2.2.2. Targeted next-generation sequencing
For NGS technology, a self-developed amplicon panel (known as TruSeq Custom Amplicon v1.5

developed and supplied from Illumina, San Diego) has been utilized embracing all coded exons of
9 cancer-associated genes among smoking and non-smoking male participants diagnosed with BC.
The following genes were covered: ARID1A, CDKN2A, FGFR3, KRAS, NRAS, PIK3CA, PTEN,
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Table 1

Demographic data of male participants involved in the research

Covariate Group 1: Group 2: Group 3:
Control Non-smokers Smoking patients
patients with BC with BC

No. of participating patients 30 62 54
Age during diagnosis

<60 years 19 22 13
≥60 years 11 40 41

Other related disease
Nephropathy 0/ 30 (0%) 29/ 62 (46.77%) 35/54 (64.81%)
Urinary tract disease 0/ 30 (0%) 32/ 62 (51.61%) 37/ 54 (68.51%)
Urinary tract infection 2/ 30 (6.66%) 21/ 62 (33.87%) 24/ 54 (44.44%)
Renal failure 0/ 30 (0%) 0/ 62 (0%) 2/ 54 (3.70%)
Peripheral arterial disease 0/ 30 (0%) 31/ 62 (50.00%) 52/ 54 (96.29%)
Hypertension 0/ 30 (0%) 9/ 62 (14.51%) 48/ 54 (88.88%)
Diabetes mellitus 0/ 30 (0%) 10/ 62 (16.12%) 50/ 54 (92.59%)

Smoking history
Never 0/ 30 (0%) 0/ 62 (0%) 0/ 54 (0%)
Exposed to secondhand smoke 0/ 30 (0%) 0/ 62 (0%) 17/ 54 (31.48%)
Former (15–20 years) 0/ 30 (0%) 0/ 62 (0%) 7/ 54 (12.96%)
Former (≥20 years) 0/ 30 (0%) 0/ 62 (0%) 47/ 54 (87.03%)

Urinalyses (Mean ± SD)
PH 5.9 ± 2.08 6.8 ± 1.36 7.6 ± 2.14
Uric acid (mg/day) 789.3 ± 3.25 802.7 ± 2.18 811.6 ± 2.06
Ammonia (mmol/day) 42.2 ± 3.61 54.4 ± 4.22 62.1 ± 3.43
Urea (g/day) 10.4 ± 2.12 14.8 ± 3.07 15.6 ± 2.14

RB1, TP53. Database has been prepared in compliance with the manufacturer’s standards and require-
ments. MiSeq® benchtop sequencer was applied to ensure sequencing procedure. Raw inputs have
been analyzed right on the MiSeq software (MiSeq Control Software, v2.6, Real-Time Analysis soft-
ware, v1.18.54). For variant identification and alignment, we applied the SeqNext Module which is
a part of the Sequence Pilot program (version 4.4.0, JSI medical systems GmbH, Ettenheim, Ger-
many). To avoid possible germline options, variants having an allele frequency below 1% in open
population libraries (gnomAD, [15]) have been excluded before direct evaluation of the options
left.

High-quality CNAs have been defined based on amplicon data thanks to a newly designed algorithm.
Identification was made based on the efficiency value of PCR exponential output of single amplicons
in every sample studied [16]. The special web-platform was used to design oncoprints and visualize
potential variants – http://cbioportal.org [17, 18].

2.2.3. Sanger sequencing method
To confirm the most prevalent mutations identified during NGS, specific exons of the studied genes

(namely CDKN2A (exons 1, 2), FGFR3 (exons 10–18), KRAS (exon 2), NRAS (exons 2, 3), PIK3CA
(exons 9, 20), PTEN (exon 8), TP53 (exon 9)) were initially enhanced with a help of PCR. Enhanced
amplicons were further sequenced using an ABI 3730XL sequencer developed by Life Technologies
(Carlsbad, CA, United States) in compliance with standards [19–21].

http://cbioportal.org
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2.2.4. PAF development
Each participant was able to provide 3 ml of blood for samples in the study. Blood samples obtained

were put in a storage at room temperature for 30 minutes to clot. Further, they were centrifuged for
10 minutes at the speed of 3000 rpm. Afterwards, the serum samples have been selected and evaluated
using the ELISA kit (Catalog Number E-EL-H2199, Elabscience Houston, TX, USA), exploiting the
Biomek 4000 ELISA microplate liquid reagent dispensing automated instrument (Beckman Coulter,
Brea, CA, USA) and applying EL405LS ELISA microplate automatic washing device (developed by
BioTek Instruments, Winooski, VT, USA).

