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Gemcitabine treatment enhances HER2 expression in low
HER2-expressing breast cancer cells and enhances
the antitumor effects of trastuzumab emtansine
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Abstract. Trastuzumab emtansine (T-DM1), trastuzumab-
conjugated with a cytotoxic agent, has shown promising
antitumor effects in breast cancer. Since a good therapeutic
response using T-DMI1 treatment requires high human
epidermal growth factor receptor 2 (HER2) expression, breast
cancers with low or no HER2 expression have not been used
for T-DM1 treatment. The aim of the present study was to show
that treatment of low HER2-expressing breast cancer cells
with gemcitabine (GEM) enhanced HER?2 expression using
RT-qPCR, immunoblot and flow cytometric analysis. The
results showed that GEM treatment significantly enhanced
HER?2 expression in MDA-MB-231, MCF7 and BT-20 breast
cancer cells, while paclitaxel (PTX) treatment induced lower
or no enhancement in HER2 expression. The expression of
HER2 mRNA was also enhanced in GEM-treated MCF7
cells. Treatment with an inhibitor for nuclear factor-(NF)-xB
suppressed GEM-induced HER?2 upregulation, indicating
that NF-«B activation by GEM may be associated with HER2
upregulation. T-DM1 binding to HER2 on MCF-7 cells was
enhanced by GEM pretreatment and the combined treatment
of GEM and T-DMI1 synergistically inhibited the prolifera-
tion of MCF7 cells. Thus, the combined treatment with GEM
and T-DM1 may be a promising therapeutic modality for low
HER2-expressing breast cancers, which was facilitated by the
unique HER2-upregulating effect of GEM.
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Introduction

An estimated 1.7 million individuals are diagnosed with breast
cancer and >450,000 individuals succumb to the disease each
year worldwide (1). Breast cancer ranks sixth with regard to
mortality among women in Japan (2). Accordingly, establish-
ment of novel modalities for treatment against breast cancer is
urgently needed.

Human epidermal growth factor receptor 2 (HER2) is a
185-kDa transmembrane tyrosine kinase receptor and its
signaling promotes cell proliferation, differentiation and
survival through the RAS-RAF-MAPK and PI3K-Akt
pathways (3,4). HER2 overexpression at the gene or protein
level is observed in 20-25% of human breast cancers, and its
overexpression is associated with a poor clinical outcome (5).
Trastuzumab, a monoclonal antibody specific to the extra-
cellular domain of HER2, is a promising tool for treating
breast cancers with HER2 overexpression (6). In a phase III
clinical trial, the combined treatment of trastuzumab and
paclitaxel (PTX) for metastatic HER2-positive breast cancer
elicited improved response, progression-free survival and
overall survival compared with chemotherapy without trastu-
zumab (6,7). The mechanism underlying the antitumor effects
of trastuzumab includes the inhibition of HER2 downstream
signaling pathways and activation of the antibody-dependent
cell-mediated cytotoxicity (ADCC) response (8-10). However,
the majority of patients who have an initial response to
trastuzumab acquire resistance to the drug during prolonged
treatment (6,7,9).

Recently, trastuzumab emtansine (T-DM1), a conjugate
of trastuzumab and derivative of maytansine 1 (DM1) was
developed as a new drug for anti-HER2-targeting therapy.
T-DM1 binds to cell-surface HER?2 receptors and is delivered
into lysosomes via endocytosis where it is digested by lyso-
somal enzymes. The active form of DMI is released into the
cytoplasm and inhibits the assembly of microtubules (11-13).
The cytotoxic activity of T-DM1 towards breast and gastric
cancer cells was stronger than that of trastuzumab in vitro and
in vivo even if the tumor cells were resistant to trastuzumab by
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PIK3CA mutation (11,14,15). In phase III clinical studies, the
efficacy of T-DM1 was found to be superior to that of lapatinib
and docetaxel in patients with HER2-positive advanced breast
cancers resistant to trastuzumab and taxanes (16).

