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Abstract
Purpose: To evaluate the expression of EGFR, KRAS genes, microRNAs-21 and 203 in colon and rectal 
cancer samples, correlated with their age at diagnosis, histological subtype, value of pretreatment 
CEA, TNM staging and clinical outcome. 
Methods: Expression of genes and microRNAs by real time PCR in tumor and non-tumor samples 
obtained from surgical treatment of 50 patients. 
Results: An increased expression of microRNAs-21 and 203 in tumor samples in relation to non-
tumor samples was found. There was no statistically significant difference between the expression 
of these genes and microRNAs when compared to age at diagnosis and histological subtype. The 
EGFR gene showed higher expression in relation to the value of CEA diagnosis. The expression of 
microRNA-203 was progressively lower in relation to the TNM staging and was higher in the patient 
group in clinical remission.
Conclusions: The therapy of colon and rectum tumors based on microRNAs remains under 
investigation reserving huge potential for future applications and clinical interventions in conjunction 
with existing therapies. We expect, based on the exposed data, to stimulate the development of 
new therapeutic possibilities, making the treatment of these tumors more effective.
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can act as tumor suppressor or oncogene9. 
As microRNAs have a small sequence and act 
without complete pairing, one can regulate 
many microRNA targets with totally different 
functions10. The altered expression of microRNAs 
has been correlated with various tumor 
types11, and it is being associated with tumor 
classification, diagnosis, staging, prognostic and 
predictive factors12.
 In the present study we evaluated the 
expression of EGFR gene, KRAS, microRNA-21 
(miR-21) and microRNA-203 (miR-203) in colon 
cancer samples, straight and correlated with 
patients’ age at diagnosis, histological subtype, 
value of pretreatment CEA, TNM staging and 
clinical outcome.

 ■ Methods

 After been approved by the Research 
Ethics Committee, a prospective study was 
performed with 50 consecutive Colorectal 
cancer patients undergoing curative surgery 
at Clinics Hospital – Universidade de São Paulo 
(Ribeirão Preto-SP), from April 2008 to February 
2009. 
 All patients signed a free and informed 
consent form for enrollment in the study. 
Exclusion criteria included genetic CRC related 
to genetic syndromes, inflammatory disease 
and tumors that were not adenocarcinomas and 
the refusal to provide written informed consent.  
 Variables collected from medical records 
included gender, age, tumor site, histologic 
subtype, pre-operative CEA, TNM staging 
and clinical outcome. As control samples we 
collected 20 samples of adjacent non-tumor 
tissue from CRC patients during the surgery. 

RNA purification 

 The samples were stored at −80°C 
until RNA extraction. For this procedure, 250 
μL of PBS and 750 μL of TRIZOL (Invitrogen, 
Carlsbad, CA, USA) were added to the tissue 

 ■ Introduction

 Colon and rectal cancer is found in 
the first places in incidence of neoplasms, 
varying the position according to gender and 
socioeconomic development. Despite all the 
advances in treating this cancer, it still occupies 
the first place also in mortality1.
 In spite of being about 90% pure 
adenocarcinoma2, this neoplasia presents 
diversity in its clinical course. Several prognostic 
factors have been proposed, such as age, value of 
pretreatment carcinoembryonic antigen (CEA), 
histological subtype, tumor grade and others, 
but the greatest impact is the TNM staging, that 
serves as a basis for therapeutic decisions. But 
even with the updates and frequent revisions 
we observe different clinical outcomes in 
patients of the same TNM staging subgroup. 
The development of molecular biology has 
contributed to a better understanding of 
cancer development, predicting its evolution. 
therapeutic response and even developing 
molecular target. Even for the treatment of 
metastatic colorrectal cancer, there are already 
available for clinical use, an antibody against 
epidermal growth factor receptor (EGFR)3 and 
other against the vascular endothelial growth 
factor (VEGF)4. 
 However, despite the EGFR being 
expressed in 25-75% of colon and rectal cancer3, 
this antibody therapeutic response occurs in 
only some patients5. The EGFR has shown to be 
predictive factor of response for the use of this 
antibody6. Since the mutation KRAS7 and BRAF5, 
which are part of the intracellular cascade below 
EGFR, are associated with response to use of the 
antibodies against the EGFR.
 microRNAs are small molecules, 
noncoding RNA~22nt nucleotides (nt) that 
regulate gene expression. It is estimated that 
about 30% of human genes are regulated by 
microRNAs8. The role of microRNA depends on 
its messenger RNA in a target tissue. MicroRNA 
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samples, which were then lysed in a Polytron 
homogenizer for about 3 min. Next, total RNA 
was extracted by the TRIZOL method, according 
to the manufacturer’s instructions. All RNA 
samples were quantified by spectrophotometry 
(NanoDrop 2000 Spectrophotometer) and a 
260/280 ratio ranging from 1.8 to 2.0 was used 
to exclude low-purity samples.

