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Abstract
BACKGROUND 
Hereditary non-polyposis colon cancer is a dominantly inherited syndrome of 
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colorectal cancer (CRC), with heightened risk for younger population. Previous 
studies link its susceptibility to the DNA sequence polymorphism along with 
Amsterdam and Bethesda criteria. However, those fail in term of applicability.

AIM 
To determine a clear cut-off of MSH2 gene expression for CRC heredity grouping 
factor. Further, the study also aims to examine the association of risk factors to the 
CRC heredity.

METHODS 
The cross-sectional study observed 71 respondents from May 2018 to December 
2019 in determining the CRC hereditary status through MSH2 mRNA expression 
using reverse transcription-polymerase chain reaction and the disease’s risk 
factors. Data were analyzed through Chi-Square, Fischer exact, t-test, Mann-
Whitney, and multiple logistics.

RESULTS 
There are significant differences of MSH2 within CRC group among tissue and 
blood; yet, negative for significance between groups. Through the blood gene 
expression fifth percentile, the hereditary CRC cut-off is 11059 fc, dividing the 40 
CRC respondents to 32.5% with hereditary CRC. Significant risk factors include 
age, family history, and staging. Nonetheless, after multivariate control, age is just 
a confounder. Further, the study develops a probability equation with area under 
the curve 82.2%.

CONCLUSION 
Numerous factors have significant relations to heredity of CRC patients. 
However, true important factors are staging and family history, while age and 
others are confounders. The study also established a definite cut-off point for 
heredity CRC based on mRNA MSH2 expression, 11059 fc. These findings shall 
act as concrete foundations on further risk factors and/or genetical CRC future 
studies.

Key Words: Colorectal cancer; MSH2 gene; Non-modifiable factors; Risk probability
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Core Tip: The study has determined a definitive cut-off for grouping colorectal cancer 
(CRC) with its heredity using the MSH2 mRNA gene expression, which amounts to 
11059 fc. The gene expressions may differ between blood and tissue sample of the 
CRC group, yet none between CRC and control group. Nevertheless, subsequent risk 
factors of family history and staging are found to be significant toward the heredity. 
The after-mentioned risk factors act as urgent reminder for highly risky people with 
family history of CRC and/or high CRC staging to have themselves and their 
immediate family members to undergo routine examinations as well as strict 
preventions.

Citation: Tedjasaputra TR, Hatta M, Massi MN, Natzir R, Bukhari A, Masadah R, Parewangi 
ML, Prihantono P, Nariswati R, Tedjasaputra V. Prediction of hereditary nonpolyposis 
colorectal cancer using mRNA MSH2 quantitative and the correlation with nonmodifiable 
factor. World J Gastrointest Pathophysiol 2021; 12(6): 134-146
URL: https://www.wjgnet.com/2150-5330/full/v12/i6/134.htm
DOI: https://dx.doi.org/10.4291/wjgp.v12.i6.134

INTRODUCTION
Colorectal cancer (CRC) or also known as colorectal adenocarcinoma is a group of 
cancer that manifest in the colon and/or rectum. The cancer first arises as polyps that 
comprised of extraneous cells from the uncontrolled proliferation because of genetic 
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mutations. These benign masses of flesh will then achieve even greater hyper-
replication, survival, and angiogenesis, leading to a malignant carcinoma (CRC) which 
then can metastasize[1].

In fact, CRC holds the fourth place in the top ten of the most diagnosed global 
cancer with around 2000000 incidence cases, while taking third place for worldwide 
cancer mortality with approximately 1000000 deaths[2]. Within very high human 
development index countries, Hungary and Norway have the highest age-
standardized rates of CRC over 100000 populations for male and female respectively 
(70.6 and 39.3)[3]. Meanwhile, the top age-standardized death rates are taken both for 
male and female by Hungary with 31.2 and 14.8 over 100000 population[3].

Specifically, CRC can be further divided according to its differentiation, 
epidemiology, and hereditary. Interesting potential lies dormant in CRC hereditary 
status, where as far as the author’s known, there has been no gold standard measure to 
classify one’s CRC into hereditary [i.e., hereditary non-polyposis colon cancer 
(HNPCC)] or sporadic.

