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Abstract

Objective: This research aimed to investigate the increase in the pro-inflammatory cytokines interleukin -1,
associated with colorectal cancer and Cryptosporidium spp. infection. Methods: A total of 34 patients diagnosed with
colorectal cancer were investigated at various stages. Fecal, blood, and tissue paraffin-block samples were collected
from each patient. Furthermore, modified Ziehl-Neelsen staining, enzyme-linked immunosorbent assay (ELISA),
and immunohistochemical staining were performed. Statistical tests were performed using the Kruskal-Wallis,
Mann-Whitney, and Chi-Square tests. Results: Cryptosporidium spp. infection was found in 47.06% of patients with
colorectal cancer. Cryptosporidium spp. spread throughout colorectal cancer tissue from the epithelium to the serous
layer. Endogenous stages of Cryptosporidium spp. were observed within the submucosa, including its presence in
the vascular submucosal region. Statistical tests showed no association between Cryptosporidium spp. infection with
IL-1B levels (p > 0.05) due to heterogeneous data. Conclusion: This research strengthens the association between
Cryptosporidium spp. infection and colorectal cancer, with new evidence regarding active, chronic, invasive, and
potentially extraintestinal infection. However, there is a trend of increasing serum levels of IL-1f in colorectal cancer
patients infected with Cryptosporidium spp. compared to those who are uninfected individuals. These results provide a
basis for further investigation into alternative pathogenic mechanisms by which the parasite may contribute to colorectal
carcinogenesis independently or with various inflammatory pathways.
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Introduction

Colorectal cancer is a significant global health
burden due to high rates of cancer-related morbidity
and mortality [1]. Approximately 10% of cases occur
worldwide, accounting for 9.4% of all deaths [2]. Despite
advances in screening and treatment, the exact etiology
and contributing risk factors, particularly those related
to infection and inflammation, have been extensively
investigated. Evidence has shown that chronic infection
plays an important role in colorectal carcinogenesis,
but the impact is often overlooked [3]. In this context,
Cryptosporidium spp., an intracellular obligate parasitic
protozoan associated with gastrointestinal infection, has
gained attention as a potential cofactor contributing to the
development of colorectal cancer [4].

Cryptosporidium spp. is known to cause diarrhea

in immunocompetent individuals, but results in
severe and persistent gastrointestinal diseases in
immunocompromised patients [5]. Recent research have
shown that infection with Cryptosporidium spp. lead to
prolonged inflammation, epithelial damage, and changes
in the gut microenvironment, creating a pro-tumorigenic
environment in mouse model animals [4, 6]. However, the
link between Cryptosporidium spp. and colorectal cancer
remains largely unexplored regarding the underlying
mechanisms.

The pro-inflammatory cytokine interleukin-1 (IL-1B)
is widely recognized as a key mediator of inflammation-
induced carcinogenesis. Increased levels of IL-1f have
been associated to tumor growth, angiogenesis, and
metastasis in various cancers, including colorectal cancer
[7-11]. In contrast, IL-1p is an essential cytokine for the
host immune response and resistance to pathogens, and is
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produced during infection and tissue injury. An increase
in IL-1PB enhances tissue damage, results in systemic
inflammation, and contributes to the formation of an
immunosuppressive tumor microenvironment [6].

Histopathological and immunohistochemical analyses
provide insight into the presence of Cryptosporidium spp.
within colorectal tissue, supporting the potential role as
a cofactor in the pathogenesis of colorectal cancer [12].
Additionally, this may be associated with elevated serum
IL-1p levels. Research on Cryptosporidium spp. and
colorectal cancer has primarily focused on prevalence,
without reporting the morphological site of infection, and
has shown increased levels of IL-1B. Cryptosporidium spp.
infection is associated with increased serum IL-1f3 levels
in patients with colorectal cancer. Therefore, this research
aimed to investigate the presence of Cryptosporidium
spp. in newly diagnosed patients with colorectal cancer
and analyze the association with increased serum IL-1f
levels, exploring the role of Cryptosporidium spp. in
the induction of chronic inflammation, promoting the
development of colorectal cancer. Data were analyzed on
the prevalence, morphological localization of infection,
and inflammatory marker IL-13 to show the clinical
implications of Cryptosporidium spp. Understanding the
relationships contributed to the development of more
effective diagnostic and preventive strategies for the
management of colorectal cancer.

