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  BRIEF COMMUNICATIONS  

3-kinase – Akt pathway, which enhances 
cell survival by inhibiting apoptosis 
( 14 , 15 , 18 ). 

 Recently, several tyrosine kinase inhibi-
tors (TKIs) have been tested for their effi cacy 
as anticancer drugs. One of the small-
molecule TKIs, gefi tinib (ZD1839; Iressa), 
is highly specifi c for ErbB1 and exerts 
its antitumor effects by directly binding 
to the kinase domain, thereby inhib -
iting receptor signaling ( 10 , 11 , 14  –  16 , 18 ). 
Clinical trials have demonstrated the effi -
cacy of gefi tinib as a single agent in non –
 small-cell lung cancer ( 17  –  20 ) and small-cell 
lung cancer patients in whom chemother-
apy had failed ( 21 ), particularly those with 
tumors that have an activating mutation in 
the ErbB1 receptor ( 22 , 23 ). We have pre-
viously shown that gefi tinib only partially 
prevents the development of ER-negative 
 mammary tumors     in a preclinical mouse 
model ( 10 , 11 ). Given the fact that gefi tinib 
does not completely prevent mammary 
tumorigenesis    in the mouse model, we 
investigated whether lapatinib, a dual kinase 
inhibitor that blocks the kinase activities of 
both EGFR and ErbB2, would more effec-
tively prevent ER-negative mammary 
tumors    in MMTV-erbB2 transgenic mice. 

 We fi rst examined the effect of lapa-
tinib on epidermal growth factor (EGF) –
 induced signaling in normal human 
mammary epithelial cells (HMECs). 
Immunoblot analysis of protein lysates 
from HMECs revealed that all ErbB fam-
ily members underwent phosphorylation 
within 10 minutes after the addition of 
EGF to the culture medium ( Figure 1 ). 
Pretreatment of HMECs with lapatinib 

          The ErbB family of receptor tyrosine 
kinases consists of the epidermal growth 
factor receptor (EGFR; also known as 
ErbB1 or Her1), ErbB2 (Neu or Her2), 
ErbB3 (Her3), and ErbB4 (Her4). ErbB 
family members, particularly ErbB1 and 
ErbB2, are overexpressed or mutated in 
lung, colorectal, and breast cancers 
( 1  –  3 ). The gene that encodes ErbB2 is 
amplified in approximately 30% of breast 
cancers ( 4 ), making this protein a poten  tially 
important target in the treatment of breast 
cancer. Overexpression of the ErbB2 protein 
is associated with aggressive disease and 
poor outcomes in patients with node-
positive breast cancer ( 5 ) and in patients with 
node-negative breast cancer ( 6 ). All ErbB 
family members are characterized by an 
extracellular ligand-binding domain, a single 
transmembrane domain, and a cytoplasmic 

tyrosine kinase domain. Receptor-specific 
ligand binding to the extracellular domains 
of individual ErbB receptors results in 
homo- or heterodimerization of the recep-
tor, phosphorylation of the tyrosine kinase 
domain, and activation of downstream signal 
transduction cascades ( 5 , 7  –  9 ). 

 MMTV-erbB2 transgenic mice that 
express wild-type ErbB2 under the con-
trol of the mouse mammary tumor virus 
promoter spontaneously develop estro-
gen receptor (ER) – negative and ErbB2-
positive mammary tumors within 14 
months of age ( 10  –  13 ). The ability of 
ErbB receptors to transform cells is medi-
ated through two major signaling path-
ways: the mitogen-activated protein 
kinase (MAPK) pathway, which promotes 
DNA synthesis and cell cycle progression 
( 14  –  17 ), and the phosphatidylinositol-
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(100 nM in dimethyl sulfoxide [DMSO], 
provided by GSK Pharmace uticals, 
Research Triangle Park, NC) inhibited 
both the basal phosphorylation and EGF-
induced phosphorylation of all ErbB recep-
tor tyrosine kinases compared with cells 
treated with vehicle alone ( Figure 1 ). We 
also observed phosphorylation of the inter-
mediate signaling molecules Akt, extracel-
lular signal-regulated kinase, c-Jun 
NH 2 -terminal kinase, and p38 MAPK 
within 10 minutes after EGF was added to 
the medium of HMECs, and lapatinib pre-
treatment of HMECs blocked the EGF-
induced phosphorylation of these proteins 
( Figure 1 ). Lapatinib also blocked EGF-
dependent signaling in human breast can-
cer  BT474 cells (data not shown).     

