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Although KIT and EGFR overexpressions are reported to occur
in breast cancer, their pathological significance is still unclear.
We examined KIT, EGFR, and c-erbB-2 overexpressions immuno-
histochemically in 150 cases of surgically resected breast cancer
and their correlation with the histological type and grade and
mesenchymal and/or myoepithelial immunophenotype of primary
tumors. To facilitate the analysis, we constructed a tissue microarray
comprising 2-mm diameter tissues cored from the representative
tissue block of each tumor. KIT, EGFR, and c-erbB-2 overexpressions
were detected in 15 (10%), 12 (8%), and 23 (15%), respectively. The
KIT was more frequent in the group comprising comedo-type ductal
carcinoma in situ and invasive ductal carcinomas (IDCs) of the
solid-tubular subtype than in the group of other histological types
(P = 0.027), and the EGFR was more frequent in IDCs of solid-tubular
type than in other histological types (P < 0.05). KIT and EGFR over-
expressions were correlated with nuclear grade 3 (P = 0.0095 and
0.0005) and tended to be concurrent (P = 0.005). KIT overexpression
was correlated with vimentin and S-100 expression (P = 0.003 and
P = 0.005), and EGFR overexpression was correlated with S100 ex-
pression (P = 0.0001). These correlations with grade and mesenchymal/
myoepithelial markers were not observed for c-erbB-2 overexpression.
KIT and EGFR appeared to be indicators of high-grade breast carcinoma
groups that often contain the carcinomas with mesenchymal and/
or myoepithelial differentiation, which are distinct from the group
with c-erbB-2 overexpression. (Cancer Sci 2005; 96: 48–53)

The KIT proto-oncogene encodes a growth factor receptor
with tyrosine kinase activity and is involved in the growth

and development of mast cells and of premature stromal cell
or interstitial cell of Cajal.(1–5) Among human tumors, the
mutational activation of the KIT proto-oncogene is frequent in
gastrointestinal stromal tumors (GIST), which are suggested
to originate from a premature stromal cell.(6–8) KIT activation is
reported to occur in a very restricted subset in other common
human cancers (i.e. small-cell and large-cell lung carcinomas).(9)

In female breast cancer, the incidence of KIT expression has
been reported to vary from 1 to 82%, but its biological and
clinicopathological significance is unclear.(10–12)

The EGFR (epidermal growth factor receptor, also called c-
erbB-1 or HER-1) and c-erbB-2 (or HER-2/neu) proto-oncogenes
also encode growth factor receptors with tyrosine kinase activ-
ity. The EGFR and c-erbB-2 oncoproteins are overexpressed in
27–36% and 15–20% of primary breast cancers, respectively,
and their overexpression was shown to be correlated with high
grade and hormone-receptor-negative tumors and poorer patient
prognosis.(13−16) Although concurrent overexpression of the

EGFR and c-erbB-2 is reported to be correlated with much
worse patient prognosis, it is unknown whether the EGFR and
c-erbB-2 overexpressions occur in high-grade breast cancers of
a similar histological type or tend to occur in an alternative
manner between high-grade breast cancers of different histolog-
ical types. In 62% of high-grade breast cancers of common
histological types, bimodal differentiation toward epithelial
(glandular epithelial and myoepithelial) and mesenchymal
phenotypes was reported to occur.(17,18)

Tissue microarray (TMA) is a recently developed technique
for high-throughput evaluation of protein expression in a large
number of archival tissue blocks used for routine histopatholog-
ical diagnosis. A cohort of tissue core specimens obtained from
these tissue blocks is arranged into a single recipient paraffin
block.(19) The utility of TMAs has been proved in a number of
immunohistochemical studies of various cancer types.(20−23)

In the present study, to reveal the histopathological implica-
tion of the overexpressions of the KIT, EGFR, and c-erbB-2
oncoproteins, we examined the overexpressions and several
mesenchymal and/or myoepithelial markers in 150 cases of
breast carcinoma by TMA and immunohistochemistry (IHC).

