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and mlh| genes in northern Saudi Arabia

Abstract

Background: Colorectal cancer is a major cause of morbidity and mortality throughout the
world. About 5 to 10 percent of all colorectal cancers are caused by a heritable mutation. This
means that the majority of colon cancer cases are sporadic (with personalized mutation).
Therefore, the objective of the present study was to assess the association of colorectal
cancer type and P53, PTEN and MLH]1 genes in Northern Kingdom of Saudi Arabia (KSA).

Methodology: A retrospective cohort study was performed out over a five year period in
several referral hospitals. In this study 130 files were retrieved from departments of Surgery
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Introduction

Colorectal cancer (CRC) is a major cause of morbidity and
mortality throughout the world, being the third most common cancer
in the world and the fourth most common cause of death.!* Globally,
CRC represents 9.4% of all incident cancer in men and 10.1% in
women. CRC, however, is not uniformly common throughout the
world.* The incidence rate varies up to 10-fold between countries with
the highest rates and those with the lowest rates.'”

One of the fundamental processes driving the initiation and
progression of CRC is the accumulation of a variety of genetic and
epigenetic changes in colon epithelial cells.® Gene mutations have
long been known to be important in cancer formation.” The MLH1
gene provides instructions for making a protein that plays an essential
role in DNA repair. This protein helps fix mistakes that are made when
DNA is copied (DNA replication) in preparation for cell division.®
Since the first report of MLH1 promoter methylation in sporadic colon
tumors,’ the frequency of MLHI promoter methylation in sporadic
CRC varied from 0.0%'°to 66.9%."

The tumor suppressor p53 is widely known for its potential to
induce cell death or cell cycle arrest and thereby prevent neoplastic
progression.'>!3 Deficiency or mutation of p53 commonly occurs in
approximately half of all human cancers and contributes to tumor
progression.'*!5 Recently, p53 is shown to be associated with the
process of Epithelial-mesenchymal transition (EMT).'¢

Three-dimensional (3D) colorectal gland formation is regulated
by phosphatase and tensin homologue deleted on chromosome 10
(PTEN) coupling of cell division cycle 42 (cdc42) to atypical protein
kinase C (aPKC)."” PTEN is a tumor suppressor which dominates the
PTEN/AKT/PI3K pathway. Loss of PTEN and activation of AKT
has been reported in many types of cancers, including hepatocellular
carcinoma, prostate adenoma and colorectal cancer.'® It was found
that PTEN was a target of miR-17-5p in the colon cancer cells, and

their context-specific interactions were responsible for multiple drug-
resistance."

Materials and methods

This is a descriptive retrospective study conducted in Northern
Saudi Arabia. Sample size represents a full coverage of the available
cases with completed required data (including full histopathology
report, age, sex etc.). Any patient underwent colonoscopy or/
and biopsy due to the presence of colon lesion for the purpose of
diagnosis was included. Of the 353 retrieved files, 130 were found
to be referring to colonoscopy or/and biopsy. All information of the
patients were retrieved from the concerned hospitals. All 130 patients
were confirmed by conventional histopathology. Conventional
histopathology was re-assessed. The histological examination of
biopsy specimens were done to achieve the assessment process role,
by giving a pathology category classification (types of malignant
lesions).

Statistical analyses

Data managing was completed by using the Statistical Package for
Social Sciences (SPSS version 16; SPSS Inc, Chicago, IL). SPSS was
used for analysis and to do Fisher exact test for statistical significance
(P value<0.05 was considered significant). The 95% confidence level
and confidence intervals were applied.

