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Abstract

Colorectal cancer (CRC) is the cancer of the colon and rectum, which are situated, in the lower digestive tract. CRC
is caused by mutations that target oncogenes, tumor suppressor genes and genes related to DNA repair mechanisms.
The aim of this study was to observe and study the expression of MSH6 and MSH2 in colorectal cancer and to
determine the expression of these markers in normal colorectal sample, colorectal intraepithelial neoplasia and
colorectal cancer. A total of 65 formalin fixed paraffin embedded tissue blocks comprising 15 normal colorectal
tissues, 25 colonic polyps tissues and 25 malignant invasive colorectal cancer were retrieved from the Pathological
Archives. Immunohistochemical analysis was carried out on the samples. The immunohistochemical staining was
evaluated and the results obtained were considered. Nuclear MSH2 staining was expressed; Normal cases showed a
positivity rate of 46%, Colonic polyps’ cases showed a positivity rate of 56%, colorectal carcinoma cases had a
positivity rate of 100% as all of the cells showed significant expression. Nuclear MSH6 was expressed; Normal cases
showed a positivity rate of 40%, Colonic polyps’ cases showed a positivity rate of 60%, colorectal carcinoma cases
had a positivity rate of 100% as all of the cells showed significant expression. There was a distinct upregulation of
MSH2 and MSH6. The upregulated expression of MSH2 and MSH6 in normal colorectal tissues, neoplastic colonic
polyps and colorectal cancer confirms the usefulness of tumor biomarkers and Immunohistochemistry in predicting

progression of malignant lesions.
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Introduction

Cancer of the colon and rectum, which are located in the lower digestive
tract, is referred to as colorectal cancer (CRC). Around a million people are
affected by adenocarcinoma of the colon and rectum every year, and the 5-
year mortality rate is close to 50% [1]. As the third most frequently
diagnosed cancer and the fourth leading cause of cancer death globally,
colorectal cancer poses a serious threat to public health [2]. Oncogenes,
tumor suppressor genes, and genes involved in DNA repair pathways are the
targets of mutations that lead to CRC. Colorectal cancers can be categorized
as sporadic (70%), hereditary (5%) or familial (25%), depending on the
source of the mutation. Chromosome instability, microsatellite instability
(MSI), and the CpG island methylator phenotype are the pathogenic
processes causing this condition [3].

DNA mismatch repair protein the MSH2 gene, which is found on
chromosome 2, encodes the protein known as MSH2, often referred to as
MutS homolog 2, or MSH2[4]. A DNA mismatch repair (MMR) protein,
MSH?2, is encoded for by the tumor suppressor gene MSH2. MSH2 forms a
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heterodimer with MSH6 to create the human MutS mismatch repair complex
[5]. MSH2 participates in a variety of DNA repair processes, including base
excision repair [6], homologous recombination [7], transcription-coupled
repair and homologous recombination [8]. Microsatellite instability and
various malignancies, including hereditary nonpolyposis colorectal cancer,
are linked to mutations in the MSH2 gene (HNPCC). This gene has at least
114 known pathogenic mutations [9].

In the budding yeast Saccharomyces cerevisiae, the MSH6 gene, also known
as mutS homolog 6, codes for the DNA mismatch repair protein MSH6.
Whereas hMSH2 mutations strongly influence the phenotype of all mutators,
hMSH6 mutations have a much more limited impact. At the gene level, it
was discovered that the mutations mainly resulted in single-base substitution
mutations, which implies that hMSH6 predominantly functions to repair
single-base substitution mutations and, to a lesser extent, single base
insertion/deletion mutations [10].
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Immunohistochemical markers MSH6 and MSH2 have been demonstrated
to be helpful in the diagnosis of colorectal lesions. In order to understand
how MSH6 and MSH2 are expressed in colorectal cancer, this study will
examine how these markers are expressed in normal colorectal tissue,
colorectal intraepithelial neoplasia, and colorectal cancer. The study's results
will help in observing the development of benign into malignant lesions of
the colon through the process of immunoreactivity and figuring out whether
these markers may be employed to express colorectal cancer for potential
treatment choices.

