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Fig. 1. Reduction in clinical tumor size afler three different types of
necadjuvant treatment,

analysis was performed for the 12 patients who had com-
pleted 3 months of treatment, there was one complete
response and two partial responses in group A, two partial
responses in group B and three partial responses in group
C. All the other patients had response but not up to 50%.
The changes in tumor area for these 12 patients were shown
in Fig. 3.

The changes in CEA and CA15.3 were shown in Tables 2
and 3, There was a slight reduction in markers levels. The
differences between the three groups were not statistically
significant.
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Fig. 2. Reduction in clinical tumor area after three different types of
neocadjuvant treatment.

Table 2
Changes of blood CEA levels during the period of necadjuvant treatment

Pre-treatment 1t month 2od month  3rd month
Group A 333 (0.96) 3,09 (0.73) 320 (0.93) 2.0 (0.36)
Group B 2.34 (0.33) 240 (047) 3.3 (126) 2.00 (0.20)
Group € 2.14 (0.38) 1.77 (0.53)  1.57 (033) 0.70 (0.01)

The values in parenthesis represent standard error of mean.
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Fig 3. Percentage reduction from baseline of tumor area for the 12 patients who completed three cycles of necadjuvant treatment.



446 LW.C. Chow et al./Journal of Steroid Biochemistry & Molecular Biology 86 (2003) 443-447

Table 3
Changes of blood CA15.3 levels during the period of neoadjuvant treat-
ment

Pre-treatment  1st month 2nd month 3rd month

Group A 2796 (B.59) 2834 (7.54) 1852 (4.16) 19.17 (11.68)
Group B 39.43 (12.02) 36.41 (12.48) 37.93 (17.06) 23.50 (11.50)
Group C  46.10 (17.33) 18.80 (6.20) 28.00 (0.01)  9.40 (0.01)

The values in parenthesis represent standard error of mean.

4. Discussion

Cyclooxygenase inhibition has been implicated in
the blockage of angiogenesis [7.8]. Results from epi-
demiological studies suggest that use of non-steroidal
anti-inflammatory drugs, such as aspirin and indomethacin
that inhibit COX-2 activity, reduces the incidence of breast
cancer as well as colon cancer in the human [9-13]. Cele-
coxib is a selective COX-2 inhibitor. It has chemopreventive
and chemotherapeutic properties in rodent models of breast
cancer [5]. In patients with familial adenomatous polyposis,
6 months of twice-daily treatment with 400 mg of celecoxib
leads to significant reduction in the pumber of colorectal
polyps | 14].

It is known that the aromatase gene expression is reg-
ulated by prostaglandin E;, which is a product of COX-2
[15]). In fact, there is a linear relationship between aro-
matase activity and COX-1 and COX-2 expression within
the human breast tissue [16). This significant relationship
between the aromatase and cyclooxygenase enzyme systems
suggests that autocrine and paracrine mechanisms may be
involved in hormone-dependent breast cancer development
via growth stimulation from local estrogen biosynthesis.
Indeed, recent research on the signaling pathway in the
regulation of aromatase and COX-2 expression showed that
both the breast epithelial cells and the stromal cell com-
partment play important roles in the progression of tumor
growth [£]. The interconnecting pathway may involve epi-
dermal growth factor (EGF), transforming growth factor-f
(TGF-B) and tetradecanoyl phorbol acetate (TPA).

The therapeutic potential of combining celecoxib and ex-
emestane was tested in the DMBA rat model [17]. An objec-
tive response rate of 48% was achieved when the rats were
treated with both exemestane and celecoxib. This contrasted
with OR rates of only 5% when treated with exemestane
alone and 0% when treated with celecoxib alone. The devel-
opment of new tumors follows a similar pattern. The study
demonstrated that the addition of celecoxib could enhance
the inactivation of aromatase activity.

The CAAN trial is conducted in postmenopausal
hormonal-sensitive breast cancer patients to investigate the
efficacy of ncoadjuvant therapy combining aromatase in-
hibitors with COX-2 inhibitor. Neoadjuvant treatment of
breast cancer offers several advantages. Firstly, the success-
ful therapy would down-stage large tumnors to sizes suitable
for conservative surgery. Secondly, the sensitivity of the

tumor 1o the therapy administered could be assessed and
agents that are effective could be used as adjuvant therapy
after the operation. Thirdly, as the breast cancers could
be easily accessible, the biological as well as the genetic
changes of the tumor could be followed and studied. Recent
studies using aromatase inhibitors as neoadjuvant therapy
in postmenopausal women have demonstrated that these
agents are effective [18-20], Eleven of the 12 patients given
1mg and seven of 11 patients given 10mg of anastrozole
had shrinkage of tumors by over 50% [18]. The median
reduction from baseline for the whole group was 75.5%.
Another non-randomized study showed that letrozole has
an apparent superior pathologic response than anastrozole,
although the clinical response is similar [19], Both have a
better clinical and pathologic response than tamoxifen. Ex-
emestane treatment was associated with a marked reduction
of aromatization peripherally and in non-malignant breast
tissue [20]. Eight of the 10 patients that would have re-
quired mastectomy were able to undergo breast-conserving
surgery after exemestane treatment, There was a median
reduction of tumor volume by about 85%.

Based on these results, the CAAN trial is designed to
study the neoadjuvant use of exemestane with and without
celecoxib. Exemestane is chosen because it is a type | agent
and it has marked reduction of aromatization in malignant
and non-malignant tissues [20]. In this study, exemestane is
given at 25 mg daily with and without celecoxib. Celecoxib
is given at 400 mg twice a day. This is the dosage used in
the chemopreventive study on familial adenomatous poly-
posis [14]. A third arm using letrozole 2.5 mg daily is also
addcd as control. The objectives of the study are 1o confirm
the superior laboratory results from treatment combining ex-
emestane with celecoxib, to determine whether the addition
of celecoxib would cause different changes in angiogenesis
and apoptosis markers, and to evaluate the safety and side
effect profiles of the three treatment arms. This preliminary
report shows that all of the three anti-aromatase therapies
are cffective. However, the results presented here are only
in the initial phase of the study. It is hoped that at the con-
clusion of the trial, we would be able to determine the con-
tribution of cyclooxygenase-2 inhibition in the management
of hormonal-dependent breast cancers.
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Abstract

Purpose: To evaluate the efficacy and safety of combing aromatase inhibitor (AI) and signal transduction inhibitor
neoadjuvantly in postmenopausal patients with invasive hormone-sensitive breast cancer.

