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Abstract

Colorectal cancer (CRC) is the second most common cancer among females and third among males globally. It has significant cancer-
related mortality, despite substantial progress achieved in diagnosis and management strategies. Tumor biomarkers are assuming an 
increasingly important role in the detection and treatment of patients with colorectal cancer. New biomarkers alone or as a complement 
of existing diagnostic tests in high risk population might recognize the predisposition or early stage disease. The biomarkers have also 
the potential to change diagnostic approaches and treatment algorithms by selecting the proper chemotherapeutic drugs across a broad 
divergent spectrum of CRC patients. In future we are set to see personalized chemotherapy and or treatment based on presence or absence 
of some of these specific biomarkers [1,2].

Patients diagnosed with early stage I–III CRC have a good prognosis with a 5-year survival over 50%. Patients with metastatic stage IV 
disease have a less than 12% five years survival. Better understanding of the patho-biology, effective combinations of cytotoxic chemotherapy 
and biologic agents have significantly improved overall survival (OS) and progression free survival (PFS). CRC is a heterogeneous disease at 
molecular level that harbors many distinct genetic characteristics. Molecular testing is performed to identify patients who are candidates 
for targeted biologic agents or immunotherapy. Colorectal cancer (CRC) is a heterogeneous disease for which the treatment backbone has 
primarily been cytotoxic chemotherapy. CRC biomarkers evaluated include KRAS, NRAS, and BRAF mutation (MT), DNA mismatch repair 
(MMR) status, microsatellite instability (MSI), and CpG island methylation. With better understanding of the involved molecular mechanisms, 
it is now known that there are a number of epigenetic and genetic events, which are involved in CRC pathogenesis. Specific biomarkers have 
been identified which can be used to determine the clinical outcome of patients beyond tumor staging and predict for treatment efficacy. 
Molecular testing is now routinely performed to select for patients that will benefit the most from targeted agents and immunotherapy. 
In addition to KRAS, NRAS, and BRAF mutation (MT), analysis of DNA mismatch repair (MMR) status, tumor infiltrating lymphocytes, and 
checkpoint protein expression may be helpful to determine whether patients are eligible for certain therapies. The focus of this commentary 
is to discuss present and upcoming biomarkers in CRC [2]. The commonly used biomarkers are CEA, RAS, BRAF, and MSI. The potential 
markers in future are TIL, check point proteins, neo antigens, gene MTs, CpG island methylation.

Int J cell Sci & mol biol 3(1): IJCSMB.MS.ID.555605 (2017) 0014

Carcinoembryonic Antigen
Carcino embryonic antigen (CEA) both in the fetal colon 

and in the blood of patients with adeno carcinoma of the colon 
first identified in 1965 [3,4]. As this is the protein detected in 
only cancer and embryonic tissue, it is called carcino embryonic 
antigen [5] CEA gene is part of the immunoglobulin super 
family and codes for a different number of glycoproteins which 
differs both in amino acid composition and function. The gene is 
attached to the cell membrane by glycosyl phosphatidylinositol 
anchor and released in soluble form by phospholipase C or D, 
and has two parts the CEA-related cell adhesion molecules 
(CEACAMs) and the pregnancy-specific glycol proteins [6]. In 
humans, the gene is clustered on the long arm of chromosome 19 
and consists of 29 genes of which 18 expressed, 7 belonging to 
the CEA subgroup and 11 to the pregnancy-specific glycoprotein  

 
subgroup [6,7]. CEA is the serum tumor recommended for 
determining prognosis, surveillance after CRC curative surgery, 
and also used for monitoring the response of metastatic disease 
to systemic therapy [8,9]. CEA has no role in screening and 
detecting early CRC because of the low sensitivity rate (18-69%) 
[10]. A high level of is a strong predictor of decreased overall 
survival [11]. In the postoperative setting is associated with 
early recurrence [12]. 

RAS
RAS proteins are Small GTPases. They are essential 

components of signaling pathways responsible for cell growth, 
migration, adhesion, survival, and differentiation.  RAS can 
activate several downstream effectors, including the PI3K-AKT-
mTOR pathway, which is involved in cell survival; and the RAS-
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RAF-MEK-ERK pathway, which is involved in cell proliferation 
[13]. Oncogenic activation and mutations of RAS proteins 
frequently detected in many types of cancer. Three different 
human RAS genes are identified: KRAS (Kirsten rat sarcoma 
virus Oncogene Homolog), HRAS (Harvey rat sarcoma virus 
oncogene), and NRAS (neuroblastoma RAS viral oncogene 
homolog) [14]. RAS proteins cycle between inactive guanosine 
diphosphate (GDP)-bound and active guanosine triphosphate 
(GTP)-bound forms [15]. Activating RAS mutations occur in 
30% of human cancers and specific RAS genes are mutated in 
different types of cancer. 

