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ABSTRACT

A total of 376 colectomy specimens for colorectal cancer (CRC) from 400 patients
were collected and used for building the microtissue chips by using several techniques
such as microtissue array; immunohistochemistry (IHC) for CD133, BRAF direct
sequencing and life-time follow up and the clinicopathological characteristics as
well as the prognosis. High levels of CD133 and BRAF expression had significant
correlation with tumor differentiation and lymph node metastasis (P < 0.05). The
survival analysis showed that 3 year survival rate was lower in CD133 and BRAF
were also lower in high expressing group than the low expressing group (P < 0.01).
By Spearman correlation analysis it was found that there was certain correlation
between CD133 expression and mutated BRAF (r = 0.505). Total mutated BRAF gene
was 7.5% (11/146) in CRC, the mutation was significantly associated with staging
and survival, and was statistically significant (P < 0.05).

Core tip: From our data, the tissue microarray technique provides a reliable
method to investigate biomarker expression by offering a rapid, economic and accurate
screening of tissue specimens on a large scale. CD133 expression in colorectal cancer
was significantly higher, and is closely related to tumor differentiation and lymph
node metastasis; CD133 can be used as a judgment index of prognosis of patients
with colorectal cancer; the higher expression indicated the worse prognosis. There
were some degrees of concordance between strongly positive BRAF (IHC) and gene
mutation. High BRAF expression by IHC cases should be further investigated by direct
sequencing to assess BRAF gene status in colorectal cancer. Patients with BRAF
mutation might constitute potential candidates for targeted therapy with humanized
monoclonal antibodies.

INTRODUCTION China, there are more than 1 million new cases of CRC
each year [1, 2]. It is the third most common malignant

Colorectal cancer (CRC) is the most common tumors of in males and the second most common
gastrointestinal tumor. In United States, there are almost malignant tumors in females [3]. 25% of the patients at the
130,000 new cases and about 56,000 CRC patients died time of diagnosis had surgery; and 5-year survival rate was
each year. CRC is the second cause of cancer death. In around 63.4%. 50% of the patients died with recurrence
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and metastasis after radical surgery in studies performed
on 2009 and 2010 [4-5]. In recent years the emergence
of molecular targeted therapy has been employed for the
treatment of a wide variety of tumor including CRC. The
mutated BRAF gene has become increasingly popular
for targeted therapy. Even though surgery is still with
the main treatment option, but in 2009, NCCN has
approved the BRAF targeted therapy with cetuximab and
panitumumab monoclonal antibody for CRC personalized
therapy. BRAF mutated patients with metastatic colorectal
cancer (mCRC) herald poor prognoses. In cases of BRAF
mutation, even if KRAS is not mutated, the patients are
still resistant to anti EGFR therapies and, the overall
survival (OS) is lower than the patients with wild type
BRAF. Therefore, it is necessary to evaluate the status of
BRAF in CRC patients.

Recently, many studies had shown that there
was cancer stem cells (CSC) are present in the tumor
and CD133 was recognized as the best CRC stem cell
markers [6]. CSCs were thought to be associated with
the prognosis and metastasis of the tumors. Currently
popular hypothesis is that CSC markers such as CD133
was associated with the number of CSCs in tumors, and
also related to the prognosis of the patients. In order
to get a better postoperative adjuvant chemotherapy
scheme, reliable predictor had been widely investigated
[7, 8]. The signaling pathways mutation and the protein
expression levels of CSC markers were believed as the
good candidates to predict the prognosis [9]. CD133,
because of its high mRNA expression and detection by
immunohistochemistry had been used as the separate
prognostic marker of CRC [10]. Recent studies suggested
that high expression level of CD133 is associated with
KRAS and BRAF mutation [11]. The large number of
CRC samples combined with CD133 and mutated BRAF
protein expression in the tissue chip is less reported
in both at China and abroad. This study collected 376
cases with complete pathologic and clinical data from
Fuzhou General Hospital at Nanjing Military Region
of Chinese People's Liberation Army (PLA) from 2004
to 2010. We used tissue microarray technique and
immunohistochemical staining method to detect the
expression of CD133 and mutated BRAF protein. We
also selected 126 positive cases and 20 negative samples

of BRAF using direct sequencing method to verify
BRAF mutation. The purpose of the study is to explore
the relationship between BRAF protein expression,
gene mutation and clinicopathological parameters and
prognosis of CRC patients; as well as the relationship
between BRAF mutation and CD133 expression. The aims
are to provide the scientific basis for judging the prognosis
and personalized therapy of CRC.

