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Abstract. Many abnormal gene expressions and dysregulated 
signaling pathways have been found in human colorectal 
cancer. Activating mutations of the KRAS, BRAF or PIK3CA 
oncogenes are frequently found in colorectal cancer. The 
aim of the study was to investigate the molecular occurrence 
of KRAS, BRAF and PIK3CA mutations in the colorectal 
tumorigenesis and to study the association of these events 
with clinicopathological parameters. In our study, DNA was 
extracted from 200 cases of human colorectal cancer tissue 
samples. KRAS, BRAF and PIK3CA mutation analysis was 
performed by PCR and pyrosequencing. Using statistical 
methods, we analyzed the relationships between the gene 
mutations and clinicopathological parameters. KRAS point 
mutations were detected in 63/200 patients (31.5%), with 
codon 12 mutations in 52/200 patients (26%), codon 13 muta-
tions in 10/200 patients (5%) and codon 12.13 bi-mutations in 
1/200 patients (0.5%). The V600E mutations of BRAF were 
detected in 14/200 patients (7%). PIK3CA point mutations 
(exon 9, exon 20) were detected in 25/200 (12.5%) patients, 
exon 9 mutatons in 12/200 patients (6%) and exon 20 mutations in 
13/200 (6.5%). Our study suggested that both KRAS and BRAF 
mutations are exclusive, but KRAS and PIK3CA mutations are 
coexistent. The mutational status of BRAF did not correlate 
with Dukes' staging, histological type, age and gender. However, 
strong associations were found between KRAS, PIK3CA muta-
tions and Dukes' staging (staging D, 12/25, 48%). Notably, our 
data indicated that colorectal cancers with KRAS and PIK3CA 
bi-mutations are more likely to develop into liver metastasis.

Introduction

Colorectal cancer (CRC) is a multigene disease. Many abnormal 
gene expressions and dysregulated signaling pathways play 
important roles in tumorigenesis and tumor progression of 
CRC (1-4). EGFR is a transmembrane tyrosine kinase receptor 
that, on ligand binding, triggers two main signaling pathways. 
These include the RAS-RAF-MAPK axis, which is mainly 
involved in cell proliferation, and the PI3K-PTEN-AKT 
pathway, which is mainly involved in cell survival and 
motility (2,5). Mutation in KRAS, BRAF or PIK3CA results 
in continuous activation of the downstream RAS-MAPK or 
PI3K pathways, regardless of whether the EGFR is activated 
(6,7). Mutation of KRAS, BRAF or PIK3CA oncogenes is 
crucial to the progression of colorectal cancer (8).

Many studies have indicated that KRAS mutations are 
found earlier in tumor progression and occur in about 30-35% 
of CRC (9,10). Mutations in BRAF and PIK3CA are around 
5-10% and 10-20% (11-13). Mutations in KRAS and BRAF 
are mutually exclusive, but KRAS and PIK3CA mutations 
may coexist within the same tumor (8). It is well known that 
molecular events resulted in the development of CRC. Little 
is known the relationship between these molecular events 
and clinical pathological parameters (age, gender, Dukes' 
staging, histological type and TNM), especially in metastatic 
colorectal cancer.

Recently, cetuximab, an IgG1 monoclonal antibody to the 
epidermal growth factor (EGFR), is effective in combination 
with chemotherapy in the first-line treatment of KRAS 
wild-type metastasis colorectal cancer (mCRC). However, the 
overall survival of mCRC is still relatively poor, and there is a 
urgent need for early and more effective therapies. Therefore, 
predictive and prognostic factors are required urgently and 
would help physicians to predict the risk of metastasis and to 
enact the personalized treatment for colorectal cancer patients.

In the present study, we aimed to investigate the molecular 
occurrence of KRAS, BRAF and PIK3CA mutations in the 
colorectal cancer patients and to study the association of 
these events with clinicopathological parameters. Notably, 
we also tried to explore the association of KRAS, PIK3CA 
bi-mutations with mCRC. We expected to find some new 
biomarkers which would help to predict the patient progression 
and prognosis of CRC, thus to give proper recommendations 
for the clinical therapeutics.
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Materials and methods

Study group. Two hundred paraffin-embedded tumor speci-
mens were collected from colorectal cancer patients who 
underwent resection of primary tumors at Xijing Hospital 
of Digestive Diseases from 2008 to 2009. The clinicopatho-
logical parameters of the 200 cases of the colorectal cancers 
were collected from surgical and pathological records. Tissue 
collection and analyses were approved by the Xijing Hospital 
Public Health Institutional Review Boards.