Trastuzumab or T-DM1 have been used for the treatment of
breast cancers with HER2 overexpression. To determine indi-
cations for trastuzumab or T-DM1 therapy, the extent of HER2
expression in breast cancer cells was evaluated by immuno-
histochemistry (IHC) and gene amplification was determined
by fluorescence in situ hybridization (FISH) (7,17,18). Breast
cancers with a high HER2 expression or FISH positivity are
associated with a good response to trastuzumab or T-DM1
(7,11,16,18,19). Thus, innovative modalities that enable breast
cancer patients with a low HER2 expression to receive trastu-
zumab or T-DMI1 therapy are required.

Combined treatment with gemcitabine (GEM) and PTX
produces longer progression-free survival and improved
response rates than PTX alone in metastatic breast cancer
patients who failed anthracycline-based chemotherapy (20,21).
GEM is a nucleoside analog that arrests cells in the S-phase
in the cell cycle and it is widely used as a standard therapeutic
agent for pancreatic cancer and metastatic breast cancer. By
contrast, PTX is an inhibitor of microtubule de-polymerization
that induces cell-cycle arrest in the G2-M phase. The improved
therapeutic efficacy of the combined therapy with GEM and
PTX against breast cancer appears to be based on their different
cytotoxic mechanisms. As most breast cancer patients express
HER?2 at low or moderate levels, they have been treated with
hormone therapy or chemotherapy. If a low HER?2 expression
level in breast cancer was to be enhanced by treatment with a
considerable agent, the T-DM1 treatment could be applied by
combination with that agent. We have previously reported that
GEM treatment induced the upregulation of Wilms tumor 1
(WT1) in pancreatic cancer cells and enhanced the efficacy of
WTI-targeting immunotherapy against pancreatic cancer (22).
In the present study, we aimed to demonstrate that treatment of
low HER2-expressing breast cancer cells with GEM enhanced
their HER?2 expression in vitro. The antitumor effects of the
combined treatment with GEM and T-DM1 for low HER2-
expressing breast cancer cells was investigated.

Materials and methods

Cell lines and agents. MDA-MB-231 human breast cancer
cells used in our laboratory were confirmed to be original
MDA-MB-231 by DNA short tandem repeat analysis. MCF7
cells were obtained from RIKEN BRC through the National
Bio-Resource Project of the MEXT (Ibaraki, Japan). The
BT-20 cells were provided from Dr Shigeo Koido, from Jikei
University. GEM was purchased from Eli Lilly Japan (Kobe,
Japan). 5-Fluorouracil (5-FU) was purchased from Kyowa
Hakko Kirin Co. (Tokyo, Japan) and PTX was obtained from
Sigma-Aldrich (St. Louis, MO, USA). The NF-«B inhibitor
BAY11-7082 was purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). Trastuzumab was a gift from
Chugai, Inc. (Tokyo, Japan) and T-DM1 was provided by
Genentech, Inc. (South San Francisco, CA, USA).

