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INTRODUCTION
Sinonasal inverted papilloma (IP) is a locally aggressive benign
tumour characterized by a tendency of recurrence and the
potential for malignant transformation. Its surface epithelium is
derived from the Schneiderian membrane and is multilayered
and formed of squamous or ciliated columnar cells (1). Under
microscope examination, the epithelium invaginates and prolif-
erates into the underlying stroma, thus earning the name
“inverted papilloma” (2). The etiology of sinonasal IP remains
uncertain, but chemical exposure, chronic inflammation, and
viral infection, notably with human papillomavirus (HPV) have
been reported (3-5). After HPV infection, HPV might evade the
immune system recognition through interference with MHC
assembly and integrate into the host genomic DNA, which is

associated with progression from polyclonal to monoclonal
expansion in IP (6,7). These events may play a fundamental role
in tumourigenesis, but the actual trigger that ultimately leads to
tumour formation and recurrence is still unknown. 
In the microenviroment of a developing tumour, the extracellu-
lar matrix (ECM) and cells surrounding the tumour all con-
tribute to the tumourigenesis. Proteases are capable of degrad-
ing many ECM components and are regarded as pivotal in
tumourigenesis (8). The primary families of proteases released
into the extracellular space following cell activation include
members of the matrix metalloprotease (MMP), serine pro-
tease, and the cysteinyl cathepsin groups of proteases (9-11).
Cathepsins have been found in the lysosomes and various spe-
cific physiological roles have been ascribed to these enzymes,
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including taking part in the dissolution and remodeling of con-
nective tissue, major histocompatibility complex (MHC) class II
mediated antigen presentation, keratinocyte differentiation,
bone remodeling, reproduction and apoptosis (11,12). In addition,
cystatins are natural cysteine protease inhibitors, which belong
to a superfamily of proteins with wide distribution in tissues.
They are classified into three distinct subfamilies. The type 1
cystatins are represented by cystatin A (stefin A) and cystatin B
(stefin B), and function intracellularly. The type 2 cystatins (C,
D, S, SA, SN, M and F) are mainly secreted proteins, and the
type 3 cystatins (L- and H-kininogens) are intravascular proteins
(13). The enzymatic function of cathepsins is regulated by stefins
either in patients with malignant or nonmalignant tumours and
both are suggested as target proteins for prognosis, diagnosis
and therapy in several cancers (13). However, till now, there is no
literature to discuss their roles in IP formation. To address that,
the differential expression of cathepsins and stefins in IP and
normal tissues were revealed by data of human Affymetrix
U133A gene chips. In addition, we chose the most differentially
expressed genes among cathespins and their endogenous
inhibitors (cystatins) for further validation by real-time PCR
and immunohistochemistry. Meanwhile, we analyzed the corre-
lation between expression of these genes with clinical stage and
eventual recurrence rate of these IP patients. Finally, we will
discuss the possible mechanism.

MATERIALS AND METHODS
Patients

This study was approved by the Institutional Review Board of
Chang Gung Memorial Hospital (CGMH) (IRB number 96-
1511B). All patients recruited for this study provided written
informed consent for sample collection and study participa-
tion. Subsequently, the sinonasal IP tissues investigated were
surgically resected (i.e. not merely intranasal biopsied) from a
total of 15 patients (10 male and 5 female patients; mean age
48.2 years, range 18-78). All cases were staged according to the
Krouse staging system (14).
The normal control group comprised 15 specimens (8 male
and 7 female patients; mean age 43.3 years, range 26-68) that
were obtained from the sphenoid mucosa in patients with pitu-
itary tumours who received transsphenoidal resection. There
was no obvious sinus inflammation on magnetic resonance
imaging (MRI) of these subjects. The samples from both
groups were divided into two portions for real-time PCR and
immunohistochemistry analysis. Conventional haematoxylin
and eosin (H&E) staining was performed in all cases to estab-
lish the diagnoses. Sinonasal IP included in this study consist-
ed of ramifying cords and columns of cells invaginating into
the underlying stroma from the covering surface epithelium.