Results

In the present study we investigated 130 CRC patients their ages
ranging from 20 to 90 years with a mean age of 62.9 years old. Out
of the 130 patients 69/130(53.1%) were males and 61/130(46.9%)
were females giving males’ females’ ratio of 1.13: 1.00. Most of
the study population were found in age range 61-70 demonstrating
37/130(28.5%) followed by age ranges 51-60, 71-80, 41-50,
81+ and <40 years constituting 22/130(16.9%), 21/130(16.2%),
18/130(13.8%), 17/130(13.1%) and 15/130(11.5%), respectively
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as indicated in Table 1 & Figure 1. The distribution of males and
females in each age group was relatively varied. High variations were
encountered in age group <40 years and 61-70 years. In age range
< 40years, the proportions of males and females were 4/15(26.7%)
and 11/15(73.3%) in this order. In age group 61-70, the proportions
of males and females were 24/37(65%) and 13/37(35%) in this
order. The remaining age groups, however, showed relatively similar
proportions, as shown in Figure 1. With regard to the site of the tumor,
most of them were raised in the colon constituting 75/130(57.7%),
followed by Recto-sigmoid, and Rectum representing 33/130(25.4%)
and 13/130(10%) respectively, as indicated in Table 2. Out of the
75 presented with colonic lesions, 39/75 (52%) were females and
36/75(48%) were males. Of the 33/130(25.4%) identified with recto-
sigmoid tumors, 19/33(58%) were males and 14/33(42%) were
females, as indicated in Table 2 & Figure 2.
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Figure | Description of the study subjects by age and sex.
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Figure 2 Description of the study subjects by sex and Tumor site.

Table | Distribution of the study subjects by sex and age

Age Group Males Females Total
<40 years 4 I 15

41-50 9 9 18

51-60 I I 22

61-70 24 13 37

71-80 12 9 21

81+ 9 8 17

Total 69 6l 130

Furthermore, Adenocarcinoma (AD) was diagnosed in

115/130(88.5%) of the patients, of whom 63/115(54.8%) were males
and 52/115(45.2%) were females. Papillary AD was also diagnosed
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in 7/130(5.4%), of whom 4/7(57%) were males and 3/7(43%) were
females, as indicated in Table 2 & Figure 3. With regard to tumor
differentiation, the great majority of patients were categorized with
moderately differentiated carcinoma representing 81/130(62.3%),
followed by well differentiated and poorly differentiated carcinomas
constituting 38/130(29.2%) and 10/130(7.7%), respectively. Out of the
81 patients with moderately differentiated carcinomas, 41/81(50.6%)
were males and 40/81(49.4%) were females. Out of the 38 patients
with well differentiated, 23/38(60.5%) were males and 15/38(39.5%)
were females, as shown in Table 2, Figure 4.
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Figure 3 Description of the study subjects by Sex and Diagnosis.
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Figure 4 Description of the study subjects by Sex and Grade of differentiation
of carcinoma.

Table 3 summarizes the distribution of the study subjects by
pathology and P53, PTEN and MLH1 genes expression. With regard
to the tumor site, the overall positive P53 expression was found in
33/130(25.4%). Out of 33 positive cases, 19/33(57.6%), 10/33(30.3%),
1/33(3%) and 3/33(9%) were found colon, recto-sigmoid, rectum and
rectal transverse, respectively. The overall loss of PTEN expression
(negative) was identified in 42/130(32.3%). Out of the 42 negative
cases, 24/42(57%), 10/42(23.8%), 7/42(16.7%), and 1/42(2.4%), of
colon, recto-sigmoid, rectum and rectal transverse, respectively. The
overall positive MLH1 was found in 35/130(27%). Out of 35 positive
cases, 21/35(60%), 7/35(20%), 6/35(17%), 0/35(0%) and 1/35(3%)
were found colon, recto-sigmoid, rectum, rectal transverse and rectal
polyp, respectively, as shown in Figure 5.

