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CYSTATIN A IN BREAST CANCER

Table I Clinical data

VariableTumor

size(cm)MeanSDMedianNodal

statusN-N

+Histological
type

DuctalLobularOtherAll

patients
(n =440)2.561.962.002851553714128Patients

with follow-up
(n =384)2.541.862.002551293203727

the antibody reacts specifically with cystatin A isolated from human palatine
tonsils. Immunohistochemically, the antibody stains the superficial epidermis
and squamous epithelium of the tonsils. Dendritic reticulum cells of the
tonsillar and lymph node germinal centers are also stained. Therefore, the
immunochemical and immunohistochemical properties of the anti-cystatin A
WR-23/2/3/3 monoclonal antibody are identical with those of the previously
used polyclonal cystatin A antibody (8). Prof. Ari Rinne's research group

(University of TromsÃ¶,TromsÃ¶,Norway) will publish a detailed description of
properties of the monoclonal antibody in the near future. Paraffin-embedded
samples were cut at 5 Â¿tmon polylysine-coated slides. After deparaffmation

with xylene and washing in a descending series of ethanol and TBS buffer, the
samples were subjected to a 30-min treatment with pronase [0.01 g/10 ml of
0. l M Tris-HCl (pH 7.5) at 37Â°C].After this, the samples were subjected to an

ascending ethanol series and methanol and treated with 0.3% hydrogen per-

oxidase in methanol for 30 min at room temperature. After rehydration and
washing, samples were incubated in diluted horse normal serum (15 fxl/ml TBS
buffer). Cystatin A antibody was applied at a concentration of 1:200 in 1%
BSA in TBS buffer. Each slide had its negative control that was subjected to
the same treatment as the specifically stained section, but without cystatin A
antibody. Normal human tonsil was used as the positive control in each
staining batch. The samples were incubated at 4Â°Covernight in a humid

cabinet. The cabinet was brought to 20Â°Cin 30 min. and the samples were

washed in TBS and subjected to incubations with the secondary antibody,
horse antimouse IgG. at 20Â°Cfor 30 min. After this, the Vectastain ABC

reagent (Vector Laboratories, Burlingame, CA) was applied for 30 min,

followed by three washes in TBS buffer and staining with diaminobenzidine at
20Â°Cfor 5 min. The samples were washed with distilled water three times,

washed with 70% ethanol for 1 min, and washed with distilled water twice.
Counterstain was Mayer's hematoxylin for 30 s, followed by the necessary

washing and ascending ethanol series, and xylene before mounting. Other
antibodies used were commercial anti-Bcl-2 (dilution, 1:80; Dako A/S,
Glostrup, Denmark) and anti-p53 (dilution, 1:1000; Dako A/S).

The immunohistochemical staining of cystatin A and p53 were quantified
by a histoscore summed from the fraction (estimated fraction of stained tumor
cells of all tumor cells) multiplied by the staining intensity categories ( 1, weak
staining intensity; 2, moderate staining intensity; and 3, strong staining inten
sity) of breast cancer cells (32). The histoscore was evaluated from the whole
section in the area occupied by the neoplasm. p53 staining was considered
positive when the histoscore value was >0.01. Bcl-2 staining of the samples

was divided into two categories, negative (only mild or no staining) and
positive (moderate or strong staining). SMI2 (also called the volume fraction-

corrected mitotic index) was assessed according to principles presented pre

viously (33, 34).
Statistical Analysis. The difference in the average level of tumor size and

mitotic activity (SMI) between cystatin A-positive and cystatin A-negative
groups was tested with the Mann-Whitney U test. The frequency distributions
of histological grade, axillary lymph node status, Bcl-2 expression, and p53
expression were compared using the x2 test and Â°ddsratios with 95% CIs.

Survival analyses were performed with Cox proportional hazards models.
First, univariate associations of different explanatory variables and death
caused by breast cancer were studied. Associations were quantified with RRs

2 The abbreviations used are: SMI. standardized mitotic index; CI. confidence interval;

RR. risk ratio.

and their 95% CIs. To evaluate the association of cystatin A expression and
survival, the Cox multivariate regression model was used to adjust the effect
of other covariates (35). Kaplan-Meier survival curves were drawn to demon
strate the survival difference between cystatin A-positive and cystatin A-neg
ative patients. The log-rank test was used to examine the significance of the

difference between the curves. The univariate and multivariate analyses were
carried out on all patients with follow-up data and on subgroups classified by

axillary lymph node status. Statistica for Windows 228 release 5.0 (StatSoft.
Inc.. Tulsa, OK) and SAS System for Windows 228 release 6.12 (SAS
Institute, Inc., Cary, NC) program packages were used in the analyses.