HNPCC or sometimes known to the general citizens as lynch syndrome (LS) is a 
hereditary mutation of the MLH1, MSH2, MSH6, EpCAM, and PMS2 genes which 
contribute to the development of CRC yet also the passing of the autosomal dominant 
mutated genes and thus the heightened susceptibility to the offspring[4]. LS can be 
found in younger people compared to overall CRC as these mutations provide 
grounds for CRC rapid development. Within his or her lifetime, the risk of developing 
LS is around 4.1%-4.4%[5].

The incidence of LS can be said to mainly comes from the mutation of MSH2 gene 
on chromosome 2. The protein translated by that subsequent gene encode MutS 
Homolog 2 protein which functions as a DNA mismatch repair protein. When doing 
its intended functions, it bonds with MSH6 or MSH3 to procure MutSα or MutSb 
complex according to specifications of the DNA damage, namely: Transcription repair, 
base excision repair, homologous recombination, etc[6-8].

Identification of those who carry the mutated genes of MSH2 or the groups would 
benefit the patients as early detection and adequate prevention can reduce morbidity, 
mortality, and recurrence risk of LS[9,10]. Several studies have tried to implement the 
Bethesda and Amsterdam criteria to solve this dynamic screening of LS, yet the effort 
failed due to its complexity and arduousness especially in small family and late age of 
onset settings[11-15]. Consequently, when trying to address the problem from its roots 
of the mutated genes, establishment of the definite gene expression may act as a well 
cut-off point to categorize CRC into LS or non-LS with high potential of becoming a 
gold standard measure. The subsequent practices utilize specific enzymes that 
pinpoint the post-transcription mRNA strategically[16].

These techniques of separating the CRC intro groups, enable risk factor assessments 
toward hereditary and sporadic CRC types. Modifiable risk factors for LS and CRC are 
body mass index (BMI), physical activity, diet, lifestyle (i.e., smoking, alcohol, and 
narcotics), routine medications, and diabetes mellitus (DM). Insulin resistance and the 
hyperglycemic state of the body can predispose a person to CRC. The excess of blood 
sugar trigger Warburg effect (carcinogenic glycolysis) through modulation of glucose 
metabolism[17,18]. Studies on DM relations to CRC prove a 1.17-1.42 hazard ratio 
along with 11536/559375 DM patients have CRC[19,20]. On the other hand, non-
modifiable risk factors for LS and CRC involve the race, age, gender, heredity, 
radiations, and some diseases (i.e., inflammatory bowel disease or cystic fibrosis).

Above all, the hazardous nature of CRC and LS, scarce information on CRC risk 
factors identifications, and the lack of gold standard for categorizing hereditary 
measurements, thus the present study urgently aimed to compute suitable MSH2 gene 
expression for appropriate cut-off and certify the associations from the risk factors.

MATERIALS AND METHODS
Study population and subject enrollment
The present study was conducted using cross-sectional design with 71 respondents 
divided into 31 respondents in the control group, those who have been sequentially 
matched (i.e., age, sex, and BMI) with the case group. The study involves tumor and 
malignancy sector which are a sensitive section of health as it rapidly deteriorates 
health while integrated to other bodily system. Henceforth, strict exclusion criteria 
were adapted in the current study, namely: (1) The presence or history of other cancer; 
(2) The presence or history of inflammatory bowel disease; (3) Chemotherapy or 
radiotherapy in progress or history; (4) Refusal of participation; and (5) Missing or 



Tedjasaputra TR et al. HNPCC risk factors and MSH2 prediction

WJGP https://www.wjgnet.com 137 November 22, 2021 Volume 12 Issue 6

incomplete data.
From May 2018 to December 2019, the respondents are taken from the internal 

medicine outpatient and inpatient department of Tarakan General Hospital and 
Siloam Hospitals Lippo Village through consecutive sampling. Sample size calculated 
using 5% alpha and power 80%.

Research operatives
Three major steps are contained within this study. Initially, the study collects 
respondents and their clinical data of demographics and malignancy characteristics. 
Then, the respective mRNA gene expression of MSH2 was quantified using 
polymerase chain reaction (PCR) and studied in assessing within groups and between 
groups differences as well as its hereditary significance. Whereas the last component 
of the study involves risk factor analysis toward hereditary of CRC and its probability 
model.

