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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Schistosoma haematobium (S. haematobium) infection is a
significant global health concern, impacting over 200 million
individuals worldwide. Chronic infection with S. haematobium
is closely associated with the development of squamous cell
carcinoma (SCC) of the bladder. This pathological link arises
from the intricate interplay of molecular pathways and cellular
processes, including persistent inflammation, deoxyribonucleic
acid (DNA) damage, altered signaling pathways, and epigenetic
dysregulation. Chronic immune responses to S. haematobium
infection, combined with environmental carcinogen exposure,
create a pro-inflammatory environment that drives DNA
damage, mutagenesis, and epigenetic alterations in urothelial
cells. These changes culminate in uncontrolled cell proliferation,
angiogenesis, and tissue remodeling, which collectively
promote tumorigenesis. This study investigates the molecular
and inflammatory mechanisms underlying SCC development
in chronic S. haematobium infection, providing insights into its
complex pathogenesis.

Key words. Schistosoma haematobium, squamous cell
carcinoma, chronic infection, DNA damage, inflammation and
carcinogenesis.

Introduction.

Schistosoma haematobium (S. haematobium) is a parasitic
flatworm that causes urogenital schistosomiasis, a debilitating
disease affecting millions worldwide, primarily in the Indian
subcontinent, the Middle East, and Africa. In this infection,
adult worms reside in the blood vessels surrounding the urinary
bladder, laying eggs that are excreted in the urine. This leads
to inflammation, tissue damage, and potentially life-threatening
complications [1]. Schistosomiasis is an ancient health
complication, and despite global efforts, it remains a significant
public health burden in many developing countries, with over
240 million people affected. Notably, more than 90% of these
cases are reported in Africa.

There are five main species of the Schistosoma parasite
that cause serious infections: S. haematobium, S. mansoni,
S. japonicum, S. intercalatum, and S. mekongi. Of these, S.
haematobium is primarily responsible for chronic urogenital
schistosomiasis, leading to severe complications such as
bleeding, anemia, renal failure, and tumor formation [2].
The infection is particularly associated with squamous cell
carcinoma (SCC) of the bladder, a form of cancer that has
been epidemiologically linked to schistosomiasis, although the
precise mechanisms behind this connection remain unclear.

The relationship between schistosomiasis and bladder cancer
(BC) is thought to involve a complex interplay of molecular
mechanisms. The interaction between the parasite and the host's
immune system, combined with environmental factors and
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carcinogenic agents such as cigarette smoking, contributes to
the neoplastic transformation of bladder cells [3]. Studies have
shown that the risk of BC increases by 2—14 times in individuals
with schistosomiasis, particularly those infected with S.
haematobium [4]. This infection is considered a major health
risk, directly correlating with the development of BC.

Infection with S. haematobium and the Immune Response to
Infection.

Upon infecting the host, S. haematobium cercariae transform
into schistosomulae, the juvenile form of this blood fluke. The
schistosomulae then migrate through the bloodstream to the
liver, where they mature into adult schistosomes [5]. The male
and female schistosomes subsequently reach the urogenital
veins, where sexual maturation occurs, and the female begins
egg production. This process of chronic schistosomiasis begins
several weeks or months after the entry of cercariae into the host.
The severity of the infection largely depends on factors such as
the extent of worm infestation, the rate of egg deposition, and
the location where parasitic eggs are trapped in granulomas. In
the chronic stage of infection, a smaller number of eggs enter
the bloodstream and travel to various organs, as opposed to
being excreted through the stool. Most eggs remain trapped in
liver tissues, causing symptoms of hepatic schistosomiasis [6].

The immune response to S. haematobium infection 1is
predominantly driven by a T helper 2 (Th2) response, with
associated cytokine profiles and activation of certain immune
cells [7]. However, the role of the T helper 1 (Thl) response
and its cytokines, as well as the balance between Thl and
Th2 responses, plays a crucial role in determining the course
of infection. An overly strong or rapid immune response from
either Thl or Th2 cells may result in severe tissue damage.
Initially, during the acute phase of infection, the immune
response is Thl-mediated, targeting schistosomulae and
involving cytokines such as interleukin-1 (IL-1), interleukin-1
(IL-12), Tumor Necrosis Factor-alpha (TNF-a), and interferon
[5]. As the infection progresses, typically 6—8 weeks after initial
exposure, the immune response shifts towards a Th2-mediated
response, particularly as egg deposition begins. This phase is
characterized by the release of cytokines like interleukin-4 (IL-
4), interleukin-5 (IL-5), interleukin-13, and immunoglobulin (Ig)
E. Over time, the Th2 response contributes to the formation of
granulomas and tissue fibrosis, which can become irreversible.
The egg, therefore, plays a central role in the pathogenic process,
initiating granuloma formation and a cascade of events that set
the stage for chronic infection [8].