RESULTS

Tissue microarray

We made 36 array blocks, each contained 7X7 cores.
There was mostly no cracking phenomenon; no shift of
orderly core and integrity of the entire array block. (Figure
1). We only found two slightly different cores (about 3%)
which visible dot is missing under the conventional H&E
staining which was much less than 15-30% reported in the
literature [12].

There were no invalid tissues with microscopic
examination. CD133 and mutated BRAF positive signal
positioned at cell membrane and cytoplasm respectively.
Compared with the conventional section with tissue
microarray, the coincidence rate was as high as 93%; the
two Kappa coefficients were0.714, and 0.700 (Table 1).
The results showed that there was a high coincidence rate in
both CD133 and BRAF immunohistochemistry (Table 1).

CD133 expression and tumor biological behavior

Expression of CD133 in tissue microarray showed
in Figure 2. CD133 positive staining was mainly located in
cell membrane (Figure 2); and in part of the the basement
membrane. The localization of CD133 was in chips (Al
and A2), high expression (B1 and B2), and low expression
(B3). There was no CD133 protein expression in the
adjacent intestinal mucosa, (C). Our experiment found that
there was not uniform distribution of CD133 in the tumor
nests, but the positive staining gathered around the nests
or among multiple nests (B1 and B2). Some glandular
cavity structure around the cancer cells was showed a
lower expression of CD133 (B1-B3). There was no CD133
protein expression in the adjacent intestinal mucosa, (C).

Figure 1: We made 36 array blocks, each contained 7X7 cores (A), sections were complete, no cracking, and no shift (B).
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Table 1: CD133 and BRAF conventional slice and tissue chip results in immunohistochemistry

TMA paraffin section consistency inconsistent Coincidencerate Kappa
Positive ~ Negative value

CD133

Positive 17 1 28 2 93% 0.714

Negative 3 9

BRAF

Positive 18 2 28 2 93% 0.700

Negative 2 8

CDI133 and clinically relevant index analysis
showed that high expression of CD133 was associated to
the tumor differentiation and lymph node metastasis (P <
0.05). There was no correlation with the patient's gender,
age, tumor size and infiltration depth (P > 0.05) (Table 2).

In this study, we totally followed 146 patients, 92
cases with high level CD133 expression, and 54 cases
with low level CD133 expression. The median follow-up
time was 44 months (3 ~ 95 months), of which 92 cases
(63.0%) had more than 3 years follow-up. The average
survival time was 60.5 months, and the overall median
survival time was 56.0 months. The average survival time
in the patients with high level CD133 expression was 47.4

months, but average survival time in the patients with low
levels of CD133 expression was 62.7 months, the median
survival time was 56.0 months. 3 year survival rate of the
low level CD133 expression group was higher than the
high level CD133 expression group (93.6% vs 76.8%),
(Figure 3A).

BRAF expression and tumor biological behavior

BRAF is a cytoplasmic stain. There were obvious
differences among the different tumors with various
degrees of differentiation (Table 3). The positive
expression rate in the well differentiated tumors was

Figure 2: CD133 immunohistochemistry. The localization of CD133 was in chips (A1 and A2), high expression (B1 and B2), low
expression (B3). There was no CD133 protein expression in the adjacent intestinal mucosa (C).
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Table 2: Correlation between CD133 expression and clinicopathological factors in colorectal cancer

Variable n High Low High positive rate P value
Gender
Male 158 45 113 28.4% 0.313
Female 218 73 145 33.4%
Age
<60 year old 170 50 120 29.4% 0.503
>60 year old 206 68 138 33.0%
Tumor location
Colon 275 80 195 29.0% 0.132
Rectal 101 38 63 37.6%
Tumor size
<5 206 62 144 30.0%
=5 170 56 114 32.9% 0.578
T category
T1+T2 135 35 100 25.9% 0.105
T3+T4 241 83 158 34.4%
Tumor grade
Well moderate 271 70 201 25.8% <0.01"
Poor 105 48 57 45.7%
UICC stage
0+I+I1 212 58 154 27.3% 0.057
L, 1v 164 60 104 36.1%
N category
NO 223 56 165 25.7%
N1 98 40 58 40.8% 0.014"
N2 55 20 35 36.3%

62.5% (Table 3, Figure 4A1-A2); in the moderately
differentiated carcinoma was 73.5% (Table 3, Figure
4B1-B3), and in the poorly differentiated carcinoma was
81.9%, (Table 3). BRAF high expression in colon cancer
and lower expression were shown in the Figure 4D and
4E, respectively, there was no BRAF protein expression
in the adjacent intestinal mucosa, (Figure 4C).