Sample collection and data measurement
Biopsy tissues of suspected CRC tissues and venous blood are the key samples of this 
study. Then, the samples are placed in a L6 buffer and have their RNA extracted. The 
L6 buffer are concocted earlier according to the RNA Boom extraction method of the 
Hasanuddin laboratory. Next, RT-PCR targeting the MSH2 mRNA were done to 
measure the gene expression.

The PCR are conducted through the DNA multiplication, denaturation, primer 
attachment, and amplification stage. Specific Korean primers are supplied to 
specifically target the MSH2 gene: CAT-CCA-GGC-ATG-CTT-GTG-TTG-A (forward) 
and GCA-GTC-CAC-AAT-GGA-CAC-TTC (reverse). The mechanics and PCR analysis 
follow the Bio-Rad protocols from Unites States of America using the power SYBR 
green master mix kit[21-23].

Statistical analysis
Data tabulation was done through Microsoft Excel 365, while SPSS v26 is the software 
of choice for the statistical analysis. Missing data is excluded from the study. The 
respondents’ demographics are characterized using descriptive statistics; yet, Chi-
Square or Fischer test are applied for categorical factors, while t-test or Mann-Whitney 
for numerical factors. Significance obtained if P value < 0.05.

RESULTS
The present study employs 71 respondents among the 19-mo study period, which 
comprised of 56.34% in the case group and 43.66% in the control group. Respondents 
within the control group are adequately matched according to the case group charac-
teristics, proven with no significant difference (P > 0.05) in the demographic character-
istics between the groups as depicted in Table 1.

Among the respondents on the CRC group, histopathological samples are taken and 
observed. Specifically, 90.00% respondents have adenocarcinoma while 7.50% have 
adenocarcinoma with Signet ring cell and 2.50% have neuroendocrine carcinoma. 
Nevertheless, specifications on the histopathological profile can also be seen from the 
level of differentiation. Well-differentiated biopsies are found in 26 (66.7%) 
respondents, intermediately differentiated in 6 (15.4%) respondents, and poorly differ-
entiated in 7 (17.9%).

Subsequently, the study utilizes PCR analysis to measure the MSH2 mRNA gene 
expression in blood and tissue between the groups. Significance is observed when 
comparing the gene expression within the CRC group between blood and tissue 
(12554.50 vs 7485.00). However, as pictured in Table 2, there is no significant difference 
of MSH2 mRNA expression between CRC and control groups (P = 0.116 and 0.465).

Moreover, the group with CRC were then subdivided based on each respondent 
hereditary status. One is considered having hereditary condition if his or her blood 
mRNA MSH2 gene expression less than the cut-off from the fifth percentile, 11059 fc. It 
was established that 67.50% of the CRC group respondents have non-hereditary status, 
even including one-third of those with positive family history of CRC. Likewise, 
Table 3 portrayed the relationship of risk factors to hereditary status.

CRC has numerous substantial risk factors in theory. However, within the 40 CRC 
group respondents, only three factors are deemed essential hereditarily: Age, tumor 
staging, and family history. Uniquely, among all locations and proximity potential for 
CRC, hereditary does not hold any significance (P = 0.595 and 0.476). There is also no 
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Table 1 Baseline characteristic and MSH2 gene expression

Characteristic CRC group Control group P value

Age (yr) 56.8 ± 8.4 51.6 ± 13.4

Sex

Male 21 (52.5) 13 (41.9)

Female 19 (47.5) 18 (58.1)

Body mass index (kg/m2) 22.4 ± 3.3 23.6 ± 3.4

> 0.05

CRC: Colorectal cancer.

Table 2 MSH2 gene expression

MSH2 expression CRC group Control group P value

Blood

Median (range) 12554.50 (4230.00-14559.00) 12146.00 (11029.00-13633.00) 0.116

mean ± SD 11411.05 ± 2912.45 12219.87 ± 756.87 0.465

Tissue 7 485.00 (4174.00-14218.00)

CRC: Colorectal cancer; SD: Standard deviation.

difference on biopsies differentiation between the groups (P = 0.287 and 0.999).
The study found 5.60 times increase in risk of CRC between those < 50 years old and 

over, in which a 9.05-year difference is found between the subsequent groups. 
Similarly, respondents with hereditary CRC are mostly within the C stage (54.85%) 
while the non-group mostly in B (37.04%). This pattern holds true even when the 
stages are divided into C-D and A-B clusters, where the CRC group dominate the 
former cluster while the latter cluster for the rest. Yet, the clustering of stages is 
insignificant (P = 0.116).