Gene qPCR analysis

 The system TaqMan Assay-on-demand 
(Applied Biosystems, Foster City, CA, USA) 
was used to analyze genes: EGFR (Assay 
ID Hs01076078_m1) and KRAS (Assay ID 
Hs00978051_g1). Complementary DNA (cDNA) 
was synthesized by reverse transcription using 
a commercial High Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems, Foster 
City, CA, USA - #4368814) according to the 
manufacturer’s manual (500 ng of RNA per 
sample), using a thermociclator. For the real 
time PCR, the conditions were pre-heating at 
50°C for 2 min, denaturation at 95°C for 10 min, 
and 40 cycles of amplification and quantification 
(15 s at 95°C and 1 min at 60°C). GAPDH (Assay 
ID Hs02758991_g1) was selected as endogenous 
control (housekeeping) for gene reactions.

miRNA qPCR analysis

 The cDNA was synthesized using 2.5 
ng of RNA. The specific looped RT primers 
for miR-21 and  miR-203 and reagents were 
included in the High Capacity c-DNA archive Kit 
(Applied Biosystems), and these components 
were incubated with RNase Inhibitor (Applied 
Biosystems) for 30 min at 16°C, 30 min at 42°C, 
5 min at 85°C, and then held at 4°C. Real-time 
PCR analysis of cDNA was performed at 95°C 
for 10 min, followed by 40 cycles at 95°C for 15 
s and 60°C for 1 min in a 7500 Real Time PCR 
System using TaqMan Reaction Master Mix 
(Applied Biosystems), in accordance with the 
manufacturer’s instructions. For such, we used 

the following primers: has-miR-21 and has-
miR-203 (Applied Biosystems). The U6 were 
used as endogenous controls (housekeeping) 
for miRNA reactions.

Statistical analysis

 For descriptive analysis of patients 
median and quartiles were used, since it is 
a Gaussian distribution and unpaired. The 
molecular analysis of the results obtained by 
real-time PCR was performed using GraphPad 
Prism 6.0 software that generated graphs and 
statistical analysis. For comparative analysis 
of subgroups not unpaired and Gaussian 
distribution we opted for the Mann-Whitney 
and Kruskal-Wallis test according to the number 
of subgroups evaluated, and considered 
statistically significant p <0.05.

 ■ Results

Sample analysis of patients

 The clinical and pathological 
characteristics of patients are shown in Table 
1, 50 samples were studied, being 25 male 
and 25 female samples. The age at diagnosis 
ranged from 27 to 89 years, many patients were 
older than 60 years old. The primary tumors 
were observed in the colon of 28 patients  and 
in the rectum of 22 patients. The histological 
subtypes pure adenocarcinoma and mucinous 
adenocarcinoma were found in 42 and 8 patients, 
respectively. 92% of the histological tumors 
were classified as moderately differentiated. 
 The staging of patients following the 
American Classification Joint Committee on 
Cancer, AJCC, Seventh Edition, showed one 
patient classified as stage I, 21 patients as stage 
II, 17 patients as stage III and 11 patients stage 
IV.
 In three patients CEA was not measured 
before the start of chemotherapy and in others 
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dosage to CEA ranged from 0.26 to 182 ng / dL. 
Most of the patients had CEA less than 5 ng / dL 
regardless of the stage. 
 All patients underwent primary tumor 
resection, and for 22% of these patients no 
other treatment was administered. Most 
patients received chemotherapy, which was 
considered adjuvant in 58% and palliative in 
18%. Only six patients underwent radiotherapy 
(RT) at some time of treatment. None of the 
patients received molecular target treatment, 
probably due to the high cost of this therapy, 
which is not covered by the Unified Health 
System in Brazil.
 Based on the data recovered from the 
clinical charts from the patients included in our 
sample, after a median follow up of 33 months, 
28 patients remained in clinical remission; 13 
patientes had already recurred, 4 had local 
recurrence and nine metastatic recurrence. 
Only four patients lost their follow up.

