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Abstract

Anti-aromatase therapy is important in the treatment of breast cancer in postmenopausal women. Cyclooxygenase-2 (COX-2) inhibitors
have been shown to be effective in chemoprevention in animal and clinical studies, A proof of principle study was performed to investigate
the efficacy of combing anti-aromatase therapy (exemestane) and COX-2 inhibitors neoadjuvantly in hormone-sensitive postmenopausal
breast cancers, The initial results are reported. The patients were randomly assigned to receive exemestane 25 mg daily and eelecoxib 400 mg
twice daily (group A), exemestane 25 mg daily (group B) and letrozole 2.5 mg daily (group C). The analysis was based on 20 patients who
received at least one cycle of treatment. Fourteen patients completed two cycles and 12 patients three cycles. All groups showed clinical
response and there was decrease in tumor area in each group. However, complete clinical response was only observed for group A patients.
There was also progressive decline in blood CEA and CA15.3 levels but the differences between the three groups were not significant. The

results of the preliminary analysis are encouraging but definitive conclusion could only be drawn afier the completion of the study.

© 2003 Elsevier Lid. All rights reserved.
Keywords: CAAN; COX-2; Breast cancer

1. Introduction

Breast cancer is the leading cause of death among women
between the ages of 30 and 60 years. In the United States,
an estimate of about 180,000 new cases of breast cancer are
diagnosed each year and roughly 40,000 women will die
from it each year, The incidence of breast cancer in Asia is
also shown to be increasing recently, especially in the more
affluent cities [1]. Breast cancer has become such a major
health care issue that researchers and clinicians all over the
world have shown great efforts in the past decades to find
out a safe, cheap and effective treatment option.

Breast cancer is commonly associated with female hor-
mones exposure. Growth stimulation of human breast cancer
by sex hormones has been known for more than 100 years,
In fact, Beatson demonstrated that oophorectomy could lead
to shrinkage of breast tumors in premenopausal women in
1896 [2]. It is commonly accepted now that most breast
cancers are hormone dependent. Our previous study showed

® Presented at the VI 1 I A Conft ARO-
MATASE 2002, Kyoto, Japan, 26-30 October 2002.

* Corresponding author. Tel.: +86-852-2855-4773;
fax: +86-852.2817-229],

E-mail address: Iwechow@hkuce hku.hk (L.W.C. Chow),

0960-0760/% - see from matter © 2003 Elsevier Lid. All rights reserved.
doi:10.1016/S0960-0760(03 )00355-8

that about 55% of patients possessed hormonal receptors
and the frequency of hormonal receptor positivity increased
with advancing age [3). This special feature of breast can-
cer provides an opportunity for researchers to investigate
the usefulness of endocrine therapy in the management of
breast cancer. Current researchers are focusing their effors
on the use of aromatase inhibitors.

Aromatase is an enzyme complex consisting of a cy-
tochrome P-450 hemoprotein and a flavoprotein. Its func-
tion is to convert C-19 androgen, such as testosterone and
androstenedione, to C-18 estrogen such as estradiol and es-
trone. The aromatization of adrenal androgens to estrogen is
taking place mostly in the peripheral tissues like fat and mus-
cle. Aromatization could also occur in breast cancers and
the activity is mainly happening in the epithelial cells [4].

The cyclooxygenase enzymes are important for the con-
version of arachidonic acid to prostaglandins, and their
metabolites play a pivotal role in multiple physiologic and
pathophysiologic processes, The inducible isoform, COX-2,
is commonly over-expressed in breast-cancer. Recent work
suggests that COX-2-derived metabolites may contribute
at multiple points throughout umorigenesis, including pre-
malignant hyperproliferation, transformation, maintenance
of tumor viability, growth, invasion, and metastatic spread.
It may also promote tumor-specific angiogenesis, inhibit
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apoptosis and induce proangiogenic factors such as VEGF,
inducible nitrogen oxide synthetase (iNOS) promoter, IL-6,
IL-8 and TIE-2 [5).