Patients and methods: Postmenopausal women with hormone-sensitive breast cancer were given three months of
letrozole 2.5mg daily and imatinib 400 mg twice daily preoperatively. End-points of this study included clinical and
pathologic responses, toxicities, and change in ['*Flfluorodeoxyglucose (FDG) uptake in tumor. Expression of c-Kit
was also evaluated in breast cancer tissue by immunostaining.

Results: Thirteen patients, aged 52-78, were accrued. Five patients (38.5%) experienced grade 3 toxicity including
neutropenia, skin rash, dermatitis, hypokalemia, shortness of breath, acute coronary syndrome, and acute chronic
gastritis. Three patients were withdrawn after two months of treatment due to hematoma in tumor and toxicity, Of the
ten evaluable patients, nine patients (90%) achieved clinical partial response and one patient (10%) had stable disease.
One patient (10%) achieved pathologic complete response. Average relative changes of FDG uptake was —69.5% among
responders, Eight out of 13 tissue samples were tested for c-Kit expression and the expression was detected in all.

Conclusions: In this pilot study, the dramatic response to this neoadjuvant combination treatment warrants further
clinical trials. Further investigation on the involvement of c-Kit pathway in the treatment response is also suggested.
However, dosage reduction of imatinib may be required to avoid its potential toxicity.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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hormones exposures. Our previous study showed
that about 55% of patients possessed hormonal
receptors, with the frequency of hormonal receptor
positively increased with advancing age [3] Endo-
crine therapy was, therefore, used for treatment of
advanced breast cancer and nearly 30% of breast can-
cer patients were responsive to endocrine therapy (4],
Currently, researchers are further exploring the use of
aromatase inhibitors for treatment of breast cancer.

Aromatase, an enzyme complex consisting of a
cytochrome P-450 hemoprotein and a flavoprotein,
converts C-19 androgen such as testosterone and
androstenedione to C-18 estrogen such as estradiol
and estrone. The aromatization of adrenal andro-
gens to estrogen is taking place mostly in the periph-
eral tissue like fat and muscle. In post-menopausal
women, major source of estrogen is derived from
peripheral aromatization via aromatase enzyme
(5.6}

Letrozole is a nonsteroidal competitive inhibitor
of the aromatase enzyme system. Its superiority to
tamoxifen was presented in adjuvant aromatase
inhibitor study that the incidence of breast cancer
and total time to disease recurrence were signifi-
cantly reduced [7] The clinical efficacy and
tolerability of the aromatase inhibitor was well dem-
onstrated. However, much evidence suggested that
enhanced signal transduction pathways may be
one of the key adaptive changes accounting for
endocrine-resistant growth in breast cancer [8-11].
Inhibition of these pathways may treat or even pre-
vent endocrine-resistant tumor growth. /n vitro data
suggested that combined treatment with tamoxifen
and the EGFR TKI may provide greater anti-prolif-
erative effects and delay hormone-resistant out-
growth in hormone-sensitive cells [12]. Such a
strategy of combination therapy could prove more
effective than either therapy alone in hormone-sensi-
tive breast cancer and, in particular, could delay the
emergence of acquired resistance.

Imatinib was developed as a receptor-targeted
agent for chronic myelogenous leukemia (CML)
[13]. This phenylaminopyrimidine derivative was
selected from a screen of molecules for its ability
to competitively target the ATP-binding site of the
platelet-derived growth factor receptor (PDGFR).
In vitro analysis revealed that imatinib also selec-
tively inhibits the ABL and KIT (CDI117) tyrosine
kinase receptors. Imatinib has demonstrated activity
against conditions in which either KIT or PDGFR
is activated. Autocrine stimulation of KIT and
PDGFR by stem cell factor and PDGF, respec-

tively, is observed in breast tumors and may
enhance mitogenic signaling.

2. Patients and methods

2.1. Study design

This open label pilot study assessed the efficacy of letroz-
ole and Imatinib in postmenopausal women with hormone
sensitive and invasive breast cancer and was conducted in
Surgery Department of University of Hong Kong Medical
Centre. As this is a proof-of-principle study, it was initially
planned to recruit 15 patients, Combination treatment of
letrozole 2.5 mg daily and imatinib 400 mg twice daily was
given orallyin the form of 100-mgcapsules for three months
before surgery. The study was conducted in accordance with
the International Conference on Harmonization Good
Clinical Practice. The study protocol and informed consent
were reviewed and approved by the appropriate local scien-
tific and ethics committec. All patients gave written
informed consent to participate into this study.

2.2, Inclusion criteria

Postmenopausal women with histologically confirmed
hormone sensitive and invasive breast cancer were accrued
for this study. Eligible patients were untreated for primary
invasive breast cancer, confirmed by core needle biopsy,
with positive estrogen receptor (ER) and/or progesterone
receptor (PR) determined by immunohistochemistry.
Other eligibility criteria were as follow: tumor size of 3 cm
or more; Eastern Cooperative Oncology Group (ECOG)
performance status <3; acceptable cardiac function with
left ventricular ejection fraction (LVEF) 2 50%; acceptable
liver function with bilirubin, spartate aminotransferase
(AST) and alanine aminotransferase (ALT) within institu-
tion normal range; acceptable renal function with serum
creatinine <130 pmol/L and glomerular filtration rate
(GFR) >40 ml/min. All patients were able to give 2 written
informed consent following the recommendation of the
Helsinki Declaration and to follow prescription instruc-
tions reasonably well.