Genomic DNA extraction, pyrosequencing for KRAS, BRAF 
and PIK3CA. Genomic DNA was extracted from paraffin-
embedded tumor specimens using the E.Z.N.A™ FFPE DNA Kit 
(Omega Bio-Tech Inc., Doraville, GA, USA). Pyrosequencing 
assay was used to detect KRAS (exon 1, condon 12 and 13), 
BRAF (exon 15, V600) and PIK3CA (exon 9, 542 and 545; 
exon 20, 1044 and 1047) mutations. Sequencing primers for 
PCR are shown in Table I.

Each PCR mix contained the forward and reverse primers 
(10 mM, each 0.5 µl), 10Χ PCR buffer 5 µl, dNTP (2.5 mM) 
4 µl, Hot start Taq 0.4 µl, H2O 35.6 µl, and 4 µl of template 
DNA product in a total volume 50 µl. Mixtures were dena-
tured for 3 min at 95˚C and then thermal cycled for 10 sec at 
95˚C, 20 sec at 56˚C and 30 sec at 72˚C, repeating the cycle 
30 times. A final extension step at 72˚C for 5 min completed 

the program. The PCR products were electrophoresed in an 
agarose gel to confirm successful amplification. The PCR 
products were purified and sequenced by Pyrosequencer 
PyroMark ID system (Biotage AB and Biosystems, Uppsala, 
Sweden) according to manufacturer's instructions.

We detected KRAS, BRAF and PIK3CA mutations in 
200 colorectal cancer samples. The associations of KRAS, 
PIK3CA and BRAF mutations in colorectal cancer with 
clinical pathologicoparameters were explored using the χ2 test 
and Fisher's exact test. P-value <0.05 was considered to be 
statistically significant.

Results

Frequencies of KRAS, BRAF and PIK3CA mutations in colo-
rectal cancer. We examined KRAS (exon 1, codon 12, 13 and 
12.13), BRAF (exon 15, V600E) and PIK3CA (exon 9, 20) muta-
tions in 200 cases of colorectal cancer samples. We detected 
KRAS mutation in 63/200 patients (31.5%), BRAF mutation in 
14/200 patients (7%) and PIK3CA mutation in 25/200 (12.5%) 
patients. The frequencies of KRAS, BRAF and PIK3CA muta-
tions are shown in Table II, which was similar with previous 
studies in western countries. Pyrosequencing technology has 
been shown to be applicable to paraffin-embedded tumor tissue 
and more sensitive than Sanger dideoxy sequencing. Mutation 
programs are shown in Figs.  1‑3. KRAS mutations were 
found mostly in codon 12 (GGT-GAT, GGT-GCT, GGT-GTT, 
GGT-TGT), while codon 13 mutations (GGC-GAC) were fewer 
than codon 12 mutations. We found a codon 12.13 (GGT-GAT, 
GGC-GAC) bi-mutation, which has not been reported before 
(Table  III). Table  IV shows that the mutation of PIK3CA 
occurred in exon 9 (542 8/200, 545 4/200) and exon 20 (1047 
5/200, 1049 8/200).

KRAS and PIK3CA mutations, but not BRAF mutation are 
associated with Dukes' staging. In our study, we classified 
the patients into 4 stages, as follows: A (T1-2N0M0, 45/200, 
22.5%), B (T3-4N0M0, 93/200, 46.5%), C (T1-4N1-3M0, 

Table I. Sequencing primers for PCR.

KRAS	 F	T AAGGCCTGCTGAAAATGACT
KRAS	R	  5'-Biotin-TTGGATCATATTCGTCCACAA
KRAS	S	TTGTGGT  AGTTGGAGCT
BRAF	 F	C ATAATGCTTGCTCTGATAGGA
BRAF	R	  5'-Biotin-CAATTCTTACCATCCACAAAATG
BRAF	S	GGTG  ATTTTGGTCTAGC
PIK3CA-9	 F	 AACAGCTCAAAGCAATTTCTACAC
PIK3CA-9	R	  5'-Biotin-GGTATGGTAAAAACATGCTGAGAT
PIK3CA-9	S	  AAGCAATTTCTACACGAG
PIK3CA-20	 F	G ACATTGCATACATTCGAAAGAC
PIK3CA-20	R	  5'-Biotin-GTTTAATTGTGTGGAAGATCCAA
PIK3CA-20	S	  AGGCTTTGGAGTATTTCAT

F, forward direction; R, reverse direction; S, sequencing.

