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Purpose: Obesity-related leptin and leptin receptor
(OBR) have a relation to the development of cancer and
metastasis and also the low survival rate for breast
cancer patients. Leptin has been associated with in-
creased aromatase activity and it displays functional
cross-talk with estrogen. This study was designed to
determine the relationship between the expression of
leptin and OBR in breast cancer tissue and the prognosis
of early-stage breast cancer patients, and especially for
the tamoxifen-treated patients.

Materials and Methods: Ninety-five patients with early-
stage breast cancer and who had undergone surgical
treatment at Kyung Hee University Hospital between
January 1994 and June 2004 were analyzed. The surgical
specimens underwent immunohistochemical analysis for
leptin and OBR. The patients’ survival and clinical char-
acteristics were obtained from the medical records.

Results: Of the 95 patients, 79 (83%) and 32 (33.7%)
showed the expression of leptin and OBR in breast can-
cer tissue, respectively. The expression of leptin and

INTRODUCTION

With the changes of modern life style, the incidence of breast
cancer now ranks as the number one cancer for Korean females.
Among the risk factors for breast cancer, obesity has been fo-
cused on and especially for postmenopausal women (1). Obesi-
ty in postmenopausal women increases the estrogen level through
activation of aromatase and thereafter the women may develop
breast cancer (2).

Leptin is an adipocyte-derived cytokine, and it is an impor-
tant mediator of obesity. Leptin is secreted from normal or ma-
lignant breast tissue as well as from adipose tissue, and it’s in-
volved in carcinogenesis of breast tissue and in the proliferation
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OBR in breast cancer tissue was not significantly related
to the clinicopathological characteristics, including obe-
sity, the expression of hormonal receptor, the HER-2/neu
expression, menopause, stage and the nuclear grade. The
expression of leptin and OBR was not significantly related
to the overall disease-free survival (DFS). For the
tamoxifen-treated postmenopausal obese patients, the
DFS of the leptin-positive group was higher than that of
the leptin-negative group (p=0.017).

Conclusion: The expression of leptin and OBR in breast
cancer tissue may be not a prognostic factor for
disease-free survival of breast cancer patients. In the
future, further studies are needed to determine whether
leptin expression could be a predictive factor for tamo-
xifen therapy in the postmenopausal obese subgroup
among the early breast cancer patients. (Cancer Res Treat.
2006;38:126-132)

Key Words: Leptin, OBR, Early breast cancer, Obesity,
Postmenopause, Tamoxifen

and angiogenesis of breast cancer cells (3). Leptin also has a
significant association with the progression, distant metastasis
and poor survival of breast cancer (4,5). The function of leptin
is mediated by leptin receptor (OBR) and the role of OBR has
been reported to be similar to that of leptin (6-8). It is expected
that a new treatment modality for breast cancer could come a-
bout through functional and structural inhibition of the leptin
system. This system might be helpful to create strategies to help
women survive breast cancer.

Leptin and estrogen have a functional cross-talk relationship.
Leptin induces the expression of aromatase genes in breast can-
cer cell lines and in adipose tissue, with a subsequent increase
in the local estrogen production (3). Leptin also increases the
expression of estrogen receptor, and it activates estrogen recep-
tor via mitogen-activated protein kinase (MAPK) (4). Estrogen
also controls the expression of leptin genes in the adipose tis-
sue, and especially estradiol (E»), which acts on estrogen-re-
sponsive elements that are located at the promoter sites of the
obesity genes (Ob genes) is a potent leptin secretor (5,9). Al-
though it was reported that antiestrogen treatment increased the
serum leptin level and leptin showed antiestrogen-resistance,
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the effect of leptin on antiestrogen may be controversial.

This study was designed to observe the clinicopathological
characteristics of leptin-expressing and OBR-expressing early
breast cancer. Further, we wanted to investigate the role of lep-
tin and OBR as prognostic factors for the disease-free survival
of early breast cancer patients and also as predictive markers
for tamoxifen-treated early breast cancer patients.

