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Abstract

Introduction: Genomic instability is a common feature across human cancers, but
presents variation across different types of cancer, patients and cells of from the same
tumor.This can be caused either by changes in the DNA damage repair pathways, aberrant
histone modifications or methylation. The aim of this study was to determine the common
mutated genes between digestive cancers that present genomic instability and to determine
the biological processes in which these are implicated.
Material and Methods: Mutational profiles for patients presenting digestive cancers
and mutations in MLH1, MSH2, MSH6 and PMS2 were downloaded from the MSK impact
cohort via cBioPortal. PANTHER was used to determine the GO SLIM processes in which
the mutated genes are involved. R 3.5.3 and the R package circlize were used to generate
chord diagrams.
Results and Discussions: Considering the number of mutated genes from different
digestive cancers it could be observed that the deregulated processes are general cellular
processes, while when taking into consideration the fold change in overrepresentation of
certain processes, the main deregulated processes are represented by DNA damage repair
pathways, showing their overrepresentation in the selected cohort based on a few mutated
genes.
Conclusion: MLH1,MSH2,MSH6 and PMS2 mutations dictate the alterations in
DNA damage repair pathways in digestive cancers.

Keywords

Digestive cancers, genomic instability, immunotherapy.

To cite this article: PITU F, PASCA S, POPA C, NADIM AH. The importance of MLH1,
MSH2, MSH6 and PMS2 in determining DNA damage response in digestive cancers. Rom
Biotechnol Lett. 2021; 26(1): 2289-2294. DOI: 10.25083/rbl/26.1/2289.2294

*Corresponding author: Corresponding author: PITU FLAVIU, MD, Ph-D, Surgery Department, Alba Iulia
County Emergency Hospital, Bld. Revolutiei 1989 No. 23, Alba Iulia, Romania
E-mail: pitu.flaviu@umfcluj.ro
Tel.: 0744504079

FLAVIU PITU et al

Introduction
Genomic instability is a common feature across
human cancers, but presents variation across different types
of cancer, patients and cells of from the same tumor.
This can be caused either by changes in the DNA damage
repair pathways, aberrant histone modifications or
methylation (1-3). One clinically applied method for
determining the grade of genomic instability is through
assessing the grade of microsatellite instability, which
was first applied to colon cancer (4). An indirect way
of assessing microsatellite instability is through immunohistochemical staining for proteins implicated in DNA
damage repair. At first, MLH1 and MSH2 were used, later
MSH6 and PMS2 being added, showing high sensitivity
and specificity to detecting the microsatellite instability
grade (5-8).
Genomic instability can create oncogenes and inactivate tumor suppressors, but it also creates neoantigens,
which are better detected by the immune system. Because
of this, malignant cells presenting high genomic instability
and high number of neoantigens will better respond to
immunotherapy (9, 10). The first malignancy that benefitted from this was melanoma, in which checkpoint
inhibitors offered a better prognosis (11). After this first
application, checkpoint inhibitors continued to be applied
in other cancers reaching the current guidelines, which
specify allow for the use of pembrolizumab in solid tumors
if high MSI is proven for the patients malignancy (12).
The importance if immune interactions does not show
importance only in therapy choice, but also in prognosis,
immune classifications of colon cancer with good prognosis prediction appearing more and more lately, showing
the importance of the immune system and it’s applicability
in the field of oncology (13). Because colon cancer is also
assessed through MSI status and because of the frequency
that digestive cancer present (14), we chose to expand the
genomic instability term to other cancers from the same
field of digestive oncology. The aim of this study was to
determine the common mutated genes between digestive
cancers that present genomic instability and to determine
the biological processes in which these are implicated.

Material and Methods
Patient selection
The patients included in the present study were
selected from the MSK Impact cohort (15). The online data
was downloaded via cBioPortal (16, 17). We included the
following cancer types: colon adenocarcinoma, colorectal
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adenocarcinoma, rectal adenocarcinoma, stomach adenocarcinoma, esophagogastric adenocarcinoma, esophageal
adenocarcinoma, pancreatic adenocarcinoma, cholangiocarcinoma that also presented mutations in MLH1,
MSH2, MSH6 or PMS2.

Data analysis
Data analysis was performed using R 3.5.3 and
PANTHER (18). We included only the GO SLIM
processes that had a false discovery rate (FDR) under
0.05. Chord diagrams were generated using the circlize
R package (19).

