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Abstract

The expression of ABCG?2 in colorectal cancer and its relationship with invasion and metastasis is still not
clear. In our study, immunohistochemical staining of ABCG2 was therefore performed for 60 cases of primary
colorectal cancer. ABCG?2 positive cancer cells were found to be mainly positioned in the front of carcinomatous
tissue or between carcinomatous and non-carcinomatous margin tissues. In carcinomatous tissues and non-
carcinomatous margin tissues, high expression rates forABCG2 were 36.7 % (22/60) and 3.3 % (2/60) respectively,
with significant difference (>=5773.3, P<0.001). The rates of high expression of ABCG2 were 30% (9/30) and
6.7 % (2/30) in 30 cases with and without positive lymph nodes, respectively. (>=5.45,P<0.025). From the present

results expression of ABCG2 may be important in the progression and metastasis of colorectal cancer.
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Introduction

ABCG2 is a member of ATP binding cassette
transporter family. It is identified by three different
research groups and named breast cancer resistance protein
(BCRP) (Doyle et al., 1998), ABCP for ABC transporter
highly expressed in the placenta (Allikmets et al., 1998)
and mitoxantrone resistance protein(MXR) (Miyake et al.,
1999). ABCG2 is expressed in many normal tissues such
as placenta, liver, small intestinal and colon, breast and
amnion (Maliepaard et al.,2001; Aye et al., 2007). Besides
that, ABCG2 is also expressed in many types of cancer
such as multiple myeloma (Raaijmakers et al., 2005),
advanced non-small cell lung cancer (Yoh et al., 2004),
large B-cell lymphoma (Hu et al., 2008), colon cancer
(Candeil et al.,2004). Many researches show that ABCG2
is associated with multi-drug resistance (Fletcher et al.,
2010; Kalalinia et al.,2010; Kawahara et al.,2010; Pollex
etal.,2010; Shigeta et al.,2010). Furthermore, ABCG2 is
expressed in many types of stem cells and is a molecular
determinant of the side-population phenotype (Zhou et al.,
2001; Zheng et al., 2010). It may be a marker of cancer
stem cells and a new target to cancer chemotherapy (Ding
etal.,2009 ; Yan and Ongkeko,2009). Therefore, ABCG2
is a research hot point in cancer chemotherapy.

Gupta et al (2006) quantified the expression of ABCG2
in paired normal and cancer cDNA samples from 154
patients with tumors in 19 different tissues. ABCG2
mRNA was present in normal colorectal tissue and showed
a 6-fold decrease in cancer. The down-regulation of
ABCG?2 mRNA and protein was also evident in cervical
cancer. There was also a decrease in ABCG2 mRNA in

cancer in 12 of the 19 different tissues collected from
the 154 patients, indicating that cancer-associated down-
regulation of ABCG2 was associated with various cancer
types likely to be a common phenomenon in several
tissues. However, Zen et al (2007) reported that there
was an increase in ABCG2 mRNA and protein in three
HCC cell lines and seven cases of human hepatocellular
carcinoma, compared to normal liver samples (n=2).
Therefore, the expression of ABCG?2 in cancer is not
well defined.

In this study, we conducted histological immunostaining
of colorectal cancer specimens to evaluate the expression
of ABCG?2 and its significance.

Materials and Methods

Immunohistochemstry and immunofluorescence

Tissue samples obtained for immunohistochemistry
were fixed in 10% neutral-buffered formalin and embedded
in paraffin. Sections (4 um) cut from the paraffin block
were deparaffinized in xylene and rehydrated through
graded alcohols. Normal, cancer and lymph node tissues
from the same patient were mounted on the same slide to
ensure identical conditions. The multi-clonal anti-ABCG2
antibody was used as the primary antibody at a dilution of
1:100. The secondary antibody was goat-anti-mouse IgG.
Negative controls were exposed to PBS in place of primary
antibody, and were processed in the same manner. For
immunofluorescence, the secondary antibody was replaced
with FITC-goat-anti-mouse IgG, and incubated with 2pug
per ml propidium iodide (Sigma) for 30 minutes. Sections
were viewed using an Olympus confocal microscope
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equipped with a Spot Camera and Spot Software.

Evaluation standards for immunohistochemistry

Both the extent and intensity of immunopositivity were
considered when scoring ABCG2 expression. The extent
of positivity was scored as follows: 0, <5%; 1,5-25%; 2,
25-50%; 3, 50-75%;, and 4, >75% of cancer cells in the
respective lesions. The intensity was scored as follows:
0, negative; 1+, weak; 2+, moderate; and 3+, strong. The
final scores were obtained by multiplying the extent of
positivity and intensity scores, producing a range from 0
to 12. Scores 9-12 were defined as a preserved or strong
staining pattern, scores 0-4 were defined as markedly
reduced or lost expression, and scores 5-8 were defined
as an intermediate staining pattern (Hao et al., 2000; Hoa
etal.,2001). Scores 5-12 were defined as high expression
and scores 0-4 were defined as low expression. The results
were evaluated by two pathologists blinded to the identity
of the samples.

Statistical analysis
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Figure 1. ABCG2 Immunohistochemistry in Colorec-
tal Cancer a, b: Cancer tissues x400; ¢, d: Normal margins of
surgery x400; e: Positive lymph nodes x400; f: Negative lymph
nodes x400; ABCG2 was yellow or brown-yellow following
DAB staining under an optical microscope. ABCG2 was highly
expressed in cancer tissues (a, b) and positive lymph nodes (e),
and had decreased expression in normal margins of surgery (c,
d) and negative lymph nodes (f).