RNA extraction, microarray data processing, and statistical

analysis 

Total RNA from 6 normal and 6 IP tissues were isolated with
TRIzol® (Invitrogen, Life Technologies Corporation) and fur-

ther purified and concentrated with the RNeasy® MinElute
clean-up kit (Qiagen, Valencia, CA, USA), and the quality and
quantity of RNA were analyzed with Bioanalyzer 2100 (Agilent
Technologies, Santa Clara, CA, USA). Total RNA (1 μg) iso-
lated from six patients with IP and 6 patients with normal
mucosal tissue, was converted using SuperScript® II reverse
transcriptase (Invitrogen, Life Technologies Corporation) to
labeled cDNA, and 25 μg of labeled probe was hybridized to
the GeneChip® Human Genome U133A 2.0 Array
(Affymetrix, Santa Clara, CA, USA). The gene expression data
were generated and normalized by the robust multi-chips
 average method using RMAEXPRESS (http://stat-
www.berkeley.edu/~bolstad/RMAExpress/RMAExpress.html)
(12). The cathepsins and cystatins genes that were differentially
expressed between IP tissues versus the normal control tissues
were selected.

Real-time reverse-transcriptase polymerase chain reaction

Total RNA from the normal and IP tissues was isolated with
TRIzol® (Invitrogen) and further purified and concentrated
with the RNeasy® MinElute kit (Qiagen). The quality and
quantity of RNA were analyzed with the Bioanalyzer 2100
(Agilent Technologies, Santa Clara, CA, USA). One μg of
amplified anti-sense RNA (aRNA) pre-treated with DNase was
mixed with the Reverse Transcriptor kit (Roche, Basel,
Switzerland) and oligo-dT primers to generate 25 μl of first
strand cDNA. Real-time quantitative (RTQ)-PCR was per-
formed in a total volume of 10 μl in 384 - well plates using 0.5
μl of the 1st strand cDNA synthesis mixture as template with
TaqMan® (Assay-on-DemandTM, Applied Biosystems,
Carlsbad, CA, USA) and amplification was according to the
manufacturer’s recommendation. GAPDH (glyceraldehyde-3-
phosphate dehydrogenase) was used as internal control for
gene expression. The catalogue numbers for these assay genes
were Hs00175403 (Cathepsin S), Hs00193257 (Stefin A), and
Hs99999905 (GADPH). For each sample, the relative quantita-
tion of gene expression was calculated using the differences in
threshold cycles (Delta Ct, ΔCt), and a calibrated ΔCt value
(DCt = Ct internal control – Ct sample) was analyzed and shown in
Figure 1.

Immunohistochemistry

Archived, surgically resected specimens (formalin-fixed, paraf-
fin-embedded) were sectioned in the Department of Pathology
at CGMH. Sequential tissue sections were cut using a micro-
tome set at 4 μm. All formalin-embedded sections were
deparaffinized by xylene and rehydrated through serial alcohol
rinses before antigen retrieval. After antigen retrieval by boil-
ing or proteinase K digestion, the slides were incubated with
an appropriate dilution of antibodies at room temperature for 
1 hour. Cathepsin S protein was detected with an anti-human
cathepsin S polyclonal antibody (Abcam, Cambridge, United
Kingdom). Stefin A protein was detected with a monoclonal
antibody (Abcam). After incubation, these slides were washed
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with phosphate- buffered saline (PBS) three times, and then
incubated with horseradish peroxidase (HRP) polymer anti-
body (Zymed, San Francisco, CA, USA) at room temperature
for 10 minutes. The slides were then developed by the addition
of 3.3’-Diaminobenzidine tetrahydrochloride (DAB) at room
temperature for 10 minutes. 