2.3. Exclusion criteria

Patients with known sensitivity to anti-aromatase
drugs or imatinib were excluded. Major cardiac disease
or LVEF <50%, renal impairment, and prior history of
other malignancy within 5 years of study entry, aside from
basal cell carcinoma or the skin or carcinoma-in-situ of
the uterine cervix were other criteria for exclusion.

2.4. Clinical assessmenis

Patients were evaluated at baseline and every 4 weeks
by physical examination, ECOG performance starus
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[14], vtial signs, adverse event assessments, and blood tests
including hematology, blood chemistry, lipid profile, car-
cinoembryonic antigen (CEA) level and CA15.3 level.
Relevant medical history and echocardiogram (ECHO)
were performed at baseline for eligibility assessment.

2.5. Efficacy assessments

The primary endpoints of this study were tumor
response determined by clinical measurement and ultra-
sound. Clinical and radiological (ultrasound) assessments
for tumor sizes were performed at baseline and every 4
weeks. Positron Emission Tomography (PET) with
["®FJflucrodeoxyglucose (FDG), and Mammography
(MMG) were also performed at baseline and before sur-
gery as additional tumor assessments. Clinical response
assessments was determined according to standard Union
International Centre Cancer criteria [15] defining com-
plete remission, partial remission, no change, progressive
disease, and not assessable. The surgical tissues including
primary tumor and dissected axillary or sentinel lymph
nodes were collected and investigated at time of surgery
for pathologic response. Pathologic complete response
(pCR) was defined as complete disappearance of invasive
tumor cells in breast and dissected lymph nodes.

2.6. Safety assessments

Safety was monitored by physical examination, vital
signs, hematology, blood chemistry, and adverse event
assessments every 4 weeks since commencement of ther-
apy. Severity of adverse events were graded according to
National Cancer Institute common toxicity criteria
(NCI-CTC) version 3.0 [16].

2.7, Immunohistochemistry for C-kit

The formalin-fixed, paraffin wax-embedded pre-opera-
tive breast tissues were immunostained for ¢-KIT using
standard methods. Primary monoclonal antibodies of c-
KIT (CD117) (Thermo Fisher Scientific, CA, USA; dilu-
tion 1:200) was used and the staining was visualized by
DAB chromogen staining using UltraVision LP Detection
System, The c-KIT expression level was scored as follow:
1+ the cytoplasm was discretely and weakly to moderately

stained in 10% or more of cells; score 2+: the cytoplasm was'

strongly stained with or without membrane staining in 10%
or more of cells; 0 or negative: no staining was observed or
staining was observed inless than 10% of cells. Cases with a
score of 14- and 2+ were considered positive.

2.8. Statistical analysis

Statistical analyses were performed using SPSS for
Windows 11.0 computer software (SPSS Inc., Chicago,
IL). One-way ANOVA tests were used to compare param-

eters. All values were expressed as mean and standard
deviation (SD) unless otherwise stated. P < 0.03 was con-
sidered as statistically significant.

3. Results
3.1. Patient characteristics

A total of 13 patients with operable breast cancer were
recruited from September 2004 to September 2005. The
median age was 68 years, ranged from 32 to 78 years.
All of them had ECOG performance status of grade 1.
Histopathology showed that 100% of primary tumor sam-
ples were invasive ductal carcinoma, and 100% and 92%
of them had positive ER and positive PR status, respec-
tively. Additional immunohistochemistry for c-kit expres-
sion in eight pre-operative breast tissue samples were done
and all of them gave moderate expression with scores
between 1+ and 2+. 3 out of 13 patients stopped neoad-

Tahble 1
Patients’ characteristics (n = 13)
Characteristics No. of patient %
Age, years
Median 68
Range 52-78
Side
Left 5 38.5
Right 8 61.5
Primary Histology
Ductal carcinoma 13 100
Initial tumor size
Mean LD in cm (SD) 47 2.81
Mean Area in em’ (SD) 27.44 39.25

Hormonal receptor status/oncogene expression®
Estrogen receptor
Weak positive (14) .

Moderate positive (2+) 2 154
Strong positive (3+) 11 846
Progesterone receptor
Weak positive (1+) 2 15.4
Moderate positive (2+) 3 231
Strong positive (3+) 8 61.5
CerbB2 oncogene
Non-overexpressed (24 or below) 11 846
Overexpressed (3+) 2 15.4
C-kit expression®
HNegative “
Positive® 8 61.5
ND 5 385

Abbreviations: LD, longest diameter; SD, standard deviation;
ER, estrogen receptor; PR, progesterone receptor; ND, not
determined,

* Determined by immunohistochemistry.

b All are moderately stained with scores between 1+ and 2+,
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responsive to 3-month neoadjuvant use of letrozole.
Notwithstanding the high overall response rate
(ORR), only 2 out of 28 patients achieved pCR.
After addition of imatinib, an improvement of
nearly 30% of ORR was observed and | out of 10
patients achieved pCR which was comparable to
previous trial. In our study, c-Kit expression was
also investigated and almost all of our patients’
pre-operative tumors possessed c-Kit expression
although only eight tumor samples were performed.
Repression of tumor growth through inhibition of
c-Kit pathway by imatinib might be possible. Nev-

Shortness of breath

Acute chronic gastritis

3/4 reported adverse events occurring in >10% of patients. No grade 4 toxicity was observed.

ertheless, further exploration of a detailed molecular
profile is highly recommended to investigate the
relationship between high ORR and c-Kit expres-
sion. Though the sample size is too small to draw
a solid conclusion in this stage, the result clearly
demonstrated the potential additional clinical bene-
fit of imatinib.