KRAS is a proto-oncogene, a kind of guanine nucleotide 
(GTP/GDP) binding protein with intrinsic GTPase activity, 
attached to internal aspect of the plasma membrane by a 
lipid anchor. The Size of KRAS IS 189 amino acids, 21656 Da. 
Localized to the inner surface of cell membrane, it interacts with 
more than 20 effector proteins located at 12p12 consisting of six 
exons, spread over 35kb of genomic DN [15]. Mutations in KRAS 
gene results in activation of signaling pathway of the Epidermal 
Growth Factor Receptor (EGFR). Activation of EGFR triggers the 
signaling cascade through RAS/RAF/MEK/MAPK and PI3K/
AKT pathways resulting in increased tumor cell proliferation, 
protection against apoptosis, stimulating angiogenesis and 
metastasis [16]. 

Table 1: Frequency of Significant KRAS Mutations.

Codon Amino Acid 
Substitution Amino Acid Change Incidence, %

12 Gly12Asp Aspartate 32.5

12 Gly12Val Valine 22.5

12 Gly12Cys Cysteine 8.8

12 Gly12Ser Serine 7.6

12 Gly12Ala Alanine 6.4

12 Gly12Arg Arginine 0.9

13 Gly13Asp Aspartate 19.5

Others 1.8

KRAS mutations occur early in CRC carcinogenesis and occur 
in 30-50% of all CRC cases with 95% concordance between 
primary cancers and metastasis [17,18]. About 90% of the Single 
nucleotide point mutations occurs in codons 12 and 13 of exon 2 
[19]. (Table 1) Specific mutations in KRAS can result in the KRAS 
protein being inherently activated independently of upstream 
growth factor receptor activation.  The use of KRAS mutations 
as a prognostic marker in CRC is controversial. There are studies 
found KRAS mutations associated with poor prognosis and 
reduced survival [20-22]. Few studies associate KRAS mutation 
with shorter survival rate to the stage of the disease mainly with 
early stage disease [23], and specific mutation site within KRAS 
gene alone or in combination with mutations in p53 [24]. 

KRAS mutation is a predictive marker in metastatic CRC with 
anti-EGFR target therapy [25]. KRAS gene mutation in codon 12 
or codon 13 associated with a no response to anti-EGFR target 
therapy such asCetuximab or Panitumumab [26-28]. Testing for 
KRAS and NRAS mutation in patients with metastatic CRC before 
initiation of anti-EGFR therapy is now a standard of care in clinical 
practice [29]. NRAS mutations occur in 1–6% of CRC. The NRAS 
oncogenes when mutated, can cause normal cells to become 
cancerous. The NRAS gene provides instructions for making 
NRAS protein which plays important roles in cell division, cell 
differentiation, and apoptosis through signal transduction. To 
transmit the signals, the N-Ras protein needs to be activated by 
binding to a molecule of GTP when the protein is bound to GDP; 
it does not transmit signals to the cell’s nucleus. Wild-type NRAS, 
together with wild-type BRAF and KRAS, is associated with good 
response to EGFR antibody therapy [30], while patients with 
NRAS-mutated tumors are unlikely to respond to Cetuximab or 
Panitumumab [31].

BRAF is an oncogene, discovered in the 1980’s, a member 
of the RAS family, and a mediator of the EGFR pathway. BRAF 
is a protein kinase downstream of RAS in the RAS/RAF/MEK/
ERK pathway and has been a target in several malignancies. The 
dominant V600E mutation is similar to one seen in melanoma. 
More than 90% of all BRAF mutations involve V600E, by a 
substitution of valine-to-glutamic acid amino acid, resulting in 
abnormal activation of MEK-ERK pathway [32-34]. The BRAF 
mutant genotype influences the molecular and phenotypic 
characteristics of CRC. The mutation occurs at the early stage of 
colorectal carcinogenesis through activation and de-regulation 
of the downstream signaling pathways [33-34]. It leads to 
serrated adenoma-type tissue that has defective mismatch 
repair, and a tumor that is diploid and microsatellite-unstable. 
BRAF mutations are found in 5-15% of CRC cases [35], of which 
34-70% seen in MSI-H tumors by epigenetic inactivation of the 
MMR system, by promoter hypermethylation of MLH1.Only 1.4% 
of patient with Lynch syndrome carry a BRAF mutation. BRAF 
mutations are found in the high-grade tumors, and right-sided 
colonic tumors [36,37]. Mutations in BRAF are associated with 
poor clinical outcome [38]. The patients with MSS tumors and 
BRAF mutations have a poor prognosis with low progression-
free survival (PFS) and low overall survival [39-40]. Patients 
with BRAF V600E mutations does not benefit from anti EGFR-
target monoclonal antibody therapies [41].