Semiquantification of immunostaining

Stained tissue sections were examined at 400 x magnification
using an Olympus microscope and photographed using the Arc
digital software package. To avoid any sampling errors due to
possible non-homogeneous distribution of the markers investi-
gated within the tissues, semiquantification was performed by
randomly selecting a total of 5 high-powered fields from each
specimen. Staining results of cathepsin S and stefin A were
expressed as the number of positive cells per square millimeter
of lamina propria and epithelium. 

Statistics

Group differences were analyzed using the Mann-Whitney U
test for skewed data distribution and Student’s t-test for nor-
mally distributed data. The group data was summarized as
mean values ± 95% confident intervals in Figures. The analy-
ses were performed using the SPSS (version 11.0) software sys-
tem. P-values < 0.05 were considered statistically significant.

RESULTS
Expression of cathepsins and cystatins between inverted papilloma

and normal mucosa as revealed by Affymetrix U133A genechip

Among 25,000 genes in the Affymetrix U133A chip, expression
of fifteen genes of cathepsins family and 10 genes of cystatins
family were selected for further analysis (Table 1). Among
stefins, we found a significant up-regulation of stefin A (10.14
fold of up-regulation, p < 0.029) in IP tissues as comparing with
normal tissues (Table 1). Although expression of cathepsins
showed no significant difference between normal and IP,

Table 1. Fold difference of selected genes (cathepsins and cystatins) in sinonasal inverted papilloma and control sinus sample by means of gene array.
Probe set name Gene title Fold change p-value
200661_at cathepsin A 1.11 0.666
200766_at cathepsin D 1.29 0.144
200839_s_at cathepsin B 1.29 0.312
201487_at cathepsin C 1.61 0.182
202087_s_at cathepsin L1 0.53 0.080
202295_s_at cathepsin H 0.75 0.113
202450_s_at cathepsin K 0.45 0.135
202902_s_at cathepsin S 0.42 0.102
203657_s_at cathepsin F 0.79 0.035
203758_at cathepsin O 0.66 0.314
205653_at cathepsin G 1.12 0.441
205927_s_at cathepsin E 0.99 0.838
210074_at cathepsin L2 1.46 0.214
212562_s_at Cathepsin Z 1.10 0.368
214450_at cathepsin W 0.95 0.846
204971_at cystatin A (stefin A) 10.14 0.029
201201_at cystatin B (stefin B) 2.19 0.024
201360_at cystatin C (amyloid angiopathy and cerebral hemorrhage) 0.80 0.312
206224_at cystatin SN 1.38 0.024
206595_at cystatin E/M 1.14 0.643
206994_at cystatin S 1.16 0.071
207925_at cystatin D 1.05 0.552
208555_x_at cystatin SA 1.12 0.282
210140_at cystatin F (leukocystatin) 0.87 0.702
220627_at cystatin 8 (cystatin-related epididymal specific) 1.16 0.211

Figure 1. Differential gene expression of cathepsin S and stefin A in

inverted papilloma (IP) and normal sinus mucosa (N) analyzed by real-

time PCR. The calibrated ΔCt value (ΔCt = Ct internal control – Ct sample)

was used to analyzed their relative expression in IP and normal tissues.

GAPDH was used as an internal control in this study. (bar = mean

value ± 95% confident interval).
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cathepsin S (0.42 fold of reduction, p < 0.102) and K (0.45 fold
of reduction, p < 0.135) showed the most decrease in IP tissues
among the cathepsin family (Table 1). Since stefin A is an
inhibitor for cathepsin S and they both were most differentially
expressed (down- and up-regulated, respectively) between IP
and healthy sinus mucosa, they were chosen for further valida-
tion.

Expression of cathepsin S and stefin A in sinonasal IP tissue and

normal sinus mucosa 

To confirm microarray data, expression of both cathepsin S,
and its endogenous inhibitor, stefin A were examined in other
IPs (n = 15) and normal sinus mucosa (n = 15) tissues by real-
time PCR. As shown in Figure 1, the expression level of stefin
A was significantly up-regulated in IP tissues than in the nor-
mal sinus mucosa (p < 0.001; Figure 1, right panel). In con-
trast, the expression level of cathepsin S was down-regulated in
the IP tissues as compared to the control mucosa (p < 0.001;
Figure 1, left panel). This result was consistent with microarray
data showing up-regulation of stefin A and down-regulation of
cathepsin S in IP tissues as comparing with normal tissues.