The dose of 400 mg twice daily for imatinib was
chosen in this study according to the maximum tol-
erated dose from a Phase I study on other cancers
[26]. No dose reduction was observed in this study,
but 2 out of 13 patients were unable to tolerate the
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combination resulting in treatment discontinuation
whereas others were well-tolerated. The toxicity
profile including edema, rash, nausea and vomiting,
gastrointestinal disturbance as well as anemia is
similar to other clinical trials [27]1 However, unex-
pected high incidence of severe hypokalemia was
observed possibly due to the concomitant use of
diuretics for edema which results in electrolyte
imbalance. More importantly, it is well known that
imatinib may potentially develop cardiotoxicity [28].
In our study, one patient experienced acute coro-
nary syndrome which clearly indicated the potential
cardiac risk of using imatinib at dosage of 400 mg
twice daily. Therefore, reduction of imatinib dose
should be considered to improve the toxicity profile
and reduce the chance of cardiotoxicity.

This is indeed the first study to report on the
combination of letrozole and imatinib for treatment
of hormone sensitive breast cancer in neoadjuvant
setting. Yet, the results presented here is an initial
phase of study which needs further research. We
believe that, apart from combination of letrozole
and imatinib, there would be more immense
research on different kinds of combination of Al
and TKI in the near future in order to promote
treatment efficacy and fight against drug resistance
in cancers.

5. Conclusions

The pilot study gives promising result of the com-
bination therapy which warrants further investiga-
tion. The regimen is however quite toxic.
Therefore, reduction of imatinib dose might be
required to avoid its potential toxicity. Also, in the
future, biological studies should be conducted to
unveil the underlying mechanism contributing to
response and resistance to therapy.
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The aspartic protease napsin A suppresses tumor
growth independent of its catalytic activity

Takayuki Ueno'?, Géran Elmberger', Timothy £ Weaver?, Masakazu Toi® and Stig Linder'

Members of the aspartic protease family have been implicated In cancer progression, The aspartic protease napsin A is
expressed in type |l cells of the lung, where it is involved in the processing of surfactant protein B (SP-B). Napsin A is also
expressed in kidney, where its function is unknown, Here, we examined napsin A mRNA expression in human kidney
tissues using in situ hybridization. Whereas strong napsin A mRNA expression was observed in kidney proximal tubules,
expression was detected in only one of 29 renal cell carcinomas. This result is consistent with previous observations of
loss of napsin A expression in high-grade lung adenocarcinomas. We re-expressed napsin A in the tumorigenic HEK293
kidney cell line and examined the phenotype of stably transfected cells. Napsin A-expressing HEK293 cells showed an
altered phenotype characterized by formation of cyst-like structures in three-dimensional collagen cultures. Napsin
A-expressing cells also showed reduced capacity for anchorage-independent growth and formed tumors in SCID mice
with a lower efficlency and slower onset compared to vector-transfected control cells. Mutation of one of the aspartic acid
residues in the napsin A catalytic site inactivated enzymatic activity, but did not influence the ability to suppress colony
formation in soft agar and tumor formation. The mutation of the catalytic site did not affect processing, glycosylation

or intracellular localization of napsin A. These data show that napsin A inhibits tumor growth of HEK293 cells by a

mechanism independent of its catalytic activity.
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The aspartic protease family includes several physiologically
important enzymes such as pepsin, chymosin, renin,
gastricsin, cathepsin D and cathepsin E. Some members of
this protease family, in particular cathepsin D and cathepsin
E, have been implicated in cancer progression. High cathe-
psin D expression is associated with shorter disease-free and
overall survival in patients with breast cancer."” In patients
with ovarian or endometrial cancer, cathepsin D expression
has been reported to be associated with tumor aggressive-
ness.™! Transfection of low-metastatic tumor cells with
wild-type human cathepsin D results in stimulation of tumor
growth and increased propensity for experimental metas-
tasis.” Interestingly, the catalytic activity of cathepsin D is not
required for stimulation of tumor growth.® Cathepsin E
expression has been reported to be a prognostic marker in
bladder cancer.” Cathepsin E has also been suggested to
promote tumor growth independent of its catalytic activity.®

Napsin A is an aspartic protease expressed in the lung and
the kidney.*>"'* Napsin A is expressed in type II cells in lung

alveoli and is capable of cleaving the proform of surfactant
protein B (SP-B) expressed in this cell type.'*'* Studies using
siRNA showed that downregulation of napsin-A in type 1l
cells results in inhibition of SP-B processing.'* Among the
different types of lung cancers, only adenocarcinomas express
napsin A, making napsin A a promising diagnostic marker
for primary lung adenocarcinomas.'*™!7 Lung adenocarci-
nomas with a low differentiation grade express napsin A less
frequently than more differentiated tumors, suggesting an
inverse association between napsin A and tumor progres-
sion, 151618

Napsin was first described in mouse kidney as a new
member of the aspartic protease family (KAP; kidney aspartic
protease).” A previous study reported napsin A localization
to lysosomes in proximal tubules.'” Napsin expression in
kidney is first observed at embryonic day 13, preceding
kidney tubulogenesis."” The function of napsin in the kidney
remains unknown, but the pattern of embryonal expression
raises the possibility that napsin may play a role in the
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differentiation of proximal tubules.'” Considering the im-
portance of lysosomal aspartyl proteases during carcino-
genesis and the possible role of napsin during kidney dif-
ferentiation, here we examined the expression of napsin A in
renal carcinomas. Furthermore, we studied the effect of
re-expressing napsin A in a tumorigenic kidney cell line. We
report that napsin A suppresses anchorage-independent
growth and tumor formation by a mechanism independent
of its catalytic activity.

