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As ErbB receptors are expressed in prolactinomas and exhibit downstream effects on prolactin (PRL)
production and cell proliferation, we generated transgenic mice using a PRL enhancer/promoter
expression system to restrict lactotroph-specific expression of human epidermal growth factor
receptor (EGFR) or human EGFR2 (HER2). EGFR or HER2 transgenic mice developed prolactinomas
between 13 and 15 months, and confocal immunofluorescence and Western blot analysis con-
firmed lactotroph-restricted PRL and EGFR or HER2 coexpression. Circulating PRL levels in EGFR and
HER2 transgenic mice were increased 5- and 3.8-fold, respectively. Inhibiting EGFR or HER2 sig-
naling with oral lapatinib (100 mg/kg), a dual tyrosine kinase inhibitor for both EGFR and HER2,
suppressed circulating PRL by 72% and attenuated tumor PRL expression by 80% and also
attenuated downstream tumor EGFR/HER2 signaling. This model demonstrates the role of ErbB
receptors underlying prolactinoma tumorigenesis and the feasibility of targeting these recep-
tors for translation to treatment of refractory prolactinomas. (Endocrinology 156: 71–79, 2015)

Prolactinomas account for approximately 40% of all
pituitary tumors (1). In addition to sellar mass effects,

including headache, visual dysfunction, and/or hypopitu-
itarism, patients present with features of excess prolactin
(PRL) secretion, including amenorrhea, galactorrhea, and
infertility in females and sexualdysfunction inmales (2,3).
Dopamine agonists, which suppress PRL synthesis and
secretion and tumor growth, are the mainstay therapeutic
choice for these commonly encountered tumors (4, 5).
However, dopamine agonist resistance and drug intoler-
ance is encountered in approximately 25% of patients
without normalization of PRL levels or tumor shrinkage
(6). In these patients, transsphenoidal adenometomy may
be considered with reported initial remission rates of ap-
proximately 75% for microprolactinomas and approxi-
mately 34% for macroprolactinomas (7). Surgical out-
comes are dependent on tumor size and location, as well

as the experience of the surgeon (8). However, up to
50% may recur postoperatively and continue to grow
persistently despite antitumor therapy (9, 10). Surgical
complications increase with each subsequent resection
and include development of new onset hypopituitarism,
local tissue damage, cranial nerve injury, as well as en-
hanced surgical mortality (0.3%– 0.5%) and morbidity,
especially for larger tumors (�4 cm in diameter) (2).
Alternative treatment options are therefore required for
tumors resistant to currently available treatments. An-
ecdotal reports of pharmacotherapy for aggressive
and/or resistant prolactinomas include somatostatin
analogues, which do not inhibit PRL, and selective es-
trogen receptor modulators, which may modestly in-
hibit PRL levels (11, 12). Temozolomide has been
shown in small uncontrolled series to inconsistently re-
duce tumor size, and PRL secretion in aggressive pro-
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lactinomas, and effects are not necessarily maintained
over time (2, 9, 10).

Humanepidermalgrowthfactorreceptor(EGFR,ErbB,and
HER) family comprises 4 subtypes: EGFR (ErbB1, HER1),
p185her2/neu (ErbB2, HER2), ErbB3 (HER3), and ErbB4
(HER4) (13), which regulate cell motility and adhesion,
tumor invasion, angiogenesis, and tumor cell proliferation
(14). EGFR (14–21) and HER2 (14, 17, 22, 23) are ex-
pressed in normal anterior pituitary cells, including lac-
totrophs. EGFR/HER2 signaling regulates tumor growth
and hormone production in experimental lacto-soma-
totroph tumors and in an experimental Cushing disease
model (24–27). Moreover, targeted EGFR/HER2 therapy
has also been shown to be effective in 2 dopamine agonist
resistant prolactinomas (28).

To directly investigate the role of EGFR/HER2 in lac-
totroph cell growth and tumorigenesis, we generated
transgenic mice expressing lactotroph-targeted human
EGFR (hEGFR) or human HER2 (hHER2) transgenes us-
ing the PRL promoter/enhancer (29) expression system.
Pituitary-specific expression of EGFR or HER2 genes was
observed in the transgenic mice. And these mice developed
hyperprolactinemia and prolactinomas, which responded
to lapatinib, a dual tyrosine kinase inhibitor (TKI), dem-
onstrating the feasibility of targeting EGFR/HER2 for
PRL responsiveness in prolactinomas.

