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Abstract

Purpose The relationship between the genetic diversity of Blastocystis and immune surveillance in precancerous colons with
blastocystosis is still under investigation. This study aimed to identify the genetic Blastocystis variants among 54 sympto-
matic human isolates and their relationship to mucosal immune surveillance in the precancerous polyps of experimentally
infected rats.

Methods Polymerase chain reaction and high-resolution melting (PCR/HRM) curves discriminated human symptomatic
Blastocystis isolates into subtypes (STs)/intrasubtypes, which were orally administered to rats to induce experimental infec-
tion. Then, the mucosal immune responses of the infected colons were evaluated in relation to polyp formation through
immunostaining to identify mucus MUC2 and determine mucosal immune cell (goblet, lymphocyte and mast) counts, secre-
tory IgA levels and parasitic intestinal invasion.

Results ST1, ST3, and ST4 were found in 18.5% (10/54), 54.7% (29/54), and 27.8% (15/54) of the samples, respectively.
Then, the HRM curve discriminated ST3 into the wild, mutant, and heterozygous [17/54 (31.5%), 5/54 (9.3%), and 7/54
(12.9%)] intrasubtypes. ST1 and ST4 had no genetic variations. Precancerous polyps were detected in the colons of 40.5%
of the infected rats. ST1 constituted 14.7% of these cases, while the wild, mutant, and heterozygous intrasubtypes of ST3
showed polyps in 12.9%, 5.5%, and 5.5% of cases, respectively. Only 1.9% of the polyps were related to ST4. MUC2 showed
weak immunostaining in 44.5% of the infected colons, and 38.9% were polyp inducers. Low goblet cell numbers and high
interepithelial lymphocyte counts were significantly associated with polyp formation, particularly with ST1 and wild ST3.
Among the polyp inducers, high numbers of mast cells were detected in wild ST3 and ST4, while a low number was found
with heterozygous ST3. The level of secretory IgA was low in polyp-inducing STs. Most of the results were statistically
significant.

Conclusion Immunosurveillance showed a potential relationship between ST1 and the ST3 intrasubtypes and precancerous
polyps. This relationship may provide insight into the prevention and/or development of new immunotherapeutic strategies
to combat colorectal cancer.
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Introduction

Blastocystis, the most common eukaryotic organism
worldwide, inhabits the intestinal tract of approximately
two billion humans and a wide range of animals [60].
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Indeed, Blastocystis presents in both patients and healthy
individuals, so its role in disease development has yet to be
established [20]. Although up to 25 genetic subtypes (STs)
of Blastocystis have been found in birds and mammals
based on the small-subunit (SSU) rRNA gene sequences,
only STs 1-9 and 12 have been detected in humans [42,
65]. STs 1-4 constitute 90% of human Blastocystis [4].
Recently, phylogenetic and sequencing studies added
intrasubtype and intersubtype variants, providing wide
genetic diversity of Blastocystis [64]. High-resolution
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melting (HRM) curves are a novel post-polymerase chain
reaction (PCR) method that analyses genetic variations via
single nucleotide polymorphisms, mutations and methyla-
tions in PCR amplicons based on the GC/AT ratio, length,
and distribution [27]. The PCR/HRM curve has differenti-
ated Blastocystis STs into wild, mutant, and heterozygous
variants [70]. These intra- and intersubtype variabilities
exhibit remarkable differences in the outcome of Blasto-
cystis infection [73].

The pathogenicity of Blastocystis depends on the induc-
tion of intestinal epithelial cell apoptosis [65]. In addition,
Blastocystis modulates host immune responses by upregulat-
ing or downregulating certain inflammatory cytokines [52].
Moreover, Blastocystis symptomatic isolates exhibit high
cysteine protease levels that facilitate the downregulation
of epithelial antiparasitic nitric oxide formation [16, 44].
Interestingly, solubilized antigens of Blastocystis induce the
in vitro proliferation of HCT116 human colorectal carci-
noma cells [14, 15]. Nevertheless, Chen et al. [17] showed
that 17.3% of Blastocystis-infected patients had large intes-
tinal polyps (colorectal adenoma). Likewise, the blastocys-
tosis prevalence rate is 34% among patients with colorectal
adenoma [63]. Colorectal adenoma carries a high risk of
developing into colorectal cancer (CRC) as a premalignant
lesion [10]. Recently, Blastocystis parasites were identified
in 12.15% of European CRC patients versus 2.42% of con-
trols [67]. Notably, these precancerous polyps have been
found in rats experimentally infected with Blastocystis ST1
and ST3 [1, 28]. In addition, Blastocystis obtained from
CRC patients had different tissue proliferation and invasion
capabilities in experimentally infected mice [2].

Up to 20% of cancer cases worldwide are associated with
infection (a major driver of chronic inflammation), which
plays an important role as a tumor promoter during immu-
nosurveillance [23]. Mucus is excreted by goblet and epi-
thelial cells and is an important part of the gastrointestinal
tract (GIT) immunity [30]. Goblet cells synthesize MUC?2,
which is the most protective mucin in the GIT [49]. Patients
with CRC have shown weak expression of MUC2 [35]. In
addition to goblet cells and their mucins, cytotoxic intraep-
ithelial lymphocytes (IELs) are also involved in mucosal
immunosurveillance and have significant impacts in CRC
[21]. Additionally, mast cells are an integral feature of
the tumor microenvironment [29]. ST1 and ST3 facilitate
mast cell activation during blastocystosis [11, 41]. Further-
more, fecal secretory immune globulin A (sIgA), a poten-
tial marker for CRC screening and early detection [13], is
predominant during blastocystosis [39, 59]. However, the
immunological changes that occur during blastocystosis that
lead to carcinogenesis are not well established. Therefore,
in the present study, PCR/HRM curve analysis was used to
explore the levels of intrasubtype Blastocystis variants from
Egyptian human symptomatic isolates and their relationship

to immune surveillance of the precancerous colon in rats
experimentally infected with Blastocystis.

Materials and Methods
The Source of the Blastocystis Isolates

Stool specimens from 350 patients with gastrointestinal
symptoms attending the gastroenterology and tropical medi-
cine outpatient clinics of Suez Canal University Hospitals
were examined to diagnose Blastocystis infection. There
were 138 stool samples containing Blastocystis. Among
them, 63 samples with Blastocystis as the only intestinal
pathogen were selected. Blastocystis isolates propagated
by stool culture were subjected to ST identification by con-
ventional PCR. Subsequently, 54 Blastocystis isolates were
involved in PCR/HRM and infection experiments, while 9
samples with mixed ST infection were excluded.

Sample Selection

Stool samples collected from the GIT symptomatic patients
were processed and examined according to Garcia [24].
Immediately after acquisition, the samples were subjected
to direct examination by the naked eye. Wet smears with
saline stained with Lugol’s iodine were created for all of the
human stool samples to identify the Blastocystis diagnostic
stage and other intestinal parasitic infections with a light
microscope. Then, concentration analyses were performed
to exclude mixed parasitic infections that may be responsi-
ble for the GIT symptoms that were not detected in the wet
mounts. Four grams of stool was mixed thoroughly with 10%
formalin and concentrated via formalin ethyl acetate sedi-
mentation methods. Two thin smears from each concentrated
stool sample were examined by light microscopy (one was
stained with Lugol’s iodine, and the other was unstained).
Another thin smear from each concentrated sample was
subjected to staining with modified acid-fast trichrome and
examined by light microscopy to exclude samples containing
Cryptosporidium, Cyclospora cayetanensis, Cystoisospora,
and Microsporidium. Moreover, samples mixed with com-
mon intestinal bacteria were excluded by applying Salmo-
nella-Shigella and MacConkey agar for stool cultures [32].
Additionally, a Dientamoeba fragilis stool culture using
modified Robinson’s medium was performed [24], and a
Rapid immunochromatographic Adeno-Rotavirus Rapid dip-
stick test (DiaSys, USA) was used for the detection of adeno-
virus and rotavirus antigens according to the manufacturer’s
instructions. There were only 63 patients with Blastocystis
as the only intestinal pathogen present in their stools, and
these samples were selected for further study. Approximately
50 mg of each stool sample positive for Blastocystis was
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inoculated in 10 ml of sterilized modified Jones medium
containing 10% heat-inactivated (56 °C for 30 min) horse
serum, 100 pg/ml streptomycin, and 100 IU/ml penicillin.
For Blastocystis propagation, the inoculated medium was
incubated at 37 °C for 4 days [31].

Molecular Characterization of Human Blastocystis:
DNA Extraction

Blastocystis was isolated from modified Jones culture by
centrifugation at 400 X g for 10 min. After discarding the
supernatant, the pellet was suspended in phosphate-buffered
saline (PBS; pH 7.4). This suspension was overlaid onto a
Ficoll-Paque column and centrifuged at 2000 X g for 10 min.
Blastocystis forms separated into a band approximately 1 cm
from the surface. This layer was collected and resuspended
in 8 ml of PBS and centrifuged at 500 X g for 5 min; this
step was repeated six times. The resultant pellet was resus-
pended in 1 ml of PBS and centrifuged at 500 X g for 5 min
[46, 48], and the final resultant pellet was stored at — 20 °C
until required for DNA extraction. DNA extraction was per-
formed from the pellets of concentrated samples after culture
propagation using a QIAamp DNA Mini Kit (Qiagen, Ger-
many) according to the manufacturer's protocol.

