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Abstract

S100A9 is associated with myelomonocytic cell differentiation and is also expressed in some epithelia. However, there have been
few studies on S100A9 in adenocarcinoma (AC) because the expression in normal epithelia is limited to squamous epithelia. Our

previous studies on pulmonary AC and liver carcinomas suggested that S100A9 expression in carcinomas of glandular cell origin is
related to poor tumour differentiation. In this study, we examined S100A9 expression in invasive breast carcinoma and evaluated
the relation of the expression to the tumour differentiation in 70 cases of invasive ductal carcinoma (IDC) of the breast. S100A9
gene and protein expression was detected in MCF-7 breast carcinoma cells. The rate of S100A9 immunopositivity in IDC showed a

higher correlation with poor tumour differentiation, especially in nuclear pleomorphism (P=0.0002) and mitotic activity
(P=0.0001). Furthermore, transcriptional expression of S100A9 in sections of IDC could be detected in cases with a high S100A9
immunopositivity. No significant differences in the number of myelomonocytic cells expressing S100A9 were found among

cases. There was no correlation between S100A9 immunopositivity and lymph node metastasis (P=0.32). S100A9 immunopo-
sitivity in non-invasive ductal carcinoma was also associated with poor tumour differentiation. No immunopositive reaction was
observed in invasive lobular carcinomas with a classic cytological appearance and non-neoplastic duct cells. We conclude that

S100A9 in glandular epithelial cells is newly expressed under cancerous conditions and is over-expressed in poorly differentiated
AC.
# 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The group of human S100 calcium-binding proteins is
known to comprise 20 members [1] and to be widely
distributed in various tissues [1–3]. Although the biolo-
gical functions of this protein family have not been
clearly elucidated, it is considered to influence diverse
cellular processes including cell-cycle progression, cell
differentiation and malignant transformation [1–5].
Recently, the S100 protein family has become of parti-
cular interest because of its differential expression in
normal or neoplastic tissues [1–6]. The correlation
between carcinoma differentiation, invasion and meta-
stasis and the production of S100 protein has also been
extensively studied [7,8].
S100A9 was originally discovered in human granulo-

cytes and macrophages and has been shown to be asso-
ciated with myelomonocytic cell differentiation [1,9–11].
This protein is also expressed in certain types of epithe-
lial and carcinoma cells [5,12–14]. S100A9 expression is
ubiquitously observed in the squamous epithelia under
normal and cancerous conditions [12–14]. However,
there have been few studies on S100A9 in specific types
of carcinomas, except for squamous cell carcinoma
(SCC), because its expression is not demonstrated in the
epithelia of non-squamous-typed cells under normal
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conditions [12,13]. Recently, S100A9 gene expression
has been detected in cultured human adenocarcinoma
(AC) cells derived from various organs [15,16]. Fur-
thermore, our recent study [16] showed that S100A9 is
also expressed in human pulmonary AC, suggesting that
its expression is closely associated with tumour differ-
entiation and shows a higher correlation with poor dif-
ferentiation. S100A9 may be associated not only with
myelomonocytic cell differentiation, but also with the
differentiation of carcinomas of glandular cell origin
[16,17].
In this study, we examined the gene and protein

expression of S100A9 in primary invasive breast carci-
noma (IBC) and evaluated the relation of S100A9
expression to the differentiation of invasive ductal car-
cinoma (IDC) of the breast.
2. Materials and methods

2.1. Cell and culture

An established human IBC cell line, MCF-7, was
maintained in Dulbecco modified Eagle medium
(DMEM) (Nissui, Tokyo, Japan), supplemented with
10%(v/v) heat-inactivated fetal bovine serum (Sigma
Japan, Tokyo) and 100 mg/ml each of sodium ampicillin
and kanamycin sulphate at 37 �C under humidified 5% (v/
v) CO2/95% (v/v) air. As a control, neutrophils were pre-
pared from peripheral blood as previously described [10].