Materials and methods

Cases. This study was approved by the institutional review
board of the National Defense Medical College. We reviewed
hematoxylin-eosin-stained tissue sections of breast carcinomas
that were resected from patients who received a mastectomy or
partial breast resection at the National Defense Medical College
Hospital between 1995 and 1997. All cases were histologically
classified according to the World Health Organization criteria.(24)

Invasive ductal carcinoma (IDC) was further subclassified into
papillo-tubular, solid-tubular, and scirrhous subtypes, according
to the Japanese Breast Cancer Society (JBCS).(25) In papillo-tubular,
solid-tubular, and scirrhous subtypes, tumor cells formed a
mainly papillary or tubular structure, a solid nest structure, and
a strand or trabecular structure, respectively. Cases of ductal
carcinoma in situ (DCIS) were subclassified into comedo and
non-comedo subtypes, the latter comprising cribriform, solid,
papillary, and low-papillary ones.

From the viewpoint of nuclear grade, 150 carcinomas were classi-
fied into 17 cases of Grade 1, 84 cases of Grade 2, and 49 cases of
Grade 3 by a nuclear grading system according to the JBCS.(25)
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Ipsilateral axillary lymph node dissection was performed in
129 patients, and metastases were not detected in 77 cases.
Metastases were detected in one to three lymph nodes in
15 patients and in four or more lymph nodes in 37 patients. In
21 cases, excisional biopsy only was performed, and lymph
node dissection was not performed in the hospital.

Tissue microarray construction. For each of the 150 cases of
breast cancer, a representative hematoxylin and eosin (HE)-stained
section was selected by reviewing routine histopathological
sections microscopically, and the corresponding tissue blocks
stored in the hospital were used for this study. In order to con-
struct TMA blocks, a single tissue core was taken from a cancer
cell-rich area of a donor block of each tumor, and the core
specimens were transferred to a recipient block using a Tissue
Microarrayer (Beecher Instruments, Silver Spring, MD) (Fig. 1).

On constructing TMA in invasive carcinomas, we selected
areas of invasive component with the highest nuclear grade. We
used cores 2.0 mm in diameter and arranged them 0.7–0.8 mm
apart in a recipient block. One TMA block contained a maximum
of 66 tissue cores, and three TMA sets, comprising 150 core
specimens, were prepared for the present study.

For the verification study, whole-tissue sections of represent-
ative cancer tissue blocks were prepared from 10 cases (5 positive
and 5 negative cases on TMA sections), and concordance in the
rate of KIT, EGFR, and c-erbB-2 overexpression was examined
between TMA sections and the corresponding whole-tissue
sections.

Immunohistochemistry. The expressions of KIT, EGFR, c-erbB-
2, vimentin, S-100, α-smooth muscle actin (SMA), and CD34
were examined by IHC in the 150 breast carcinomas. TMA
blocks were cut into 4-µm-thick sections. The antibodies
used were polyclonal rabbit antihuman-c-KIT (1 : 50, Dako,
Grostrup, Denmark), the PharmDx EGFR kit (Dako), the
HercepTest kit for the c-erbB-2 (Dako), mouse monoclonal
antivimentin (clone V9) (1 : 200, Dako), rabbit polyclonal
anticow S-100 (1 : 2000, Dako), mouse monoclonal antiα-SMA
(clone 1A4) (1 : 15, Shandon-Lipshaw), and mouse monoclonal
anti-CD34 (clone QBent 10) (1 : 50, Dako). Estrogen receptor (ER)
and progesterone receptor (PgR) were also immunohistochemically
studied using monoclonal anti-ER (clone 1D5, Dako) and
monoclonal anti-PgR (clone PgR636, Dako), respectively.

Antigen retrieval of the tissue sections was performed by the
incubation of tissue sections in 10 mM sodium citrate (pH 6.0)
with 0.1% Tween 40 at 95°C before the analysis using the
anti-KIT antibody (for 20 min). The sections were subjected to

microwave treatment at 95°C for 15 min in 10 mM sodium
citrate (pH 6.0) before analyzes using the anti-CD34 antibody,
and to autoclave at 120°C for 15 min in 10 mM sodium citrate
(pH 6.0) before the analyses using the anti-ER or anti-PgR
antibody.

After the antigen retrieval for the detection of KIT, EGFR, c-
erbB-2, CD34, ER, and PgR, or without an antigen retrieval
procedure for vimentin, S-100, and α-SMA, tissue sections
were incubated in 0.3% hydrogen peroxide in methanol for
30 min, reacted with the primary antibody for 1–3 h, incubated
with the dextran polymer reagent conjugated with peroxidase
and secondary antibody (envision+, Dako) for 1 h, and subse-
quently reacted with 3,3′-diaminobenzidine tetrahydrochloride-
hydrogen peroxide as a chromogen.

