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THE DCC PROTEIN EXPRESSION IN BREAST CARCINOMA

Yung-Hsiang Hsu and Cheng-Kuang Shaw*

Inactivation of the gene “deleted in colon cancer” (DCC) on chromosome 18
is known to be associated with the tumorigenesis and metastasis of colorectal
cancer. In the present study, we investigated the expression of DCC, P53 and
HER-2/neu product in surgical specimens from 79 patients with invasive breast
cancer by immunohistochemistry staining and found the expression of DCC to
be decreased in 42 tumors (52%). Overexpression of HER-2/neu and P53 was
detected in 29 (36.8%) and 26 (32.9%) of this 79 breast cancer specimens,
respectively. To evaluate the outcomes of the 79 breast cancer patients, we fol-
lowed up the patients during the period from May 1990 to August 1998. The
average length of follow-up was 52 months (ranging from 4 to 94 months). Pa-
tients with tumors having a combination of DCC-negative and HER-2/neu
overexpression showed a marginal influence on survival time of breast cancer
(P=0.06). However, patients with tumors having a combination of DCC-neagive
and P53 overexpression showed no influence of these on survival time of breast
cancer (P=0.36). These findings suggest that a decreased DCC expression and

HER-2/neu overexpression may influence the prognosis of breast cancer.
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The DCC (deleted in colon cancer) gene, located
on chromosone 18 q 21.3 codes for a 190 KD trans-
membrane phosphoprotein with 42% homology to neu-
ral cell adhesion molecules (N-CAM), a fibronectin
type Il related domain and four immunoglobulin do-
mains of the C, class [1].

Genetic alterations are frequently associated with
neoplasia. The activation of protooncogenes and the
inactivation of tumor suppressor genes may be respon-
sible for oncogenesis and many tumor suppressor genes
have been isolated with a loss of heterozygosity (LOH)
in several types of human neoplasia [2]. '

It has been reported that several chromosomal
regions in breast cancer undergo a LOH in frequen-
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cies from 20% to 60% [3-5]. A LOH of 18q has been
observed in approximately 40% of breast cancer pa-
tients [3,6]. These observations prompted us to inves-
tigate the relationship between the expression of the
DCC, HER-2/neu, P53, Estrogen receptor(ER) and
Progesterone receptor (PR) and the outcomes of 79
breast cancer patients, using immunohistochemical
staining.

MATERIALS AND METHODS

Patients information

A total of 79 patients with invasive breast cancer
were treated surgically at Tzu-Chi General Hospital
between 1990 and 1993. Three advanced (stage V)
patients only received incisional biopsy. Others un-
derwent modified radical mastectomy with axillary
lymph nodes dissection, and all patients were followed
up for a minimum of 5 years or until death. The aver-
age of follow-up interval was 52 months (ranging from
4 to 94 months). The following clinicopathologic fac-
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tors were recorded: age, tumor size and pathologic
lymph node status.

Tumor tissues

Seventy-nine carcinomas of the breast stored as
paraffinized tissue blocks in the archives of Tzu-Chi
General Hospital were used in this study. Histologi-
cal review confirmed 76 infiltrating ductal carcinoma,
2 infiltrating lobular carcinoma and one mucinous
carcinoma.

Immunohistochemical staining

(A) Antibodies

a. Rabbit polyclonal anti-DCC antibody was a gift from
Dr. Chuong [7]. Rabbit polyclonal anti-DCC anti-
body was developed using in vitro immunization with
synthesis peptide as an antigen, as described previ-
ously [7]. The antigenic peptide was designed from
codon 721 to 730 (DESVPDQPS) of third
fibronectin type M domain of DCC gene.

b. Rabbit polyclonal anti-HER-2/neu antibody, mouse
monoclonal anti-ER, anti-PR and anti-P53 antibod-
ies were ordered from the Dako company.

