
Abstract. Background: Although it was previously reported
that lapatinib combined with Herceptin improved the
progression-free survival rate compared with lapatinib alone
for patients with Herceptin-refractory HER2-positive
metastatic breast cancer, the mechanism is purported to be
an antiproliferative effect relating to the synergism of these
two agents. Materials and Methods: We evaluated how
lapatinib interacts with Herceptin in HER2-positive breast
cancer, with a particular focus on Herceptin-mediated
antibody-dependent cellular cytotoxicity (ADCC). Results: In
an in vitro assay, lapatinib induced HER2 expression at the
cell surface of HER2-positive breast cancer cell lines,
leading to the enhancement of Herceptin-mediated ADCC.
Furthermore, we present a case report in which a second
Herceptin treatment following lapatinib resulted in the
marked shrinkage of multiple metastatic tumors in HER2-
positive breast cancer. Conclusion: Lapatinib may have the
potential to convert Herceptin-refractory to Herceptin-
sensitive tumors in HER2-positive breast cancer by up-
regulation of the cell surface expression of HER2.

Human epidermal growth factor receptor (EGFR) 2 (HER2)
is one of four members of the ErbB receptor tyrosine kinase
protein family, and this proto-oncogene encodes a 185-kDa
transmembrane glycoprotein (1). The overexpression and
gene amplification of HER2 is seen in a variety of human
tumors, including 25-30% of breast and ovarian, renal cell,
esophageal squamous cell, and gastric and colorectal
carcinomas (2-5). In particular, the overexpression and gene

amplification of HER2 in breast cancer correlates with a
poorer prognosis and more aggressive tumor growth (6).

Trastuzumab (Herceptin), a fully humanized monoclonal
antibody targeting the extracellular domain of HER2 protein,
exhibits potent growth-inhibitory activity against HER2-
overexpressing tumors (7) and improves overall survival in
patients with HER2-overexpressing metastatic breast cancer
(8). The diverse mechanisms of Herceptin include the down-
regulation of HER2 receptors (7), blockade of signaling
pathways (7), inhibition of angiogenesis (9), activation of
apoptotic signals of tumor cells (10), and enhancement of the
immune system, such as via antibody-dependent cellular
cytotoxicity (ADCC) (7, 11-13).

Lapatinib is a dual tyrosine kinase inhibitor (TKI)
targeting both EGFR and HER2 tyrosine kinase domains
(14), and has recently been approved by the U.S. Food and
Drug Administration for the treatment of HER2-expressing
advanced breast cancer. Lapatinib competes with the
adenosine triphosphate binding site located within the
intracellular kinase domain of EGFR and HER2, and has
mechanisms of action distinct from those of Herceptin (15-
17). Furthermore, Scaltriti et al. and our group also
showed that lapatinib induces the accumulation of HER2
at the cell surface and enhances the effects of Herceptin-
mediated ADCC (18, 19). In several clinical trials,
lapatinib prolonged progression-free survival in patients
with HER2-overexpressing advanced or metastatic breast
cancer, including those with Herceptin-refractory disease,
and was established as effective treatment for them (15,
20-23). 

In this study, we evaluate whether lapatinib induces the
accumulation of HER2 at the cell surface of HER2-positive
breast cancer cell lines, resulting in the enhancement of
Herceptin-mediated ADCC. Furthermore, we present a case
report in which lapatinib showed the potential to convert
Herceptin-refractory to Herceptin-sensitive tumors in HER2-
positive breast cancer.
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Materials and Methods
Reagents. Penicillin streptomycin and dimethyl sulfoxide (DMSO)
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Phycoerythrin (PE)-conjugated mouse anti-HER2/neu antibody, PE-
conjugated mouse IgG1 k isotype control immunoglobulin, and
fluorescein isothiocyanate (FITC)-conjugated Annexin V, 7-amino-
actinomycin D (7-AAD) (Becton Dickinson, Franklin Lakes, NJ,
USA) were used for flow cytometric analysis. Lapatinib (Tykerb)
was purchased from GlaxoSmithKline (Brentford, UK).