2.2. Reverse transcription-polymerase chain reaction
(RT-PCR) in MCF-7 cells

Total RNA was isolated from MCF-7 cells using an
RNeasy mini kit (QIAGEN, Tokyo). First-strand
cDNA was synthesised as described previously [3,16].
The S100A9 cDNA was amplified by PCR using sense
(50-GTCGCAGCTGGAACGCAACA-30) and anti-
sense (50-CCTGGCCTCCTGATTAGTGG-30) primers
[3]. The specificity of these primers has been confirmed
by sequencing of the PCR product [3]. b-actin cDNA
was also amplified [3,16]. As a control, CD68 cDNA
(GenBank NM-001251) was also amplified by PCR
using sense (50-GGACTACCAAGAGCCACAA-30)
and antisense (50-ATCCAAAGCTGAGGTGTCC-30)
primers from the human leukocyte cDNA library
(Wako, Osaka, Japan). The annealing temperature was
56 �C, and the transcripts were analysed on 2%(w/v)
agarose gel as stated [3,16]. The intensity of ethidium
bromide fluorescence was measured by Scion Image.

2.3. Antibody

The establishment and characterization of the mono-
clonal antibody, mAb60B8, against S100A9 have been
described elsewhere [10,11]. As the S100A9 antigen is
resistant to formaldehyde, its presence can also be
demonstrated in routine pathological materials by
immunohistochemistry [11,12,16,17].
Recombinant S100 proteins were prepared and pur-

ified as described previously [6].

2.4. Western immunoblotting on MCF-7 cells

Sonic extracts were prepared from the MCF-7 cells
and neutrophils as described previously [10]. Western
immunoblotting was performed with mAb60B8 staining
[18].

2.5. Immunohistochemistry

2.5.1. Tissue specimens
The histological subtype of breast carcinoma was

classified according to the World Health Organisation
criteria [19]. Seventy primary IDCs were included in this
study. All of the tumours (2.1 cm mean dia.; ranging
from 0.8 to 3.5 cm) were fixed in 10%(v/v) formalin,
and paraffin-embedded tissue sections were routinely
stained with haematoxylin-eosin. IDCs were histologi-
cally graded according to the criteria of the Nottingham
method [20]. We interpreted nuclear atypia as scoring 1
if nuclei were uniform in size and shape with evenly
distributed chromatin and inconspicuous nucleoli, and
nuclear atypia scored 3 when nuclei showed pleo-
morphism and hyperchromatism with large nucleoli
[21]. Furthermore, mitotic counts were assessed as the
number of mitoses per 10 consecutive high-power fields
at �400 magnification using an Olympus BHS 523 5W
(objective �40, field dia. 0.50 mm, field area 0.196 mm2)
in areas with the highest density of mitotic figures,
avoiding fields containing less than 50% tumour cells.
The breast tissues used as controls consisted of the

following: invasive lobular carcinoma (ILC; n=20,
mean dia. 3.8 cm mean dia.; ranging from 1.0 to 8.0 cm),
non-invasive ductal carcinoma (NIDC; n=25, 4.1 cm
mean dia.; ranging from 1.0 to 10.2 cm), lobular carcinoma
in situ (n=2, 1.8 cm and 2.1 cm dia.each), duct hyperplasia
(n=5), blunt duct adenosis (n=5) and normal breast
tissues (n=10). We dealt with ILC as a control material
and did not evaluate tumour differentiation because the
histological grading is controversial [22,23]. However,
ILCs were also classified by their growth pattern and cell
morphology, including nuclear atypia [23,24]. The histo-
logical grading of NIDCs was by Holland’s classification
[25]. The latter three kinds of control tissues were derived
from non-cancerous areas of IDC cases.
The histological subtype and degree of tumour differ-

entiation of the breast carcinomas used in this study are
listed in Table 1. Special types of IBC [19], such as
medullary carcinoma, mucinous carcinoma, and Paget’s
disease of the nipple, were excluded from this study.
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2.5.2. Staining of tissue sections
The protocol employed for immunohistochemistry is

described elsewhere [11,16,17]. In brief, the depar-
affinised, representative tissue sections were trypsinised
and immunostained with mAb60B8, followed by the
streptavidin-biotin technique using a Histofine SAB-PO
(Multi) kit (Nichirei Co., Tokyo). As a negative control,
the antibody preincubated with an excess of recombinant
S100A9 for 18 h at 4 �C, or 0.01 M phosphate-buffered
saline, were used instead of primary antibody [11].
No apparent immunoreactivity was detected in these

control sections.

2.5.3. Evaluation of S100A9 immunostaining in tumour
cells
The rate of immunopositivity observed in the tumour

cells was scored as follows (16): score 0 (non-reactive),
no immunoreactive tumour-cells were seen; score 1, less
than 10% positive cells; score 2, greater than 10% but
less than 50% positive cells; score 3, greater than 50%
positive cells. The control materials were evaluated in
the same way.
Immunostaining intensity was not evaluated in this

study because we knew from our previous studies that
staining intensity shows a positive correlation with the
percentage of positively stained cells [16,17].