Materials and Methods

Cross-sectional research of colorectal cancer patients
diagnosed at a tertiary care hospital in Padang, Indonesia,
was conducted from April 2023 to September 2023.
This research was approved by the Ethics Committee of
the Faculty of Medicine, Andalas University (No.137/
UN.16.2/KEP-FK/2023) and the Ethics Committee of the
RSUP. Dr. M. Djamil Padang (LB.02.02/5.7/213/2023).
The participants were informed and provided consent
forms before participating.

Participants

Eligible participants included individuals aged
28-78 years diagnosed with colorectal cancer who
had not received any oncological therapy. Patients
with a family history of cancer, other malignancies, or
immunocompromised conditions were excluded. A total
of 34 patients were recruited for the research, and data,
including age, sex, cancer location, stage, and histological
subtypes, were obtained from medical records.

Sample Collection

Fecal and Blood samples were collected from each
participant for the detection of Cryptosporidium spp.
and measurement of IL-1f levels. The stool samples
were processed within 24 h of collection, and the serum
samples were stored at -20°C for further examination.
Tissue samples pinned with paraffin were obtained from
the Laboratory of Anatomical Pathology at Dr. M. Djamil
Padang Hospital for the detection of Cryptosporidium
antigens and determination of the location of infection.
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Cryptosporidium Detection
Modified Ziehl-Neelsen

The fecal samples were processed using modified
Ziehl-Neelsen staining to identify Cryptosporidium
oocysts. The slides were examined under a light
microscope using oil at x magnification of 1000x by three
trained independent observers. Cryptosporidium spp. were
identified as 4-6micron spherical oocysts that were pink
on a blue background.

Immunohistochemical

Tissue samples in paraffin were processed using
immunohistochemical staining to detect antigens and
sites of Cryptosporidium spp. using the Medikbio
Monoclonal Antibody Cryptosporidium BSM-2313M,
following the recommended procedure. Briefly, paraffin
blocks were cut into sections of 3-4um and affixed to
poly-I-lysine-coated slides. The slides were heated on a
hot plate (56 - 60 °C) for 10 minutes and left overnight
in an incubator (37 C). Deparaffinization, rehydration,
antigen uptake, and blocking of endogenous peroxidase
activity were also performed. The primary antibody used
was a monoclonal antibody against Cryptosporidium
(1:100 dilution). Chromogenic reactions were performed
using DAB substrates, followed by reverse staining
with Mayer’s hematoxylin, dehydration, and cover
slipping. Furthermore, the slides were examined under
a light microscope, and Cryptosporidium spp. appeared
brown. Slide readings were performed at 400x and
1000x magnification, and measurements were taken for
validation in sizes ranging from approximately 4 to 6um.
The assessment was also conducted by two pathologists in
a double-anonymized manner. Assessments were carried
out on all the slide view lines per sample preparation.

Measurement of IL-1§ Levels

Serum levels of IL-1p were measured using enzyme-
linked immunosorbent assay (ELISA) following
the manufacturer’s instructions (BT LAB Bioassay
Technology Laboratory, China: EO143Hu QLB0OOB ELISA
kit). Meanwhile, absorbance was measured at 450 nm
using a microplate reader, and the results were expressed
as picograms per milliliter (pg/mL).

Statistical analysis

Data were analyzed using SPSS version 25.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were
calculated for the demographic and clinical characteristics.
Categorical variables were presented as frequencies and
percentages, while continuous variables were reported
as mean =+ standard deviation. The relationship between
Cryptosporidium spp. and serum IL-1f levels were
assessed using the Mann-Whitney test. The difference
in mean serum IL-1f levels at the stage was analyzed
using the Kruskal-Wallis test. In addition, the relationship
between Cryptosporidium spp., demographic, and clinical
characteristics was assessed using the chi-square test with
a statistical significance set at P <0.05.
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Results

Demographic and Clinical Characteristics

A total of 34 patients with colorectal cancer were
included in this research. The average age of the patients
was 51.53+13.65 years, ranging from 28 to 78 years,
with 58.82% of the patients being male and 41.18%
being female. Adenocarcinoma was the most commonly
reported histological subtype (79.41%). Table 1 shows
the demographic and clinical characteristics of the
participants.

Prevalence of Cryptosporidium Infection

A total of 16 out of 34 (47.06%) colorectal cancer
patients were found to have Cryptosporidium spp. in
stool samples. The prevalence of Cryptosporidium
spp. was equally reported in males and females (50%),
with most cases occurring in individuals aged 20-40
years. Cryptosporidium spp. was most commonly
reported in stage II and III cancers, at 43.75% and
37.50%, respectively. Meanwhile, left-sided cancer
and adenocarcinomas at 87.50% and 93.75% were
particularly found in the rectum. Statistical tests reported
no association between age, sex, stage, cancer location,
histological subtype, and Cryptosporidium spp. (P> 0.05).
Table 1 shows the distribution of infection according to
demographic and clinical characteristics.