MATERIALS AND METHODS

1) Patients and materials

This study included 115 patients with early-stage, invasive
breast cancer; these patients received surgical treatment at the
Kyung Hee University Hospital between January 1994 and June
2004. The following 20 patients were excluded from the study:
7 patients who did not receive >80% of their planned chemo-
therapy, 12 patients who were lost to follow-up for more than
at least 1 year, 1 patient who did not receive tamoxifen therapy
although her hormonal receptor status had been positive. The
study subjects were limited to patients with stages I, Ila and
IIb disease, and only patients with invasive breast cancer were
analyzed to exclude any histological differences. The staging of
the lesion was performed according to the TNM staging system
proposed by the 2002 American Joint Committee on Cancer
(AJCC) staging classification for breast cancer (10). Sixty-one
patients received modified radical mastectomy and 34 patients
received breast conserving surgery. If needed, chemotherapy or
hormonal therapy was administered following surgery (Table 1).
Forty patients received a chemotherapy regimen that consisted
of cyclophosphamide, methotrexate and 5-fluorouracil (CMF):
cyclophosphamide 100 mg/m’/day (day 1 through day 14) was
orally administered, and the methotrexate 40 mg/m’/day (on days

Table 1. Clinical characteristics of the patients

No. %

Enrolled patients (female) 95
Duration of follow-up, 48.5

median (range, month) (14.7~127.2)
Recurrence 14 14.7
Age, median (range, year) 48 (31~72)
Menopause 45 474
BMI*, median 22.72

(range, kg/m’) (19.0~34.4)

Normal' Joverweight' fobesity’ ~ 33/20/42 34.7/21.1/44.2
Stage

I/TTa/TIb 45/23/44 47.4/24.2/463
Operation method

MRM ' /BCS' 61/34 64.2/35.8
Chemotherapeutic regimen

Anthracycline/non-anthracycline  35/40 46.6/53.4

*body mass index, ' 18.5 kg/m’<BMI<22.9 kg/m’, ¥ 23 kg/m’<
BMI<25 kg/mz, SBMI>25 kg/mz, " modified radical mastectomy,
Tbreast conserving surgery.

1 and 8) and 5-fluorouracil 600 mg/m’/day (on days 1 and 8)
were intravenously administered. This regimen was repeated at
4-week intervals thereafter. A total of 6 cycles of CMF chemo-
therapy were performed, and the patients who received >4 cy-
cles were analyzed in this study. Two patients received a che-
motherapy regimen that consisted of cyclophosphamide, doxo-
rubicin and S-fluorouracil (CAF): cyclophosphamide 600 mg/
mZ/day, doxorubicin 60 mg/mZ/day and 5-fluorouracil 600 mg/
m’/day were intravenously administered on day 1, and thereaf-
ter these drugs were repeated 4 times at 3-week intervals. Thir-
ty-three patients received a chemotherapy regimen that consist-
ed of doxorubicin and cyclophosphamide (AC): doxorubicin 60
mg/m’/day and cyclophosphamide 600 mg/m’/day were intra-
venously administered on day 1 and thereafter they were repeat-
ed 4 times at 3-week intervals. One patient received 5 cycles
of neoadjuvant CEF chemotherapy preoperatively and then 4
cycles of CMF chemotherapy postoperatively. The CEF chemo-
therapy (cyclophosphamide 500 mg/mz/day, epirubicin 50 mg/
m’/day and 5-fluorouracil 500 mg/m’/day) was given on day 1,
and thereafter this was repeated at 3-week intervals. The pa-
tients who were positive for estrogen or progesterone receptor
were defined as hormone receptor-positive, and all of these pa-
tients received maximum tamoxifen therapy for 5 years.