The clinical efficacy and tolerability of anti-aromatase
agents have been demonstrated. Recent clinical trials show
that these agents, whether type 1 or I1, could improve the
objective response (OR) rates by about 3—-10% and the me-
dian survival by about 3 months for metastatic breast cancer
even after tamoxifen failure [6]. Celecoxib (CXB) is a se-
lective cyclooxygenase-2 inhibitor. It has chemopreventive
and chemotherapeutic properties in rodent models of breast
cancer.

The present trial is a proof of a principle study to eval-
uate the treatment efficacy of exemestane in combination
with CXB in the neoadjuvant setting for postmenopausal
hormonal receptor positive patients. As both drugs are well
tolerated, most patients would be able to complete the treat-
ment and we would be able to show the objective response
rate in a documented fashion.

2. Patients and methods

Local Ethics Committee approval was obtained for this
trial. Ninety patients are intended to be recruited. They
should be postmenopausal with proven breast cancer, They
should have a ECOG performance status of 3 or less of a
Kamofsky score of 70 or above. They should be able to give
written consent and follow instructions well. The clinical
size of the umor should be 3 cm or greater.

The diagnosis of breast cancer was confirmed by mam-
mographic examinations and cytological examinations of
the fine needie aspirates. Routine staging workup, includ-
ing chest X-rays, ultrasound of the liver and bone scan, was
performed. Core biopsy was taken for histological typing as
well as determination of the status of the molecular markers
and hormonal receptors. If there were no reasons for exclu-
sion (Table 1), the nature and purpose of the trial was ex-
plained to the patients and informed consent was obtained
for inclusion in the trial.

Blood was drawn from the patients the day before treat-
ment was started and on completion of each cycle of treat-
ment. The blood tumor markers including CEA and CA15.3
were determined.

Table |
Exclusion eriteria

Negative estrogen receptor status

Known sensitivity to anti drugs or celecoxib

Major cardiac disease or LVEF <50%

Coronary antery disease

Active liver disease

Renal impairment

Prior history of other malignancy within § years of study entry, aside
from basal cell carcinoma or the skin or carcinoma-in-situ of the
uterine cervix

The patients were randomized into one of the three groups
according to the preset random number. Group A patients
were given exemestane 25 mg daily and celecoxib 400 mg
twice daily. Group B patients were given exemestane 25 mg
alone. Group C patients were given letrozole alone. The
treatment will be given as monthly cycles. Each patient will
be treated for 3 months and surgery will be performed within
7 days afier the last cycle. Therefore, the total duration of
treatment was 3 months or up until operation was performed.
If operation was refused, the last end-point assessment for
inclusion into study should be 90th day after commencement
of treatment.

The assessment of tumor diameter was performed before
starting treatment and also monthly until completion of
neoadjuvant therapy. The clinical assessment will be per-
formed by measurement with calipers. The response was
defined according to the standard UICC criteria. Partial re-
sponse was taken as a 50% or greater reduction in the prod-
ucts of the two maximum perpendicular diameters, Complete
response was taken as complete resolution of the tumor.

2.1. Satistical analysis

Parameters were compared using the SPSS for Window
release 9.0 (SPSS Inc., USA). One-way ANOVA tests were
used to compare means in each group. Fisher's exact test or
chi-square test were used to compare the number of events
between groups. All values were expressed as mean and
standard error of mean (S.E.) unless otherwise stated. P <
0.05 was considered as statistically significant.

3. Results

Twenty patients were recruited from May to September
2002. All of them were postmenopausal women. The mean
age was 64.4 years (S.E. = 2.88). They were randomized
according to the preset number. Nine were randomized to
group A, four to group B and seven to group C. As the
trial is on going, the results presented here are only from a
preliminary analysis.

Fourteen patients completed 2 months and 12 completed
3 months of treatment, Of the 12 patients, five were assigned
to be in group A, four in group B and three in group C.
Seven patients underwent modified radical mastectomy. The
analysis is based on the clinical data collected so far.