One of the most prevalent tumors of the gastrointestinal tract is colorectal
cancer (CRC). Almost 10% of all cancers diagnosed each year and cancer-
related deaths globally are caused by colorectal cancer [5]. It is the second
most frequent cancer among women and the third most frequent among men.
Estimates of the heredity of colorectal cancer based on twin and family
studies range from 12% to 35%. Immunohistochemical markers MSH6 and
MSH2 have been demonstrated to be helpful in the diagnosis of colorectal
lesions [9]. The aim of this study is to determine the expression of MSH6
and MSH2 in colorectal cancer.

Materials and Method
Tissue Sample Selection

A total of 65 formalin fixed paraffin embedded tissue blocks comprising of
15 normal colorectal tissues, 25 colonic polyps tissues and 25 malignant
invasive colorectal cancer were retrieved from the Pathological Archives of
the Obafemi Awolowo University Teaching Hospital Complex lle-Ife
(OAUTHC).

Immunohistochemical Analysis

The expression of the biomarkers, MSH2 and MSHS6, were demonstrated
immunohistochemically using the Avidin-biotin immuno-peroxidase
method. Sections on adhesive coated glass slides were deparaffinized in
xylene and rehydrated using different gradients of ethanol. The sections were
pretreated in a pressure cooker for antigen retrieval, using antigen retrieval
buffer at 95°C for 30 minutes, 90°C for 10 seconds and 10°C for 10 minutes.
Endogenous peroxidase activity was blocked by immersion in 3% hydrogen
peroxidase solution for 5 minutes. Non-specific binding was blocked with
the use of blocking buffer (horse non-immune serum) for 15 minutes. 200ul
of diluted primary antibody (BioGenex mouse monoclonal primary
antibodies) for MSH2 and MSH6 sequentially was added to slides and
incubated at room temperature for 80 minutes. The slides were incubated
with biotinylated rabbit anti-mouse secondary immunoglobulins for 15
minutes at room temperature. They were subsequently incubated with
avidin-biotin peroxidase complex. 3,3-diaminobenzidine was used as a
chromogen. The sections were counter stained with hematoxylin.

Immuno-staining Assessment

Expression of MSH6 and MSH2 were determined through a semi-
quantitative method. The immunoreactivity of these markers was determined
by assessing the staining intensity and percentage of stained cells per field.
The staining intensity was graded as mild, moderate and severe. The
percentages of positive cells were graded as follows:

0.1%- 10% are stained = negative (-), grade 0.

10.1%- 39% are stained= positive (+), grade 1.

40. 0%-79% are stained= positive (++), grade 2.

80.0%-100% are stained = positive (+++), grade 3 (Ekundina et al., 2021).
Analysis

Results were presented in figures and tables; pictures (micrographs) were
also used where necessary. MSH2 and MSH6 staining was evaluated using
regular light microscope at x100 and x400.
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Photomicrography

The Stained sections were examined under a LEICA research microscope
(LEICA DM750, Switzerland) interfaced with digital camera (LEICA
ICC50). Digital photomicrographs of stained sections for the
histomorphology and immunohistochemistry on the organs studied were
taken at various magnifications and reported for Morphological changes.

Results

Figure 1 is a pie-chart showing the case distribution with 15 normal cases,
25 colonic polyps cases and 25 colorectal carcinoma cases.

Table 1 showed the semi-quantitative expression of MSH2 in normal,
colonic polys and colorectal cancer. Normal cases showed a positivity rate
of 46%, Colonic polyps’ cases showed a positivity rate of 56%, colorectal
carcinoma cases had a positivity rate of 100% as all of the cells showed
significant expression.

Table 2 showed the reaction expression of MSH2 in normal, colonic polyps
and colorectal cancer, where in Normal, 8 slides showed no significant
reaction and 7 showed slightly significant reaction; Colonic polyps had 11
slides with insignificant reactions and 14 with slight and moderate significant
reaction; Colorectal cancer had all twenty-five (25) slides showing varying
degrees of significant reaction.