Cell lines. SK-BR-3 and BT474, which are HER2-overexpressing
breast cancer cell lines, were obtained from the American Type Culture
Collection (Rockville, MD, USA). All cell lines were maintained in
RPMI-1640 (Invitrogen, Carlsbad, CA, USA) with 5% fetal calf serum
(Invitrogen), 50 U/ml penicillin, and 2 mM L-glutamine.

Western blotting. Tumor cell lines were treated with 100 nM of
Lapatinib or DMSO for 1 h. After incubation, cell pellets were
solubilized in electrophoresis sample buffer and boiled for 10 min,
and then the same amount of protein (30 μg) was separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) followed by transfer to a polyvinylidene fluoride
microporous membrane (Millipore, Billerica, MA, USA) blocked in
phosphate-buffered saline (PBS) with 5% milk powder. After
blocking, the membrane was probed with primary antibodies to
HER2/ErbB2, phosphorylated HER2/ErbB2 (Tyr1221/1222), or β-
actin (Cell Signalling Technology, Danvers, MA, USA), and then
probed with HRP-linked goat anti-rabbit antibody (Cell Signalling
Technology). Blots were visualized by enhanced chemiluminescence
with ECL Plus according to the manufacturer’s protocol (Amersham
Pharmacia Biotech AB, Uppsala, Sweden).

Antibody-dependent cell-mediated cytotoxicity (ADCC) assay.
Tumor cell lines were exposed to DMSO or 100 nM of lapatinib for
48 h, following which they were used as targets, and treated targets
cells were labelled with 50 μ Ci of 51Cr for 60 min. Peripheral
blood mononuclear cells (PBMCs) from healthy donors obtained by
Ficoll–Paque separation (GE Health Care, Uppsala, Sweden) were
used as effector cells. The assays were performed in triplicate in a
96-well U-bottom plate with Herceptin (Roche, Basel, Switzerland)
or Rituxan (Roche) as a negative control. As an isotype-matched
control mAb for Herceptin having an ADCC capacity, we used
Rituxan as a negative control for Herceptin in ADCC assay. Targets
(5×103 well) and various ratios of effector cells were co-cultured
for 8 h in 200 μl of X-VIVO medium supplemented with 50 IU/ml
of IL-2 (Shionogi & Co., Ltd., Osaka, Japan). After 8-h incubation,
the 51Cr released into the supernatant (100 μl) was measured with a
gamma counter, and the rate of specific lysis was calculated
according to the formula: % specific lysis=100 × (experimental
cpm–spontaneous cpm) (maximum cpm–spontaneous cpm). 

Flow cytometric analysis. Tumor cell lines were exposed to DMSO
or 100 nM of lapatinib for 48 h. After incubation, treated cells were
immunofluorescently labeled according to a previously established
immunofluorescent staining protocol (24), and then cells were
analyzed using FACS Calibur (Becton Dickinson) and Cellquest™
software (Becton Dickinson). 

Statistics. Student’s unpaired t-test was performed to determine
significance, and p-values <0.05 were considered significant.

Results

Lapatinib induced the accumulation of HER2 at the cell
surface of HER2-positive breast cancer cell lines. The effect
of lapatinib on the inhibition of HER2 phosphorylation was
examined by Western blotting, and the accumulation of
HER2 at the cell surface was examined by flow cytometric
analysis following treatment with lapatinib. As shown in
Figure 1A, lapatinib inhibited the phosphorylation of HER2
in HER2-overexpressing breast cancer, in line with previous
reports (18, 19). Furthermore, we revealed that lapatinib
induced the accumulation of HER2 at the cell surface of
HER2-positive breast cancer cell lines BT474 and SK-BR-3
(Figure 1B), confirming the findings of our previous report
for esophageal squamous cell carcinoma (19).

Lapatinib enhanced Herceptin-mediated ADCC in HER2-
positive breast cancer cell lines. We and Scaltriti et al.
recently reported that Lapatinib enhances the effects of
Herceptin-mediated ADCC, with the accumulation of HER2
at the cell surface caused by lapatinib pre-treatment (18, 19).
In the present study on breast cancer cells, pre-treatment of
SK-BR-3 and BT474 with lapatinib resulted in almost 2-fold
increment of Herceptin-mediated ADCC compared with the
DMSO control and there were significant differences in the
Herceptin-mediated ADCC between pre-treated targets with
DMSO and with lapatinib (Figure 1C). These observations
indicated that lapatinib induced the accumulation of HER2
at the cell surface of HER2-positive breast cancer cell lines,
leading to the enhancement of Herceptin-mediated ADCC. 