Location of Cryptosporidium Infection in Cancerous
Tissues

A total of 16 tissues in the paraffin block were
examined, and Cryptosporidium spp. was reported to
spread throughout colorectal cancer tissue, from the
epithelium to the inner layer of the serosa, showing chronic
infection. The endogenous stage of Cryptosporidium
spp. development was found within the submucosa.
Cryptosporidium spp. in the vascular submucosa also
showed extraintestinal spread. Figure 1 reports the
morphological distribution of Cryptosporidium spp. sites
in colorectal cancer tissues.

IL-1p Levels

The mean serum IL-1f3 levels among all samples were
1,509.97 + 1,053.53 pg/mL, with the lowest and highest
values at 807.1 pg/mL and 6,013.8 pg/mL, respectively.
There was a significant difference in IL-1f levels between
stages (I, IT, II, IV) (p < 0.05). Table 2 shows the average
distribution of serum IL-1f levels according to the disease
stage.

The Relationship between Cryptosporidium Infection and
IL-1p Levels

Colorectal cancer patients who were positive for
Cryptosporidium spp. had a higher average serum IL-1f
level of 1,693,31+1,446.30 pg/mL than those who were
negative at 1,347.01+499.01 pg/mL. However, the results
of'the statistical test were not significant (p>0.05), as there

Table 1. Distribution of Demographic and Clinical Characteristic in Cryptosporidium Infection

Characteristics Positive n (%) Negative n (%) Total P value
Total Cases 16 (47.06) 18 (52.94) 34 (100)
Age (years)
Mean 51,53+13,656
Range 28-78
20-40 5(31.25) 1(5.55) 6 (17.65) 0.145
40-60 8 (50.00) 12 (66.67) 20 (58.82)
>60 3 (18.75) 5(27.78) 8 (23.53)
Gender
Male 8 (50.0) 12 (66.67) 20 (58.82) 0.524
Female 8 (50.0) 6 (33.33) 14 (41.18)
Stage TNM
Stage | 3 (18.75) 0 3(8.82) 0.207
Stage 1T 7 (43.75) 8 (44.44) 15 (44.12)
Stage 111 6 (37.50) 9 (50.00) 15 (44.12)
Stage IV 0 1 (5.56) 1(2.94)
Cancer location
Right side 2 (12.50) 7 (38.89) 9 (26.47) 0.125
Left side 14 (87.50) 11 (61.11) 25 (73.53)
Subtypes of histology
Adenocarcinoma 15 (93.75) 12 (66.67) 27 (79.41) 0.258
Mucinous adenocarcinoma 1(6.25) 4(22.22) 5(14.71)
Signet ring cell carcinoma 0 1(5.55) 1(2.94)
Adenosquamous cell carcinoma 0 1(5.55) 1(2.94)

The P value is derived from the Chi-Square Test
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Table 2. Distribution of Serum IL-1B Levels by Stage

Stage n  Average IL-18 (Mean+SD) (pg/ml) P value
Stage 1 3 1.125.457+478.230 0.040
Stage I 15 1.121.13£374.210

Stage IIT 15 1.932.667+1.424.523

Stage IV 1 2.151.400

Total 34 1.509.971+1.053.526

The P value is derived from the Kruskal-Wallis nonparametric test

was no association between Cryptosporidium spp. and
IL-1P levels due to heterogeneous data. Table 3 reports
the average serum IL-1f levels based on Cryptosporidium
spp.

This research showed a high prevalence of
Cryptosporidium spp. in colorectal cancer patients, but
the significance was absent when associated with levels
of the pro-inflammatory cytokine IL-1f. However, there
was a tendency for serum IL-1 levels to increase more in
individuals infected with Cryptosporidium spp. positive
colorectal cancer group. The site of Cryptosporidium
spp., which was widespread up to the serous inner layer
of colorectal cancer tissue, indicated a chronic, active,
and invasive infection that spread to extraintestinal sites.
These results provided new evidence in line with previous
research on the association between Cryptosporidium spp.

