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Abstract
We previously conducted transcriptome analysis of a paired specimen of normal and esophageal squamous cell carcinoma (ESCC)
tissues and found that mRNA expression of cystatin A (CSTA), a member of the cystatin superfamily, was perturbed in tumors
compared with that in the background mucosa. However, little is known about the significance of CSTA expression in ESCC.
ThemRNA expression of CSTAwas evaluated by qRT-PCR using 28 paired frozen samples of tumor and nontumormucosae. The

protein expression of CSTA was evaluated by the immunostaining of formalin-fixed, paraffin-embedded sections of ESCC samples
from 59 patients who underwent surgery, and its relationship with clinical features was analyzed.
The mRNA expression of CSTA was significantly decreased in ESCC compared with that in matched normal mucosa (P< .0001).

The protein expression of CSTA was limited in stratum granulosum and stratum spinosum but not in stratum basal in normal
esophageal mucosa. It was reduced in all ESCC tissue samples compared with normal tissues; however, CSTA expression levels in
tumors showed considerable variation. Of the 59 samples, 20 did not express CSTA, whereas 39 clearly expressed it. The expression
of CSTA in tumors was significantly associated with pT classification (deeper tumor invasions) (P= .0118) and advanced TNM stages
(P= .0497). In CSTA-positive tumor samples, CSTA-expressing cancer cells often expressed Ki67, a proliferation marker, which was
in sharp contrast to normal mucosa, where Ki67-expressing cells were limited to the basal layer and did not express CSTA.
Furthermore, CSTA expression was observed in all 22 lymph node metastases analyzed.
Relatively high levels of CSTA expression in tumors were correlated with tumor progression and advanced cancer stage, including

lymph node metastasis.

Abbreviations: CRT = chemoradiotherapy, CSTA = cystatin A, CT = chemotherapy, ESCC = esophageal squamous cell
carcinoma, GAPDH = glyceraldehyde-3-phosphate dehydrogenase, PPL = periplakin, RT = radiotherapy, SAGE = serial analysis of
gene expression.
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1. Introduction

Esophageal cancer is the eighth most common cancer worldwide
and the sixth leading cause of cancer-related mortality.[1] The 2
main histological types of esophageal cancer include esophageal
squamous cell carcinoma (ESCC) and esophageal adenocarcino-
ma, with ESCC accounting for 80% to 90% of all esophageal
cancers.[2] Surgery and combined therapies, such as chemothera-
py (CT), radiotherapy (RT), or synchronous chemoradiotherapy
(CRT), have significantly developed in the past several years[3–5];
however, the overall 5-year survival rate of ESCC still remains
low, ranging from 15% to 25%.[2] To improve the survival rate
of ESCC, identifying new diagnostic markers or target molecules
is urgently needed.
We investigated the genes whose mRNA expression is

perturbed in ESCC because their products may potentially act
as prognostic and chemosensitive markers as well as therapeutic
targets. Our recent transcriptome analysis using serial analysis of
gene expression (SAGE) identified CSTA, which encodes an
intracellular cysteine protease inhibitor cystatin A (CSTA) and
has significantly decreased mRNA expression in ESCC compared
with that in matched noncancerous esophageal mucosa.[6] CSTA
is a member of the type 1 cysteine protease inhibitors, also
referred as stefin A, acid cysteine protease inhibitor, keratolinin,
or epidermal SH-protease inhibitor.[7–10] It was originally
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identified as a component of the cornified cell envelope in the
upper skin layers[11] and is suggested to play a role in barrier
function targeting dust mite proteases.[12] Recent research has
shown that CSTA is dysregulated in several skin cancers, and
suppression subtractive hybridization analysis to identify genes
that are differentially transcribed in ESCC comparedwith normal
tissue demonstrated that CSTA transcripts were significantly
downregulated in cancer tissues.[13] However, its contribution to
the malignant properties of ESCC is largely unknown.
In this study, we assessed 59 ESCC cases with detailed clinical

information and analyzed the relationships between CSTA
expression levels and clinicopathological parameters of patients
with ESCC. Although the protein expression of CSTA was
generally downregulated in ESCC compared with normal
esophageal mucosa, retrospective analyses demonstrated that
relatively high levels of CSTA expression in ESCC correlated with
tumor progression and advanced stage of cancer.
2. Materials and methods