Acute Infection and Immune Response.

Acute schistosomiasis manifests shortly after S. haematobium
cercariae penetrate the skin and begin their migration. During
this acute phase, circulating immune complexes play a
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significant role in determining the severity and intensity of
symptoms. Eosinophil poisoning is a key factor in this process
[9]. If the infection becomes severe, elevated eosinophil levels
are often observed. When eosinophils are activated, they release
major basic protein and eosinophil cationic protein, which may
exacerbate disease severity through direct toxicity to major
organs [5]. The acute phase is also associated with a distinct
cytokine profile, including increased levels of proinflammatory
cytokines such as IL-1, IL-6, and TNF-a, alongside a suboptimal
Th2 response marked by IL-4 and IL-5. This cytokine imbalance
helps explain the altered medical state during the acute phase,
which may resolve through immune system action. However, in
some cases, the parasite may overwhelm the immune response,
preventing resolution and leading to chronic infection [6].

Chronic Infection and the Immune Response.

Chronic schistosomiasis is primarily driven by granulomatous
inflammation, which results from the accumulation of eggs
released into the tissues. Research has shown that the deposition
of S. haematobium eggs in the bladder causes significant
alterations in proteins and pathways that contribute to pathology
[10]. These eggs travel through the portal venous system and
may embolize in the liver, spleen, or, in severe cases, the
lungs, brain, or spinal cord before reaching other tissues [11].
The secreted proteins and carbohydrates from eggs trapped in
tissues activate the host’s Th2 immune response, leading to an
eosinophilic granulomatous reaction [12].

In the granulomatous response to infection, several immune
cells are activated, including thymus- and bone marrow-derived
cells, neutrophils, eosinophils, macrophages, myofibroblasts,
and epithelioid cells, initiating a cascade of inflammatory events.
The initiation of the Th2 immune response is largely dependent
on IL-4, which is produced by various sources other than
dendritic cells. Additionally, interleukin-10 (IL-10), produced
by dendritic cells, plays a crucial role in suppressing IL-12
production and curbing the development of Th1 responses. IL-4
further limits the Thl response and acts as a growth factor to
strengthen Th2 activity [13].

As the granulomas mature, collagen and fibrosis begin to form
around the trapped eggs, leading to irreversible tissue damage.
This fibrosis, especially around the portal region, can result in
periportal and hepatic fibrosis, obstructing blood flow and causing
complications like portal hypertension and esophageal bleeding
[14]. While granulomas prevent excessive inflammation and
protect the host from egg-related toxins, such as Omega-1 and
immune protective secreted enzyme (IPSE)/alpha-1, they also
represent the primary pathological feature of schistosomiasis.
In the chronic phase, granuloma formation remains crucial for
the parasite’s life cycle, although it causes significant immune
responses and infection-related complications [15].

Chronic infection leading to development of SCC of the
bladder.
Mechanisms of chronic infection:

Chronic infection caused by S. haematobium is primarily
believed to contribute to BC through indirect mechanisms
rather than direct ones. The adult worms deposit eggs in tissues,
resulting in a prolonged inflammatory response that triggers
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the production of various growth factors and carcinogenic
biochemical compounds [16]. Furthermore, chronic
inflammation alters the host’s local immune system, promoting
co-infections with bacterial and viral agents that contribute to
malignant transformation of the bladder epithelium [17].

During chronic infection, two key proteins—IPSE and Omega-1
ribonuclease—are secreted by the live embryos. These proteins
exhibit strong immunogenicity, which is linked to their glycan
moiety, and facilitate the egg’s passage through the bladder
wall without inducing fibrosis, which would otherwise cause
egg trapping. However, the entrapped eggs inside the bladder
wall produce oxygen-derived free radicals, exacerbating the
inflammatory response [18]. These free radicals are capable of
inducing deoxyribonucleic acid (DNA) damage and generating
multiple carcinogenic substances, including polycyclic
aromatic hydrocarbons and N-nitrosamines. Normally, the
urothelial (transitional) epithelium serves as a protective barrier,
preventing the passive entry of toxic substances into the bladder
wall. However, in the case of chronic infection, this barrier can
become compromised, allowing for the increased penetration
of carcinogens. The continuous deposition, retention, and
movement of eggs through the urothelium and bladder wall lead
to tissue damage. Additionally, the toxic substances produced
by the eggs promote cell proliferation, further exacerbating
urothelial damage and eventually leading to the formation of
BC[19].