PCR/HRM

PCR/HRM was performed based on the SSU rRNA gene
using seven STS (Table 1) primers [75]. PCR was performed
in a total volume of 50 uL containing 20 pl of template
DNA, 10 mM Tris—HCI (pH 9.0), 50 mM KCl, 0.1 Triton
X-100, 2 mM MgCl,, 200 pM each of dNTPs, dCTP, dGTP,
and dTTP, 0.2 pM each primer, and 1.25 U of Taq DNA.
The amplification round began with the initial activation
of the HotStar Taqg DNA polymerase at 95 °C for 15 min.

Then, the PCR procedure consisted of one cycle of denatur-
ing at 94 °C for 3 min, 30 cycles of annealing at 59 °C for
3 s, extending at 72 °C for 60 s, and denaturing at 94 °C for
30 s, followed by an additional elongation cycle for 5 min
at 72 °C. Ten microlitres of the PCR product in an agarose
slot was electrophoresed on a 2.5% gel and photographed
with UV transillumination. The DNA marker and the con-
trol samples (positive and negative) obtained from our pre-
vious study were used as a guide in each electrophoresis
run [28]. Nine samples with mixed infection subtypes were
excluded. In each real-time PCR well, SYBR green 1 dye
(Roche) (1:40,000 final dilution) and 1.5 U of Fast Star Tag
DNA polymerase (Applied Biosystems) in a total volume
of 20 uL of conventional PCR products was used. All of the
reactions were performed in triplicate for each (isolate) ST.
Immediately upon the completion of amplification, a melting
program was followed in a thermal cycler (LightCycler®
480, Roche, Molecular system). The program was as fol-
lows: 95 °C/min, 40 °C/1 min, and 65 °C/1 s then 95 °C
with different ramp increments from 0.2 °C/s, followed by
40 °C/30 s (cooling phase). The changes in fluorescence
were recorded and plotted as a function of the change in tem-
perature (dF/dT) [27]. HRM curve analysis was performed
using LightCycler® 480 gene scanning software. Posi-
tive and negative controls were included in every run. For
intrasubtype genotyping, the fluorescence intensity raw data
(melting curves) were normalized by selecting the linear
regions before and after the melting transition to define two
lines for each curve: an upper fluorescence line (100%) and
a lower baseline (0%) before and after the melting transition
of each sample. The acquisition fluorescence of each sample/
ST was calculated as the percentage of fluorescence between
the top and bottom baseline at each acquisition temperature.
Different intrasubtypes were discriminated by plotting the
fluorescence between the normalized melting curves. Nor-
malization and background subtraction were first performed

Table 1 STS primers according

3 GenBank accession no  STS Base pair Primer  Sequences (3-5)
to the method of Yoshikawa et
al- [75] Subtype 1 AF166086 SB83 351 Forward GAAGGACTCTCTGACGATGA
Reverse GTCCAAATGAAAGGCAGC
Subtype 2 AF166087 SB155 650 Forward GTCCAAATGAAAGGCAGC
Reverse GTCCAAATGAAAGGCAGC
Subtype 3 AF166088 SB227 526 Forward TAGGATTTGGTGTTTGGA GA
Reverse TTAGAAGTGAAGGAGATGGAAG
Subtype 4 AF166091 SB332 338 Forward GCATCCAGACTACTATCAACATT
Reverse CCATTTTCAGACAACCACTTA
Subtype 5 AY048752 SB340 704 Forward TGTTCTTGTGTCTTCTCAGCTC
Reverse TGTTCTTGTGTCTTCTCAGCTC
Subtype 6 AY048751 SB336 317 Forward GTGGGT AGAGGAAGGAAAACA
Reverse AGAACAAGTCGATGAAGTGAGAT
Subtype 7 AY048750) SB337 487 Forward GTCTTTCCCTGTCTATTCTGCA
Reverse AATTCGGTCTGCTTCTTCTG
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to identify the diagnostic features by fitting the background
surrounding the HRM transition of interest to an exponential
curve. The normalized HRM curve temperature was over-
laid to eliminate slight temperature errors between wells or
runs. Then, different plots of these normalized HRM curve
temperature-overlaid curves were obtained by deducting
the fluorescence difference of each curve from the average
common (wild) curve at all temperatures [26]. The HRM
profile with a plot that was interpreted by software to be
different from the averaged wild-type curve was considered
to have minimal or frank nucleotide changes (mutation or
heterozygous variants). The reproducibility of the HRM was
investigating by performing the experiments in triplicate on
all of the samples yielding either frank or minimal variations
in the normalized HRM curve. To assess the reproducibility
of the methods, the second round of HRM was performed
using negative and positive controls. Minimal variation was
detected as the minor variance for the wild-type (3%).

Experimental Study

Four-week-old male western rats (Sprague—Dawley) weigh-
ing 150-200 g were obtained from the experimental house
[three per isolate (subtype or intrasubtype) with 6 in the
healthy control group] at the Faculty of Medicine, Suez
Canal University. The rats were housed under standard ani-
mal housing conditions. The infection doses were 7 x 10*
Blastocystis cysts from 4-day-old-axenic culture according
to Hussein et al. [28]. Feces from all rats were examined
microscopically on Days 3 and 7 postinoculation by wet
mount with Lugol's iodine staining or culture to confirm the
presence of Blastocystis forms. At 8 weeks after the confir-
mation of infection, the rats were sacrificed for histopatho-
logical examination. Tissue samples from the walls of the
caeca and proximal colons of the sacrificed animals (infected
and controls) were fixed in 10% neutral buffered formalin for
haematoxylin and eosin staining [8].

Evaluation of Mucosal Immune Surveillance of the Colon

Immunohistochemistry To identify tissue MUC2, formalin-
fixed, paraffin-embedded sections from the caeca and colons
of infected rats and control rats were stained using mono-
clonal antibodies directed against MUC2 (clone Ccp58,
dilution 1:100; Novocastra) glycoproteins. Specimens were
deparaffinized in xylene and rehydrated in a graded etha-
nol series. Antigen retrieval was performed by steam heat-
ing slides in citrate buffer (pH 6.0) in a steamer (Black and
Decker, Shelton, CT) for 20 min. Staining was performed
using an automated immunostainer (DAKO, Carpinteria,
CA), followed by antibody detection using the DAKO EnVi-
sion+ System and 3,3'-diaminobenzidine as the chromogen.
The slides were counterstained with haematoxylin, and cov-

erslips were applied. Appropriate positive and negative tis-
sue control samples were used. Sections were washed twice
and fixed in PBS containing 2% (w/v) formaldehyde. Then,
the sections were incubated overnight with a 1000 X dilution
of the primary antibody against MUC2 (Sigma; 1:1000 in
PBS) at 4 °C. After washing the sections twice with PBS,
the specimens were incubated for 1 h with the secondary
antibody, followed by another round of washing. Negative
control and positive control slides were used. The identifi-
cation of MUC2 was performed semiquantitatively with a
scoring system [6] as follows: the score was 0 when negative
or no staining was observed; 1, when less than 5% of the
cells were stained; 2, when 5-25% of cells were stained; 3,
when between 25 and 35% of the cells were stained; and 4,
when more than 35% of the cells were stained. Scores of 3
and 4 indicate strong reactions, while scores of 0-2 indicate
weak reactions.

Light Microscopy Tissue Examination According to the
methods used by Yunus et al. [77] for Periodic acid—Schiff
(PAS) staining and of goblet cells counting, a sample
approximately 2 cm in length was taken from the middle
portion of each caecum and colon. After washing the seg-
ments twice with saline, the specimens were fixed in Car-
noy’s fixative for 2 days. The fixed tissues were embedded in
paraffin and sectioned at a thickness of approximately 5 pm.
Briefly, the samples were oxidized with 1% periodic acid
(Sigma—Aldrich) for 5 min and reacted with Schiff reagent
to produce a colored end product. The samples were coun-
terstained with haematoxylin (Sigma—Aldrich). Goblet cell
numbers were counted per 10 villus-crypt units (VCUs).
IEL staining and counting were performed one cm from the
caecum and colon [8]. The tissues were fixed in Carnoy’s
fixative for 24 h then sectioned at a thickness of 5 um after
dehydration and embedding in wax. After that, the sections
were stained with 2% Giemsa solution for 20 min. Accord-
ing to their relationship to epithelial cell nuclei, the apical,
middle, and basal IELs were counted per 10 VCUs. For mast
cell counting, sections from the caecum and colon were pre-
pared as described above for IEL counting. At pH 0.3, the
sections were stained with toluidine blue and counterstained
with weak eosin. The granulated mast cells were counted
per 10 VCUs [66]. Goblet cells, IELs, and mast cells were
counted three times for each isolate and recorded as the
mean + standard deviation (S.D.).

Transmission Electron Microscopy (TEM) Examination of Tis-
sues Tissue samples were obtained from the caeca and
colons of rats infected with each subtype/intrasubtype with
and without polyp formation [78]. Tissue samples were
washed with 0.2 M sodium cacodylate buffer. Then, the
specimens were incubated overnight at 4 °C with a mixture
of 4% glutaraldehyde. After washing three times with 0.2 M
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sodium cacodylate buffer, the samples were postfixed for 1 h
with 1% OsO4 in 0.2 M sodium cacodylate buffer. Then,
the specimens were washed three times (10 min) in 0.2 M
sodium cacodylate buffer and dehydrated in graded ethanol
and acetone solutions. Next, the samples were infiltrated
with acetone and EPON resin mixture (2:1) for 1 h, with
acetone and EPON resin mixture (1:1) for 1 h, and with ace-
tone and EPON resin mixture (1:2) for 1 h. Subsequently,
specimens were embedded in resin overnight at RT and
cured for 2 days in a 60 °C oven. Thin Sects. (70 nm) were
cut using a UC6 ultramicrotome (Leica, Wetzlar, Germany)
and stained with uranyl acetate and lead citrate. Carbone
was evaporated using a CE6500 unit. Specimen sections
were observed at 80 kV (JEOL JEM.1400 TEM). Electron
microscopy preparations and examinations were performed
by the Electron Microscopy Unit of Al-Azhar University,
Cairo. Egypt.