Family history of CRC and its hereditary follow a significant linear relationship (P = 
0.008). Those who has history of CRC in his/her family majorly belong to the 
hereditary group (61.54%) and vice versa. There is also a notable risk increase for those 
who has CRC history amounting to 9.20 times than those who don’t.

Bringing further to multivariate perspective, the current study applies multiple 
logistic analysis to find the truly significant risk factors toward CRC hereditary and its 
subsequent probability. Table 4 explain the regression where staging and family 
history are truly significant (P = 0.034 and 0.006), while age is just confounder. The 
unstandardized coefficients can be morphed to a LOGIT and probability functions of 
CRC hereditary as follows (Eq. 1 and 2).

LOGIT = -3.165 + 2.395 × staging + 3.126 × history (Eq. 1)

The variables of staging and history hold the value of either one or zero. Represent-
atively, score of one amount to C or D in the staging component and presence of 
family history. Furthermore, the equations and probabilities are having good fit and 
not due to chance by having significant Hosmer and Lameshow statistics as well as 
82.2% area under the curve (AUC) for receiving operator curve (ROC) (Figure 1).

DISCUSSION
From May 2018 to December 2019, 71 respondents were collected with 56.34% 
prevalence of CRC among the pre-elderly population (45-59 years old). The CRC 
group is predominantly male (52.5%) and classified with normal BMI. The discrepancy 
also found on similar studies in the Asia region (i.e., Japan, China, Korea, and Hong 
Kong) where CRC has 20.7-64.8 incidence rate over 100 thousand populations, in 
which differ by 6.3-28.1 compared to the female incidence rate[24-27]. The theory on 
hormonal difference between gender is suspected to be the leading cause of the CRC 
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Table 3 Colorectal cancer hereditary risk factors

Factor CRC hereditary, yes (n: 13) CRC hereditary, no (n: 27) OR (95%CI) P value

Age 50.69 ± 14.99 59.74 ± 11.68 0.043

< 50 8 (61.54) 6 (22.22) 5.60 (1.33-23.62) 0.031

> 50 5 (38.46) 21 (77.78)

Gender 0.69 (0.18-2.59) 0.826

Male 6 (46.15) 15 (55.56)

Female 7 (53.85) 12 (44.44)

Location - 0.595

Caecum 1 (7.69) 1 (3.70)

Ascending colon 2 (15.38) 4 (14.81)

Transverse colon 2 (15.38) 2 (7.41)

Descending colon 0 (0.00) 1 (3.70)

Sigmoid 3 (23.08) 7 (25.93)

Rectum 5 (38.46) 12 (44.44)

Proximity 1.79 (0.44-7.32) 0.476

Proximal colon 5 (38.46) 7 (25.93)

Distal colon 8 (61.54) 20 (74.07)

Staging - 0.020

A 0 (0.00) 7 (25.93)

B 4 (30.77) 10 (37.04)

C 7 (54.85) 9 (33.33)

D 2 (15.38) 1 (3.70)

Group staging 3.83 (0.93-15.72) 0.116

C-D 9 (69.23) 10 (37.04)

A-B 4 (30.77) 17 (62.96)

Family history 9.20 (1.97-42.97) 0.008

Yes 8 (61.54) 4 (14.81)

No 5 (38.46) 23 (85.19)

Differentiation1

Poor 4 (30.77) 3 (11.54) 2.52 (0.46-13.80) 0.287

Intermediate 0 (0.00) 6 (23.08) - 0.999

Well 9 (69.23) 17 (65.38)

1Loss of differentiation data in one sample. CRC: Colorectal cancer; OR: Odds ratio; CI: Confidence interval.

dominancy in male.
CRC higher prevalence in the male gender is the result of female protectiveness 

from the disease. The sex hormone of estradiol and progesterone acts as protective 
mechanism for CRC development in the body. The hormonal clinical trial in 2019 
observe that introduction of estradiol and progesterone combination treatment 
provide increased apoptosis of tumor cells (P < 0.05) while lowering tumor cell prolif-
erations (P < 0.01)[28]. Aside from its function as a sexual hormone, estrogen or 
estradiol play an important role in cell turnover. It acts as a bridge for ion transport 
that regulates cells’ pH, intracellular ions, and several protein activations[29]. Estrogen 
also exudes anti-inflammatory properties due to its ability to bond and modulate 
leukocytes including natural killer cell, neutrophils, dendritic cells, etc[30].
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Table 4 Multivariate regression of colorectal cancer hereditary risk factor

Factor B SE P value OR (95%CI)

Staging 2.395 1.130 0.034 10.970 (1.199-100.382)

History 3.126 1.143 0.006 22.784 (2.423-214.273)

Constant -3.165 1.094 0.004 0.042

SE: Standard error; OR: Odds ratio; CI: Confidence interval.