2.5.4. Quantification of myelomonocytic cells expressing
S100A9 in IDC
In the tissue sections of IDC, mAb60B8-labelled

myelomonocytic cells were counted in 30 microscopic
fields (15 fields each in the tumour centre and invasion
front) at �400 magnification and expressed as the
number of positive cells per 1 mm2.
2.6. Detection of S100A9 transcripts in the tissue
sections of IDC

To investigate the relation between the degree of
tumour cell immunopositivity and the amount of
S100A9 mRNA expression in IDC cases, we determined
mRNA by RT-PCR, and compared S100A9 mRNA at
each score of S100A9 immunopositivity. Tissue sections
from 10 cases each with S100A9 immunopositivity
scores 0, 1, 2, and 3 were examined. Each total RNA
was isolated from a slice of 4 mm paraffin-embedded
tissue sections from these 40 cases using a Paraffin
Block RNA Isolation Kit (Ambion Inc, USA).
First-strand cDNA was synthesised in a volume of
20 ml, containing 500 ng total RNA, 0.5 ml oligo (dT)16

primer, 10 pmol dNTPs, 5 U RAV2-RTase and 1st
Strand Synthesis buffer (TaKaRa, Kyoto, Japan).
Synthesis was performed at 36 �C for 10 min, 42 �C
for 50 min, 52 �C for 10 min and 99 �C for 5 min.
PCR amplification was performed as previously
described [3,16] using 1 ml first-strand cDNA as a
template, and primers for S100A9 and 54 cycles. The
annealing temperature was 56 �C, and the transcripts
were analysed on 2%(w/v) agarose gel as stated [16].
For the semiquantitative analysis, the intensity of
ethidium bromide fluorescence was measured by Scion
Image.

2.7. Statistical analysis

Results were analysed for statistical significance by the
comparison of two proportions (z-test), w2 test, Student
t-test or Mann–Whitney U-test where appropriate, and
P<0.01 was considered significant.
3. Results

3.1. Expression of the S100A9 gene in MCF-7 cells

Expression of S100A9 mRNA in the human IBC cell
line, MCF-7, was detected by RT-PCR (Fig. 1a). The
CD68 gene was not expressed in MCF-7 cells while
CD68 cDNA was amplified by 36-cycle PCR from the
human leukocyte cDNA library. S100A9 and b-actin
cDNAs in MCF-7 cells were amplified PCR cycle
dependently (Fig. 1b).

3.2. Expression of the S100A9 protein in MCF-7 cells

The mAb60B8 reacted with recombinant S100A9 and
showed no cross-reactivity other S100 proteins except
for a faint reaction with S100A8 (Fig. 2a,b). S100A9
protein expression in MCF-7 cells was immunodetected
with mAb60B8 (Fig. 2c). The antibody stained a single,
discrete protein band of 14 kDa.
Table 1

Histological classification of the breast carcinomas used in this study
Subtype
 Number of cases

(n=117)
Invasive ductal carcinoma
 70
Grade I
 29
Grade II
 24
Grade III
 17
Invasive lobular carcinoma
 20
Classic
 16
Alveolar
 1
Large cell
 3
Non-invasive ductal carcinoma
 25
Well
 12
Mod
 8
Poor
 5
Lobular carcinoma in situ
 2
Classic: classic form, Alveolar: alveolar variant form, Large cell: large

cell variant form, Well; Well-differentiated carcinoma, Mod: Moder-

ately differentiated carcinoma, Poor: Poorly differentiated carcinoma.
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3.3. Immunohistochemical evaluation of S100A9
expression in IDC