FACS analysis. To assess the HER2 expression level, the cells
were incubated with phycoerythrin (PE)-labeled anti-human
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HER2 (24D2) or corresponding isotype control antibodies
(BioLegend, San Diego, CA, USA) in FACS buffer for 30 min
at 4°C. After being washed, the cells were analyzed using a
MACSQuant Analyzer (Miltenyi Biotech K.K., Bergisch
Gladbach, Germany). To assess the T-DM1 binding level of the
MCF7 cells, 1x10° cells were incubated with 10 yg/ml T-DMI1
at 37°C for 1 h. After being washed, the cells were incubated
with PE-labeled anti-human IgG (HP6017) or corresponding
isotype control antibodies (both from BioLegend) in FACS
buffer for 30 min at 4°C. The cells were analyzed using a
MACSQuant Analyzer (Miltenyi Biotech K.K.). Prior to using
the analyzer, 4 pg/ml propidium iodide (PI) (Sigma-Aldrich)
was added to the sample to exclude dead cells. The mean
fluorescence intensity (MFI) of HER2 and human IgG was
analyzed using MACSQuantify software.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from the cells using
TRIzol reagent (Life Technologies, Carlsbad, CA, USA)
followed by phenol-chloroform extraction and isopropanol
precipitation or the Micro-to-Midi Total RNA Purification
System (Life Technologies). cDNA was synthesized from
500 ng of the total RNA using the PrimeScript RT reagent kit
(Takara Bio, Inc., Otsu, Shiga, Japan) and the GeneAmp PCR
System 9700 (Applied Biosystems). For RT-qPCR detection of
HER?2 and 18S rRNA, 5 ng of cDNA was amplified using SYBR
Premix Ex Taq 11 (Takara Bio, Inc.) and the 7300 Real-Time
PCR System (Applied Biosystems). The PCR conditions
consisted of an initial denaturation step (95°C for 30 sec)
followed by 40 cycles (95°C for 5 sec and 62°C for 31 sec) and a
dissociation step. The primer sequences (Operon Biotechnologies
K K., Tokyo, Japan) used were: HER2 5-TCCTGTGTGGAC
CTGGAT-3' (forward), and 5“TGCCGTCGCTTGATGAG-3'
(reverse); and 18S rRNA 5-CGGCTACCACATCCAAGGAA-3'
(forward), and 5'-GCTGGAATTACCGCGGCT-3' (reverse).
The data were analyzed using the comparative AACt method by
calculating the difference between the threshold cycle (CT)
values of the target and the reference genes for each sample and
then comparing the ACT values of each drug treatment to the
untreated group.

Immunoblot analysis. The cells were homogenized in RIPA
buffer (20 mM Tris-HCI pH 7.5, 150 mM NaCl, 0.1% deoxy-
cholic acid, ]| mM EDTA, 0.1% SDS, 1% NP-40) with 100 mM
PMSF, 1 mg/ml leupeptin, 1 mg/ml aprotinin and 0.9 M
Na;VO,, and the protein concentrations were analyzed using
the Pierce BCA protein assay kit (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). Protein samples (10 ug) were
separated by electrophoresis in 7.5% sodium dodecyl sulfate-
polyacrylamide gels (ATTO, Tokyo, Japan) and transferred to
polyvinylidene difluoride membranes (Bio-Rad Laboratories,
Hercules, CA, USA). After being blocked with 3% non-fat
milk and 3% bovine serum albumin for 1 h, the membrane
was treated with Abs directed against HER2 (1:1,000)
(€2-4001 + 3BS5; Thermo Fisher Scientific, Inc.) and GAPDH
(1:600,000) (2D4A7; Abcam Inc., Cambridge, UK) and then
with secondary antibodies (Cell Signaling Technology Inc.,
Danvers, MA, USA) conjugated to horseradish peroxidase.
Chemi-Lumi One Super (Nakalai Tesque, Inc., Kyoto, Japan)
was used for chemiluminescence detection.
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Figure 1. GEM and PTX induce HER2 upregulation in three human breast cancer cell lines. (A) The cells were untreated (upper panel) or treated (middle
panel) with GEM (100 ng/ml) for 2 h. After being washed with PBS, the cells were incubated for 48 h. HER2 expression was examined by flow cytometry. The
gray and black histogram profiles indicate the isotype control and HER2 expression, respectively. Alterations in the HER2 expression (mean + SD, n=3) are
shown in graphs (lower panel). The values indicate the A MFI of HER2, such as the MFI of HER2 minus that of the isotype control of the samples. "P<0.05
and “P<0.01 vs. the untreated samples. (B) The cells were untreated (upper panel) or treated (middle panel) with PTX (50 ng/ml) for 24 h. The experimental
procedures were the same as in (A). Alterations in HER2 expression (mean + SD, n=3) are shown in the graphs (lower panel). The values indicate the A MFI
of HER2, such as the MFI of HER2 minus that of the isotype controls of the samples. “P<0.05 and “P<0.01 vs. the untreated samples. GEM, gemcitabine;
PTX, paclitaxel; HER2, human epidermal growth factor receptor 2; PBS, phosphate-buffered saline; PE, phycoerythrin; MFI, mean fluorescence intensity.