Detection of cathepsin S and stefin A in IP and normal tissues by

immunohistochemistry

To distinguish the specific cell types in sinonasal IP tissue and
normal sinus mucosa that expressed cathepsin S and its
endogenous inhibitor, stefin A, tissue sections from IP patients
and normal tissues were subjected to immunohistochemical
staining. As shown in Figure 2, expression of cathepsin S was
found in macrophages of the superficial epithelium and the
stroma areas (Figures 2B, 2D, Figure 4). In contrast, expression
of cathepsin S in sinonasal IP was weakly detected only in
macrophages of the stroma areas (Figures 2A, 2C, Figure 4).
Nevertheless, expression of stefin A was detected in cytoplasm
of either epithelium or submucosal glands in both sinonasal IP
and in normal mucosa, but the staining intensity of stefin A
appeared stronger in sinonasal IP (Figures 3A, 3C, Figure 4)
than in normal mucosa (Figures 3B, 3D, Figure 4) (p < 0.001).
Taken together, dysregulation of cathepsin S and its endoge-
nous inhibitor, stefin A, were found in sinonasal IP tissues
either by using real-time PCR or immunohistochemistry.

The correlation of stefin A or cathepsin S with tumour recurrence

and tumour stage

Among fifteen patients with IP, all cases were staged by
Krouse T stages: T1 (n = 1), T2 (n = 5) and T3 (n = 9).
Because limited numbers of T1 and T4 stage cases were avail-
able, we divided these cases into two groups: group 1 and 2;
and group 3 and 4. There was no obvious correlation between
the mRNA expression of these two genes with both groups 
(p = 0.40 for stefin A and p = 0.11 for cathepsin S). In addition,
in immunohistochemistry analysis, the differences between
these two groups were also insignificant (p = 0.76 for stefin A
and p = 0.48 for cathepsin S). 

Figure 2. Expression of cathepsin S in IP and normal sinonasal

mucosa. Expression of cathepsin S in IP (A, C) and normal mucosa (B,

D) was analyzed by using immunohistochemical staining. Expression

of cathepsin S was detected in macrophages in the epithelium (B) and

subepithelial stroma (D) of normal sinonasal mucosa as brown color

indicated, but could not be detected in the multilayered squamous

epithelium (A) and macrophages in subepithelial stroma (C) of invert-

ed papilloma. Original magnification: 400X.

Figure 3. Expression of stefin A in IP and normal sinonasal mucosa.

Expression of stefin A in IP (A, C) and normal mucosa (B, D) was ana-

lyzed by using immunohistochemical staining. Over-expression of

stefin A was detected in multilayered squamous epithelium of IP;

including its epithelium (A) and subepithelial stroma (C) as brown

color indicated. Expression of stefin A was only detected a small por-

tion of epithelium and glands in normal sinonasal mucosa (B, D).

Original magnification: 100X (A, B), 400X (C, D).
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All patients received endoscopic surgery to remove the tumour
with an average follow-up period of 10.8 months (range from 6
months to 26 months), and only one case with recurrence was
found. There was also no obvious significant correlation found
between the expression of these two genes with tumour recur-
rence. 
DISCUSSION
In this study, we examined the expression of cathepsin S and
its inhibitor stefin A in sinonasal IP and normal mucosa tis-
sues. We found a significant inverse expression of cathepsin S
(down-regulation) and stefin A (up-regulation) in IP as com-
pared with healthy sinus mucosa. To our knowledge, this is the
first study to examine the expressions of cysteine cathepsins
and cystatins in IP tissues.