The high BRAF expression rate was 38.8%. There
was correlation with differentiation, and lymph node
metastasis correlation (P < 0.001); but no correlation with
age, sex, tumor location, size and infiltration depth (P >
0.05). The relationship between BRAF expression level
and clinicopathological parameters was shown in Table 3.

In this part, we also followed 146 patients, 88 cases
with low level BRAF expression, and 58 cases with high
level BRAF expression. The median follow-up time was

44 months (3 ~ 95), of which 73 cases (50%) had more
than 3 years follow-up. The average survival was 60.5
months, and the median overall survival time was 59.0
months. The average survival in the high BRAF expressors
was 51.5 months, but average survival time in low BRAF
expressers was 61.9 months, the median survival time was
59.0 months (Figure 3B). Three years of survival rate in
the patients with low level BRAF expression was higher
than in the patients with low levels of BRAF expression
(82.6% vs 96.2%), but there the difference was not
statistically significant (P > 0.05).

Relationship between CD133 and BRAF

The correlation between expression level of CD133
and BRAF had been studied with Sperman analysis.
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Table 3: Correlation between BRAF protein expression and clinicopathological factors in colorectal cancer

expression grade

Positive rate

High positive rate

Variable n - n — — (%) (%) P value
Gender
Male 158 70 30 30 28 55.6% 36.7% 0.177
Female 218 80 50 40 48 63.3% 40.3%
Age
<60 year old 170 80 18 25 47 529 % 42.3% 0.976
>60 year old 206 70 62 45 29 66.0 % 35.9%
Tumor size
>5cm 170 88 31 25 26 48.2% 30.0% 0.634
<Scm 206 62 49 45 50 69.9% 46.1%
T category
T1~T2 135 61 20 28 26 54.8% 40.0% 0.409
T3~T4 241 89 60 42 50 63.0% 38.1%
Tumor grade
Well 120 45 25 35 15 62.5% 41.6%
moderate 151 80 19 20 32 47.0% 34.4% <0.001"
Poor 105 25 36 15 29 76.1% 41.9%
UICC stage
0-+I+11 212 95 20 38 59 55.1% 45.7% 0.283
1, 1Iv 164 55 60 32 17 66.4% 29.8%
N category
NO 200 112 28 25 35 44.0% 30.0%
N1 108 32 16 26 34 70.3% 55.6% <0.001"
N2 68 6 36 19 7 91.1% 38.2%
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Figure 3: The survival curve is significantly different between high expression and low expression of CD133 (A, P=0.
041); but the survival curve is not significantly different between high and low expression of BRAF (B, P=0.349); the BRAF mutation is
significant affected the survival curve (C, P = 0.044).
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The results showed that CD133 positively was related to the
BRAF protein expression (r = 0.505, P <0. 01) (Table 4).

BRAF mutation and tumor biological behavior

146 cases of BRAF positive (by IHC) and 20 cases
of BRAF negative samples were used to identify BRAF
gene mutations. The PCR primers (Data not show, exonl1
(1000bp, data not show), and exonl5 (1500bp, data not
show) PCR products, mutated gene sequencing results
(Figure 5) were showed respectively.

We totally tested 146 cases (101 cases of high
level BRAF expression, 45 cases of low level BRAF
expression of CRC patients for BRAF gene mutation
(Figure 6). Total mutation rate was 7.5% (11/146).
Mutation rate in women was 8.8% (3/34), and was higher
than that of male patients 7.1% (8/112), but the difference
was not statistically significant difference (P > 0.718).
There was not obvious correlation (P > 0.05) between
BRAF gene mutation and age. In the total of 146 samples,
142 cases of the tumors were colon cancer and; 4 cases
were rectal cancer. The BRAF gene mutation rate was
7.7% (11/142) in colon cancer. The BRAF gene mutation
rate was 3.8% (2/52) in the right colon cancer which
was significantly lower than 10% (9/90) the left colon
cancer, but the difference was not statistically significant
difference (P > 0.05). No BRAF mutation was detected
in the rectal cancers (Table 5).