Furthermore, the absorption capacity of every well was interpreted at a wavelength of 450 nm
utilizing a Multiskan FC plate-reader (developed by Thermo Scientific, Waltham, MA, USA). The
average zero standard optical density has been taken away from all absorption cases. Eventually, a
standard curve has been designed by applying a four-parameter logistic (4-PL) curve system. The
level of concentration in the sample studied has been measured via insertion along the standard curve
created by multiplying the outcomes and by the dilution variables mentioned before [22].

2.2.5. Immunohistochemistry and histological tests
Paraffin blocks of biopsy samples related to cigarette smoking and BC diagnosis were taken from

the male participants during surgical procedures and prior to chemotherapy/ radiotherapy practices.
Approximately, 3–5� sections were cut to pass traditional histopathology test and immunohistochem-
ical analysis. Two slides have been provided from each block. Specifically, Eosin and Haematoxylin
stains have been used on a slide to achieve the entire tissue. Moreover, the stained areas have been
scanned at high magnitude (20X) to evaluate the histopathological sections. Then, these sections have
been taken on photo using a photomicroscope. In addition, immunohistochemical analysis has been
performed on the second slide from each block applying PAF-R antibody in compliance with a standard
described in the previous studies [19].

2.2.6. Statistical analysis
To ensure analysis of data, the Graph Pad Prism 9.0 (developed by Graph Pad Software Inc., San

Diego, CA) was used. Afterwards, the quantitative results of analysis have been presented as standard
deviations and mean values. P values < 0.05 were determined in the study as statically valid and relevant.

3. Results

3.1. Analysis of biological mutations

DNA of 116 male participants (54 smokers and 62 non-smokers) diagnosed with BC has been
sequenced to embrace each coding exon of 9 cancer-associated genes utilizing NGS technology. They
were later evaluated for biological (somatic) mutations contrasting data to the control group. NGS
technology revealed that 13 biological mutations were identified in 7 of 9 cancer-associated genes of
the DNA samples regarding both smoking and non-smoking groups of male participants with BC. All
the identified biological mutations (both gains/losses) were placed at repeated sites with alternative
patterns/frequencies of the deviations defined, comparing between Group 2 and Group 3 (Fig. 1). Group
3 of smokers with BC demonstrated a considerable rise in biological mutations among the selected
genes contrasted to Group 2 of non-smokers with BC. Moreover, male participants from Group 3 held
between 3-4 exclusive mutations compared to 1-3 exclusive mutations from Group 2 male participants.
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Fig. 1. Identified somatic/biological mutations noticed in all coding exons of 9 cancer-associated genes through NGS
technology; derived from non-smoking (green lines) and smoking (black lines) male participants diagnosed with BC.

Observable mutations have been detected in ARID1A gene (9.71%), RB1 gene (10.34%), CDKN2A
gene (13.01%), NRAS (13.22%), KRAS (16.73%), FGFR3 gene (16.00%), TP53 gene (18.01%), PTEN
gene (23.02%) and PIK3CA gene (24.00%) in Group 2 male participants.

Moreover, the prevalent mutations have been identified among Group 3 male participants, such as
ARID1A gene (12.71%), RB1 gene (14.31%), CDKN2A gene (18.11%), NRAS (17.19%), KRAS
(21.62%), FGFR3 gene (21.03%), TP53 gene (26.12%), PTEN gene (29.10%) and PIK3CA gene
(32.04%).

Based on findings from NGS procedure, most frequently mutated genes were 7 of 9 selected genes,
specifically TP53, PIK3CA, FGFR3, CDKN2A, NRAS, KRAS and PTEN. Furthermore, genes iden-
tified have been confirmed on validity with a help of SSV (Fig. 2). Two biological mutations were
identified as frameshift pathologies presented in exon 2 for genes KRAS & NRAS with a considerable
amount of mutation patterns in Group 3 compared to Group 2.

Changes of SSCA in exon 2 within KRAS gene have been recorded in 16/62 (16.12%) among non-
smoking participants diagnosed with BC (Group 2); meanwhile, they have been identified in 12/54
(22.2%) among smoking participants with BC (Group 3) because of 12 ins A mutation. Moreover, small
changes of SSCA in exon 2 of NRAS gene were also identified in 8/62 (12.9%) among non-smoking
participants diagnosed with BC (Group 2). Respectively, they have been recorded in 9/54 (16.66%)
among smoking participants with BC (Group 3) because of 61 ins T mutation.

SSV revealed that the most regularly developing mutations (>25%) were observable in 3 of 9 studied
genes (namely TP53, PIK3CA and PTEN); moreover, a considerable rise in number of mutations was
registered in Group 3 contrasted to Group 2 (Fig. 3). In comparison, all 3 identified genes were
associated with frequently developing mutations ranged 18–24% in Group 2 (Fig. 1).