Table 3 showed the semi-quantitative expression of MSH6 in normal,
colonic polys and colorectal cancer. Normal cases showed a positivity rate
of 40%, Colonic polyps’ cases showed a positivity rate of 60%, colorectal
carcinoma cases had a positivity rate of 100% as all of the cells showed
significant expression.

Table 4 showed the expression of MSH6 in normal, colonic polyps and
colorectal cancer, where in Normal, 9 slides showed no significant reaction
and 6 showed slightly significant reaction; Colonic polyps had 10 slides with
insignificant reactions and 15 with slight and moderate significant reaction;
Colorectal cancer had all twenty-five (25) slides showing varying degrees of
significant reaction.

Table 5 showed the mean percentage reactivity of MSH2 and MSH6 in
normal, colonic polyps and colorectal carcinoma. It shows an increase in
reactivity in MSH2and MSH6 from normal to colorectal carcinoma.

Figure 2 showed the mean percentage reactivity of markers in indicated
cases. The results obtained showed a gradual increase in percentage
reactivity in MSH2 and MSH6 from normal to colorectal carcinoma.

Figure 3 showed the H&E plates. The results obtained showed general
structure stained sections of colorectal carcinoma at x100 and x400 (plate
A); colonic polyps at x100 and x400 (plate B); normal at x100 and x400
(plate C). Presence of karyomegaly, Hyperchromasia, increased nuclear to
cytoplasmic ratio and koliocytes.

Figure 4 showed the MSH2 Immunohistochemistry Plates. Nuclear MSH2
stained sections of colorectal carcinoma at x100 and x400 (plate A); colonic
polyps at x100 and x400 (plate B); normal at x100 and x400 (plate C).
Insignificant MSH2 immunohistochemical stains in normal colorectal tissue
(plate C), moderate immunohistochemical staining within the nucleus of
colonic polyps (plate B) and moderate to severe immunohistochemical
staining in colorectal carcinoma (plate A).

Figure 5 showed the MSH6 Immunohistochemistry Plates. Nuclear MSH6
stained sections of colorectal carcinoma at x100 and x400 (plate A); colonic
polyps at x100 and x400 (plate B); normal at x100 and x400 (plate C).
Insignificant MSH6 immunohistochemical stains in normal colorectal tissue
(plate C), moderate immunohistochemical staining within the nucleus of
colonic polyps (plate B) and moderate to severe immunohistochemical
staining in colorectal carcinoma (plate A).
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Figure 1: Pie-chart showing the case distribution with 15 normal cases, 25 colonic polyps cases and 25 colorectal carcinoma cases

GROUPS TOTAL _ + ++ ++ | POSITIVITY
CASES (n) RATE (%)

NORMAL 13 8 7 26

COLONIC 25 11 g ] 36

POLYPS

COLORECTAL | 25 5 8 12 100

CARCINOMA

Table 1: Expression of MSH2 in indicated cases
GROUPS N NEGEATIVE (%) POSITIVE (%)
NORMAL 13 74 26
COLONIC 25 44 36
POLYPS
COLORECTAL 25 0 100
CARCINOMA
Table 2: Reaction expression of MSH2 in indicated cases
GROUPS TOTAL _ + + ++ POSITIVITY
CASES (n) RATE (%)

NORMAL 15 9 6 20

COLONIC 25 10 10 5 60

POLYPS

COLORECTAL | 25 3 b 14 100

CARCINOMA

Table 3: Semi-quantitative expression of MSH6

GROUPS N NEGEATIVE (%) POSITIVE (%)
NOERMAL 15 80 20

COLONIC 25 40 60
POLYPS
COLORECTAL 25 0 100
CARCINOMA

Table 4: Reaction expression of MSH6 in indicated cases
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GROUPS MSH2 MSH6
NOEMAL 27.2% 25.5%
COLONIC POLYPS | 54.6% 56.2%
COLORECTAL 90.1% 92%
CANCER

Table 5: Mean percentage reactivity of immunohistochemical markers in indicated cases
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Figure 2: Mean percentage Reactivity of IHC biomakers

Figure 3: H&E Plates
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Figure 4: MSH2 Immunohistochemistry Plates