With regard to the tumor diagnosis, out of 33 P53 positive cases,
31/33(94%), 1/33(3%), and 1/33(3%) were found among AD, AD-
signet ring type and spindle cell sarcoma, respectively. Out of the
42 negative PTEN cases, 37/42(88%), 3/42(7.2%), 1/42(2.4%),
and 1/42(2.4%), were found among AD, Papillary AD, spindle cell
sarcoma and intra-mucosal AD, respectively. Out of 35 positive
MLH1 cases, 30/35(85.7%), 1/35(2.8%), 1/35(2.8%), 2/35(5.7%)
and 1/35(2.8%) were found among AD, Papillary AD, spindle cell
sarcoma, AD-signet ring type and SCC, respectively, as shown in
Figure 6.
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Table 2 Distribution of the study subjects by sex and pathology
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Category Variable Males Females Total
Tumor presentation Colon 36 39 75
Recto-sigmoid 19 14 33
Rectum 10 3 13
Rectal transverse 4 4 8
Rectal polyp 0 | |
Total 69 6l 130
Diagnosis Adenocarcinoma(AD) 63 52 115
Papillary AD 4 3 7
Spindle cell sarcoma | 0 |
Intra-mucosal AD | 2 3
AD signet ring type 0 2 2
Squamous cell Carcinoma 0 2 2
Total 69 6l 130
Well differentiated 23 15 38
Tumor Differentiation Moderately differentiated 41 40 8l
Poorly differentiated 5 5 10
Total 69 6l 130
Table 3 Distribution of the study subjects by pathology and P53, PTEN and MLH| genes expression
P53 PTEN MLHI
Category Variable
+ve -ve +ve -ve +ve -ve
Tumor presentation Colon 19 56 51 24 21 54
Recto-sigmoid 10 23 23 10 7 26
Rectum | 12 6 7 6 7
Rectal transverse 3 5 7 | 0 8
Rectal polyp 0 | | 0 | 0
Total 33 97 88 42 35 95
Diagnosis Adenocarcinoma(AD) 31 84 78 37 30 85
Papillary AD 0 7 4 3 | 6
Spindle cell sarcoma | 0 0 | | 0
Intra-mucosal AD 0 3 2 | 0 3
AD signet ring type | | 2 0 2 0
SCC 0 2 2 0 | |
Total 33 97 88 42 35 95
Tumor Differentiation Well differentiated 9 29 27 I I 27
Moderately differentiated 23 58 52 29 20 6l
Poorly differentiated | 9 9 | 3 7
Total 33 96 88 42 34 95

With regard to the tumor differentiation, out of 33 P53 positive
cases, 9/33(27%), 23/33(70%), and 1/33(3%) were found among well
differentiated, moderately differentiated and poorly differentiated,
respectively. Out of the 42 negative PTEN cases, 11/42(26.2%),
29/42(69%), and 1/42(2.4%), were found among well differentiated,

moderately differentiated and poorly differentiated, respectively.
Out of 35 positive MLH1 cases, 11/35(31.4%), 20/35(57%), and
3/35(8.6%) were found among AD, Papillary AD, spindle cell
sarcoma, AD-signet ring type and SCC, respectively, as shown in
Figure 7.
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Table 4 Distribution of the study subjects by gender, age and P53, PTEN and
MLHI genes expression

P53 PTEN MLHI
Category Variable
+ve -ve tve -ve +tve -ve
Gender Males 20 49 40 29 20 49
Females 13 48 48 13 15 46
Total 33 97 88 42 35 95
Age ;:gs 3 2 9 6 5 10
41-50 4 14 13 5 3 15
51-60 4 18 13 9 8 14
61-70 10 27 28 9 9 28
71-80 6 15 13 8 5 16
8l+ 6 I 12 5 5 12
Total 33 97 88 42 35 95
HMLH1+ve MPTEN-ve MP53+ve
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Figure 5 Description of the study subjects by tumor site and P53, PTEN,
MLHI expression.
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Figure 6 Description of the study subjects by tumor diagnosis and P53, PTEN,
MLHI expression.