   CONTEXT AND CAVEATS     

  Prior knowledge 

 A small-molecule tyrosine kinase inhibitor 
specific for epidermal growth factor recep-
tor (EGFR) — gefitinib — only partially pre-
vents the development of estrogen 
receptor (ER) – negative mammary tumors 
in MMTV-erbB2 transgenic mice, which 
spontaneously develop ER-negative and 
ErbB2-positive mammary tumors by 14 
months of age.  

  Study design 

 An examination of the effect of lapatinib, a 
dual kinase inhibitor that blocks the kinase 
activities of both EGFR and ErbB2, on mam-
mary tumorigenesis in MMTV-erbB2 trans-
genic mice.  

  Contribution 

 Compared with vehicle-treated mice, lapa-
tinib suppressed the development of 
ER-negative and ErbB2-positive invasive 
mammary tumors in MMTV-erbB2 mice 
treated for 12 months and the numbers of 
premalignant lesions and noninvasive can-
cers in the mammary glands of mice treated 
for 5 months.  

  Implications 

 Lapatinib may be useful for the prevention 
of ER-negative, ErbB2-positive breast can-
cer in humans.  

  Limitations 

 The effect of lapatinib was studied in only 
one mouse model. Lapatinib did not com-
pletely prevent mammary tumorigenesis in 
the MMTV-erbB2 mice.  

  From the Editors       

   Figure 1  .    Effect of lapatinib on signaling in 
normal human mammary epithelial cells 
(HMECs). Lapatinib was obtained from 
GlaxoSmithKline (Research Triangle Park, NC). 
HMECs (1 × 10 6  cells) from Clonetics (San 
Diego, CA) were treated with lapatinib (100 nM), 
dimethyl sulfoxide (0.1%), and epidermal 
growth factor from R&D Systems (Minneapolis, 
MN) (fi nal concentration of 20 nM) and har-
vested at 0, 5, 10, 15, 30, and 60 minutes later. 
Protein lysates were generated and subject  ed 
to immunoblot analysis as previously described 
( 24 ).  A ) Expression of total and activated 
tyrosine kinase receptors of the Her family.
  B ) Expression of total and activated mitogen-
activated protein kinases. The following 
primary antibodies were purchased from 
Cell Signaling Technology, Inc: phospho-
epidermal growth factor receptor (p-EGFR) 
(rabbit polyclonal, 1:2000 dilution), total epi-
dermal growth factor receptor (rabbit poly-
clonal, 1:2000 dilution), phospho-ErbB2 
(rabbit polyclonal, 1:2000 dilution), phospho-
ErbB3 (rabbit polyclonal, 1:1000 dilution), total 

ErbB4 (rabbit polyclonal, 1:1000 dilution), 
phospho-extracellular signal-regulated kinase 
I/II (rabbit polyclonal, 1:2000 dilution), total 
extracellular signal-regulated kinase I/II (rab-
bit polyclonal, 1:1000 dilution), phospho-Akt 
(rabbit polyclonal, 1:1000 dilution), total Akt 
(rabbit polyclonal, 1:2000 dilution), phospho-
c-Jun NH 

2
 -terminal kinase (rabbit polyclonal, 

1:1000 dilution), total c-Jun NH 
2
 -terminal 

kinase (JNK) (rabbit polyclonal, 1:1000 dilu-
tion), phospho-p38 (rabbit polyclonal, 1:1000 
dilution), and total p38 (rabbit polyclonal, 1:1000 
dilution). Other primary antibodies used were 
as follows: total ErbB2 (rabbit polyclonal, 
1:2000 dilution, NeoMarkers/Labvision), total 
ErbB3 (rabbit polyclonal, 1:1000 dilution, Santa 
Cruz Biotech, Santa Cruz, CA), phospho-
ErbB4 (rabbit polyclonal, 1:1000 dilution, 
Orbigen, San Diego, CA), and anti –  � -actin 
(mouse monoclonal, 1:8000 dilution, Sigma-
Aldrich, St Louis, MO). Secondary antibodies 
against mouse or rabbit were purchased from 
Amersham (Piscataway, NJ) and used at a 
1:4000 dilution.    