The KIT expression level was scored as 1+ if the cytoplasm
was discretely and weakly to moderately stained and as 2+ if
the cytoplasm was strongly stained with or without membrane
staining in 10% or more of the constituent carcinoma cells. If no
staining was observed or staining was observed in less than 10%
of the constituent carcinoma cells, a score of 0 was given. Cases
with a score of 2+ were judged as overexpression.

The EGFR and c-erbB-2 expressions were scored as 2+ and
3+ if the entire circumference of the cell membrane was weakly
or moderately stained and strongly stained, respectively, in 10%
or more of the constituent carcinoma cells. A score of 1+ was
given if incomplete membrane staining was observed in 10% or
more of the carcinoma cells, and a score of 0 was given if there
was membrane staining in less than 10% of constituent cells or
there was no membrane staining. Cases with a score of 2+ or 3+
were judged as overexpression.

Vimentin, S-100, α-SMA, and CD34 were judged as expressed
if the cytoplasm of tumor cells was moderately to strongly
stained in 10% or more of the tumor cells.

A case of GIST was used as a positive control for the expres-
sions of KIT and vimentin. A stomach cancer with EGFR
gene amplification (>10-fold per haploid) and another case of
stomach cancer with c-erbB-2 gene amplification (>10-fold
per haploid), detected by fluorescence in situ hybridization, were
used as positive controls of EGFR and c-erbB-2 overexpression,
respectively. For the internal control of S-100, α-SMA, and
CD34, peripheral nerve, smooth muscle, and endothelial cells
were used, respectively. As negative controls, sections without
loading the primary antibody were used in each assay.

Evaluation of interobserver and intraobserver agreement. For the
evaluation of interobserver agreement, immunohistochemical
results were evaluated by two observers (H.T. and Y.O.) independ-
ently, and cases with discrepant judgments were re-evaluated with
discussion. Consensus judgments were acquired as the final ones.
For the assessment of intraobserver agreement level, one observer
(H.T.) judged twice all the cases blindly at an interval of
2 months. The degree of interobserver or intraobserver agreement
for evaluating the KIT, EGFR, and c-erbB-2 was computed using
the generalized κ-test for two or more observers.(26) In accordance
with the criteria of Landis and Koch,(27) κ-values were assigned
to a scale of strength of agreement. When the κ-value was
<0.00, 0.00–0.20, 0.21–0.40, 0.41–0.60, 0.61–0.80, and 0.81–
1.00 the strength of agreement was judged as poor, slight, fair,
moderate, substantial, and almost perfect, respectively.

Statistical analysis.  Statistical differences were analyzed by
the χ2 test or Fisher’s exact test. The concordance between TMA
sections and corresponding whole-tissue sections in the 10 cases
for the KIT, EGFR, and c-erbB-2 was also evaluated by the
κ-test.

Results

Verification of TMA. The percent interobserver agreements in
the evaluation of KIT, EGFR, and c-erbB-2 immunostaining

Fig. 1. Detection of KIT, EGFR, and c-erbB-2 overexpression in breast
carcinoma using tissue maicroarray. This TMA block contains 58 tissue
cores 2.0 mm in diameter. (A) Hematoxylin and eosin stain (H&E). (B) KIT
overexpression. Several cases, including case no. 33 (arrowhead), show
KIT overexpression. (C) EGFR overexpression. Case no. 33 (arrowhead)
shows EGFR overexpression, which is concurrent with KIT overexpression.
(D) c-erbB-2 overexpression. Cases no. 14 and 50 (arrowheads) show
c-erbB-2 overexpression with a score of 3+. (Insets) A case of
gastrointestinal stromal tumor with KIT overexpression in (B), a
stomach cancer with EGFR gene amplification (>10-fold per haploid)
in (C), and another case of stomach cancer with c-erbB-2 gene
amplification (>10-fold per haploid) in (D) were used as positive
controls. Immunoperoxidase stain. × 7.
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were 96%, 99%, and 99%, respectively, between the tumor
group with overexpression (2+ or 3+) and that without over-
expression (0 or 1+). In all discrepant cases, agreement was
finally reached upon re-evaluation by the two observers using
a discussion microscope. The κ-values for KIT, EGFR, and
c-erbB-2 were 0.81, 0.96, and 0.95, respectively, and the
agreement levels of all these were almost perfect.

