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The purpose of this study was to evaluate the genetic variation of the PIK3CA gene and the histopatho-
logical changes in liver tissue of patients with chronic Schistosomiasis to predict hepatocellular carci-
noma. In this retrospective, the study samples were taken from 20 patients, divided into chronic
schistosomiasis infected group of people (S) and chronic schistosomiasis uninfected group of people
(C). The liver tissue biopsy samples for histological examinations were obtained only from chronic
Schistosomiasis patients (n = 9). The blood samples were obtained from groups S and C for the mutational
analysis of the PIK3CA and TP53 genes. The results suggest that the patients diagnosed with chronic
Schistosomiasis were 9 (55%), and healthy patients without Schistosomiasis were 11 (45%).
Histological results found that proliferation of fibrosis was observed in the hepatocytes of schistosomiasis
patients. A total of 8 mutations (5 male, 3 female) were detected in PIK3CA and TP53 genes. Including
1634 A > G substitution mutations in PIK3CA, which was the only mutation found in males and females
among the 8 mutations, accounting 22.22%. PIK3CA gene mutations were found more predominant in
male groups as compared to other TP53 gene mutations. In conclusion, this study found that patients
with chronic Schistosomiasis are at risk of PIK3CA gene mutations, eventually leading to hepatocytes
fibrosis and liver cancer.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The liver is a vital organ responsible for various physiological
functions, such as metabolism, immune response, digestion, and
detoxification (Hwang and Yang, 2021). However, chronic Schisto-
somiasis is a severe disease that causes more than 500,000 deaths
each year in the world (Wilson et al., 2007). The main form of this
disease is chronic granulomatous, which response to parasite eggs
trapped in host tissues. In some cases, granulomas can develop into
periportal fibrosis and portal hypertension, leading to fatal compli-
cations. The immunopathological damage of Schistosomiasis is
mainly due to the granulomatous inflammation around the para-
site eggs in the host’s liver during acute phase. It can lead to liver
fibrosis and ultimately cause death (Burke et al., 2009; Wilson
et al., 2007). When liver cirrhosis is caused by chronic schistosomi-
asis, leading to liver cell fibrosis, the proliferation of liver cells
decreases and the destruction of liver cells increases. About 15%
of patients with cirrhosis have dysplastic nodules (Thorgeirsson
and Grisham, 2002). In this process, the molecular interaction
between the granulomatous response to the parasite eggs trapped
in the host tissue and the host cell mechanism. The changes begin
with the increase of pre-neoplastic and dysplastic hepatocytes and
primary hepatocellular carcinoma (Nakashima et al., 1975;
Thorgeirsson and Grisham, 2002). When the frequency of genetic
damage increases, the malignant phenotype of hepatocytes pro-
gression may also increase, leading to the development of pheno-
type and genetic heterogeneity of HCCs (Lu et al., 2016).

The phosphoinositide-3-kinase-catalysis-a (PIK3CA) gene
mutation in HCC cases in Italy was 28% (Colombino et al., 2012)
and 35.6% in China (Lee et al., 2005). Cell proliferation, angiogene-
sis and apoptosis are affected by PIK3CA when it regulates the
phosphatase and tensin homolog (PTEN)-AKT pathway. In addition,
several anti-cancer drugs that can regulate the PI3K/Akt pathway
have also achieved good results in combating malignant tumors,
and it is particularly important to understand the mutation status
of the PIK3CA gene (Carnero, 2009). Researchers have evaluated
the PIK3CA gene on HCC patients with different causes in different
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world regions to combat liver cancer. However, the role of genetic
variations of the PIK3CA gene in patients infected with chronic
Schistosomiasis following hepatocellular carcinoma is not clear.
Therefore, this study was planned to find the variation of the
PIK3CA gene in humans infected with Schistosomiasis to predict
hepatocellular carcinoma.
2. Materials and methods

2.1. Informed consent and ethical approval

All patients in this study signed written informed consent. A
questionnaire was also provided to obtain their medical history.
The retrospective research plan was approved by the National
Research Council of King Abdulaziz City of Science and Technology
(KACST), King Fahd Medical City (KFMC), Kingdom of Saudi Arabia
(KSA) (IRB log number: 20 �545E). The data used in this study was
secondary. However, the privacy statements of the participants
were also collected.