 We next measured the effect of lapatinib 
on the growth of normal (HMECs), immor-
talized (MCF10A), and malignant (ER pos-
itive: BT474 and MCF7; ER negative: 
MDA-MB-468 and MDA-MB-231) human 

breast cell lines in vitro. Cells (1000 – 2000 
cells) were treated for up to 10 days with 
various concentrations of lapatinib (0.1 nM 
to 10  µ M in DMSO), and cell number was 
assessed by using the CellTiter 96 Aqueous 
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Non-Radioactive Cell Proliferation assay 
(Promega, Madison, WI). HMECs (which 
require EGF for growth), BT474 cells 
(which overexpress ErbB2), and MDA-
MB-468 cells (which overexpress EGF) 
were sensitive to lapatinib (as defi ned by 
having drug concentrations producing 50% 
growth inhibition [IC 50 ] values less than 
1  µ M; HMECs: IC 50  = 35 nM; MCF10A 
cells: IC 50  = 800 nM; BT474 cells: IC 50  = 2.5 
nM; and MDA-MB-468 cells: IC 50  = 90 
nM). By contrast, MCF7 and MDA-MB-
231 cells, which do not overexpress ErbB2 
or EGFR, were relatively resistant to 
growth inhibition by lapatinib (IC 50  for 
each  ≥  1  µ M) ( Supplementary Figure 1 , 
available online). 

 We next examined the effect of lapa-
tinib on the development of oncogene-
induced mammary tumors in female 
MMTV-erbB2 transgenic mice (obtained 
from the Jackson Laboratory, Bar Harbor, 
ME). MMTV-erbB2 mice simulate onco-
genic events seen in human breast cancers  
and develop focal tumors beginning at 
about 5 months of age [median time to 
tumor development is approximately 230 
days ( 25 )]. All MMTV-erbB2 mice develop 
ER-negative and ErbB2-positive mammary 
tumors by the age of 14 months ( 11  –  13 ). 
All mouse experiments were conducted 
under an institutional animal care and use 
committee – approved protocol. The mice 
were treated from age 3 months to age 15 
months with vehicle (hydroxypropyl meth-
ylcellulose, DOW Chemical Company, 
Midland, MI; n = 17 mice) or lapatinib at 
30 mg/kg body weight (n = 16 mice) or 75 
mg/kg body weight (n = 16 mice) by oral 
gavage twice each day (6 d/wk). Mammary 
tumor development was monitored twice 
weekly, and tumor growth was measured 
with calipers. A mammary tumor was 
defi ned as a palpable mammary mass with a 
volume of at least 100 mm 3 . The tumor-
free interval was defi ned from the start of 
treatment to the fi rst appearance of a mam-
mary tumor. Tumor-free interval curves 
were estimated by the Kaplan – Meier 
method and compared between vehicle and 
lapatinib treatment (low and high doses) 
using a generalized Wilcoxon test. 