S100A9 protein expression was immunohistochemi-
cally detected in the tumour cells of 35 of the 70 IDC
cases. Immunoreactivity for S100A9 was heterogeneous
among the tumour cells, and the staining intensity of the
individual carcinoma cells varied from absent to intense.
The S100A9 immunopositivity rate in each histological
grade of tumour differentiation was 4/29 (13.8%) in
grade I IDCs, 14/24 (58.3%) in grade II IDCs and 17/17
(100%) in grade III IDCs (Table 2; Fig. 3). Especially in
grade III IDC, the rate of cases in which the percentage
of positive cells scored 3 was significantly higher than
that of grade II IDC (P=0.0050, z-test; Table 2).
Usually, the histological grading of a carcinoma is

accomplished by a general evaluation of both the cel-
lular and structural atypism, and nuclear pleomorphism
is a basic index of cellular atypism. The relation between
S100A9 immunoreactivity and nuclear pleomorphism or
tubule formation in the 70 IDCs is shown in Tables 3
and 4, respectively. In the IDCs with a nuclear pleo-
morphism score of 3, S100A9 immunopositivity was
higher than in IDCs in which the nuclear pleomorphism
score was 1 or 2, and the rate of the cases with positivity
scores of 3 was also significantly higher than that of
cases in which the nuclear pleomorphism score was 2
(P=0.0002, z-test; Table 3). In contrast, for the rate of
the cases with immunopositivity scores of 3, there was
no significant difference between the cases with tubule
formation scores of 3 and 2 (P=0.15, z-test; Table 4).
On the other hand, the S100A9 immunopositivity rate
for each score of mitotic counts was 8/32 (25%) in IDCs
that scored 1, 13/22 (59.1%) in IDCs that scored 2 and
14/16 (87.5%) in IDCs that scored 3, and mitotic counts
showed a significant correlation with S100A9 immu-
noreactivity (P=0.0001, w2-test). Lymph node meta-
stasis was observed histologically in 26 of the 70 IDC
cases. The S100A9 immunopositivity rate in these 26
cases was 15/26 (57.7%), showing no significant correl-
ation between S100A9 immunopositivity and node
metastasis (P=0.32, w2-test).
Fig. 1. Expression of S100A9 mRNA in MCF-7 cells. (a) Transcripts of S100A9 (lane 1) and b-actin (lane 3) in MCF-7 cells are amplified by 36

cycle reverse transcription-polymerase chain reaction (RT-PCR). CD68 (lane 2) is not expressed in MCF-7 cells while CD68 cDNA is amplified by

36-cycle PCR from the human leukocyte cDNA library (lane 4). M4: DNA size marker (Wako; 1353, 1078, 872, 603 and 310 bp from the top). (b):

The S100A9 and b-actin cDNAs in MCF-7 cells are amplified PCR cycle dependently.
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In the carcinoma cases used as controls, immunopo-
sitivity for S100A9 was detected in tumour cells of the
ILC and NIDC, but not the lobular carcinoma in situ.
No immunopositivity was found in duct hyperplasia,
blunt duct adenosis or normal duct cells of the breast.
In ILC cases, S100A9 immunopositivity was detected
only in the large-cell variant, and the positivity in this
form scored 2 or greater. The positively stained ILC
cells were identified by both morphology and immuno-
histochemistry for epithelial markers on the serial sec-
tions. The tumour cells in this variant had abundant
cytoplasm and nuclear pleomorphism, scoring 2 or 3
with the criteria of the Nottingham method [20]. In
contrast, the classic and alveolar variant forms, i.e. the
forms in which no significant positive reaction was
found, consisted of small or medium-sized cells with
scanty cytoplasm and relatively uniform round nuclei.
In contrast, among the NIDC, S100A9 immunopositiv-
ity in each histological grade of tumour differentiation
was 0/12 in well-differentiated NIDCs, 3/8 in moder-
ately differentiated NIDCs and 5/5 in poorly differ-
entiated NIDCs. Furthermore, the finding of greater
than 50% positive tumour cells was limited to 5 cases of
poorly differentiated NIDC.

3.4. Density of myelomonocytic cells expressing S100A9
in IDC

Myelomonocytic cells showed strong positivity,
regardless of the histological features of the breast. The
density of mAb60B8-labelled myelomonocytic cells
within IDC tissue sections ranged from 5 cells/mm2 to
35 cells/mm2 (mean�S.D.: 16.90�9.48 cells/mm2). The
density of the myelomonocytic cells for each score of
S100A9 immunopositivity is shown in Table 5. No sig-
nificant differences in the number of myelomonocytic
cells expressing S100A9 were found for each score of
S100A9 immunopositivity (P>0.05, Mann–Whitney
U-test; Table 5).