2.2. Research design

This retrospective study was conducted over 20 patients at
KFMC, Riyadh, KSA, between November 2019 to May 2020. Ini-
tially, the patients were divided into chronic schistosomiasis
infected group of people (S) and chronic schistosomiasis unin-
fected group of people (C). There were 9 patients in group S (7
males and 2 females), age 28–47 years old. Total 11 healthy
patients were in group C (4 males and 7 females), age 27–44 years
old. The profile of each participant contained entailed information
is summarized in Table 1.

2.3. Tissue samples

The liver tissue biopsy samples of approximately 7–8 mm were
obtained from chronic Schistosomiasis patients only (n = 9) with
informed consent for histological examinations. Furthermore, the
obtained biopsy samples were divided into two parts. The first part
was stored in RNA Later at � 80 �C (Ambion, Austin, TX), and the
second part was stained with Hematoxylin and eosin (H&E) and
Masson’s trichrome (MT) (Kononen et al., 1998; Li et al., 2021).
All 9 liver biopsies included in this study were histologically
Table 1
Benchmark demographic profiles showing clinical characteristics of patients.

Cases (Numbers) Age (Years) Gender
Male/Female

1 34 M
2 38 M
3 42 M
4 28 M
5 39 F
6 36 M
7 29 M
8 41 M
9 44 F
10 25 F
11 27 F
12 33 M
13 43 M
14 37 M
15 47 M
16 31 F
17 35 F
18 23 F
19 37 F
20 40 F
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confirmed as hepatocellular carcinoma (HCC). The samples were
fixed with 4% paraformaldehyde, dehydrated, embedded in paraf-
fin, and stained with H&E and MT. The sample was then sectioned
and inspected under an Olympus BX51 microscope.

2.4. DNA extraction

The blood samples were obtained from the 20 infected (S) and
uninfected chronic Schistosomiasis (C) patients to analysis the
genetic variation. Following the manufacturer’s instructions, com-
mercial blood and tissue kit (Qiagen, Hilden, Germany) was used to
extract DNA from the collected blood samples. Furthermore, UV
spectrophotometer (NanoDropTM 1000, Thermo Fisher Scientific,
Waltham, MA, USA) was used to confirm the purity of the extracted
DNA (Piskata et al., 2019).

2.5. Mutational analysis of PIK3CA and TP53 gene

PCR amplification was carried out targeting exons 9 and 20 of
the PIK3CA gene. The forward primer used for exon 9 was 50-CAT
CTGTGAATCCAGAGGGGA-30 and 50- AGCACTTACCTGTGACTCCA-30

as reverse primer. Whereas, for exon 20, 50-CTCTGGAATGCCAGAAC
TAC-30 was used as forward primer and 50-ATGCTGTTTAATTGTGTG
GAAG-30 was used as reverse primer. The research trial and exper-
imental procedures in this study was followed as per guidelines of
International Agency for Research on Cancer (IARC) (http://www-
p53.iarc.fr/Download/TP53_DirectSequencing_IARC.pdf), including
the analyses process of TP53 gene and PCR reactions. All PCR reac-
tions were performed using 10 to 100 ng genomic DNA in a 50 ll
reaction mixture. Primm Srl Laboratories (Milan, Italy) performs
two-way direct sequencing analysis on all samples containing suf-
ficient DNA. The PCR mixure contained 50 ng of genomic DNA, and
the reaction volume was 20 ml, which contained 5 mM specific
oligonucleotide primers and HotStarTaq Master Mix (Qiagen,
Valencia, CA). The temperature cycle was followed, initially denat-
uration at 95 �C for 10 min, then 32 cycles of reaction at 95 �C for
30 s. Furthermore, annealing for 30 s at 56 �C and 45 s at 72 �C.
Then performed a single extension step at 72 �C for 10 min. Nucleic
Fast 96 PCR Clean-up Kit was used to purify the PCR products, and
Big Dye v1.1 Cycle Sequencing Kit was used for sequencing. Then,
PCR products were processed in ABI 3100 DNA sequencer (Applied
Biosystems, Foster City, CA). Sequencher software (Gene Codes
Corporation, Ann Arbor, MI) was used for analyses and sequencing
Diagnosis Schistosomiasis
Yes/No