Estimation of the antiproliferative effects of different agents
by invitro cell growth assays. MCF7 cells in the culture dishes
were treated with GEM (0, 10 and 30 ng/ml) for 2 h, PTX (0,

1.5 h. After washing the cells with phosphate-buffered saline
(PBS), they were incubated in a medium containing T-DM1
(0, 10 and 30 pg/ml) for 96 h. Identical numbers of trypan blue

5.6 and 16.7 ng/ml) for 24 h or 5-FU (0, 10 or 40 pug/ml) for  non-stained cells were seeded in 96-well plates (3x10%/well).
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Figure 2. GEM treatment enhanced HER?2 expression of the MCF7 cells at the mRNA and protein levels. (A) MCF7 cells were treated with GEM (0, 10, 30 or
100 ng/ml) for 2 h, washed with PBS and incubated for another 48 h in fresh medium. The HER2 mRNA expression in the cells was analyzed using RT-qPCR
(n=3). (B) The MCF7 cells were treated with GEM (0, 10, 30 or 100 ng/ml) for 2 h, washed with PBS and incubated for another 48 h in fresh medium. HER2
and GAPDH protein expression was examined by immunoblot analysis. (C) MCF7 cells were treated with GEM for 2 h, PTX for 24 h or 5-FU for 1.5 h, washed
with PBS and cultured for 48 h in fresh medium. The HER2 expression was analyzed by flow cytometry. The values indicate the A MFI of HER2, such as
the MFI of HER2 minus that of the isotype control of the samples (n=3). “P<0.05 and “P<0.01 vs. the untreated samples. GEM, gemcitabine; HER2, human
epidermal growth factor receptor 2; PBS, phosphate-buffered saline; MFI, mean fluorescence intensity.

After a 96-h incubation, cell growth was examined by spec-
trophotometry using Cell Counting Kit-8 (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan). Fluorescence was
measured at 450 nm using an iMark microplate absorbance
reader (Bio-Rad Laboratories).

Statistical analysis. Data are presented as the mean + standard
deviation (SD). Comparisons between the untreated control
and drug-treated groups were performed by the unpaired
Student's or Welch's t-tests for two independent groups and
the Dunnett or Bonferroni-Dunn methods for multiple-group
comparisons. P<0.05 was considered to indicate a statisti-
cally significant result. Statistical analyses were performed
using Microsoft Office Excel 2007 (Microsoft Corporation,
Redmond, WA, USA) with the add-in software Statcel 3 (OMS
Publishing Inc., Saitama, Japan).

Results

GEM treatment increases HER2 expression in breast cancer
cells with low HER?2 expression. MCF7, MDA-MB-231 and
BT-20 human breast cancer cells have low HER2 expression
levels. Alterations in HER2 expression in these cell lines by
treatment with GEM or PTX was examined. HER2-expression
was significantly enhanced by GEM treatment, although the
extent of HER2 upregulation was different among the three
cell lines (Fig. 1A). PTX treatment induced a low and moderate
HER?2 upregulation in the MDA-MB-231 and MCF7 cells,
respectively, whereas HER2 was downregulated in BT-20
cells (Fig. 1B). HER2 mRNA in GEM-treated MCF7 cells
significantly increased when the cells were treated with 30 or
100 ng/ml GEM (Fig. 2A). The results from the immunoblot

analysis showed that HER?2 protein expression in GEM-treated
MCF7 cells increased (Fig. 2B). Although HER2 expres-
sion in PTX (50 ng/ml)- or 5-FU (40 ug/ml)-treated MCF7
cells increased 3.2- or 3-fold, respectively, a larger increase,
i.e., 4.6-fold, was identified with GEM (100 ng/ml) treat-
ment (Fig. 2C).