Measurement of slgA in the Different Groups of Blastocys-
tis-Infected Rats From the large intestinal walls of sacri-
ficed rats (infected and control), tissue samples were rinsed
with ice-cold PBS (pH 7.4) to remove blood. After weigh-
ing the tissue specimens, each sample was disaggregated by
ultrasonication (20 kHz, 1 mA) for 30 s for six cycles in an
ice bath with 30 s intervals. Thereafter, centrifugation of the
homogenate was performed at 5,000 g for 5 min at 4 °C,
and the supernatant was aliquoted. The supernatant with
sIgA was adjusted spectrophotometrically to a final concen-
tration of 5 mg of protein per ml. The concentration of sIgA
in these supernatants was assayed with two-site sandwich
enzyme-like immunosorbent assays (ELISAs) using ELISA
kits according to the manufacturer’s instructions (Wuhan
Elabscience Biotechnology Co., Ltd) [61]. The optical den-
sities (ODs) of sIgA were measured three times for each
isolate and were recorded as the mean + standard deviation
(S.D.).

Fig. 1 Stained agarose gel
with PCR products amplifying
DNA extracted from some stool
samples (as examples) of Blas-
tocystis symptomatic patients
shows three subtypes. M is the
ladder. Lane 1&2 are the con-
trol 4+ Ve and -Ve, respectively.
Lane 3 & 4 represent ST3 at
526 bp. Lanes 5 &6 show ST4
at 338 bp. Lane 7 demonstrates
ST1 at 351 bp
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Statistical Analysis

Statistical significance was determined using chi-square/
Fisher exact tests. Unpaired Student’s t test was used to
compare the means + S.D. of the different immune cell num-
bers and the level of sIgA between the different subtypes/
intrasubtypes in both the colons with and without polyps
to calculate the degrees of freedom. A P value <0.05 was
defined as statistically significant.

Results

In the present study, the distribution of Blastocystis STs
among the 54 isolates obtained from the GIT symptomatic
patients was 18.5% (10 isolates) ST1, 54.7% (29 isolates)
ST3, and 27.8% (15 isolates) ST4 according to PCR analy-
sis (Fig. 1). Regarding the level of genetic diversity shown
by PCR/HRM, only ST3 demonstrated intrasubtype genetic
variants, constituting 17/54 (31.5%) of wild isolates, 5/54
(9.3%) mutant and 7/54 (12.9%) heterozygous (Fig. 2a—e).
ST1 and ST4 showed no intrasubtype genetic diversity.
Regarding the induction of polyps by all STs, ST1 induced
8/54 (14.7%), the ST3 wild, mutant, and heterozygous vari-
ants induced polyps in 7/54, 3/54, and 3/54 (14.7%, 5.5%,
and 5.5%) of the samples, respectively, while ST4 induced
polyps in only 1/15 (1.9%) (Fig. 3a). These differences were
statistically significant (Table 2).

Regarding MUC2 immunostaining reactivity, 24/54
(44.5%) of the isolates gave a weak staining reaction, while
strong reactions were shown for 30/54 (55.5%) of the iso-
lates. Precancerous polyps were induced with 21/54 (38.9%)
of the isolates (Fig. 3b—c), eight (14.8%) of which were ST1,
wild-type ST3 gave a weak reaction in 9/17 (16.8%) of the
isolates (two did not induce polyps), the ST3 mutant with
weak staining was detected in 2 (5%) of the isolates and the
polyp inducer, and heterozygous ST3 gave a weak reaction
in four (7.4%) of the isolates (one had no polyps). The ST4
isolate-inducing polyp gave a weak immunostaining reaction
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Fig.2 a—c. a shows the Common/Variant’s analysis mode places all
symptomatic isolates into either the common group (the largest group
of samples with similar melting curve shape) or into the variants
group. b demonstrated the melting curve analysis of subtype 3 with
the largest group of samples with similar melting curve shapes and
the variants group. ¢ shows normalized melting curve analysis dis-

(1.9%). Otherwise, one mutant ST3 isolate gave a strong
staining result and induced polyps in the colon. These dif-
ferences were statistically significant (Table 3).

The staining and counting of mucosal immune cells by
light microscopy (Fig. 4a—e) revealed variations between
polyp inducers and nonpolyp inducers (Table 4). The gob-
let cell count mean +S.D.in all ST-induced polyps was less
than that in the noninduced polyps. Among polyp inducers,
ST1 gave the lowest count (40.47 +42.30), with a maximum
count of 201 +5.0 from ST4. Among nonpolyp inducers,
the counts were high and ranged from 205.50+ 1.03 to
275 +5.0. The differences were statistically significant.

Regarding the mean + SD of the IELs, all STs/intrasu-
btypes that induced polyps showed high values in com-
parison to the colons without polyps and control. Among

criminates ST 3 into either common group and variants group. d—e;
d shows the Common/Variants analysis of ST 3 using normalized and
shifted melting curves discriminates them into the wild, mutant het-
erozygous and double heterozygous. e confirms the result by Normal-
ized and Temp-Shifted Difference Plot analysis

polyp inducers, moderate infiltrations (more than 100)
were observed for ST1 (96.25 +4.33) and wild ST3
(88.33+11.18), while heterozygous ST3 showed the low-
est count (10.50+1.87). Among the nonpolyp inducer
STs/intrasubtypes, the counts ranged from 5.0+ 1.0 to
55.71 +£4.50. These differences were statistically sig-
nificant. Mast cells showed variable numbers, as high
counts were recorded among both polyp inducers and
noninducers. Among the polyp inducers, the wild intras-
ubtype of ST3 showed the highest count (34.00 + 9.90),
while heterozygous ST3 showed the lowest (1.0 +0.89).
Among the nonpolyp inducer STs, the counts ranged from
2.5+0.55 to 24.00 +0.89. In the case of ST1, the count
was 16.75 + 14.37 among polyp inducers, while it was
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Fig.3 a-—c: shows Intestinal polyps stained with PAS (a), mucosa shows MUC2 weak immune stained (ab) and intestinal mucosa shows MUC2

strong immune stain with brownish coloration X 400 (a)

Table 2 Frequencies of

. Polyps formation ~ ST1 Wild ST3  Mutant Hetero ST3 ST4 Total p value

subtypes/intrasubtypes among ST3
Blastocystis gastrointestinal
symptomatic isolates according No % % No % No % No % No %
to PCR/HRM with the presence
or absence of polyps among Polyps 8 14.7 129 3 55 3 55 1 19 22 40.5 0.006
experimentally infected rats No polyps 2 3.8 186 2 38 4 74 14 259 32 595

Total 10 185 315 5 93 7 129 15 278 54 100

The differences were statistically significant
Table 3 Relation between MUC2 stain  STI Wild ST3  Mutant ST3 Hetero ST3  ST4 Total p value
infection with symptomatic
Blastocystis subtypes/ No % No No % No % No % No %
intrasubtypes and grades of
MUC 2 immunostaining of Weak 8 147 9% 167 2 38 4% 74 1 19 24 445 0.05
colon of experimentally infected Strong 2 38 8 148 3**¥* 55 3 55 14 259 30 555
rats Total 10 185 17 315 5 93 7 129 15 278 54 100

The differences were statistically significant

“Two isolates did not induce polyps

“*One isolate did not induce polyps

***One isolate induced polyps

4.0+ 1.0 among the nonpolyp inducers. The differences
were statistically significant with the exception of ST1.

TEM examination showed that the parasite was located in
the enteric cavity on the surface of the ileocecal and colonic
mucosa. Partial destruction of the mucosal microvilli and
the presence of activated goblet cells, IELs, mast cells
and edema were observed. Vacuolar forms of Blastocystis
invaded the mucosal layer of the colon (Fig. Sa-b). Regard-
ing polyp formation, all ST-induced polyps showed invasion
(100%), while only two nonpolyp inducer isolates (one ST1
and one wild ST3 intrasubtype) were invasive (8.6%).