Table 3. Average Serum IL-1B Levels by Cryptosporidium
Infection

Cryptosporidium n Average IL-1B P value
(Mean+SD) (pg/ml)

Positive 16 1.693.306+1.446.299 0.523

Negative 18 1.347.006+499.099

The P value is derived from the Mann-Witney nonparametric test

and colorectal cancer.

Discussion

This research provides important insights into the
prevalence and characteristics of Cryptosporidium spp.
in patients with CRC and explores the relationship with
IL-1B levels. The results show that Cryptosporidium spp.
is detected in almost half of the total sample of patients
with CRC. This substantial prevalence is in line with
several epidemiological reports showing an increased risk
of infection with Cryptosporidium spp. in gastrointestinal
cancer [13-19]. The prevalence ranges from 12.6% to
47.5% in Poland, Lebanon, Iran, Egypt, and China. Recent
meta-analyses also support a positive association between
Cryptosporidium spp. and cancer, with a significant odds
ratio [20, 21]. However, this research is the first to report
Cryptosporidium spp. in an Indonesian colorectal cancer

Figure 1. Immunohistochemical Micrograph photo of Cryptosporidium spp. in colorectal cancer tissue. Cryptosporidium
spp. is widespread in colorectal cancer tissues, A. in the epithelial (E) and lamina propria (LP) compartments in the
mucosa, B. stroma in the sub mucosa (red arrow), C. vascular (V) and sub mucosa (red arrow), D. muscularis propria in
the sub serosa (red arrow), E. between the vascular and adipose tissue in the serosa (red arrow), and F. the endogenous
stage of Cryptosporidium spp. in the sub mucosa (ES). Photographs were taken using Primostar 3 Axiocam 208 (A,
B, D, F), and Olympus DP20 (C&E). Magnification: 400x, bar= 20 um (A, C, E) and 1000x, bar= 10um (B, D, F).
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population.

The most prominent aspect of the research is the
location of infection with Cryptosporidium spp., ranging
from the epithelium to the serosa, as well as the discovery
of'the stage of endogenous development in the submucosa
of tissue (Figure 1.F). Presence of endogenous stages
of Cryptosporidium spp. development in the deeper
layers of tissue strongly suggests an active and chronic
infection rather than surface contamination. Furthermore,
the discovery of Cryptosporidium spp. in the vascular
submucosa of colorectal cancer tissue (Figure 1.C) shows
the spread of infection to extraintestinal sites. Infection
can spread to all digestive and extraintestinal organs
through the bloodstream and originate from the colon [22].

Cryptosporidium spp. are known to cause diarrhea
confined to the intestinal epithelium and extraintestinal
spread, particularly in immunocompromised individuals
[23] and mice [24]. The results in colorectal cancer patients,
who often experience degrees of immunosuppression due
to the disease, support the possibility of the systemic
spread and show the broader potential pathogenicity in
the context of malignancy.

The implications of infection with Cryptosporidium
spp. active, chronic, invasive, and potentially spreading
extraintestinally in colorectal cancer are significant.
Parasitic infection triggers epithelial cell damage, tight
junction disorders, and persistent chronic inflammatory
responses [6,25-27]. This chronic inflammatory
environment is a well-established risk factor for cancer
development and promotes cell proliferation, angiogenesis,
and metastasis [9, 28, 29]. Some proposed mechanisms
linking Cryptosporidium spp. to carcinogenesis involve
the manipulation of cellular signaling pathways, including
PI3K, NF-kB, Wnt, and p38/MAPK. These pathways
contribute to tumor cell survival and the development
of tumor-supportive microenvironments. Virulence
factors of Cryptosporidium spp., such as ROP1, sPLA2,
and miRNAs, also disrupt host cell stability and alter
the expression of cancer-relevant genes, worsening
inflammation and tissue damage [30].

Even though Cryptosporidium spp. Infection is widely
known to trigger an inflammatory response; however,
no statistically significant association has been reported
between Cryptosporidium spp. and IL-1p levels in patients
with CRC. The Mann-Whitney nonparametric statistical
test obtained a p-value of 0.523 (p > 0.05), showing the
absence of a significant relationship. However, serum IL-
1B levels were higher in the group that tested positive for
Cryptosporidium spp. This difference was not statistically
significant due to the relatively small sample size (n =34)
and the inhomogeneous nature of the IL-1f level data.
The results suggest an interesting biological trend that
warrants further investigation using a larger sample size
to achieve sufficient statistical power.