Table II. Frequencies of KRAS, BRAF and PIK3CA mutations.

	 KRAS	 BRAF	P IK3CA
	 -----------------------------------	 -----------------------	 ---------------------------------
	 W	 M	 W	 M	 W	 M

No.	 137	 63	 186	 14	 175	 25
Percentage	 68.50	 31.50	 93	 7	 87.50	 12.50

W, wild, M, mutation.
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37/200, 18.5%), D (T1-4N0-3M1, 25/200, 12.5%). Our study 
indicated that both KRAS and BRAF mutations are exclu-
sive, but KRAS and PIK3CA mutations are coexistent. We 
found that KRAS and PIK3CA mutations were significantly 
associated with Dukes' staging. In contrast, no significant 
relationship was found between BRAF mutation and Dukes' 
staging. The higher the colorectal cancer staging, the more 
KRAS and PIK3CA mutations occurred. The PIK3CA muta-
tions were mostly in D staging of colorectal cancer patients 

(48%=12/25, P<0.05) (Table V). PIK3CA mutation was more 
common in KRAS mutated tumors (22%=14/63, P<0.05) than 
KRAS wild-type tumors (8%=11/137). In addition, our data 
show no significant relationship between PIK3CA and BRAF 
mutations.

KRAS and PIK3CA Bi-mutations are significantly elevated in 
Dukes' D patients. Table VI shows that KRAS and PIK3CA 
bi-mutations are significantly elevated in Dukes' D patients. 
When patients were classified into Dukes' D staging, compared 
with Dukes' A, B and C staging, this showed higher frequen-
cies of KRAS and PIK3CA bi-mutations (32%=8/25, P<0.05). 
These data suggested that colorectal cancers with KRAS and 

Figure 1. KRAS exon 1 pyrograms. (A) Wild-type exon 1. (B) Codon 12 
G-C mutation. (C) Codon 13 G-A mutation. (D) Codon 12 G-A mutation and 
codon 13 G-A mutation.

Figure 2. BRAF exon 15 pyrograms. (A) Wild-type exon 15. (B) Codon 600 
T-A mutation.

Figure 3. PIK3CA exon 9, 20 pyrograms. (A) Wild-type exon 9. (B) Wild-
type exon 20. (C) Exon 9 codon 542 G-A mutation. (D) Exon 9 codon 545 
G-A mutation. (E) Exon 20 codon 1047 A-G mutation. (F) Exon 20 codon 
1047 A-G mutation.
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PIK3CA bi-mutations are more likely to develop into liver 
metastasis. Besides, our study indicated that KRAS, BRAF 
and PIK3CA mutations were not significantly correlated 
with the patient age, gender, tumor location and pathological 
categories (Table VII).

Discussion

Colorectal cancer is the third most common human malig-
nant disease in the world. More than 25% CRC patients 
present with metastatic disease, with 5-year survival rate less 
than 10% (14). Over the past decades, huge progression in 
molecular biology and cellular biology contributed greatly to 

the improved understanding of mechanisms of CRC develop-
ment and progression. It is known that the development of 
colorectal cancer can be driven by constitutive activation 
of signaling pathways downstream of the epidermal growth 
factor receptor (EGFR), such as the RAS-RAF-MAPK and 
PI3K-PTEN-AKT pathway (5). Such activation can occur 
via mutations in oncogenes such as KRAS or BRAF of the 
EGFR-mediated pathway or by PIK3CA mutation or loss of 
tumor suppressor genes such as PTEN (15). With the develop-
ment of molecular targeted agents, the therapeutic options 
for patients with metastatic colorectal cancers (mCRC) have 
increased. Monoclonal antibodies against EGFR, such as 
cetuximab or panitumumab, have shown great efficacy in 

Table III. Frequencies of KRAS mutation.

	 KRAS mutation
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	C odon 12	C odon 13	C odon 12.13
	 -------------------------------------------------------------------------------------------------------------------------------------------	 -----------------------	 ------------------------------
	G AT	GCT	GTT	TGT	G    AC	G AT.GAC

No.	 25	 5	 15	 7	 10	 1
Percentage	 12.50	 2.50	 7.50	 3.50	 5.00	 0.50
Total (%)	 26.00	 5.00	 0.50

W, wild; M, mutation.

Table IV. Frequencies of PIK3CA mutation.