2.1. Patients

We enrolled 59 patients with histologically confirmed ESCC
diagnoses. Of these, 46 patients who underwent esophagectomy
or endoscopic submucosal dissection from January 2013 to
August 2015 at the National Center for Global Health and
Medicine (NCGM) provided informed consent before sample
collection. Quantitative PCR for mRNA expression analysis was
performed using 28 paired frozen samples from these patients.
This study was approved by the NCGM research ethics
committee (121 and 1484). Formalin-fixed, paraffin-embedded
sections of surgical specimens from remaining 13 patients who
were treated from April 2008 to December 2012 were analyzed
by immunohistochemical staining. From these patients, consent
was obtained retrospectively in accordance with the NCGM
research ethics committee (1622). We retrieved clinicopathologi-
cal parameters including tumor stage (according to the TNM
Classification of Malignant Tumors, 7th edition published by the
Union for International Cancer Control) from hospital records.
2.2. Quantitative reverse transcription-PCR

Total RNA was isolated from tissues using the RNA isolation
reagent RNA-Bee (Tel-Test, Inc., Friendswood, TX). After
treating the RNA with DNase I, double-stranded cDNA was
synthesized using the High-Capacity cDNA Reverse Transcrip-
tion Kit (Applied Biosystems, Foster City, CA). Quantitative PCR
was performed using ABI TaqMan probes (Applied Biosystems)
as previously described. Threshold cycle numbers were deter-
mined using the Sequence Detector software and transformed as
described by the manufacturer, with glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as the calibrator gene. The TaqMan
Gene expression assay IDs for the genes used in this study are as
follows: CSTA, Hs00193257_m1; GAPDH, Hs00266705_g1.
2.3. Immunohistochemical analysis

Formalin-fixed, paraffin-embedded sections of surgical speci-
mens from patients with ESCC were deparaffinized and
rehydrated. The antigen was retrieved using 10mM sodium
citrate buffer (pH 6.0) in an autoclave for 30minutes at 95°C.
Sections were stained using an anti-CSTA antibody
(HPA001031; Sigma-Aldrich, Inc.). Diaminobenzidine staining
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was performed using the ImmPACT DAB Peroxidase Substrate
Kit (Vector Laboratories, Burlingame, CA), and counterstaining
was performed using hematoxylin. For double staining of CSTA
and Ki67, the MACH 2 Double Stain 1 Kit (Biocare Medical,
Concord, CA) and Warp Red Chromogen Kit (Biocare Medical)
were used to detect anti-Ki67 antibody (MIB-1, Dako,
Glostrup, Denmark) signals. All slides were reviewed by 2
observers who were blind to clinical and pathological data. On
the basis of the proportion of CSTA-positive areas in the
malignant tissue, we classified ESCC cases into CSTA-negative
(the percentage of CSTA-positive tumor cells was �20% on
immunostaining) and CSTA-positive groups (the percentage of
CSTA-positive tumor cells was >20%). Because there was a
clear difference between CSTA-positive/negative, there
appeared to be no difficulty judging CSTA-positive/negative.
Intraobserver reliability of the CSTA staining results showed no
statistically significant differences. The 2 observers exhibited
high interobserver reliability.
2.4. Statistical analysis

Each tumor was classified on the basis of the location, size,
pathology, lymph node condition, and degree of metastasis
(pTNM, 7th edition, 2009). CSTA staining results were compared
using 1-way analysis of variance (ANOVA) for age and the Fisher
exact test for gender, tumor location, pT status, pN status, pM
status, and disease stage. Data were expressed as mean±SD, and
results were compared using paired and unpaired Student t tests.
Statistical analyses were performed using the Prism 5 statistical
program (GraphPad Software, Inc., La Jolla, CA). All tests were
2-tailed, and P values of< .05 were considered statistically
significant.
3. Results

3.1. CSTA expression was lower in ESCC than in normal
esophageal mucosa

First, regarding CSTA, we validated the results of a previous
study[13] and those obtained by SAGE-seq analysis from our
study[6] by quantitative RT-PCR using paired normal and ESCC
frozen tissue samples. The CSTA mRNA expression was
significantly decreased in cancer tissues compared with that in
matched normal mucosa (P< .0001, Fig. 1A). Next, we
performed immunohistochemical analyses to investigate the
protein expression and localization of CSTA in normal
esophageal mucosa and ESCC. In normal mucosa, CSTA was
detected in all the mucosal layers except a monolayer of stratum
basale. All normal tissue samples were CSTA-positive, and there
was no difference in the staining pattern. Contrastingly, CSTA
expression was reduced in all ESCC tissue samples compared
with that in normal tissues; the number of CSTA-negative cells
was more in ESCC tissue samples than in normal mucosae. In
some malignant tissues, the expression of CSTA was focal and
not all tumor cells expressed CSTA. However, the frequency of
CSTA-positive cells in the tumors showed considerable variation
(Fig. 1B).