The initial largest tumor diameters were 4.61 cm (S.E. =
0.68), 4.13cm (S.E. = 0.67) and 3.76cm (S.E. = 0.47) for
the respective groups of A, B and C. The original areas for
the corresponding groups were 22.21 cm? (S.E. = 6.52),
142cm? (S.E. = 232) and 12.79em® (S.E. = 2.55).
The compliance was good and there was no defaulter. The
changes in tumor diameter and area were shown in Figs. |
and 2. All groups showed clinical response and there was
a decrease in tumor area in each group. But the differ-
ences were not significant between the three groups. When
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Fig. 1. Reduction in clinical tumor mize after three different types of
neoadjuvant 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
necadjuvant treatment

Table 2
Changes of blood CEA levels during the period of neoadjuvant trearment
Prestreatment  1st month 2nd month  3rd month
Group A 3.33 (0.96) 3.09 (0.73) 320 (093) 2.0 (0.36)
Group B 234 (0.33) 240 (047) 313 (.26) 2,00 (0.20)
Group C 2.14 (0.38) 1.77 (0.53) 1.57 (033) 0.70 (0.01)
The values in hesis rep dard error of mean.
s
s
A GroupC
® Group B
® Group A

Fig. 3. Percentage reduction from baseline of tumor area for the 12 patients who completed three cycles of necadjuvant treatment.
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Table 3
Changes of blood CA15.3 levels during the period of necadjuvant treat-
ment

Pre-treatment |5t month Ind manth 3rd month

Group A 27.96 (8.59) 2834 (7.54) 1852 (4.16) 1917 (11.68)
Group B 3943 (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 1o significant reduction in the number 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 2 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 [E]. The interconnecting pathway may involve epi-
dermal growth factor (EGF), transforming growth factor-p
(TGF-p) 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 1rial is conducted in postmenopausal
hormonal-sensitive breast cancer patients to investigate the
efficacy of neoadjuvant 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 tumors to sizes suitable
for conservative surgery. Secondly, the sensitivity of the

tumor to 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 cffective [ 18-20]. Eleven of the 12 patients given
I mg and seven of 11 patients given 10 mg 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 10 undergo breast-conserving
surgery afier 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 T 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 withour 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 ann using letrozole 2.5 mg daily is also
added as control. The objectives of the study are to 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 effective. However, the results presentéd 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 2.5 mg daily and imatinib 400 mg twice daily preoperatively, End-points of this study included clinical and
pathologic responses, toxicities, and change in ['*FJfluorodeoxyglucose (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 (38.3%) 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 35% of patients possessed hormonal
receplors, 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 lreat or even pre-
vent endocrine-resistant tumor growth. /n vitre 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 (CD117) 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 & 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 orally in the form of 100-mg capsules 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 cthics committee. 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 3cm
or more; Eastern Cooperative Oncology Group (ECOG)
performance status <3; acceplable cardiac function with
left ventricular ejection fraction (LVEF) = 50%; acceptable
liver function with bilirubin, aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) within institu-
tion normal range; acceptable renal function with serum
creatinine <150 pmol/L. and glomerular fltration rate
(GFR) >40 ml/min. All patients were able to give a 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 <350%, 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 status
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[14], viial 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 assessmenits

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
['®F)fluorodeoxyglucose (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 in less than 10% of cells. Cases with a
score of 1+ 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 < 0.05 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 52 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-

Table 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
Initiz) tumor size
Mean LD in em (SD) 47 2.81
Mean Area in cm® (SD) 27.44 39.25

Hormonal receptor status/oncogene expression”
Estrogen receptor
Weak positive (1+) -

Moderate positive (2+) 2 154
Strong posilive (3+) 11 B4.6
Progesterone receptor
Weak positive (1+) 2 15.4
Moderate positive (2+) 3 23.1
Strong positive (3+) g8 61.5
CerbB2 oncogene
Non-overexpressed (2 + or below) 11 B4.6
Overexpressed (3+) 2 154
C-kit expression®
Negative -
Positive" 8 61.5
ND 5 38.5

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

* Determined by immunohistochemistry,

® All are moderately stained with scores between 1+ and 2+,
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Fig. 3. Grade 3/4 reporied adverse events occurring in 2 10% of patients, No grade 4 loxialy was observed.

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 1 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-

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] 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.