Cancer in family (Medical history)
Yes/No

No No
Yes No
No No
Yes No
Yes No
No No
No No
Yes No
No No
No No
No No
Yes No
Yes No
Yes No
Yes No
No No
No No
No No
No N
Yes No
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comparisons with the normal DNA. All samples were subjected to
bidirectional direct sequencing analysis (Tornesello et al., 2013).
2.6. Statistical analysis

The quantitative results of this experiment were expressed in
standard deviations and mean (P-value < 0.05 were considered
statically significant). Sigmastat programming adaptation 3.5 (Sys-
tat Software, San Jose, CA, USA) was used for statistical analysis.
3. Results

3.1. Characterization of patients

The clinicopathological features of the 20 patients with and
without chronic Schistosomiasis are presented in Table 1. In total
11 patients with 55% were male, and 9 patients with 45% were
female. The range of age was 23 to 47 years, with an average of
Fig. 1. Histological features of liver sections stained with hematoxylin and eosin. A a
distribution of collagen in blue. The liver fibrosis was observed higher magnification ph
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35.5 years. The patients diagnosed with chronic Schistosomiasis
were 9 (55%) and found healthy without Schistosomiasis were 11
(45%). The gender percentage of patients diagnosed with chronic
Schistosomiasis was 77.77% male and 22.22% female. The biopsy
samples were only taken from 9 patients with chronic Schistoso-
miasis for histological features representation, shown in Fig. 1.

3.2. Histological assessment

Fig. 2 shows the hepatic fibrosis in microscopic images obtained
from the patients with chronic schistosomiasis liver condition. The
morphological changes after hematoxylin and eosin staining were
observed in the liver of chronic schistosomiasis patients, and later
diagnosed as hepatocellular carcinoma. Pathologically it has been
indicated that the dysregulation of proliferation and proliferation
of fibrosis was observed in the hepatocytes of schistosomiasis
patients (Fig. 2 A, B). In addition, a fibrotic procession in hepato-
cytes due to chronic liver schistosomiasis was due to the PIK3CA
and TP53 gene mutation.
nd B showing the fibrosis proliferation between the hepatocytes. C showing the
otomicrograph of a liver section stained with Masson’s trichrome (MT).



Fig. 2. Somatic mutations in TP53 and PIK3CA genes’ frequencies for 9 patients
infected with chronic Schistosomiasis.
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Predominantly progression was detected on MT staining, which
contained inflammatory cells in the most fibrous septa with loose
collagen fibers. The activity of the cirrhotic progression is being
reflected with these results, which implies cirrhosis due to chronic
Schistosomiasis (Fig. 2C).
3.3. PIK3CA gene mutation

The study included 9 samples, 7 male and 2 female with chronic
Schistosomiasis and hepatocellular carcinoma. The mutations were
detected within exons 9 and 20 of the PIK3CA gene. The PIK3CA
gene mutation carriers were diagnosed with chronic Schistosomi-
asis and hepatocellular carcinoma within the age of 47 for males
and 40 for females. Total five distinct mutations of PIK3CA gene
were identified as 1634 A > G, 1633 G > A, 3075C > T, 3127 A > G
and 3147 T > G with substitution mutation. The mutation fre-
quency ranged from 22.2 to 11.1%, and the highest substitution
mutation in 1634 A > G (male and female) was 22.22%. However,
3127 A > G (male) was 22.22%. The substitution frequencies of
the other three mutations (two males and one female) were
1633 G > A, 3147 T > G, and 3075C > T, respectively, which was
11.1%. All of these mutations were found in patients diagnosed
with hepatocellular carcinoma and chronic Schistosomiasis. In
addition, there was no medical history of any family members of
the patients who have been previously diagnosed with cancer
(Table 2). Total frequency was counted 77.7% for PIK3CA gene
mutation in 9 chronic schistosomiasis and hepatocellular carci-
noma patients.
Table 2
The frequencies of PIK3CA gene mutations in patients with chronic Schistosomiasis
and hepatocellular carcinoma.