We followed 146 patients. The median follow-up
time 44 months (3 to 95 months), of which 73 cases were
followed up for more than 3 years, the average survival
time was 48.6 months, the overall median survival time
was 46.0 months. Patients with BRAF mutation had the
average survival of 33.0 months and the median survival
of 36.0 months. The average survival was 49 months in
patients with wild type BRAF and the median survival
was 47.0 months (Figure 3C). Three years survival rate in
the BRAF mutated group was much lower than the BRAF
wild type group (34.3% vs 73.6%, P < 0.05).

The relationship between BRAF expression level
and BRAF gene mutation on CRC survival was analyzed.
We found that survival time in the patients with high level
of BRAF protein expression and gene mutations were
significantly lower than the BRAF negative and wild type
patients. Using statistical consistency analysis found that
for both Kappa value was 0.177 (Table 6).

DISCUSSION

Tissue Array is a method of relocating multiple
tissues from conventional histologic paraffin blocks so
that tissues from multiple patients can be seen on a same
slide which is a kind of high flux of variety of analysis
tools. We made 36 array blocks, each contained 7X7 cores.
Because it can simultaneously detect multiple samples in
same slide, it would be much easier to perform large-scale

Figure 4: BRAF immunohistochemistry. The localization of BRAF was in high expression at high differentiation CRC (A1 and A2),
in high expression at mediated differentiation CRC (B1), in high expression (2+) at low differentiation CRC (B2 and B3). There was no

BRAF protein expression in the adjacent intestinal mucosa, (C).
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Table 4: CD133 and BRAF

CD133 protein
total Spearman
High expression low expression
BRAF protein
Positive 149 45 194 0.505
Negative 48 134 182

retrospective studies. Although its accuracy and feasibility
are still concerning, in here we found no cracking
phenomenon; no shift of orderly core and no invalid
tissues under the microscopic observation. The exception
in two slightly different cores (about 3%). Our results are
much less than 15-30% reported in the literature.

The number of cancer stem cells was different in
the different tumor with different grads. CSC can drive
tumor growth and metastasis. A transmembrane protein
CD133 can be used to identify the CSC. CD133 is a
glycoprotein that is also known in humans and rodents as
Prominin 1 (PROM1) [13]. It is a member of pentaspan
transmembrane glycoproteins (5-transmembrane, 5-TM),
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which specifically localize to cellular protrusions. CD133
is expressed in hematopoietic stem cells [14], endothelial
progenitor cell [15], glioblastoma, neuronal and glialstem
cells [16], various pediatric brain tumors [17], as well as
adult kidney, mammary glands, trachea, salivary glands,
placenta, digestive tract, testes, and some other cell types
[18, 19]. Recent studies in brain tumors have identified
a CD133+ cell population which is believed to be a
cancer stem cell population. These cells can undergo self-
renewal and differentiation, and can propagate tumors
when injected into immune-compromised mice [20, 21].
However, subsequent studies showed difficulty in isolating
pure CSC populations [22].
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Figure 5: The missense mutation in exonl15 in 39th base from G to A (1780 G > A); (A) in exonl15 in 40th base from A to G (1781 A> G);
(B and C) in exonl15 in 115th base from G to A (1856 G > A); (D) in exonl15 in 58-60 base of TGA deletion (1799-1801 del TGA); (E) in
exonl5 in 58th base from T to A (1799 T > A); (F) in exonl1 in 5th base from C to T (1319 C > T); (G) in exonl1 in 10th base from G to
A (1324 G > A); (H) in exonl1 in 80th base from C to T (1394 C > T); (I) in exonl11 in 59th base from C to T (1373 C > T); (J) in exonl1
in 86th base from C to T (1400 C > T); (K) in exonl11 in 92th base from G to A (1406 C > T) (L).
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CD133 is the only CSC molecule that is associated
with prognosis. N- glycosylation of CD133 can affect
the identification of cell surface CD133 [23]. Kemper
et al [24] found the samples with low, medium and high
CD133 expression by gene chip have strongly CD133
immunofluorescence in most tumor cells in patients. So
the expression of CD133 level has nothing to do with the
number of CSC. CD133, moreover, because of its high
mRNA expression and detection by IHC could indicate
relapse-free/total number of survival index, and could
serve as the prognosis biomarkers. Because CD133
molecules can tag CSC, so the expression of CD133
positive is thought to be associated with more CSC, more
carcinogenicity and/or metastasis [24, 25]. However,
differentiated cells can also expressCD133 mRNA and
protein.