3.5. S100A9 mRNA expression in the tissue sections of
IDC

Expression of S100A9 mRNA could only be detected
easily in sections of the 10 cases in which S100A9
immunopositivity scored 3, and S100A9 cDNA frag-
ments were faintly amplified from all tissue sections of
the 10 cases that had positivity scores of 2 (Fig. 4). In
contrast, transcriptional expression of S100A9 was not
detected in any of the 20 cases in which S100A9 immu-
nopositivity scored 0 or 1 at 54 cycles of RT-PCR
(Fig. 4). The levels of S100A9 mRNA expression in 10
cases each with S100A9 immunopositivity scores of 0, 1,
Fig. 2. Characterisation of mAb60B8 and Western immunoblot of

S100A9 in MCF-7 cells. (a) Sodium dodecyl sulphate-polyacrylamide

gel electrophoresis of recombinant S100 proteins; 2–4 mg S100 protein

were applied in each lane followed by Coomassie brilliant blue stain-

ing. (b) Cross-reactivity of mAb60B8. S100 proteins were immunos-

tained with the antibody after Western blotting. The intensity of each

image was estimated as S100A8=138 and S100A9=1648 by Densito

graph 2.02 (ATTO). (c) Expression of S100A9 protein in MCF-7 cells.

A strongly positive band is seen for the extract taken from neutrophils

as a control. The lysate (160 mg protein) of MCF-7 cells and neu-

trophils (20 mg protein) was applied in each lane.
Table 2

Relationship between S100A9 immunoreactivity and the histological

grade of the tumour differentiation in 70 invasive ductal carcinomas
S100A9

immunoreactivity
Histological grade
Grade I

(n=29)
Grade II

(n=24)
Grade III

(n=17)
Non-reactive (Score 0. n=35)
 25
 10
 –
Reactive (n=35)
 4
 14
 17
Score 1
 4
 6
 2
Score 2
 –
 6
 4
Score 3
 –
 2
 11
n; number of cases.
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2, and 3 are shown in Fig. 5. The level in the cases in
which S100A9 immunopositivity scored 3 was sig-
nificantly higher (97.98�8.44) than that in those which
scored 2 (35.22�6.91)(P<0.0001, Student t-test).
S100A9 mRNA levels in the cases in which the positiv-
ity score was 0 or 1 measured 0 at 54 cycles of RT-PCR.
4. Discussion

In this study, gene and protein expression of S100A9
was detected in MCF-7, a widely used IBC cell line.
Recently, we also confirmed S100A9 expression in
human pulmonary AC cell lines [16]. It is clear that
Fig. 3. Immunohistochemical staining for S100A9 in invasive ductal carcinomas (IDCs) (�165). (A, B) A positive reaction is seen in numerous

tumour cells of the IDCs showing a tubular or solid growth pattern with apparent nuclear and cytoplasmic polymorphism. (C, D) No staining of

tumour cells for S100A9 is visible in IDCs with little nuclear and cytoplasmic polymorphism, regardless of the presence or absence of tubular for-

mation. However, positive staining is observed in small numbers of infiltrating myelomonocytic cells like normal breast tissue (E). (A) grade II IDC

(3, 2, 1); (B) grade III IDC (3, 3, 2); (C) grade I IDC (1, 1, 1); (D) grade I IDC (1, 3, 1). The parenthesised numbers are scores of nuclear pleo-

morphism, tubular formation, and mitotic activity respectively.
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S100A9 is expressed not only in SCC, but also in certain
types of AC [5,15,16]. We could detect S100A9 immu-
nopositivity in breast carcinoma cells, but not in non-
neoplastic epithelia of the breast. The immunopositivity
rate in IDC showed a higher correlation with poor
tumour differentiation, especially with cellular atypism
and mitotic activity. However, there was no significant
correlation between S100A9 immunopositivity and
node metastasis.
Since S100A9 is a secretory protein [1,2], we examined

whether S100A9 immunopositivity in IDC cells is
derived from protein over-expression or the accumula-
tion of protein accompanied by the dedifferentiation
of carcinoma cells. The transcriptional expression of
S100A9 could only be detected clearly in the tissue
sections of cases in which a high S100A9 immunoposi-
tivity was observed. For the number of myelomonocytic
cells expressing S100A9, there were no significant differ-
ences between each score of S100A9 immunopositivity.
Therefore, we consider that S100A9 derived from mye-
lomonocytic cells scarcely affects case comparisons of
tissue sections of IDC and that a high S100A9 immu-
nopositivity indicates the over-expression of S100A9
protein in carcinoma cells.
S100A9 immunopositivity rate in NIDC was also