MSI
Microsatellite instability (MSI) reflects the presence of 

defective mismatch repair genes caused by the loss of DNA 
mismatch repair activity. MSI is detected in 15% of all CRC. 
About 3% are of these are associated with Lynch syndrome 
and 12% are caused by sporadic, acquired hypermethylation 
of the promoter of the MLH1 gene, which occurs in tumors 
with the CpG island methylator phenotype [40]. MSI is not only 
a key component for the pathogenesis of CRC but can also be 

http://dx.doi.org/10.19080/IJCSMB.2017.03.555605


How to cite this article: Bassim J A, Itrat M. Expanding Role of Bio Markers in Colo-Rectal Cancer (CRC). Int J cell Sci & mol biol. 2017; 3(1) : 555605. 
DOI: 10.19080/IJCSMB.2017.03.555605

0016

International Journal of Cell Science & Molecular Biology

a biomarker for improved prognosis and predict efficacy of 
chemotherapy and immunotherapy. 

Tumors that have cells with high MSI (MSI-H) are associated 
with good prognosis and favorable outcome compared to 
microsatellite stable (MSS) disuses [42]. Mutations in TGF-RII, 
BAX or EGFR; are often seen in tumors exhibiting MSI-H [43]. 
Mutations in these genes have not shown a significant impact on 
the favorable prognosis characterizing MSI colon tumors [44]. 
Mutation in BRAF V600E gene commonly occurs in sporadic MSI 
tumors [45]. The BRAF mutation in CRC that is MSS showed a 
poor patient prognosis, whereas BRAF mutant microsatellite 
unstable (MSI) colorectal cancers have an excellent prognosis 
[46]. Regarding the MSI and the responsiveness to 5-FU 
chemotherapy, some studies have shown that MSI-H tumor cells 
are resistant to 5-FU [47]. Patients with MSI-H colon cancer stage 
II and III do not have the same survival benefit from adjuvant 
5-FU chemotherapy as patients with MSS and MSI-L tumors 
[48], this resistance may be due to MLH1hypermethylation, 
as the cells regain their sensitivity towards 5-FU upon MLH1 
demethylation [49]. 

Colorectal tumors with MSI have distinctive features, 
including a tendency to arise in the proximal colon, lymphocytic 
infiltrate, and a poorly differentiated, mucinous or signet 
ring appearance. patients who have MSI-H tumors did better 
than MSS in general, and patients with stage II and III MSI-H 
tumors did not benefit from adjuvant 5-fluorouracil (5-FU) 
chemotherapy (HR =1.07, P=0.80) [24]. Conversely, patients 
with MSS tumors did benefit from 5FU therapy (HR =0.72, 
P=0.04) [25]. However, patients with stage III MSI-H cancers, like 
MSS cancers, do benefit from adjuvant FOLFOX chemotherapy. 
A pooled analysis of adjuvant chemotherapy trials evaluated 
patients with stage III who received FOLFOX alone or in 
combination with cetuximab, and showed that patients with 
MSI-H tumors did as well as patients with MSS tumors (BRAF 
and KRAS WT) and there was no difference in the 3-year disease 
free survival [28]. A large retrospective study evaluating 433 
patients with MSI-H tumors who had stage II or III CRC, reported 
that patients with stage III MSI-H tumors still benefited from 
adjuvant 5FU and oxaliplatin (FOLFOX) chemotherapy [29]. 
There is preclinical data suggesting that MSI-H tumor cells are 
resistant to fluoropyrimidines possibly due to higher levels 
of thymidylate synthase but more sensitive to irinotecan and 
mitomycin C [14,15,21]. Further studies are needed to confirm 
this in the clinical setting [2].

Continous and rapid advances in CRC tumor characterization 
have enabled us to personalize the treatment for CRC patients. 
Currently KRAS, NRAS, and BRAF MT testing are of importance 
to determine eligibility for anti-EGFR antibody therapy. In 
addition, DNA MMR and MSI status is emerging as clinically 
significant to determine whether patients may be eligible 
and benefit from immunotherapy. Better understanding of 
pathological and genomic features seen in MSI-H CRC will 