About the relationship between the expression
of CD133 and tumor biological behavior, studies have
shown that higher level of CD133 expression indicated
lower level of tumor cell differentiation. The expression
of CD133 is inversely proportional with the degree of
tumor differentiation; it may also illustrate that the higher
level CD133 expression associates with poorer prognosis.
Some studies showed that CD133 is an independent factor
which plays important role in the prognosis. The survival
of patients with higher level CD133 expression was
significantly lower than those with lower level of CD133
expression. There are other researchers that showed there
was no correlation between the expression of CD133
levels and survival. Shmelkov et al [26] showed that
CD133 expression is not necessarily limited to the surface
of stem cells, and either CD133 positive expression or
negative cells in colorectal cancer liver metastases can
cause tumorigenesis.

Our study further analyzed the characteristics and
clinical pathological index of CRC patients. We found that
there was no correlation between the expression levels of
CD133 and patient's age, sex, tumor size, invasion depth,
TNM stage. But the levels were associated with the degree
of differentiation and lymph node metastasis which may
relate to aggressiveness and metastasis abilities of the
tumors. In addition, we followed 146 patients’ survival
situation, and found that there was significant correlation
(P < 0.01) between the level of CD133 expression and
the prognosis. 3 years survival rate (72.6%) in high level
CD133 expression group was significantly worse than then
low level CD133 expression group (86.6%). This result
showed the patients with high level of CD133 expression
had poor prognoses. These results are consistent with the
reported literature [26].

Kemper et al [27] reported 90 cases of AMC-AJCC
stage II CRC patients and found that there was significant
correlation between the high level CD133 expression and
tumor metastasis (P = 0.026) and local recurrence (P =
0.017), but not with the gender, age, differentiation grade,
the location of the tumor which were consistent with our
results.

CDI133 as a CSC marker has become a CRC
prognosis indicators. The level of CD133 expression
may correlates with CSC number and can be used to
predict the disease progression. Our survival analysis data
showed that survival in the patients with high level CD133
expression was lower than that in patients with lower
expression. However, recent studies suggested that CD133
mRNA and protein in the tumor differentiation process of
CSC is not reduced in colorectal cancers. More important
is that high level CD133 expression is associated with
KRAS and BRAF mutations. Inhibition of KRAS
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Figure 6: CD133 mutated BRAF high expression and low expression group of related control chart.
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Table 5: Correlation between BRAF gene mutations and clinicopathological factors in colorectal cancer

Variable n mutation cases mutation rate P value
Gender
Male 112 7.1% 0.718
Female 34 8.8%
Age
<60 year old 67 4.4% 0.227
>60 year old 79 10.1%
Tumor location
Right hemicolon 52 3.8% 0.328
Left hemicolon 75 10%
Rectal 19 0
UICC stages
0+I+I1T 96 4.1% 0.046
L, IV 50 14%
N category
NO 95 4.2%
N1 33 15.1% 0.08
N2 18 11.15
Distant metastasis
Mo 122 7.3% 0.661
M1 24 8.3%
Table 6: BRAF protein and BRAF gene mutations
BRAF protein
Positive Negative total Kappa
BRAF protein
Positive 10 1 11 0.177
Negative 85 50 135

mutations or its downstream MEK signaling pathway
can reduce CD133 expression. In RAS - RAF - MEK -
ERK signaling pathways, the activation is associated with
CD133 expression level in colorectal tumors. Based on the
fact that the KRAS or BRAF mutations were associated
with poor prognosis, we may conclude that CD133 does
not represent the CSC number but is correlated with RAS-
RAF mutations [24].

Our data showed that BRAF was associated with
CD133 positive by Spearman correlation analysis (r =
0.505). On the other hand, different immunohistochemical
staining methods may lead to completely different CD133
results. The folding nuances of CD133 molecular in the

surface of CSC are affected by the impact of glycosylation
and the surface of AC133 epitope accessibility [28]. It may
also explain the reason that CD133 positivity in our tumor
cells were not evenly dispersed in nests.