@ Springer

In this study, the sIgA OD cut-off values for each ST/
intrasubtype proved that the levels of sIgA among rats
infected with ST/intersubtype-induced colon polyps were
lower than that among rats infected with nonpolyp induc-
ers (Table 5). Among the polyp-containing colons, the
counts ranged from 0.420+0.19 to 1.986 +2.123, while
in the colons without polyps, the counts ranged from
2.006 +0.008 to 3.486+2.123, and these differences were
statistically significant,
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Fig.4 a shows PAS-stained goblet cells, b shows many lymphocytes stained with Giemsa in apical and middle parts, ¢ shows few lymphocytes
in the middle part. d—e many and few, respectively, mast cells stained with Toluidine blue X 400

Table 4 Relation between

. . . . Mucosal immune ST1 Wild ST3 Mutant ST3 Hetero ST3 ST4
infection “-/lth symptomatic cells Mean =+ SD Mean+SD Mean =+ SD Mean+SD Mean+SD
Blastocystis subtypes/ - - - - -
intrasubtypes and mucosal Goblet  Polyp 40.67+4230 51.78+3939  146.67+6.83  190.0+50  201.0+5.0
immune cells (Goblet, IELs,
and Mast) counts on the colon Nopolyp  205.0+5.0 252.50+11.02 245.0+5.0 275.0+5.0 275.0+5.0
of experimentally infected rats p value 0.0001 0.0001 0.05 0.05 0.05
IELs Polyp 96.25+4.33 88.33+11.18 20.00+3.16 10.50+1.87  40.00+5.00
Nopolyp  17.33+5.77 55.71+4.50 7.00+0.89 5.0+1.00 20.00+5.00
p value 0.0001 0.001 0.05 0.05 0.05
Mast Polyp 16.75+14.37  34.00+9.90 5.00+0.89 1.00+0.89 25.00+2.00
Nopolyp 4.0+1.0 8.00+0.89 2.50+0.55 24.00+0.89  8.00+0.89
p value 0.1* 0.001 0.001 0.0001 0.001

Among the control group, the Mean + SD counts of goblet, IELs, and mast cells were 40+ 1. 20, 3+0. 20,
and 1+1.35, respectively. Almost the differences were statistically significant

£ . .
insignificant

Discussion

Blastocystis ST1 and ST3 constitute a major risk factor
for the occurrence of CRC (46; 34]. In a study of CRC
patients, ST3 was detected in 75% of them, followed by
ST1 in 16.7% and ST2 in 8.3% [67]. However, few stud-
ies have been carried out to assess the role of Blastocystis
genetic variations in immune surveillance associated with
the presence of precancer in the colon.

In the current study, conventional PCR divided the
54 human symptomatic isolates of Blastocystis into ST1
(10/54, 18.5%) ST3 (29/54, 54.7%) and ST4 isolates
(15/54, 27.8%) (Table 2). Then, PCR/HRM discriminated
29 ST3 isolates into wild (17/54, 31.5%), mutant (5/54,
9.3%), and heterozygous (7/54, 12.9%) intrasubtypes. No

genetic variants were found for the ST1 and ST4 isolates.
Our finding is supported by a previous study performed
in Italy, where three distinct haplotypes (H1, H3 & H9)
were detected among ST3 isolates obtained from Italian
patients, and H1 was the most common with 34% [40].
Similarly, ST3 was segregated into Clade 1 (human infec-
tion) and Clades 2—4 (zoonotic infection) by multilocus
sequencing [64]. In addition, only 3 haplotypes of ST3
were detected among human isolates collected from one
area in rural central Mexico [58]. On the other hand, in a
study performed in Iran using the barcoding region of the
SSU rRNA gene, ST3 presented the highest allele variation
in comparison to other STs [57]. However, ST3 showed
15 haplotypes in several areas in rural central Mexico
[58]. Moreover, 38 genetic clusters of ST3 were obtained
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Fig.5 a-b shows TEM of the colon of experimentally infected rats
with di nucleated (small arrows) parasite invading the mucosal layer
(a). b shows activated Goblet cells (black arrow), IELs (blue arrows),

mast cell (red arrow), nucleus (N) of epithelium and Blastocystis vac-
uolar form (VC) form

Table5 Mean+ SD of sIgA

Colon lesions ST1 Wild ST3 Mutant ST3 Hetero ST3 ST4
ODs cut of values among
infected rats in relation Mean +SD Mean +SD Mean +SD Mean +SD Mean +SD
to subtypes/intrasubtypes Polyps 0420£0.19 112240007  1.192+0.008  0926+0.19  1.986%2.123
frequencies and polyps
formation No polyps 2.617+1.121 3.486+2.123 2.006+0.008 2.010+0.09 2.1532+0.025
p value 0.0001 0.001 0.001 0.005 0.05

The cut of value for controls was 0.210+0.09. The differences were statistically significant

from a single French patient [43]. Regarding PCR/HRM,
17 Blastocystis STs were identified according to specific
melting temperatures; however, no inter- or intrasubtypes
were reported by sequencing [47], providing no genetic
variations. In contrast, ST1-ST4 gave wild, mutant, and
heterozygous variants after PCR/HRM curve analysis in
other research [70]. Although our study showed a nega-
tive genetic variation among ST1 isolates, other studies
demonstrated two intrasubtypes [53, 55]. Moreover, high
ST1 genetic diversity was shown among Italian patients
[9]. In agreement with our results related to the absence of
genetic ST4 variants, two studies emphasized the homoge-
neity of this ST [40, 64]. In contrast, ST4 had 6 sequence
clusters in another work [41]. The difference between our
results and the results of others may be due to differences
in geographical areas from which the isolates were col-
lected, cultural behaviors temperature, genotyping method,
and exposure to reservoir hosts [65].

Concerning polyp formation, in our work, all STs/intrasu-
btypes were shared in 44.5% of the lesions, whereas ST1
constituted 14.7%, wild, mutant, and heterozygous ST3
induced polyps in 12.9%, 3.8%, and 5.5%, respectively,

@ Springer

and only 1.9% were related to ST4 (Table 2). Some previ-
ous studies support our findings regarding the outcome of
Blastocystis infection and genetic variations, as Blastocystis
isolated from persons affected or not with diarrhea showed
99.78% ST3 intrasubtype similarity [5]. Additionally, Var-
gas—Sanchez et al. noticed that the presence of symptoms
was not related to the genetic ST variants analyzed by PCR/
HRM curves [68]. In contrast, Blastocystis exhibited intrasu-
btype variability in enteroadhesion, causing epithelial bar-
rier dysfunction [73]. An explanation these conflicting data
may be due to differences in host factors such as infective
dose, diet, intestinal microbiota, oxidative stress, immunity,
and intrasubtype virulence elements that could be reflected
in Blastocystis infection outcomes [20].

In the present study, MUC2 immunostaining showed that
24/54 (44.5%) of the isolates gave a weak staining reaction
(Table 3). ST1 constituted 14.7% (all induced polyps), wild
ST3 totalled 16.7% (12.9% induced polyps), mutant ST3 rep-
resented 3.8% (all induced polyps), heterozygous ST3 com-
posed 7.4% (5.5% induced polyps) and ST4 was responsible
for 1.9% (induced polyps). In agreement with our results,
Blastocystis degrades mucin from all segments of the large
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intestine [3]. Subsequently, MUC2 deficiency may lead to
chronicity [69]. On the other hand, MUC2-negative mice
showed higher cell proliferation and a significant decrease
in apoptosis [72]. This increase in the ratio of proliferating to
apoptotic cells is commonly associated with a precancerous
colon [36]. Therefore, MUC?2 deficiency may explain the
presence of precancerous polyps among humans infected
with Blastocystis [18] and experimentally infected rats [28].
In the HCT116 cell line, Blastocystis antigens extracted from
ST1 symptomatic isolates increased the proliferation of cells
and inhibited apoptosis [33]. In contrast, the upregulation
of nuclear factor kappa light chain enhancer of activated
B cells (NF-xB) in HCT116 cells exposed to symptomatic
Blastocystis antigens led to the upregulation of MUC?2 tran-
scription [14]. Moreover, weak immunostaining of MUC2
was detected in 63.3% of patients with early CRC [6]. Inter-
estingly, the loss of MUC?2 expression was accompanied by
a decrease in goblet cell numbers [45]. This explains our
results related to goblet cell count, as all STs polyp induc-
ers gave the lowest counts, particularly ST1 and wild ST3.
These data are in agreement with Yakoob et al., who noticed
that Blastocystis infection with ST1 and ST3 induced 33%
and 60% goblet cell depletion, respectively [75]. This con-
flict may be explained by the fact that when goblet cells are
chronically exposed to mucus pathogens, there is an increase
in MUC?2 secretion, leading to stress and goblet cell apopto-
sis, particularly in the case of prolonged stress [68].

In the current study, IELs were activated to varying
degrees in terms of genetic variation and polyp formation
with moderate infiltration in both the ST1 and ST3 wild
intrasubtype (Table 4). In agreement with our results,
Yakoob et al. showed that Blastocystis infection with ST1
and ST3 induced high numbers of IELs (43% and 20%,
respectively) in the colon, leading to a proinflammatory
response [74]. These results matched those of Pavanelli et
al., who demonstrated that to fight Blastocystis infection,
hyperplastic lymphoid aggregates increased through the syn-
thesis and secretion of proangiogenic factors [50]. Moreo-
ver, cytotoxic T cells mediate an antiangiogenic effect by
releasing more IFN-y [12]. Subsequently, tumor growth is
angiogenic-dependent [54]; therefore, in the case that IELs
fail to suppress this angiogenic mechanism, excessive cyto-
toxicity induces epithelial cell damage and enhances polyp
formation [18]. Moreover, ST1 modified 10 genes in the
colon cancer cell line HC-29, which promoted cancer growth
by stimulating angiogenesis [36, 37]. Additionally, patients
infected with ST3 have a high level of IL-6 [7], which is an
angiogenetic factor [56]. Moreover, ST3 induced the dys-
regulation of IFN-y [34]. This may explain why the highest
level of IELs were found among polypoid colons in the pre-
sent study, whereas the lowest polyp formation by ST4 may
be due to its downregulation of TNF-o [52].

In the present study, the numbers of mast cells regard-
ing ST genetic variation and polyp formation (Table 4).
An increase in IL-8 (an angiogenic factor) occurred in
HT-29 cells exposed to ST1 by activating mast cells and
releasing NF-xB, supporting our results [74]. Interestingly,
NF-kB promotes nuclear entry of B-catenin during inflam-
mation, leading to tumor initiation and formation [25].
Similarly, activated mast cells exposed to ST3 antigens
induced higher upregulation of transforming growth factor
beta (TGF-p) and IL-8 [34], which suppress the protective
immune response in the tumor environment [71]. In con-
trast, some authors consider mast cells to exhibit antitu-
mor activity by releasing IL-9 and heparin [76]. This may
explain the insignificant results obtained related to ST1.
However, the suppressor role that mast cells play in polyp
formation in blastocystosis is still unclear.