Materials and Methods

Generation of transgenic mice
To generate mice that constitutively express lactotroph-tar-

geted hEGFR or hHER2, we used the rat PRL (rPRL) enhancer/
promoter (29). A 3239-bp fragment encoding the 5�-flanking
sequence from 17 bp upstream of the first ATG was amplified by
PCR. The resulting XbaI (5�-end, natural site) and NheI (3�-end,
introduced by PCR) fragment was jointed to the 5�-end of the
EGFR or HER2 cDNA (Figure 1A). The jointed fragment was
inserted into the Internal Ribosome Entry Site vector carrying
Internal Ribosome Entry Site/mCherry cDNA/BDH ployA. Con-
structs were generated using pGL4 vector (Promega). cDNAs
encoding ErbB family (EGFR), and HER2 (N-neu and T-neu),
were kindly gifted from Dr Mark Greene (University of Penn-
sylvania), were subcloned downstream of the rPRL promoter.
The hEGFR or hHER2 expression constructs were microinjected
into the male pronucleus of fertilized eggs and injected eggs trans-
planted to pseudopregnant foster mothers following standard
procedures, all approved by the Institutional Animal Care and
Use Committee.

To identify transgenic animals, genomic DNA was isolated
from 10- to 14-day offspring using a KAPA Mouse Genotyping
kit (KAPABIOSYSTEM) and analyzed by PCR using 2 sets of
primers. Primers binding to PRL promoter (PRL-F1 and PRL-F2)
and EGFR (EGR-R) or HER2 (HER2-R) cDNA and primers
binding to the mCherry sequence (mCherry-forward primer [F]
and mCherry-reverse primer [R]) were used with the next se-

quences: PRL-F, TGCAGATGAGAAAGCAGTGG; EGFR-R,
TGCCTTGGCAA ACTTTCTTT; PRL-F2, ATCCTTCCTTT
CTGGCCACT; HER2-R, AGGCACGTAGGTAAGCTCCA;
mCherry-F, TACGAGGGCACCCAGACCGC; and mCherry
R, AAGTTGGTGCCGCGCAGCTT.

Animal husbandry
Animals were housed in accordance with Institutional Ani-

mal Care and Use Committee guidelines of the Department of
Comparative Medicine, at Cedars-Sinai Medical Center.

Immunoblotting
Whole-cell extracts were prepared from pituitary, brain,

lung, kidney, adrenal, and heart. These tissues were lysed in
100-�L radioimmunoprecipitation assay buffer (Sigma-Aldrich)
containing protease inhibitor (Roche Molecular Biochemicals)
and phosphatase inhibitor cocktails (Sigma-Aldrich). Lysates
were centrifuged at 13 000g for 10 minutes at 4°C, and protein
concentrations in the resulting whole-cell extracts were deter-
mined by bicinchoninic acid protein assay reagent (Thermo Sci-
entific). A total of 50 �g of proteins in the sodium dodecyl sulfate
sample buffer (2� Laemmli sample buffer; Life Science) was
heated for 5 minutes at 100°C, separated on 4%–12% NuPAGE
Bis-Tris gels, and electrotransferred for 1 hour to polyvinylidene
difluoride (Invitrogen) and transferred to membranes. Mem-
branes were blocked for 1 hour in 5% nonfat dry milk or 5% BSA
in Tris-Buffered Saline and Tween 20 (TBS-T) buffer and incu-
bated overnight with primary antibodies, including anti-pErk1/2
(Cell Signaling Technology), anti-Erk1/2 (Cell Signaling Tech-
nology), anti-pserine-threonine protein kinase (Akt) (Cell Sig-
naling Technology), anti-Akt (Cell Signaling Technology), anti-
pEGFR (Cell Signaling Technology), anti-EGFR (Cell Signaling
Technology), anti-pHER2 (Cell Signaling Technology), and an-
ti-HER2 (Cell Signaling Technology). After washing with
TBS-T, membranes were incubated with peroxidase-conjugated
secondary antibody (Amersham ECL HRP-Linked; Life Sci-
ences) for 1 hour (5% nonfat dry milk or 5% BSA in TBS-T
buffer). Blots were washed, and antibody binding proteins were
detected using chemiluminescence detection system (Amersham
Biosciences) (Table 1).

Hormone assays
Serum PRL and TSH levels were analyzed by RIAs using re-

agents purchased from MP Biomedicals.

