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Abstract

Colorectal carcinoma is one of the most common cancers in the world, with the primary causal factor being genomic
instability. Microsatellite Instability is an indicator of an increased tendency of genome alterations which may be
caused by defective mismatch repair pathway. AMLH]I, is a critical mismatch repair pathways gene known to be
mutated in Colorectal Carcinoma. Aim of the study was to better understand the relationship between AMLH and
Microsatellite Instability in Colorectal Carcinoma using publicly available datasets. An in silco study was performed
using a dataset retrieved from cBioportal and the Cancer genome atlas. The results demonstrated that low hMLH1
expression had significantly higher MSI as expected. However, it interestingly showed an inverse association between
hMLH1 and fraction of genome alterations. This possibly highlights the complexity of the link between hMLH1 and
Microsatellite Instability.
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1. Introduction

Colorectal Carcinoma (CRC) is cancer of the colon or rectum, arising from precancerous polyps, adenomatous
polyps, or serrated polyps that form over several years. It is the third most common cancer and the fourth most
common cause of cancer-related deaths globally (Herman et al., 1998). CRC, like most cancers is caused by mutations
in critical genes like DNA repair mechanisms resulting in alterations of the genome. Depending on the origin of the
mutation, CRC is classified as sporadic, inherited, or familial (Marmol et. al., 2018). Genomic instability, the increased
tendency of genome alteration during cell division, is an important feature underlying CRC. Microsatellites are short
non-coding repeating sequences throughout the genome. They occur at thousands of locations and have a higher
mutation rate. When instable, the specific genes that monitor genomes for errors are unable to correct thus leading to
instability. Microsatellite Instability (MSI) which is caused by a hypermutable phenotype, due to loss of DNA repair
mechanisms, are one of the underlying mechanisms that causes this instability (Kawakami et al., 2015). The mutations
can affect non-coding regions as well as codifying microsatellites, resulting in the reading frames of oncogenes or
tumor suppressor genes being altered and tumors developing. Fraction of genomic alterations (FGA) includes
measuring the percentage of copy number altered chromosome regions due to cancer-driven mutations, gene fusions,
amplification, deletion, and post-transitional modifications.

Mismatch repair (MMR) pathways play a vital role in identifying and repairing mismatched bases during DNA
replication and genetic recombination in normal and in cancerous cells (Sameer et al., 2014). Defects in MMR are
also known to cause subsequent high MSI which leads to the accumulation of a mutation load. MMR genes mutated
in tumors with MSI include hMSH2, hMLH1, hMSH6, hPMS1 and hPMS2. MLH1/MSH?2 phenotype constitutes a
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pathologically and clinically distinct subtype of sporadic CRC (Richman, 2015). These markers are important to
define therapeutic strategy in CRC. Several clinical trials have demonstrated that MMR deficiency or high MSI is
significantly associated with long-term immunotherapy-related responses and better prognosis in CRC (Richman,
2015). hMLHI has an impact on the fraction of genome alterations, because the lower the range the less altered the
genome is and the higher the range the more altered the genome is, therefore the AMLHI gene expression leads to
MSI which is a biomarker for CRC (Marmol et al., 2017). The goal of this study was to understand better the
expression of AMLH1 and corresponding MSI. It was predicted that CRC patients may have a lower expression of
hMLHI and a corresponding higher MSI. By analyzing publicly available datasets on the AMLHI expression,
MLH1/MSH?2 phenotype, the MSI status and genomic alteration in CRC patients, the link between AMLH] and MSI
was better understood.

2. Materials And Methods

The in silco study was performed using the publicly available TCGA dataset: Colorectal Adenocarcinoma
(cBioportal for Cancer Genomics, n.d.), licensed by National Institute of Health (NIH).

2.1 Data processing

The dataset was sorted to specifically test the hypothesis by applying criteria that made sure no patients had
information missing. Only patients with the following variables were included: sex type, cancer stage, cancer type,
MSI type, MLHI silencing (an epigenetic modification that prevents the expression of AMLH1), and vital status. The
sorted dataset was matched to the original clinical data to make sure all patient IDs were the same. Out of the 276
patients originally, 202 patients remained. All files chosen were imported to Microsoft Excel and then sorted and
characterized based on frequency distribution. The frequency distributions across the variables in the dataset are
shown in Table 1.

2.2 Data analysis

The file was imported into RStudio — 1.4.1106 and DATAtab for further statistical analysis (DATAtab, n.d.).
Histogram and Box & whisker plots were created through Excel and cBioportal (cBioportal for Cancer Genomics,
n.d.).

