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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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CHRONIC INFECTION WITH SCHISTOSOMA HAEMATOBIUM LEADS TO THE 
DEVELOPMENT OF SQUAMOUS CELL CARCINOMA OF THE BLADDER
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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 

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 is 
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 (Th1) response 
and its cytokines, as well as the balance between Th1 and 
Th2 responses, plays a crucial role in determining the course 
of infection. An overly strong or rapid immune response from 
either Th1 or Th2 cells may result in severe tissue damage. 
Initially, during the acute phase of infection, the immune 
response is Th1-mediated, targeting schistosomulae and 
involving cytokines such as interleukin-1 (IL-1), interleukin-1 
(IL-12), Tumor Necrosis Factor-alpha (TNF-α), 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-α, 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 Th1 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 

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-α, 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 
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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-κB) 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-κB 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, p16 
deletion, p15 enhancing epidermal growth factor receptor, 
TNF-α, 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 

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 TP53 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 
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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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