	P IK3CA mutation
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	E xon 9	E xon 20
	 ----------------------------------------------------------------------------------------------------------------------------	 ---------------------------------------------------------------------------------------------------------------------------------------
	C odon 539	C odon 542	C odon 545	C odon 546	C odon 1043	C odon 1044	C odon 1047	C odon 1049

No.	 0	 8	 4	 0	 0	 0	 5	 8
Percentage	 0	 4.00	 2.00	 0	 0	 0	 2.50	 4.00
Total (%)	 6.00	 6.50

Codon 542 mutation, GAA-AAA; codon 545 mutation, GAG-CAG; codon 1047 mutation, CAT-CGT(4) CAT-CAG(1); codon 1049 mutation, 
GGT-GGC.

Table V. Relationship of KRAS, BRAF and PIK3CA mutations with Dukes' staging.

	 KRAS	 BRAF	P IK3CA
	 ----------------------------------------------------------------------------	 -------------------------------------------------------	 --------------------------------------------------------------------
Dukes'	TN M	 n	 n (%)	P -value	 χ2	 n (%)	P -value	 χ2	 n (%)	P -value	 χ2

A	T 1-2N0M0	 45	 11	(24)	 0.002224	 14.5692	 0		  0.1116	 6	 2	 (4)	 0.02825	 9.08
B	T 3-4N0M0	 93	 28	(30)			   6	 (6)			   7	 (8)
C	T 1-4N1-3M0	 37	 8	(22)			   5	(14)			   4	(11)
D	T 1-4N0-3M1	 25	 16	(64)			   3	(12)			   12	(48)

χ2 test for given probabilities.
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combination with chemotherapy in the first-line treatment of 
mCRC (16). The EGFR monoclonal antibodies exert their 
effects by inhibition of binding of the ligand to EGFR and the 
prevention of subsequent dimerization of the receptor which 
leads to the activation of several intracellular signal transduc-
tion pathways stimulating cell proliferation, neoangiogenesis 
and inhibiting apoptosis (7). Studies indicate that response 
to cetuximab is confined to mCRC patients with wild-
type KRAS (17,18). However, there are still some patients 
with KRAS codon 12 and 13 wild-type tumors who do not 
respond to anti-EGFR monoclonal antibodies (19). Recently, 
it was shown that BRAF, PIK3CA mutations are significantly 
associated with the low response rate (20), but whether these 

potential predictive biomarkers are validated or not still needs 
further investigation.

Many studies have reported the KRAS, BRAF and PI3CA 
mutational status in CRC patients from the West (5,21). 
However, there is still lack of data from the East. It was 
reported that colorectal cancers with KRAS mutation are 
more likely to develop into a polypoid growth (22). However, 
other studies failed to discover any relationship between 
gene mutations and clinical characteristics of CRC. Thus, we 
designed this study aiming to provide data on KRAS, BRAF 
and PIK3CA mutation status from the East and to explore the 
relationship between these mutations and clinicopathological 
parameters, also expecting to find some predictive biomarkers 
for the risk of colon cancer metastasis.

In our study, 200 cases of colorectal cancer samples 
were collected and pyrosequencing technology was adopted 
to explore the mutations of KRAS, BRAF and PI3CA. 
Pyrosequecing, which has been shown to be more sensitive 
than regular Sanger sequencing, is a relatively straightforward 
method for identification of gene mutations in paraffin-
embedded tumor samples (23). The frequencies of mutations 
in our samples are compatible with data from previous studies 
(21,23,24-28). Hence, we deduced that there are no significant 
differences between the mutation status of KRAS, BRAF and 
PIK3CA from the West and East.

It was reported that KRAS and PIK3CA mutations have a 
synergistic effect in activating the PI3K-AKT pathway during 
colorectal cancer development (28). Previous studies have 
shown that KRAS and PIK3CA mutation rates in stage Ⅰ-Ⅲ 
and stage Ⅳ colorectal cancer and there was an association 

Table VI. Relationship of KRAS and PIK3CA bi-mutations 
with Dukes' staging.

	 KRAS and PIK3CA
	 bi-mutations
	 ---------------------------------------------------------------------
Dukes'	TN M	 n	 n (%)	P -value	 χ2

A	T 1-2N0M0	 45	 0		  0.002784	 14.0909
B	T 3-4N0M0	 93	 1	 (1)
C	T 1-4N1-3M0	 37	 2	 (5)
D	T 1-4N0-3M1	 25	 8	(32)

χ2 test for given probabilities.

Table VII. Relationship of KRAS, BRAF and PIK3CA mutation with clinicopathological parameters.