BRAF is activated by the upstream of the RAS
protein kinase such as MAPK pathway of serine/threonine
protein kinase. This kinase is an important transduction
factor of RAS - RAF - MEK - ERK MAPK signaling
pathways conducts from RAS signal transduction to
MEK1/2. BRAF is the key of MEK/ERK activation factor
in human solid tumors. BRAF gene mutation rate is about
8%, originally found in malignant melanoma, followed by
papillary thyroid cancer, colorectal cancer [24, 29].
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The purpose of this research was to combine
immunohistochemical and genetic testing method to
know BRAF expression and mutation in Chinese CRC
patients. Through analysis of 376 cases of CRC result
showed that the BRAF positive expression rate was
60.1%. The expression level of BRAF protein related to
tumor differentiation and lymph node metastasis (P <
0. 05). This result may be related to BRAF can increase
the ERK activity. ERK phosphorylation can activate
p90RsK, inactivating the apoptosis, or activating cAMP,
and CREB which affect the cell apoptosis and promote
the proliferation and invasion of CRC. It can also increase
VEGF and epidermal growth factor receptor (ErbBs)
expression, promote angiogenesis and the process of
invasion and metastasis of tumor tissue [24, 30-32].
There was no relationship between BRAF expression
and the patient's gender, age, tumor size and infiltration
depth; likely that BRAF is mainly associated with
the differentiation and metastasis of CRC but not the
infiltration.

Davies et al [29] reported about 15% of the BRAF
gene mutation in the colon cancer. There are two main
mutation types, one (about 11%) is located in exonll of
the glycine loop, and the common types are G465, G468
point mutations. Another (about 89%) is located in the
exonl5 activation region, 1799 nucleotides T mutation
(namely V600OE mutation), glutamic acid to valine. This
mutation affects the activity of phosphate kinase of the
MAPK signaling pathways. There were 60-70% P53
mutations or loss of p563, 40% K-Ras mutation and
5-10% B-Raf mutation in CRC patients [33, 34]. B-Raf
is directly located at the downstream of the Ras, V600
mutation can lead to the Ras-Raf-MEK-ERK pathway
abnormal activation.

Matthew et al [33] reported 56 cases BRAF
mutation in their 475 cases of CRC (12%). The results
showed that there was statistically significant difference
between mutation and wild type, such as age (66 VS 75, P
<0.004); Gender (44% VS 71%, P < 0.001); the proximal
tumor (44% VS 95%, P < 0.001) and microsatellite
instability gene frequency (16% VS 76%, P < 0.001). In
terms of tumor grade, there was no significant difference
between BRAF mutation and wild type. Phipps et al
[35] investigated 1980 CRC patients, they found 247
cases BRAF mutation, and the mutation rate was 12%.
Nakanishi et al [36] used direct sequencing method
studied 254 CRC patients, they found the KRAS, BRAF
mutation rate was 33.5% and 6.7%. In this study, we found
there werel3 cases of mutations in 146 cases of CRC,
the mutation rate was 8.9%, 7 cases had the mutation in
exonl5 and 6 cases in exonl1; the most common exonl5
mutation sites was located in 1799 (V600E), consistent
with the literature reported.

In terms of prognosis, accumulation literature
showed that metastatic CRC have a relatively poor
prognosis. BRAF mutations indicated that there were

decreased overall survival and progression-free survival.
Hutchins et al [37] reported BRAF mutation was not
affected the recurrence, and chemotherapy response
in patients with stage II patients. Samowitzet al [38]
results showed that the BRAF mutation of microsatellite
stability was associated with poor prognosis. Roth et al
[39] clinical trials found BRAF mutations were associated
with patients' overall survival, but due to the small sample
size and they didn’t reach a conclusion. Hutchins et al
[40] clinical trials met the same problem; the trend of
BRAF mutation associated with poor prognosis, but
was difficult to reach statistical significance. Ogino et
al [41] reported BRAF mutations were associated with
tumor specific mortality, and microsatellite stability had
a better prognosis. Similar to KRAS mutations, one can
consider the use of EGFR treatment in metastatic cancer
patients but should also detect BRAF mutation. KRAS
mutations were more common than BRAF mutations. If
the KRAS is wild-type, one should consider the possibility
of BRAF mutation. It is more likely to detect the mutation
in metastatic tumor tissue, because metastatic tumor may
have different molecular spectra. Our experiment was
based on the comprehensive analysis of BRAF protein
and BRAF gene mutation respectively. We found that
the survival in BRAF protein positive and gene mutation
was significantly lower than the survival in BRAF
IHC negative patients with wild type BRAF. But the
consistency analysis (Kappa) between the positive BRAF
by IHC and the presence of gene mutation was r=0.176.
This showed that there was no consistency between the
BRAF protein expression and gene mutation in CRC.
Although survival in the BRAF protein positive and gene
mutations was significantly lower than the survival in the
BRAF negative and wild type, but BRAF gene mutation
showed significant statistical difference (P = 0.044) and
there was no significant difference (P > 0.05) between
BRAF protein positive and negative (by IHC). Combined
with the two methods, we believe that the BRAF gene
sequencing is more important in the CRC.