2) Histopathological examination

The tumor tissue specimens were immunohistochemically stain-
ed for leptin, OBR, estrogen and progesterone receptors and
HER-2/neu. After light-microscopic examination of the samples
from the 95 patients with invasive breast cancer and who re-
ceived surgical treatment, the representative paraffin-embedded
tissues that contained invasive cancer, normal mammary gland
and normal adipose tissue were selected. All of the hematoxylin
and eosin-stained slides were reviewed. For immunohistochemi-
cal staining of leptin and OBR, we used the streptavidin-biotin-
peroxidase method by using a LSAB kit (DAKO, Capenteria,
CA). Briefly, the slides were reacted with normal horse serum
that was diluted with buffered solution at 1 : 10, and the non-
specific material in the tissue was removed. The working dilu-
tions and sources of the primary antibodies used in this study
included rabbit polyclonal Ob antibody A-20 (Santa Cruz Bio-
technology Inc., Santa Cruz, CA) at 1 : 200, mouse monoclonal
Ob-R antibody B-3 (Santa Cruz Biotechnology Inc.) at 1 : 200,
rabbit monoclonal c-erbB-2 antibody (DAKO) at 1 : 200, mouse
monoclonal estrogen receptor 6F11 (Novocastra La., UK) at 1 :
50, and mouse monoclonal progesterone receptor 1A6 (Novo-
castra La.) at 1 : 100. Mouse monoclonal estrogen receptor an-
tibody 6F11 and mouse monoclonal progesterone receptor anti-
body 1A6 were applied to the slides in a moist chamber at
room temperature for 24 hours and 1 hour, respectively. The
slides were washed with Tris-buffered saline, and biotinylated
link antibody and streptoavidin peroxidase were then applied
to each slide for 30 minutes, respectively. At all the experimen-
tal steps, the slides were washed twice for 5 minutes. Peroxi-
dase staining was performed with 3, 3’ diaminobenzidine tetra-
hydrochloride (DAKO) for 5 minutes; this was followed by co-
unterstaining with Mayer’s hematoxylin, then dehydration and
mounting. The positive control for leptin staining was the nor-
mal adipose tissue, and that for OBR was the tissue from colon
cancer. Immunostaining of >10% of the invasive cancer cells
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was regarded as positive for leptin and OBR. Samples with scores
>2+ were regarded as positive for HER-2/neu. Histologic nu-
clear grading of the surgical specimens was performed accord-
ing to the Bloom-Richardson’s criteria (11), and the lymphatic
invasion was analyzed.

3) Statistical analysis

The information on disease stage, menopause, obesity, treat-
ment modalities and disease-free survival rate were obtained
from the medical records. Statistical analyses were performed
using SPSS software version 11.0 (SPSS Inc., Chicago, IL).
The prognosis with respect to the degree of obesity, the expres-
sion of leptin and OBR, the state of menopause and treatment
with tamoxifen was determined by using the ¢ test, 1’~test, Ka-
plan-Meier curves and the log rank test. A value of p<0.05
was considered to be statistically significant.

RESULTS

1) Clinicopathological characteristics

The median age of the 95 patients with early-stage breast can

Table 2. Pathological characteristics of the patients

No. (n=95) %
Hormone receptorT +) 86 90.5
ER* (+) PR(+)* 67 70.5
ER* (+) PR() 4 42
ER* (-) PR(+) 15 15.8
HER2/neu expression‘t (+) 19 20.0
Lymphatic invasion (+) 30 31.6
Leptin expression (+) 79 83.2
OBR expression (+) 32 337
Histologic nuclear grade§
Low risk 7 7.4
High risk 88 92.6

*estrogen receptor, ' progesterone receptor, i positive=immunohis-
tochemical staining >2+, 5 low risk=grade 1, high risk=grades
2 and 3.

cer was 48 years. The median duration of follow-up was 48.5
months, and 14 (14.7%) patients showed recurrence during
thefollow-up period. The patients’ BMIs were evaluated at the

Fig. 1. Immunohistochemical staining of leptin (A, B) and OBR (C, D). (A) Positive staining of tumor tissue (*100). (B) Negatively
stained tumor and positively stained adipose tissue (*200). (C) Positively stained tumor and negatively stained adipose tissue (*100).

(D) Negatively stained tumor (x40).
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time of diagnosis. The median body mass index (BMI) was 22.7
kg/ m’. When the BMI was >25 kg/mz, then this was defined
as obesity and a BMI between 23 kg/m’ and 24.9 kg/m’ as
overweight; obesity was observed for 42 (44.2%) patients and
20 (21.1%) patients were overweight. Forty-five (47.4%)
patients were past menopause (Table 1). Twenty-three (24.2%)
patients had stage I breast cancer, 44 patients had stage Ila
breast cancer and 28 (29.8%) patients had stage IIb breast
cancer. Thirty (31.6%) patients had lymph node metastasis
(Table 1).