Immunohistochemical staining
Tumor specimens or pituitary glands were fixed in 10% for-

malin and embedded in paraffin. After deparaffinization and
antigen retrieval, slides were blocked in 10% goat serum in 1%
BSA-PBS, incubated overnight with rabbit polyclonal anti-EGFR
(Cell Signaling Technology) and mouse monoclonal anti-PRL
(Santa Cruz Biotechnology, Inc). After washing, samples were
incubated with Alexa Fluor goat antirabbit 488 (Heavy � Light
chains, 1:500 dilution; Invitrogen) and Alexa Fluor donkey an-
timouse 568 (Invitrogen) for 2 hours at room temperature, then
mounted with Prolong Gold antifade reagent (Invitrogen). Con-
focal microscope images were obtained using True Confocal
Scanner confocal scanner (Leica Microsystems) in a dual emis-
sion mode to separate autofluorescence from specific staining.

72 Liu et al ErbB-Driven Prolactinomas and Lapatinib Endocrinology, January 2015, 156(1):71–79

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 30 January 2015. at 21:08 For personal use only. No other uses without permission. . All rights reserved.



Lapatinib treatment
Female mice with PRL levels more

than 40 ng/mL were divided into 2 groups
for lapatinib treatment and controls (n �
14 per group). Mice were treated with
lapatinib (100 mg/kg) or vehicle (0.5%
methylcellose, 0.5% Tween 80/PBS; 100
�L) by oral gavage daily for 3 weeks.
Blood (200 �L) was collected twice for
hormone assessment (before treatment)
by retro-orbital bleeding under isoflurane
inhalational anesthesia via a nose cone
connected to a rodent anesthesia machine
(Kent Scientific Corp). On the last treat-
ment day (d 21), mice were euthanized
within 3 hours of drug administration,
cardiac blood was collected with 18-
gauge syringes, and pituitary glands or
tumors were harvested. Fragments of
each pituitary or tumor were fixed in for-
malin and embedded in paraffin for im-
munohistochemical staining and pre-
served in liquid nitrogen for subsequent
protein extraction.

Statistics
Results are expressed as mean � SEM.

Differences were assessed by one-way
ANOVA following the Scheffe’s F test.
P� .05 was considered significant.

Results

Generation of EGFR or HER2
transgenic mice using the rPRL
enhancer/promoter system

To investigate the role of hEGFR
or hHER2 in prolactinoma patho-
genesis, we generated female trans-
genic mice using the rPRL enhancer/
promoter (Figure 1A) that has
previously shown lactotroph-tar-
geted expression (29). hEGFR ex-
pression in the pituitary was detected
in 4-month-old mice by immunoblot-
ting (Figure 1B). Transgenic hEGFR
expression was 13-fold more abun-
dant than endogenous EGFR in wild-
type (WT) mice and was seen to be
restricted to transgenic pituitary
glands (Figure 1C). Similarly, pitu-
itary-specific hHER2 expression ob-
served in HER2 transgenic mice was
enhanced approximately 9-fold com-
pared with endogenous HER2 levels

Figure 1. Generation of hEGFR or hHER2 transgenic mice. A, hEGFR or hHER2 transgenic mice
were generated using the rPRL enhancer/promoter system. Structure of hEGFR or hHER2
expression units were illustrated. B, Whole-cell extracts were prepared using pituitaries from WT,
EGFR, and HER2 transgenic mice, and immunoblotting was performed using anti-EGFR, anti-
HER2, and antiactin (as a control). To show expression levels of human transgenes and
endogenous mouse EGFR and Her2 (observed in WT mice), a short (a, 60 s) and a long (b, 300 s)
exposed image are depicted. C, Immunobloting using whole-cell extracts from indicated tissues
of the transgenic mice was performed with anti-EGFR, anti-HER2, and antiactin. D,
Histochemical staining of pituitary from EGFR/HER2 transgenic mouse using anti-EGFR and anti-
HER2 conjugated with Alexa Fluor goat antirabbit 488 (green) and anti-PRL conjugated with
Alexa Fluor donkey antimouse 568 (red). Staining was analyzed by confocal microscopy. To
confirm colocalization of hEGFR/PRL and hHER2/PRL, merged image is also shown (�63
magnification).
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and was restricted to transgenic pituitary glands. Endog-
enous expression of mouse pituitary HER3 and HER4 in
both transgenic mice were both not detectable by Western
blotting. These results indicate that lactotroph-targeted
EGFR or HER2 expression is controlled by the rPRL en-
hancer/promoter system in these transgenic mice. To con-
firm pituitary cell colocalization of EGFR and PRL, con-
focal immunofluorescence was performed on the EGFR
transgenic mouse pituitary (Figure 1D). At age 13–15
months, enlarged pituitaries, or adenomas, were observed
in 35% (13 of 37) euthanized female transgenic mice (Fig-

