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Cancer is a disease that occurs as consequences of deranged functions of cells and genes. DNA repair genes 
are vitals for keeping intact the genome's integrity. Thus, a flop or partial failure in regulating these important 
repair genes is linked to carcinogenesis, progression, and resistance to therapeutic drugs against various 
types of cancers. Colorectal cancer (synonym: colorectal adenocarcinoma), a malignant neoplasm, has 
caused more of the many deaths that are of cancer origins. Gene profiling of DNA repair genes in colorectal 
cancers are considered to be vital for their identification at any stage of development and also in their 
chemotherapy.  In an effort to work towards this importance, we have used the qRT-PCR techniques and 
comparative threshold cycle (Ct) method to quantify and then compare the levels of gene expressions among 
the DNA repair genes that include three Neil genes, Ercc1, Mlh1, Ogg1, and Nthl1 relative to the reference 
gene, Gapdh used as internal control in tumour and matched normal colon tissues. The results revealed that 
the expression profile of the genes in the colon tumours do not follow a clear pattern but there were relatively 
high expressions of Neil3, Ercc1, and Mlh1.  Since the turnovers of these genes suggestively indicate some 
levels of genetic instability, therefore, they have the potential to be recognized as useful biomarkers in cancer 
diagnosis. 
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ABSTRACT 

Introduction
Cancer is a disease that occurs as consequences of 
deranged functions of cells and genes(Jenkins, 
2017). Colorectal cancer (CRC) is now one the 
foremost cancerous diseases associated with high 
death rate worldwide. Cancers occur by 
uncontrolled cell division which is a consequence 
of several (or accumulated) somatic and germline 
alterations in genetic components. Many of these 
alterations are, infact, mutations in DNA. These 
may occur because of random DNA replication 
errors, exposure to cancer-causing agents or 
deranged DNA repair processes (Abbotts et al., 
2014; Wolf et al., 2019). Several mechanisms are 
deployed by cancer cells to make themselves 
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become completely haywire - through series of 
regulatory instructions relayed by activated-
receptorsthat act as oncogenes (Vogelstein and 
Kinzler, 2004)- leading to rapidly replicating DNA 
and, by consequence, uncontrolled cell 
proliferations. In addition, they up-regulate growth 
factor ligands, which by certain interactions, 
stimulate non-cancer cells to release factors that 
help cancer cells to grow; and receptor-proteins 
that confer hypersensitivity of non-cancer cells to 
such growth factor ligands; and as well alter the 
structure of receptors that helps to bring about cell 
divisions without dependency on a ligand (Cheng 
et al., 2008). 
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Ultimately, cancers result when the integrity of the 
DNA is compromised. The DNA witnessed 
numerous alterations on a daily basis. Although 
some of these changes are spontaneous which 
include depurination and deamination, many of the 
DNA damages are due to endogenoeuos and 
exogenous chemical agents that are genotoxic. 
Such DNA damages can be DNA base alteration, 
formation of bulky substituents on bases, 
single/double-strand breaks, DNA crosslinkings 
(both intra/inter-strand).Such alterations impact 
DNA which may lead to permanent changes in 
genomic DNA sequences, and cell deaths resulting 
from changes in the replication fork (Friedberg et 
al., 2005). The ultraviolet (UV) radiation, chemical 
agents, and chemotherapy drugs are the most 
common exogenous agents known to damage DNA 
which may results into cancerous diseases e.g. UV 
radiation causes skin lesions (Seebode et al., 
2016)and lung cancer could most possibly result 
from numerous chemical compounds in cigarette 
smoke when inhaled (Doll and Brafdford-Hill, 
1950). Also, the colon epithelial cells are 
particularly affected by mutagenic metabolites of 
exogenously ingested compounds (Greenman et 
al., 2007)which may predispose such colon cells to 
abnormally proliferative growth.