Discussion

This study assessed the association of colorectal cancer type and
P53, PTEN and MLH1 genes in Northern KSA. Males were found
more than females in the present study, which was previously reported
in many settings [20]. Most of patients in the current study presented
with colonic site lesions followed recto-sigmoid sites. Right colon
tumors spread to local and distant sites in 90% of autopsies, and to
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distant sites alone in 10%. Rectal tumors spread locally only in 25%
of cases, to distant site alone in 25%, and to both in 50%. Regardless
of the origin of the primary tumor, the liver is the most common site
of metastasis, followed by the regional lymph nodes and the lungs.
Two-thirds of the patients with right colon lesions died of liver
metastases, and three-quarters of those with rectal tumors succumbed
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Figure 7 Description of the study subjects by tumor differentiation and P53,
PTEN, MLH| expression.

With regard to colon cancer subtype, most of patients in the
present study were found with adenocarcinoma followed by papillary
adenocarcinoma. Adenocarcinoma of the colon is the most frequent
histopathological type of colorectal cancer. Most patients present
late, and have rapid tumor progression and poor outcome.?>?
Adenocarcinoma may be well-differentiated, frequently rising within
a villous adenoma, or poorly-differentiated. The poorly-differentiated
lumps (such as, adenocarcinoma -signet ring type) have a poor
prognosis and likely to happen in younger patients. Most are well-
differentiated adenocarcinoma and are classified according to mucin
content. Mucin-secreting adenocarcinomas have less than 50% mucin
production, mucinous carcinomas have more than 50% extracellular
mucin, and adenocarcinoma-signet ring types have intracellular mucin
that shifts the nucleus to one side.”* Diagnosis of adenocarcinoma-
signet ring types is made when at least 50% of the cells are of the
signet ring type.?

Although the age of patients is relatively comparable in all age
ranges, but it was perceived that there was an escalation in the
younger age group. Furthermore, though the males were more than
females, but many females attend at younger age. Such results were
previously reported from Saudi Arabia. Colorectal cancer has been
the most common cancer among men and the third commonest
among women since 2002 in Saudi Arabia. There has been a slight
predominance among men with an average ratio of 116:100 over the
years (range: 99:100-132:100). The overall age-standardized rate
(ASR) approached a plateau of 9.6/100000 in 2010. Colorectal cancer
presents at a younger age in Saudis, especially in women. This has a
major implication for decisions about the threshold age for screening.
The ASR has increased, but is still much lower than in developed
countries.*?’

The diagnosis of different carcinomas was relatively similar among
both sex with exception of squamous cell carcinoma and AD signet
ring type were more common among females. Tumor differentiation
was relatively similar for both sex, but what is surprisingly, that most
cases present in advanced stage of the disease, which might be due to
the lack of screening programs as well as, the low levels of awareness.
Such results were stated from diverse regions in Saudi Arabia.
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Emergency CRC presentation is common in the Tabuk region. Patients
tend to present at an advanced stage, which necessitates an endeavor
to detect the disease in its early stages, possibly through initiation of
health education programs and suitable screening projects.?

In the present study P53 positive expression was identified in
33/130(25.4%) of the patients with colorectal cancer. In a study
documented the incidence and role of p53 and DNA mismatch
repair proteins in colorectal carcinomas, and to evaluate the relative
frequency of major molecular pathways in colorectal cancers
from Saudi Arabia. The p53 positivity was observed in 57.5% of
tumors, and was inversely linked to expression loss of mismatch
repair genes (p=0.0102).% This results show some variation from
our findings, although they used the same methods, but their sample
size was relatively lower than ours. Another study assessed colorectal
cancer from Middle East, however, found relatively similar Findings
(The TP53 mutations were found in 24% of the cases studied).>

The overall loss of PTEN expression (negative) was identified in
42/130(32.3%). Variable results were previously reported regarding
absence of PTEN expression in CRC. In one study form Saudi
Arabia, PTEN was inactivated in 66.1% of the 51 CRC cases, and
PTEN loss was more frequent in microsatellite stable (MSS) CRC
(P=0.043).3! Another study has investigated 99 CRC cases for PTEN
mutation and it was identified in 13% of the cases.*?