In the current study, all ST-induced polyps showed
invasion (100%), while only two isolates from the non-
polyp inducer (one samples from ST1 and wild ST3 intras-
ubtype) were invasive (8.6%). These findings have been
demonstrated in mice with acute infection [22, 78]. Such
invasive features of Blastocystis can indicate parasite viru-
lence since tissue infiltration usually triggers more intense
inflammatory reactions depending on the length of infec-
tion [50]. In contrast, no invasive forms were observed
in rats after 4 weeks of infection with ST3 and ST4 [19].
In our study, the duration of experimental infection was
8 weeks; therefore, patients with severe prolonged infec-
tion were more susceptible to chronic inflammation and
polyp formation than patients with the acute form.

In this study, the sIgA optical density of each ST/intras-
ubtype proved that the levels of sIgA among rats infected
with ST1 and ST3 intersubtype-induced polyps were less
than those in infected rats without polyps, and the dif-
ference was statistically significant (Table 5). These data
were in agreement with the degradation effect of proteases
secreted from invading Blastocystis that explain the low
levels of sIgA [51]. In contrast, a significantly high sIgA
level was linked to the presence of GIT symptoms [39].
Moreover, the immunogenic heterogeneity occurring with
ST3 symptomatic isolates may play a role [62]. Although
elevated fecal IgA is used as a potential marker for the
early diagnosis of CRC [13] in chronic Blastocystis infec-
tion, low IgA levels may be a role of cancer predisposition,
as shown by multiple studies [38].

In conclusion, our study hypothesized that Blastocys-
tis infection possesses a potential carcinogenic effect that
influences the abnormal growth of colorectal cells through
an immune response. The knowledge and understanding of
the association between Blastocystis infection, particularly
STs, and colorectal cancer may provide insight into the
prevention and/or development of new immune therapeutic
strategies to combat colorectal cancer.

@ Springer



80

Acta Parasitologica (2023) 68:70-83

Author contributions EMH, MAAM and AMH conceived and
designed the study. All of the authors gathered the data. All of the
authors performed practical work and statistical analyses. EMH,
MAAM, AGT and MMA wrote the article. SME and WMZ reviewed
the article.

Funding Open access funding provided by The Science, Technology &
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB). The authors did not receive support from
any organization for the submitted work.

Declarations

Conflict of interest The authors declare that there are no conflicts of
interest.

Ethical approval Verbal consent was obtained from every patient. All
procedures were conducted according to the ethical standards approved
by the Institutional Human Ethics Committee, Faculty of Medicine,
Suez Canal University, Egypt, and according to the Helsinki Declara-
tion of 1975, as revised in 2008. All experimental procedures were
conducted according to the ethical standards approved by the Institu-
tional Animal Ethics Committee guidelines for animal care and use of
laboratory animals, Suez Canal University, Egypt.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Abaza SM, Rayan HZ, Soliman RH, Nemr NA, Mokhtar AB
(2014) Subtype analysis of Blastocystis spp. isolates from symp-
tomatic and asymptomatic patients in Suez Canal university hos-
pitals, Ismailia, Egypt. Parasitol United J. 7(1):56—67. https://doi.
org/10.4103/1687-7942.139691

2. Ahmed MM, Habib FSM, Saad GA, El Naggar HM (2019) Pre-
neoplastic proliferative changes induced by experimental blasto-
cystosis. Parasitol U J 12(2):94-102

3. Ajjampur SS, Png CW, Chia WN, Zhang Y, Tan KS (2019)
Ex vivo and in vivo mice models to study blastocystis spp adhe-
sion, colonization and pathology: closer to proving Koch’s postu-
lates. PLoS ONE 11(8):e0160458. https://doi.org/10.1371/journ
al.pone.0160458 (PMID: 27508942; PMCID: PMC4979897)

4. Alfellani MA, Taner-Mulla D, Jacob AS, Imeede CA, Yoshikawa
H, Stensvold CR, Clark CG (2013) Genetic diversity of Blasto-
cystis in livestock and zoo animals. Protistology 164(4):497-509.
https://doi.org/10.1016/j.protis.2013.05.003 (Epub 2013 Jun 14
PMID: 23770574)

5. Alinaghizade A, Mirjalali H, Mohebali M, Stensvold CR,
Rezaeian M (2017) Inter- and intra-subtype variation of Blasto-
cystis subtypes isolated from diarrheic and non-diarrheic patients

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

in Iran. Infect Genet Evol 50:77-82. https://doi.org/10.1016/j.
meegid.2017.02.016 (Epub 2017 Feb 24 PMID: 28238960)
Al-Maghrabi J, Sultana S, Gomaa W (2019) Low expression of
MUC?2 is associated with longer disease-free survival in patients
with colorectal carcinoma. Saudi J Gastroenterol 25(1):61-66.
https://doi.org/10.4103/sjg.SJG_199_18

Azizian M, Basati G, Abangah G, Mahmoudi MR, Mirzaei A
(2016) Contribution of Blastocystis hominis subtypes and associ-
ated inflammatory factors in development of irritable bowel syn-
drome. Parasitol Res 115(5):2003-2009. https://doi.org/10.1007/
s00436-016-4942-4

Bancroft JD, Gamble A (2008) Theory and Practice of Histo-
logical Techniques, 6th edn. Churchill-Livingstone, Edinburgh,
London, Melbourne, New York

Beghini F, Pasolli E, Truong TD, Putignani L, Caccio SM,
Segata N (2017) Large-scale comparative metagenomics of
Blastocystis, a common member of the human gut microbiome.
ISME J 11(12):2848-2863. https://doi.org/10.1038/ismej.2017.
139

Bertagnolli MM, Eagle CJ, Zauber AG, Redston M, Solomon
SD, Kim K, Tang J, Rosenstein RB, Wittes J, Corle D, Hess TM,
Woloj GM, Boisserie F, Anderson WF, Viner JL, Bagheri D,
Burn J, Chung DC, Dewar T, Foley TR, Hoffman N, Macrae F,
Pruitt RE, Saltzman JR, Salzberg B, Sylwestrowicz T, Gordon
GB, Hawk ET (2006) APC study investigators. Celecoxib for the
prevention of sporadic colorectal adenomas. New England J Med
355(9):873-884. https://doi.org/10.1056/NEJM0a061355 (PMID:
16943400)

Casero RD, Mongi F, Sanchez A, Ramirez JD (2015) Blastocystis
and urticaria: examination of subtypes and morphotypes in an
unusual clinical manifestation. Acta Trop 148:156-161. https://
doi.org/10.1016/j.actatropica.2015.05.004 (Epub 2015 May 11
PMID: 25976414)

Cavallo F, Quaglino E, Cifaldi L, Di Carlo E, André A, Bernabei
P, Musiani P, Forni G, Calogero RA (2001) Interleukin 12-acti-
vated lymphocytes influence tumor genetic programs. Cancer Res
61(8):3518-3523 (PMID: 11309316)

Chalkias A, Nikotian G, Koutsovasilis A, Bramis J, Manouras A,
Mystrioti D, Katergiannakis V (2011) Patients with colorectal
cancer are characterized by increased concentration of fecal hb-hp
complex, myeloperoxidase, and secretory IgA. Am J Clin Oncol
34(6):561-566. https://doi.org/10.1097/COC.0b013e318119457¢
(PMID: 21150566)

Chan KH, Chandramathi S, Suresh K, Chua KH, Kuppusamy UR
(2012) Effects of symptomatic and asymptomatic isolates of Blas-
tocystis hominis on colorectal cancer cell line, HCT116. Parasitol
Res 110(6):2475-2480. https://doi.org/10.1007/s00436-011-2788-
3 (Epub 2012 Jan 26 PMID: 22278727)

Chandramathi S, Suresh K, Kuppusamy UR (2010) Solubilized
antigen of Blastocystis hominis facilitates the growth of human
colorectal cancer cells, HCT116. Parasitol Res 106(4):941-945.
https://doi.org/10.1007/s00436-010-1764-7 (Epub 2010 Feb 18
PMID: 20165878)

Chandramathi S, Suresh K, Shuba S, Mahmood A, Kuppusamy
UR (2010) High levels of oxidative stress in rats infected with
Blastocystis hominis. Parasitology 137(4):605-611. https://doi.
org/10.1017/S0031182009991351 (Epub 2009 Dec 7 PMID:
19961647)

Chen TL, Chan CC, Chen HP, Fung CP, Lin CP, Chan WL, Liu
CY (2003) Clinical characteristics and endoscopic findings associ-
ated with Blastocystis hominis in healthy adults. Am J Trop Med
Hyg 69(2):213-216 (PMID: 13677378)

Cheroutre H, Lambolez F, Mucida D (2011) The light and dark
sides of intestinal intraepithelial lymphocytes. Nat Rev Immunol
11:445-456