On the other hand, endogenous agents that cause 
DNA damage also come from various endogenous 
sources which include pool of reactive oxygen 

-
species (ROS)(includes O , H O , and OH) 2 2 2

(Beckman and Ames, 1997; Hazra et al.,2007), by-
products of normal aerobic metabolic processes, 
and some, derivatives of inflammatory cytokines 
that both build up a pool of oxidants leading to 
oxidative stress (Federico  etal., 2007). Although, 
the replicative DNA polymerases have 3'-5' 
"proofreading" exonuclease activity, they are still 
endogenous sources of DNA damage due to 
inefficient corrections(Pierce, 2017). The ROS are 
i m p l i c a t e d  i n  m a i n t a i n i n g  c e l l u l a r  
homeostasis(Hancock et al., 2001)but elevated 
ROS levels are detrimental to the cellular lipids, 
protein, and nucleic acids (Friedberg  et al., 2005), 
thus, annulling the antioxidative capacity of the 
cells. These increased ROS levels have direct 
consequences, through covalent modifications of 
DNA, ensuring an increased DNA damage. 
Interestingly, increased ROS levels were observed 
in pancreatic, prostate, breast, and colon 

cancers(Vaquero et al., 2004;  Kumar et al., 2008;  
Acharya et al., 2010; Hecht  et al., 2016) For 
instance, 8-oxo-7,8-dihydroguanine (8-oxoG) is 
caused by ROS attack on DNA. 8-oxoG 
mismatches with adenine and tranversions of GC to 
TA results in the DNA. 8-oxoG is non-toxic but it is 
a highly potent mutagen (Suzuki and Kamiya, 
2016). Such mismatch pairing in somatic mutations 
in lungs, colorectal, breast, gastric, and ovarian 
cancers have been reported(Fortini et al., 2003). In 
addition, ROS have been implicated in releases of 
activating transcription factors e.g. NF-kB, 
activator protein-1 (AP-1), and hypoxia inducible 
factor-1 (HIF-1a) that play crucial roles not only in 
cancer cell growth and survival but also in their 
angiogenesis, invasion, and metastasis (Gupta et 
al., 2012).

Interestingly, nature has devised mechanisms to 
repair any damage of any sorts that affects the 
integrity of DNA which ensure that the information 
carried by them is not lost but preserved. There are 
numerous ways the cells repair insulted DNA but 
five major DNA repair pathways have been 
identified (Friedberg, et al., 2005). These are the 
mismatch repair (MMR), the base-excision repair 
(BER), the nucleotide-excision repair (NER), the 
non-homologous end-joining, and the homologous 
recombination repair (HRR). The efficiency of 
these repair pathways must remain high as any 
decrease or loss in them leads to accumulation of 
thousands of mutations (Abbotts et al., 2014)that 
portends high risk of carcinogenesis. For instance, 
hypersensitivity to sunlight, due to absence of 
NER, makes individuals have high chances of 
e i t h e r  a g e i n g  r a p i d l y  o r  d e v e l o p i n g  
cancer(Friedberg, et al., 2005); genetic defects in 
MMR and BER are underlying causes in several 
inherited colorectal cancer (Weren et al., 2015).

Cancer cells highly express DNA repair 
proteins which can render the cells resistant to 
some chemotherapy agents. For example, colon 
cancer cells treated with oxaliplatin exhibit 
upregulation of the excision repair cross-
complementation group 1 (Ercc1) gene but small 
interfering RNA (siRNA) knockdown of Ercc1 
makes the cells sensitive to the chemotherapeutic 
effects of the drug(Seetharam et al., 2010). Also, 
most cancer cell lines and metastatic melanoma 
highly express NIEL3 (a BER DNA glycosylase) 
(Kauffmann et al., 2008; Hildrestrand et al., 2009). 
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bifunctional having apurinic/apyrimidinic (AP) 
lyase activity in addition to cleaving the glycosylic 
bond that links damaged base (Jacobs and Schär, 
2012). These five bifunctional enzymes identifies 
and remove oxidised bases from any double/single-
strand DNA (Jacobs and Schär, 2012). The two 
recessive oncogenes MUTYH and Nthl1 
(BERgenes), are, indeed, linked to high levels of 
polyposis  and adenomatous polyposis ,  
respectively, and have high potentials for 
developing CRC(Weren et al., 2018). 

As described vide supra, the interplay of the highly 
expressed gene products of DNA repair genes in 
cancers and resistance to chemotherapy agents 
cannot be overemphasized. As such, in this work, 
we determined the levels of Neilgenes, 
Ercc1,Ogg1, andNthl1that expressed in human 
CRC tumour samples and also in matched normal 
colon tissue. In addition, we analysed the 
expression profile of Mlh1 in solid colon tumor 
tissues and ascertained its expression at the 
transcriptional level.