Figure 1 MSH2 colorectal cancer hereditary probability receiving operator curve. ROC: Receiving operator curve.

Moreover, associations are observed of body anthropometry to CRC within many 
global and Asian studies. For instance, a Japanese prospective study finds significant 
difference of BMI to colon cancer respondents (P = 0.004-0.007)[31]. Akin notion is 
discovered in a Korean study where every five cm increment in height increase the 
risk for CRC in men by 1.04-1.06 and in women by 1.00-1.08[32]. Both after 
multivariate control with other factors. Another Korean study also view significant 
association of BMI to CRC especially the distal colon and rectal cancer (P < 0.001 and 
0.016)[33]. These trends are not restricted only to the Asian region. A global meta-
analysis obtains a relative risk of 1.25 (1.18-1.32) for CRC with the highest vs lowest 
height[34]. Likewise, a prospective systematic review corroborates the idea where 
CRC’s risk multiply by 1.06 for every 5 kg/m2 increase in BMI[35].

BMI has indirect relations to CRC. Higher BMI equates to higher number of cells 
and tissues in the body, giving rise to higher chance of genetic mutations and 
malignancy. People with higher stature also found to have longer intestine length than 
others (r: 0.827), leading to more proliferation rate and chance of cancer[36]. Further, 
CRC can be influenced by other diseases. Acromegaly and insulin-like growth factor 
abnormality for example procure modulation in body height, BMI, and thus CRC[37-
39].

With the advancement of technology in healthcare and information, genetic studies 
for diseases’ prevention, detection, and treatment have developed in a rapid pace. 
Specimens with DNA or RNA materials of the patients or family can be analyzed to 
account for the disease. This methodology has been implemented for several diseases
[9]. Representatively, in assessing the hereditary status of a given CRC patient, his or 
her mRNA gene expression can be compared to a defined cut-off, where ≥ equates to 
positive status. Henceforth, the study uses 5th percentile cut-off points which are often 
used in M, C, D, and A statistic of circular data in a wrapped Cauchy distribution[40]. 
Although significant dissonance is present between blood and tissue samples in the 
CRC group, there are no significant difference between the first, third, and fifth 
percentile of MSH2 gene expression which leads to the acceptance of utilizing 5th 
percentile cut-off amounting to 11059 fc. Consequently, 32.5% of CRC patients are 
categorized to the hereditary group. The rate supports the discovery of 22% hereditary 
CRC by Chang et al[41].
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Table 3 provide risk factors assessment between the hereditary and sporadic CRC 
groups. Significant risk factors fall on the age, staging, and family history. The 
sporadic CRC has older patients than the counterpart with ∆: 9.05 years and 77.78% 
proportion for those > 50 years old. Generally, age of 40 years old and over has 
significantly higher incidence of CRC[42]. A 2018 study paints that there is a sharp 
increase in CRC age-specific incidence as early as 35, then the pre-elderly age of 35-64 
[∆: 60.2 (male) and ± 35 (female)], and over 65 years old [∆: 237.5 (male) and 131.4 
(female)][24]. Nonetheless, Yurgelun et al[43] describe that LS mutation carriers have 
significantly younger age at CRC diagnosis with ∆: 11.1 years (P < 0.001)[43]. HNPCC 
specifically has only ± 20% probability to develop around the age of 50 and 50% for 70 
years old or above[44].

Age is an unfortunate risk for malignancy. The older a person is getting, he or she 
accumulate a lot of endogenous factors (i.e., diet, chronic inflammation, metabolism, 
waning immune system, etc.) and exogenous factors (i.e., genotoxins, mutations, 
medications, environmental triggers, etc.) which stimulate oxidative stress and reactive 
oxygen species that initiate DNA damage, mutations, and uncontrolled cell growth
[45]. The body proinflammatory state as time passes also become a progressive 
breeding ground for malignancy[46].