enable us to look for other biomarkers, such as TILs, checkpoint 
proteins, or other genomic MTs so that we may be better able 
to include eligible patients even with MSS tumors in future for 
immunotherapy. In CRC, analyses of immune reaction and TILs 
have already been explored as a means for tumor classification 
and as a prognostic biomarker. There has been characterization 
of TILs with tumor invasion, spread to lymph node, and tumor 
(TNM) staging system. The extent of immune reaction at the 
tumor site is correlated with improved clinical outcome [2]. The 
authors concluded that while PD-L1 expression is a reasonable 
predictive biomarker there is no universal consensus, as there 
is substantial heterogeneity in the methodology of evaluation 
and the expression is possibly a dynamic process which changes 
according to the tumor microenvironment [2]. The association 
of the MSI-H phenotype with the presence of TILs is explained 
by the accumulation of frame shift MTs and synthesis of neo 
antigens thus triggering the host immune system [49]. Neo 
antigens are mutated peptides that arise in the tumor and are 
not present in the normal genome. With the use of whole-exome 
RNA sequencing, it has become possible to identify novel neo 
antigens [50]. Patients who had a high number of neo antigens 
were more likely to respond to anti-CTLA-4 therapy (b). More 
importantly, understanding why MSI-H tumors are responsive 
to immunotherapy will help us develop better treatment 
combinations to improve efficacy for all CRC patients.

References
1. Gustaw L, Robert S, Maciej S, Ireneusz WK (2016) Colorectal cancer 

tumour markers and biomarkers: Recent therapeutic advances. World 
J Gastroenterol 22(5): 1745-1755. 

2. Manoj BK, Christina Wu (2016) Biomarkers for immune therapy 
in colorectal cancer: mismatch-repair deficiency and others. J 
Gastrointest Oncol Oct 7(5): 713-720.

3. Phil G, Samuel O (1965) Freedman. Specific carcinoembryonic antigens 
of the human digestive system. J Exp Med 122(3): 467-481.

4. Duffy MJ (2001) Carcinoembryonic antigen as a marker for colorectal 
cancer: is it clinically useful? Clin Chem 47(4): 624-630.

5. Athanasia P, Andreas S (2014) A Comprehensive Phylogenetic and 
Structural Analysis of the Carcinoembryonic Antigen (CEA) Gene 
Family. Genome Biol Evol 6(6): 1314-1326.

6. Thompson JA, Grunert F, Zimmermann W (1991) Carcinoembryonic 
antigen gene family: molecular biology and clinical perspectives. J Clin 
Lab Anal 5(5): 344-366.

7. Hammarstrom S (1999) The carcino embryonic antigen (CEA) 
family: structures, suggested functions and expression in normal and 
malignant tissues. Semin Cancer Biol 9(2): 67-81.

8. Locker GY, Hamilton S, Harris J, Jessup JM, Kemeny N, et al. (2006) 
ASCO 2006 update of recommendations for the use of tumor markers 
in gastrointestinal cancer. J Clin Oncol 24(33): 5313-5327. 

9. Duffy MJ, Dalen VA, Haglund C, Hansson L, Holinski FE, et al. (2007) 
Tumour markers in colorectal cancer: European Group on Tumour 
Markers (EGTM) guidelines for clinical use. Eur J Cancer 43(9): 1348-
1360.

10. Bosch LJ, Carvalho B, Fijneman RJ, Jimenez CR, Pinedo HM, et al. (2011) 
Molecular tests for colorectal cancer screening. Clinical colorectal 
cancer 10(1): 8-23. 

http://dx.doi.org/10.19080/IJCSMB.2017.03.555605
https://www.ncbi.nlm.nih.gov/pubmed/26855534
https://www.ncbi.nlm.nih.gov/pubmed/26855534
https://www.ncbi.nlm.nih.gov/pubmed/26855534
https://www.ncbi.nlm.nih.gov/pubmed/27747085
https://www.ncbi.nlm.nih.gov/pubmed/27747085
https://www.ncbi.nlm.nih.gov/pubmed/27747085
https://www.ncbi.nlm.nih.gov/pubmed/4953873
https://www.ncbi.nlm.nih.gov/pubmed/4953873
https://www.ncbi.nlm.nih.gov/pubmed/11274010
https://www.ncbi.nlm.nih.gov/pubmed/11274010
https://www.ncbi.nlm.nih.gov/pubmed/24858421
https://www.ncbi.nlm.nih.gov/pubmed/24858421
https://www.ncbi.nlm.nih.gov/pubmed/24858421
https://www.ncbi.nlm.nih.gov/pubmed/1941355
https://www.ncbi.nlm.nih.gov/pubmed/1941355
https://www.ncbi.nlm.nih.gov/pubmed/1941355
https://www.ncbi.nlm.nih.gov/pubmed/10202129
https://www.ncbi.nlm.nih.gov/pubmed/10202129
https://www.ncbi.nlm.nih.gov/pubmed/10202129
https://www.ncbi.nlm.nih.gov/pubmed/17060676
https://www.ncbi.nlm.nih.gov/pubmed/17060676
https://www.ncbi.nlm.nih.gov/pubmed/17060676
https://www.ncbi.nlm.nih.gov/pubmed/17512720
https://www.ncbi.nlm.nih.gov/pubmed/17512720
https://www.ncbi.nlm.nih.gov/pubmed/17512720
https://www.ncbi.nlm.nih.gov/pubmed/17512720
https://www.ncbi.nlm.nih.gov/pubmed/21609931
https://www.ncbi.nlm.nih.gov/pubmed/21609931
https://www.ncbi.nlm.nih.gov/pubmed/21609931