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4103/1687-7942.139691
https://doi.org/10.4103/1687-7942.139691
https://doi.org/10.1371/journal.pone.0160458
https://doi.org/10.1371/journal.pone.0160458
https://doi.org/10.1016/j.protis.2013.05.003
https://doi.org/10.1016/j.meegid.2017.02.016
https://doi.org/10.1016/j.meegid.2017.02.016
https://doi.org/10.4103/sjg.SJG_199_18
https://doi.org/10.1007/s00436-016-4942-4
https://doi.org/10.1007/s00436-016-4942-4
https://doi.org/10.1038/ismej.2017.139
https://doi.org/10.1038/ismej.2017.139
https://doi.org/10.1056/NEJMoa061355
https://doi.org/10.1016/j.actatropica.2015.05.004
https://doi.org/10.1016/j.actatropica.2015.05.004
https://doi.org/10.1097/COC.0b013e3181f9457e
https://doi.org/10.1007/s00436-011-2788-3
https://doi.org/10.1007/s00436-011-2788-3
https://doi.org/10.1007/s00436-010-1764-7
https://doi.org/10.1017/S0031182009991351
https://doi.org/10.1017/S0031182009991351

Acta Parasitologica (2023) 68:70-83

81

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Defaye M, Nourrisson C, Baudu E, Warwzyniak I, Bonnin V,
Bonnet M, Barnich N, Ardid D, Delbac F, Carvalho FA, Poirier P
(2018) Efficient and reproducible experimental infections of rats
with Blastocystis spp. PLoS ONE 13(11):e0207669. https://doi.
org/10.1371/journal.pone.0207669

Deng L, Wojciech L, Gascoigne NRJ, Peng G, Tan KSW (2021)
New insights into the interactions between Blastocystis, the gut
microbiota, and host immunity. PLoS Pathogen 17(2):e1009253.
https://doi.org/10.1371/journal.ppat.1009253 (PMID: 33630979;
PMCID: PMC7906322)

Dolcetti R, Viel A, Doglioni C, Russo A, Guidoboni M, Capozzi
E, Vecchiato N, Macri E, Fornasarig M, Boiocchi M (1999) High
prevalence of activated intraepithelial cytotoxic T lymphocytes
and increased neoplastic cell apoptosis in colorectal carcinomas
with microsatellite instability. Am J Pathol 154(6):1805-1813.
https://doi.org/10.1016/S0002-9440(10)65436-3 (PMID:10362
805;PMCID:PMC1866613)

El-Gebaly NSM, Zaki MM (2012) Ultrastructural intestinal
pathology Induced by human Blastocystis in experimentally
Infected Mice. Parasitol United J 5(2):127-134

Elinav E, Nowarski R, Thaiss CA, Hu B, Jin C, Flavell RA
(2013) Inflammation-induced cancer: crosstalk between tumours,
immune cells and microorganisms. Nat Rev Cancer 13(11):759-
771. https://doi.org/10.1038/nrc3611 (PMID: 24154716)
Garcia L (2007) Macroscopic and microscopic examination of
fecal specimens. Diagnostic medical parasitology, 5th edn. ASM
Press, Washington, pp 782-830

Grivennikov SI, Greten FR, Karin M (2010) Immunity, inflamma-
tion, and cancer. Cell 140(6):883-899. https://doi.org/10.1016/j.
cell.2010.01.025

Gonzalez-Bosquet J, Calcei J, Wei JS, Garcia-Closas M, Sher-
man ME, Hewitt S, Vockley J, Lissowska J, Yang HP, Khan J,
Chanock S (2011) Detection of somatic mutations by high-reso-
lution DNA melting (HRM) analysis in multiple cancers. PLoS
ONE 6(1):e14522. https://doi.org/10.1371/journal.pone.0014522
(PMID: 21264207; PMCID: PMC3022009)

Herrmann MG, Durtschi JD, Bromley LK, Wittwer CT, Voel-
kerding KV (2005) Amplicon DNA melting analysis for muta-
tion scanning and genotyping: cross-platform comparison of
instruments and dyes. Clin Chem 52(3):494-503. https://doi.
org/10.1373/clinchem.2005.063438 (Epub 2006 Jan 19 PMID:
16423901)

Hussein EM, Hussein AM, Eida MM, Atwa MM (2008) Patho-
physiological variability of different genotypes of human Blasto-
cystis hominis egyptian isolates in experimentally infected rats.
Parasitol Res 102(5):853-860. https://doi.org/10.1007/s00436-
007-0833-z (Epub 2008 Jan 11 PMID: 18193282)

Janakiram NB, Rao CV (2014) The role of inflammation in colon
cancer. Adv Exp Med Biol 816:25-52. https://doi.org/10.1007/
978-3-0348-0837-8_2 (PMID: 24818718)

Johansson ME, Phillipson M, Petersson J, Velcich A, Holm L,
Hansson GC (2008) The inner of the two Muc2 mucin-depend-
ent mucus layers in colon is devoid of bacteria. Proc Nat Acad
Sci USA 105(39):15064—-15069. https://doi.org/10.1073/pnas.
0803124105 (Epub 2008 Sep 19. PMID: 18806221; PMCID:
PMC2567493)

Jones WR (1946) The experimental infection of rats with Enta-
moeba histolytica; with a method for evaluating the anti-amoebic
properties of new compounds. Ann Trop Med Parasitol 40:130-
140. https://doi.org/10.1080/00034983.1946.11685270 (PMID:
20997895)

Kotgire Santosh A (2012) Microbiological stool examination:
overview. J Clin Diagn Res 6(3):503-509

Kumarasamy V, Kuppusamy UR, Samudi C, Kumar S (2013) Blas-
tocystis sp. subtype 3 triggers higher proliferation of human colo-
rectal cancer cells, HCT116. Parasitol Res 112(10):3551-3555.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

https://doi.org/10.1007/s00436-013-3538-5 (Epub 2013 Aug 10
PMID: 23933809)

Kumarasamy V, Kuppusamy UR, Jayalakshmi P, Samudi C, Raga-
van ND, Kumar S (2017) Exacerbation of colon carcinogenesis
by Blastocystis sp. PLoS ONE 12(8):e0183097. https://doi.org/
10.1371/journal.pone.0183097

Lau SK, Weiss LM, Chu PG (2004) Differential expression of
MUCI1, MUC2, and MUCS5AC in carcinomas of various sites:
an immunohistochemical study. Am J Clin Pathol 122(1):61-
69. https://doi.org/10.1309/9R66-73QE-C06D-86Y4 (PMID:
15272531)

Leiszter K, Galamb O, Sipos F, Krenacs T, Veres G, Wichmann
B, Kalmér A, Patai AV, Téth K, Valcz G, Molnér B, Tulassay
Z (2013) Sporadic colorectal cancer development shows rejuve-
nescence regarding epithelial proliferation and apoptosis. PLoS
ONE 8(10):e74140. https://doi.org/10.1371/journal.pone.00741
40 (PMID: 24098334; PMCID: PMC3789736)

Liao CC, Song EJ, Chang TY, Lin WC, Liu HS, Chen LR, Huang
LL, Shin JW (2016) Evaluation of cellular retinoic acid binding
protein 2 gene expression through the retinoic acid pathway by co-
incubation of Blastocystis ST-1 with HT29 cells in vitro. Parasitol
Res 115(5):1965-1975. https://doi.org/10.1007/s00436-016-4939-
z (Epub 2016 Feb 25 PMID: 26911149)

Ludvigsson JF, Neovius M, Ye W, Hammarstrom L (2015) IgA
deficiency and risk of cancer: a population-based matched cohort
study. J Clin Immunol 35(2):182-188. https://doi.org/10.1007/
$10875-014-0124-2 (Epub 2015 Jan 15 PMID: 25589342)
Mahmoud MS, Saleh WA (2003) Secretory and humoral antibody
responses to Blastocystis hominis in symptomatic and asymp-
tomatic human infections. J Egypt Soc Parasitol 33(1):13-30
(PMID: 12739797)

Mattiucci S, Crisafi B, Gabrielli S, Paoletti M, Cancrini G (2016)
Molecular epidemiology and genetic diversity of Blastocystis
infection in humans in Italy. Epidemiol Infect 144(3):635-646.
https://doi.org/10.1017/S0950268815001697 (Epub 2015 Jul 21
PMID: 26194649)

Melo GB, Malta FM, Maruta CW, Criado PR, Castilho V, Gon-
calves E, Espirito-Santo M, Paula FM, Gryschek R (2019) Char-
acterization of subtypes of Blastocystis sp. isolated from patients
with urticaria, Sdo Paulo Brazil. Parasite Epidemiol Control
7:¢00124. https://doi.org/10.1016/j.parepi.2019.e00124

Meloni D, Sanciu G, Poirier P, El Alaoui H, Chabé M, Delhaes
L, Dei-Cas E, Delbac F, Luigi Fiori P, Di Cave D, Viscogliosi
E (2011) Molecular subtyping of Blastocystis sp. isolates from
symptomatic patients in Italy. Parasitol Res 109(3):613-619.
https://doi.org/10.1007/s00436-011-2294-7 (Epub 2011 Feb 22
PMID: 21340563)

Meloni D, Poirier P, Mantini C, Noél C, Gantois N, Wawrzyniak I,
Delbac F, Chabé M, Delhaes L, Dei-Cas E, Fiori P, Alaoui H, Vis-
cogliosi E (2012) Mixed human intra- and inter-subtype infections
with the parasite Blastocystis sp. Parasitol Int 61(4):719-722.
https://doi.org/10.1016/j.parint.2012.05.012 (PMID: 22659011)
Mirza H, Tan KS (2009) Blastocystis exhibits inter- and intra-
subtype variation in cysteine protease activity. Parasitol Res
104(2):355-361. https://doi.org/10.1007/s00436-008-1203-1
(Epub 2008 Oct 10 PMID: 18846388)

Mizoshita T, Tsukamoto T, Tanaka H, Takenaka Y, Kato S, Cao
X, Joh T, Tatematsu M (2005) Colonic and small-intestinal phe-
notypes in gastric cancers: relationships with clinicopathological
findings. Pathol Int 55(10):611-618. https://doi.org/10.1111/j.
1440-1827.2005.01878.x (PMID: 16185290)

Mohamed AM, Ahmed MA, Ahmed SA, Al-Semany SA,
Alghamdi SS, Zaglool DA (2017) Predominance and associa-
tion risk of Blastocystis hominis subtype I in colorectal cancer:
a case control study. Infect Agent Cancer 12(12):21. https://doi.

