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Genomic analysis of
schistosomiasis-associated colorectal
cancer reveals a unique mutational
landscape and therapeutic implications
The schistosomiasis-associated colorectal cancer (SA-CRC)
is thought to be caused by the chronic inflammation as a
result of schistosomal ova deposition in the submucosal
layer of the intestine (Fig. S1). It is reported that SA-CRC
differs from sporadic colorectal cancer (S-CRC) in terms of
epidemiological features, histological patterns, and clinical
outcomes,1 which is also supported by our institutional data
(Table S1 and Fig. S2). Here we investigate the genomic
alternations and probable molecular determinants of
pathogenesis in Chinese SA-CRC.

Although there is no uniform definition, most reports
define SA-CRC as CRC patients with the history of schisto-
somiasis and the pathological evidence of schistosomal ova
deposition. Thirty patients diagnosed with SA-CRC in
Changzheng Hospital from 2014 to 2020 were included in
this study (Table S2). The median age at the time of diag-
nosis was 69.3 years old. Among these patients, SA-CRC
mainly occurred at the rectum (83.3%) and were moder-
ately differentiated (86.7%). The pathological stages were
significantly correlated with the relapse-free survival (RFS)
(Fig. S3). The archival formalin-fixed paraffin-embedded
(FFPE) tumor tissues and paired adjacent non-tumor tissues
were subject to whole exome sequencing (WES). Detailed
methods including experiment processing and data analysis
were available in “Supplementary Materials and Methods”.

Bioinformatic analysis revealed a total of 2476 non-
synonymous mutations in 1978 genes, with a range of 6e164
mutations per sample (Fig. 1A), suggesting a relatively
stable number of mutations across the cohort. The median
tumor mutation burden (TMB) for SA-CRC was 1.61/MB,
which was lower than that of S-CRC (2.03/MB). In addition,
the microsatellite instability (MSI) score for each sample
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was estimated, ranging from 0.31% to 12.72%. Thus, SA-CRC
was assumed to be in low microsatellite instability (MSI-L)
or microsatellite stable (MSS) status, compared to the MSI
scores calculated by use of the Cancer Genome Atlas
(TCGA) database2 (Fig. S4). It was consistent with few hints
mismatch repair (MMR)-related gene mutations, and was
further confirmed by immunohistochemistry (IHC) for MMR
proteins (Fig. S5). Moreover, the number of neoepitopes
was also predicted, ranging from 2 to 722, which was similar
to the neoepitopes load of MSS CRC but much less than the
neoepitopes load of high microsatellite instability (MSI-H)
CRC.3 In a word, these results showed that SA-CRC could be
categorized into MSI-L CRC with low TMB, which would
unlikely to benefit from the immunotherapy.

We identified 71 recurrently mutated genes across the 30
samples (Fig. 1B), most of which had been previously linked
to the S-CRC, including the common CRC-related driver
genes (APC, TP53 and KRAS ). Other non-CRC driver genes
(IRS4, SETBP1, TNC and CREBBP) were also present. How-
ever, 4 de-novo driver genes were identified, of which KRT76
and PLEKHO1 were novel. PLEKHO1 was reported to act as a
colonic tumor suppressor. The loss or deletion of PLEKHO1
would promote the tumorigenesis. It was also reported that
loss of KRT76 increased carcinogen-induced tumors in tongue
and stomach. In this study, 2 frameshift deletions and 1
missense mutation were identified in PLEKHO1 and 4 samples
were found to be with in-frame deletions of KRT76 (Fig. S6).
These results might suggest a possible loss of function in both
genes and their roles in the pathogenesis of SA-CRC. In
addition, a total of 18,882 somatic copy number alteration
(SCNA) events were identified with 628 events per sample
(Fig. 1C). We can clearly see that copy number gain events
constituted of the majority of all SCNA events. Gains of 7q,
8q, chromosome 12, and 20q occurred in more than half of
the samples. Four amplification regions and 26 deletion
behalf of KeAi Communications Co., Ltd. This is an open access
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Figure 1 Genomic landscape of schistosomiasis-associated colorectal cancer. (A) Genetic characteristics of the SA-CRC. The
number of mutations, the tumor mutation burden, the estimated MSI scores, and the predicted number of neo-epitopes of each
sample were present. (B) Mutational landscape of recurrently mutated genes in SA-CRCs. Red arrow corresponds to the known
driver gene, and the yellow arrow correspond to the novelly predicted driver genes. (C) Landscape of somatic copy number al-
ternations (SCNAs) in SA-CRCs. Heatmap of SCNAs across all the samples (left) and the significant enriched SCNA regions (right)
were showed. (D) Recurrently mutated genes with significant differences in frequency between SA-CRC and S-CRC. Gold star
denotes the genes highly mutated in SA-CRC. (EeH) Comparison of recurrently mutated genes in frequency between SA-CRC and
other types of CRC. Red star denotes the genes showing significant differences in frequency between two datasets. (I) Comparison
of known oncogenic signaling pathways in frequency between SA-CRC and S-CRC. (J) Dot plot of the conventional enriched
pathways in SA-CRC. The small Venn plot shows the overlap of enriched pathways between SA-CRC and S-CRC.
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regions were found to be significantly enriched across the
cohort. Several oncogenes were found in the enriched re-
gions, including CCND1 and FGF3/4/19 in 11q13.3, MUC2/6/
3A/12/17 in 11p15.5 and 7q22.1.