References

(1) DM. Parkin, F. Bray, J. Ferlay, et al, Global cancer
statistics, 2002, CA Cancer J, Clin. 55 (2005) 74-108,

[2] A. Jemal, T. Murray, E. Ward, et al., Cancer statistics, 2005,
CA Cancer J. Clin, 55 (2005) 10-30,

[3] LW.C. Chow, P. Ho, Hormonal receptor determination of
1052 Chinese breast cancers, J. Surg. Oncol. 75 (2002) 172~
175,

(4] J.M. Nabholtz, D. Reese, Anastrozole in the management of
breast cancer, Expert Opin. Pharmacother. 3 (2002) 1329~
1339.

[5] Q. Lu, J. Nakmura, A. Savinov, el al,, Expression of
aromatase protein and messenger ribonucleotide acid in
tumor epithelial cells and evidence of functional significance

of locally produced estrogen in human breast cancers,
Endocrinology 137 (1996) 3061-3068.

[6] M. Clemons, P. Goss, Estrogen and the risk of breast cancer,
N. Engl. J. Med. 344 (2001) 276-285,

[7] B. Thilrlimann, A. Keshaviah, A5, Coates, et al, A
comparison of letrozole and tamoxifen in postmenopausal
women with early breast cancer, N. Engl. J. Med. 333 (2005)
2747-2757.

8] T. Simoncini, A. Hafezi-Moghadam, D P. Brazil, Interaction
of oestrogen receptor with the regulatory with the regulatory
subunit of phosphatidylinositol-3-OH kinass, Nature 407
(2000) 538-541.

9] A.V. Lee, J.G. Jackson, J.L. Gooch, et al., Enhancement
of insulin-like growth factor signaling in human breast
cancer: estrogen regulation of insulin receptor substrate-1
expression in vitro and in vivo, Mol Endocrinol. (3)
(1999) 787-796,

[10] P. Webb, G.N. Lopez, R.M. Uht, et al,, Tamoxifen activa-
tion of the estrogen receptor/AP-1 pathway: potential origin
for the cell-specific estrogen-like effects of antiestrogens,
Mol. Endocrinol. 9 (1995) 443456,

[11] ). Font de Mora, M. Brown, AIBI is a conduil for kinase-
mediated growth factor signaling to estrogen receptor, Mol.
cell. Biol. 20 (2000) 50415047,

[12] R.I. Nicholson, M.E. Harper, L.LR. Huicheson, et al,
ZD1839 (Iressa) improves the antitumor activity of tamox-
ifen in anti-hormone-responsive breast cancer cells, Clin,
Cancer Res. 7 (2001) 3766s.

[13] R. Capdeville, E, Buchdunger, J. Zimmermann, et al.,
Glivec (STI571, imatinib), a rationally developed, targeted
anticancer drug, Nat. Rev. Drug Discov. 7 (2002) 493-
502.

[14] M.M. Oken, R.H. Creech, D.C. Tormey, et al., Toxicity and
response criteria of the Eastern Cooperative Oncology
Group, Am. 1. Clin, Oncol. § (1982) 649-655.

[15] J.L. Hayward, P.P. Carbone, 1.C. Heusen, et al., Assessment
of response of therapy in advanced breast cancer, Br. J.
Cancer 3 (1997) 292-298,

[16] Common Terminology Criteria for Adverse Events v3.0
(CTCAE), National Cancer [nstitute. Available from:
“hittp://etep.cancer.pov/Torms/CTCAEVS.pdl  [December,
12 2003),

[17] R.W. Brueggemeier, Update on the use of aromatase
inhibitors in breast cancer, Expert Opin. Pharmacother. 7
(2006) 1919-1930,

(18] R. Mokbel, 1. Karat, K. Mokbel, Adjuvant endocrine
therapy for postmenopausal breast cancer in the era of
aromatase inhibitors: an update, Int. Semin. Surg. Oncol. 3
(2006) 31.

[19] LE, Smith, M. Dowsett, Aromatase inhibitors in breast
cancer, N, Engl. J. Med. 348 (2003) 2431-2442,

[20] P.E. Goss, J.N. Ingle, S. Martino, et al., Randomized trial
of letrozole following tamosxifen as extended adjuvant
therapy in receptor-positive breast cancer: updated findings
from NCIC CTG MA.17, 1. Natl, Cancer Inst, 97 (2005)
1262-1271.