Materials and Methods
Total RNA was extracted from frozen human colon 
cancer tissue and matched normal colon tissue 
using the RNeasy Fibrous Tissue Mini kit 
(QIAGEN). The integrity of the extracted RNA was 
assessed by using 1% agarose gel electrophoresis. 
Complementary DNA (cDNA) was synthesized 
from the extracted RNA by reverse-transcription 
using QuantiNova Reverse Transcription kit 
(QIAGEN). The cDNA was amplified by the target 
gene primers (Table S1 contains the forward and 
reverse primers of the target genes) using the 
polymerase chain reaction (PCR). 

In human cells, the genes Msh2 and Msh6 (MutS 
homolog 2 and 6), Mlh1 and Mlh3 (MutL homolog 
1 and 3), and Pms1 and Pms2(post-meiotic 
segregation increased 1 and 2) play vital parts in 
MMR (Harfe and Jinks-Robertson, 2000). Hence, 
mutations in any of them could cause microsatellite 
instability (MSI) and such individual could develop 
cancers such as CRC and cancers of the 
ovary(Abbotts et al., 2014). Certain mutations have 
been implicated in the development of Lynch 
syndrome (hereditary nonpolyposis colorectal 
cancers, HNPCC), which is associated with the 
early stage of CRC. Such alterations occur in Mlh1, 
Msh2 or Pms2. More so, alterations in Epcam 
(epithelial cell adhesion molecule) gene cause 
allele-specific Msh2 inactivation. Notably, a high 
percentage of HNPCC would be associated with a 
number of inactivating alterations occurring in any 
of the MMR genes. More than 90% of these 
mutations occur in the human Msh2 or Mlh1 genes 
which show a significant high occurrence of 
phenotypic MSI(Wheeler et al., 2000).Also, 
somatic mutations occur in MMR genes due to 
methylation of the promoter region of Mlh1. The 
methylations often result in CpG island methylator 
phenotype (CIMP) which is a subset of CRC. The 
hyper-methylation of promoter CpG island sites 
causes Mlh1 inactivation especially in CRC with 
MSI-H (Haydon and Jass, 2002). In an effort to 
reverse Mlh1 methylation in colon cancer, de-
methylating agent 5-aza-2' -deoxycytidine (5-aza-
dC) was used to induce Mlh1 expression and also 
render cancer cells sensitive to 5-fluorouracil 
treatment (Fujita et al., 2007).

The endonuclease VIII – like DNA glycosylases 
(NEIL) is one the important BER enzymes 
superfamilies. The 8-oxoguanine DNA glycosylase 
(Ogg1), endonuclease III homolog (Nthl1), and the 
three endonuclease VIII paralogs (NEIL1, NEIL2 
and NEIL3) are second of their two classes and are 
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The resulting cDNA sequences of the target 
genes (Neil1, Neil2, Neil3, Ercc1, Mlh1, Ogg1, 
Nthl1 and Gapdh) were then amplified by 
quantitative reverse-transcription (RT) PCR. 
Quantitative real-time PCR was employed 
toquantitatively expressthe target genes on the 
cDNAs using the SensivFast SYBR Lo-ROX Kit 
(Bioline, U.K.) with glyceraldehyde 3-phosphate 
dehydrogenase (Gapdh) as the reference gene for 
normalization. The results were subsequently 
analysed using the MJ Opticon Monitor v3.1 
software and 2(-Delta Delta C(T)) method (Livak 
and Schmittgen, 2001), for calculating the relative 
expressions of target genes in cell lines through 
normalization of values of mRNA quantitatively 
expressed to those of the Gapdh, was used in the 
analysis of results.