Increased levels of IL-1B in colorectal cancer are
associated with clinicopathological features, where
IL-1B is overexpressed in epithelial and metastatic
colorectal cancers. Meanwhile, increased levels of
IL-1p are associated with improved growth and invasion
of colorectal cancer [31]. An increase in the serum levels is
associated with infection by Cryptosporidium spp. but this

has not been well-documented. This research shows very
high levels of IL-1p (6,013.8 pg/ml) in colorectal cancer
patients who are positively infected with Cryptosporidium
spp. Colonoscopic examination reports that the tumor
spreads to the intrahepatic, intraperitoneal, and distal
vaginal rectum. These results suggest that chronic
infection caused by Cryptosporidium spp. may contribute
to increased IL-1p levels and disease severity, requiring
further research to explore the relationship.

Infection of epithelial cells with Cryptosporidium
spp. increases cell permeability and causes loss of
IL-1B-induced tight junction (TJ) function. This loss
leads to translocation of luminal populations into the
cytoplasm, contributing to inflammatory processes in
the intestine. The regulatory signaling pathway mediates
the increased permeability of IL-1B-induced intestinal
TJ, activation of nuclear transcription factor kappa
factor (NFkB) and myosin light-chain kinase gene, as
well as modulation of the post-transcriptional okludine
gene by microRNAs [27]. Cryptosporidium spp. spreads
throughout the structure of colorectal cancer tissue to
the inner layer of the serosa, reporting massive intestinal
leakage with the ability to trigger systemic inflammation.
Induced systemic inflammation Cryptosporidium spp.
contributes to the formation of an immunosuppressive
tumor microenvironment [6].

In the tumor microenvironment, IL-1f is sourced
from active monocytes, macrophages, and myeloid cells
[32]. Upregulation of IL-1p in colorectal cancer regulates
epithelial-mesenchymal transition, cell invasion and
migration, proliferation, and clone formation through
the induction of autophagy [29]. Furthermore, the
accumulation of inflammatory cells and cytokines in the
tumor microenvironment promotes the proliferation of
malignant cells, metastasis, and epithelial-mesenchymal
transition, leading to a loss of the innate immune response
[33]. Cancer-related inflammation affects the entire
body, allowing systemic cytokine levels to reflect the
microenvironmental processes of the tumor [32].

Interleukin-1f, in the early stages of carcinogenesis,
shows pro-inflammatory activity, increases tumor
invasion, and becomes immunosuppressive [34, 35].
Research proposes that M2 macrophages are the primary
source of IL-1p in patients with colorectal cancer. This is
because the macrophages have been found to comprise
up to half of the tumor mass in advanced stages [36,
37]. The results show that increased IL-1pB levels are
associated with cancer progression [38]. This research
focuses on a single inflammatory marker, IL-1p, while
other pro-inflammatory cytokines, such as TNF-o and
IL-6, may also play a significant role in parasite-induced
carcinogenesis [39]. Chronic inflammation caused by
an undiagnosed infection increases the risk of cancer,
and approximately 25% of tumors develop from chronic
inflammation [40].

Therefore, there is no direct association between
Cryptosporidium spp. and IL-1B levels. In this context,
IL-1B remains a relevant inflammatory biomarker in
colorectal cancer. Several possible explanations account
for the lack of a statistically significant relationship
between Cryptosporidium spp. and IL-1p observed.
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First, there may be other pro-inflammatory cytokines
or more dominant inflammatory pathways triggered by
Cryptosporidium spp. in colorectal cancer. For example,
TNF-a, IL-6, and specific chemokines play central roles
in the process. Second, the immune response in cancer
patients is modified or dysregulated. Therefore, the IL-
1P response is not as pronounced in immunocompetent
patients. Third, interactions between Cryptosporidium spp.
and host cells in complex tumor environments modulate
IL-1B production without a measurable significant
increase. Further research is needed to identify the specific
cytokine profiles and inflammatory pathways activated by
Cryptosporidium spp. deep tissue infection in colorectal
cancer at larger sample counts and including control
populations (non-CRC).

This research recommends the inclusion of
Cryptosporidium spp. as a companion for fecal occult
blood tests (FOBT) for the early detection of parasites
in patients with colorectal cancer. Examination of
Cryptosporidium spp. is included in histopathological
and immunohistochemical examinations in patients with
poor prognosis and extraintestinal expansion. Therefore,
these results have clinical implications in cancer diagnosis
and prevention. The results strengthen the association
between Cryptosporidium spp. and colorectal cancer, by
providing strong evidence of active, chronic, invasive,
and potentially extraintestinal infection. Even though
a direct relationship with IL-1B is not shown to be
significant, the results open opportunity for further
investigation of the alternative pathogenic mechanisms
contributing to colorectal carcinogenesis. Future research
should focus on identifying cytokines and other relevant
signaling pathways, as well as exploring the impact of
Cryptosporidium spp. elimination of colorectal cancer
progression.