The percent intraobserver agreements in the evaluation of
KIT, EGFR, and c-erbB-2 immunostaining were 92%, 97%, and
99%, respectively, between the tumor group with overexpres-
sion (2+ or 3+) and that without overexpression (0 or 1+). The
κ-values for KIT, EGFR, and c-erbB-2 were 0.66, 0.84, and
0.95, respectively, and the agreement level was substantial for
KIT, and almost perfect for EGFR and c-erbB-2.

The score of immunohistochemistry (0 or 1+ vs 2+ for KIT,
and 0 or 1+ vs 2+ or 3+ for EGFR and c-erbB-2) was concord-
ant between a TMA section and the corresponding whole-tissue
section in 7 (70%) of 10 cases for KIT, 9 (90%) of 10 cases for
EGFR, and 10 (100%) of 10 cases for c-erbB-2. The agreement
levels for KIT, EGFR, and c-erbB-2 calculated by κ-test were
0.40, 0.80, and 1.00, respectively, and the levels were fair for
KIT, and almost perfect for EGFR and c-erbB-2. Because the
total number of cases for the κ-test was only 10, the reliability
of the estimated κ-values was unclear.

KIT overexpression. The staining of KIT 2+ cancer cells was
stronger than that of normal mammary glands, but the staining
of KIT 1+ was similar to or weaker than that of normal glands.
The cytoplasm and membrane staining of the KIT in the control
GIST case was categorized as score 2+. KIT overexpression was
detected in 15 cases (10%) of breast carcinomas (Fig. 2). In
each histological type, KIT overexpression was detected in 10%
(13 of 130) of IDCs: 22% (9 of 41) of the solid-tubular subtype,
9% (3 of 35) of the papillo-tubular subtype, and 2% (1 of 54) of
the scirrhous subtype. KIT overexpression was detected in 2
(13%) of DCIS, comprising 40% (2 of 5) of the comedo subtype
but 0% (0 of 10) of the non-comedo type. Five cases of ILC did
not show KIT overexpression. Therefore, KIT was detected more
frequently in the group comprising IDC of the solid-tubular
subtype and comedo-type DCIS than in the group of other
histological types (P = 0.027) (Table 1).

Considering the nuclear grade of breast carcinoma, the KIT
was overexpressed in 0% (0 of 17), 6% (5 of 84), and 20% (10
of 49) of cases of Grades 1, 2, and 3, respectively (P = 0.0095)
(Table 2). KIT overexpression was inversely correlated with ER
expression (P < 0.0001) and with PgR expression (P = 0.0002),
but was not correlated with lymph node status (Table 2).

EGFR overexpression. EGFR overexpression was detected in
12 cases (8%) of breast carcinoma (Fig. 2). The staining of the
EGFR in the control stomach cancer case was categorized as 3+.
The incidence of EGFR overexpression was 8% (11 of 138) of
IDC: 17% (7 of 41) of the solid-tubular subtype (Fig. 2b), 6%
(3 of 54) of the scirrhous subtype, and 3% (1 of 35) of the
papillo-tubular subtype. EGFR overexpression was detected in
only one (7%) of 14 cases of DCIS and in 0 of five cases of ILC.
Therefore, EGFR tended to occur more frequently in IDC of
the solid-tubular subtype than in the other histological types
(P < 0.05) (Table 1). EGFR overexpression was detected in 0%
(0 of 17), 2% (1 of 84), and 20% (10 of 49) of carcinomas of
Grades 1, 2, and 3, respectively (P = 0.0005) (Table 2). EGFR
overexpression was inversely correlated with ER expression
(P < 0.0001) and with PgR expression (P = 0.0003), but was
not correlated with lymph node status (Table 2).