Figure 5: MSH6 Immunohistochemistry Plates

Discussion immunohistochemical expression and degree of reactivity while in the

From this retrospective study, the findings revealed that MSH2 and MSH6 nor_m_al colorectal tlssue_ af“’ colonic polyps, We?'f |mmunoh|_stochem|(_:al
staining was observed within the nucleus and classified as negative and mild

Is expressed significantly in colorectal ~cancer cases with high respectively. The positivity rate of MSH2 among the cases was forty-six
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(46%) in normal, fifty-six percent (56%) in colonic polyps and one hundred
percent (100%) in colorectal carcinoma and the mean percentage reactivity
was 43.2%, 56.6% and 90.1% in normal, colonic polyps and colorectal
carcinoma respectively, while the positivity rate of MSH6 among the cases
was forty percent (40%) in normal, fifty percent (50%) in colonic polyps and
one hundred percent (100%) in colorectal carcinoma and the mean
percentage reactivity was 40.5%, 56.2% and 92% in normal, colonic polyps
and colorectal carcinoma respectively. This expressions is in agreement with
Avrshita et al. [ 11] which shows that with increase in reactivity the more
severe the colorectal case and also confirms that MSH2 protein performs its
function by forming a heterodimer complex with MSH6 (MutSa) or with
another alternative pair MSH3 (MutSp). Lack of MSH2 expression can occur
due to mutations of MSH2 and EpCAM (epithelial cellular adhesion
molecule) genes. Meanwhile, MSH6 can only be expressed when it forms a
pair with MSH2 because MSH6 has a special intrinsic ATPase activity for
binding to MSH2. In addition, MSH2 mutations also cause weak or
unbinding to MSH6 that result in the degradation of MSH6. The negative
expression of MSH6 by itself in IHC indicates the MSH6 germline mutation
[11].

In order to function, MSH2 protein forms a heterodimer complex with either
MSH6 (MutS) or an alternate pair, MSH3 (MutS). Mutations in the MSH2
and EpCAM (epithelial cellular adhesion molecule) genes can result in a lack
of MSH2 expression. MSH6 has a unique intrinsic ATPase activity for
binding to MSH2, hence it can only be expressed when it forms a pair with
MSH2[12]. Moreover, MSH2 mutations result in MSH6 degradation by
weakening or impairing its ability to connect to MSH2. The MSH6 germline
mutation is shown by the negative expression of MSH6 by itself in IHC [13].

The proximal (cecum, ascending colon, transverse colon), distal (descending
colon, sigmoid colon) regions and rectum are possible locations for tumors.
The distinction between the proximal and distal regions might be challenging
in some situations[14]. MSH2 MSI or MSH6 MSI was more common in
patients whose tumors were in the colon. Another study revealed that the
intestinal area experiences mutations more frequently than the rectum [15].
Moreover MSI-H cases were more frequent (15-20%) in patients with colon
cancer than in those with rectal cancer (10%), according to Charara et al.
[16]. Furthermore, MSI and hyper-mutation of the MMR, KRAS, BRAF,
and PIK3Ca proteins are more prevalent in the proximal colon. It has been
suggested that environmental factors like bacterial toxins or CYP450
metabolites can accelerate the rate of mutation in this area [17].

The World Health Organization suggests a two-tiered system of histological
grading, with a low grade for well-differentiated and moderately
differentiated adenocarcinomas (50%-100% gland formation) and a high
grade for poorly differentiated adenocarcinomas (0%-49% gland formation)
[18]. The majority of the individuals in this study had tumors that were well-
differentiated. The outcome was consistent with Fleming et al. [19] findings,
which demonstrated that almost 70% of CRC patients with adenocarcinoma
fall into the group of well-differentiated tumors and have a moderate degree
of differentiation. Nonetheless, the poorly differentiated tumor is typically
involved in CRC cases with a propensity for MSI-H[20-21]. Although
patients with poor tumor differentiation were more likely to have MSH6 MSI
(OR>3), our results were consistent with this finding. According to Xiao et
al. [21], people with MSI and poor tumor differentiation have higher disease
free survival (DFS) than those with MSS and poor tumor differentiation by
about 4 years. Lymph node metastasis is less common in MSI patients with
poor tumor differentiation than it is in MSS individuals with poor tumor
differentiation [21].