RESULTS

Cystatin A expression was detected in infiltrative breast cancer
cells in 52 of 440 (12%) cases. Distribution of cystatin A histoscore
values were as follows: 0 in 388 cases; 0.01-0.5 in 46 cases; 0.51-1.0
in 4 cases; and 1.0-1.75 in 2 cases. Usually, the reaction pattern in a

single sample was markedly irregular, and small cell groups or single
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Fig. 1. A, poorly differentiated infiltrative breast carcinoma of the ductal type showing
immunostaining for cystatin A in single tumor cells. An apoptolic body positive for
cystatin A is also seen (arrow). Scale bar, 20 /im. B, intensive immunostaining for
cystatin A in infiltrative breast carcinoma of the ductal type. Scale bar, 20 /u.m. C,
nonneoplastic breast epithelium showing immunostaining for cystatin A in my oep ithe lial
cells. Scale bar, 50 Â¿Â¿m.
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CYSTATIN A IN BREAST CANCER

Table 2 Tumor st~e unit SMI in cvxuitin A-posiiive und -negative infÃ¬ltrativehreaxt

cancer cases

VariableTumor

size(cm)MeanSDMedianSMI

(mitoses/mm2!MeanSDMedianCystatin

A +
(n =52)3.12.03.023.620.617.0Cystatin

A-(H
=38X)2.51.92.011.515.36.0f0.002<O.OOI

' P was calculated with the Mann-Whitney U test.

Table 3 Association of histolÃ³gica! grades I ami II, as opposed to graÃ¼eIII, axillary
lymph node status and Bcl-2 and p53 immunostaining with cystatin A

Variable Cystalin A+Grade''II1/I

orIIBcl-2-/+Lymph

node
Node+/node-p33+/-19/2931/2124/2933/17Cystatin

A-65/258127/2331

32/255217/137u371412440404f"

Odds ratio 95%CI0.003<0.0010.1080.5222.602.711.611.231.37-4.931.49-4.910.90-2.870.66-2.29

" P was calculated with x~ test.
' WHO grades of infiltrative ductal carcinomas.

tumor cells were stained (Fig. 1/4). Intensive staining for cystatin A
over large areas (Fig. IÃŸ)was uncommon.

Most of the tumors positive for cystatin A were of the ductal type
[48 of 52 (92%)]. Two of the positive tumors were mucinous carci
nomas: one was a medullary carcinoma; and one was a squamous cell
carcinoma. There were 41 [41 of 440 (9%)] infiltrating lobular car
cinomas in the material, and none of them showed immunostaining for
cystatin A. Nonneoplastic luminal epithelium of breast tissue was
cystatin A negative, but there was focal staining for cystatin A in
myoepithelial cells of the nonneoplastic ducts (Fig. 1C). Occasional
apoptotic bodies within the neoplasm were found to be strongly
positive for cystatin A (Fig. \A).

No significant correlation was found between positive cystatin A
histoscore values (histoscore > 0) and tumor size or mitotic activity.
However, when the cases were divided into cystatin A-positive (his
toscore > 0) and -negative (histoscore = 0) cases, tumor size and SMI
differed significantly between these groups (Table 2). Poor histolog-

ical differentiation (grade III) in ductal infiltrative carcinomas and
negative Bcl-2 staining were associated with positive cystatin A

staining (Table 3), whereas there was no significant association be
tween the lymph node status and cystatin A staining or between p53
immunostaining and cystatin A staining (Table 3).

Univariate Survival Analysis. The risk for breast cancer-related
death was significantly higher in patients with cystatin A-positive

tumors than in patients with cystatin A-negative tumors (Table 4).

Survival of the patients, categorized according to cystatin A staining,
is shown in Fig. 2. Significantly high risk for death was also observed
in patients with large tumor size, high histolÃ³gica! grade (grade III),
and axillary lymph node metastasis (Table 4). Patients with Bcl-2-
negative or p53-positive tumors also had a significantly higher risk for
death when compared with Bcl-2-positive or p53-negative patients
(Table 5). The RR for death was 4.3 (95% CI, 2.5-7.3; P < 0.001) in
patients with high mitotic activity (SMI > 10 mitoses/mm2) when

compared with the patients with low mitotic activity.
Multivariate Survival Analysis. After adjusting for the effect of

tumor size, histolÃ³gica! grade, and axillary lymph node status, cystatin
A-positive patients still had a higher risk for death when compared
with cystatin A-negative patients (Table 4). The effect of cystatin A
on survival was not significant after adjustment for Bcl-2 and p53

(Table 5) or for mitotic activity, possibly suggesting that the prog
nostic influence was mediated through mitotic and/or apoptotic activ
ity.