Shapiro-Wilk normality distribution test was conducted to check that continuous variables in the datasets
followed normal distribution. T-tests were considered initially to check for the correlation between datasets, but results
from Shapiro-Wilk test showed that the datasets being considered did not have normal distribution, and so the Mann-
Whitney U test, a non-parametric test that does not need uniform distribution, was used to test for correlation between
the continuous variable datasets. The null hypothesis for the Mann-Whitney test states that there is no difference
between the datasets if the p-value > 0.05 for 5% significance, and the alternate hypothesis states that there is a
significant difference between the datasets if the p-value < 0.05. Chi-square test was used to test the independence of
categorical datasets. Chi-square test has the same null and alternate hypothesis as the Mann-Whitney U test.

All instruments used allowed for a graphical view of the results and indicated the difference in the means. Larger
difference in means meant more significant differences between variables.

3. Results
3.1 Characteristics of the dataset

Once data sorting was completed there were 202 patients that satisfied the selection criteria, the details are shown
in Table 1. MSI high was defined when two of five markers showed instability in the genome. MSI low was

determined when only one MSI marker showed instability and the rest showed stability. Note that AMLH] refers to
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the gene, while MLH1 refers to the protein created by ZMLH1 gene. Units for MLH1 expression are RPKM or Reads

per kilo million mapped reads in a library. (Biostars, n.d.)

Number of reads of a gene x 103 x 10°

RPKM of a gene =

Reads in the above equation for MLHI1 expression
scoring refer to immunohistochemical data scored
regarding staining intensity (negative, weak, moderate or
strong) and fraction of stained cells (<25%, 25-75% or
>75%). (The Human Protein Atlas, n.d.). Any patient with
Tumor stage | or 2 in the dataset were put into the Cancer
Stage category Low while any patient with Tumor stage 3 or 4
cancer was put into the Cancer Stage category High. The data
with the variables sex type, cancer stage, cancer type,
MSI type, MLHI1 silencing, and vital status was grouped
for certain tests in the report based on the median of the
MLH]1 expression.

It was observed in the data, 100% of patients had
cancer with ~44% having high stage cancer, and ~58%
having colon cancer, yet surprisingly only 9.4% of the
patients had died. A reason for higher survival could be
the stable microsatellite stability status observed in
68.8% of the patients.

3.2 MSI type and AMLH] expression

MSI was seen in ~30% of the patients among which
~44% had high MSI. Figure 1, a box and whisker plot
graph, shows the MLH1 expression on the y axis and the

Total number of mapped reads from given library X gene length

Table 1. Cohort characteristics
Total Sample Size = 276. Selected Samples = 202.
Variables (n) | No. of Patients | Frequency (%)
Sex (202)
Female 97 48.0%
Male 105 52.0%
Cancer Stage (202)
High 89 44.1%
Low 113 55.9%
Cancer Type (202)
Colon 118 58.4%
Colorectal 34 16.8%
Rectal 50 24.8%
MSI Type (202)
MSS 139 68.8%
Low MSI (MSI-L) 35 17.3%
High MSI (MSI-H) 28 13.9%
IMLH1 Silencing (202)
0 (Not Silenced) 177 87.6%
1 (Silenced) 25 12.4%
\Vital Status (202)
Alive 183 90.6%
Dead 19 9.4%

three MSI types on the x-axis. The graph shows a significant difference in MLH1 expression between the Low MSI
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(MSI-L) and High MSI (MSI-H) samples. MSI-L
samples had a mean of 20.9 RPKM and a standard
deviation of 6.7, while MSI-H samples had a much
smaller mean of 8.0 RPKM but a larger standard
deviation of 8.0 because of a few outliers.

To test the hypothesis statistically, further
analysis was done to first verify that the MSI-H and
MSI-L samples were statistically independent, and
subsequently the relationship between MLHI1
expression and MSI type was checked.

Figure 1: Compares the MLH1 expression with the three

MSI types — MSS, MSI-L, and MSI-H.

Running the Shapiro-Wilk normality test
indicated that MSI-L dataset was normally
distributed, while MSI-H dataset was not. Mann-
Whitney U test, a non-parametric test, revealed that

the difference between MSI-L and MSI- H with respect to MLH1 expression was highly statistically significant, p-
value=<.001, r=0.7. If p-value < .05 for 5% significance, MSI-L. and MSI-H are considered to be significantly

different.
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The estimated median of the 206 patients with MLH1 expression was 20.03 RPKM. Based off this, the patients
were characterized in to two categories of high and low MLHI1 expression for further analysis. In Figure 2, Group A
has low MLH]1 expression values, while Group B
has high MLH1 expression values. This graph
shows that patients with low MLH1 expression
(Group A) had significantly high MSI-H, while
patients with high MLH1 expression had
practically no MSI-H.

A Chi-square test was performed between
MLH]1 Expression Groups and MSI Status, and
a statistically significant relationship was found,
p = <.001. The Chi2 test is therefore significant 0
and the null hypothesis that the two groups are
independent is rejected. Figure 2: Comparison of number of samples with MSI-L and

This validates the hypothesis that high MSI  MSI-H between two groups categorized by MLHI1 Expression.
samples are significantly different from low MSI

W wvsiL BmsiH

NUMBER OF MSI-L OR MSI-H SAMPLES

MLH?1 Expression Group A (2.46 - 19.92) MLH1 Expression Group B (20.15 - 44.10)

samples, and that there is a significant relationship between MLH1 expression and MSI.