As tumor molecular biology and genetics
development, predictor targeted therapy and molecular
targeted therapy have been gradually used in the clinical
settings. The main targeted drugs are cetuximab and
panitumumab. Cetuximab combined with EGFR inhibitors
can inhibit the downstream signal transduction, thus
inhibiting the growth of tumor cells. Currently cetuximab
has been used in early CRCs. Researchers showed in the
presence of BRAF mutation, anti-EGFR treatment would
be invalid [42, 43]. 2010 NCCN also confirmed this
result, so it was recommended to have BRAF tests for the
KRAS wild-type patients before using EGFR monoclonal
antibody. In clinical trials by Tveit et al [44] cetuximab
combined with fluorouracil/leucovorin and oxaliplatin
was used for the previously untreated KRAS and BRAF
mutated (metastatic colorectal) mCRC patients. The
median of progression free survival (PFS) was 7.9, 8.3 and
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7.3 months, and the overall survival (OS) was 20.4, 19.7
and 20.3 months respectively. This regimen did not benefit
the KRAS wild-type patients. In 2009 the American
society of clinical oncology meeting concluded that the
BRAF mutation indicated poor prognosis for the mCRC
patients. In Mcrc accompanied with BRAF gene mutation,
even in the presence wild type KRAS, patients were
resistant to anti EGFR therapy. The patients with BRAF
mutation have the possibility of a greater risk of tumor
progression than patients with normal BRAF, and overall
survival (OS) is also lower. Additional reports showed
that Panitumumab can effectively prolong the patient's
progression-free survival. 2010 U.S. oncology association
suggested that in patients with KRAS wild-type, normal
BRAF, Panitumumab combined chemotherapy had longer
survival time and better tolerability. The BRAF mutation
can be considered to be poor prognostic factor, but not
a strong predictor of curative effect. In here, our present
study did not include other genetics and molecular targets,
but the BRAF mutation itself is directly related to poor
prognosis, and is a very practical clinical indicator.

MATERIALS AND METHODS

Clinical data collection

A total of 376 cases of CRC surgical specimens
were collected from Fuzhou General Hospital of Nanjing
Military Region between January 2004 and April 2010
(Clinical data see Table 2 and 3). H&E sections were
made from formalin fixed paraffin embedded specimens
and were examined by pathologists. In accordance with
Broders criteria, CRC histological grade was divided
into: well differentiated, moderately differentiated,
poorly differentiated) and undifferentiated carcinomas.
TNM staging was referenced to the 2006 version WHO
colorectal tumor classification and diagnostic criteria.

Making tissue micro array blocks

Under the microscope, 3 cores of tumor rich tissue,
interface of tumor and normal colon and normal colon
were marked and selected respectively in each CRC
specimen. Melted liquid paraffin of about 62 °C was
poured down to design template with same size embedding
box. Before the wax blocks became completely solid, we
removed the embedding boxes, and they were ready to
punch. The perforating depth was 6.0 mm. The cores were
slowly introduced to the receptor wax block. 376 from 400
cases of tissue core were placed in a blank wax blocks,
each of core wax block contained 7X7cores. In order
to identify the orientation of the array, a liver or kidney
tissue core was implanted in the upper left quadrant. A set
of 36 tissue microarrays (TMAs) was constructed at our
Department from the 400 CRC cases. The total effective
cases were 376. H&E IHC stains were performed on each
core.

Patients’ follow-up

We followed-up for all patients till July 2011 for
the presence of recurrence and metastasis and demise.
We collected the clinical indicators including gender,
age, tumor location, size, TNM clinical stage and the
pathological indicators including the tumor grade, and
the tumor type. This project was approved by the Fuzhou
General Hospital Review Board, and informed consent
was obtained from all patients undergoing the procedures
prescribed by the hospital ethics committee.