0017

International Journal of Cell Science & Molecular Biology

How to cite this article: Bassim J A, Itrat M. Expanding Role of Bio Markers in Colo-Rectal Cancer (CRC). Int J cell Sci & mol biol. 2017; 3(1) : 555605. 
DOI: 10.19080/IJCSMB.2017.03.555605

11. Tarantino I, Warschkow R, Worni M, Merati KK, Köberle D, et al. (2012) 
Elevated preoperative CEA is associated with worse survival in stage 
I–III rectal cancer patients. Br J Cancer 107(2): 266-274. 

12. Lin JK, Lin CC, Yang SH, Wang HS, Jiang JK, et al. (2011) Early 
postoperative CEA level is a better prognostic indicator than is 
preoperative CEA level in predicting prognosis of patients with curable 
colorectal cancer. International Int J Colorectal Dis 26(9): 1135-1141. 

13. Rajalingam K, Schreck R, Rapp UR, Albert S (2007) Ras oncogenes and 
their downstream targets. Biochim Biophys Acta 1773(8): 1177-1195. 

14. Pylayeva GY, Grabocka E, Bar SD (2011) RAS oncogenes: weaving a 
tumorigenic web. Nat Rev Cancer 11(11): 761-774.

15.  Ciardiello F, Tortora G (2008) EGFR antagonists in cancer treatment. N 
Engl J Med 358(11): 1160-1174.

16. Sameer AS (2013) Colorectal Cancer: Molecular Mutations and 
Polymorphisms. Front Oncol 3: 114. 

17. Ciardiello F, Tortora G (2008) EGFR antagonists in cancer treatment. N 
Engl J Med 358(11): 1160-1174. 

18. Kahlenberg MS, Sullivan JM, Witmer DD, Petrelli NJ (2003) Molecular 
prognostics in colorectal cancer. Surg Oncol 12(3): 173-186. 

19. Zlobec I, Molinari F, Martin V, Mazzucchelli L, Saletti P, et al. (2010) 
Tumor budding predicts response to anti-EGFR therapies in metastatic 
colorectal cancer patients. World J Gastroenterol 16(38): 4823-4831.

20. Domagała P, Hybiak J, Sulżyc BV, Cybulski C, Ryś J, et al. (2012) KRAS 
mutation testing in colorectal cancer as an example of the pathologist’s 
role in personalized targeted therapy: a practical approach. Pol J Pathol 
63(3): 145-164.

21. Anwar S, Frayling IM, Scott NA, Carlson GL (2004) Systematic review 
of genetic influences on the prognosis of colorectal cancer. Br J Surg 
91(10): 1275-1291.

22. McLeod HL, Church RD (2003) Molecular predictors of prognosis 
and response to therapy in colorectal cancer. Cancer Chemother Biol 
Response Modif 21: 791-801. 

23. Phipps AI, Buchanan DD, Makar KW, Win AK, Baron JA, et al. (2013) 
KRAS-mutation status in relation to colorectal cancer survival: the 
joint impact of correlated tumour markers. Br J Cancer 108(8): 1757-
1764. 

24. Dinu D, Dobre M, Panaitescu E, Bîrlă R, Iosif C, et al. (2014) Prognostic 
significance of KRAS gene mutations in colorectal cancer-preliminary 
study. J Med Life 7(4): 581-587.

25. Esteller M, Gonzalez S (2001) K-ras and p16 aberrations confer poor 
prognosis in human colorectal cancer. J Clin Oncol 19(2): 299-304. 

26. Tol J, Punt CJ (2010) Monoclonal antibodies in the treatment of 
metastatic colorectal cancer: a review. Clinical therapeutics 32(3): 
437-453. 

27. Lievre A, Bachet JB, Corre LD, Boige V, Landi B, et al. (2006) KRAS 
mutation status is predictive of response to cetuximab therapy in 
colorectal cancer. Cancer research 66(8): 3992-3995. 

28. Amado RG, Wolf M, Peeters M, Cutsem VE, Siena S, et al. (2008) Wild-
type KRAS is required for panitumumab efficacy in patients with 
metastatic colorectal cancer. J Clin Onc 26(10): 1626-1634. 

29. Heinemann V, Stintzing S, Kirchner T, Boeck S, Jung A (2009) Clinical 
relevance of EGFR- and KRAS-status in colorectal cancer patients 
treated with monoclonal antibodies directed against the EGFR. Cancer 
treatment reviews 35(3): 262-271. 