ure 2, A–D). Five of 20 EGFR transgenic mice developed
pituitary tumors, and 1 had an enlarged pituitary gland
(3 � 2 mm). Seven (4 T-neu and 3 N-neu) of 17 HER2 (9
T-neu and 8 N-neu) transgenic mice developed tumors,
whereas only 1 WT mouse had an enlarged pituitary gland
(3 � 2 mm) (Table 2). Circulating PRL levels in EGFR or
HER2 transgenic mice were significantly increased com-
pared with WT, respectively (110 � 20 vs 22 � 6 ng/mL;
P � .0025 and 84 � 18 vs 22 � 6 ng/mL; P � .0087)
(Figure 3A). In summary, circulating PRL levels in both
EGFR and HER2 transgenic mice were 4.4-fold increased

Table 1. Antibody Table

Peptide/
Protein
Target

Antigen
Sequence
(if known) Name of Antibody

Manufacturer, Catalog
Number, and/or Name
of Individual Providing
the Antibody

Species Raised in;
Monoclonal or
Polyclonal Dilution Used

EGFR NA EGF Receptor (D38B1)
XP rabbit mAb

Cell Signaling Technology,
catalog #4267

Rabbit, monoclonal 1:1000 for WB,
1:200 for IF

pEGFR NA Phospho-EGF receptor
(Tyr1068) antibody

Cell Signaling Technology,
catalog number 2234

Rabbit, polyclonal 1:1000 for WB

HER2 NA HER2/ErbB2 (D8F12)
XP rabbit mAb

Cell Signaling Technology,
catalog number 2234

Rabbit, monoclonal 1:1000 for WB,
1:200 for IF

pHER2 NA Phospho-HER2/ErbB2
(Tyr877) antibody

Cell Signaling Technology,
catalog number 2241

Rabbit, polyclonal 1:1000 for WB

PRL NA Prolactin(B-8), sc-271758 Santa Cruz Biotechnology,
Inc, catalog number
sc-271758

Mouse, monoclonal 1:1000 for WB,
1:200 for IF

Erk1/2 NA p44/42 MAPK (Erl1/2)
(137F5) rabbit mAb

Cell Signaling Technology,
catalog number 4695

Rabbit, monoclonal 1:1000 for WB

pErk1/2 NA Phospho-p44/42 MAPK
(Erl1/2) (Thr202/Tyr204)
antibody

Cell Signaling Technology,
catalog number 9101

Rabbit, polyclonal 1:1000 for WB,
1:200 for IF

Akt NA Akt(pan)(11E7) rabbit mAb Cell Signaling Technology,
catalog number 4685

Rabbit, monoclonal 1:1000 for WB

pAkt NA Phospho-Akt (Ser473)
(D9E) XP rabbit mAb

Cell Signaling Technology,
catalog number 4060

Rabbit, monoclonal 1:1000 for WB,
1:200 for IF

Actin NA Monoclonal antiactin
antibody produced in
mouse

Sigma-Aldrich, A4700 Mouse, monoclonal 1:5000 for WB

Figure 2. Prolactinoma development in EGFR or HER2 transgenic mice. A, Prolactinoma in EGFR transgenic mouse (female, 13 mo), 4 � 5 mm. B.
Hyperplastic pituitary gland in EGFR transgenic mouse (female, 14 mo), 3 � 2 mm. C, Prolactinoma in HER2 (T-neu) transgenic mouse (female, 13
mo), 3 � 4 mm. D, Pituitary gland in WT mouse (female, 13 mo), 2 � 1 mm.
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compared with WT (98 � 14 vs 22 � 6 ng/mL; P � .0029).
Using confocal immunofluorescence, pituitary PRL ex-
pression in transgenic mice was observed to be higher than
in WT pituitary glands, consistent with results of the West-
ern blotting (Figure 3B).