In the present study the overall positive MLH1 was found in
35/130(27%). Microsatellite instability (MSI) is present in more than
90% of colorectal cancers of patients with Lynch syndrome, and in
study performed MSI analysis on 593 unselected CRC patients and
subsequently searched for the presence of point mutations, larger
genomic rearrangements and MLH1 promoter hypermethylation in
patients with MSI-high tumors. MLH1 promoter methylation was
detected in 56% of patients without detected germline defects and in
1 (14%) suspected Lynch syndrome.* In another study 17 patients
underwent germline mutation analysis, 24% were found with MLH1
mutations.**

Conclusion

Patients with CRC were more frequent to present with advanced
stages of the disease and relatively at younger ages in Saudi Arabia.
P53, PTEN, and MLH1 genes mutation might be associated with a
number of CRC in Saudi Arabia. More efforts towards CRC prevention
and control are deemed important. The findings of the present study
may inspire the inclusion of these markers in screening and diagnostic
panels of colorectal cancers in Saudi Arabia.

Acknowledgments

None.

Conflicts of interest

The authors declare there are no conflicts of interest related to the
article.

Funding

None.

References

1. World Health Organization (WHO). Cancer incidence in five continents.
the world health organization and the international agency for research
on cancer, Lyon, France. 2002.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Copyright:
©2017 Alawad et al. 247

World cancer research fund and American institute for cancer research
food, nutrition, physical activity, and the prevention of cancer: a global
perspective. American institute for cancer research, Washington, DC,
USA. 2007.

Haggar FA, Boushey RP. Colorectal cancer epidemiology: incidence,
mortality, survival, and risk factors. Clin Colon Rectal Surg.
2009;22(4):191-197.

Boyle P, Langman JS. ABC of colorectal cancer: epidomolgy. BMJ.
2000;321(7264):805-808.

Wilmink AB. Overview of the epidemiology of colorectal cancer. Dis
Colon Rectum. 1997;40(4):483-493.

Okugawa Y, Grady WM, Goel A. Epigenetic alterations in colorectal
cancer: emerging biomarkers. Gastroenterology. 2015;149(5):1204—
1225.

Bird A. DNA methylation patterns and epigenetic memory. Genes De.
2002;16(1):6-21.

Andersen SD, Liberti SE, Liitzen A, et al. Functional characterization of
MLHI1 missense variants identified in Lynch syndrome patients. Hum
Mutat. 2012;33(12):1647-1655.

Kane MF, Loda M, Gaida GM, et al. Methylation of the hMLH1
promoter correlates with lack of expression of hMLHI1 in sporadic colon
tumors and mismatch repair-defective human tumor cell lines. Cancer
Res. 1997;57(5):808-811.

Belshaw NJ, Elliott GO, Williams EA, et al. Use of DNA from human
stools to detect aberrant CpG island methylation of genes implicated in
colorectal cancer. Cancer Epidemiol Biomarkers Prev. 2004;13(9):1495—
1501.

Kumar K, Brim H, Giardiello F, et al. Distinct BRAF (V600E) and
KRAS mutations in high microsatellite instability sporadic colorectal
cancer in African Americans. Clin Cancer Res. 2009;15(4):1155-1161.

Lane DP. Cancer. Nature.

1992;358(6381):15-16.

pS3, guardian of the genome.

Xue W, Zender L, Miething C, et al.Senescence and tumour clearance
is triggered by p53 restoration in murine liver carcinomas. Nature.
2007;445(7128):656-660.

Soussi T, Wiman KG. Shaping genetic alterations in human cancer: the
p53 mutation paradigm. Cancer cell. 2007;12(4):303-312.

Muller PA, Vousden KH. p53 mutations in cancer. Nature cell biology.
2013;15:2-8.

Chang CJ, Chao CH, Xia W, et al. p53 regulates epithelial-mesenchymal
transition and stem cell properties through modulating miRNAs. Nat
Cell Biol. 2011;13(3):317-323.

Jagan IC, Deevi RK, Fatehullah A, et al. PTEN phosphatase-independent
maintenance of glandular morphology in a predictive colorectal cancer
model system. Neoplasia. 2013;15(11):1218-1230.