  Figure 2  shows the proportion of mice 
that were free of mammary tumors vs the 
time on treatment. All vehicle-treated mice 
developed mammary tumors by 328 days 
on treatment (or by 418 days of age). Mice 

treated with low-dose (30 mg/kg) or high-
dose (75 mg/kg) lapatinib had delayed 
development of mammary tumors com-
pared with mice treated with vehicle. At the 
end of the experiment (day 328 of treat-
ment), when all 17 (100%) of the vehicle-
treated mice had developed tumors, nine of 
the original 16 mice treated with low-dose 
lapatinib developed mammary tumors (the 
Kaplan – Meier estimation of tumor inci-
dence at 328 days of treatment was 59% 
because one mouse in the low-dose arm 
died at day 207 without a tumor and was 
censored). Five (31%) of the 16 mice 
treated with high-dose lapatinib had devel-
oped mammary tumors after 328 days of 
treatment. These delays in tumor develop-
ment were statistically signifi cant ( P  < .001, 
generalized Wilcoxon test). Thus, lapatinib 
treatment delayed mammary tumorigenesis 
and prevented the development of mam-
mary tumors in most of the high-dose 
lapatinib-treated MMTV-erbB2 mice.     

 We then compared the multiplicity of 
tumor development and tumor growth rate 
among the vehicle- and lapatinib-treated 
mice. Vehicle-treated mice had a mean of 
1.24 tumors per mouse, compared with 
0.56 tumors per mouse in the low-dose 
lapatinib group (difference = 0.673 tumors 
per mouse, 95% confi dence interval [CI] = 
0.269 to 1.086 tumors per mouse,  P  = .002, 
Dunnett multiple comparison test) and 
0.31 tumors per mouse in the high-dose 
lapatinib group (difference = 0.923 tumors 
per mouse, 95% CI = 0.509 to 1.336 
tumors per mouse,  P  = .001). Overall, the 
difference in tumor multiplicity among 
treatment groups was statistically signifi -
cant ( P  < .001, analysis of variance). The 
tumor growth rates were not statistically 
different among vehicle, low-dose lapa-
tinib, and high-dose lapatinib groups ( P  = 
.66,  F  test). We observed no toxic effects 
(ie, rash, dry skin, or diarrhea) in mice 
treated with either dose of lapatinib or 

   Figure 2  .    Tumor-free interval in MMTV-erbB2 
mice treated with lapatinib or vehicle. FVB 
strain female MMTV-erbB2 mice (3 months 
old) were housed in the institutional animal 
facilities, fed a controlled diet of AIN-76A 
Purifi ed Diet (Harlan Teklad, Madison, WI), and 
randomly assigned to receive treatment with 
vehicle (hydroxylpropyl methylcellulose, 
Methocel K15M Premium, DOW Chemical 
Company) or lapatinib (at 30 or 75 mg/kg body 
weight; GW572016, GlaxoSmithKline) for 6 d/wk 
starting at 3 months of age (n = 16 for each of 
the lapatinib-treated groups and n = 17 for the 
vehicle group). Lapatinib was suspended in 
hydroxypropyl methylcellulose and admin-
istered by twice-daily oral gavage using a 
20-gauge gavage needle in a volume of 0.1 

mL. Tumor development was monitored twice 
weekly, and tumor growth was measured 
using calipers. Tumor volume was calculated 
by multiplying the square of the width ( w ) by 
the length ( l ) and dividing by two ( V  =  w 2 l /2). 
The tumor-free interval was defi ned from the 
start of treatment to the fi rst appearance of a 
palpable mammary tumor at least 100 mm 3  in 
size. Tumor-free interval curves were esti-
mated by the Kaplan – Meier method and com-
pared between vehicle and lapatinib treatment 
(low and high doses) using the generalized 
Wilcoxon test (two-sided). The  tick mark  in the 
low-dose lapatinib arm represents a censored 
mouse that died at day 207 without a tumor. 
 Error bars  show 95% confi dence intervals at 
300 days.    
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   Figure 3  .    Effect of lapatinib on the development of premalignant 
lesions and on biomarker expression in mammary glands. MMTV-
erbB2 mice were randomly assigned to receive treatment 6 d/wk with 
vehicle or lapatinib (75 mg/kg body weight) for 5 months beginning at 

3 months of age (n = 20 mice per group). The mice were killed by CO 
2
  

asphyxiation at 8 months of age, and their mammary glands were har-
vested. Mammary gland samples were fi xed overnight in 4% phosphate-
buffered formaldehyde and then embedded in paraffi n for histological 

(continued)
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weight loss in any of the treated mice (data 
not shown). 