Moreover, regularly developing mutations in 2 of 9 selected genes (namely, ARID1A and RB1)
were associated with the lowest values (>10%) in both testing groups which was confirmed by NGS
(Fig. 1). Importantly, the nucleotide sequencing of such genes as TP53, PIK3CA, FGFR3, CDKN2A
and PTEN demonstrated no presence of frameshift mutations and pathologies in above-mentioned
genes. Similarly, there were no mutations identified above in the study’s control group.
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Fig. 2. Patterns of various mutations have been detected in TP53, CDKN2A, PIK3CA, FGFR3, HRAS, NRAS, KRAS and
PTEN genes with a help of SSV; they were observed in non-smoking participants (green lines) and smoking participants
(black lines) diagnosed with BC.

3.1. PAF production

The extent of PAF is considered one of the vital signs of the inflammation. Figure 4 showed a striking
increase of PAF production (**P<0.01) in Group 2 consisting of non-smokers with BC as compared to
the control group. PAF production levels also elevated noticeably (***P<0.001) in Group 3 of smoking
male participants with BC contrasting to Group 1 and Group 2.

3.3. Histopathology and immunohistochemistry

Outcomes of histopathological tests have been evaluated by a professional histopathologist. They
were later graded by three separate tumor scores (Table 2). Each section of carcinoma affecting human
bladder revealed barely identifiable characteristics of BC tissues from Group 2 and Group 3. In addi-
tion, a distinct rise in mitotic numbers, sizes, abnormal extent of proliferation rates in covering typical
tissues with a minor number of nuclei and nuclear pleomorphism tendencies has eventually increased
the composition of RBCs with making veins overfilled, causing necrosis, initiating intrusion of intra-
cellular and extracellular elements, and leading to damage of cellular polarity, yet without considerable
histopathological differences between Group 2 and Group 3 (Fig. 5, A and B).

Later, immunohistochemistry evaluations indicated about nuclear staining in approximately 20%
responses for weak positivity in relation to PAF-R antibody, which was observable in Group 2 (Fig. 5,
C). Additionally, manifestation of PAF-R was identified as positive above 50% in all the rest bladder
tissues affected by tumors (Fig. 5, D). It should also be mentioned that the practice of antigen sampling
has been measured and performed in compliance with the latest registered quantitative H-scores for
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Fig. 3. Electropherograms derived through the Sanger sequencing technique indicated of biological mutations in such genes
as TP53, CDKN2A, PIK3CA, FGFR3, NRAS, KRAS and PTEN genes.

each case. It was completed by multiplying the values in relation to the following established categories:
above 50% (robust), 20–40% (medium), 1–20% (weak), and 0% (none).

4. Discussion

Current research relied on clinicopathological findings from different groups of participants (Table 1).
This confirmed that smoking cigarettes raised health risks associated with BC development, which
was supported by findings from another study that identified pyroptosis of urothelial cells via the
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Fig. 4. PAF production in three groups of male participants with normal and abnormal levels of PAF. They were calculated
referring to the blood serum taken from non-smoking participants (green lines) and smoking participants (black lines)
diagnosed with BC. Vlues were presented as means ± SEM (n = 30) of three trials. ***P<0.001, **P<0.01, *P<0.05 comparing
to the values of the control Group 1.

Table 2

Categories of tumor for patients with BC in Group 2 and Group 3

Covariate Group 2: Group 3:
Non-smoker patients were diagnosed Smoker patients were diagnosed as

as having bladder cancer having bladder cancer

No. pathologic grade
Low (1 + 2 grades) 51/62 (82.25%) 18/ 54 (33.33%)
High (3 grade) 11/ 62 (17.74%) 36/ 54 (66.66%)

No. lymph node status
Positive 3/ 62 (4.47%) 31/ 54 (57.40%)

ROS/NLRP3/caspase-1 signaling channel, provoked by cigarette smoke [23–25]. Moreover, the rela-
tion between nephropathy, renal failure, and BC has been confirmed. In addition, other research
suggested that BC could be provoked among smokers and non-smokers depending on their medical
history, e.g., hypertension, peripheral arterial disease, and diabetes [26–29]. Smoking also contributes
to the progression of BC in late stages of life. As such, age remains a critical risk factor for eliciting
umbilical cord blood (UCB) and accelerating the organism’s degradation with an official diagnosis
[30]. Nonetheless, our data from Table 1 revealed that the diagnosis of BC is not differentiated by
age among patients, although it was shown that various carcinogens (tobacco and smoking chemicals)
contribute to its development, with a patient’s genetic risks and inheritance, independent of age [30].
In context of a patient’s smoking history, it was found that non-smoking patients have less active and
severe forms of BC compared to their smoking counterparts, as shown in Table 2. Recent research
showed that smoking may directly provoke development of invasive cancer cells with a much higher
likelihood [30, 31, 34, 36]. Previous studies reported that the population-attributable risk with BC with
tobacco smoking is 4 times higher in men than women, and current cigarette smoke triples BC risk
compared to never smoking [30, 37].