GEM-mediated HER?2 upregulation is inhibited by treatment
with an NF-xB inhibitor. The upregulation of HER2 mRNA
induced by GEM treatment was significantly inhibited by treat-
ment with the NF-«xB inhibitor BAY11-7082 (Fig. 3A and B).
Fig. 3A shows the result obtained by prolonged treatment
of BAY11-7082 with 2 h GEM treatment. Fig. 3B shows the
result obtained by 2 h simultaneous treatment of GEM and
BAY11-7082. The increase of the HER2 protein expression
on the cell surface induced by GEM treatment was mildly
suppressed by prolonged treatment with 6 xM BAY11-
7082 (Fig. 3C).

T-DM1 binding to HER2 on MCF7 cells is increased by
GEM treatment. As HER2 expression was upregulated on
GEM-treated breast cancer cells, we examined whether
T-DMI1 binding to HER2 increases on GEM-treated MCF7
cells. T-DM1 binding to HER2 on the MCF7 cells was
increased following HER2 upregulation by GEM treat-
ment (Fig. 4A and B). As shown in Fig. 4A, HER2 expression
was increased 3.95-fold and T-DM1 binding was increased
3.62-fold by GEM treatment (Fig. 4A), indicating that the
extent of the increase in HER2 expression and T-DM1 binding
was similar. T-DM1 binding to HER2 on MCF7 cells treated
with GEM (10 ng/ml) increased at 3.56-fold compared with
the untreated MCF7 cells (Fig. 4B).
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Figure 3. The HER2 expression upregulated by GEM treatment is inhibited by an NF-«B inhibitor. (A) The MCF7 cells were pre-treated with the NF-xB
inhibitor BAY11-7082 (BAY) (0 and 6 xM) for 4 h and then GEM (0, 10 and 30 ng/ml) was added for 2 h in the presence of BAY. The cells were washed with
PBS and incubated in fresh medium with BAY (0 and 6 M) for 24 h. The cells were collected and analyzed for the HER?2 expression using qRT-PCR (n=2).
(B) MCF7 cells were simultaneously treated with GEM (0 and 30 ng/ml) and BAY (0 and 6 uM) for 2 h, washed with PBS and incubated in fresh medium for
another 48 h. The cells were collected and analyzed for HER2 mRNA expression using RT-qPCR (n=3). “P<0.01. (C) MCF7 cells were pre-treated with the
NF-«B inhibitor BAY11-7082 (BAY) (0, 2 and 6 #M) for 4 h and then GEM (0 and 10 ng/ml) was added for 2 h in the presence of BAY. The cells were washed
with PBS and incubated in fresh medium with BAY (0, 2 and 6 #M) for 24 h. The cells were collected and examined for HER2 expression using flow cytometry
(n=2). The values indicate the A MFI of HER2, such as the MFI of HER2 minus that of the isotype control of the samples. HER2, human epidermal growth
factor receptor 2; GEM, gemcitabine; PBS, phosphate-buffered saline; MFI, mean fluorescence intensity.
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Figure 4. T-DM1 binding to the MCF7 cells is increased by GEM treatment. (A) MCF7 cells were untreated or treated with GEM (10 ng/ml) for 2 h, washed
with PBS and incubated in fresh medium for 48 h. HER2 expression of the cells was examined by flow cytometry. Additionally, untreated or GEM-treated cells
were detached and treated with T-DM1 (10 ug/ml) for 1 h. The cells were analyzed for T-DM1 binding by flow cytometry using PE-labeled anti-human IgG.
Upper left panel, HER2 expression of untreated MCF7 cells. Upper right panel, T-DM1 binding to untreated MCF7 cells. Lower left panel, HER2 expression
on GEM-treated MCF7 cells. Lower right panel, T-DM1 binding to GEM-treated MCF7 cells. Grey and black areas indicate the isotype control and specific
antibody, respectively. Values indicate A MFI for HER2, such as the MFI for HER2 minus that of the isotype control for the samples. (B) As described in (A),
the untreated and GEM-treated MCF7 cells were incubated with T-DM1 for 1 h, and the binding of T-DM1 was examined by flow cytometry using PE-labeled
anti-human IgG. The A MFI of human IgG was calculated as the MFI of PE-labeled anti-human IgG minus that of the isotype control of the samples (n=3),
“P<0.01. T-DMI, trastuzumab emtansine; GEM, gemcitabine; PBS, phosphate-buffered saline; MFI, mean fluorescence intensity.