3.2. Correlations between CSTA immunoreactivity and
ESCC clinicopathological features

On the basis of the proportion of CSTA-positive area in
the malignant tissue, we classified the ESCC cases into



Table 1

Patient characteristics.
Number of patients 59
Mean age±SD, y 69.2±7.5
Sex
Male 50 (85%)
Female 9 (15%)

pT classification
T1 25 (42%)
T2 6 (10%)
T3 25 (42%)
T4 3 (5%)

pN classification
N0 31 (53%)
N1 12 (20%)
N2 13 (22%)
N3 3 (5%)

pM classification
M0 54 (92%)
M1 5 (8%)

Cancer stage
∗

I 25 (42%)
II 10 (17%)
III 19 (32%)
IV 5 (8%)

Tumor location
Upper thoracic 13 (22%)
Middle thoracic 21 (36%)
Lower thoracic 25 (42%)

∗
Based on the Union for International Cancer Control, 7th edition.
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Figure 1. CSTA expression was decreased in ESCC compared with normal esophageal mucosa. (A) CSTA transcript levels determined by RT-PCR in paired
samples from 28 patients with ESCC. Data indicate expression relative to the mean levels of normal tissues. (B) Immunohistochemical analysis of CSTA expression
in noncancerous tissue and ESCC specimens. Representative staining of CSTA-negative (�20% of the tumor cells are CSTA-positive) or CSTA-positive (>20% of
the tumor cells are CSTA-positive) samples.
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CSTA-negative (the percentage of CSTA-positive tumor cells was
�20% on immunostaining) and CSTA-positive groups (the
percentage of CSTA-positive tumor cells was >20%) and
analyzed the relationships between CSTA expression and
clinicopathological features of ESCC tumors. The demographic
features of the 59 ESCC patients are summarized in Table 1. The
mean age of these patients was 69.2 years, andmost patients were
males (84.8%). Univariate analysis revealed no difference
between the CSTA-negative and CSTA-positive groups with
respect to gender, age, tumor location, lymph node metastasis, or
distant metastasis. Because the CSTA expression levels were
decreased in ESCC, we hypothesized that this reduced CSTA
expression was related to advanced tumor stages; however, we
found that higher CSTA expression in tumors (CSTA-positive
group) was significantly associated with advanced pT (P= .0118)
and TNM (P= .0497) stages (Table 2). Because CSTA expression
was significantly correlated with tumor invasion, we performed
double staining for CSTA and Ki67, which is expressed only in
proliferating cells. In the CSTA-positive group, Ki67 was often
expressed in cells that were CSTA-positive, which was in sharp
contrast to normal mucosa, where proliferating cells that
expressed Ki67 were limited to the basal layer and did not
express CSTA (Fig. 2A). Further, we examined CSTA expression
in lymph node metastases because cases with CSTA-positive
tumors tended to be associated with lymph node metastases,
although this association was not statistically significant (P
= .1700) (Table 2). Consistent with this result, CSTA expression
was observed in all 22 lymph node metastases that we analyzed
(Fig. 2B).
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Table 2

Clinicopathological features of CSTA-positive or CSTA-negative ESCC.

Number of patients (%)

Characteristics Total CSTA-negative CSTA-positive P

Number of patients 59 20 (33.9) 39 (66.1)
Mean age±SD, y 69.75±7.28 68.85±7.70 .7243
Sex
Male 50 (84.8) 17 (85.0) 33 (84.6) .9690
Female 9 (15.3) 3 (15.0) 6 (15.4)

pT classification
T1 25 (42.4) 13 (65.0) 12 (30.8) .0118

∗

T2, T3, T4 34 (57.6) 7 (35.0) 27 (69.2)
pN classification
N0 31 (52.5) 13 (65.0) 18 (46.2) .1700
N1, N2, N3 28 (47.5) 7 (35.0) 21 (53.9)

pM classification
M0 54 (91.5) 20 (100.0) 34 (87.2) .0942
M1 5 (8.5) 0 (0.0) 5 (12.8)

Cancer stage†

I 25 (42.4) 12 (60.0) 13 (33.3) .0497
∗

II, III, IV 34 (57.6) 8 (40.0) 26 (66.7)
Tumor location
Upper thoracic 13 (22.0) 5 (25.0) 8 (20.5) .7139
Middle thoracic 21 (35.6) 8 (40.0) 13 (33.3)
Lower thoracic 25 (42.4) 7 (35.0) 18 (46.2)

CSTA = cystatin A.
∗
P< .05.