associated with poor tumour differentiation. In ILC
cases, we observed S100A9 immunopositivity only in
the large-cell variant form. This variant shows the classic
growth pattern, but the tumour cell morphology is out-
side that of classic ILC [23,24]. Accordingly, we think
that S100A9 expression in ILC is also related to the
degree of cellular atypism of the tumour cells.
From the above results, we suggest that: (1) S100A9 is

newly expressed in mammary gland epithelia under
cancerous conditions; (2) The level of S100A9 expression
in breast carcinoma is closely associated with the histo-
logical differentiation and cytonuclear features of the
carcinoma; (3) S100A9 expression in ductal carcinoma
is not directly correlated with the invasiveness and node
metastasis of the carcinoma. The expression of S100A4,
S100A7, S100A1 and S100B in IBC has been examined
previously [8,26–28]. Of these four S100 proteins,
S100A7, S100A1 and S100B have no correlation with
the histological grade of IBC [26,27]. The relation
between S100A4 expression and the histological grade of
IBC is controversial [8,28]. Of the above three suggestions,
(1) and (2) were in accord with our previous results
regarding pulmonary AC and liver carcinomas [16,17].
As mentioned, we conclude that S100A9 in glandular
epithelial cells is newly expressed under cancerous con-
ditions and is over-expressed in poorly differentiated
AC, being related to tumour differentiation.
Recently, it has been reported that S100A9 is also

over-expressed in gastric AC [5]. However, the func-
tional role of S100A9 in the carcinogenesis of AC has
never been elucidated. In the lung [16], liver [17] and
breast, we could find no S100A9 over-expression, not
only in the normal epithelia, but also in adenomatous
hyperplasia and well-differentiated AC (including grade
I hepatocellular carcinoma of the Edmondson–Steiner
classification). In contrast, S100A9 over-expression was
easily observed in ACs with poorly differentiated cyto-
nuclear features such as cellular atypism and mitotic
activity. Therefore, S100A9 expression in AC is closely
Table 4

Relationship between S100A9 immunoreactivity and the tubular for-

mation in 70 invasive ductal carcinomas
S100A9

immunoreactivity
Score of the tubular

formation
1

(n=19)
2

(n=22)
3

(n=29)
Non-reactive (Score 0. n=35)
 15
 10
 10
Reactive (n=35)
 4
 12
 19
Score 1
 4
 4
 4
Score 2
 –
 4
 6
Score 3
 –
 4
 9
Table 5

The density of myelomonocytic-cells expressing S100A9 in each score of S100A9 immunoreactivity in 70 invasive ductal carcinomas
Tumour cell immunoreactivity
 Score 0
 Score 1
 Score 2
 Score 3
Myelomonocytic cell densitya
 17.18�10.42
 19.60�8.26
 14.50�7.05
 15.90�9.54
a All values are expressed as means (positive cells/mm2) with standard deviation. Mann–Whitney U-test: Score 0 versus Score 1, U=246 (n1=35,

n2=12), P=0.379; Score 0 versus Score 2, U=150 (n1=35, n2=10), P=0.496; Score 0 versus Score 3, U=191 (n1=35, n2=13), P=0.395; Score 1

versus Score 2, U=32, P>0.05; Score 1 versus Score 3, U=54, P>0.05; Score 2 versus Score 3, U=70, P>0.05.
Table 3

Relationship between S100A9 immunoreactivity and the nuclear

pleomorphism in 70 invasive ductal carcinomas
S100A9

immunoreactivity
Score of the nuclear

pleomorphism
1

(n=18)
2

(n=31)
3

(n=21)
Non-reactive (Score 0. n=35)
 16
 19
 –
Reactive (n=35)
 2
 12
 21
Score 1
 2
 6
 6
Score 2
 –
 4
 4
Score 3
 –
 2
 11
K. Arai et al. / European Journal of Cancer 40 (2004) 1179–1187 1185



associated with cytomorphological changes and cell
proliferation, accompanied by the dedifferentiation of
AC cells, rather than with the early carcinogenic event.
It is known that some members of the S100 protein