Results
Preliminary Analysis of Test Cell Lines

Two cell lines used for the method testing 
include the HCT116 (human colorectal carcinoma) 
and the Mero25 (mesothelioma-derived). The cells 
gave 28S and 18S rRNA bands on electrophoresis 
agarose gel by the RNA kit (Bioline Isolate II) 
employed. Subsequently, the PCR primer pairs for 
each  ta rge t  gene  gave  d is t inc t  bands  
(Supplementary Information Figure S1) when 
tested on cDNA obtained from the two rRNA. 
Except the primer pairs 994S for Ercc1, 349S for 
Nthl1, and 1814S for Mlh1 which gave no PCR 
products from their cDNA, all the others amplified 
the target segment of their unique cDNA obtained 
from either cell line. Similarly, the three Neil genes 
were expressed successfully with the quantitative 
method, although, a marked difference was seen in 
the expression levels in the two cell lines. However, 
Gapdh and Neil3 showed similar expression 
patterns in both cell lines (Supplementary 

Information Figure S2).
Lanes 1 – 6, HCT116 and lanes 7-13, Mero-25. 
Lane 1, Gapdh; lane 2, Neil1 (1079S); lane 3, Neil1 
(1071S); lane 4, Neil2 (631S); lane 5, Neil2 
(1291S); lane 6, Neil3 (1651S); lane7, Gapdh; lane 
8, Neil1 (1079S); lane 9, Neil1 (1071S); lane 10, 
Neil2 (631S); lane 11, Neil2 (1291S); lane 12, Neil3 
(1651S); lane 13, Neil2 (631S). H: Hyperladder 100 
bp.
Colon Tissue Samples Analysis
The method employed was applied to the 
experimental CRC tumour and matched normal 
colon samples following its confirmations of 
specificity and suitability of the PCR primers in the 
preliminary tests. The colon tissue and matched 
normal colon tissue pairs have been designated (as 
shown in Table 2) in this work. Their RNA was 
degraded, thus, the two 18S AND 28S rRNA bands, 
which is a common feature of total RNA from cells 
(Sambrook et al.,1989; Sandrine et al., 2005), were 
rarely observed in the colon tissues.
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Figure 2: Agarose gel electrophoresis of RT-PCR products of Gapdh, Neil1, Neil2 and Neil3 for HCT116 
and Mero-25 cells. 

Table 1: Designation of colon tissues and matched normal colon tissues reported in this paper

Samples Colon Tissues Matched Normal Colon 
Tissue  

Label 

1  2T 1N Pair1 

2 4T 3N Pair2 

3 6T 5N Pair3 

4 8T 7N Pair4 

5 10T 10N Pair5 

6 11T 11N Pair6 

7 12T 12N Pair7 

8 13T 13N Pair8 

9 33T 33N Pair9 

10 34T 34N Pair10 

11 35T 35N Pair11 

12 36T 36N Pair12 

 
It is noteworthy to state that the sample pools were extended to as much as sixteen colon tissues, in part, to 
further test the stability of the rRNA. Attempts to reduce RNA degradation were unsuccessful. As such, we 
will focus on the initial twelve pairs in this paper Figure 3

Figure 3: Agarose gel profile of RNA of tumour vs matched normal of colon tissues.

The Specificity of Primers
From RT-PCR on the cDNA from tissue samples, the specificity of each primer was confirmed and only the 
target genes were amplified. The gel profiles of each gene were determined. Figure 4 shows the gel pattern 
of a representative pair i.e. Pair 5  

Figure 4: Agarose gel profile ofRT-PCR products ofGapdh and Neil3 from 10N and 10T.
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H- Hyperladder 100bp, (10N: 1 - Gapdh, 2 - 

Neil3), (10T:  3 - Gapdh, 4 - Neil3). 

Expressions of DNA Repair Genes by 
Quantitative PCR

The results of the quantitative PCR (qPCR) 
followed the normalization procedures which took 
care of the experimental errors that may have arisen 
from the procedures of RNA extraction and the 
synthesis of complementary DNA, cDNA. The 
results were well calibrated with control 
experiments which involved the reference gene 
Gapdh and the genes Neil3, Ercc1, and Mlh1 from 
samples 10T, 13N, and 34T, respectively. Then 

qPCR was carried out for real-time quantitative 
expressions of genes in CRC tumour, matched 
normal colon tissues. The expression profiles of 7 
DNA repair genes that include Neil genes (Neil1, 
Neil2, Neil3), Ogg1, Nthl1, Ercc1 and Mlh1, in the 
sample pairs (Table 1) in comparison to the 
housekeeping gene, Gapdh, are reported in Figure 
5. Among them, 3 target genes (Neil3, Ercc1 and 
Mlh1) (Wheeler et al., 2000; Haydon and Jass, 
2002; Kauffmann et al., 2008; Hildrestrand et al., 
2009;Seetharam et al., 2010; Abbotts et al., 2014), 
that are directly related or relevant to CRC via 3 
repair pathways (i.e. BER, NER and MMR), are 
reported in different charts i.e. Figure 6 and can be 
easily compared.