Moreover, during the chronic phase, the inactivation of cyclin-
dependent kinase inhibitors (such as p27) and the upregulation of
B-cell lymphoma 2 (Bcl-2) expression contribute to an increased
rate of cell proliferation and suppression of apoptosis. These
changes also impact the G1 phase of the cell cycle by inhibiting
the activation of cyclin D and cyclin-dependent kinase 4 [20].
This combination of inactivation and upregulation promotes
uncontrolled cell proliferation and blocks the action of certain
pro-apoptotic proteins. Consequently, the proliferative response
aimed at repairing tissue damage becomes amplified, disrupting
the regulatory processes of oncogenes (through upregulation)
and tumor suppressor genes (through downregulation) [15].

Role of immune response.

The chronic inflammatory response induced by S. haematobium
eggs remains central to the development of SCC of the bladder.
This inflammation is marked by the release of cytokines,
chemokines, and reactive oxygen species (ROS), all of which
contribute to tissue damage and genomic instability. Cytokines
such as TNF-q, IL-6, and IL-10 are elevated during chronic
infection, driving the recruitment of immune cells to the bladder
[21]. This persistent immune cell infiltration promotes the release
of ROS and reactive nitrogen species, which interact with DNA
to create mutagenic lesions [22]. Moreover, oxidative stress
exacerbates cellular damage, altering key signaling pathways
involved in apoptosis, cell proliferation, and differentiation.

The chronic inflammatory milieu not only induces cellular
damage but also supports tumor progression by fostering an
immunosuppressive microenvironment. Regulatory T cells and
myeloid-derived suppressor cells become prominent within the
bladder tissue, suppressing cytotoxic T lymphocyte activity and
enabling tumor cells to evade immune surveillance [23]. These



immune alterations underscore the dual role of inflammation as
both a driver of mutagenesis and a facilitator of tumor immune
evasion.

The interaction between chronic inflammation and DNA
damage is further compounded by oxidative stress-induced
mutations. These mutations often target oncogenes and tumor
suppressor genes, creating a microenvironment conducive to
malignant transformation. Prolonged exposure to inflammatory
mediators not only damages DNA but also disrupts cellular
homeostasis by altering critical signaling pathways, such as
Nuclear Factor kappa-light-chain-enhancer of activated B cells
(NF-xB) and Signal Transducer and Activator of Transcription
3 (24). These pathways play pivotal roles in regulating immune
responses, apoptosis, and proliferation, and their dysregulation
significantly contributes to carcinogenesis. The NF-kB pathway,
in particular, is implicated in promoting chronic inflammation
and resistance to apoptosis, thereby enabling the survival of
malignant cells [24].

Genetic and epigenetic modifications.

Regardless of the tumor stage, the most frequent genomic
alteration observed is the absence of heterozygosity on
chromosomes like 9p and 9q [25]. This lack of heterozygosity
does not differentiate squamous cell bladder carcinoma (SA-
BC) from Schistosoma-non-associated BC. However, given
that BC is cytogenetically diverse, the pathogenesis may
vary across individual cases [26]. It was found that squamous
cancers, but not urothelial cancers, showed increased Bcl-2
gene overexpression in patients with SA-BC. This suggests that
Bcl-2 amplification may contribute to the predominance of SCC
in SA-BC [27]. Bcl-2 upregulation impairs genomic stability,
suppresses programmed cell death, and cooperates with several
proto-oncogenes to promote carcinogenesis. In 32% of tumors,
Bcl-2 overexpression was identified; in 73% of tumors, abnormal
tumor protein 53 (TP53) mutations were discovered; and in 13%
of tumors, both Bcl-2 and TP53 were present [28]. Additionally,
SA-BC showed amplification of the cyclooxygenase-2 (COX-
2) gene, which plays a critical role in the multistage, complex
process of SA-BC-linked carcinogenesis. Other notable variants
included harvey rat sarcoma virus oncogene homolog, pl6
deletion, pl5 enhancing epidermal growth factor receptor,
TNF-a, and cellular erythroblastic leukemia viral oncogene
homolog 2. Overproduction of prostaglandins upregulates
COX-2, decreases killer T cell activity, and increases Bcl-2
and glutathione-S-transferase levels [29]. These mutations may
enhance carcinogenicity by inhibiting cell apoptosis, inducing
immunosuppression, downregulating adhesion molecules,
degrading the extracellular matrix, and promoting angiogenesis.
Furthermore, kirsten rat sarcoma viral oncogene homolog
gene mutations have been identified in bladder abnormalities,
suggesting a link between the emergence of this mutation and
SA-BC [17].