Sinonasal IP is a disease of viral origin caused by HPV and a
benign tumour with potential for malignant transformation. A
previous report revealed that HPV may evade immune recog-
nition by down-regulating MHC cell surface expression via
decreased TAP-1 levels. This could facilitate the entrapment of
viral peptides in the rough endoplasmic reticulum, making
these peptides available to be complexed with MHC-I mole-
cules and further destruction (6). Moreover, cells in the invasive
malignant stage were found to have a very low level of MHC
class I and II, which could hamper the presentation of the anti-
gen and lead to a decreased immune response (15). Connecting
these two together, HPV infection with an impaired host
immune system might play important roles in IP formation.

Cathepsin S is expressed in the lysosome of antigen-presenting
cells and is best known for its critical function in the proteolyt-
ic digestion of invariant chain chaperone molecules, thus con-
trolling antigen presentation to CD4+ T-cells by MHC class II
molecules (16,17). Although the information concerning cathep-
sin S in tumourigenesis has been presented in several recent
papers, its possible role in tumourigenesis remained controver-
sial (18,19). Originally, the study of cathepsin S in cancer, like
that of other proteases, was focused on its potential role in the
degradation of ECM during invasive processes. For example,
over-expression of cathepsin S has been linked to prostate can-
cer invasion and metastasis (18). However, in our study, the
expression level of cathepsin S was decreased in IP compared
to normal sinus mucosa. This might suggest that, unlike the
role of other cathepsins in degradation of ECM and cancer
progression, the inactivation of cathepsin S in sinonasal IP
could result in impaired immune response and abnormal levels
of MHC. Furthermore, it would contribute to the latent HPV
infection in IP tissue. This phenomenon may be similar to pre-
vious results (19). In lung cancer, the patients with high levels of
cathepsin S in tumours and lung parenchyma experienced sig-
nificantly better survival probability than those with low levels
of this protease. In this case, high cathepsin S expression in
tumours may reflect an immune response to the tumour and
inhibit the aggressive ability of these tumour cells. In our stud-

ies, cathepsin S was expressed in antigen-presenting cells –
macrophages – of normal sinus mucosa, but it was difficult to
detect them in the areas of IP. For these immune cells to exit
the mucosa into the draining lymphatics for presentation, it is
necessary that matrix degradation occurs. This is performed by
enzymes such as cathepsin S, which is secreted by the migrat-
ing cells (9). In IP, our studies found a decreased production of
cathepsin S and impaired migration ability of these antigen-
presenting cells following exposure to HPV antigen. However,
the relation of HPV infection with cathepsin S expression and
the underlying mechanisms of immune response should fur-
ther be examined by using an in vitro cell culture system in
detail. 

The roles of cystatins in tumourigenesis are still obscure.
Although some reports revealed that cystatins had a putative
tumour-suppressing function, some recent findings appeared
to contradict this view (20,21). Stefin A was first reported to be
associated with malignant tumours. For example, in breast
cancer patients, an inverse correlation of stefin A expression
with metastatic potential and a relapse-free period was suggest-
ed (22). However, some reports demonstrated that in head and
neck tumours, stefin A and stefin B levels were moderately
increased compared to the control matched pair tissues (23).

In an animal study, serial analysis of gene expression (SAGE)
was used to identify differential gene expression in ultraviolet
induced skin papilloma and squamous cell carcinoma (24). In
another DNA microarray study, epidermal abrasion was used
to induce skin papilloma genesis in transgenic Tg.AC mice (25).
Both of the results showed increased expression of stefin A in
papilloma and squamous cell carcinoma. In our results, forma-
lin-fixed whole cross-sections labeled with anti-stefin A
demonstrated that this protein was localized within the cyto-
plasm of proliferating squamous cells in IP. It suggested that
stefin A might be cross-linked to squamous metaplasia, epithe-
lial acanthosis, and hyperplasia, as well as being important in
tumourigenesis.  
In addition, stefin A was implied to have a potential role of
inhibiting the migration of immune cells from neonatal skin.
Enhanced expression of stefin A found in neonatal skin will
inhibit the activity of the cathepsins, thus preventing cell
migration beyond the cellular matrix (25). When the skin devel-
ops, stefin A decreases and the antigen-presenting cell density
increases. It means that the microenvironment of IP is similar
to that of neonatal skin with abnormal stefin A expression. 