The majority of heritability-causing factors are still unknown and under
investigation, despite the fact that multiple genome-wide association studies
of colorectal cancer have effectively discovered cancer susceptibility genes
that are related with colorectal cancer risk. Yet, because these patients have
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few adenomas and because those adenomas physically resemble random
lesions, Lynch syndrome caused by a dysfunction of the DNA mismatch
repair system is commonly overlooked. Microsatellite instability (MSI), a
condition defined by the increase or contraction of microsatellite areas in the
tumor compared with healthy tissue, is the root cause of Lynch syndrome
and is identified through molecular analysis. On immunohistochemistry,
these tumors exhibit a lack of mismatch repair proteins. Whereas MSI is not
unique to Lynch syndrome, it is present in about 15% of sporadic colorectal
malignancies [22].

Conclusion

MSH2 showed majorly nuclear staining across the epithelium and MSH6
showed strong nuclear staining in the epithelial cells. MSH2 and MSH6 were
up regulated. The two markers showed consistency but due to fact that MSH6
is a subgroup of MSH2 it cannot function without forming heterodimer with
MSH2 which makes it less reliable than MSH2. MSH2 also showed
prognostic significance and is recommended to be used alongside MSH6 to
aid in microsatellite instability detection. This study has established the
usefulness of MSH2 and MSH6 immunohistochemical markers in studying
the colorectal tissue from normal to colonic polyps and then to colorectal
carcinoma.

Source of Funding

This work did not receive any funding from neither Government nor non-
governmental agencies.

Conflict of Interest
The authors declare no conflict of interest.
References

1. Tzeela P, Diana S, Jinru AW, Bassam P, Meir F, Erberth S,
Alexander G, Anna P, Tamar NA. (2008). Expression of P53, P27
and KI-67 in colorectal cancer patients of various ethnic origins:
Clinical and tissue microarray based analysis. Journal of surgical
oncology.; 97: 416-22.

2. Favoriti P, Carbone G, Greco M, Pirozzi F, Pirozzi RE, Corcione
F. (2016). Worldwide burden of colorectal cancer: a review.
Updates Surg. 68(1):7-11.

3. Marmol I, Sanchez-de-Diego C, Pradilla Dieste A, Cerrada E,
Rodriguez Yoldi MJ. (2017). Colorectal Carcinoma: A General
Overview and Future Perspectives in Colorectal Cancer. Int J Mol
Sci.18 (1): 197.

4. Ciocalteu A, Gheonea DI, Saftoiu A, Streba L, Dragoescu NA,
Tenea-Cojan TS. (2018). Current strategies for malignant
pedunculated colorectal polyps. World J Gastrointest Oncol. 10
(12): 465-475.

5. Maida M, Macaluso FS, laniro G, Mangiola F, Sinagra E, Hold
G, Maida C, Cammarota G, Gasbarrini A, Scarpulla G. (2017).
Screening of colorectal cancer: present and future. Expert Rev
Anticancer Ther. 17 (12): 1131-1146.

6. Mellon I, Rajpal DK, Koi M, Boland CR, Champe GN. (1996).
Transcription-coupled repair deficiency and mutations in human
mismatch repair genes. Science. 272 (5261): 557-560.

7. Wind N, Dekker M, Berns A, Radman M, Riele H. (1995).
Inactivation of the mouse Msh2 gene results in mismatch repair
deficiency, methylation tolerance, hyperrecombination, and
predisposition to cancer. Cell 82 (2): 321-330.