Emerging evidence highlights the role of epigenetic
modifications in the pathogenesis of SCC of the bladder. DNA
methylation and histone acetylation are significantly altered
in patients with chronic S. haematobium infection. Hyper-
methylation of tumor suppressor genes, such as cyclin-dependent
kinase inhibitor 2A and ras association domain-containing
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protein 1, has been observed, leading to their silencing and
subsequent loss of function [30,31]. These epigenetic changes
are thought to be driven by chronic inflammation and the
release of parasitic antigens [32]. Targeting these epigenetic
alterations offers a potential therapeutic avenue for mitigating
the progression of bladder cancer in endemic regions.
Dysfunction of the tumor suppressor gene 7P53 leads to
the accumulation of the p53 protein in tumor cells, which is
associated with the histological grade of the tumor [33]. Both pre-
malignant and malignant lesions are linked to schistosomiasis
and are characterized by elevated p53 levels. These increased
p53 levels in pre-malignant lesions likely contribute to the TP53
alterations observed in bladder lesions caused by Schistosoma
infection [29]. Additionally, nitrosamines become carcinogenic
when combined with the eggs trapped in the bladder, as both
the eggs and the cancer-causing nitrosamines are introduced
to the bladder mucosal lining. Apart from this, epigenetic
modifications in the host genome may also play a role in the
development of SA-BC. DNA extracted from individuals with
urinary Schistosoma infection shows hypermethylation of
several genes. Moreover, in bladder tissue treated with agents
that suppress DNA methylation, urothelial hyperplasia is
reduced, indicating the importance of these epigenetic changes
[15].
Environmental factors.

Environmental factors, including smoking and exposure to
industrial chemicals, synergize with S. haematobium infection
to exacerbate bladder carcinogenesis. Cigarette smoke contains
polycyclic aromatic hydrocarbons and nitrosamines, which
interact with oxidative stress induced by chronic inflammation
to further damage DNA [34]. Smoking also impairs DNA repair
mechanisms and enhances the expression of genes involved in
epithelial-mesenchymal transition (EMT), a process critical for
tumor invasion and metastasis [35]. Industrial chemicals, such
as aromatic amines and chlorinated hydrocarbons, exacerbate
the pro-inflammatory state within the bladder, compounding
the carcinogenic effects of chronic infection [36]. Diet, in this
regard, is a significant factor that may induce systemic and/or
local inflammation, further promoting tumorigenesis.

These immune processes, in combination with environmental
factors such as tobacco use, diet, and exposure to industrial
chemicals, contribute to the rapid progression of invasive
squamous cell bladder carcinoma [25]. Environmental factors
induce multiple genetic mutations and modify the tumor
microenvironment, including immune cells and fibroblasts.
Cigarette smoking, in particular, is a major environmental
factor that damages DNA structure and impairs DNA
repair mechanisms. Smoking also induces morphological
changes, activates EMT, and stimulates the mitogen-activated
protein kinase pathway [27]. Some chemical agents, such as
2-naphthylamine, toluene, 4-aminobiphenyl, 4,4’-methylenebis
polyaromatic hydrocarbons, and perchloroethylene, have
been implicated in triggering or enhancing bladder tumor
development, although the detailed mechanisms behind their
involvement remain unclear. These agents likely exacerbate
inflammation, which is directly linked to tumor initiation and
growth. In addition, dietary factors may further contribute to



systemic or local inflammation, promoting the progression of
BC [19].

Conclusion.

In conclusion, the persistent presence of S. haematobium
infection initiates a multifaceted cascade of events, involving
genetic, immunological, and environmental factors, which
together contribute to the development of SCC of the bladder.
The deposition of parasite eggs in the bladder tissues induces a
chronic inflammatory response, stimulating the production of
growth factors and carcinogenic substances. This inflammatory
environment, along with concurrent bacterial and viral co-
infections, further exacerbates the transformation of the bladder
epithelium. Moreover, the dysregulation of cell cycle control,
coupled with the inactivation of cyclin-dependent kinase
inhibitors and the upregulation of Bcl-2 expression, leads to
uncontrolled cellular proliferation. This results in significant
tissue damage, ultimately culminating in the formation of
BC. Overall, the complex interplay of immune responses,
genetic alterations, and environmental factors is central to the
pathogenesis of SCC of the bladder in the context of chronic S.
haematobium infection.
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