Figure 5: Levels of expressions of Neil genes, Ercc1, Ogg1, Nthl1in tumour/matched 
normal of colon tissues pairs (Pairs 1 to 4) from qPCR.
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Figure 6: Gene expression levels of Neil3, Ercc1 and Mlh1in tumour/matched normal 
of colon tissues pairs (Pairs 5 to 12) from qPCR

Discussion
The outset of carcinogenesis is somewhat 
characterized by high level of genetic instability. 
Such instability could be a result of accumulation of 
many unresolved DNA damages. Invariably, the 
cells try to bring most pre-oncogenic molecular 
events under control through various mechanisms. 
Certainly, the rate of cellular expressions of DNA 
repair genes is one the consequences of the cells 
failure to forestall the damages to DNA. Moreover, 
despite the reparative role of DNA repair proteins, it 
is surprising that some of the genes coding for them 
were associated with tumor development and drug 
resistance in certain cancer types. Their 
involvements are characterized by high level of 
cellular expressions e.g. Ercc1 was highly 
expressed in colorectal cancer patients who were 
being administered combined chemotherapy of 
oxaliplatin and 5-fluorouracil (Shirota et al., 2001), 

and Neil3 highly expresses in melanoma tumor and 
many cell lines (Taylor et al., 2015; Shinmura et al., 
2016). 

The genetic expression profiling of a wide range of 
DNA repair genes that are closely associated with 
the major DNA repair pathways have been carried 
out on colon cancer tissues in particular in this 
study, most importantly, to elucidate or determine if 
these genes could be targeted as biomarkers in CRC 
patients based on the patterns of expected 
outcomes. Gene analyses were done on the various 
colon tumour tissues, including matched normal 
colon tissue samples for comparison; twelve 
different samples in the first instance, whose results 
are reported here. Although, colon tumours tissues 
from other different sources were analyzed the 
same way but the expression patterns were not 
dramatically different from the initial results. It is 
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pertinent to note that the total RNA degraded in 
samples of both sources as the two 18S AND 28S 
rRNA bands were rarely observed in them, in spite 
of application of different RNA extraction methods 
and careful addition of RNase inhibitors to the 
buffers. By contrast, ribosomal RNA bands are 
commonly observed following RNA extraction 
from cells (Sambrook et al., 1989; Sandrine et al., 
2005). Importantly, this lacking in two rRNA bands 
eliminated the fear that the initial findings were due 
to artifacts. Perhaps the absence of rRNA bands in 
these colon tissues could be a common outcome in 
spite of any RNA extraction protocols deployed.

Broadly, the BER DNA glycosylase genes 
which consist of the Neil genes (Neil1, Neil2, 
Neil3), Ogg1, Nthl1, Ercc1 (that is also a 
component of the XPF/ERCC1 lesion-specific 
endonuclease of the NER) and the MMR genes 
Mlh1 were initially expressed only in four sample 
pairs (Pairs 1 to 4 in Table 1). Nonetheless, due to 
practical constraints, only three DNA repair genes; 
Neil3, Ercc1 and Mlh1, representing each of the 
DNA repair pathways (although, in particular, these 
genes are CRC relevant), were subsequently 
quantitatively expressed in rest of the pairs. Our 
choice of these genes was informed by their links to 
cancer or metastatic tumours e.g. increased 
expressions of Neil3(Shinmura et al., 2016); and 
Ercc1 following CRC treatment with oxaliplatin 
(Shirota et al., 2001; Seetharam  et al., 2010). More 
so, platinum-based drug – induced DNA damage 
was repaired via Ercc1 and NER pathway (Reed, 
1998; Vilmar and  Sørensen, 2009;  Rao et al., 
2019); mouse cells were sensitized by cisplatin in 
the absence of Neil3 (Rolseth et al., 2013); and 
Neil3 and Neil1are capable of repairing interstrand 
crosslinks in DNA (Semlow et al., 2016; Martin et 
al., 2017).The expression protocols used the Gapdh 
as the internal control. Invariably, the pattern of 
Gapdh bands conforms to that of a housekeeping 
gene in both normal and tumour tissues in all cases. 