8. Pitsikas P, Lee D, Rainbow AJ.(2007). Reduced host cell
reactivation of oxidative DNA damage in human cells deficient

Page 6 of 7


https://onlinelibrary.wiley.com/doi/abs/10.1002/jso.20989
https://onlinelibrary.wiley.com/doi/abs/10.1002/jso.20989
https://onlinelibrary.wiley.com/doi/abs/10.1002/jso.20989
https://onlinelibrary.wiley.com/doi/abs/10.1002/jso.20989
https://onlinelibrary.wiley.com/doi/abs/10.1002/jso.20989
https://link.springer.com/article/10.1007/s13304-016-0359-y
https://link.springer.com/article/10.1007/s13304-016-0359-y
https://link.springer.com/article/10.1007/s13304-016-0359-y
https://www.mdpi.com/176440
https://www.mdpi.com/176440
https://www.mdpi.com/176440
https://www.mdpi.com/176440
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304302/
https://www.tandfonline.com/doi/abs/10.1080/14737140.2017.1392243
https://www.tandfonline.com/doi/abs/10.1080/14737140.2017.1392243
https://www.tandfonline.com/doi/abs/10.1080/14737140.2017.1392243
https://www.tandfonline.com/doi/abs/10.1080/14737140.2017.1392243
https://www.science.org/doi/abs/10.1126/science.272.5261.557
https://www.science.org/doi/abs/10.1126/science.272.5261.557
https://www.science.org/doi/abs/10.1126/science.272.5261.557
https://www.sciencedirect.com/science/article/pii/0092867495903194
https://www.sciencedirect.com/science/article/pii/0092867495903194
https://www.sciencedirect.com/science/article/pii/0092867495903194
https://www.sciencedirect.com/science/article/pii/0092867495903194
https://academic.oup.com/mutage/article-abstract/22/3/235/1097521
https://academic.oup.com/mutage/article-abstract/22/3/235/1097521

Archives of Medical Case Reports and Case Study

10.

11.

12.

13.

14.

This work is licensed under Creative
BY Commons Attribution 4.0 License
To Submit Your Article Click Here:

DOI:10.31579/2692-9392/170

in the mismatch repair gene hMSH2. Mutagenesis 22 (3): 235-
243.

Simcikova D, Heneberg P. (2019). Refinement of evolutionary
medicine predictions based on clinical evidence for the
manifestations of Mendelian diseases. Scientific Reports 9 (1):
185-187.

Marsischky GT. (1996). Redundancy of Saccharomyces
cerevisiae MSH3 and MSH6 in MSH2-dependent mismatch
repair. Genes Dev. 10 (4): 407-420.

Arshita N, Lestari RV, Hutajulu SH, Ghozali A, Paramita DK.
(2018). The Tendency of Having MSH2 and MSH6
Microsatellite Instability among Clinicopathological Features in
Patients with Colorectal Cancer. Asian Pac J Cancer Prev.
19(11): 3147-3152.

Mukherjee S, Feig M. (2009). Conformational change in MSH2
and MSH6 wupon binding DNA coupled to ATPase
activity. Biophys J. 96: 63-65.

Marginean EC, Melosky B. (2017). Is there a role for
programmed death ligand-1 testing and immunotherapy in
colorectal cancer with microsatellite instability? Part I, colorectal
cancer: microsatellite instability, testing, and clinical
implications. Arch Pathol Lab Med. 142:17-25.

Willet CG. Cancer of the lower gastrointestinal tract. London:
B.C Decker Inc; 2001. pp. 53-57.

.

o
*

X3

%

X3

%

.

o
*

3

*

X3

%

15.

16.

17.

18.

19.

20.

21.

22.

Copy rights @ Omon, A. Emmanuel

Slattery ML, Curtin K, Wolff R, et al. (2009). A comparison of
colon and rectal somatic DNA alterations. Dis Colon Rectum.
52:1304-1311.

Charara M, Edmonston TB, Burkholder S.(2004). Microsatellite
status and cell cycle associated markers in rectal cancer patients
undergoing a combined regimen of 5-FU and CPT-11
chemotherapy and radiotherapy. Anticancer Res. 24:3161-3168.
Missiaglia E, Jacobs B, D'Ario G. (2014). Distal and proximal
colon cancers differ in terms of molecular, pathological, and
clinical features. Ann Oncol. 25:1995-2001.