30. Cutsem VE, Dicato M, Arber N, Berlin J, Cervantes A, et al. (2010) 
Molecular markers and biological targeted therapies in metastatic 
colorectal cancer: expert opinion and recommendations derived from 

the 11th ESMO/World Congress on Gastrointestinal Cancer, Barcelona, 
2009. Ann Oncol 21(Suppl 6): vi1-10. 

31. Vaughn CP, Zobell SD, Furtado LV, Baker CL, Samowitz WS (2011) 
Frequency of KRAS, BRAF, and NRAS mutations in colorectal cancer. 
Genes Chromosomes Cancer 50(5): 307-312. 

32. Mattos DAL, Dienstmann R (2011) Development of molecular 
biomarkers in individualized treatment of colorectal cancer. Clin 
Colorectal Cancer 10(4): 279-289.

33. Yokota T, Ura T, Shibata N, Takahari D, Shitara K, et al. (2011) BRAF 
mutation is a powerful prognostic factor in advanced and recurrent 
colorectal cancer. British journal of cancer 104(5): 856-862. 

34. Tran B, Kopetz S, Tie J, Gibbs P, Jiang ZQ, et al. (2011) Impact of BRAF 
mutation and microsatellite instability on the pattern of metastatic 
spread and prognosis in metastatic colorectal cancer. Cancer 117(20): 
4623-4632.

35. Prahallad A, Sun C (2012) Unresponsiveness of colon cancer to BRAF 
(V600E) inhibition through feedback activation of EGFR. Nature 
483(7387): 100-103.

36. Li WQ, Kazuyuki K, Andrew R, Graeme B, James M, et al. (2006) BRAF 
mutations are associated with distinctive clinical, pathological and 
molecular features of colorectal cancer independently of microsatellite 
instability status. Mol Cancer 5: 2. 

37. Parsons MT, Buchanan DD, Thompson B, Young JP, Spurdle AB (2012) 
Correlation of tumour BRAF mutations and MLH1 methylation 
with germline mismatch repair (MMR) gene mutation status: a 
literature review assessing utility of tumour features for MMR variant 
classification. Journal of medical genetics 49(3): 151-157. 

38. Yokota T, Ura T, Shibata N, Takahari D, Shitara K, et al. (2011) BRAF 
mutation is a powerful prognostic factor in advanced and recurrent 
colorectal cancer. British journal of cancer 104(5): 856-862.

39. Ogino S, Nosho K, Kirkner GJ, Kawasaki T, Meyerhardt JA, et al. (2009) 
CpG island methylator phenotype, microsatellite instability, BRAF 
mutation and clinical outcome in colon cancer. Gut 58(1): 90-96.

40. Samowitz WS, Sweeney C, Herrick J, Albertsen H, Levin TR, et al. 
(2005) Poor survival associated with the BRAF V600E mutation in 
microsatellite-stable colon cancers. Cancer Res 65(14): 6063-6069. 

41. Lievre A, Blons H, Laurent PP (2010) Oncogenic mutations as predictive 
factors in colorectal cancer. Oncogene 29(21): 3033-3043.

42. Nicolantonio DF, Martini M, Molinari F, Sartore BA, Arena S, et al. 
(2008) Wild-type BRAF is required for response to panitumumab or 
cetuximab in metastatic colorectal cancer. J Clin Oncol 26(35): 5705-
5712. 

43. Boland CR, Goel A (2010) Microsatellite instability in colorectal cancer. 
Gastroenterology 138(6): 2073-2087.

44. Gold P, Freedman SO (1965) Specific carcinoembryonic antigens of the 
human digestive system. J Exp Med 122(3): 467-481. 

45. Deng G, Bell I, Crawley S, Gum J, Terdiman JP, et al. (2004) BRAF 
mutation is frequently present in sporadic colorectal cancer with 
methylated hMLH1, but not in hereditary nonpolyposis colorectal 
cancer. Clin Cancer Res 10(1 Pt 1): 191-195. 

46. Carethers JM, Chauhan DP, Fink D, Nebel S, Bresalier RS, et al. (1999) 
Mismatch repair proficiency and in vitro response to 5-fluorouracil. 
Gastroenterology 117(1): 123-131.