Zhang J, Roberts TM, Shivdasani RA. Targeting PI3K signaling
as a therapeutic approach for colorectal cancer. Gastroenterology.
2018;141(1):50—61.

FangL,LiH, WangL, etal. MicroRNA-17-5p promotes chemotherapeutic
drug resistance and tumour metastasis of colorectal cancer by repressing
PTEN expression. Oncotarget. 2014;5(10):2974-2987.

Murphy G, Devesa SS, Cross AJ, et al. Sex Disparities in Colorectal
Cancer Incidence by Anatomic Subsite, Race and Age. Int J Cancer.
2011;128(7):1668-1675.

Welch JP, Donaldson GA. The clinical correlation of an autopsy study of
recurrent colorectal cancer. Ann Surg. 1979;189(4): 496-502.

Citation: Alawad GM,Ahmed HG, Alshaikh AA, et al. Association of colorectal cancer type and p53, pten and mlh| genes in northern Saudi Arabia.
Gastroenterol Hepatol Open Access. 2017;7(2):243-248. DOI: 10.15406/ghoa.2017.07.00232


https://doi.org/10.15406/ghoa.2017.07.00232
https://www.ncbi.nlm.nih.gov/pubmed/21037809
https://www.ncbi.nlm.nih.gov/pubmed/21037809
https://www.ncbi.nlm.nih.gov/pubmed/21037809
https://www.ncbi.nlm.nih.gov/pubmed/11009523
https://www.ncbi.nlm.nih.gov/pubmed/11009523
https://www.ncbi.nlm.nih.gov/pubmed/9106701
https://www.ncbi.nlm.nih.gov/pubmed/9106701
https://www.ncbi.nlm.nih.gov/pubmed/26216839
https://www.ncbi.nlm.nih.gov/pubmed/26216839
https://www.ncbi.nlm.nih.gov/pubmed/26216839
https://www.ncbi.nlm.nih.gov/pubmed/11782440
https://www.ncbi.nlm.nih.gov/pubmed/11782440
https://www.ncbi.nlm.nih.gov/pubmed/22753075
https://www.ncbi.nlm.nih.gov/pubmed/22753075
https://www.ncbi.nlm.nih.gov/pubmed/22753075
https://www.ncbi.nlm.nih.gov/pubmed/9041175
https://www.ncbi.nlm.nih.gov/pubmed/9041175
https://www.ncbi.nlm.nih.gov/pubmed/9041175
https://www.ncbi.nlm.nih.gov/pubmed/9041175
https://www.ncbi.nlm.nih.gov/pubmed/15342451
https://www.ncbi.nlm.nih.gov/pubmed/15342451
https://www.ncbi.nlm.nih.gov/pubmed/15342451
https://www.ncbi.nlm.nih.gov/pubmed/15342451
https://www.ncbi.nlm.nih.gov/pubmed/19190129
https://www.ncbi.nlm.nih.gov/pubmed/19190129
https://www.ncbi.nlm.nih.gov/pubmed/19190129
https://www.ncbi.nlm.nih.gov/pubmed/1614522
https://www.ncbi.nlm.nih.gov/pubmed/1614522
https://www.ncbi.nlm.nih.gov/pubmed/17251933
https://www.ncbi.nlm.nih.gov/pubmed/17251933
https://www.ncbi.nlm.nih.gov/pubmed/17251933
https://www.ncbi.nlm.nih.gov/pubmed/17936556
https://www.ncbi.nlm.nih.gov/pubmed/17936556
http://www.nature.com/ncb/journal/v15/n1/full/ncb2641.html
http://www.nature.com/ncb/journal/v15/n1/full/ncb2641.html
https://www.ncbi.nlm.nih.gov/pubmed/21336307
https://www.ncbi.nlm.nih.gov/pubmed/21336307
https://www.ncbi.nlm.nih.gov/pubmed/21336307
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858899/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858899/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858899/
https://www.ncbi.nlm.nih.gov/pubmed/21723986
https://www.ncbi.nlm.nih.gov/pubmed/21723986
https://www.ncbi.nlm.nih.gov/pubmed/21723986
https://www.ncbi.nlm.nih.gov/pubmed/24912422
https://www.ncbi.nlm.nih.gov/pubmed/24912422
https://www.ncbi.nlm.nih.gov/pubmed/24912422
https://www.ncbi.nlm.nih.gov/pubmed/20503269
https://www.ncbi.nlm.nih.gov/pubmed/20503269
https://www.ncbi.nlm.nih.gov/pubmed/20503269
https://www.ncbi.nlm.nih.gov/pubmed/443905
https://www.ncbi.nlm.nih.gov/pubmed/443905