c-erbB-2 overexpression. The c-erbB-2 was overexpressed in
23 cases (15%) (Fig. 2). The staining of the c-erbB-2 in the
control stomach cancer case was categorized as 3+ (Fig. 1c). Of
130 cases of IDC, the c-erbB-2 was overexpressed in 18 (14%)
(Table 1): 17% (7 of 41) of the solid-tubular subtype, 13% (7
of 54) of the scirrhous subtype, and 11% (4 of 35) of papillo-
tubular subtype. C-erbB-2 overexpression was detected in five
(33%) of 15 cases of DCIS, comprising 60% (3 of 5) of the

Table 1. Incidence of KIT, EGFR, and c-erbB-2 overexpressions in various histological types
of breast carcinoma
 

Histological type

Number of cases (%)

Total
KIT over-

expression*
EGFR over-
expression†

c-erbB-2 over-
expression‡

A. Invasive carcinoma
Invasive ductal carcinoma 130 13 (10) 11 (8) 18 (14)

Solid-tubular subtype 41 9 (22) 7 (17) 7 (17)
Papillo-tubular subtype 35 3 (9) 1 (3) 4 (11)
Scirrhous subtype 54 1 (2) 3 (6) 7 (13)

Invasive lobular carcinoma 5 0 (0) 0 (0) 0 (0)
B. Ductal carcinoma in situ (DCIS)
Comedo subtype 5 2 (40) 0 (0) 3 (60)
Non-comedo subtype 10 0 (0) 1 (10) 2 (20)
Total 150 15 (10) 12 (8) 23 (15)

*P = 0.027 between the group comprising solid-tubular type and comedo subtype and the 
group of other histological types; †P < 0.05 between solid-tubular type and other 
histological types; ‡P < 0.05 between the group of DCIS and the group of invasive 
carcinomas.

Fig. 2. A case of invasive ductal carcinoma (Case no. 33) with KIT and
EGFR co-overexpression. (A) Histologically, Grade 3, solid-tubular
subtype. H&E stain. (B) KIT overexpression, and (c) EGFR overexpression.
(D) c-erbB-2 expression was scored as 2+. (A) × 100. (B, C, D) Immuno-
peroxidase stain. × 100.
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comedo subtype but 20% (2 of 10) of the non-comedo type.
Five cases of ILC did not show EGFR overexpression (Table 1).
Therefore, the c-erbB-2 was more frequently overexpressed in
DCIS (5 of 15, 33%) than in invasive carcinomas (18 of 135,
13%) (P < 0.05). C-erbB-2 overexpression was detected in 12%
(2 of 17), 12% (10 of 84), and 22% (11 of 49) of carcinomas of
Grades 1, 2, and 3, respectively, and was not correlated with the
nuclear grades (Table 2). C-erbB-2 overexpression was inversely
correlated with ER expression (P < 0.0001) and with PgR
expression (P = 0.0005), but was not correlated with lymph
node status (Table 2).

Of 21 solid-tubular subtype IDCs, Grade 3, overexpressions
of the KIT, EGFR, and c-erbB-2 were detected in six (29%), six
(29%), and three (14%), respectively. As cases with special his-
tological features in this group, two had a feature of metaplastic
carcinoma of the spindle-cell type, and one of these cases showed
EGFR overexpression. Another case showed a feature of matrix-
producing carcinoma, and that case concurrently showed KIT
and EGFR overexpressions.

Correlation between KIT, EGFR, and c-erbB-2 overexpression. Of
the 15 cases expressing the KIT, four (27%) co-overexpressed
EGFR (Figs 2b,c). In contrast, of the 135 cases that did not
show KIT overexpression, only eight (6%) overexpressed EGFR.
There was a correlation between KIT overexpression and EGFR
overexpression (P = 0.005) (Table 3). All four cases with co-
overexpression of the KIT and EGFR, including two cases
accompanied with co-overexpression of the c-erbB-2, were IDC
of the solid-tubular subtype and Grade 3.

C-erbB-2 overexpression was detected in 40% (6 of 15) of
KIT-overexpressing cases and 13% (17 of 135) of KIT-non-
overexpressing cases (P = 0.050), the difference being only
marginally significant. C-erbB-2 overexpression was detected in
33% (4 of 12) of carcinomas with EGFR overexpression and
14% (19 of 138) without EGFR overexpression, the difference
being not significant (P = 0.071) (Table 3). Concurrence of KIT
and c-erbB-2 overexpressions, without EGFR overexpression,

was observed in four cases, which comprised two cases of
comedo-type DCIS (one Grade 3 and one Grade 2), one case of
IDC of the solid-tubular subtype, Grade 3, and one case of IDC
of the papillo-tubular subtype, Grade 2. Concurrence of EGFR
and c-erbB-2 overexpressions, without KIT overexpression, was
observed in a case of IDC of the scirrhous subtype, Grade 3.