3.3 High correlation between MLH1 expression and MLH]1 Silencing

i s —_— MLHI1_Silencing=0 represents patients
who don’t have their AMLHI gene silenced,
L while MLHI Silencing=1 represents the
patients who have their AMLH] gene silenced.
The Relationship between MLHI1 expression
and MLH1 Silencing is explored in Figure 3,

100

which shows that the presence of
MLHI1 Silencing corresponds to a reduction in
MLHI1 expression and therefore there are no
samples of Group B with MLH1 Silencing=1.
MLH1 Expression Group A (246 - 19.92) MLH1 Expression Group B (20.15 - 44.10) As expected, the samples are present in both

groups when MLH1 _Silencing=0.
Figure 3: Compares number of samples in low and high MLH Results of Chi-square test to test for
expression groups for the two cases of MLH1_Silencing.
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independence between MLHI1 Expression
Groups and MLH1_Silencing showed that there was a statistically significant relationship between them, p = <.001.
The calculated p-value of <.001 is lower than the defined significance level of 5%. The Chi-square test is therefore
significant and the null hypothesis that they were independent was rejected.

This result is significant because it validates the relationship between MLHI Silencing and AMLHI
expression.

3.4 Patients with low AMLH] expression have a less altered genome

The impact of hMLHI on genome alterations was further analyzed. The Mann-Whitney U test showed that the
difference between MLH1 Expression Group A (2.46 - 19.92) and MLH1 Expression Group B (20.15 - 44.10) with
respect to FGA was statistically significant, p=.003. As demonstrated in Figure 4, it was found that lower expression
of AMLH]I gene demonstrates lower Fraction Genome Altered (FGA). Group A has a mean of 0.22 and a standard
deviation of 0.18, while Group B has a higher mean of 0.31 and a higher standard deviation of 0.2. This potentially
indicates an adverse impact of higher MLH1 expression and was contradictory to the hypothesis.
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4. Discussion

CRC, owing to its high incidence
and mortality rate, is of big concern

especially in the developed world. L o o
Based on phenotype researchers have | § (g .
classified it biologically into two | 3

£
types: 1. MSI and 2. MSS but 2 e
chromosomally unstable. MSI tumors | ¢ 04
can help doctors identify the potential ‘g -
cause of the tumor. It also helps with | ©

0 = .

determining the therapy module. The
latest developments indicate that [l MLH1 Expression Group A (2.46-19.92) [ll MLH1 Expression Group B (20.15-44.10)

immunotherapy, a very new treatment
regimen had higher efficacy when Figure 4: Comparison of Fraction of Genome Altered with MLH1

there is High MSI. Expression Groups.

It is also known that MLHI1 silencing is one of the causes for MSI. However, only about 30% of CRC tumors are
seen with MSI, and among them only 50% have high MSI (Marmol et al., 2017). There is always a need to better
understand the underlying molecular cause of MSI, as the complexity of CRC is quite significant. Owing to the interest
in studying CRC, the aim was to explore the publicly available dataset to study the link between MSI and hMLH1
expression and its impact on genomic alterations. The goal of this study was to analyze the impact of low hAMLH1
expression on MSI and its role in genomic alterations in CRC. The cohort was validated, and it was found that the
sorted dataset demonstrated a similar frequency of MSI that aligns with the literature. On performing further analysis,
it was identified that A”MLH1 expression and MLH]1 silencing were significantly associated. Low AMLH expression
demonstrated high MSI, whereas the patients with high expression of hAMLHI showed low MSI. These findings
validated prior studies about the role of MLH1 and MSI. An important and interesting observation was the inverse
association between ZMLHI expression and FGA. This contradicts the expected findings and throws open a lot of
questions which require research to better understand the implication. It however emphasis the complexity of
molecular biological process and highlights the need to explore further the basic biological questions using public
datasets. However, that was not within the scope of this research project. But the future does look exciting to unravel
these further with advancement of better technology and improved data analysis methods.

5. Conclusion

The purpose of this study was to analyze the impact of low AMLHexpression on MSI in CRC. From the analysis it
was concluded that patients with low AMLH1 expression have significantly higher MSI. This led us to explore the idea
that MSI-H can show a trend toward a better prognosis for CRC and reviving hMLH1 expression could restore MMR
activity which could eventually result in lower MSI. This means that less people will have their life threateningly
affected by colorectal carcinoma and immunotherapy can allow patients to recover from cancer in a smaller timeframe.
Looking ahead, it may be valuable to research if methylation of ZMLHI in pre-malignant adenomatous polyps is an
early event in carcinogenesis of CRC. Studying methylation is advantageous, as it could yield potential targets for
treatment to combat tumor progression.
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