To better understand the process of carcinogenesis in
SA-CRC, we compared the genomic profiles of SA-CRC with
those of other types of CRC, including S-CRC and inflam-
matory bowel disease (IBD)-associated CRC. First, we found
9 recurrently mutated genes, including KRT76 and PLE-
KHO1, significantly highly mutated in SA-CRC compared to
S-CRC, and some common driver genes, such as PIK3CA,
ATM and SMAD4, were rarely seen in SA-CRC (Fig. 1D).
However, most of the top 20 mutated genes showed similar
frequency distributions between SA-CRC and S-CRC. Sec-
ond, APC was the only gene with significant difference in
frequency compared to IBD-associated CRC (Crohn’s dis-
ease-associated colorectal cancer (CD-CRC) and ulcerative
colitis-associated colorectal cancer (UC-CRC), Fisher test,
P < 0.05, Fig. 1EeH). Besides, there were some other genes
showing significant difference in frequency in each dataset,
such as the known driver genes TCF7L2 and FBXW7. Third,
most of the SCNA regions enriched in the SA-CRC were not
found in the S-CRC, except one focal amplification region
(8p11.21) and two focal deletion regions (21q11.2, 14q11.2)
(Fig. 1C). Therefore, SA-CRC has a distinct genomic alter-
nation profile from other types of CRC.

Notably, we further identified two known oncogenic
signaling pathways to be significantly different in frequency
between SA-CRC and S-CRC (Hipp: PZ 0.02, ORZ 0.39; RTK-
RAS: P< 0.001, ORZ 0.14, Fisher test, Fig. 1I). TGF-Beta and
PI3K pathways enriched in the S-CRCwere not detected in SA-
CRC because of the paucity of mutations in tumor suppressor
gene SMAD4 and oncogene PIK3CA. As for the conventional
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis, 31 pathwayswere identified and 7 of themwere only
enriched in SA-CRC (Fig. 1J). Among 7 enriched pathways,
Kaposi sarcoma-associated herpesvirus (KSHV) infection had
been detected at a high frequency in patient-derived bladder
cancer tissue and might be associated with the pathogenesis
of bladder cancer.4 Two central nervous system-related
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pathways: pathways of neurodegenerationdmultiple dis-
eases and long-term potentiation, might be worth to note,
since schistosoma infections may lead to central nervous
system lesions.5

As it was clinically important and challenging to identify
SA-CRC patients with aggressive features, we sought to
identify genomic alternations which were associated with
patient outcomes (7 deaths, 11 recurrences). All the
frequently mutated genes, enriched pathways, and signifi-
cant enriched SCNA events were considered to detect their
relations with overall survival (OS) and relapse-free survival
(RFS) in SA-CRC. After adjustment for age and sex, the
alternation of 4 genes (HMCN1, MAGEC1, PCDHGA10, and
SLITRK1) was found to be significantly associated with OS
and RFS (Table S3). In addition, ABCA12-mut and KMT2C-mut
were significantly related to worse RFS. DNAH3-mut and
MUC12-mut were significantly related to worse OS. However,
in the S-CRC dataset, these genes showed no significant
correlation with OS and RFS. These results suggested that
the 8 genes might play critical roles in the tumor progression
and prognosis of SA-CRC, and be worthy of further research.

Nevertheless, this study has some limitations. First, only
WES data were available for analysis. Integration of other
omics-based dataset, such as transcriptome and proteome,
will provide extensive screening and examination of key
genes and pathways which participate in the pathogenesis
of SA-CRC. Second, the sample size was relatively small.
However, epidemiological survey showed that SA-CRC only
took the proportion of no more than 0.4% in all CRC cases.

In the East Asia, considerable evidence supports an
etiological link between schistosomiasis and colorectal
cancer. However, up to now, the pathogenesis of SA-CRC is
still unknown. For the first time, this study investigates the
genomic landscape of SA-CRC and detects the genomic
differences with other types of CRC. The findings demon-
strate a unique molecular profile of SA-CRC which provide
clues to the etiology.
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