Expression of mesenchymal and myoepithelial markers. Vimentin,
CD34, S-100 protein, and α-SMA were expressed in seven
(5%), one (0.7%), six (4%), and one (0.7%) of the 150 cases,
respectively (Fig. 3). Vimentin was expressed in 5% (6 of 130)
of IDC: 10% (4 of 41) of the solid-tubular subtype, 4% (2 of 54)
of the scirrhous subtype, and 0% (0 of 35) of the papillo-tubular
subtype (Fig. 3b). Vimentin expression was detected in one
(7%) of 15 cases of DCIS, comprising 20% (1 of 5) of the
comedo subtype, but 0% (0 of 10) of the non-comedo type. Five
cases of ILC did not show vimentin expression. Vimentin
expression was more frequent in IDC of the solid-tubular
subtype than in other histological types (P = 0.044). Vimentin
expression was detected in 0% (0 of 17), 4% (3 of 84), and 8%
(4 of 49) of carcinomas of Grades 1, 2, and 3, respectively, and
the difference was not significant.

S-100 was expressed in 5% (6 of 130) of IDC: 10% (4 of 41)
of the solid-tubular subtype, 4% (2 of 54) of the scirrhous
subtype, and 0% (0 of 35) of the papillo-tubular subtype (Fig. 3c).
S-100 expression was not detected in 15 cases of DCIS or five
cases of ILC. S-100 expression was more frequent in IDC of

Table 2. Correlation of KIT, EGFR, and c-erbB-2 overexpressions in
breast carcinoma with nuclear grade, hormone receptor statuses, and
lymph node metastasis
 

Parameter

Number of cases (%)

Total
KIT over-

expression
EGFR over-
expression

c-erbB-2 over-
expression

Nuclear grade
Grade 1 17 0 (0)* 0 (0)† 2 (12)
Grade 2 84 5 (6) 2 (2) 10 (12)
Grade 3 49 10 (20) 10 (20) 11 (22)

Estrogen receptor
0 45 12 (27)‡ 12 (27)‡ 17 (38)‡

1+ 28 0 (0) 0 (0) 4 (14)
2+ 77 3 (4) 0 (0) 2 (3)

Progesterone receptor
0 57 13 (23)§ 11 (19)¶ 17 (30)**
1+ 6 0 (0) 0 (0) 0 (0)
2+ 87 2 (2) 1 (1) 6 (7)

Number of metastatic axillary lymph nodes
0 77 7 (9) 4 (5) 13 (17)
3 15 1 (7) 3 (20) 2 (13)
≥4 37 6 (16) 3 (8) 7 (29)

No data 21 1 (5) 4 (19) 1 (5)
Total 150 15 (10) 12 (8) 23 (15)

*P = 0.0095 among the cases of Grades 1, 2, and 3; †P = 0.0005 between 
the cases of Grade 1 or 2 and the cases of Grade 3; ‡P < 0.0001 among 
the cases of ER 0, 1+, and 2+; §P = 0.0002, §P = 0.0003, and **P = 0.0005 
among the cases of PgR 0, 1+, and 2+.

Table 3. Correlation of KIT overexpression with EGFR overexpression
and with c-erbB-2 overexpression in breast carcinomas
 

Number of cases (%)

Total EGFR overexpression c-erbB-2 overexpression

A. KIT overexpression
Present 15 4 (27)* 6 (40)†

Absent 135 8 (6) 17 (13)
B. EGFR overexpression

Present 12 4 (33)‡

Absent 138 19 (14)
Total 150 12 (8) 23 (15)

*P = 0.005; †P = 0.050 (only marginally significant); ‡P = 0.071 (not 
significant).