Sixty-one patients (64.2%) received modified radical mastec-
tomy and thirty-four patients (35.8%) received breast conserv-
ing surgery. Thirty-seven (38.9%) patients received radiation ther-
apy. Seventy-five (78.9%) patients received adjuvant chemother-
apy after surgery. One patient received neoadjuvant chemother-
apy. Eighty-six (90.5%) patients who were positive for estrogen
or progesterone receptor received maximum tamoxifen therapy
for 5 years and the median duration of therapy was 41 months
(range: 12~60 months).

As for the histological nuclear grading of breast cancer, 7
(7.4%) patients were in the low-risk group and 88 (92.6%) in
the high-risk group (grades 2 and 3). Nineteen (20.0%) patients
showed HER-2/neu positivity (immunoreactivity >2+), 79
(83.2%) patients showed the expression of leptin, and 32 (33.7%)
patients showed the expression of OBR (Table 2).

2) Immunohistochemical findings in leptin and OBR in
breast cancer tissue

The immunohistochemical findings are shown in Fig. 1: Fig.
1A reveals the antileptin antibody-stained tumors, and Fig. 1B
reveals the tumors with negative staining and the adipose tis-
sues with positive staining. The staining results with anti-OBR
antibody are shown in Fig. 1C and D: Fig. 1C reveals tumors
with positive staining, and Fig. 1D reveals tumors with nega-
tive staining. The positive control for leptin staining was the
normal adipose tissue, and that for OBR was colon cancer tissue.
Immunostaining of >10% of the invasive cancer cells was
regarded as positive for leptin and OBR. Overall, the
expres-sions of leptin and OBR were 83.2% and 33.7%,
respectively (Table 2).

3) The expression of leptin and OBR and the relation-
ship with the clinicopathological characteristics

The patients’ clinical characteristics, including menopause, o-
besity, disease stage and lymph node metastasis, were not re-
lated to the expression of leptin and OBR (Table 3). The ex-
pression of estrogen or progesterone receptor, the expression of
HER-2/neu, the presence of lymphatic invasion and the histolo-
gic nuclear grading were not related to the expression of leptin
and OBR (Table 3). There was no difference for the chemother-
apeutic regimen (the anthracycline based regimen vs. the non-
anthracycline containing regimen) and the operative method

Table 3. The expression of leptin and OBR and the characteristics of the patients

Leptin expression

OBR expression

Positive (n=79) Negative (n=16) p value Positive (n=32) Negative (n=63) p value
Menopause 0.75 0.94
Yes 38 (48.1%) 7 (43.8%) 15 47%) 30 (48%)
No 41 (51.9%) 9 (56.2%) 17 (53%) 33 (52%)
Obesity* 0.29 0.95
Yes 33 (41.8%) 9 (56.3%) 14 (43.8%) 28 (44.4%)
No 46 (58.2%) 7 (43.7%) 18 (56.2%) 35 (55.6%)
Stage 0.10 0.38
I 22 (27.8%) 1 (6.3%) 6 (18.8%) 17 (27.0%)
IfI (ITa+1Ib) 57 (72.2%) 15 (93.8%) 26 (81.3%) 46 (73.0%)
HR expression 0.65 0.71
Positive 72 91.1%) 14 (87.5%) 30 (93.8%) 56 (88.9%)
Negative 7 (8.9%) 2 (12.5%) 2 (6.2%) 7 (11.1%)
HER2" expression 0.50 0.23
Positive 17 22%) 2 (12.5%) 8 (25%) 11 (17.5%)
Negative 62 (78%) 14 (87.5%) 24 (75%) 52 (82.5%)
Lymphatic invasion 0.58 0.18
Positive 24 (30.4%) 6 (37.5%) 13 (40.6%) 17 (27.0%)
Negative 55 (69.6%) 10 (62.5%) 19 (59.4%) 43 (73.0%)
Histologic nuclear grade§ 0.67 0.68
Low risk 6 (7.6%) 1 (6.3%) 3 (9.4%) 4 (6.3%)
High risk 73 (92.4%) 15 (93.8%) 29 (90.6%) 59 (93.7%)