Association of colorectal cancer type and p53, pten and mih| genes in northern Saudi Arabia

22.

23.

24.

25.

26.

217.

28.

Lynnette K Tumwine, Magid Kagimu, et al. Atypical presentation of
colon adenocarcinoma: a case report. Journal of Medical Case Reports.
2012;6:58.

Yawe K, Bakari A, Pindiga U, et al. A: Clinicopathological pattern and
challenges in the management of colorectal carcinoma in sub Saharan
Africa. J Chinese Clin Med. 2007;2:688-694.

Connely JH, Robey-Cafferty SS, Clearly KR. Mucinous carcinoma of
the colon and rectum. an analysis of 62 stage B and C lesions. Arch
Pathol Lab Med. 1991;115(10):1022-1025.

Anthony T, George R, Rodriguez-Bigas M, et al. Primary signet ring cell
carcinoma of the colon and rectum. 4nn Surg Oncol. 1996;3(4):344—
348.

Alsanea N, Abduljabbar AS, Alhomoud S, et al. Colorectal cancer in
Saudi Arabia: incidence, survival, demographics and implications for
national policies. Ann Saudi Med. 2015;35(3):196-202.

Rim SH, Seeff L, Ahmed F, et al. Colorectal cancer incidence in the
United States, 1999-2004 : an updated analysis of data from the National
program of cancer registries and the surveillance, epidemiology, and end
results program. Cancer. 2009;115(9):1967-1976.

Albalawi IA, Abdullah AA, Mohammed ME. Emergency presentation
of colorectal cancer in Northwestern Saudi Arabia. Saudi Med J.
2017;38(5):528-533.

29.

30.

31.

32.

33.

34.

Copyright:
©2017 Alawad et al. 248

Al-Kuraya KS, Bavi PP, Ezzat AA, et al.Colorectal carcinoma
from Saudi Arabia. Analysis of MLH-1, MSH-2 and p53 genes by
immunohistochemistry and tissue microarray analysis. Saudi Med J.
2006;27(3):323-328.

Bavi PP, Abubaker JA, Jehan ZD, et al. Colorectal carcinomas from
Middle East. Molecular and tissue microarray analysis of genomic
instability pathways. Saudi Med J. 2008;29(1):75-80.

Abubaker J, Bavi P, Al-Harbi S, et al. Clinicopathological analysis of
colorectal cancers with PIK3CA mutations in Middle Eastern population.
Oncogene. 2008;27(25):3539-3545.

Dallol A, Buhmeida A, Al-Ahwal MS, et al. Clinical significance
of frequent somatic mutations detected by high-throughput targeted
sequencing in archived colorectal cancer samples. J Trans/ Med.
2016;14(1):118.

Berginc G, Bracko M, Ravnik-Glavac M, et al. Screening for germline
mutations of MLHI, MSH2, MSH6 and PMS2 genes in Slovenian
colorectal cancer patients: implications for a population specific
detection strategy of Lynch syndrome. Fam Cancer. 2009;8(4): 421—
429.

Dudley B, Brand RE, Thull D, et al. Germline MLH1 Mutations Are
Frequently Identified in Lynch Syndrome Patients With Colorectal
and Endometrial Carcinoma Demonstrating Isolated Loss of PMS2
Immunohistochemical Expression. Am J Surg Pathol. 2015;39(8):1114—
1120.