Fig. 3. Breast carcinomas with mesenchymal or myoepithelial
immunophenotype (A to C) and with CD34 expression (D). (A–C) Case
no. 109. (A) Histologically, invasive ductal carcinoma (IDC) solid-tubular
subtype Grade 3. H&E stain. × 200. Vimentin (B) and S-100 protein (C)
expressions are diffusely positive. This case showed concurrent EGFR
overexpression. (B, C) Immunoperoxidase stain. × 200. (D) Case no. 146.
Histologically, IDC papillotubular subtype, Grade 2. CD34 is strongly
and diffusely positive. Immunoperoxidase stain. × 40.
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the solid-tubular subtype than in other histological types
(P = 0.038). S-100 expression was detected in 0% (0 of 17), 0%
(0 of 84), and 12% (6 of 49) of carcinomas of Grades 1, 2, and
3, respectively (P = 0.007). α-SMA was expressed in only one
case, an IDC of the solid-tubular subtype, Grade 3. CD34 was
diffusely and strongly expressed in only one case, IDC of the
papillo-tubular subtype, Grade 2 (Fig. 3d).

Of 21 solid-tubular subtype IDCs, Grade 3, expressions of
vimentin, S-100, α-SMA, and CD34 were detected in three
(14%), three (14%), one (5%), and 0 (0%), respectively. Two of
these cases showing a feature of metaplastic carcinoma of the
spindle-cell type expressed vimentin and S-100 protein. Another
case with a feature of matrix-producing carcinoma showed the
expression of S-100 protein.

The incidences of expressions of vimentin and S-100 protein
were 20% (3 of 15) and 13% (2 of 15) in KIT-overexpressing
cases but only 3% (4 of 135) and 3% (4 of 135) in KIT-non-
overexpressing cases, respectively (P = 0.003 and P = 0.005,
respectively) (Table 4). A similar tendency of such correlations
was seen between EGFR-overexpressing and EGFR-non-
overexpressing cases. The incidences of expressions of vimentin
and S-100 protein were 8% (1 of 12) and 25% (3 of 12) in
EGFR-overexpressing cases, but only 4% (6 of 138) and 2% (3 of
138) in EGFR-non-overexpressing cases, respectively. S-100 pro-
tein was expressed more frequently in EGFR-overexpressing cases
than in EGFR-non-overexpressing ones (P = 0.0001) (Table 4).

On the other hand, the expression of vimentin and S-100 were
not correlated with c-erbB-2 overexpression. The incidences of
vimentin and S-100 protein expressions were 4% (1 of 23) and
0% (0 of 23) in c-erbB-2-overexpressing cases but 5% (6 of
127) and 5% (6 of 127) in c-erbB-2-non-overexpressing ones,
respectively (Table 4).

Discussion

We examined the histopathological characteristics of breast
carcinomas with KIT, EGFR, and c-erbB-2 overexpression. KIT
overexpression was more frequent in the group comprising the
solid-tubular subtype IDC and comedo subtype DCIS than in
the group of other histological types, and EGFR overexpression
was more frequent in IDC of the solid-tubular subtype than in
other histological types. In contrast, c-erbB-2 overexpression
was more frequent in DCIS than in invasive carcinomas. KIT
and EGFR were more frequent in Grade 3 carcinomas than in
Grade 1 or 2 carcinomas and tended to concur. Deduced from

their combination and histological type of tumors, the concurrent
KIT and EGFR overexpressions were suspected to be related with
the development of IDC of the solid-tubular subtype, Grade 3.

From these results, KIT and EGFR overexpressions appear
to be correlated with similar spectra of histological types. C-
erbB-2 overexpression was reported to be correlated with high
histological and nuclear grades, but, in the present study, KIT
and EGFR overexpressions were more correlated with Grade 3
than c-erbB-2 overexpression. The carcinoma group with KIT
and/or EGFR overexpression might be less differentiated than
the carcinoma group with c-erbB-2 overexpression. KIT, EGFR,
and c-erbB-2 were inversely correlated with ER or PgR expression.
These results might indicate association between increased tyro-
sine kinase pathway and tamoxifen resistance in breast cancer.

From the viewpoint of mesenchymal and myoepithelial dif-
ferentiation, KIT-overexpressing carcinoma tended to coexpress
vimentin and S-100 protein more frequently than carcinomas
without KIT overexpression. EGFR-overexpressing carcinomas
tended to be concurrent with S-100 protein expression. In
contrast, c-erbB-2 overexpression was not correlated with mes-
enchymal or myoepithelial differentiation. Mesenchymal and/or
myoepithelial differentiation appeared to be characteristic features
of breast carcinomas with KIT and/or EGFR overexpression.