Author Contribution Statement

SWH: conception and design, performing calculations,
investigating research, and supervising the results of this
work; NI: conception and design, data analysis; DHT:
conception and design, data analysis; TA: conception
and design, data analysis. All the writers discussed the
results and contributed to the development of the script.
All authors have read and approved the final manuscript
and agree to be responsible for all aspects of the work to
ensure that questions related to the accuracy or integrity
of any part of the work are appropriately investigated
and resolved.

Acknowledgements

General

The authors are grateful to all the digestive surgeons at
Dr. M. Djamil Hospital, Padang, Indonesia, who assisted
in recruiting patients for this study.

Funding Statement

The first author would like to thank the The first author
would like to thank the Indonesia Endowment Fund for
Education (LPDP), Ministry of Finance, Republic of

4084 4sian Pacific Journal of Cancer Prevention, Vol 26

Indonesia for funding Doctoral studies and research at
Andalas University, Indonesia.

Ethical Declaration

This research was approved by the Research Ethics
Committee of the Faculty of Medicine, Andalas University
(No.137/UN.16.2/KEP-FK/2023) and the Research
Ethics Committee of Dr. M. Djamil Hospital (No.
LB.02.02/5.7/213/2023).

Conflict of Interest
The authors declare no conflicts of interest

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics,
2023. CA Cancer J Clin. 2023;73(1):17-48. https://doi.
org/10.3322/caac.21763.

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram
I, Jemal A, et al. Global cancer statistics 2020: Globocan
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-
49. https://doi.org/10.3322/caac.21660.

3. Schmitt M, Greten FR. The inflammatory pathogenesis of
colorectal cancer. Nat Rev Immunol. 2021;21(10):653-67.
https://doi.org/10.1038/s41577-021-00534-x.

4. Certad G, Viscogliosi E, Chabé M, Caccio SM. Pathogenic
mechanisms of cryptosporidium and giardia. Trends
Parasitol. 2017;33(7):561-76. https://doi.org/10.1016/j.
pt.2017.02.006.

5. Checkley W, White AC, Jaganath D, Arrowood MJ,
Chalmers RM, Chen X-M, et al. A review of the global
burden, novel diagnostics, therapeutics, and vaccine targets
for cryptosporidium. The Lancet Infectious Diseases.
2015;15(1):85-94. https://doi.org/https://doi.org/10.1016/
S1473-3099(14)70772-8.

6. Sawant M, Benamrouz-Vanneste S, Mouray A, Bouquet
P, Gantois N, Creusy C, et al. Persistent cryptosporidium
parvum infection leads to the development of the tumor
microenvironment in an experimental mouse model: Results
of a microarray approach. Microorganisms. 2021;9(12).
https://doi.org/10.3390/microorganisms9122569.

7. Dinarello CA. Interleukin-1 in the pathogenesis and treatment
of inflammatory diseases. Blood. 2011;117(14):3720-32.
https://doi.org/10.1182/blood-2010-07-273417.

8. Rébé C, Ghiringhelli F. Interleukin-1p and cancer. Cancers
(Basel). 2020;12(7):1791. https://doi.org/10.3390/
cancers12071791.

9. Voronov E, Apte RN. II-1 in colon inflammation, colon
carcinogenesis and invasiveness of colon cancer. Cancer
Microenviron. 2015;8(3):187-200. https://doi.org/10.1007/
s12307-015-0177-7.

10. Apte RN, Dotan S, Elkabets M, White MR, Reich E, Carmi
Y, et al. The involvement of il-1 in tumorigenesis, tumor
invasiveness, metastasis and tumor-host interactions.
Cancer Metastasis Rev. 2006;25(3):387-408. https://doi.
0rg/10.1007/s10555-006-9004-4.

11. Li Y, Wang L, Pappan L, Galliher-Beckley A, Shi J. II-1§
promotes stemness and invasiveness of colon cancer cells
through zebl activation. Mol Cancer. 2012;11:87. https://
doi.org/10.1186/1476-4598-11-87.

12. Liu C, Ghayouri M, Brown IS. Immunohistochemistry
and special stains in gastrointestinal pathology practice.
Diagnostic Histopathol. 2020;26(1):22-32. https://doi.
org/10.1016/j.mpdhp.2019.10.010.