 To ensure that the tumor-suppressive 
effect of lapatinib was not due to decreased 
expression of the  erbB2  transgene, we mea-
sured the expression of the ErbB2 protein 
in normal and malignant mammary tissues 
from vehicle and high-dose lapatinib-
treated mice by immunohistochemical 
staining. There was no difference in ErbB2 
protein expression between vehicle and 
lapatinib-treated mice in either normal or 
malignant tissues, indicating that the can-
cer preventive effect of lapatinib is not 
through decreased expression of the erbB2 
transgene ( Supplementary Figure 2 , avail-
able online). We also observed no reduc-
tion of ErbB2 protein in lysates of 
mammary glands or mammary tumors as 
measured by immunoblot analysis (data 
not shown). 

 To examine whether lapatinib prevents 
premalignant lesions, we treated MMTV-
erbB2 transgenic mice (at 3 months of age) 
with vehicle or lapatinib (75 mg/kg body 
weight) for 5 months (n = 20 mice per 
group). At the end of 5 months of treat-
ment (or 8 months of age), the normal-
appearing mammary glands from each 
mouse were removed and processed for his-
tology and biomarker analysis (hematoxylin –
 eosin staining and immunohistochemical 
staining for ErbB2, Ki67 [a cell prolifera-
tion marker], and cleaved Caspase 3 [a 
marker of early apoptosis]), as previously 
described ( 26 ). Hematoxylin – eosin staining 
showed no difference in morphology 
between normal tissues derived from vehi-

cle-treated vs lapatinib-treated mice or 
between hyperplastic tissues derived from 
vehicle-treated vs lapatinib-treated mice 
( Figure 3, A ). We next examined the effect 
of lapatinib on the development of hyper-
plasia, noninvasive cancers (ie, mammary 
intraepithelial neoplasia [MIN], which is 
similar to human ductal carcinoma in situ 
[DCIS]), and microscopic mammary can-
cers. After 5 months of lapatinib treatment, 
11 of 20 mice showed none of these lesions 
compared with three of 20 vehicle-treated 
mice ( Figure 3, B ). Hyperplasia was seen in 
14 of 20 vehicle-treated mice compared 
with eight of 20 lapatinib-treated mice. We 
observed no difference between treatment 
groups in the number of mice that had a 
MIN lesion (one mouse in each group had 
a MIN lesion). However, two of 20 vehicle-
treated mice developed microscopic inva-
sive mammary tumors compared with none 
of the lapatinib-treated mice. This differ-
ence in the number of premalignant lesions, 
MIN lesions, and microscopic invasive 
tumors in the mammary glands of vehicle-
treated and lapatinib-treated mice was sta-
tistically signifi cant ( P  = .02, Fisher exact 
test, two-tailed) ( Figure 3, B ). These results 
indicate that lapatinib prevents mammary 
tumorigenesis by blocking the develop-
ment of premalignant lesions and progres-
sion to invasive mammary tumors.     

 To examine the mechanism by which 
lapatinib prevents mammary tumorigenesis 
in this mouse model, we assessed cell pro-
liferation and apoptosis by staining sections 
of mouse mammary glands from the mice 
treated for 5 months with lapatinib or 

vehicle with an antibody specifi c for the cell 
proliferation marker Ki67    (NeoMarkers/
Labvision, Fremont, CA) ( Figure 3, C ) and 
an antibody specifi c for cleaved caspase 3 
(Cell Signaling Technology, Inc., Danvers, 
MA) (data not shown). Mammary glands 
of mice treated with lapatinib had statisti-
cally signifi cantly fewer Ki67-positive 
mammary epithelial cells than those of 
mice treated with vehicle (mean percent-
age of Ki67-positive cells, 3.28% vs 
15.83%, difference = 12.55%, 95% CI = 
1.77% to 23.33%;  P  = .02, Wilcoxon rank 
sum test). The percentage of cleaved cas-
pase 3 – positive cells in the mammary 
glands did not differ statistically signifi -
cantly between vehicle- and lapatinib-
treated mice, indicating that lapatinib did 
not induce apoptosis in normal-appearing 
mammary tissue (data not shown). These 
results suggest that lapatinib suppresses 
mammary tumorigenesis through inhibi-
tion of epithelial cell proliferation. 