The double-delta threshold cycle (? ? Ct) method 
(Livak and Schmittgen, 2001) was used. The Ct 
were recorded in triplicates from which the mean 
values and standard errors were calculated. Thus, 
the normalized mean Ct were obtained by 
subtracting the Gapdh mean Ct from that of the 
target genes. The base 2 logarithm fold change gene 
expression derived from the ratio of normalized Ct 
values of tumour to that of normal tissues. Overall, 

the results reveal no clear expression pattern of the 
target genes (the DNA repair genes) in the qPCR 
experiments but few of the genes that include Ogg1, 
Neil genes, Ercc1, and Nthl1 were commonly 
quantifiable with amount more than quadrupled 

that of the Gapdh housekeeping gene (≥ 1-fold) in 
about 67% of the sample pairs. 

In the initial analyses that considered the six BER 
DNA gycosylase genes in four sample pairs (Figure 
3), Ogg1 had 14.07-, 3.27-, and 1.94-fold changes 
in sample pair 1, pair 2, and pair 4, respectively. 
Sample pair 1 had the overall highest expression of 
all the sample pairs analyzed in the qPCR. The 
second highest expressions were quantified for Neil 
genes, particularly, for Neil2 which had 4.30-fold 
change in sample pairs 3 and 4. Sample pair 2 had 
2.32-fold change of Neil3 expression while 1.83-
fold change was calculated for Neil1 in sample pair 
4. The subsequent qPCR quantification involved 
three of the target genes, that is Neil3, Ercc1, and 
Mlh1, which are considered highly implicated 
colorectal cancer(Wheeler et al., 2000; Haydon and 
Jass, 2002; Kauffmann et al., 2008; Hildrestrand et 
al., 2009;Seetharam et al., 2010; Abbotts et al., 
2014).Niel3 does seem ubiquitous to the target 
genes, and by implications to colon cancer tumours, 
even as < 1-fold change were observed for sample 
pair 6 (0.05-fold), pair 8 (0.12-fold) and pair 10 
(0.04-fold). Ercc1 and the MMR gene Mlh1 were 
highly expressed to varying extents (Figure 4). The 
fold changes were high for only Ercc1 (2.93-fold) 
in sample pair 5 - Mhl1 lacked detectable gene 
product in this sample pair. Ercc1 had low 
expression (0.24-fold) but Mhl1 was highly 
expressed (6.44-fold) in sample pair 6. The three 
genes had < 1-fold in pair 7. They were nearly non-
detectable in pairs 8 and 10. Only Ercc1 was 
prominently expressed in pair 9 with 4.33-fold 
change that almost doubles its expression in sample 
pair 5. All the three genes expressed very high in 
sample pair 11 with Neil3 - 8.86-fold, Ercc1 - 4.05-
fold, and exceedingly high 27.86-fold change of 
Mlh1 gene expression. However, in sample pair 12, 
the fold change of Mhl1 gene expression is low (< 
1-fold) compared to > 2-fold change calculated for 
Neil3 and Ercc1 expressions. Clearly, the outcome 
of these investigations revealed no constant levels 
of expressions of any of the DNA repair genes in 
colon tissues. It may have indicated how 
heterogeneous the tumour tissues samples are and 
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how random the accumulation of mutations could 
be (Loeb, 2001).

Despite the lack of unique expression patterns, 
certain outcomes are obvious with respect to CRC. 
These include evidently showing the over-
expression of, at least, one of the key DNA damage 
repair genes. Notably, in particular, the observed 
over-expressions of Neil3, Ercc1 - as was also 
observed in melano-carcinoma cell lines 
(Seetharam et al., 2010), and Mlh1 could be seen as 
indicative of underlying or prevailing colon 
tumourigenesis. Thus, they are suggested as 
potential biomarkers of colon cancer. Some of the 
DNA repair genes that either were low expressed or 
expressed gene products that were below detectable 
limit could be due to the stage of development of the 
cancer at the point of surgical removal.