[21] R.C. Coombes, E. Hall, L.J. Gibson, et al., A randomized
trial of exemestane after two to three years of tamoxifen
therapy in postmenopausal women with primary breast
cancer, N. Engl. J. Med. 350 (2004) 10811092,

[22] ATAC Trialists' Group, Results of the ATAC (Arimidex,
Tamoxifen, Alone or in Combination) trial after completion



238 L W.-C. Chow et al. | Cancer Letrers 262 {2008) 232-238

of 5 years’ adjuvant treatment for breast cancer, Lancet. 365
(2005) 60-62.

[23] R. Clarke, M.C. Liu, K.B. Bouker, et al.,, Antiestrogen
resistance in breast cancer and the role of estrogen receplor
signalling, Oncogene 22 (2003) 7316-7339.

[24] B. Moy, P.E. Goss, Estrogen receptor pathway: resistance to
endocrine therapy and new therapeutic approaches, Clin.
Cancer Res. 12 (2006) 4790-4793,

[25] L.W.C. Chow, M. Toi, Celecoxib anti-aromatase neoadju-
vant (CAAN) trial for locally advanced breast cancer, Breast
Cancer Res, Treat. 94 (2005) 5240, abstract.

[26] A.T. van Oosterom, LR, Judson, J. Verweij, et al, Update
of phase I study of imatinib (STI571) in advanced soft tissue
sarcomas and gastrointestinal stromal tumors: a report of
the EORTC Soft Tissue and Bone Sarcoma Group, Eur. 1.
Cancer. 38 (2002) S83-587,

[271 M.L. Harrison, D. Goldstein, Management of metastatic
gastrointestinal stromal tumour in the Glivec era: a practical
case-based approach, Intern. Med. J. 36 (2006) 367-377.

[28] R. Kerkeld, L. Grazette, R. Yacobi, et al,, Cardiotoxicity of
the cancer therapeutic agent imatinib mesylate, Nat. Med. 12
(2006) 908-916,



Laboratory Investigation (2008) 88, 256-263
€ 2008 USCAP, Inc All rights reserved 0023-6837/08 53000

The aspartic protease napsin A suppresses tumor
growth independent of its catalytic activity

Takayuki Ueno', Géran Elmberger', Timothy E 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 Il cells of the lung, where it Is involved in the processing of surfactant protein B (SP-B). Napsin A s 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 efficiency 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 cxprﬂsc}.‘l in the lung and
the kidney.*'* Napsin A is expressed in type IT 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 I
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.'™™” 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‘!i.lh.lﬂ

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 0.1 M triethanolamine buffer (5min) and treated
with triethanolamine containing 0.25% acetic anhydride for
10 min. Sections were washed in 2 x S5C, dehydrated and
allowed to air-dry. After overnight hybridization (2 x SSC,
50% formamide, 10% dextran sulfate, 55°C) with an
*5.labeled RNA probe (1.16 x lﬂsc‘p.m..-‘pl). sections were
washed (the most stringent step being 0.1 x 55C, 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 (Promega, Madison, W1, USA) from a pCMS-
EGFP vector (Clontech, Palo Alto, CA, USA) containing an
Nhel/EcoRl napsin A full-length cDNA. 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, agegctageatgtetecaccaccgetget
(primer N1); 3' primer, cgcgaatictcaagegtagtctgggacgteg
tatgggtacceggggaactgegectgeg (primer N2). A PCR fragment
was subcloned into pEGFP-N3 vector (Clontech) at Nhel and
ECoRI 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, catcctgaatacgggcacgtcccteate; 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% COQ, 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 anti-HA antibody (clone 3F10;
Roche Molecular Biochemicals, Mannheim, Germany).

Western Blotting

Samples were separated by electrophoresis in 12% 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 1 h 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 cach cell line, 1 % 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 1.5 ml of type I collagen
gel solution containing 66% vitrogen 100 (Cohesion Tech-
nologies, Palo Alto, 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 subcutaneously at the right and left
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