MATERIALS AND METHODS

In Situ Hybridization

Twenty-nine renal cell carcinoma tissues, from patients
treated in the Karolinska Hospital from 1995 to 1998, were
randomly selected. The tissues consisted of 10 grade I, 12
grade 1T and 7 grade 11T cancers. The study was approved by
the local ethical committee. Formalin-fixed, paraffin-em-
bedded tumor sections were deparaffinized with xylene,
treated with proteinase K (1 ug/ml, 37°C, 30 min), trans-
ferred to 0.1M triethanolamine buffer (5min) and treated
with triethanolamine containing 0.25% acetic anhydride for
10 min. Sections were washed in 2 % SSC, dehydrated and
allowed to air-dry. After overnight hybridization (2 x SSC,
50% formamide, 10% dextran sulfate, 55°C) with an
**S-labeled RNA probe (1.16 x 10° c.p.m./ul), sections were
washed (the most stringent step being 0.1 x SSC, 15min at
60°C) and treated with RNase A (20 ug/ml, 37°C, 30 min).
Finally, the slides were dehydrated, air-dried, dipped in
Kodak NTB emulsion, exposed for 7-14 days at 4°C, devel-
oped and counter-stained with hematoxylin—eosin. The
probes were made using T3 (antisense) and T7 (sense) RNA
polymerase (Promegs, Madison, WI, USA) from a pCMS-
EGFP vector (Clontech, Palo Alto, CA, USA) containing an
Nhel/EcoR] napsin A full-length ¢DNA. Both sense and
antisense probes were hybridized to all sections.

DNA Constructions

HA-tagged human napsin A cDNA was generated by poly-
merase chain reaction (PCR) using specific primers to
human napsin A: 5' primer, agcgctagcatgtctccaccaccgetget
(primer N1); 3' primer, cgcgaattctcaagegtagtctgggacgteg
tatgggtacccggggaactgegectgeg (primer N2). A PCR fragment
was subcloned into pEGFP-N3 vector (Clontech) at Nhel and
ECOoRI site. To generate a mutated napsin cDNA tagged with
HA, PCR was performed using specific primers. To generate
mutation of the catalytic site, the PCR-based overlap
extension method was applied.’® Primers were designed
as follows: N-terminal fragment, 5' primer, primer NI;
3' primer, ccgtattcaggatggcagcacageect; C-terminal fragment,
5' primer, catcctgaatacgggeacgtcectcate; 3’ primer, primer N2.
To generate a control vector, the EGFP sequence was removed
from pEGFP-N3 using restriction enzymes Sall and Notl and
both ends were filled in using the Klenow fragment, followed
by self-ligation. None of the constructs were fused with EGFP.
All constructs were subjected to bi-directional sequencing.
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Stable Transfectants

Cells were maintained at 37°C in a 7% CO, atmosphere in
DMEM (Invitrogen, Carlsbad, CA, USA) containing 10%
FBS (Invitrogen). Plasmids were transfected into HEK293
cells using LIPOFECTAMINE (Invitrogen). For stable
expression, transfected cells were selected with G418
(Invitrogen) and G418-resistant colonies were analyzed for
the expression of wild-type and mutant napsin A by
immunoblotting with ant-HA antibody (clone 3F10;
Roche Molecular Biochemicals, Mannheim, Germany).

Western Blotting

Samples were separated by electrophoresis in 129% poly-
acrylamide gel and transferred to nitrocellulose membranes.
The membranes were incubated in blocking solution (5%
nonfat dry milk in PBS containing 0.05% Tween 20) for 1h at
room temperature and then incubated overnight with
anti-HA antibody (clone 3F10; 100 ng/ml; Roche Molecular
Biochemicals) or antibodies directed against mature SP-B
(number 28031) or SP-B proprotein (number 55522).”! The
membranes were washed and incubated with horseradish
peroxidase (HRP)-conjugated anti-rat IgG (Pierce, Rockford,
IL, USA) or HRP-conjugated anti-rabbit Ig (Amersham
Biosciences, Little Chalfont, UK) for 1h. The membranes
were washed six times and peroxidase activity was developed
by SuperSignal West Pico (Pierce) according to the
manufacturer’s instructions.

Cell Proliferation Assay

For each cell line, 1 x 10 cells were seeded in 5 wells x 5 rows
of 96-well plates in 100 ul DMEM containing 10% FBS. After
24, 48, 72 and 96h, cell proliferation was assayed using
CellTiter 96® Non-Radioactive Cell Proliferation Assay
(Promega) according to the manufacturer's instructions.
After growth curves were drawn, cell doubling time was
calculated using the log-phase growth rate: cell doubling
time = (2/the log phase growth rate for 24 h) x 24 h.

Colony Formation in Soft Agar

Five hundred cells from each of the stably transfected cell
lines were suspended in 2.5ml of 0.35% (W/V) agar in
DMEM/20% FBS and overlaid onto 0.5ml of 0.5% (W/V)
agar in DMEM/20% FBS in three wells of a 12-well plate.
After 10 days, colonies with more than 20 cells were scored as
positive using an inverted microscope.

Cell Culture in Collagen Gel

Five hundred cells were suspended in 1.5ml of type I collagen
gel solution containing 66% vitrogen 100 (Cohesion Tech-
nologies, Palo Alte, CA, USA), 1 x DMEM, 0.004 g/l folic
acid and 3.7 g/l sodium bicarbonate and overlaid onto 0.6 ml
of collagen gel solution in a 12-well plate.

Tumor Growth in SCID Mice

Cells from each clone were suspended in PBS (2 x 107 cells/
ml) and injected subcutancously at the right and left
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dorsal flanks of C.B-17/IcrCrl SCID mice (Charles River
Laboratories, Sulzfeld, Germany) (100l per mouse), Five
mice were injected with each clone. The tumor volume was
measured daily until day 141 with a caliper rule. The rumors’
major and minor diameters were measured and the volume
was estimated at 4/37 x (major radius) x (minor radius)®
Mice were killed when the major diameter of the tumor had
reached 2cm. In all the experiments, the ethical guidelines
for investigations in conscious animals were followed and the
experiments were approved by the local Ethics Committee for
Animal Research,

Deglycosylation
Cells were lysed in a denaturing buffer (PBS, 0.5% SDS, 1%

f-mercaptoethanol) and boiled for 10 min. The supernatant
was incubated for 1 h with endoglycosidases F (New England
Biolabs, Beverlyy, MA, USA) as recommended by the
manufacturer.