Inhibitory effects of lapatinib on EGFR or HER2-
induced prolactinomas

To test the responsiveness of prolactinomas induced by
EGFR or HER2 expression to lapatinib, a dual TKI for
both EGFR and HER2 (see reference 41 below) mice with
circulating PRL levels more than 40 ng/mL was divided
into treatment and control groups (n � 14 per group) and
treated with lapatinib (100 mg/kg) or vehicle (0.5% meth-
ylcellose, 0.5% Tween 80/PBS; 100 �L) by oral gavage
daily for 3 weeks, respectively. After 3 weeks of treatment,
circulating PRL levels in EGFR transgenic mice receiving
lapatinib treatment were significantly decreased com-
pared with pretreatment levels (158 � 86 vs 59 � 48
ng/mL; P � .0055) (Figure 4A). In contrast, PRL levels in
control mice were unchanged after vehicle treatment
(142 � 73 vs 131 � 67 ng/mL; P � .127) (Figure 4A). In
HER2 transgenic mice, lapatinib attenuated circulating
PRL levels significantly (103 � 79 vs 59 � 39 ng/mL; P �
.04) (Figure 4B), whereas PRL levels in control group were

not changed (90 � 67 vs 86 � 54
ng/mL; P � .59) (Figure 4B). Accord-
ing to one-way ANOVA, no signifi-
cant differences on magnitude of ef-
fects were observed between EGFR
and HER2 transgenics. Circulating
TSH levels were also analyzed and
unchanged in EGFR or HER2 trans-
genic mice after lapatinib treatment,
respectively (174 � 48 vs 179 � 83
ng/mL; P � .885 and 175 � 83 vs
164 � 71 ng/mL; P � .666), indicat-
ing the inhibitory effect of lapatinib
specifically on PRL production. Nota-
bly, mice body weights were not altered
after oral lapatinib treatment.

p-Akt and p-Erk were reduced
by lapatinib treatment

To investigate downstream sig-
naling effects of lapatinib in these
transgenic animals, immunoblot
analysis was performed on pituitary
tumor extracts derived from EGFR/
HER2 transgenic mice. Four mice
from each group were selected based
on tumor size (�3 � 2 mm), and PRL
levels in selected mice are shown
above the immunoblotting results
(Figure 5A). Compared with 4 mice
treated with vehicle, lapatinib atten-
uated tumor PRL expression by 74%
in 4 EGFR transgenic mice (Figure

Table 2. Pituitary Tumorigenesis in Female ErbB
Transgenic Mice, Age 11–13 Months

WT EGFR HER2

Total (n) 12 20 17 (9 T-neu
and 8
N-neu)

% tumor penetrance or
enlarged pituitary

8% 30% 41% (4 T-neu
and 3
N-neu)

Circulating PRL levels
(ng/mL)

22 � 6 110 � 20a 84 � 18a

a P � .05 vs WT.

Figure 3. PRL expression in EGFR or HER2 transgenic mice. A, Serum PRL levels in EGFR or HER2
transgenic mice were analyzed using indicated mice by RIA (**, P � .01). B. Histochemical
staining using pituitaries (�100 magnification) from female EGFR transgenic mouse (B1), HER2
(T-neu) female transgenic mouse (B2), and WT mouse (B3). All mice were 13 months old.
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5A). Furthermore, expression of EGFR signal transducing
molecules p-Akt and p-Erk was also suppressed in tumors
treated with oral lapatinib by 53% and 74%, respectively.
Total Akt and total Erk levels were unchanged (Figure
5A). Similar results were also seen in HER2 transgenic
mice (Figure 5B). Lapatinib attenuated tumor PRL, p-Akt,
and p-Erk expression by 86%, 60%, and 71%, compared
with vehicle, respectively, whereas total Akt and total Erk
levels were not changed (Figure 5B). Confocal immuno-
fluorescence results confirmed PRL, p-Akt and p-Erk sup-
pression after lapatinib treatment (Figure 5C).

Discussion

Mechanisms underlying prolactinoma pathogenesis are
largely unclear mainly due to the unavailability of human
prolactinoma cell lines, reproducible animal models, and
cellular heterogeneity. Here, we report that lactotroph-

targeted transgenic hEGFR/HER2 expression, induced
prolactinomas between 13 and 15 months of age. More-
over, inhibiting EGFR/HER2 activity with lapatinib, a
dual TKI for both EGFR and HER2, leads to suppression
of hyperprolactinemia and MAPK and Akt pathways.