 Previous studies have demonstrated that 
lapatinib decreases human breast cancer  
cell proliferation in vitro ( 27  –  29 ) and breast 
tumor growth in patients ( 28  –  30 ). Lapatinib 
also causes a G 0 /G 1  cell cycle blockade by 
controlling the expression of cell cycle regu-
lators such as cyclin D1 ( 27 , 31  –  34 ). To 
investigate the effect of lapatinib on the 
expression of cell cycle regulatory molecules 
(cyclin D1, p27) and growth regulatory 
molecules (EGFR, erbB2, epiregulin) in this 
mouse model, we measured the RNA levels 
of these molecules in mammary epithelial 
cells from the mice treated for 5 months 
with vehicle or lapatinib ( Figure 3, D and 

examination and biomarker measurement.  A ) Histology: Mammary 
tissue sections (4  µ m thick) were stained with hematoxylin – eosin. 
Representative fi elds containing normal mammary gland, hyperplasia, 
mammary intraepithelial neoplasia (MIN), and invasive mammary 
tumors are shown.  B ) Premalignant lesions and microscopic invasive 
cancers. One  # 3 mammary gland was removed from each mouse and 
processed for histological assessment, and the number and types of 
premalignant lesions in one randomly chosen section of each mammary 
gland were assessed microscopically. Mice were categorized according 
to the most advanced lesion observed for each mouse. The data were 
analyzed using Fisher exact test (two-sided).  C ) Proliferation of mam-
mary gland epithelial cells from MMTV-erbB2 mice treated with lapa-
tinib or vehicle. Ki67 expression in mammary glands was examined by 
immunohistochemical staining using an anti-Ki67 antibody (rabbit 
monoclonal, undiluted, NeoMarkers). Data were generated from 20 
mice from each experimental group. Representative fi elds are shown 
( left panels ). The percentage of Ki67-positive cells was quantifi ed by 
counting at least 1000 cells per one section per mouse ( right panel ). 
 Error bars  correspond to 95% confi dence intervals.  P  value (two-sided) 
was calculated using the Wilcoxon rank sum test.  D ) Expression of 
cyclin D1, epiregulin, and p27 mRNAs in mouse mammary glands. The 
 # 4 mammary glands were collected from the MMTV-erbB2 mice 

treated with vehicle or lapatinib for 5 months. Enriched mammary 
epithelial cell pellets were collected, and total RNA was extracted from 
one  # 4 mammary gland from 15 of the 20 mice from each group (the 
 # 4 mammary glands from the remaining fi ve mice were used for 
whole-mount preparations). These 15 mammary glands were used to 
prepare three pooled samples of fi ve  # 4 mammary glands each. RNA 
was then extracted from these three pools of mammary glands as 
previously described ( 26 ). The relative mean mRNA expression level 
vs the level of cyclophilin mRNA from these three pooled samples as 
measured by quantitative real-time reverse transcription – polymerase 
chain reaction is plotted.  Error bars  correspond to 95% confi dence 
intervals. The  P  values were from two-sided Student  t  tests.  E ) 
Immunoblot analysis of phospho-epidermal growth factor receptor 
(p-EGFR), phospho-ErbB2, and p27 in mouse mammary epithelial 
cells. The total cell lysate samples described in panel D (from 15 of the 
20 mice per group) were used in this analysis. Antibodies against 
p-EGFR, phospho-ErbB2, and p27 were used (described in the legend 
to  Figure 1 ). The blots were densitometrically quantifi ed, and the 
mean values for the ratios of p-EGFR to actin, phospho-ErbB2 to total 
ErbB2, and p27 to actin were plotted.  Error bars  correspond to 95% 
confi dence intervals.  P  values (two-sided) were obtained using 
Student  t  test.    