Insignificant relations are found in gender, tumor location, and histological differen-
tiation. The hereditary CRC are predominated by female (53.85%) while the sporadic 
by male (55.56%) yet the difference is negligible (P = 0.826). This is consistent with 
earlier studies where Dominguez-Valentin et al[47] ascertain that in earlier years of 
elderly age, MSH2 carries similar risk of CRC in terms of gender[47]. Further, this 
ascertain that even though female is protected from overall CRC due to its hormonal 
effect, there is no importance to the heredity status of the CRC.

Both hereditary and sporadic CRCs tend to be in the distal colon (61.54% vs 74.07%), 
especially the rectum (38.46% vs 44.44%). Supremacy of CRCs in the rectum also seen 
in a 2020 general hospital study where rectal CRC amounts to 61.8% prevalence[48]. 
Yet the locations are inessential to the heredity status (P = 0.476). Theory upon this 
predicament include the intrinsic and extrinsic factors within everyone. Carethers[49] 
in his 2018 study disclose that the overall risk of CRC and the CRC risk of different 
regions of the colon are affiliated to one’s physical activity, gender, height, BMI, 
smoking status, alcohol intake, diabetes, medications, and hormonal therapy[49]. For 
example, physical activity reduces the overall CRC risk and the proximal colon CRC 
risk; while increase in height do not affect the rectal specific location while profoundly 
heightening risk of overall, proximal, and distal locations.

Likewise, no significance can be seen between histopathological differentiation and 
CRC heredity status. Current study observes higher poorly differentiated CRC in the 
hereditary compared to the sporadic group (30.77% vs 11.54%), which is akin to the 
study by Sun dictating that HNPCC features prominent lymphocyte infiltrations and 
RER+ status, which easily translates to poor differentiation and resulting in more 
within the HNPCC compared to the sporadic group[50]. On the contrary, the heredity 
group also has more well differentiated specimens (∆: 3.85%). The contrast may be due 
to amounts of proteins and cytokines within the tissue. The tissue staining with 
chromogranin A produce significant difference of 13.6% between hereditary and 
sporadic group[50]. The positive staining with after-mentioned stain has high 
correlation with tumor’s grade and stage[51,52]. Meanwhile, the dissonance may also 
happen due to defects on the sample when taken by colonoscopy biopsy as opposed to 
a surgery.

Independent staging of the CRC produces significant results between hereditary 
and sporadic groups (P = 0.020), with the former mostly in stage C (54.85%) and the 
latter in stage B (37.04%). The findings contradict data by Yurgelun et al[43], where 
most LS mutation carriers are in stage II (45.5%)[43]. Difference may occur due to the 
health system flaw in detecting cancer and the pathophysiology of the CRC.

HNPCC or LS is very hard to be detected as a cancer diagnosis must precede the 
genetic diagnosis. Even in the developed country of United States, only < 1% of the 
Americans with LS know about the disease presence[53,54]. The rate may lessen in 
Indonesia where technology is not as advanced in the United States, genetic testing is 
not a routine test and very expensive, as well as Indonesians’ tradition to not seek the 
healthcare center if there are no symptoms or still bearable.

Incidentally, family history has linear relationship to the hereditary vs sporadic type 
of CRC (P = 0.008). Hereditary CRC majorly has positive history patients (61.54%) 
while the sporadic group doesn’t (14.81%). The conditions amount to 9.20 (1.97-42.97) 
times increase of risk in developing hereditary CRC when one has family history of 
CRC. HNPCC is an autosomal dominant disease leading to its presence in every 
generation of the familial generation, as a dominant trait will always be expressed 
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Table 5 Scenarios of colorectal cancer hereditary probability

Scenario Family history1 Staging2 LOGIT3 Probability4

1 1 1 2.356 0.913

2 1 0 -0.039 0.490

3 0 1 -0.770 0.316

4 0 0 -3.165 0.041

11: Yes, 0: No.
21: C or D, 0: A or B.
3LOGIT: -3.165 + 2.395 × staging + 3.126 × history.
4Probability: 1/(1 + e-LOGIT).

according to the mendelian law of inheritance. Simultaneously, similar relationship 
also observed in a 2017 LS study where LS mutation carriers have P < 0.001 for all first- 
and second-degree family history of CRC[43].