Immunoprecipitation

Cells were lysed in a lysis buffer (PBS, 20mM EDTA, 1mM
PMSF, 1% Elugent (Calbiochem, Darmstadt, Germany)) at
4°C for 30 min and centrifuged at 12000g at 4°C for 20 min.
The supernatant was incubated with anti-HA affinity matrix
(Roche Molecular Biochemicals) at 4°C overnight and the
matrix was washed with the lysis buffer six times.

Proteolytic Activity of Napsin A

Recombinant proSP-B lacking the entire 102 amino-acid
C-terminal domain (5P-Bsc) was synthesized in the bacu-
lovirus system. The sequence encoding residues 1-279 of the
human SP-B proprotein (SP-B,c) was cloned in-frame with a
six-residue C-terminal histidine tag and ligated into pVL1393
(BD Biosciences Pharmingen, San Diego, CA, USA). Re-
combinant baculovirus was produced by homologous
recombination in Spodoptera frugiperda cells, as previously
described.”® Fresh monolayers of Trichoplusia ni cells were
infected with plaque purified recombinant virus at an MOI of
2 and cultured in serum-free media for 72h. Recombinant
SP-B,c was purified from the culture media of infected insect
cells by NTA affinity chromatography, under non-denaturing
conditions, as previously described.® Purified SP-B,- was
incubated with immunoprecipitates from the stable trans-
fectants of control, napsin A or either mutant in an
incubation buffer (0.1M sodium acetate, 20mM EDTA,
pH 4.7) at 37°C for 2 h.

Immunofluorescenca

Cells grown on coverslips were fixed (4.0% formaldehyde in
PBS, pH 7.4, 10 min), permeabilized (0.1% Triton X-100 in
PBS, 3min) and blocked for 30 min in medium containing
5% normal goat serum. After rinsing with PBS,
immunostaining was performed by incubating the cells with
antibodies in the following order with rinsing between
antibodies: anti-HA (2ng/ul; clone 3F10; Roche Molecular
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Biochemicals), Cy3-conjugated anti-rat IgG (H+1L) (1:100;
Jackson ImmunoResearch, West Grove, PA, USA), anti-
LAMP-1 (1:200; BD Biosciences, Palo Alto, CA, USA) and
fluorescein-conjugated anti-mouse IgG heavy and light chain
(1:30; Calbiochem). Coverslips were mounted onto slides
with VECTASHIELD Mounting medium with DAPI
(H-1200, Vector Laboratories Inc., Burlingame, CA, USA).
Cells were visualized by an immunofluorescence microscope
(Axioplan 2 imaging, ZEISS). Cells in collagen gels were
stained after digestion of collagen with 100 U/ml collagenase
(Sigma-Aldrich Sweden AB, Stockholm, Sweden) for 15 min.
Cells were fixed (4.0% formaldehyde in PBS, pH 7.4, 15 min),
permeabilized (0.5% Triton X-100 in PBS, 15min),
incubated (0.5mg/ml sodium borohydrate in PBS) and
blocked for 30 min in medium containing 5% normal goat
serum. After rinsing with PBS, immunostaining was
performed as above,

RESULTS

Lack of Napsin A mRNA Expression in Renal Cell
Carcinoma

Napsin A mRNA expression was examined in normal and
cancerous kidney tissue using in situ hybridization (Figure 1).
In normal kidney tissue, napsin A mRNA expression was
observed in proximal convoluted and straight tubules
and collecting ducts in agreement with previous reports
(Figure la and b).\#18 Twenty-nine renal carcinomas were
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Figure 1 Analysis of napsin A mRNA expression In kidney tissues by in situ
hybridization. In normal parts of the kidney, proximal convoluted tubules
{a), proximal straight tubules and collecting ducts (b) showed napsin A
expression, One positive case of renal cell carcinoma, which expressed
napsin A mRNA (a grade Il tumar), is shown (€. The majority of renal
carcinomas studied did not express napsin A mRNA (d). Magnification x 40.
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examined (10 grade I, 12 grade 1T and 7 grade ITI tumors).
Only one of these tumors (a grade II tumor) showed
detectable napsin A mRNA expression (Figure 1c), whereas
the remaining 28 renal cell carcinomas examined did not
show napsin A signals above background (Figure 1d).

Generation and Characterization of Cells Expressing
Wild-Type and Catalytically Defective Napsin A

The observation of downregulation of napsin A in kidney
tumors prompted us to generate kidney tumor cells that
stably express napsin A. HEK293 is a tumorigenic cell line
originally derived from human embryonic kidney cells by
transfection of adenovirus type 5 DNA.?* This cell line does
not express a detectable amount of napsin A."* An HA-tagged
¢DNA napsin A construct (Figure 2a) was generated and
transfected into HEK293 cells. Three clones that were stably
expressing napsin A (napsin 1, napsin 2 and napsin 3) were
isolated, together with two clones transfected with empty
vector as a control. We also generated a mutation in the
catalytic site by changing Asp283 into an Asn (napsin®***M)
(Figure 2a). The mutant was transfected into HEK293 cells
and clones stably expressing the mutant were selected (clones
napsin®***¥ 21 and napsin™* 22). The level of expression
of wild-type and mutated napsin A was comparable in these
clones (Figure 2b). Napsin A expression was also analyzed by
immunofluoresence staining and we found > 99% of the cells
to stain positive. Cells expressing the mutant had similar
population doubling times as napsin A transfectants and
significantly (P<0.001) longer time than control cells
(25.3£1.3 and 24.9 £ 1.5h for control 1 and 2; 29.2 £ 0.4 and
27.2+ 1.6 h for napsin 1 and 2; 29.4 £ 3.5 and 31.4 + 1.2 h for
1'1&11:vsinma""I 21 and 22).