Immunohistochemistry (IHC)

Tissue microarray slides were baked at 62°C for 1
hr, deparaffinized in xylene for 5 min for three changes,
and rehydrated in 100%, 95% and 70% ethanol for 5
min each. Antigen retrieval was achieved by steaming
slides for 10 min in 10 mM citrate buffer, pH 6.0.
Slides were washed three times in PBS and blocked for
1 hour in a buffer containing 10% goat serum in PBS,
and incubated overnight at 4°C with mouse anti-human
BRAF monoclonal antibody (Santa Cruz, Cat# SC-
5284, 1:100 dilution, CA, USA) and rabbit anti human
CD133 polycolonal antibody (Dako, Cat# 12145, 1:100
dilution, Denmark). Slides were washed three times
in PBS and antigen visualized with Eli Vision kit and
DAB as substrate color developing (Maxium, Fujian,
China). Slides were counterstained with Harris-modified
hematoxylin (Maxium, Fujian, China) and mounted.
Positive control sections (purchased from manufactures
were treated in the same way; the negative slides were
treated with non-immunolized serum to replace the
primary antibody.

CD133 interpretation

CD133 is a membranous stain. The results followed
Maeda et al [11] the method. The results were reported
negative if CD133 positive cells were < 5% and were
reported positive if there were, 5% or more of the cells
showed positive membranous staining. The scoring was
performed as follows: 5% ~ 25% were graded (1+),
25% ~ 50% (2+), and > 50% (3+). The specimens with
CD133 of <5% (the negative samples) or the (1+) samples
were considered as low expression; and the 2+ and the
3+ samples were considered as high expression. Results
scored by 2 pathologists in familiar criteria on the basis of
independent score.

BRAF interpretation

BRAF is cytoplasmic stain. If there was no positive
cell, the slide was scored 0. If the stain highlighted less
than 25% of the cells, the score was 1. If there were
positivity between 25% and 50% of the cells, the score
was 2. If there were between 50% to 75% positivity, the
score was 3 and > 75% was scored 4. The intensity of the
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stain was also scored as follows: The dark brown stain
scored 3, tan color scored 2, pale tan scored 1, and no
staining scored 0. The total score of 0 was considered
negative (-), and 1 to 4 was considered weakly positive
(+), 5 to 8 was considered positive (+ +), and 9 to 12 was
considered strongly positive (+ + +). The total score above
5 was designated as high expression, and below 5 points
was designated as lower expression. The scores were
given by 2 pathologists who were familiar with the scoring
system.

BRAF gene mutations

In BRAF protein expression of cases randomly
selected 146 cases, 112 males, and 34 females; Aged 39-
86, with the average age of 70.97 + 11.38 (Table 5). 29
cases of BRAF protein expression scored 3+, 53 of them
were scored 2+, 44 cases were scored 1+ specimens,
and 20 cases were negative. For detection the BRAF
gene mutation, polymerase chain reaction (PCR) and
sequencing were carried out. DNA was isolated from
patient samples by proteinase K digestion. Subsequently,
DNA was amplified with PCR using different primer sets
(data not show). Direct DNA sequencing was performed
using the purified PCR products.

Statistical analysis

Data were analyzed with the Chi-Square test,
Student’s t test, Whitney-Mann U test and Kruskal-Wallis
H test. Data was expressed as mean + standard deviation
(SD) or percentage (%). A p-value of less than 0.05 was
considered statistically significant. All statistical analyses
were performed with the Statistical Package for Social
Sciences (SPSS, version 20.0, Chicago, IL, USA).

CONCLUSIONS

In summary, we used gene sequencing, tissue chips,
H&E and immunohistochemical staining methods to
detect colorectal cancer stem cells by the surface marker
CD133. We explore the BRAF protein expression and
mutations in the CRC and its relationship with clinical
pathological indicators. Our results showed that CD133
and BRAF overexpression were related to the degree of
tumor differentiation and lymph node metastasis. CD133
and BRAF can be as indices of judging the prognosis of
patients with CRC. Higher expression level indicated the
WOTISe prognosis.

Although there were inconsistency between
immunohistochemical BRAF strong positive expression
and the sequencing testing results BRAF gene mutation,
IHC preliminary screening method can be used as to
evaluate the status of BRAF, in CRC patients, Direct
sequencing can provide more reliable results patients
seeking targeted therapy.
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