Conclusion
In this study, we elucidated the expression profiles 
of important DNA repair genes with various gene 
analysis tools, which include agarose gel 
electrophoresis and qRT-PCR techniques on colon 
tumour tissues. The ribosomal RNA of colon 
tumour samples were rapidly degraded and lacked 
the signature two bands 18s and 28s rRNA. 
Although, there is a complex level of interactions 
between the various DNA repair genes in colon 
cancer, no clear pattern of expressions was 
observed for these genes in the sample pairs 
(tumour/matched normal). However, the results 
revealed that over-expression of at least one key 
DNA damage repair gene is a defining 
characteristic of colon cancer. Notably, the 
expressions of Neil3, Ercc1, and Mlh1 genes were 
characterized with markedly high fold changes 
relative to the housekeeping gene, Gapdh. Thus, 
these highly expressed genes could serve as useful 
biomarkers for the diagnosis of colorectal cancer. 
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Table S1. Primers used for Quantitative Polymerase Chain Reaction.

Target Gene DNA Sequence Tm 
(°C) 

GC-
Content 

(%) 

PCR 
product 

(bp) 

Gapdh 1014 GGTGGTCTCCTCTGACTTCAAC
A

61.8 52.2  
127 

Gapdh 1140 GTTGCTGTAGCCAAATTCGTTGT 60.5 43.5 

Ercc1 884S CAAAACGGACAGTCAGACCCT   59.8 52.4  
146 

Ercc1 
1029AS 

TCAAGAAGGGCTCGTGCAG  58.8 57.9 

Neil1 
1071S** 

AGAAGATAAGGACCAAGCTGC   57.9 47.6  
212 

Neil1 
1283AS** 

GATCCCCCTGGAACCAGATG   61.4 60.0 

Neil1 
1079S 

AGGACCAAGCTGCAGAATCC 60.0 55.0  
125 

Neil1 
1203AS 

GCTCGAAAGGCAGCAAAGTC 60.1 55.0 

Mlh1 
2276S^

AGGAGTCGACCCTCTCAGG  61.0 63.2  
66 

Mlh1 
2342AS^ 

GTCCACTTCCAGGAGTTTGG 59.4 55.0 

Neil2 
631S

GAAGCTTCCCCGTAGAAGAGG  61.8 57.1  
122 

Neil2 
773AS 

TGTAGCTTCTTACTGCTGCCC  59.8 52.4 

Neil2 
1291S^^ 

GCCTTAGAAGCTCTAGGCCA  59.4 55.0  
 

145 Neil2 
1436AS^^ 

GCACTCAGGACTGAACCGAG 60.2 54.0 

Neil3 
1651S

CGCCTCTGCATTGTCCGAGT  62.3 62.3  

147 Neil3 
1798AS 

TGGAACGCTTGCCATGGTTG  61.8 61.8 

Nthl1 679S* GATGGCACACCTGGCTATG 58.8 57.9  
 

165 
Nthl1 

844AS* 
CCACAGCTCCCTAGGCAG 60.5 66.7 

Ogg1 
1020S 

AGCAGCTACGAGAGTCCTCA 59.4 55.0  

137 
Ogg1 

1156AS 
CATATGGACATCCACGGGCA  59.4 55.0 

 ** * ^ ^^Shinmura et al., (2004); Goto et al., (2009); Jensen et al., (2013); Mandal et al., (2012).
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Lane 1, Gapdh; lane 2, Ercc1 (884S); lane 3, Ercc1 (994S); lane 4, Ogg1 (1020S); lane 5, Ogg1 (1258S); 
lane 6, Nthl1 (349S); lane 7, Nthl1 (679S); lane 8, Mlh1 (1814S); lane 9, Mlh1 (2276S); lane 10, Ercc1 
(884S); lane 11, Gapdh; lane 12, Ercc1 (994S); lane 13, Ogg1 (1020S); lane 14, Ogg1 (1258S); lane 15, 
Nthl1 (349S); lane 16, Nthl1 (679S); lane 17, Mlh1 (1814S); lane 18,  Mlh1 (2276). H represents 
Hyperladder 100bp.

Figure S1: Agarose gel electrophoresis of RT-PCR products of Gapdh, Ercc1, Ogg1, Nthl1 and Mlh1 genes for 
HCT116 and Mero-25 cell lines.

Figure S2: Agarose gel electrophoresis of RT-PCR products of Gapdh, Neil1, Neil2 and Neil3 for 

HCT116 and Mero-25 cells.
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