Case Report

Herceptin treatment following Lapatinib was effective for
metastatic HER2-positive breast cancer. We present the case
of a 57-year-old woman who had HER2-positive left breast
cancer at stage IIA according to the Tumor-Node-Metastases
Classification of the International Union against Cancer (the
6th edition). After neoadjuvant chemotherapy including three
courses of docetaxel (75 mg/m2, every three weeks) following
four courses of doxorubicin and cyclophosphamide (60 mg/m2

of doxorubicin and 60 mg/m2 of cyclophosphamide, every
three weeks), wide excision and axillary lymph node
dissection were performed at the Yamanashi Hospital of Social
Insurance in March 2005. Pathological findings revealed an
invasive papillotubular carcinoma with lymph node metastasis
that was estrogen receptor-positive and progesterone receptor-
negative, with a HER2 score of 3+ (immunohistochemistry).
Although 1 mg/day of anastrozole for five years and 50 Gy of
irradiation for the left residual mammary gland were
administered after the operation, left parasternal lymph node
metastasis appeared in March 2008 (Figure 2A). Therapy of
Herceptin (4 mg/kg initially followed by 2 mg/kg, weekly)
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and capecitabine (2,400 mg/day, 3 weeks on, 1 week off) was
started in August 2008. Treatment with Herceptin and
capecitabine was effective for the metastasis of the left
parasternal lymph node, defined as a complete response (CR),

and the CR lasted for eight months with this treatment (Figure
2B). However, the parasternal lymph node metastasis re-
appeared (Figure 2C, left panel), along with bilateral
infraclavicular and right hilar lymph node metastases (Figure
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Figure 1. Lapatinib led to the accumulation of HER2 at the cell surface and enhanced Herceptin-mediated Antibody-dependent cell-mediated
cytotoxicity (ADCC) in HER2-over-expressing breast cancer cell lines. A: HER2 phosphorylation in SK-BR-3 and BT474, which are well known as
HER2-overexpressing cell lines, was inhibited by lapatinib. Both cell lines were treated with lapatinib (100 nM) or DMSO control for 1 h. Western
blotting to detect HER2 and phosphorylated HER2 (p-HER2) was conducted as described in the Materials and Methods. B: HER2 expression on SK-
BR-3 and BT474 cells after treatment with lapatinib (100 nM) or DMSO control for 48 h was assessed by flow cytometry. Dead and/or apoptotic
cells were excluded with Annexin V and 7-amino-actinomycin D staining. C: After SK-BR-3 and BT474 cells were treated with DMSO or 100 nM
of lapatinib for 48 h, assay of ADCC was performed as described in the Materials and Methods. Representative data are shown from three
independent experiments. We compared the activity of Herceptin-mediated ADCC between pre-treated targets with DMSO and with lapatinib. Data
were analyzed using a non-paired Student’s t-test. Significant difference at p-values **<0.01 and *<0.05.



2C, middle and right panels) in September 2009, in parallel
with the elevation of tumor markers (carcinoembryonic
antigen (CEA), carbohydrate antigen 15-3 (CA15-3), and
national cancer center-ST439 (NCC-ST439)) (Figure 3). As
the patient was diagnosed as a Herceptin-failure case, lapatinib
and capecitabine treatment was administered from September
2009. Following this, although the metastases in the right hilar
lymph node and parasternal lymph node were defined as stable
disease (SD), metastasis in the bilateral infraclavicular lymph
node was defined as progressive disease (PD) in December
2009 (Figure 2D). Thereafter, a second round of Herceptin and
capecitabine treatment was administered from December
2009. Of interest, 6 months after this second treatment, all of
the lymph node metastases showed marked shrinkage (Figure
2E), along with negative tumor markers (CEA, CA15-3, and

NCC-ST439)(Figure 3). Thus, the clinical course of this case
strongly suggests that lapatinib has the potential to convert
HER2-positive Herceptin-refractory breast tumor to Herceptin-
sensitive tumors. 