@ Springer


https://doi.org/10.1371/journal.pone.0207669
https://doi.org/10.1371/journal.pone.0207669
https://doi.org/10.1371/journal.ppat.1009253
https://doi.org/10.1016/S0002-9440(10)65436-3
https://doi.org/10.1038/nrc3611
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1371/journal.pone.0014522
https://doi.org/10.1373/clinchem.2005.063438
https://doi.org/10.1373/clinchem.2005.063438
https://doi.org/10.1007/s00436-007-0833-z
https://doi.org/10.1007/s00436-007-0833-z
https://doi.org/10.1007/978-3-0348-0837-8_2
https://doi.org/10.1007/978-3-0348-0837-8_2
https://doi.org/10.1073/pnas.0803124105
https://doi.org/10.1073/pnas.0803124105
https://doi.org/10.1080/00034983.1946.11685270
https://doi.org/10.1007/s00436-013-3538-5
https://doi.org/10.1371/journal.pone.0183097
https://doi.org/10.1371/journal.pone.0183097
https://doi.org/10.1309/9R66-73QE-C06D-86Y4
https://doi.org/10.1371/journal.pone.0074140
https://doi.org/10.1371/journal.pone.0074140
https://doi.org/10.1007/s00436-016-4939-z
https://doi.org/10.1007/s00436-016-4939-z
https://doi.org/10.1007/s10875-014-0124-2
https://doi.org/10.1007/s10875-014-0124-2
https://doi.org/10.1017/S0950268815001697
https://doi.org/10.1016/j.parepi.2019.e00124
https://doi.org/10.1007/s00436-011-2294-7
https://doi.org/10.1016/j.parint.2012.05.012
https://doi.org/10.1007/s00436-008-1203-1
https://doi.org/10.1111/j.1440-1827.2005.01878.x
https://doi.org/10.1111/j.1440-1827.2005.01878.x
https://doi.org/10.1186/s13027-017-0131-z

82

Acta Parasitologica (2023) 68:70-83

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

org/10.1186/s13027-017-0131-z (PMID:28413436;PMCID:
PMC5389010)

Mohammad Rahimi H, Mirjalali H, Niyyati M, Haghighi A, Asa-
dzadeh Aghdaei H, Zali MR (2019) Development and evalua-
tion of high-resolution melting curve analysis for rapid detection
and subtyping of Blastocystis and comparison the results with
sequencing. Parasitol Res 118(12):3469-3478. https://doi.org/10.
1007/s00436-019-06486-5 (Epub 2019 Nov 5 PMID: 31691003)
Parkar U, Traub RJ, Kumar S, Mungthin M, Vitali S, Leelayoova
S, Morris K, Thompson RC (2007) Direct characterization of
Blastocystis from faeces by PCR and evidence of zoonotic poten-
tial. Parasitology 134(Pt 3):359-367. https://doi.org/10.1017/
S0031182006001582 (Epub 2006 Oct 19 PMID: 17052374)
Pelaseyed T, Bergstrom JH, Gustafsson JK, Ermund A, Birch-
enough GM, Schiitte A, van der Post S, Svensson F, Rodriguez-
Pifieiro AM, Nystrom EE, Wising C, Johansson ME, Hansson GC
(2014) The mucus and mucins of the goblet cells and enterocytes
provide the first defense line of the gastrointestinal tract and inter-
act with the immune system. Immunol Rev 1:8-20. https://doi.org/
10.1111/imr.12182.PMID:24942678;PMCID:PMC4281373
Pavanelli M, Kaneshima E, Carla UDA, Colli C, Falavigna-Guil-
herme A, GOMES M, (2015) Pathogenicity of Blastocystis sp.
to the gastrointestinal tract of mice: Relationship between inocu-
lum size and period of infection. Rev Inst Med Trop Sao Paulo
57:467-472. https://doi.org/10.1590/S0036-46652015000600002
Puthia MK, Vaithilingam A, Lu J, Tan KS (2005) Degradation
of human secretory immunoglobulin A by Blastocystis. Parasitol
Res 97(5):386-389. https://doi.org/10.1007/s00436-005-1461-0
(Epub 2005 Sep 7 PMID: 16151742)

Puthia MK, Lu J, Tan KS (2008) Blastocystis ratti contains
cysteine proteases that mediate interleukin-8 response from
human intestinal epithelial cells in an NF-kappaB-dependent
manner. Eukaryot Cell 7(3):435-443. https://doi.org/10.1128/
EC.00371-07 (Epub 2007 Dec 21. PMID: 18156286; PMCID:
PMC2268520)

Qi M, Wei Z, Zhang Y, Zhang Q, Li J, Zhang L, Wang R (2020)
Genetic diversity of Blastocystis in kindergarten children in
southern Xinjiang, China. Parasit Vectors 13(1):15. https://doi.
org/10.1186/s13071-020-3890-0 (PMID: 31924261; PMCID:
PMC6954523)

Ribatti D, Crivellato E (2009) Immune cells and angiogenesis.
J Cell Mol Med 13(9):2822-2833 (Epub 2009 Jun 16. PMID:
19538473; PMCID: PMC4498938)

Ramirez JD, Sanchez V, Bautista DC, Corredor AF, Flérez AC,
Stensvold CR (2014) Blastocystis subtypes detected in humans
and animals from Colombia. Infect, Genet Evul 22:223-228.
https://doi.org/10.1016/j.meegid.2013.07.020 (Epub 2013 Jul
22 PMID: 23886615)

Rao S, Ayres JS (2017) Resistance and tolerance defenses in can-
cer: lessons from infectious diseases. Semin Immunol 32:54-61.
https://doi.org/10.1016/j.smim.2017.08.004 (Epub 2017 Aug 31
PMID: 28865876)

Rezaei Riabi T, Mirjalali H, Haghighi A, Rostami Nejad M,
Pourhoseingholi MA, Poirier P, Delbac F, Wawrzyniak I, Zali MR
(2018) Genetic diversity analysis of Blastocystis subtypes from
both symptomatic and asymptomatic subjects using a barcoding
region from the 18S rRNA gene. Infect Genet Evul 61:119-126.
https://doi.org/10.1016/j.meegid.2018.03.026 (Epub 2018 Mar
31 PMID: 29608961)

Rojas-Velazquez L, Moran P, Serrano-Vazquez A, Fernandez
L, Pérez-Juarez H, Poot-Hernandez A, Portillo T, Gonzalez E,
Hernandez E, Partida-Rodriguez O, Nieves-Ramirez M, Magana
U, Torres J, Eguiarte L, Daniel Pifiero D, Cecilia Ximénez C
(2018) Genetic diversity and distribution of Blastocystis subtype 3

@ Springer

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

in human populations, with special reference to a rural population
in Central Mexico. Biomed Res Int 18(2018):3916263. https://
doi.org/10.1155/2018/3916263.PMID:29744356;PMCID:PMC58
78905

Santos HJ, Rivera WL (2009) Kinetic analysis of antibody
responses to Blastocystis hominis in sera and intestinal secretions
of orally infected mice. Parasitol Res 105(5):1303-1310. https://
doi.org/10.1007/s00436-009-1556-0 (Epub 2009 Jul 14 PMID:
19597843)

Scanlan PD, Stensvold CR, Rajilic-Stojanovi M, Heilig HGHJ, De
Vos WM, O’Toole PW, Cotter PD (2014) The microbial eukary-
ote Blastocystis is a prevalent and diverse member of the healthy
human gut microbiota. FEMS Microbiol Ecol 90:326-330. https://
doi.org/10.1111/1574-6941.12396

Schumacher JH, O’Garra A, Shrader B, van Kimmenade A, Bond
MW, Mosmann TR, Coffman RL (1988) The characterization of
four monoclonal antibodies specific for mouse IL-5 and develop-
ment of mouse and human IL-5 enzyme-linked immunosorbent.
J Immunol 141(5):1576-1581 (PMID: 2970507)

Sheela Devi S, Suresh K (2019) Immunogenic and antigenic het-
erogeneity of Blastocystis sp. subtype 3 from symptomatic and
asymptomatic individuals. Trop Biomed 36(1):234-244 (PMID:
33597443)

Steer H (2007) Blastocystis hominis and colorectal cancer. Ann
R Coll Surg Engl 89(5):539. https://doi.org/10.1308/003588407X
202155

Stensvold CR, Alfellani M, Clark CG (2012) Levels of genetic
diversity vary dramatically between Blastocystis subtypes. Infect
Genet Evul 12(2):263-273. https://doi.org/10.1016/j.meegid.
2011.11.002 (Epub 2011 Nov 17 PMID: 22116021)

Stensvold CR, Tan KSW, Clark CG (2020) Blastocystis. Trends
Parasitol 36(3):315-316. https://doi.org/10.1016/j.pt.2019.12.008
(Epub 2020 Jan 27 PMID: 32001134)