47. Bond CE, Nancarrow DJ, Wockner LF, Wallace L, Montgomery GW, et al. 
(2014) Microsatellite Stable Colorectal Cancers Stratified by the BRAF 
V600E Mutation Show Distinct Patterns of Chromosomal Instability. 
PLoS One 9(3): e91739. 

http://dx.doi.org/10.19080/IJCSMB.2017.03.555605
https://www.ncbi.nlm.nih.gov/pubmed/22735902/
https://www.ncbi.nlm.nih.gov/pubmed/22735902/
https://www.ncbi.nlm.nih.gov/pubmed/22735902/
https://www.ncbi.nlm.nih.gov/pubmed/21538056
https://www.ncbi.nlm.nih.gov/pubmed/21538056
https://www.ncbi.nlm.nih.gov/pubmed/21538056
https://www.ncbi.nlm.nih.gov/pubmed/21538056
https://www.ncbi.nlm.nih.gov/pubmed/17428555
https://www.ncbi.nlm.nih.gov/pubmed/17428555
https://www.ncbi.nlm.nih.gov/pubmed/21993244
https://www.ncbi.nlm.nih.gov/pubmed/21993244
https://www.ncbi.nlm.nih.gov/pubmed/18337605
https://www.ncbi.nlm.nih.gov/pubmed/18337605
https://www.ncbi.nlm.nih.gov/pubmed/23717813
https://www.ncbi.nlm.nih.gov/pubmed/23717813
https://www.ncbi.nlm.nih.gov/pubmed/12957621
https://www.ncbi.nlm.nih.gov/pubmed/12957621
https://www.ncbi.nlm.nih.gov/pubmed/20939111/
https://www.ncbi.nlm.nih.gov/pubmed/20939111/
https://www.ncbi.nlm.nih.gov/pubmed/20939111/
https://www.ncbi.nlm.nih.gov/pubmed/23161231
https://www.ncbi.nlm.nih.gov/pubmed/23161231
https://www.ncbi.nlm.nih.gov/pubmed/23161231
https://www.ncbi.nlm.nih.gov/pubmed/23161231
https://www.ncbi.nlm.nih.gov/pubmed/15382104
https://www.ncbi.nlm.nih.gov/pubmed/15382104
https://www.ncbi.nlm.nih.gov/pubmed/15382104
https://www.ncbi.nlm.nih.gov/pubmed/15338774
https://www.ncbi.nlm.nih.gov/pubmed/15338774
https://www.ncbi.nlm.nih.gov/pubmed/15338774
https://www.ncbi.nlm.nih.gov/pubmed/23511557/
https://www.ncbi.nlm.nih.gov/pubmed/23511557/
https://www.ncbi.nlm.nih.gov/pubmed/23511557/
https://www.ncbi.nlm.nih.gov/pubmed/23511557/
https://www.ncbi.nlm.nih.gov/pubmed/25713627/
https://www.ncbi.nlm.nih.gov/pubmed/25713627/
https://www.ncbi.nlm.nih.gov/pubmed/25713627/
https://www.ncbi.nlm.nih.gov/pubmed/11208819/
https://www.ncbi.nlm.nih.gov/pubmed/11208819/
https://www.ncbi.nlm.nih.gov/pubmed/16618717
https://www.ncbi.nlm.nih.gov/pubmed/16618717
https://www.ncbi.nlm.nih.gov/pubmed/16618717
https://www.ncbi.nlm.nih.gov/pubmed/18316791
https://www.ncbi.nlm.nih.gov/pubmed/18316791
https://www.ncbi.nlm.nih.gov/pubmed/18316791
https://www.ncbi.nlm.nih.gov/pubmed/19117687
https://www.ncbi.nlm.nih.gov/pubmed/19117687
https://www.ncbi.nlm.nih.gov/pubmed/19117687
https://www.ncbi.nlm.nih.gov/pubmed/19117687
https://www.ncbi.nlm.nih.gov/pubmed/20534623
https://www.ncbi.nlm.nih.gov/pubmed/20534623
https://www.ncbi.nlm.nih.gov/pubmed/20534623
https://www.ncbi.nlm.nih.gov/pubmed/20534623
https://www.ncbi.nlm.nih.gov/pubmed/20534623
https://www.ncbi.nlm.nih.gov/pubmed/21305640
https://www.ncbi.nlm.nih.gov/pubmed/21305640
https://www.ncbi.nlm.nih.gov/pubmed/21305640
https://www.ncbi.nlm.nih.gov/pubmed/21729679
https://www.ncbi.nlm.nih.gov/pubmed/21729679
https://www.ncbi.nlm.nih.gov/pubmed/21729679
https://www.ncbi.nlm.nih.gov/pubmed/21285991
https://www.ncbi.nlm.nih.gov/pubmed/21285991
https://www.ncbi.nlm.nih.gov/pubmed/21285991
https://www.ncbi.nlm.nih.gov/pubmed/21456008
https://www.ncbi.nlm.nih.gov/pubmed/21456008
https://www.ncbi.nlm.nih.gov/pubmed/21456008
https://www.ncbi.nlm.nih.gov/pubmed/21456008
https://www.ncbi.nlm.nih.gov/pubmed/22281684
https://www.ncbi.nlm.nih.gov/pubmed/22281684
https://www.ncbi.nlm.nih.gov/pubmed/22281684
https://www.ncbi.nlm.nih.gov/pubmed/16403224/
https://www.ncbi.nlm.nih.gov/pubmed/16403224/
https://www.ncbi.nlm.nih.gov/pubmed/16403224/
https://www.ncbi.nlm.nih.gov/pubmed/16403224/
https://www.ncbi.nlm.nih.gov/pubmed/22368298
https://www.ncbi.nlm.nih.gov/pubmed/22368298
https://www.ncbi.nlm.nih.gov/pubmed/22368298
https://www.ncbi.nlm.nih.gov/pubmed/22368298
https://www.ncbi.nlm.nih.gov/pubmed/22368298
https://www.ncbi.nlm.nih.gov/pubmed/18832519
https://www.ncbi.nlm.nih.gov/pubmed/18832519
https://www.ncbi.nlm.nih.gov/pubmed/18832519
https://www.ncbi.nlm.nih.gov/pubmed/16024606
https://www.ncbi.nlm.nih.gov/pubmed/16024606
https://www.ncbi.nlm.nih.gov/pubmed/16024606
https://www.ncbi.nlm.nih.gov/pubmed/20383189
https://www.ncbi.nlm.nih.gov/pubmed/20383189
https://www.ncbi.nlm.nih.gov/pubmed/19001320
https://www.ncbi.nlm.nih.gov/pubmed/19001320
https://www.ncbi.nlm.nih.gov/pubmed/19001320
https://www.ncbi.nlm.nih.gov/pubmed/19001320
https://www.ncbi.nlm.nih.gov/pubmed/20420947
https://www.ncbi.nlm.nih.gov/pubmed/20420947
https://www.ncbi.nlm.nih.gov/pubmed/4953873/
https://www.ncbi.nlm.nih.gov/pubmed/4953873/
https://www.ncbi.nlm.nih.gov/pubmed/14734469
https://www.ncbi.nlm.nih.gov/pubmed/14734469
https://www.ncbi.nlm.nih.gov/pubmed/14734469
https://www.ncbi.nlm.nih.gov/pubmed/14734469
https://www.ncbi.nlm.nih.gov/pubmed/10381918
https://www.ncbi.nlm.nih.gov/pubmed/10381918
https://www.ncbi.nlm.nih.gov/pubmed/10381918
https://www.ncbi.nlm.nih.gov/pubmed/24651849
https://www.ncbi.nlm.nih.gov/pubmed/24651849
https://www.ncbi.nlm.nih.gov/pubmed/24651849
https://www.ncbi.nlm.nih.gov/pubmed/24651849