The Effect of Cystatin A on Survival in Patients Classified by
Axillary Lymph Node Status. In axillary lymph node-negative pa

tients, a significant increase in risk for death was observed in cystatin
A-positive patients (Table 4). This effect was not seen after adjusting

for tumor size and histolÃ³gica! grade (Table 4) or for mitotic activity.
After adjusting for Bcl-2 and p53, the RR was 2.6 (95% CI, 1.0-6.7;
P = 0.054; Table 5).

Concomitant Expression of Cystatin A, p53, and Bcl-2. Cystatin

A and p53 coexpression was observed in 22 of 351 specimens (6.3%).
This type of expression was associated with large tumor size
(P = 0.004), high histolÃ³gica! grade (P = 0.014), and high mitotic

activity (P < 0.001), but not with axillary lymph node status. In terms
of prognosis, a significant increase in risk for death (RR. 3.8; 95% CI,
1.6-8.9) was observed in patients with coexpression of cystatin A and

p53 when compared with cases in which both cystatin A and p53 were
negative (Table 6). Similarly, a significant risk (RR. 5.9; 95% CI,
2.0-17) was observed in the axillary lymph node-negative group. In

cases negative for cystatin A and positive for p53, the RR was about
2-fold when compared to cases in which both p53 and cystatin A were

negative (Table 6).
Concomitant expression of cystatin A, p53, and Bcl-2 was observed

in only 6 of 332 specimens (1.8%). No significant association was
observed between concomitant expression of cystatin A, p53, and
Bcl-2 and tumor size, histolÃ³gica! grade, mitotic activity, axillary

lymph node status, or mitotic activity. Three of these six patients died
of breast cancer during the follow-up time.

DISCUSSION

The present results show that cystatin A immunostaining reveals a
subgroup of breast cancer cases associated with unfavorable outcome

Table 4 Association between survival and cystatin A. tumor size, histolÃ³gica! grade, anil axillary lymph node status in all patients ami in axillary-negative and -positive
subgroups

VariableCyslatin

A-/+Size

(cm)s3/>3Grade

I orII/IIINode

-/+Group"ALLN-N

+ALLN-N+ALLN-N+ALLn384255129384255129342226116384Univariate

analysRR

95%CI2.33.11.5

(3.23.32.12.5.2-4.2.3-7.2X6-3.6.9-5.2.5-7.4.1-1.1.1-5.52.5

0.9-7.01.9
0.6-6.12.6

1.6-4.3sP0.0090.0100.386<0.0010.0040.0300.0240.0970.307â€¢CO.OOlMultivariate

analysisRR1.92.12.82.72.62.81.61.81.31.795%

CI1.0-3.50.9-5.10.7^.21.6-4.71.1-6.11.3-5.80.7-3.60.6-5.40.4-4.41.0-3.0f0.0420.1030.269â€¢C0.0010.0310.0060.2660.2760.6760.039

' All. all patients; N-. axillary lymph node negative; N + , axillary lymph node positive.
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Fig. 2. Patient survival categorized according to expression of cystatin A. The curves
are significantly separated (P = 0.007. log-rank test).

Table 5 Association betH-een sun-iral and cystalin A. Bcl-2. antl p53 expression in ail
patients ami in a.\illtiry-ne$aiive and -positive sitbgroitps

Univariate analysis Multivariate analysis

VariableCystatin

A-/+Bcl-2

+/-p53-/+Group"ALLN-N+ALLN-N+ALLN-N+n384255129358233125351230121RR2.33.11.51.80.92.42.12.61.795%

CI1

.2-4.21.3-7.20.6-3.61.1-2.90.4-2.11.2^.81.2-3.51.2-5.60.9-3.5P0.0090.0100.3860.0260.8740.0170.0070.0210.121RR1.62.61.21.60.82.21.82.31.595%

CI0.8-3.11.0-6.70.4-3.00.9-2.80.3-1.91.1-4.71.0-3.01.0-5.00.7-3.1P0.1840.0540.7730.0820.5460.0330.0420.0620.265

"ALL. all patients: N-, axillary lymph node negative; N + . axillary lymph node

positive.

and several markers of poor prognosis. Association of cystatin A with
aggressive tumor types is inconsistent with the previously hypothe
sized tumor suppressor role of cystatin A. Consequently, the present
results do not support the original working hypothesis of cystatin A
expression as a consistent sign of favorable prognosis in breast cancer,
although the difference between benign and malignant lesions may
generally be true.