All true cystatins inhibit cysteine cathepsins (9,11). The cysteine
cathepsins family includes cathepsins B, L, H, S, K, F, V, X,
W, O and C. At the protein level, cathepsins B, L, H, F, O, X
and C are expressed ubiquitously, whereas the expressions of
cathepsins S, K, W, and V are limited (e.g., antigen-presenting
cells, cornea, testes and spleen). It was also suggested that
stefin A can inhibit the activity of cathepsin S (9). Therefore, it
may be reasonable to speculate that over-expression of stefin
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A may inhibit cathepsin S and break down MHC assembly,
which results in latent HPV infection and tumour formation in
sinonasal IP patients. However, we still await proof from addi-
tional studies. 
In addition, it has been observed that interferon-γ (IFN-γ), a
factor stimulating MHC class II antigen presentation, can also
induce cathepsin S expression (10). IFN-γ is produced by many
cell types, including T cells and B cells, and is an important
component of the antiviral response. The upregulation of
cathepsin S and enhancement of antigen presentation at the
cell surface by IFN-γ potentially allows the infected cell to
become a target for the immune system again. Though there
were no significant correlations of these two genes with clinical
stage and recurrence rate found in this study, the roles of
cathepsin S and stefin A are worth investigating further to gain
a more complete understanding of the development of
sinonasal IP and to provide some promise of nonsurgical treat-
ment for sinonasal IP in the future.

CONCLUSION
In conclusion, we have identified two proteins, which are dif-
ferentially expressed in sinonasal IP and normal sinus mucosa.
A decrease of cathepsin S and an increase of stefin A were
observed in IP compared to healthy sinus mucosa. The dysreg-
ulation of stefin A and cathepsin S may break down the MHC
assembly, resulting in latent HPV infection and sinonasal IP
formation.

ACKNOWLEDGEMENT 
We are grateful to all our colleagues in the Department of
Pathology and Genomic Medicine Research Core Laboratory
of Chang Gung Memorial Hospital for their technical assis-
tance. This study was supported by grants from the Chang
Gung Memorial Hospital of Taiwan (CMRPG150021 and
CMRPG 361331E).

REFERENCES
1. Vrabec DP. The inverted Schneiderian papilloma: a 25-year study.

Laryngoscope 1994; 104: 582-605.
2. Michaels L, Young M. Histogenesis of papillomas of the nose and

paranasal sinuses. Arch Pathol Lab Med. 1995; 119: 821-826.
3. Deitmer T, Wiener C. Is there an occupational etiology of inverted

papilloma of the nose and sinuses? Acta Otolaryngol. 1996; 116:
762-765.

4. Roh HJ, Procop GW, Batra PS, et al. Inflammation and the patho-
genesis of inverted papilloma. Am J Rhinol. 2004; 18: 65-74.

5. Kraft M, Simmen D, Casas R, et al. Significance of human papillo-
mavirus in sinonasal papillomas. J Laryngol Otol. 2001; 115: 709-
714.

6. Tao J, Zhang XP, Chen XP, et al. Local expression of TAP-1 and
MHC-I molecules and their relationship in condyloma acumina-
tum. Clin Exp Dermatol. 2007; 32: 550-555.

7. Califano J, Koch W, Sidransky D, et al. Inverted sinonasal papillo-
ma: a molecular genetic appraisal of its putative status as a precur-
sor to squamous cell carcinoma. Am J Pathol. 2000; 156: 333-337.