*BMI>25 kg/m’, ' estrogen or progesterone receptor, i positive=immunohistochemical staining > 2+, Slow risk=grade 1, high risk=grades

2 and 3.
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Fig. 2. Disease-free survival for all patients according to the (A) leptin and (B) leptin receptor (OBR) expressions.

10—
0.9 i
+ == = =
0.9 - l
< 1
-(..:3 0.8 1 [ T +
gz 0.7-
2 0.6
g
S 057 p=0.17
@ 0.4
0.2 1 --- Leptin (=) OBR (-) (n=15)
014 —— Leptin (+) OBR (+) (n=29)
00 T T T T 1
0 25 50 75 100 125

Time (month)

Fig. 3. Comparison of disease-free survival for patients with hor-
mone (estrogen or progesterone) receptor expression between the
groups with and without leptin/leptin receptor (OBR) expression.

(modified radical mastectomy vs. breast conserving surgery) ac-
cording to the leptin or OBR expression.

Of the 45 postmenopausal patients, 38 (84%) patients show-
ed a leptin expression and 15 (33%) patients showed an OBR
expression. Of the 42 obese patients, 33 (79%) patients showed
the expression of leptin and 14 (33%) patients showed the ex-
pression of OBR. Of the 86 hormonal receptor (HR)-positive
patients, 72 (84%) patients showed a leptin expression and 30
(35%) patients showed the expression of OBR. Of the 21 pa-
tients who were HR-positive, postmenopausal and obese, 18
(86%) patients showed a leptin expression and 7 (33%) patients
showed an OBR expression. When we performed subgroup an-
alysis, the chemotherapeutic regimen, operation method, disease
stage, HER-2/neu expression, lymphatic invasion and histologic
nuclear grade were not different according to the expression of
leptin or OBR in the postmenopause patients, the HR-positive
patients and the obese patients, respectively. These parameters
were also not different according to the expression of leptin or
OBR in the postmenopausal HR-positive patients, in the post-
menopausal obese patients, in the HR-positive obese patients

and in the postmenopausal HR-positive obese patients, respectively.
4) Disease-free survival rate

The median follow-up duration was 48.5 months, and the o-
ver-all 5-year survival rate was 82%. In terms of the disease
free survival rate (DFS), there was not a significantly difference
according to the expression of leptin or OBR (Fig. 2). DFS was
not significantly different according to the existence of obesity
(obese vs. non-obese, p=0.66). When we analyzed DFS for the
obese patients, there was no difference in DFS according to the
expression of leptin or OBR. When we analyzed DFS for the
postmenopause patients, there was no difference in DFS accord-
ing to the expression of leptin or OBR. When we analyzed DFS
for the subgroups of postmenopausal obese patients, there was no
difference in DFS according to the expression of leptin or OBR.

5) Relationship between tamoxifen treatment time and
DFS

Tamoxifen therapy was not significantly related to DFS, as
evaluated by immunohistochemical staining for leptin and OBR
(Fig. 3). When we analyzed DFS for the HR-positive group that
was treated with tamoxifen, the leptin and OBR expression
showed no difference for DFS. When we analyzed DFS for the
subgroups of the postmenopausal, HR-positive patients (Fig. 4)
and the HR-positive, obese patients who were treated with tam-
oxifen, the leptin and OBR expressions showed no significant
difference in DFS. When we analyzed the postmenopausal, HR-
positive, obese patients who were treated with tamoxifen, the
DFS of the leptin-positive group was higher than that of the
leptin-negative group (p=0.017) but DFS according to the OBR
expression was not different (Fig. 5).