NT
SIGNAL PLFTIDE
il
narsina | | oo 0283
P 220
L]
nassIN | [ o Nze3
25 &0 420
b =0l
CONTROL  NAPSINA  NAPSIN
T 2 § 3 3 mm
ant-HA | —-— g v |

intbuin [ - o O e |

Figure 2 (a) Structures of wild-type and mutant napsin A cDNA constructs.
The first amine acld (Met) predicted from the full cONA sequence s
numbered as 1. Deduction of the Initial residue of mature protein is based
on the result by Schauer-Vukasinovic et al.®® In napsin™®™ Asp™? in the
catalytic site was changed to an Asn by site-directed mutagenesis. Napsin
cDNA constructs have HA tags in their C-termini, (b) Protein expression
levels of each clone. Clones that express napsin A or the catalytically
inactive napsin®*** protein were analyzed together with control clones
transfected with empty vector. The expression level is shown by western
blotting using an anti-HA antibody with tubulin as control.
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We examined whether the D283N mutation resulted in
loss of catalytic activity and whether the mutation altered the
processing and intracellular localization of the enzyme. The
N-terminal propeptide of proSP-B has been reported to be a
physiological substrate of napsin A.'® Mutation of the cata-
Iytic aspartic acid residue D283 resulted in loss of the ability
of napsin to cleave a truncated form of recombinant proSP-B
(SP-Bac) (Figure 3a). Napsin A is synthesized in a proform
and processed into the mature form by removal of its
N-terminal prosegment. The mature protein is glycosylated
in some or all of the three potential N-linked oligosaccharide
attachment sites.”® Wild-type napsin A and napsin®***™ both
migrated as 41kDa proteins in SDS-PAGE (Figure 3b).
Deglycosylation by endoglycesidase F resulted in a decrease
in the molecular weight to 38 kDa (Figure 3b), in agreement
with the estimated molecular weight (38.9kDa) of mature
napsin A. These results suggest that wild-type and mutant
napsins were glycosylated in the same way. As inactivation of
the catalytic site did not affect processing, maturation of
napsin A is not dependent on intramolecular autocatalysis in
HEK293 cells.

Finally, to examine if the D293N mutation affects the in-
tracellular localization of napsin A, we generated an expres-
sion vector expressing wild-type napsin A fused with GFP.
This vector was transfected into cells expressing either wild-
type or mutated napsin A containing an HA tag. As shown in
Figure 3c, mutated napsin A (stained with a Cy3-labeled
antibody) colocalized with wild-type napsin A (GFP), sug-
gesting that mutation in the catalytic site did not affect the
localization of napsin A.

Napsin A Expression Leads to Tube Formation and
Reduced Colony Formation in Soft Agar Independent
of Its Catalytic Activity

The phenotype of the HEK293 cell clones expressing wild-
type or mutant napsin A was examined in detail. The cells of
different clones were grown in collagen gels for 2 weeks.
Phase-contrast microscopy showed that napsin A-transfected
cells formed tube-like structures with branching morphology
in the collagen gels whereas control cells did not (Figure 4a).
Cells expressing napsin™**™ also formed tube-like structures
in collagen (not shown). The difference in the organization of
the cells in the collagen gels was more clearly discerned after
DAPI staining of cell nuclei (Figure 4b). Napsin A-expressing
cells formed cyst-like structures whereas control cells did not
(Figure 4b and c). Interestingly, napsin A staining was ob-
served in the center of the cyst-like structures (Figure 4c).
These results suggest that napsin A promotes differentiation
of HEK293 cells.

To determine whether the change in phenotype was asso-
ciated with an altered ability for anchorage-independent
growth, the ability of these cell lines to form colonies in soft
agar was determined. All three clones of napsin A-expressing
cells formed fewer colonies in soft agar than control clones
(Figure 5). Cells expressing 1’1:1])5&1'1”:53N formed a similar
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Figure 5 Inhibition of anchorage-independent growth of HEK293 cells by
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tumors during the observation period (141 days). Similarly,
the napsin®**M.expressing clones formed tumors with
delayed onsets (onset: day 46 to day 102). Five injections out
of 10 (3 from napsinmg"” 21 and 2 from 1'|;11:asi1'|r'm'k‘I 22) did
not form tumors during the observation period. These data
show that expression of wild-type napsin A and catalytically
defective napsin A delayed tumor formation of HEK293 cells
in SCID mice.

DISCUSSION
Napsin mRNA expression is detected in mesonephric tubules
of the mouse kidney at embryonic day 13." Expression is
observed in proximal convoluted tubules in the mouse'® and
human (this study). Despite the fact that renal cell carci-
nomas arise mostly from proximal convoluted tubules,®
napsin A mRNA was detected only in one of 29 cases of renal
cell carcinoma. This result is consistent with a previous
report where no staining of napsin A was observed in 15 cases
of renal cell carcinoma by immunohistochemistry.'® A
similar pattern of napsin expression during embryogenesis
and carcinogenesis is observed in the lung. Napsin expression
is detected at the onset of differentiation of type II cells at
embryonic day 15'° and is maintained in type 1T cells in the
adult.'"""* Napsin A is expressed in well-differentiated lung
adenocarcinomas, whereas expression is weak in poorly
differentiated tumors.*>'®
Napsin A has no known role in kidney. The pattern of
napsin A expression during development and carcinogenesis
raises the possibility that napsin A may have a function in
inducing and/or maintaining the differentiated state. We
engineered HEK293 kidney cells to express napsin A cDNA.
Napsin A is strongly expressed in normal kidney and lung
tissue; in the lung, napsin A was originally identified as a
strong spot (TA02) on two-dimensional gels” and kidney
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Figure 6 Tumor growth of HEK293 cells in SCID mice, SCID mice were subcutaneously injected with 2 » 10° cells at the dorsal flank. Each group consisted of
five mice. Data are mean & s.e.m. Cells expressing wild-type napsin A and napsin®2*3" showed reduced growth of tumors compared with control cells.
Animals with large tumors were killed In accordance with local ethical committee regulations.

igation.org | Laboratary Investigation | Violume 88 March 2008

261



Napsin A supp tumor growth
T Ueno #t o/

expression has also been reported to be strong.'® We were
therefore not concerned that stably transfected cells would
express unphysiological levels of the protein. Napsin
A-transfected HEK293 cells had somewhat (10-20%) longer
population doubling times compared with vector-transfected
cells. Interestingly, when napsin A-expressing cells were
grown in three-dimensional collagen gels, they were found to
form cyst-like structures. Induction of this phenotype was
not dependent on the catalytic activity of napsin A. Although
the mechanism(s) involved is presently unknown, this result
suggests that napsin A may have a function in the differ-
entiation of kidney epithelial cells.