13. Sulzyc-Bielicka V, Kuzna-Grygiel W, Kotodziejczyk



14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

DOI:10.31557/APJCP.2025.26.11.4079

Interleukin-1 and Cryptosporidium infection in Colorectal Cancer

L, Bielicki D, Ktadny J, Stepien-Korzonek M, et al.
Cryptosporidiosis in patients with colorectal cancer. J
Parasitol. 2007;93(3):722-4. https://doi.org/10.1645/ge-
1025r1.1.

Sulzyc-Bielicka V, Kotodziejczyk L, Jaczewska S, Bielicki
D, Ktadny J, Safranow K. Prevalence of cryptosporidium
sp. In patients with colorectal cancer. Pol Przegl Chir.
2012;84(7):348-51. https://doi.org/10.2478/v10035-012-
0058-4.

Sulzyc-Bielicka V, Kolodziejczyk L, Jaczewska S,
Bielicki D, Safranow K, Bielicki P, et al. Colorectal
cancer and cryptosporidium spp. Infection. PLOS ONE.
2018;13:e0195834. https://doi.org/10.1371/journal.
pone.0195834.

Osman M, Benamrouz S, Guyot K, Baydoun M, Frealle E,
Chabe M, et al. High association of cryptosporidium spp.
Infection with colon adenocarcinoma in lebanese patients.
PLoS One. 2017;12(12):e0189422. https://doi.org/10.1371/
journal.pone.0189422.

Zhang N, Yu X, Zhang H, Cui L, Li X, Zhang X, et al.
Prevalence and genotyping of cryptosporidium parvum in
gastrointestinal cancer patients. J Cancer. 2020;11(11):3334-
9. https://doi.org/10.7150/jca.42393.
Ghanadi K, Khalaf AK, Jafrasteh A, Anbari K, Mahmoudvand
H. High prevalence of cryptosporidium infection in
iranian patients suffering from colorectal cancer. Parasite
Epidemiology and Control. 2022;19:¢00271. https://doi.
org/10.1016/j.parepi.2022.¢00271.

Abd El-Latif NF, Kandil NS, Shamseya M, Elwany YN,
Ibrahim HS. Role of cryptosporidium spp in development of
colorectal cancer. Asian Pac J Cancer Prev. 2023;24(2):667-
74. https://doi.org/10.31557/apjcp.2023.24.2.667.
Kalantari N, Gorgani-Firouzjace T, Ghaffari S, Bayani
M, Ghaffari T, Chehrazi M. Association between
cryptosporidium infection and cancer: A systematic review
and meta-analysis. Parasitol Int. 2020;74:101979. https://doi.
org/https://doi.org/10.1016/j.parint.2019.101979.

. Taghipour A, Rayatdoost E, Bairami A, Bahadory S, Abdoli A.

Are blastocystis hominis and cryptosporidium spp. Playing a
positive role in colorectal cancer risk? A systematic review
and meta-analysis. Infect Agent Cancer. 2022;17(1):32.
https://doi.org/10.1186/s13027-022-00447-x.

Gentile G, Baldassarri L, Caprioli A, Donelli G, Venditti
M, Avvisati G, et al. Colonic vascular invasion as a
possible route of extraintestinal cryptosporidiosis. Am
J Med. 1987;82(3):574-5. https://doi.org/10.1016/0002-
9343(87)90474-8.

Lumadue JA, Manabe YC, Moore RD, Belitsos PC, Sears
CL, Clark DP. A clinicopathologic analysis of aids-related
cryptosporidiosis. Aids. 1998;12(18):2459-66. https://doi.
0rg/10.1097/00002030-199818000-00015.

Certad G, Benamrouz S, Guyot K, Mouray A, Chassat
T, Flament N, et al. Fulminant cryptosporidiosis after
near-drowning: A human cryptosporidium parvum strain
implicated in invasive gastrointestinal adenocarcinoma and
cholangiocarcinoma in an experimental model. Appl Environ
Microbiol. 2012;78(6):1746-51. https://doi.org/10.1128/
aem.06457-11.

Laurent F, Lacroix-Lamandé S. Innate immune responses play
akey role in controlling infection of the intestinal epithelium
by cryptosporidium. Int J Parasitol. 2017;47(12):711-21.
https://doi.org/10.1016/j.ijpara.2017.08.001.

de Sablet T, Potiron L, Marquis M, Bussiére FI, Lacroix-
Lamandé¢ S, Laurent F. Cryptosporidium parvum increases
intestinal permeability through interaction with epithelial
cells and il-1p and tnfa released by inflammatory
monocytes. Cell Microbiol. 2016;18(12):1871-80. https://

doi.org/10.1111/cmi.12632.