Molecular analysis of the sample

 Expression of EGFR and KRAS gene 
showed no significant difference between 
colorectal cancer group and control group 
(p=0.2858 and p= 0.5857, respectively). Yet the 
expression of miR-21 and miR-203 were higher 
in colorectal cancer group when compared to 
the control group (p=0.0353 and p=0.0032, 
respectively) (Figure 1).

Comparative analysis of the age and the 
molecular results

 The expression of the KRAS gene 
and miRNAs-21, 203 showed a trend to be 
higher in patients who were diagnosed with 
cancer at an age below 60, but that was not 
statistically significant (p=0.175, p=0. 2431 and 
p=0.076, respectively), in other hand the EGFR 
expression had a trend to be lower in patients 
under 60 years of age at diagnosis, however 
not statistically significant either (p = 0.2308). 

Table 1 - General characteristics of patients 
according to clinical and pathological stages.
Clinical and pathological 
characteristics

Number of 
patients

Sex
Males 25
Females 25
AGE (years)
<45    5
45 to 60  15
>60 to 75  19
 >75 11
Topography of primary tumor
Colon 28
Rectum 22
pT STAGING
T1 1
T2 5
T3 33
T4 11
pN STAGING
N0 27
N1 10
N2 13
TNM
I 1
II 21
III 17
IV 11
Angiolymphatic invasion
Present 18
Absent 18
No information 14
CEA
<5 ng/dl 27
5 a 15 ng/dl 10
>15 a 50 ng/dl 10
>50 ng/dl   3

Figure 1 - Analysis of miR-21 and miR-203 expression 
in tumor and control samples.
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Comparative analysis of histological subtype 
and molecular results

 The expression of the KRAS gene and 
miR-203 tended to be more expressed in the 
histological subtype of colon rectal cancer 
samples, but that was not statistically significant 
(p = 0.7415 and p=0.119, respectively). 
Moreover, expression of the EGFR gene and 
miR-21 was not statistically significant among 
the histological subtypes (p = 0.6531 and 
p=0.7233, respectively).

Comparative analysis of the value of CEA and 
molecular results

 The higher the value of CEA before the 
start of cancer treatment (p=0.0151) the more 
the expression of EGFR gene increased (Figure 
2).
 The miR-203 expression also showed 
results similar to the expression of the EGFR 
gene, but that was not statistically significant 
(p = 0.1278).
 Yet, the expression of the KRAS gene 
and miR-21 showed no statistically significant 
difference in the variation of the CEA prior to 
the start of cancer treatment (p = 0.8608 and 
p=0.9398, respectively).

Comparative analysis of the TNM staging and 
molecular results

 The higher the TNM staging of the 
patients, the lower the expression of miR-
203 (p= 0.0258) (Figure 3). The analysis of the 
others molecular expression, comparing the 
different tumor staging, showed no statistically 
significant difference.

Figure 2 - Analysis of the expression of the EGFR 
gene compared to the amount of CEA before 
treatment and in relation to clinical outcome.

Figure 3 - miR-203 expression analysis in relation to 
the staging.

Comparative analysis of clinical and molecular 
results

 For the analysis of the clinical outcome 
we considered a subgroup of patients who were 
in clinical remission and another subgroup of 
patients who had already evolved to relapse 
and or death.
 The expressions of EGFR gene, KRAS 
and miR-21 showed no correlation with clinical 
outcome, although statistical significance was 
observed only in the result of the expression of 
the EGFR gene (p=0.0151) (Figure 2).
 The expression of miR-203 was 
increased in the subgroup of patients who 
were in clinical remission (p=0.0104) (Figure 4).
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 ■ Discussion

Expression of miR-21 and miR-203 in the 
tumor tissue and non-tumor

 Several microRNAs have already 
been described with altered expression 
correlated with various cancers. In a study 
using microarrays in colon and rectum cancer 
samples and adjacent non-tumor tissue 
showed five miRNAs (miR-20a, 21, 106a, 181b 
and 203) overexpressed in tumor samples and 
these were also analyzed by real time PCR and 
the results confirmed the increased expression 
of these microRNAs in tumor samples13. The 
miR-21 is significantly elevated in cancer of 
the colon and rectum, and is correlated with 
the regulation of multiple genes associated 
with the remodeling of the extracellular matrix 
and cell motility14. The overexpression of 
miRNas-21 is described in an early stage of the 
transformation of colonic mucosa in adenomas 
and also in later stages of tumor progression15. 
Compared to the described findings, similar 
results were demonstrated in our study in the 
analysis of the miRNAs-21, 203 expressions of 
the colon-rectal cancer samples.