Napsin A-expressing HEK293 cells showed a reduced
capacity for anchorage-independent growth. Furthermore,
napsin A-expressing cells formed tumors in SCID mice with a
lower efficiency and with a delayed onset. This finding is
consistent with an association of napsin A in maintaining a
higher degree of differentiation of kidney epithelial cells. The
inhibition of anchorage-independent growth and tumor
formation was found to be independent of the catalytic
activity of napsin.

Previous studies have implicated aspartic proteases in tu-
morigenesis. Cathepsin D has been shown to stimulate cancer
growth in vitro and in vivo.®*?? Downregulation of cathepsin
D by antisense methods leads to decreased tumorigenicity of
breast cancer cells in nude mice.’® Interestingly, a mutated
cathepsin D lacking its catalytic activity stimulates cancer cell
proliferation as efficiently as the wild type.® It has been
hypothesized that stimulation of cancer growth by cathepsin
D is mediated by an as yet unknown receptor.” As the overail
structure of napsin A is similar to that of cathepsin D, one
possible mechanism of tumor suppression by napsin A is that
napsin A may antagonize the growth stimulatory effect of a
hypothetical cathepsin D receptor.

The localization of the catalytic mutant was found to be
indistinguishable from that of wild-type napsin A. Further-
more, the mutant enzyme was processed and glycosylated in
the same way as wild-type napsin A. Different activation
mechanisms have been described for aspartic proteases, in-
cluding autoactivation (pepsinogen®'), activation in trans by
other enzyme(s) (prorenin®®) and a combination of auto-
activation and assisted cleavage (procathepsin D*). A pre-
vious study showed that purified napsin A does not cleave a
15-amino-acid peptide covering its own propeptide cleavage
site.*® This suggested that napsin A is not activated by auto-
activation. Our data directly show that processing of napsin
A is not dependent on intramolecular autocatalysis, at least
not in HEK293 cells.

In conclusion, we showed that napsin A suppressed tumor
growth in HEK293 cells independent of its catalytic activity.
Further insight into the mechanim(s) involved may help in
defining targets for therapeutic intervention in renal cancer.
One possible strategy would be to reintroduce napsin A into
cells, Other strategies could involve design of drugs or other
agents that mimic the activity of napsin A. It is important to
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further elucidate the mechanisms of tumor suppression by
napsin A to better understand the biology of kidney cancer
development.
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letters to the editor

Prolonged neutropenia after
dose-dense chemotherapy with
pegdfilgrastim

In the dose-dense (DD) chemotherapy trial result reported by
Piedbois et al. [1], they found more hematological toxicity
leading to treatment discontinuation in the pegfilgrastim
supported DD chemotherapy arm, The manufacturer's product
information for pegfilgrastim indicates that it should be used
once per chemotherapy cycle and should not be used in the
period between 14 days before and 24 h after administration
of cytotoxic chemotherapy, which is not practically possible
in DD chemotherapy. Although pegfilgrastim has not been
approved in Japan, we observed an episode of prolonged
neutropenia in a Japanese patient who had undergone DD
doxorubicin plus cyclophosphamide (AC) neo-adjuvant
chemotherapy in the United States before being referred to
us to continue chemotherapy then perform resection.

She was a 48-kg female in her mid-30s who presented at
the Ithaca Medical Group clinic (New York) with locally
advanced breast cancer. She underwent four cycles of DD
AC, with pegfilgrastim 6 mg s.c. on day 2 of each cycle. Her
absolute neutrophil count (ANC) was 2350/mm°, 3650/mm°,
4150/mm?®, and 7300/mm® at the start of the each cycle.
After the forth AC cycle, she was referred to us for further
chemotherapy. ANC at day 20 of the forth AC cycle was
3300/mm” but decreased to 500/mm’® on day 26, Therefore,
we had to postpone chemotherapy. Two weeks later (1 week
after the last dose of filgrastim), the patient’s ANC recovered
to 1500/mm” and she received the first cycle of docetaxel
(100 mg/m?). She had received a total of 14 administrations
of filgrastim starting from day 3 of the first cycle of doceataxel
and had been severely neutropenic from day 7 (300/mm®) to
day 22 (300/mm”). Her ANC on days 29 and 36 were 600/mm?
and 1100/mm®, respectively. Due to prolonged neutropenia,
we decided to proceed to surgery. The patient has completed
weekly paclitaxel as adjuvant chemotherapy, begun 3 months
after the last docetaxel, with no major hematalogical toxicity.

Serum pegfilgrastim remained clevated in some patients
even 14 days after the administration [2] and this seems
dependent on weight-adjusted dose [3]. Chemotherapy
administration during this period may very well cause
more bone marrow suppression. It is possible that a 6-mg
dose of pegfilgrastim is too large for Japanese patients in
general. In our patient, the clevated ANC (3300/mm’) on
day 20 and grade 4 neutropenia on day 26 suggests that the
effect of pegfilgrastim lasted at least 3 weeks, We therefore

Annals of Oncology 18: 10191026, 2008

caution against the routine use of pegfilgrastim in DD
chemotherapy until an optimal dose in this setting is
ascertained, especially for low-weight patients. We strongly
recommend that the European Society of Medical Oncology
warns oncologists against the routine use of pegfilgrastim in
DD chemotherapy, which is not an indication approved, and
in which situation the drug has never been formally tested
for optimal dosage. Such a recommendation would be
particularly effective if made through the Annals of Oncology,
given that this journal is well known and influential
publication for clinical oncologists worldwide.
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