How to cite this article: Bassim J A, Itrat M. Expanding Role of Bio Markers in Colo-Rectal Cancer (CRC). Int J cell Sci & mol biol. 2017; 3(1) : 555605. 
DOI: 10.19080/IJCSMB.2017.03.555605

0018

International Journal of Cell Science & Molecular Biology

48. Arnold CN, Goel A, Boland CR (2003) Role of hMLH1 promotor 
hypermethylation in drug resistance to 5-fluorouracil in colorectal 
cancer cell lines. Int J Cancer 106(1): 66-73.  

49. Sargent DJ, Marsoni S, Monges G, Thibodeau SN, Labianca R, et al. 
(2010) Defective mismatch repair as a predictive marker for lack of 
efficacy of fluorouracil-based adjuvant therapy in colon cancer. J Clin 

Oncol 28(20): 3219-3226. 

50. Ribic CM, Sargent DJ, Moore MJ, Thibodeau SN, French AJ, et al. 
Tumor microsatellite-instability status as a predictor of benefit from 
fluorouracil-based adjuvant chemotherapy for colon cancer. N Engl J 
Med 349(3): 247-257.

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                      Track the below URL for one-step submission 
                    https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 Licens
DOI: 10.19080/IJCSMB.2017.03.555605

http://dx.doi.org/10.19080/IJCSMB.2017.03.555605
https://www.ncbi.nlm.nih.gov/pubmed/12794758
https://www.ncbi.nlm.nih.gov/pubmed/12794758
https://www.ncbi.nlm.nih.gov/pubmed/12794758
https://www.ncbi.nlm.nih.gov/pubmed/20498393
https://www.ncbi.nlm.nih.gov/pubmed/20498393
https://www.ncbi.nlm.nih.gov/pubmed/20498393
https://www.ncbi.nlm.nih.gov/pubmed/20498393
https://www.ncbi.nlm.nih.gov/pubmed/12867608
https://www.ncbi.nlm.nih.gov/pubmed/12867608
https://www.ncbi.nlm.nih.gov/pubmed/12867608
https://www.ncbi.nlm.nih.gov/pubmed/12867608
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/IJCSMB.2017.03.555605

	Title
	Abstract
	Carcinoembryonic Antigen
	RAS
	MSI
	References
	Table 1