Several special types of breast carcinomas are known to show
myoepithelial or mesenchymal differentiation (e.g. carcinoma
with metaplasia of the spindle-cell type [spindle-cell carcinoma]
and matrix-producing carcinoma [a variant of carcinoma with
cartilaginous metaplasia]).(28,29) In addition, even among com-
mon histological types, this kind of bimodal differentiation
toward epithelial and mesenchymal phenotypes was reported to
occur in 62% of Grade 3 IDCs. As subtypes of Grade 3 IDCs,
IDC with a large central acellular zone and atypical medullary
carcinoma, which could also be a variant of medullary carcinoma,
frequently express vimentin, α-SMA, and/or S-100 protein.(30−32)

In contrast, the coexistence of epithelial and mesenchymal fea-
tures was infrequent in lower-grade (Grade 1 or 2) IDCs.(17,18)

It is well recognized that TMA is efficient for screening of
molecular alterations in a large number of tumor cases. In con-
trast, the limitation and possible pitfalls of TMA analysis would
consist in that the characteristics of sampled tissue do not
always represent those of the whole tumor. It is shown that there
are heterogeneity of KIT and EGFR immunolocalization in
breast cancer. On constructing TMA in invasive carcinomas, we
selected the areas of invasive component with the highest
nuclear grade. We also preferred a 2.0-mm diameter punch and
did not use a 0.6-mm diameter punch as was used in a majority
of TMA examinations.(19−23) In this study, we showed that judg-
ments of KIT, EGFR, and c-erbB-2 were concordant between
TMA sections and whole-tissue sections in 70%, 90%, and
100% of cases. By careful selection of area for TMA construc-
tion and the use of a 2.0-mm diameter punch, a TMA block
would be able to represent substantially the status of KIT,
EGFR, and c-erbB-2 status in the whole tumor tissue.

The mechanism of KIT overexpression in breast carcinomas
is still unknown. In GIST, acute myelogenous leukemia, and
mastocytosis, the KIT is activated by somatic mutation.(33,34) In
other cancers (e.g. small cell lung cancer and ovarian cancers)
paracrine or autocrine activation is postulated.(33,34) As a novel
anticancer drug, imatinib (gleebec or glivec), a tyrosine kinase
inhibitor to inhibit the activity of KIT and BCR-ABL, has been
developed and is now routinely used.(35,36) It might be worth
investigating if the inhibition of the active KIT is effective for
the patients with KIT-overexpressing breast cancers.

In summary, we found that KIT and EGFR overexpressions
tended to occur concurrently and were correlated with IDC of
the solid-tubular subtype, Grade 3. The solid-tubular subtype,
Grade 3 may contain atypical medullary carcinoma, IDC with a
large central acellular zone, and matrix-producing carcinoma.

Table 4. Correlation of KIT, EGFR, and c-erbB-2 overexpressions
with the expression of markers of mesenchymal or myoepithelial
differentiation in breast carcinomas
 

Total

Expression of mesenchymal or 
myoepithelial markers

Number of cases (%)

Vimentin
S-100 

protein
α-smooth

muscle actin
CD34

A. KIT overexpression
Positive 15 3 (20)* 2 (13)† 1 (7) 1 (7)
Negative 135 4 (3) 4 (3) 0 (0) 0 (0)

B. EGFR overexpression
Positive 12 1 (8) 3 (25)‡ 0 (0) 0 (0)
Negative 138 6 (4) 3 (2) 1 (0.7) 1 (0.7)

c-erbB-2 overexpression
Positive 23 1 (4) 0 (0) 0 (0) 0 (0)
Negative 127 6 (5) 6 (5) 1 (0.7) 1 (0.8)

Total 150 7 6 1 1

*P = 0.003; †P = 0.005; ‡P = 0.0001.
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We plan to examine KIT, EGFR, c-erbB-2 overexpressions in
these breast carcinoma types, which frequently express mesen-
chymal and myoepithelial features. KIT and EGFR appeared to
be indicators of high-grade breast carcinoma groups that often
contain the carcinomas with mesenchymal and/or myoepithelial
differentiation, which are distinct from the group with c-erbB-2
overexpression.
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