8. Duffy MJ, McGowan PM, Gallagher WM. Cancer invasion and
metastasis: changing views. J Pathol. 2008; 214: 283-293.

9. Berdowska I. Cysteine proteases as disease markers. Clin Chim
Acta. 2004; 342: 41-69.

10. Beers C, Burich A, Kleijmeer MJ, et al. Cathepsin S controls MHC
class II-mediated antigen presentation by epithelial cells in vivo. J
Immunol. 2005; 174: 1205-1212.

11. Turk V, Stoka V, Turk D. Cystatins: biochemical and structural
properties, and medical relevance. Front Biosci. 2008; 13: 5406-
5420.

12. Kopitar-Jerala N. The role of cystatins in cells of the immune sys-
tem. FEBS Lett. 2006; 580: 6295-6301.

13. Kos J, Lah TT. Cysteine proteinases and their endogenous
inhibitors: target proteins for prognosis, diagnosis and therapy in
cancer (review). Oncol Rep. 1998; 5: 1349-1361.

14. Krouse JH. Development of a staging system for inverted papillo-
ma. Laryngoscope. 2000; 110: 965–968. 

15. Gomes AQ, Correia DV, Silva-Santos B. Non-classical major his-
tocompatibility complex proteins as determinants of tumour
immunosurveillance. EMBO Rep. 2007; 8: 1024-1030.

16. Pluger EB, Boes M, Alfonso C, et al. Specific role for cathepsin S
in the generation of antigenic peptides in vivo. Eur J Immunol.
2002; 32: 467-476.

17. Shen L, Sigal LJ, Boes M, et al. Important role of cathepsin S in
generating peptides for TAP-independent MHC class I crosspre-
sentation in vivo. Immunity. 2004; 21: 155-165.

18. Fernandez PL, Farre X, Nadal A, et al. Expression of cathepsins B
and S in the progression of prostate carcinoma. Int J Cancer 2001;
95: 51-55.

19. Kos J, Sekirnik A, Kopitar G, et al. Cathepsin S in tumours,
regional lymph nodes and sera of patients with lung cancer: rela-
tion to prognosis. Br J Cancer 2001; 85: 1193-1200.

20. Zhang J, Shridhar R, Dai Q, et al. Cystatin m: a novel candidate
tumor suppressor gene for breast cancer. Cancer Res. 2004; 64:
6957-6964.

21. Utsunomiya T, Hara Y, Kataoka A, et al. Cystatin-like metastasis-
associated protein mRNA expression in human colorectal cancer
is associated with both liver metastasis and patient survival. Clin
Cancer Res. 2002; 8: 2591-2594.

22. Parker BS, Ciocca DR, Bidwell BN, et al. Primary tumour expres-
sion of the cysteine cathepsin inhibitor Stefin A inhibits distant
metastasis in breast cancer. J Pathol. 2008; 214: 337-346.

23. Strojan P, Anicin A, Svetic B, et al. Stefin A and stefin B: markers
for prognosis in operable squamous cell carcinoma of the head
and neck. Int J Radiat Oncol Biol Phys. 2007; 68: 1335-1341.

24. Rundhaug JE, Hawkins KA, Pavone A, et al. SAGE profiling of
UV-induced mouse skin squamous cell carcinomas, comparison
with acute UV irradiation effects. Mol Carcinog. 2005; 42: 40-52.

25. Scott DK, Lord R, Muller HK, et al. Proteomics identifies
enhanced expression of stefin A in neonatal murine skin com-
pared with adults: functional implications. Br J Dermatol. 2007;
156: 1156-1162.

Ta-Jen Lee, MD
Department of Otolaryngoloy – Head and Neck Surgery
Chang Gung Memorial Hospital & Chang Gung University
Kwei-Shan, No 5, Fu Hsing Street
Kwei-Shan, Taoyuan
333, Taiwan

Tel: +886-3-328 1200 Ext.8466
Fax: +886-3-327 1244
E-mail: entlee@adm.cgmh.org.tw

Chi-Neu Tsai, PhD
Graduate Institute of Clinical Medical Sciences, 
Chang Gung University 
259, Wen-Hwa 1st Road
Kwei-Shan, Taoyuan