DISCUSSION

It has long been recognized that leptin is an important cytok-
ine for lipid metabolism and energy balance, and both of these
are closely related to the development of breast cancer. How-
ever, the relationship between the serum leptin levels and the
risk for breast cancer is still undetermined. Tessitore et al (12)
have reported that serum leptin levels are significantly related
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according to (A) the leptin expression and (B) the OBR expression.

to the development of breast cancer, regardless of menopause.
In contrast, Mantzoros et al (13) have reported that there is no
significant correlation between the serum leptin levels and the
development of breast cancer. Ishikawa et al (7) have recently
studied the expression of leptin and long-isoform OBR with us-
ing immunohistochemistry, and they found that the expression
of leptin and OBR was stronger in breast cancer tissue than
in normal tissue, and also that distant metastasis occurred more
frequently with the increasing expression of leptin and OBR.

In this study, we attempted to observe the relationship be-
tween the expression of leptin and long-isoform OBR and the
clinicopathological characteristics of early breast cancer pa-
tients. The patients’ clinical characteristics, including meno-
pause, obesity, the disease stage and lymph node metastasis, were
not related to the expression of leptin and OBR (Table 1, 2). The
expression of estrogen or progesterone receptor, the expression
of HER-2/neu, the presence of lymphatic invasion and the his-
tologic nuclear grade were not related to the expressions of
leptin and OBR (Table 3).

We also attempted to observe the relationship between the
expressions of leptin and long-isoform OBR and the prognosis

of breast cancer in patients with early-stage breast cancer. The
DFS for the patients with the expressions of leptin and long-
isoform OBR was not significantly different from those patients
without the expressions of leptin and long-isoform OBR (Fig. 2).

Garofalo et al (14) found that when faslodex (fulvestrant;
Astra Zeneca, UK) was administered to a breast cancer cell line,
tumor cell proliferation was inhibited by completely blocking
the estrogen receptor (ER), but when it was administered in com-
bination with leptin, the faslodex effects were markedly de-
creased. The leptin activates ER and then it can activates the
signaling pathway for MAPK without estrogen (4). Based on
these findings, it is inferred that the local action of leptin is
related to tamoxifen resistance.

In this study, all of the patients with hormone receptor were
maximally treated with tamoxifen for 5 years and we observed
the effect of tamoxifen treatment on DFS for the hormone re-
ceptor positive patients according to the leptin and OBR expres-
sions. When we analyzed DFS in the tamoxifen treated post-
menopausal positive hormone receptor expression, the leptin
and OBR expressions showed no correlation with DFS (Fig. 4).
When we analyzed the postmenopause hormone receptor posi-
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tive obese patients who were treated with tamoxifen, the leptin
positive expression group showed statistically significant higher
DES (p=0.017), but the OBR expression showed no significant
difference for DFS (Fig. 5). This result was opposite to our
expectations. Yet the patients number in our study was too
small (n=21) to form a solid conclusion. This study had a
limitation that the serum leptin levels were not measured before
surgery and during the follow-up period. The changes in local
leptin activity according to the serum leptin levels are still
unknown. In this study, we evaluated, via immunohistochemi-
stry, the long- isoform OBR, which is known to have the main
signal transduction function. Miyoshi et al (15) have recently
found that by analyzing the mRNA expression of both long-
isoform and short-isoform OBRs in breast cancer tissue, the
patients with high plasma leptin levels or high intratumoral
leptin mRNA levels and who had the expression of both the
long-isoform and short-form of OBR showed a poor prognosis.
However, they reported that the plasma leptin levels, the
intratumoral leptin mRNA expression and the OBR expression
did not correlate with breast cancer as a single prognostic
factor, and this suggests that they affect the prognosis of breast
cancer in a combined fashion. Considering that the short-
isoform OBR is widely distributed and has a high expression
rate, further study on the expression of short-isoform OBR is
needed to determine the local action of leptin.

CONCLUSIONS

The results of this study may suggest that the local expres-
sions of leptin and long-isoform OBR are not related to obesity,
the expression of hormone receptors or to menopause in early-
stage breast cancer patients. The expressions of leptin and long-
isoform OBR in breast cancer tissue may not affect the
prognosis of breast cancer. Further research with a larger sam-
ple size is needed to elucidate the role of the leptin system with
respect to various factors
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