Cystatin A immunostaining in the present material resembled that
in the prostate to some extent, because SÃ¶derstrÃ¶mel al. (8) found
cystatin A expression in prostatic basal epithelial cells, but not in
secretory cells or in prostatic adenocarcinoma. In squamous epithe
lium, both nonneoplastic and neoplastic. the immunostaining of cys
tatin A seems to differ from that of breast tissue. Cells in the middle
and upper layers of squamous epithelium stain for cystatin A. and the
staining declines as the squamous cell cancer becomes poorly differ
entiated (14, 15). In the present material, we had one squamous cell
carcinoma of the breast, which showed staining for cystatin A. This
positivity probably reflects the fact that cystatin A expression is a
constant feature in stratified squamous epithelium and in cells differ
entiating toward it ( 11).

Based on immunoassay and Northern blot analysis. Lah et al. have
found differences in cystatin A protein and mRNA content in cancer
ous breast tissue homogenates (13, 36). Only recently, they reported
that patients with a 3-fold decrease in cystatin A (5 of 45 patients
studied) had a worse prognosis than patients with a less-pronounced

reduction (40 of 45 patients; Ref. 13). Therefore, the authors sug
gested a possible relationship between down-regulation of cystatin A

and prognosis of breast cancer. The type of analysis used, measure
ments from homogenized tumor tissue samples, does not allow con
clusions on changes at the cellular level. The source of cystatin A in
such measurements can be in neoplastic or nonneoplastic cells. The
findings of the present study relate to the neoplastic cells only.

Because of this difference, the conclusions of these two studies, which
may seem contradictory, need not necessarily be discordant.

The present association between the immunohistochemical expres
sion of cystatin A and survival of breast cancer patients implies a
biological role for cystatin A in breast cancer, but the functional
mechanisms responsible for this remain unknown. The cell groups
staining positive for cystatin A could not be otherwise distinguished
from the surrounding cells. They were like the microscopic pheno-

typically altered cells in hepatocarcinogenesis (37) and. as such, were
much suggestive of representing foci of neoplastic progression within
the malignant tumor. The progression of the tumor cells may result
from genetic instability, which can lead to disorders in the control of
cell proliferation and apoptosis and to other changes. Interestingly,
BjÃ¶rklundet al. (31) have recently used a special in vitro system to
show that cystatin A can inhibit virus-induced apoptosis in a fish cell

line. The present morphological observation of some apoptotic bodies
positive for cystatin A refers to a possible connection between apop
tosis and cystatin A in breast cancer. However, the finding does not
give direct evidence for suggesting a function for cystatin A in the
control of apoptosis. Additional studies, as indicated by Lah et al.
(13), on the balance between cystatin A and different papain-type

cysteine proteinases are also needed for better understanding of the
regulation of cysteine-dependent proteolysis in tumor progression.

Bcl-2 expression in breast cancer is associated with well-differen
tiated tumors and positivity for estrogen receptors (38-40). Bcl-2
expression is also a favorable sign of short-time prognosis of breast

cancer patients (38), as also observed in the present material. Preva
lence of Bcl-2 expression in well-differentiated tumors is therefore in

agreement with our finding that cystatin A expression is associated
with tumors negative for Bcl-2. The present observation of a high risk
for death in patients with both cystatin A- and p53-positive tumor

cells suggests a synergistic function for cystatin A and p53. It might
be possible to speculate that if cystatin A is involved in apoptosis, a
combination of cystatin A activity and inactivation of p53 might
concurrently inhibit apoptotic activity. More detailed additional anal
ysis is needed, however, to clarify the functional relationship between
p53 and cystatin A.

In conclusion, we have shown a novel immunohistochemical stain
ing pattern involving cysteine proteinase inhibitor cystatin A in for
malin-fixed paraffin-embedded breast tumors. Cystatin A staining was

associated with poor histological differentiation, high proliferative
activity, and increased risk for death, which indicated a biologically
significant role for cystatin A in breast cancer. The results are in
contrast to the previously held opinion that there is a direct relation
ship between down-regulated cystatin A expression and the malignant

phenotype.

Table 6 Association heneen sur\'ival timi combined imtnunostainini; for c\statin A and

p53

VariableGroup"

CystatinAALL

(n =351)-++N-

(n =230)-++N

+ (ii = 121)-++p53

n170+

14118+

22115+

929+

1455+

499+

8RR1.02.01.73.81.02.01.25.91.01.91.52.295%

Cl1.2-3.40.6-5.01.6-8.90.9-4.60.1-9.02.0-170.9-3.90.4-5.40.5-9.7P0.0140.3090.0020.0950.893O.IXII0.1010.5040.314

"ALL. all patients; N â€”¿�.axillary lymph node negative; N + , axillary lymph node

positive.
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