27. Kaminsky LW, Al-Sadi R, Ma TY. II-1p and the intestinal
epithelial tight junction barrier. Front Immunol. 2021;12:6-9.
https://doi.org/10.3389/fimmu.2021.767456.

28. Gelfo V, Romaniello D, Mazzeschi M, Sgarzi M, Grilli
G, Morselli A, et al. Roles of il-1 in cancer: From tumor
progression to resistance to targeted therapies. Int J Mol
Sci. 2020;21(17). https://doi.org/10.3390/ijms211760009.

29. Chen, Yang Z, Deng B, Wu D, Quan Y, Min Z. Interleukin
1p/1ra axis in colorectal cancer regulates tumor invasion,
proliferation and apoptosis via autophagy. Oncol Rep.
2020;43(3):908-18. https://doi.org/10.3892/0r.2020.7475.

30. Hussain S, Ain QU, Aamir M, Alsyaad KM, Ahmed AE,
Zakai JG, et al. Deciphering host-pathogen interactions: Role
of cryptosporidium in tumorigenesis. Pathogens. 2025;14(3).
https://doi.org/10.3390/pathogens14030208.

31. Gallegos-Arreola MP, Garibaldi-Rios AF, Gutiérrez-Hurtado
1A, Ziuhiga-Gonzalez GM, Figuera LE, Gémez-Meda BC,
et al. Association of variants in il-1rn (rs2234663) and
il-1B (rs1143627, 1s16944) and interleukin-1f levels with
colorectal cancer: Experimental study and in silico analysis.
Genes (Basel). 2024;15(12). https://doi.org/10.3390/
genes15121528.

32. Végran F, Berger H, Boidot R, Mignot G, Bruchard M,
Dosset M, et al. The transcription factor irfl dictates the il-
21-dependent anticancer functions of th9 cells. Nat Immunol.
2014;15(8):758-66. https://doi.org/10.1038/ni.2925.

33. Huang Q, Lan F, Wang X, Yu Y, Ouyang X, Zheng F, et
al. I1-1B-induced activation of p38 promotes metastasis
in gastric adenocarcinoma via upregulation of ap-1/c-fos,
mmp2 and mmp9. Mol Cancer. 2014;13:18. https://doi.
org/10.1186/1476-4598-13-18.

34. Zhang W, Borcherding N, Kolb R. II-1 signaling in tumor
microenvironment. Adv Exp Med Biol. 2020;1240:1-23.
https://doi.org/10.1007/978-3-030-38315-2_1.

35. Apte RN, Voronov E. Immunotherapeutic approaches
of il-1 neutralization in the tumor microenvironment. J
Leukoc Biol. 2017;102(2):293-306. https://doi.org/10.1189/
jIb.3MR1216-523R.

36. Kalinski P, Talmadge JE. Tumor immuno-environment
in cancer progression and therapy. Adv Exp Med Biol.
2017;1036:1-18. https://doi.org/10.1007/978-3-319-67577-
0_1.

37.Ke X, Chen C, Song Y, Cai Q, Li J, Tang Y, et al. Hypoxia
modifies the polarization of macrophages and their
inflammatory microenvironment, and inhibits malignant
behavior in cancer cells. Oncol Lett. 2019;18(6):5871-8.
https://doi.org/10.3892/01.2019.10956.

38. Czajka-Francuz P, Cison-Jurek S, Czajka A, Kozaczka M,
Wojnar J, Chudek J, et al. Systemic interleukins’ profile
in early and advanced colorectal cancer. Int J Mol Sci.
2021;23(1). https://doi.org/10.3390/ijms23010124.

39. Arnold M, Abnet CC, Neale RE, Vignat J, Giovannucci
EL, McGlynn KA, et al. Global burden of 5 major types of
gastrointestinal cancer. Gastroenterology. 2020;159(1):335-
49.e15. https://doi.org/10.1053/j.gastro.2020.02.068.

40. Taniguchi K, Karin M. I1-6 and related cytokines as the
critical lynchpins between inflammation and cancer. Semin
Immunol. 2014;26(1):54-74. https://doi.org/10.1016/j.
smim.2014.01.001.

Glolel

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

Asian Pacific Journal of Cancer Prevention, Vol 26 4085