Strobel S, Miller HR, Ferguson A (1981) Human intestinal
mucosal mast cells: evaluation of fixation and staining techniques.
J Clin Pathol 34(8):851-858. https://doi.org/10.1136/jcp.34.8.851.
PMID:6168659;PMCID:PMC493957

Sulzyc D (2021) Colorectal cancer and Blastocystis sp infection.
Parasit Vectors. https://doi.org/10.1186/s13071-021-04681-x
Tawiah A, Cornick S, Moreau F, Gorman H, Kumar M, Tiwari S,
Chadee K (2018) High MUC2 mucin expression and misfolding
induce cellular stress, reactive oxygen production, and apopto-
sis in goblet cells. Am J Pathol 188(6):1354—1373. https://doi.
org/10.1016/j.ajpath.2018.02.007 (Epub 2018 Mar 12 PMID:
29545196)

Van der Sluis M, De Koning BA, De Bruijn AC, Velcich A, Mei-
jerink JP, Van Goudoever JB, Biiller HA, Dekker J, Van Seun-
ingen I, Renes IB, Einerhand AW (2006) Muc2-deficient mice
spontaneously develop colitis, indicating that MUC?2 is critical for
colonic protection. Gastroenterology 131(1):117-129. https://doi.
org/10.1053/j.gastro.2006.04.020 (PMID: 16831596)
Vargas-Sanchez GB, Romero-Valdovinos M, Ramirez-Guerrero
C, Vargas-Hernandez I, Ramirez-Miranda ME, Martinez-Ocaiia J,
Valadez A, Ximenez C, Lopez-Escamilla E, Hernandez-Campos
ME, Villalobos G, Martinez-Hernandez F, Maravilla P (2015)
Blastocystis isolates from patients with irritable bowel syndrome
and from asymptomatic carriers exhibit similar parasitological
loads, but significantly different generation times and genetic
variability across multiple subtypes. PLoS ONE 10(4):e0124006.
https://doi.org/10.1371/journal.pone.0124006.PMID:25923708;
PMCID:PMC4414267

Varricchi G, Galdiero MR, Loffredo S, MaroneG IR, Marone
G, Granata F (2017) Are mast cells MASTers in cancer? Front
Immunology 12(8):424. https://doi.org/10.3389/fimmu.2017.
00424 (PMID:28446910;PMCID:PMC5388770)


https://doi.org/10.1186/s13027-017-0131-z
https://doi.org/10.1007/s00436-019-06486-5
https://doi.org/10.1007/s00436-019-06486-5
https://doi.org/10.1017/S0031182006001582
https://doi.org/10.1017/S0031182006001582
https://doi.org/10.1111/imr.12182.PMID:24942678;PMCID:PMC4281373
https://doi.org/10.1111/imr.12182.PMID:24942678;PMCID:PMC4281373
https://doi.org/10.1590/S0036-46652015000600002
https://doi.org/10.1007/s00436-005-1461-0
https://doi.org/10.1128/EC.00371-07
https://doi.org/10.1128/EC.00371-07
https://doi.org/10.1186/s13071-020-3890-0
https://doi.org/10.1186/s13071-020-3890-0
https://doi.org/10.1016/j.meegid.2013.07.020
https://doi.org/10.1016/j.smim.2017.08.004
https://doi.org/10.1016/j.meegid.2018.03.026
https://doi.org/10.1155/2018/3916263.PMID:29744356;PMCID:PMC5878905
https://doi.org/10.1155/2018/3916263.PMID:29744356;PMCID:PMC5878905
https://doi.org/10.1155/2018/3916263.PMID:29744356;PMCID:PMC5878905
https://doi.org/10.1007/s00436-009-1556-0
https://doi.org/10.1007/s00436-009-1556-0
https://doi.org/10.1111/1574-6941.12396
https://doi.org/10.1111/1574-6941.12396
https://doi.org/10.1308/003588407X202155
https://doi.org/10.1308/003588407X202155
https://doi.org/10.1016/j.meegid.2011.11.002
https://doi.org/10.1016/j.meegid.2011.11.002
https://doi.org/10.1016/j.pt.2019.12.008
https://doi.org/10.1136/jcp.34.8.851.PMID:6168659;PMCID:PMC493957
https://doi.org/10.1136/jcp.34.8.851.PMID:6168659;PMCID:PMC493957
https://doi.org/10.1186/s13071-021-04681-x
https://doi.org/10.1016/j.ajpath.2018.02.007
https://doi.org/10.1016/j.ajpath.2018.02.007
https://doi.org/10.1053/j.gastro.2006.04.020
https://doi.org/10.1053/j.gastro.2006.04.020
https://doi.org/10.1371/journal.pone.0124006.PMID:25923708;PMCID:PMC4414267
https://doi.org/10.1371/journal.pone.0124006.PMID:25923708;PMCID:PMC4414267
https://doi.org/10.3389/fimmu.2017.00424
https://doi.org/10.3389/fimmu.2017.00424

Acta Parasitologica (2023) 68:70-83

83

72.

73.

74.

75.

Velcich A, Yang W, Heyer J, Fragale A, Nicholas C, Viani S,
Kucherlapati R, Lipkin M, Yang K, Augenlicht L (2002) Colo-
rectal cancer in mice genetically deficient in the mucin Muc?2.
Science 295(5560):1726—1729. https://doi.org/10.1126/science.
1069094 (PMID: 11872843)

Wu Z, Mirza H, Tan KS (2014) Intra-subtype variation in enter-
oadhesion accounts for differences in epithelial barrier disruption
and is associated with metronidazole resistance in Blastocystis
subtype-7. PLoS Negl Trop Dis 8(5):¢2885 (PMID: 24851944;
PMCID: PMC4031124)

Yakoob J, Abbas Z, Usman MW, Sultana A, Islam M, Awan S,
Ahmad Z, Hamid S, Jafri W (2014) Cytokine changes in colonic
mucosa associated with Blastocystis spp. subtypes 1 and 3 in
diarrhoea-predominant irritable bowel syndrome. Parasitology
141(7):957-969. https://doi.org/10.1017/S003118201300173X
(Epub 2014 Mar 5 PMID: 24598032)

Yoshikawa H, Wu Z, Kimata I, Iseki M, Ali IK, Hossain MB,
Zaman V, Haque R, Takahashi Y (2004) Polymerase chain reac-
tion-based genotype classification among human Blastocystis
hominis populations isolated from different countries. Parasitol
Res 92(1):22-29. https://doi.org/10.1007/s00436-003-0995-2
(Epub 2003 Nov 4 PMID: 14598169)

Authors and Affiliations

Eman M. Hussein'

76.

7.

78.

Yu Y, Blokhuis B, Derks Y, Kumari S, Garssen J, Redegeld F
(2018) Human mast cells promote colon cancer growth via bidi-
rectional crosstalk models. Oncoimmunology. 7(11):e1504729.
https://doi.org/10.1080/2162402X.2018.1504729.PMID:30377
568;PMCID:PMC6205014

Yunus M, Horii Y, Makimura S, Smith AL (2005) Murine goblet
cell hypoplasia during Eimeria pragensis infection is ameliorated
by clindamycin treatment. J Vet Med Sci 67(3):311-315. https://
doi.org/10.1292/jvms.67.311 (PMID: 15805736)

Zhang HW, Li W, Yan QY, He LJ, Su YP (2006) Impact of Blas-
tocystis hominis infection on ultrastructure of intestinal mucosa
in mice. Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing
Za ZhiJu 24(3):187-191 (Chinese PMID: 17094618)

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Ashraf G. Temsah* - Mohamed S. Badr® - Maha M. Alabbassy’

Medical Parasitology Department, Faculty of Medicine,
Suez Canal University, Ismailia 41522, Egypt

Pathology Department, Faculty of Medicine, Suez Canal,
University, Ismailia 41522, Egypt

Bio-Physics Department, Faculty of Science, Al-Azhar
University, Cairo 11652, Egypt

-Muhammad A. A. Muhammad? - Abdalla M. Hussein? - Sherine M. Elzagawy’ - Wafaa M. Zaki' -

Medical Parasitology Department, Faculty of Medicine,
Damietta Branch, AL Azhar University, Damietta, Egypt

Medical Genetic Centre, Molecular Biology Department,
Faculty of Medicine, Ain Shams University, Cairo, Egypt

@ Springer


https://doi.org/10.1126/science.1069094
https://doi.org/10.1126/science.1069094
https://doi.org/10.1017/S003118201300173X
https://doi.org/10.1007/s00436-003-0995-2
https://doi.org/10.1080/2162402X.2018.1504729.PMID:30377568;PMCID:PMC6205014
https://doi.org/10.1080/2162402X.2018.1504729.PMID:30377568;PMCID:PMC6205014
https://doi.org/10.1292/jvms.67.311
https://doi.org/10.1292/jvms.67.311
http://orcid.org/0000-0003-3362-2925

	Levels of Genetic Variants Among Symptomatic Blastocystis Subtypes and their Relationship to Mucosal Immune Surveillance in the Precancerous Colons of Experimentally Infected Rats
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and Methods
	The Source of the Blastocystis Isolates
	Sample Selection
	Molecular Characterization of Human Blastocystis:
	DNA Extraction
	PCRHRM
	Experimental Study
	Evaluation of Mucosal Immune Surveillance of the Colon
	Immunohistochemistry 
	Light Microscopy Tissue Examination 
	Transmission Electron Microscopy (TEM) Examination of Tissues 
	Measurement of sIgA in the Different Groups of Blastocystis-Infected Rats 


	Statistical Analysis

	Results
	Discussion
	References