Figure 2. ABCG2 Immunofluorescence in Colorectal
Cancer a: Normal margins of surgery; b, c: Cancer tissues;
d: Negative lymph nodes; e, f: Positive lymph nodes; After
staining with FITC-goat anti-mouse IgG and PI, ABCG2 was
stained green and the nucleoli were red under confocal micros-
copy. ABCG2 was mainly expressed in the membranes of cells
(arrowhead marking). It was highly expressed in cancer tissues
(b, ¢) and positive lymph nodes (e, f), and showed decreased
expression in normal margins of surgery (a) and negative
lymph nodes (d).
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All statistical analyses were performed using the SPSS
package (Windows, v.11). The Pearson Chi-Square tests
was used to compare the ABCG2 expression between
colorectal cancer tissues and non-carcinomatous tissues,
and between positive lymph nodes and negative lymph
nodes.

Results

ABCG?2 expression in colorectal cancer tissues

After being stained with DAB developer, ABCG2
positive staining (indicated by yellow or brown-yellow
under an optical microscope) was mainly found in
membranes (Figure 1). In the 60 cases of carcinomatous
tissues and non-carcinomatous margin tissues, the high
expression rates of ABCG2 were 36.7% (22/60) and 3.3%
(2/60), respectively. This was a significant difference
between the expression in the malignant versus non-
malignant tissues (y>=5773.3, P<0.001) (Table 1). The
rates of high expression of ABCG2 were 30% (9/30)
and 6.7% (2/30) in 30 cases with positive lymph nodes
and 30 cases with negative lymph nodes respectively.
This was also significant difference between the two
groups (x>=5.45, P<0.025) (Table 2), indicating that both
the presence of the primary tumor and invasive disease
correlated with ABCG2 expression.

Confirmation of ABCG2 expression in colorectal cancer
tissues by immunofluorescence

After staining with FITC-goat-anti-mouse IgG
and PI, ABCG2 was observed to be green, while the
cell nucleoli was red under confocal microscopy. The
ABCG?2 expression levels and frequency were similar
to the immunohistochemistry results, confirming that
ABCG2 is more highly expressed in carcinomatous tissue
compared to normal tissues, and more in invasive disease
than in localized disease (Figure 2). Furthermore, ABCG2
positive cancer cells were mainly positioned in the front
of carcinomatous tissue or between carcinomatous and
non-carcinomatous margin tissues (Figure 2 b and e). This
phenomenon demonstrated that ABCG2 positive cancer

Table 1. Comparison of ABCG2 Expression between
Colorectal Cancer Tissues and Non-carcinomatous
Tissues

Groups n ABCG2 ¥ P value®

High expression Low expression
Cancer tissues 60 38 22 5773.3<0.001
Non-carcino 60 2 58
matous tissues

a: Pearson Chi-Square test.

Table 2. Comparison of ABCG2 Expression between
Positive Lymph Nodes and Negative Lymph Nodes

Groups n ABCG2 x> P value®
High expression Low expression

Positive lymph 30 9 21 5.45<0.0025

nodes

Negative 30 2 28

lymph nodes

a: Pearson Chi-Square test.



cells might be associated with local invasion.

Discussion

ABCG?2 is a member of ATP binding cassette
transporter family and is associated with resistance
to cancer chemotherapy. However, its expression in
colorectal cancer and its relationship with invasion and
metastasis is still not clear. Our data showed that In the
60 samples of carcinomatous and non-carcinomatous
margin tissues, ABCG2 was highly expressed in 36.7%
(22/60) and 3.3% (2/60) of the tissues, respectively,
and in 30% (9/30) and 6.7% (2/30) of the 30 cases with
positive lymph nodes and 30 cases with negative lymph
nodes, respectively. Thus, ABCG2 is highly expressed in
colorectal cancer, and is also more highly expressed by
invasive cancers compared to those with no lymph node
involvement. This suggests that ABCG2 may be involved
in cancer progression and metastasis. This is consistent
with Haraguchi’s (2006) and Zen’s (2007) reports. Gupta
et al (2006) reported that ABCG2 mRNA was present
in normal colorectal tissue but showed a 6-fold decrease
in cancer. They suggested that decreased expression of
ABCG?2 might have a role in carcinogenesis by allowing
the accumulation of genotoxins and over-production of
nitric oxide, and that down-regulation of ABCG2 was
likely to be a common phenomenon in several tissues.

We presumed that the expression of ABCG2 might be
different in different stages of carcinogenesis. In the early
stage of carcinogenesis, ABCG?2 might be down-regulated
to allow accumulation of genotoxins and over-production
of nitric oxide. However, in the more advanced stages
of carcinogenesis, it might be up-regulated to expel
chemotherapeutic drugs to protect cancer cells. Therefore,
we hypothesized that cancer-associated down-regulation
of ABCG2 was not likely to be a common phenomenon,
and that the expression of ABCG2 would be associated
with more advanced cancers.

In conclusion, our study demonstrated that ABCG2
was highly expressed in colorectal cancer and positive
lymph nodes, suggesting up-regulation in advanced
malignancy, and ABCG2 positive cells were mainly
positioned in the front of carcinomatous tissue or between
carcinomatous and non-carcinomatous margin tissues.
Therefore, we believe that ABCG2 is important in the
progression and metastasis of colorectal cancer and that
it may be a new target of cancer therapy.
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