Patients Sex Mutations Mutation type Mutation frequency (%)

2 M & F 1634 A > G Substitution 2/9 (22.2%)
1 M 1633 G > A Substitution 1/9 (11.1%)
1 F 3075C > T Substitution 1/9 (11.1%)
2 M 3127 A > G Substitution 2/9 (22.2%)
1 M 3147 T > G Substitution 1/9 (11.1%)
Total 5 7/9 (77.7%)
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3.4. TP53 gene mutation

A total of 3 mutations in the TP53 gene were detected for exons
4–9, including 1 female and 2 males out of 9 patients. The substi-
tution mutation frequency of 11.1% was found in each 245 G > A
(female), 274 T > G, and 311 A > G (male). Total frequency was
33.3% for TP53 gene mutation in 9 chronic schistosomiasis and
hepatocellular carcinoma patients (Table 3).
3.5. PIK3CA and TP53 gene mutation

Fig. 2 shows the distribution of PIK3CA and TP53 gene muta-
tions in 9 patients with chronic Schistosomiasis and hepatocellular
carcinoma. A total of 8 mutations (5 male, 3 female) were detected
in PIK3CA and TP53 genes. Including 1634 A > G substitution muta-
tions in PIK3CA, the only mutation found in males and females
among the 8 mutations, accounting for 22.22%. However, 3127
A > Gmutation was found 22.22% in male-only. PIK3CA gene muta-
tions were found more predominant in male groups than other
TP53 gene mutations (Fig. 2).
4. Discussion

Cancer is a genetic disease. Researchers are paying more atten-
tion to genetics and genomics to find treatments based on muta-
tion analysis. However, carcinogenesis is the process by which
normal cells evolve until they become cancer cells. The cause of
carcinogenesis is complex and multifactorial and may involve cel-
lular, molecular, genetic, epigenetic, and environmental changes
(Pitot, 1993). According to Global Cancer Watch (GLOBOCAN
2008) estimates, liver cancer is divided into primary and sec-
ondary, and it is one of the second common malignant tumors that
causes deaths in the world (Ding et al., 2016). It is believed that the
onset of primary liver cancer is a complex process involving many
factors (Gan et al., 2018). Mutations of mtDNA and reduction of
mtDNA copy number are often found in cancer cells and are con-
sidered the driving factors of carcinogenesis (Reznik et al., 2016).

Schistosomiasis is a tropical disease which has a high incidence
in the Middle East, South America, Southeast Asia, and Africa.
Infectious larvae invade the human host’s skin and cause the dis-
ease, which initially grows as an intermediate host. Mature Schis-
tosoma mansoni and japonicum lives in the mesentery or the veins
of the pelvic cavity, where they lay eggs and secrete in feces/urine.
Furthermore, those eggs trapped in the surrounding tissues of liver
to cause granluomas, which can cause disease (McManus et al.,
2018).

Our histological results found fibrotic procession in hepatocytes
of Schistosomiasis and hepatocellular cancer due to the PIK3CA
and TP53 gene mutation. The hepatocytes can be seen in Fig. 2 as
irregular proliferation and occurrence of fibrosis. Previously, it
was reported that Schistosomiasis could evade the immune system
and survive for several years in the host body, causing severe dam-
age to tissues. Its repair leads to the accumulation and deposition
of extracellular matrix proteins, leading to liver fibrosis. The man-
ifestations of this disease are largely achieved by the connective
Table 3
The frequencies of TP53 gene mutations in patients with chronic Schistosomiasis and
hepatocellular carcinoma.

Patients Sex Mutations Mutation type Mutation frequency (%)

1 F 245 G > A Substitution 1/9 (11.1%)
1 M 274 T > G Substitution 1/9 (11.1%)
1 M 311 A > G Substitution 1/9 (11.1%)
Total 3 3/9 (33.3%)
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tissue growth factor (CTGF) gene, which encodes pro-fibrotic mole-
cules produced by endothelial cells and hepatic stellate cells,
myofibroblasts, and hepatocytes (Dessein et al., 2009; Isnard
et al., 2010). Subsequent studies also showed that miRNAs activate
hepatic stellate cells (HSC) by down-regulating miR-203, thereby
increasing the expression of interleukin 33 (IL-33), stimulating
the production of interleukin 13 (IL-13) and subsequent hepatic
lymphocytes (Hong et al., 2017). In addition, IL-13 activates HSC
differentiation, which is another effective source of collagen and
is also involved in fibrosis (Angeles et al., 2020; Kamdem et al.,
2018). In schistosomiasis japonicum infection, the proliferation of
HSC caused by soluble egg antigen (SEA) induces collagen I and
III secretions, causing damage to living tissue (Kong et al., 2019).
The cytokine profile in other studies also showed the progression
of interleukin 5 (IL-5) and IL-13 expression in untreated patients
with long-term severe liver fibrosis (Magalhães et al., 2004).