			   KRAS		  BRAF		P  IK3CA
			   mutation		  mutation		  mutation
Characteristics	 n	 n (%)	P -value	 n (%)	P -value	 n (%)	P -value

Gender
	 Male	 117	 32	 (27)	 >0.05	 13	(11)	 >0.05	 15	 (13)	 >0.05
	 Female	 83	 31	 (37)		  1	 (1)		  10	 (12)
Age (years)
	 ≤59	 93	 35	 (38)	 >0.05	 8	 (9)	 >0.05	 14	 (15)	 >0.05
	 60-69	 64	 19	 (30)		  3	 (5)		  5	 (8)
	 ≥70	 43	 9	 (21)		  3	 (7)		  6	 (14)
Tumor location
	C olon (L)	 44	 15	 (34)	 >0.05	 7	(16)	 >0.05	 5	 (11)	 >0.05
	C olon (R)	 48	 16	 (33)		  2	 (4)		  10	 (21)
	R ectum	 108	 32	 (30)		  5	 (5)		  10	 (9)
Histological type
	 Adenocarcinoma	 156	 44	 (28)	 >0.05	 13	 (8)	 >0.05	 18	 (12)	 >0.05
	 Mucinous adenocarcinoma	 34	 15	 (44)		  0			   5	 (15)
	S ignet ring cell carcinoma	 6	 4	 (67)		  1	(17)		  2	 (33)
	S quamous-celled carcinoma	 1	 0			   0			   0	
	 Undifferentiated carcinoma	 3	 0			   0			   0	

Fisher exact probability.
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between PIK3CA and KRAS mutations (5,29). Using 200 
colorectal cancer samples, we confirmed that both KRAS 
and BRAF mutations are exclusive, but KRAS and PIK3CA 
mutations are coexistent. Our study indicated that KRAS, 
BRAF and PIK3CA mutations were not significantly correlated 
with age, gender, tumor location and pathological categories. 
However, our data revealed significant correlation between 
KRAS, PIK3CA mutations and Dukes' staging. It was found 
that KRAS and PIK3CA mutations were significantly associ-
ated with Dukes' staging. In contrast, no significant relationship 
was found between BRAF mutation and Dukes' staging. The 
higher the colorectal cancer staging, the more frequencies of 
KRAS or PIK3CA mutations occurred.

Our data showed that PIK3CA mutation is associated with 
KRAS mutation. PIK3CA mutation was more common in 
KRAS-mutated tumors than in KRAS wild-type tumors. The 
PIK3CA mutation mostly occurred in Dukes' D staging of 
KRAS-mutated tumors. These data suggested that the colo-
rectal cancer with KRAS and PIK3CA bi-mutations are more 
likely to develop into liver metastasis. However, large-scale 
studies are needed to confirm the association between KRAS 
and PIK3CA mutations and the risk of liver metastasis and the 
patient prognosis.

There were some conflicts as to whether KRAS or PIK3CA 
is a prognostic factor in colorectal cancer (30,31). In our study, 
we found strong correlation between KRAS, PIK3CA or 
bi-mutation and liver metastasis. It is known that patients of 
mCRC have poor prognosis. Hence, colorectal cancer patients 
with KRAS, PIK3CA mutation or bi-mutations might have 
a poor prognosis and KRAS and PIK3CA bi-mutations may 
become potential predictive and prognostic factors.

Our studies still had some shortages that need to be 
taken into account when interpreting the results. Firstly, 
the relatively small sample size might not provide enough 
statistics to explore the relationship between gene mutations 
and prognosis. Secondly, the patients' follow-up study is not 
reported. In further work, we will enlarge our sample size and 
add the follow-up data from patients who underwent resection 
and accepted chemotherapy with or without cetuximab. We 
expect to find whether these gene mutations can accurately 
predict the response to cetuximab or not, which will provide 
the necessary adjustment for optimized personalized treat-
ment.

In conclusion, pyrosequencing technology has proven 
to be a useful method in detecting gene mutations from 
paraffin-embedded tumor tissues. In 200 colorectal cancer 
samples, we found that KRAS and PIK3CA mutations were 
significantly associated with Dukes' staging. In contrast, no 
significant relationship was found between BRAF mutation 
and Dukes' staging. The higher the colorectal cancer staging, 
the more KRAS and PIK3CA mutations occurred. PIK3CA 
mutations were found mostly in Dukes' D staging of KRAS-
mutated tumors. Colorectal cancer patients with KRAS and 
PIK3CA bi-mutations are more likely to develop into liver 
metastasis.
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