Citation: Alawad GM,Ahmed HG, Alshaikh AA, et al. Association of colorectal cancer type and p53, pten and mlh| genes in northern Saudi Arabia.
Gastroenterol Hepatol Open Access. 2017;7(2):243-248. DOI: 10.15406/ghoa.2017.07.00232


https://doi.org/10.15406/ghoa.2017.07.00232
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-1947-6-58
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-1947-6-58
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-1947-6-58
https://wjso.biomedcentral.com/articles/10.1186/1477-7819-11-88
https://wjso.biomedcentral.com/articles/10.1186/1477-7819-11-88
https://wjso.biomedcentral.com/articles/10.1186/1477-7819-11-88
https://www.ncbi.nlm.nih.gov/pubmed/1654871
https://www.ncbi.nlm.nih.gov/pubmed/1654871
https://www.ncbi.nlm.nih.gov/pubmed/1654871
https://www.ncbi.nlm.nih.gov/pubmed/8790846
https://www.ncbi.nlm.nih.gov/pubmed/8790846
https://www.ncbi.nlm.nih.gov/pubmed/8790846
https://www.ncbi.nlm.nih.gov/pubmed/26409793
https://www.ncbi.nlm.nih.gov/pubmed/26409793
https://www.ncbi.nlm.nih.gov/pubmed/26409793
https://www.ncbi.nlm.nih.gov/pubmed/19235249
https://www.ncbi.nlm.nih.gov/pubmed/19235249
https://www.ncbi.nlm.nih.gov/pubmed/19235249
https://www.ncbi.nlm.nih.gov/pubmed/19235249
https://www.ncbi.nlm.nih.gov/pubmed/28439604
https://www.ncbi.nlm.nih.gov/pubmed/28439604
https://www.ncbi.nlm.nih.gov/pubmed/28439604
https://www.ncbi.nlm.nih.gov/pubmed/16532091
https://www.ncbi.nlm.nih.gov/pubmed/16532091
https://www.ncbi.nlm.nih.gov/pubmed/16532091
https://www.ncbi.nlm.nih.gov/pubmed/16532091
https://www.ncbi.nlm.nih.gov/pubmed/18176677
https://www.ncbi.nlm.nih.gov/pubmed/18176677
https://www.ncbi.nlm.nih.gov/pubmed/18176677
https://www.ncbi.nlm.nih.gov/labs/articles/18193083/
https://www.ncbi.nlm.nih.gov/labs/articles/18193083/
https://www.ncbi.nlm.nih.gov/labs/articles/18193083/
https://www.ncbi.nlm.nih.gov/pubmed/27146902
https://www.ncbi.nlm.nih.gov/pubmed/27146902
https://www.ncbi.nlm.nih.gov/pubmed/27146902
https://www.ncbi.nlm.nih.gov/pubmed/27146902
https://www.ncbi.nlm.nih.gov/pubmed/19526325
https://www.ncbi.nlm.nih.gov/pubmed/19526325
https://www.ncbi.nlm.nih.gov/pubmed/19526325
https://www.ncbi.nlm.nih.gov/pubmed/19526325
https://www.ncbi.nlm.nih.gov/pubmed/19526325
https://www.ncbi.nlm.nih.gov/pubmed/25871621
https://www.ncbi.nlm.nih.gov/pubmed/25871621
https://www.ncbi.nlm.nih.gov/pubmed/25871621
https://www.ncbi.nlm.nih.gov/pubmed/25871621
https://www.ncbi.nlm.nih.gov/pubmed/25871621

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods 
	Statistical analyses 

	Results
	Discussion
	Conclusion
	Acknowledgments
	Conflicts of interest 
	Funding
	References
	Figure 1
	Figure 2
	Figure 3 
	Figure 4
	Figure 5
	Figure 6 
	Figure 7
	Table 1
	Table 2
	Table 3 
	Table 4