Discussion

The present report provides novel and clinically important
findings relevant to Herceptin and lapatinib treatments for
HER2-positive breast cancer. Firstly, lapatinib induced the
accumulation of HER2 at the cell surface of HER2-positive
breast cancer cell lines, resulting in the enhancement of
Herceptin-mediated ADCC, as evaluated by an in vitro assay.
Secondly, the case report strongly suggests that lapatinib has
the potential to convert HER2-positive Herceptin-refractory
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Figure 2. Chest computed tomography findings for metastatic tumors of breast cancer. A: The metastasis of the left parasternal lymph node (arrow).
B: A complete response at eight months after the initial treatment with Herceptin and capecitabine (arrow). C: Re-growth of the left parasternal
lymph node metastasis (left panel, arrow) along with bilateral infraclavicular and right hilar lymph node metastases (middle and right panels,
arrows). D: Progressive disease showing multiple lymph node metastases after treatment with lapatinib and capecitabine (arrows). E: Marked
shrinkage of multiple lymph node metastases induced by the second treatment with Herceptin and capecitabine following treatment with lapatinib
and capecitabine (arrows).



breast tumors to Herceptin-sensitive tumors. Taken together,
these findings show lapatinib might be able to enhance the
Herceptin-sensitivity of HER2-positive breast cancer by up-
regulation of the cell surface expression of HER2.

In pre-clinical models, lapatinib combined with Herceptin
was superior to single-drug treatment, and enhanced
apoptosis as a result of the synergistic inhibitory effect of
HER2 signaling was proposed as a mechanism in HER2-
positive breast cancer cells (16, 25). Furthermore, in a
clinical model, it was recently reported that lapatinib
combined with Herceptin significantly improved the
progression-free survival rate and clinical benefit compared
to lapatinib alone in patients with HER2-positive metastatic
Herceptin-refractory breast cancer (15). These data provide a
rationale to use lapatinib in combination with Herceptin for

patients with HER2-positive breast cancer. In addition, we
put forward a novel mechanism in the present study that
lapatinib induced the accumulation of HER2 at the cell
surface of HER2-positive breast cancer cell lines, resulting
in the enhancement of Herceptin-mediated ADCC. There is
very limited information describing the cell surface
expression of HER2 induced by lapatinib, whereby the
combination of the two agents triggered complete tumor
regression in a HER2-positive xenograft model through
enhanced Herceptin-mediated ADCC with HER2
accumulation at the cell surface due to lapatinib (18). 

In the clinical course of the case report described here,
since we did not use lapatinib and Herceptin in the same
period and Herceptin-refractory tumors were converted to
Herceptin-sensitive tumors following lapatinib treatment
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Figure 3. Clinical course of a breast cancer patient with lymph node metastases. Serum carcinoembryonic antigen (CEA), carbohydrate antigen
15-3 (CA15-3), and national cancer center-ST439 (NCC-ST439) levels are shown according to the clinical course on treatment with Herceptin (4
mg/kg initially followed by 2 mg/kg, weekly), lapatinib (1,250 mg/day, every day), and capecitabine (2,400 mg/day, 3 weeks on, 1 week off).



alone, there would appear to be no synergistic effects, such
as enhanced apoptosis, induced by the two agents. Rather
lapatinib might alter tumor sensitivity to Herceptin, by
inducing the accumulation of HER2 at the cell surface,
resulting in the enhancement of Herceptin-mediated ADCC.
In addition to the present study in breast cancer, we recently
reported that lapatinib had a similar effect on HER2
receptors and Herceptin-mediated ADCC in esophageal
squamous cell carcinoma (19). Thus, the enhanced cell
surface expression of HER2 induced by lapatinib might be a
general phenomenon among different types of HER2-
positive tumor.

Most of the recent reports on pre-clinical and clinical
models of HER2-positive breast cancer showed the clinical
benefit of the simultaneous treatment of lapatinib with
Herceptin, mainly aiming at the synergistic action of the
antiproliferative or proapoptotic effects induced by the two
drugs (15, 16, 18, 25). In the present study, we propose a
novel mechanism in which lapatinib induces the
accumulation of HER2 at the cell surface of HER2-positive
breast cancer cell lines, resulting in the enhancement of
Herceptin-mediated ADCC. 
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