Multiple regression control of the factors demonstrates that staging and family 
history is truly significant (P = 0.034 and 0.006) while age just a confounder. The 
analysis then developed applicative equations (Eq. 1 and 2) to predict the heredity of 
CRC, where examples of their usage are listed in Table 5. The analysis has a 
satisfactory fit criteria with significant Lemeshow and adequate AUC.

Subsequently, the probability prediction model of the current study can be one of 
the prospective tools to overcome the weaknesses of the Amsterdam and Bethesda 
criteria. Personal family history and Mendelian family genogram are important for the 
diagnosis of Hereditary CRC, with the Amsterdam and Bethesda criteria being the 
standard diagnosis tools for LS. However, those tools often face difficulties, especially 
for smaller families and late age of disease onset[11-15,55,56]. In addition, individual 
specific genotype and environmental traits assessment may be utilized to overcome 
the hurdle of empirical recurrence risk removal because of its impracticality in 
incomplete penetrance and late onset[11-15]. Meanwhile, aside from the practical 
probability prediction model of the present study, mRNA MSH2 gene expression can 
be used through Bayesian theorem with prior pedigree risk modifications and 
conditional information.

Nevertheless, the limitation of the present study includes the un-generalization of 
the study sample. Participants are taken from the hospitals which indicates the 
possibility of selection bias and unrepresentativeness of the public. Future studies 
should determine whole genome sequencing to validate these findings and establish a 
gold standard for Hereditary CRC.

CONCLUSION
Numerous factors have significant relations to heredity of LS CRC patients. However, 
true important factors are staging and family history, while others (age) are 
confounders. The study also established a definite cut-off point for heredity LS 
CRC/HNPCC based on mRNA MSH2 expression, 11059 fc. These findings shall act as 
concrete foundations on further risk factors and/or genetical LS CRC future studies.

ARTICLE HIGHLIGHTS
Research background
The lack of golden standard for categorizing hereditary status of colorectal cancer 
(CRC) poses diagnostic and management problems. Identifying proper techniques is 
urgent to procure the best care, prevention, risk factors management, and treatment of 
CRC be it hereditary or sporadic, along with judicious resource consumption.

Research motivation
The lack of golden standard leaves a gaping hole in the LS CRC healthcare system. 
Previous guideline of Bethesda and Amsterdam have tried yet fail in the applicability 
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area especially with later age onset and smaller family. These coupled with the 
hazardous nature of CRC or lynch syndrome and scarce information on CRC risk 
factors identifications motivate the authors to commence the present study.

Research objectives
To determine the gold standard cut-off of MSH2 gene expression for hereditary cluster 
as well as to identify and examine the relationship of hereditary non-polyposis colon 
cancer (HNPCC) with its non-modifiable risk factors.

Research methods
Consecutive sampling of the hospital internal medicine patients with CRC provides 
the case group. Then, the control group was concocted by matching the characteristics 
of the case group. MSH2 mRNA was then analyzed through blood and tissue 
collection and reverse transcription-polymerase chain reaction. Further, the gene 
expression cut-off determined using percentile technique akin to Cauchy distribution 
of M, C, A, and D circular data statistics. CRC groups then clustered into hereditary 
and sporadic according to the MSH2 gene expression against the cut-off. Lastly, risk 
factors are contrasted between each cluster and developed into a prediction model.

Research results
In a group of 40 CRCs differentiated into 13 hereditary and 27 sporadic through MSH2 
mRNA cut-off in 11059 fc, significant risk factors for the hereditary CRC are family 
history and staging with (OR: 22.784, 95%CI: 2.423-214.273, P = 0.006; OR: 10.970, 
95%CI: 1.199-100.382, P = 0.034). Moreover, a prediction model is concocted with area 
under the curve 82.2%.

Research conclusions
The cut-off of MSH2 mRNA 5th percentile provided rough clustering of hereditary and 
sporadic CRC groups. Significant risk factors toward HNPCC are family history and 
staging, while age is just a confounder.

Research perspectives
Future research directions include validation of the determined cut-off and reliability 
testing of the risk factors in a bigger sample size and/or with the general population. 
Further, a longitudinal study on the risk factors effects should be evaluated.
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