family regulate the reorganisation of cytoskeletal filaments
[1,2]. S100A9 is also thought to be involved in the
Ca2+-dependent regulation of the assembly or dis-
assembly of cytokeratin (CK) in epithelial cells [14].
Generally, cell shape and cell differentiation are influ-
enced by the organisation of cytoskeletal filaments [29].
If S100A9 expression is simply correlated with the
cellular atypism of carcinoma cells, undifferentiated
carcinomas should show a high expression rate. How-
ever, S100A9 expression is hardly observed in undiffer-
entiated carcinoma [16,17], so we suggest that epithelial
differentiation in carcinoma cells is necessary for
S100A9 expression. It is known that the CK expression
patterns in epithelial cells undergo various modulations
and alterations during cancerisation and subsequent
dedifferentiation [29,30], and it is thought that CK
expression diminishes and disappears in undifferentiated
carcinoma [30]. Although the molecular biological
mechanisms of the alterations in cellular CK protein
composition are still unclear, such modifications of
intermediate filament expression often occur irregularly,
resulting in phenotypical heterogeneity [30] or, in the
case of neoplasms, tumour cell heterogeneity. In poorly
differentiated IDC, the coexpression of glandular epi-
thelial CKs and one or more of the squamous epithelial
CKs is described [31].
On the basis of the above considerations, we deduce

that S100A9 expression in AC is associated with changes
in the CK protein composition accompanied by
the dedifferentiation of the carcinoma, and that the
immunohistochemical heterogeneity of S100A9 protein
expression is derived from the characteristics of CK
protein composition in individual carcinoma cells. The
relation between S100A9 expression in carcinoma cells
and CK expression patterns appears to be an important
area for further investigation.
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9. Odink K, Cerletti N, Brüggen J, et al. Two calcium-binding pro-

teins in infiltrate macrophages of rheumatoid arthritis. Nature

1987, 330, 80–82.
Fig. 5. Semiquantitative analysis of reverse transcription-polymerase

chain reaction expressions in each score of S100A9 immunopositivity

in invasive ductal carcinomas. S100A9 mRNA level in the cases

(n=10) with positivity scores of 3 (&), is significantly higher than that

in those (n=10) that had positivity scores of 2 (~) (P<0.0001). *,

S100A9 immunopositivity scores 0 and 1; ~, immunopositivity score

2; &, immunopositivity score 3.
Fig. 4. Reverse transcription-polymerase chain reaction (RT-PCR)

analysis of S100A9 expression in the tissue sections of invasive ductal

carcinomas. RT-PCR product was obviously detected in cases with

S100A9 immunopositivity score 3 (lane 4), but not in the cases (with

positivity score 0 (lane 1) or 1 (lane 2), after 54 cycles of RT-PCR.

S100A9 cDNA fragments were faintly amplified in the cases that had

positivity scores of 2 (lane 3). Lane 1, S100A9 immunopositivity score

0; lane 2, immunopositivity score 1; lane 3, immunopositivity score 2;

lane 4, immunopositivity score 3.
1186 K. Arai et al. / European Journal of Cancer 40 (2004) 1179–1187



10. Nozawa R, Kato H, Ito T, Yokota T. Identification and char-

acterization of a differentiation antigen in human neutrophils and

monocytes. Blood 1988, 71, 1288–1294.

11. Arai K, Mizuno K, Yamada T, Nozawa R. Immunohisto-

chemical evaluation of MRP-14 expression in epithelioid granu-

loma using monoclonal antibody 60B8. J Investig Allergol and

Clin Immunol 1999, 9, 21–26.

12. Brandtzaeg P, Dale I, Fagerhol MK. Distribution of a formalin-

resistant myelomonocytic antigen (L1) in human tissues. II. nor-

mal and aberrant occurrence in various epithelia. Am J Clin

Pathol 1987, 87, 700–707.

13. Wilkinson MM, Busuttil A, Hayward C, Brock DJH, Dorin JR,

van Heyningen V. Expression pattern of two related cystic fibro-

sis-associated calcium-binding proteins in normal and abnormal

tissues. J Cell Sci 1988, 91, 221–230.

14. Goebeler M, Roth J, van den Bos C, Ader G, Sorg C. Increase of

calcium levels in epithelial cells induces translocation of calcium-

binding proteins migration inhibitory facter-related protein

8(MRP8) and MRP14 to keratin intermediate filaments. Biochem

J 1995, 309, 419–424.

15. Matsumoto T, Murao S, Kito K, Kihara T, Matsuura S,

Ueda N. Modulation of S-100 genes response to growth

conditions in human epithelial tumor cells. Pathol Int 1997,

47, 339–346.