Receptor-specific ligands, including EGF, heparin-
binding EGF, TGF-�, and heregulins, bind extracellular
domains of individual ErbB receptors and induce receptor
homo- or heterodimerization and activation of down-
stream signaling (30, 31), which regulate processes for
tumor initiation and progression. Specifically, ErbB2 pos-
sesses an active tyrosine kinase domain, and no ligand has
been identified. ErbB receptor overexpression in trans-
genic mice driven by tissue-specific promoters induced
lung and breast cancers (32–34). Expression of ErbB re-
ceptors and ligands has been reported in normal anterior
pituitary cells, inducing PRL secretion in lactotrophs (35–
38). EGF and heregulin also regulate PRL gene expression

Figure 4. Effect of lapatinib on PRL levels in EGFR or HER2 transgenic mice. Circulating PRL and TSH (as a control) levels in EGFR or HER2
transgenic mice before and after treatment of oral lapatinib (100 mg daily for 3 wk). Same number (7 in each group) of mice were also treated
with vehicle as a control. A, PRL levels before and after treatment in EGFR transgenic mice. B, PRL levels before and after treatment in HER2
transgenic mice. C, TSH levels pre- and postlapatinib in EGFR transgenic mice. D, TSH levels pre- and postlapatinib in EGFR transgenic mice *, P �
.01; #, P � .05.
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and induce lactotroph differentiation (26, 27, 39), further
suggesting a role for ErbB receptors in lactotroph tumor
development.

To identify mechanisms underlying prolactinoma tu-
morigenesis, we generated transgenic mice expressing
EGFR or HER2 driven by the tissue-specific rPRL enhanc-
er/promoter (29). As shown in Figure 1, we successfully
generated these transgenic mice with this system. Because

we used the natural rPRL promoter
and enhancer for EGFR or HER2 ex-
pression, their expression levels were
not very high compared with other
reports using strong promoters, such
as the cytomegalovirus promoter
(40, 41). Indeed, we could not detect
mCherry fluorescence regulated by
IRIS in the transcripts. Levels of
hEGFR and HER2 expression seem
to be more physiological in younger
(before 13 mo) transgenic mice, and
enlarged pituitary glands or prolacti-
nomas were observed at 13–15
months of age in 35% of transgenic
mice. Circulating PRL levels were
significantly increased (�40 ng/mL)
with hEGFR or HER2 expression,
supporting the notion that EGFR or
HER2 expression is a factor contrib-
uting to lactotroph tumorigenesis.
However, lactotrophs expressing
EGFR or HER2 did not develop pi-
tuitary tumors at earlier stages, indi-
cating that EGFR or HER2 activa-
tion appears not to be the sole
requirement for full transformation
of a normal lactotroph and other
changes (ie, a second hit) are re-
quired to invoke transformation.

Prolactinomas resistant to dopa-
mine agonist therapy and surgery are
a continuing challenge for endocri-
nologists. Lapatinib, a TKI that tar-
gets both EGFR and HER2, is used in
combination for advanced HER2-po-
sivtive breast cancer (42) and inhibits
receptor signaling by preventing
autophosphorylation and subsequent
MAPK-Erk signaling (43). MAPK-
Erk is also activated in PRL and growth
hormone (GH)-secreting GH4C1 and
GH3cells treatedwitheitherheregulin
or EGF (42). In AtT20 cells, overex-

pression of EGFR led to activation of MAPK-Erk signaling,
which was inhibited by gefitinib, an EGFR TKI (24). Fur-
thermore, overexpressed HER2 leading to activation of
MAPK-Erk signaling in GH3 cells was inhibited by both
gefitinib and lapatinib (27).

The results shown here indicate that lapatinib sup-
pressed serum PRL levels and attenuated tumor PRL
expression in EGFR- and HER2-driven prolactinomas,

Figure 5. Effects of lapatinib on EGFR or HER2 downstream signaling. Levels of PRL, p-Akt, p-
Erk and t-Erk expression were analyzed by immunoblotting using pituitaries derived from EGFR
(A) or HER2 (B) transgenic mice treated with oral lapatinib or vehicle (100 mg daily for 3 wk).
Four mice were selected based on matched tumor size (�3 � 2 mm), and effectiveness of
lapatinib or vehicle on PRL level in each individual mouse is depicted above the blot. C,
Histochemical staining of PRL, p-Erk, and p-Akt in pituitary glands derived from EGFR transgenic
mice treated with lapatinib or vehicle were analyzed (�20 magnification).
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supporting the feasibility of ErbB-targeted therapy for
prolactinomas.
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