(B) Procedure

Individual tissue sections of 4 to 5 ¢ m were
deparaffinized and heated in a 10 mM citric acid mono-
phosphate buffer (pH 6.0) for 30 minutes in a 1.35-
KW microwave oven at high power [8]. This method
of enhancing the recognition of antigen in archival tis-
sue is termed antigen retrieval. To minimize the evapo-
ration of buffer during heating, the tissue slides were
microwaved in a nommetalic kitchen pressure cooker.
Immunohistochemical staining was performed with the
labeled streptavidin of a complex kit (Dako, Japan).
The immunohistochemistry technique involved the
sequential application of the following antibodies: pri-
mary rabbit anti-DCC antibodies (1:300), mouse anti-
ER antibodies (1:100), mouse anti-PR (1:50), rabbit
anti-HER-2/neu antibody (1:200), mouse anti-P53 (1:
100), a biotinylated anti-rabbit and anti-mouse 2nd
antibodies (half hour) and a tertiary streptavidin per-
oxidase (half hour). Each antibody incubation was
followed by rinsing the tissue sections in phosphate
buffered saline three times (5 minutes, each).

Following treatment with a chromogen-AEC, the
sites of immunoprecipitate formation were identified
by light microscopy. Positive and negative control sec-
tions were included with each assay. Samples were to
be regarded as positive for DCC when at least 25 per-
cent of the tumor cells were granular cytoplasmic
immunoreactive. However, this classification proved
to be unnecessary, since staining for DCC turned out
to be an “all-or-nothing” phenomenon [9]. Membrane

staining was interpreted as HER-2/neu oncoprotein
expression. The amount of staining was scored in a
blinded fashion as negative (no immunostaining), trace
positive (few, detectable immunostaining cells scat-
tered through the tumor or located along one edge of
the specimen), moderate immunostaining (distinct
membrane staining in the majority of cells) or strong
immunostaining (intense membrane staining in the
majority of cells) [10]. Overexpression is identified
immunohistochemically as moderate and strong mem-
brane immunostaining, as previously described [11].
The immunostaining of ER, PR, P53 was regarded as
positive when at least 25 percent of the tumor cells
were nuclear immunoreactive.

Statistical analysis

The association between DCC expression in tu-
mors and various prognostic factors were assessed by
the chi-square test. Statistical analyses were performed
using SAS software (Cary, NC, USA). Kaplan-Meier
estimates were used to display survival among differ-
ent patient groups. Differences between the two curves
were tested statistically by the Log-rank test.

RESULTS

DCC protein product expressed in the surface of
ductal epithelium in the normal breast tissue (Fig. 1A).
In the invasive breast carcinomas, only 37(48%) of 79
breast cancer specimens showed postive staining for
the DCC protein which is located in the cytoplasm of
cancer cells(Fig. 1B). The overall survival of the pa-
tients with DCC-negative tumors was lower than of
those with DCC-positive tumors but this difference was
not significant (P=0.58) (Fig. 2). Overexpression of
P53 was detected in the nucleus in 26 (32.9%) of the
79 breast cancers. DCC expression in tumors was as-
sociated with P53 overexpression (P=0.01). DCC ex-
pression of tumors was not related to any other stan-
dard prognostic factors (Table 1). Overexpression of
HER-2/neu was detected in the membrane in 29 (36.
8%) of 79 breast cancers, but no correlation with DCC
positivity was found. However, 14 patients with DCC-
negative and HER-2/neu overexpression tumors
showed a marginal influence of these on the post-op-
eration survival of breast cancer (P=0.06) (Fig. 3). A
further 8 patients with DCC-negative and P53
overexpression tumors showed no influence on the
post-operation survival of breast cancer (P=0.36) (Fig.
4).
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Table 1. Relationship between the expression of DCC protein and clinicopathological factors in breast cancer

patients
DCC
Prognostic Factor Number Positive Negative P
N=37 N=42

Age <=50 37 24 20 0.12
>50 42 13 22

Size <=20mm 11 6 5 0.05
21~50mm 47 17 30
>=51mm 21 14 7

*Histo Infiltrating 76 37 39 0.09
Other type 3 0 3

*LN Negative 29 13 16 0.53
1-3 14 5 9
2-4 ' 36 19 17

*ER Negative 47 24 23 0.36
Positive 32 13 19

*PR Negative 41 22 19 0.20
Positive 38 15 23

P53 Negative 53 19 34 0.01
Positive 26 18 8

HER-2/neu Negative 50 22 28 0.50
! Positive 29 15 - 14

! positive: moderate and strong membrane staining

*Histo: histologic type, LN: axillary lymph node, ER: estrogen receptor, PR: progesterone receptor

F1g 1A. DCC protem expressed in the surface of normal
ductal epithelial cells (x100)