† Based on the Union for International Cancer Control, 7th edition.
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4. Discussion
We previously conducted transcriptome analysis using paired
specimens from resected ESCC tissues and found that CSTA, a
cysteine protease inhibitor, has altered expression in ESCC.[6] In
this study, we demonstrated that the frequency of CSTA-positive
cells in tumor tissues was less than that in adjacent normal
mucosae; however, portions of the tumors showed high CSTA
expression levels, and the relatively higher CSTA expression in
tumors correlated with advanced tumor invasion and cancer
stage.
Invasion to the surrounding tissue and degeneration of the

basement membrane are the most important features of cancer
progression and metastasis. As CSTA is a potential inhibitor of
cysteine protease, decreased expression and consequent loss of
the inhibitory activity of CSTA were expected to increase the
cancer-related proteolytic activity. However, our finding that a
relatively higher expression of CSTA in ESCC is associated with
advanced tumor progression is contradictory to the hypothesized
tumor suppressor role of CSTA. Recent studies demonstrating
the correlation of high CSTA levels with tumor progression and
poor prognosis may support our observation. One such study,
including the immunohistochemical analysis of 384 breast
tumors, demonstrated that the survival rate of patients with
CSTA-positive tumors was significantly lower than those with
CSTA-negative breast tumors.[14] Another study assessing the
levels of cysteine protease inhibitors using ELISA in 345 patients
with colorectal cancers revealed that increased levels of cysteine
protease inhibitors were associatedwith advancedDuke stage.[15]

The upregulation of CSTA in lung cancer was also reported.[16]

Thus, it has been proposed that CSTA has alternative functions
besides protease inactivation, which can contribute to more
advanced tumor features. In human keratinocytes, knockdown of
CSTA led to decreased cell–cell adhesion by disrupting the
4

desmosomal structures. Recently, we reported that a relatively
higher expression of periplakin (PPL), a desmosome pro-
tein,[18,19] in ESCC correlated with advanced tumor size, lymph
node metastasis, advanced tumor stage, and poor prognosis.[20]

We also observed that PPL expression facilitated tumor cell
growth in vivo, probably due to PPL-promoted cell–cell
adhesion. ESCC cells with forced expression of PPL often piled
up and formed stratified layers, whereas mock-transfected cells
formed a monolayer sheet.[21] This mechanism may explain why
relatively higher CSTA expression in tumors is correlated with
tumor progression and advanced cancer stage. A low CSTA
expression and destabilization of the desmosomal structures may
limit tumor growth in the normal squamous cell mucosa, which
has tight cell–cell adhesion, resulting in a propensity toward an
intramucosal type of cancer. In contrast, CSTA-positive cancer
cells may not lose their differentiating features, such as the
desmosomes, which could promote penetration between squa-
mous cells and further into the submucosal layers. A crosstalk
between CSTA and desmosomal proteins, including PPL, will be
the subject of future studies.
In this study, we observed that some CSTA-positive cancerous

cells also expressed Ki67, a proliferation marker, in ESCC tissues,
which has never been observed in normal mucosa. This indicates
that CSTA expression in ESCC is uncontrolled and may
contribute to tumor malignancy. It has been reported that CSTA
displays anti-apoptotic activity through its inhibition of UVB-
induced caspase 3 activation in human keratinocytes.[22] A
previous report that forced expression of CSTA in tumor cells
attenuated cathepsin activity and TNF-induced apoptosis[23] may
also suggest that CSTA expression in ESCC counters the
activation of apoptosis. It has been demonstrated that smoking
influences CSTA expression in the lungs.[16] Although smoking is
one of major risk factors for ESCC, we have not analyzed
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Figure 2. High CSTA expression in proliferative ESCC and lymph node metastases. (A) Representative images produced from formalin-fixed, paraffin-embedded
samples of ESCC and adjacent noncancerous, normal mucosa, which were double-stained with anti-CSTA (dark brown) and anti-Ki67 (pink) antibodies. (B)
Immunohistochemical analysis of CSTA expression in lymph node metastases of ESCC.
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whether smoking affects the expression ofCSTA in ESCC tissues.
Further studies, including these analyses, and the elucidation of
biological roles of CSTA in established cancer cells will refine the
value of CSTA detection as a clinical marker for ESCC.
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