Figure 3 (continued).
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E ). Total RNA was obtained from pooled, 
enriched mammary epithelial cells as 
previously described ( 26 ). A quantitative 
real-time reverse transcription – polymerase 
chain reaction assay was performed to mea-
sure mRNA levels as previously described 
( 35 ). Compared with mammary epithelial 
cells from vehicle-treated mice, those from 
lapatinib-treated mice expressed lower levels 
of mouse cyclin D1 mRNA ( P  = .156) and 
epiregulin mRNA ( P  = .029) and a higher 
level of mouse p27 mRNA ( P  = .052) 
( Figure 3, D ). The mRNA levels of cyclin 
D1, epiregulin, and p27 were also statisti-
cally signifi cantly decreased (in the case of 
cyclin D1 and epiregulin) or increased (in 
the case of p27) by lapatinib treatment com-
pared with vehicle in EGF-stimulated 
HMECs ( Supplementary Figure 3 , available 
online). Lapatinib is a dual inhibitor of 
EGFR and ErbB2. Therefore, we next 
examined the effect of lapatinib on the acti-
vation of EGFR and ErbB2 in mammary 
epithelial cells from the mice treated with 
vehicle or lapatinib for 5 months by immu-
noblot analysis. Densitometric quantitation 
of the immunoblots revealed that phospho-
EGFR and phospho-ErbB2 levels were 
decreased in mammary epithelial cells from 
lapatinib-treated mice compared with 
vehicle-treated mice ( P  = .023 and .003, 
respectively, Student  t  test,), whereas the 
level of p27 was increased ( P  = .006, Student 
 t  test) ( Figure 3, E ). The results in  Figure 3, 
C and D , suggest that in this mouse model 
lapatinib suppresses mammary tumor devel-
opment by reducing epithelial cell prolifera-
tion in normal and premalignant tissues of 
the mammary gland. 

 This study has several limitations. First, 
this cancer preventive effect of lapatinib 
has been shown in only one mouse model. 
For this fi nding to be generalizable, it will 
be important to test lapatinib in another 
model of ER-negative mammary tumors 
[such as the p53-null mouse model 
described by Medina et al. ( 36 )]. Second, 
lapatinib did not absolutely prevent mam-
mary tumorigenesis in all of the MMTV-
erbB2 mice. Although tumorigenesis was 
delayed in the lapatinib-treated mice, 31% 
of the mice treated with the higher dose 
eventually developed mammary tumors. 
To overcome this limitation, it will likely 
be necessary to test lapatinib in combina-
tion with other cancer preventive drugs in 
the future. 

 A clinical study ( 37 ) has demonstrated 
the anticancer activity of lapatinib in 
advanced breast cancer. Results of 
this study led to US Food and Drug 
Administration approval of lapatinib in 
combination with capecitabine for the treat-
ment of women with metastatic breast can-
cer, and lapatinib is now being tested in 
clinical trials in the adjuvant setting for the 
treatment of early-stage breast cancer. Our 
results show that lapatinib suppresses the 
development of ER-negative ErbB2-positive 
invasive mammary tumors in MMTV-
erbB2 mice. Thus, lapatinib may be useful 
for the prevention of ER-negative, ErbB2-
positive breast cancer in humans. Our fi nd-
ing that lapatinib prevents the development 
of premalignant lesions in these mice sug-
gests that it may also be useful for treating 
women with DCIS to prevent its progres-
sion to invasive breast cancer. These 
results have supported the development of 
a phase II trial at the Baylor College of 
Medicine (ClinicalTrials.gov identifi er: 
NCT00570453 [ClinicalTrials.gov]), test-
ing lapatinib as neoadjuvant therapy in 
women with either ErbB1- or ErbB2-
positive DCIS. In this trial, the effect of 
lapatinib on DCIS cell proliferation will be 
assessed. If this trial shows that lapatinib 
suppresses the growth of DCIS cells, we 
will then conduct a phase III trial to 
determine whether lapatinib prevents the 
progression of DCIS to invasive breast 
cancer.    
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