Hamilton S, Bosman F, Boffeta P. (2010). In World Health
Organization Classification of Tumours of the Digestive
System. Lyon, France: International Agency for Research in
Cancer (IARC); Carcinoma of the colon and rectum; pp. 134-146.
Fleming M, Ravula S, Tatishchev SF. (2012). Colorectal
carcinoma:pathologic aspects. J Gastrointest Cancer. 3:153-173.
Greenson JK, Huang SC, Herron C. (2009). Pathologic predictors
of microsatellite instability in colorectal cancer. Am JSurg
Pathol. 33:126-133.

Xiao H, Yoon Y, Hong S. (2013). Poorly differentiated colorectal
cancers:correlation ~ of  microsatellite  instability — with
clinicopathologic features and survival. Am J Clin Pathol. 140:
341-347.

Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB.
(2019). Colorectal cancer. Lancet. 394 (10207): 1467-1480.

Ready to submit your research? Choose Auctores and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more www.auctoresonline.org/journals/archives-of-medical-case-reports-

and-case-study

Auctores Publishing LLC — Volume 7(2)-170 www.auctoresonline.org
ISSN: 2692-9392

Page 7 of 7


https://academic.oup.com/mutage/article-abstract/22/3/235/1097521
https://academic.oup.com/mutage/article-abstract/22/3/235/1097521
https://link.springer.com/content/pdf/10.1038/s41598-019-54976-4.pdf
https://link.springer.com/content/pdf/10.1038/s41598-019-54976-4.pdf
https://link.springer.com/content/pdf/10.1038/s41598-019-54976-4.pdf
https://link.springer.com/content/pdf/10.1038/s41598-019-54976-4.pdf
http://genesdev.cshlp.org/content/10/4/407.short
http://genesdev.cshlp.org/content/10/4/407.short
http://genesdev.cshlp.org/content/10/4/407.short
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6318409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6318409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6318409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6318409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6318409/
https://www.sciencedirect.com/science/article/pii/S0006349509007735
https://www.sciencedirect.com/science/article/pii/S0006349509007735
https://www.sciencedirect.com/science/article/pii/S0006349509007735
https://meridian.allenpress.com/aplm/article-abstract/142/1/17/65593
https://meridian.allenpress.com/aplm/article-abstract/142/1/17/65593
https://meridian.allenpress.com/aplm/article-abstract/142/1/17/65593
https://meridian.allenpress.com/aplm/article-abstract/142/1/17/65593
https://meridian.allenpress.com/aplm/article-abstract/142/1/17/65593
https://www.taylorfrancis.com/books/mono/10.1201/9781482270136/structured-modified-lipids-frank-gunstone
https://www.taylorfrancis.com/books/mono/10.1201/9781482270136/structured-modified-lipids-frank-gunstone
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2718791/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2718791/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2718791/
https://ar.iiarjournals.org/content/24/5B/3161.short
https://ar.iiarjournals.org/content/24/5B/3161.short
https://ar.iiarjournals.org/content/24/5B/3161.short
https://ar.iiarjournals.org/content/24/5B/3161.short
https://www.sciencedirect.com/science/article/pii/S0923753419366177
https://www.sciencedirect.com/science/article/pii/S0923753419366177
https://www.sciencedirect.com/science/article/pii/S0923753419366177
https://www.cabdirect.org/cabdirect/abstract/20113051318
https://www.cabdirect.org/cabdirect/abstract/20113051318
https://www.cabdirect.org/cabdirect/abstract/20113051318
https://www.cabdirect.org/cabdirect/abstract/20113051318
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3418538/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3418538/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3500028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3500028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3500028/
https://academic.oup.com/ajcp/article-abstract/140/3/341/1766452
https://academic.oup.com/ajcp/article-abstract/140/3/341/1766452
https://academic.oup.com/ajcp/article-abstract/140/3/341/1766452
https://academic.oup.com/ajcp/article-abstract/140/3/341/1766452
https://pure.amc.nl/files/7325702/colorectal_cancer.pdf
https://pure.amc.nl/files/7325702/colorectal_cancer.pdf
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=24
http://www.auctoresonline.org/journals/archives-of-medical-case-reports-and-case-study
http://www.auctoresonline.org/journals/archives-of-medical-case-reports-and-case-study