Results and Discussions
After applying the inclusion criteria we included in
the study 85 patients with a total of 88 samples. Of the
samples, 64 were collected from the primary site and 24
from the metastatic site. Of the 64 primary sites, 43 were
CRAD (colorectal adencarcinoma), defined as colon/
rectum or colorectal adenocarcinoma, 11 were EGAD
(esophagogastric adenocarcinoma), defined as gastric/
esophageal or esophagogastric adenocarcinoma, 7 were
PAD (pancreatic adenocarcinoma), defined as pancreatic
adenocarcinoma and 3 were ChC (Cholangiocarcinoma),
defined as either intra- or extrahepatic cholangiocarcinoma. Of the 24 metastatic sites, 17 were CRAD, 4 were
EGAD, 2 were ChC and 1 was PAD.
After sample selection, we analyzed the distinct gene
mutations that occurred in primary and metastatic site
samples and between different tumor types. We introduced
the distinct mutated genes by cancer and site in PANTHER
and assessed the overrepresentation of certain GO SLIM
processes. Chord diagrams were generated to offer the
overview of the shared biological processes. The width
of the links in chord diagrams was either the number of
mutated genes in the process or the fold change in
overrepresentation and in each case, we only included in
the chord diagram processes in which there were either
more than 20 changed genes from our list or there was
a fold change of more than 20.
The tables presenting the GO SLIM biological
processes for primary and metastasis site can be fount
in Supplementary Table 1 and Supplementary Table 2
respectively.
Figure 1 was generated taking the genes mutated
in the primary site and compare them across cancers
considering the number of genes implicated in that
process. PAD was not included because of the
low number of distinct mutated genes per process.

The importance of MLH1, MSH2, MSH6 and PMS2 in determining DNA damage response in digestive cancers
The following processes were observed to be common
between CRAD, ChC and EGAD: (GO:0009987), biological regulation (GO:0065007), regulation of biological
process (GO:0050789), cellular response to stimulus
(GO:0051716). Through this assessment, the majority of

processes are shared between CRAD and EGAD showing
either common processes probably because of similar
deregulated processes or because of overrepresentation
of these cancer types in the cohort and the presence of
a higher number of possible mutated genes.

Figure 1. Chord diagram of GO SLIM processes in primary site samples considering the number
of mutated genes as the width of the links.

Figure 2 was generated taking the genes mutated
in the primary site and compare them across cancers
considering the fold change of the genes implicated in that
process. The process common among CRAD, EGAD
and ChC with the highest fold change enrichment was
is mismatch repair (GO:0006298), which shows the
importance of MLH1, MSH2, MSH6 and PMS2 in
regulating DNA damage response pathways. CRAD and
EGAD overlap in most processes, the highest fold
change being represented by mitotic G2 DNA damage
checkpoint (GO:0007095). ChC only one process overlaps with PAS, being represented by mismatch repair
(GO:0006298) and, in the case of, PAD only 2 processes
overlap with CRAD, being represented by sprouting
angiogenesis (GO:0002040) and protein kinase B signaling
(GO:0043491), showing that these two cancers can

benefit from VEGF inhibitors of protein kinase inhibitors,
alongside checkpoint inhibitors. In PAD the highest fold
change process that is present only in this type of cancer is
represended by interstrand cross-link repair (GO:0036297).
Figure 3 was generated taking the genes mutated
in the metastatic site and compare them across cancers
considering the number of genes implicated in that
process. PAD was not included because of the low
number of distinct mutated genes per process.
The common process between CRAD, EGAD and ChC
was biological regulation (GO:0065007). Between
CRAD and EGAD there were four processes that
overlapped: cellular process (GO:0009987), biological
regulation (GO:0065007), cellular response to stimulus
(GO:0051716), macromolecule metabolic process
(GO:0043170).
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Figure 2. Chord diagram of GO SLIM processes in primary site samples considering
the fold change overrepresentation as the width of the links.

Figure 3. Chord diagram of GO SLIM processes in metastatic site samples considering
the number of mutated genes as the width of the links.

2292

The importance of MLH1, MSH2, MSH6 and PMS2 in determining DNA damage response in digestive cancers
Figure 4 was generated taking the genes mutated
in the metastatic site and compare them across cancers
considering the fold change of the genes implicated in
that process. There were two processes shared across ChC
and CRAD, represented by mitotic G2 DNA damage

checkpoint (GO:0007095), DNA damage checkpoint
(GO:0000077). There was one process shared across
CRAD and EGAD nucleotide-excision repair, DNA
incision (GO:0033683).

Figure 4. Chord diagram of GO SLIM processes in metastatic site samples considering
the fold change overrepresentation as the width of the links.
It could be observed that most processes shared when
taking into consideration the number of genes implicated in
the process were general cellular processes, while, when
taking into account the fold change, most shared and
important processes were represented by DNA damage
repair pathways, showing the importance of MLH1, MSH2,
MSH6 and PMS2 mutations rather than the type of cancer
in altering DNA damage repair pathways.

Conclusion
In the selected digestive cancers MLH1, MSH2,
MSH6 and PMS2 mutations dictate the perturbation of
DNA damage repair pathways, thus reconfirming the
utility of checkpoint inhibitors in cancers that present

microsatellite instability assessed indirectly through these
gene mutations.
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