16. Arai K, Teratani T, Nozawa R, Yamada T. Immunohisto-

chemical Investigation of S100A9 expression in pulmonary ade-

nocarcinomas: S100A9 expression is associated with tumor

differentiation. Oncol Rep 2001, 8, 591–596.

17. Arai K, Yamada T, Nozawa R. Immunohistochemical investiga-

tion of migration inhibitory factor-related protein(MRP)-14

expression in hepatocellular carcinoma. Med Oncol 2000, 17,

183–188.

18. Showji Y, Nozawa R, Sato K, Suzuki H. Seroprevalence of

Helicobacter pylori infection in patients with connective tissue

diseases. Microbiol Immunol 1996, 40, 499–503.

19. World Health Organization. Histological Typing of Breast

Tumours. International Histological Classification of Tumours No.

2, 2nd edn. Geneva, WHO, 1981.
20. Elton CW, Ellis IO. Pathological prognostic factors in breast

cancer. I. the value of histological grade in breast cancer: experi-

ence from a large study with long-term follow-up. Histopathology

1991, 19, 403–410.

21. Dunne B, Going JJ. Scoring nuclear pleomorphism in breast

cancer. Histopathology 2001, 39, 259–265.

22. Theissig F, Kunze KD, Haroske G, Meyer W. Histological

grading of breast cancer: interobserver, reproducibility and

prognostic significance. Path Res Pract 1990, 186, 732–736.

23. Invasive lobular carcinoma. In: Rosen PP, Oberman HA, eds.

Atlas of Tumor Pathology: Tumors of the Mammary Gland, 3rd

series, Fascile 7. Armed Forces Institute of Pathology, Washington

DC, 1993, pp. 168–175.

24. Weidner N, Semple JP. Pleomorphic variant of invasive lobular

carcinoma of the breast. Hum Pathol 1992, 23, 1167–1171.

25. Holland R, Peterse JL, Millis RR, et al. Ductal carcinoma in situ:

a proposal for a new classification. Semin Diagn Pathol 1994, 11,

167–180.

26. Dwarakanath S, Lee AKC, Delellis RA, Silverman NL, Frasca

L, Wolfe HJ. S-100 protein positivity in breast carcinomas: a

potential pitfall in diagnostic immunohistochemistry. Hum Pathol

1987, 18, 1144–1148.

27. Al-Haddad S, Zhang Z, Leygue E, et al. Psoriasin (S100A7)

expression and invasive breast cancer. Am J Pathol 1999, 155,

2057–2066.

28. Pedersen KB, Nesland JM, Fodstad Ø, Maelandsmo GM.

Expression of S100A4, E-cadherin, alpha- and beta-catenin in

breast cancer biopsies. Br J Cancer 2002, 87, 1281–1286.

29. Schaafsma HE, Ramaekers FCS. Cytokeratin subtyping in nor-

mal and neoplastic epithelium: basic principles and diagnostic

applications. Pathol Annu 1994, 29, 21–62.

30. Moll R. Cytokeratins as markers of differentiation in the diag-

nosis of epithelial tumors. In Herrmann H, Harris JR, eds. Sub-

cellular Biochemistry: Intermediate Filaments. London, Plenum,

1998, 205–262.

31. Malzahn K, Mitze M, Thoenes M, Moll R. Biological and prog-

nostic significance of stratified epithelial cytokeratins in infiltrat-

ing ductal carcinomas. Virchows Arch 1998, 433, 119–129.
K. Arai et al. / European Journal of Cancer 40 (2004) 1179–1187 1187


	S100A9 expression in invasive ductal carcinoma of the breastS100A9 expression in adenocarcinoma is closely associated with poor
	Introduction
	Materials and methods
	Cell and culture
	Reverse transcription-polymerase chain reaction (RT-PCR) in MCF-7 cells
	Antibody
	Western immunoblotting on MCF-7 cells
	Immunohistochemistry
	Tissue specimens
	Staining of tissue sections
	Evaluation of S100A9 immunostaining in tumour cells
	Quantification of myelomonocytic cells expressing S100A9 in IDC

	Detection of S100A9 transcripts in the tissue sections of IDC
	Statistical analysis

	Results
	Expression of the S100A9 gene in MCF-7 cells
	Expression of the S100A9 protein in MCF-7 cells
	Immunohistochemical evaluation of S100A9 expression in IDC
	Density of myelomonocytic cells expressing S100A9 in IDC
	S100A9 mRNA expression in the tissue sections of IDC

	Discussion
	Acknowledgements
	References