The process of how cigarette smoke provokes metastasis, specifically in the lungs, has not yet been
studied [32]. Smoking, despite being a factor of high morbidity and mortality, is still a popular habit
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Fig. 5. Microscopic histopathology provides images of cross sections of BC obtained from both Group 2 and Group 3 and
analyzed under light microscopy, magnitude 100 �m. H&E stain was added to A and B samples demonstrating imbalance
in bladder cells, showing atypical sizes and forms for normal cells. Section A was obtained from Group 2; section B was
obtained from Group 3, both demonstrating occasional textures of bladder tissues showing abnormal mitotic signs, decreased
nucleoli, necrosis effects, presence of intracellular/extracellular elements and elevated level of RBCs with several overfilled
veins. Sections C and D demonstrated immunity to stains by releasing PAF-R antibody. Section C was obtained from Group
2 demonstrating weak yet positive staining of PAF-R protein in non-smoking male participants with BC; meanwhile, Section
D was obtained from Group 3 demonstrating strong and positive staining of PAF-R protein in male smokers with BC.

at 22.1%, with Saudis using cigarettes each day. Statistically, 43.7% of smokers are males, with the
female population of smokers representing 16.5% [33]. An average cigarette contains approximately
7,000 chemicals, and more than 70 are scientifically categorised as carcinogenic. This means that these
chemicals can damage the cellular structure of DNA and initiate the process of tumorigenesis [34].
This not only damages DNA, but in mice studies it decreased recovery capacity in the lungs, heart,
and bladder; in addition, similar degradation effects were noted in human studies in context of lung
and bladder cells [35, 36].

Moreover, cancer-associated genes (comprising oncogenes and tumor suppressor genes) are mutated,
causing cells to grow rapidly, thus leading to cancer. Among many cancer-associated genes, nine BC-
associated genes were selected as the most common in this study [24, 35, 36, 38], relying on NGS
technology, which identified thirteen observable mutations in 7 of 9 cancer-associated genes of DNA
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samples among non-smoking and smoking participants with BC. These mutations were confirmed by
structural signature variation (SSV), detecting a similar number of mutation patterns in the studied
genes. Other research determined growing mobility of tumor cells in the bladder, which increased
urothelial cell damage with cigarette smoke’s chemicals [1, 14, 16, 24, 29, 35, 36]. These findings
uncover biological mechanisms by which smoke may generally induce BC progression, although
details of that process are still unclear. Nonetheless, given that metastasis (not always the tumor itself)
leads to 90% of deaths in cases with a BC diagnosis, with scientific efforts directed to study mechanisms
of how cigarette smoke can prompt metastasis that in turn leads to cancer complications [32].

Other research demonstrated that PAF triggers pro-inflammatory cells, including macrophages and
neutrophils through selected inflammatory channels; this was claimed to contribute to diverse bio-
logical processes, such as epithelial apoptosis, growth of vascular permeability, and smooth muscle
contractions [33, 36, 39, 40]. In connection with reproductive function, anti-apoptosis, and DNA repair,
it was suggested as a potential cause of cancer progression [36]. The research found that PAF suppres-
sion decreased adhesion to endothelial cells, reducing metastasis in melanoma and colon cancer cells
[39, 40].

The current study presented outcomes of the ELISA assay: they identified that PAF was increasingly
generated in the blood serum of participants from Groups 2 and 3, unlike participants from the con-
trol group. Specifically, the highest values of PAF (***P<0.001) were found in Group 3, or smokers
with BC. Moreover, immunohistochemistry tests revealed a decline of PAF-R protein manifestation
in BC samples among non-smokers (Group 2) in contrast to BC areas among smokers (Group 3). As
histopathological tissues were stained with H&E, it was demonstrated that there were no considerable
differences between Groups 2 and 3. With a close tie to cigarette smoking, inflammatory channels
of spread are essential preconditions of BC development, with elevated PAF release potentially con-
tributing to cancer cell development, spread, and tumor tissue production, confirmed and described by
several past studies [11, 12, 24, 32, 36, 38–40].

In the end, it may be argued that smoking cigarettes activates PAF development and results in the
urothelial inflammation process, which is further related to serious risks of BC and chances of mutation
in nine cancer-related genes (shown in the data of this study, in which PAF levels were almost more
than three times that of Group 3, compared to PAF levels in Group 2). These risk factors can be
initiated in various signaling channels and pathways to eventually create the invasion of cancer cells
in the bladder’s environment. In fact, the evaluation of nine cancer-related genes is a good prediction
tool that defines risks of BC development in smokers, with a focus on PAF development and receptor
(PAF-R) manifestation due to urothelial inflammation. Future studies must focus on other cancer-
related genes to discover new somatic and biological mutations in smokers with a BC diagnosis to be
able to compare them with non-smoking patients who have BC.
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