DISCUSSION

The candidate tumor suppressor gene DCC was
isolated by Fearon, who mapped the allelic deletion of
chromosome 18q 21.3 in colorectal carcinoma [1].
DCC expression was reduced or absent in 88% of dif-

F1g 1B Invasive breast carcinoma showmg positive cyto-
plasmic staining for DCC (x200)

ferent cholorectal carcinoma cell lines and in 70% of
colorectal cancers [1,12], which is consistent with a
tumor suppressive function of the gene product. A
decreased expression of DCC mRNA was observed in
human colorectal cancers and found to be related to
prognosis and distant metastasis [13,14]. Moreover,
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Fig. 2. Post-operation survival of patients with breast cancer, according to immunohistochemical staining of DCC in the

primary tumor (Kaplan-Meier method)

frequent loss of the expression of DCC in pancreatic
ductal adenocarcinoma and prostatic carcinoma [15,
16] and a LOH of 18q in stomach cancer and esoph-
ageal cancer have also been reported [17,18].

In breast cancer, several chromosomal regions
have been reported to undergo LOH in frequencies of
from 20% to 60% [3-5]. The LOH of 18q is reported
in approximately 40% of breast cancers; however, the
LOH of 18q does not always include the DCC locus.
According to previous study, LOH at the DCC locus
was deleted in 52% of patients with breast cancer, while
77% of those having DCC-LOH showed a distinct re-
duction or loss of DCC expression, using polymerase

chain reaction [19]. Our immunohistochemical stain-

ing was found in approximately half of the breast
cancers, which is in agreement with previous reports

[20]. These findings indicate that DCC plays a role in
the oncogenesis of breast cancer.

A genetic model stipulating that multistep alter-
ation in oncogen and allelic losses are nesessary for
colorectal tumorigenesis was advocated [21]. Concor-
dant P53, DCC and c-ki-ras alteration are all known
to be associated with tumorigenesis or metastasis of
colorectal carcinoma. A variety of genetic change in
breast carcinoigenesis, including the amplification of
oncogense (HER-2/neu, int-2, c-myc, H-ras) and the
deletion or mutation of the tumor suppressor genes
(RB, P53) have been reported [22,23].

Although some of these oncogenes and
suppuressor genes have been thought to be prognostic
factors, their prognostic value is still controversial.
However, coexpression of the oncogens was found to
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Fig. 3. Post-operation survival, according to the combination of DCC and HER-2/neu immunostaing (Kaplan-Meier method)

function as a strong prognostic correlation for recur-
rence and survival [23]. In this study, the single alter-
ation of DCC, HER-2/neu or P53 did not possess in-
dependent prognostic significance for the prediction
of survival, but patients having breast cancer with
double alteration of DCC-negative and HER-2/neu
overexpression showed that these had marginal influ-
ence of post-operation survival time of breast cancer.
These data suggested that decreased DCC expression
and HER-2/neu overexpression may influence the
prognosis of breast cancer.

The DCC gene encodes a deduced protein with
multiple immunoglobulin domains and fibronectin type
Il repeats. The predictive amino acid sequence is
highly simlar to Immunoglobulin (Ig) superfamily of
cell adhesion molecules that includes N-CAM, fasciclin
I, L1, and others [1], whereas direct evidence that

the gene encodes a cell adhesion molecular has not
yet been obtained.

The homology of the DCC molecule to the cell
adhesion molecule indicates that alteration of DCC ex-
pression influences the incidence of distant metastasis
[13,14]. According to our data, the negative staining
of DCC was associated with lower post-operative sur-
vival time, which suggested that the distribution of in-
tracellular adhesion and communication play impor-
tant roles in the genesis and/or progression of breast
cancer. Although the biological function of the DCC
gene has not been fully elucidated, further investiga-
tion of DCC genesis will provide adhesion molecules
in carcinogenesis.

In conclusion, DCC expression was found in 48%
of 79 patients and showed better outcomes than DCC
negative patients of breast cancer. The DCC expres-
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Fig. 4. Post-operation survival, according to the combination of DCC and P53 immunostaining (Kaplan-Meier method)

sion is associated with p53 overexpression. Double
alteration of DCC-negative and HER-2/neu
overexpression may influence the post-operative sur-
vival time.
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