Our data indicated that the total frequency of PIK3CA gene
mutation in chronic schistosomiasis patients following HCC was
77.7%, and 33.3% for tumor suppressor gene TP53. It could be spec-
ulated that after PIK3CA gene mutation, hepatocytes grow uncon-
trollably and cause fibrosis in the liver tissues due to chronic
schistosomiasis. In addition, it causes HCCs, and the mutation of
the tumor suppressor gene TP53 as 33.3%. Previously, studies con-
ducted have not found the role of PIK3CA gene mutation in
patients with hepatocellular carcinoma after chronic Schistosomi-
asis, but only cancer. Therefore, it may be challenging to explain
this in detail due to the lack of available literature. However, our
results indicated that the PIK3CA gene mutation in patients with
Schistosomiasis indicates HCC. It was previously reported that hep-
atitis B (HBV) and hepatitis C (HBV) are responsible for 54% and
31% of HCC, respectively. In Africa and Asia more than 60% of liver
cancer cases are caused by HBV infection, and HCV causes 20%, rest
are caused by alcohol and aflatoxin. Around 60% of HCC cases are
related to HCV in the United States, Europe, Egypt, and Japan,
wherase 20% are caused by HBV (El-Serag, 2012; Tornesello et al.,
2013). In Southern Italy, 61% of HCC cases can be attributed to
HCV infection (Franceschi et al., 2006; Fusco et al., 2008). It has
been reported that mutations cause 35% of HCC cases in China in
the PIK3CA gene (Lee et al., 2005), 28% in Italy (Colombino et al.,
2012). When PIK3CA gene regulates the phosphatase and tensin
homolog (PTEN)-AKT pathway, it affects cell proliferation, angio-
genesis, and apoptosis. In addition, several anti-cancer drugs that
can regulate the PI3K/Akt pathway have also achieved good results
in combating malignant tumors. However, few studies have evalu-
ated the PIK3CA gene mutation in HCC related cases. Therefore, it is
particularly important to understand the mutation status of the
PIK3CA gene (Carnero, 2009). It is indicated in a study that HCV-
positive cases may develop liver cancer (El-Serag, 2002; Giannini
et al., 2013). TP53 is a tumor suppressor gene, which is most
important related to cancer research. Mutation and genetic
changes in the TP53 gene cause human malignancies (Munro
et al., 2005; Nigro et al., 1989; Petitjean et al., 2007a), 90% muta-
tions were found non-synonymous and occurred due to the
changes in single amino acid (Petitjean et al., 2007b). Inaddition,
DNA binding activity reduced when p53 protein affectedly change
the tertiary structure (Martin et al., 2002). After mutation, p53 pro-
tein inactivates wild-type p53 protein by forming mutant and
wild-type dimer structures (Chan et al., 2004; De Vries et al.,
2002). Inddition, mutant p53 gene increased the cell proliferation,
drug resistance, cell migration and promote the angiogenesis
(Blandino et al., 1999; Bossi et al., 2006). Several studies have
shown that exposure to specific carcinogens, inducing certain
mutations in the TP53 gene develope specific cancer (Hussain
and Harris, 2000; Vogelstein and Kinzler, 1992). Exposure to ultra-
violet light (UV) cause skin cancer, which alter the CC to TT (Giglia-
Mari and Sarasin, 2003), Smoking cause liver cancer with changing
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G to T in the base pairs of TP53 gene (Hainaut et al., 2001; Pfeifer
et al., 2002). Aristolochic acid in the diet change A to T and cause
endemic nephropathy (Janković et al., 2011), and aflatoxin B1
(AFB1) cause liver cancer after transversion of AGG to AGT (Hsu
et al., 1991; Hussain et al., 2007).

5. Conclusion

It is conluded that the liver fibrosis in patients with chronic
Schistosomiasis leads to develop cancer, which may be related to
the mutation of the PIK3CA gene. Hepatocellular carcinoma could
be predicted based on PIK3CA gene mutations in chronic schistoso-
miasis patients. The risk to get cancer in chronic schistomosiasis
patients is very high. Based on our study, it could be speculated
that if the patients with chronic schistosomiasis not treated early
may become cancerous in future.
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