Molecular correlation value and CEA before 
the initiation of treatment

 CEA is a complex glycoprotein produced 
by 90% of colon and rectum cancers and 
contributes to tumor malignancy characteristics. 
However, in benign conditions it rarely exceeds 
the value of 10ng / dl16. There are studies that 
correlate the increased preoperative CEA as a 
bad prognostic factor and still others analyze 
the value of CEA after the surgical resection 
of the tumor in non-metastatic disease, since 
it is expected that the amount of CEA should 
return to normal reference values about 4 to 6 
weeks after surgery, if this doesn’t occur, there 
is a correlation with worse patient outcomes17. 
Compared to the described findings, similar 
results were demonstrated in our study in the 
correlation of EGFR gene expression of colon-
rectal cancer samples with the value of CEA.

Molecular correlation and staging

 Certainly the staging is the most 
important prognostic factor used in clinical 
practice. The TNM staging is considered the 
gold standard, from which patients can be 
separated in subgroups with similar clinical 
outcomes. In our study the expression of miR-
203 was progressively lower the higher the 
TNM staging of the patients. Moreover, it has 
been described that the low expression of miR-
203 is associated with more advanced tumors, 
as we considered in the analysis only the T, 
there was no statistically significant difference 
between the low miR-203 expression with 
other pathological clinical variables such as 
tumor location, clinical stage and lymph node 
involvement18.

Molecular correlation and clinical evolution

 Multiple factors influence the outcome 
of clinical evolution, including the general 
patient condition, presence of associated 
diseases, prognostic factors and clinical staging, 
histological subtype, surgery performed, access 

Figure 4 - Analysis of miR-203 expression with 
respect to clinical outcome.
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to medical treatment among other variables. 
Although colon cancer and non-metastatic 
rectal cancer have a naturally better clinical 
outcome and adjuvant treatment improving 
the disease free survival, 20-25% of stage 
II patients will evolve with recurrence and 
death19. 
 Mckay et al.20 showed no correlation 
between the increased EGFR expression 
gene and disease progression in colon-rectal 
cancer samples. In our study we also found 
no correlation between EGFR expression 
and the progression of the disease, since 
this expression was similar in the group that 
remained in clinical remission and in the group 
that evolved to recurrence or death. 
 The expression of miR-203 was lower 
in samples from patients who have developed 
recurrent disease or death. The lower 
expression of this microRNA was associated 
with more advanced stages of tumor invasion 
in the intestinal wall of the TNM staging18.
 The development of molecular biology 
has gradually been embedded in the clinic, 
especially in oncology. While very promising, 
this knowledge is still fresh. MicroRNAs were 
described at the beginning of the 1990s, and 
today we know that the function of this gene 
depends upon its target in a specific tissue, 
it can act either as a tumor suppressor or as 
an oncogene, since due to its short sequence 
and no need to complete pairing, a single 
microRNA can regulate many different target 
RNA messengers, with completely different 
functions10.

 ■ Conclusions

 The expression of the EGFR gene 
was progressively higher in relation to the 
amount of pretreatment CEA. The expression 
of miRNAS-21 and 203 was higher in tumor 
compared to adjacent non-tumor samples. 
The expression of miR-203 was progressively 
lower in relation to the staging of the disease, 
moreover the expression of this miRNA was 

higher in patients who remained in clinical 
remission of cancer. The therapy of colon and 
rectum tumor based on microRNAs remains 
under investigation, reserving huge potential 
for future applications and clinical interventions 
in conjunction with existing therapies. We 
expect, based on the previously exposed data, 
that the modulation of molecular markers, 
including EGFR gene, KRAS, microRNA-21 
(miR-21) and microRNA-203 (miR-203), will 
stimulate the development of new therapeutic 
possibilities, making the treatment of colon 
and rectum tumors more effective.
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