Combined treatment with GEM and T-DM1 synergistically ~ produced marked synergistic antiproliferation effects on the
inhibits MCF'7 cell proliferation. When the MCF7 cells were  MCF7 cells (Fig. 5). No synergistic effects were observed
pre-treated with 10 ng/ml GEM, 10 ug/ml T-DMI treatment = when the MCF7 cells were treated with PTX and T-DM1. Low
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Figure 5. Combined treatment with GEM and T-DM1 synergistically inhibited the growth of MCF7 cells. MCF7 cells were treated with GEM for 2 h, PTX for
24 h or 5-FU for 1.5 h. The cells were washed with PBS and incubated in medium containing T-DM1 (0, 10 or 30 pg/ml) for 96 h. The cells were detached and
an identical number of trypan-blue non-stained cells was seeded into the 96-well plates (3x10° cells/well) and incubated for 96 h. Cell growth was examined by
spectrophotometry. Vertical axis, OD; horizontal axis, concentration of T-DM1 (pg/ml). “P<0.05 and “P<0.01 vs. the untreated samples with T-DM1 at each
GEM, PTX or 5-FU concentration. GEM, gemcitabine; T-DMI, trastuzumab emtansine; PTX, paclitaxel; 5-FU, 5-fluorouracil; PBS, phosphate-buffered saline.

synergism was observed following the combined treatment
with 5-FU (10 ug/ml) and T-DM1 (10 pg/ml).

Discussion

In the present study, we found that treatment with GEM or
PTX enhanced the HER2 expression of breast cancer cells
with a low HER2 expression. GEM had stronger potency for
HER?2 upregulation than PTX, suggesting that modulation
of the DNA synthesis may be more associated with HER2
upregulation. An increase of HER2 expression by GEM
was induced at the transcriptional level and it appears to be
at least partially regulated by NF-«xB signaling. Hernandez-
Vargas et al reported that the NF-«xB pathway was activated
in GEM-treated breast cancer cells to induce GEM resis-
tance (23). NF-xB has been reported to play a critical role in
HER?2 overexpression in breast cancer (24). Cao et al reported
that long-term radiation treatment for breast cancer activated
NF-«B, resulting in accelerated NF-kB signaling to the HER2
promoter for HER2 mRNA transactivation (25). It has been
reported that GEM has a stronger NF-kB activating ability
than PTX or 5-FU (23). Together, a higher HER2 upregulation
in breast cancer cells by GEM treatment may be the result of
higher NF-«xB activation than PTX treatment.

T-DM1 is a conjugate of trastuzumab and the cytotoxic
agent emtansine (12,13). In addition to the cytotoxic activity
of DM1, T-DM1 has two other antitumor activities including
functioning as a monoclonal antibody that blocks intracel-
lular signal transduction and ADCC. The formation of
HER?2 homodimers or HER2 and HER1/3/4 heterodimers on
tumor cells accelerates the phosphorylation process of RAS/
RAF/MEK/MARK and PI3K/AKT/mTOR without ligand
binding, resulting in the promotion of tumorigenesis (26).
It has been shown that trastuzumab inhibits the PI3K/
AKT/mTOR pathway mediated by PTEN (27). Mutation of
phosphoinositide 3-kinase (PI3K) was found to be closely

associated with trastuzumab resistance (28) and 42% of
HER2-enriched breast cancers have a PI3K mutation (29).
It may be possible that T-DMI1 treatment has less resistance
to breast cancers with PI3K mutation than trastuzumab, and
an increase in HER2 expression and the resultant increase in
T-DM1 binding to breast cancer cells may be beneficial for
treating breast cancers with PIK3CA mutations.

Although it is possible that HER2 upregulation by GEM
enhances the ADCC activity of T-DMI1, we did not observe
enhanced trastuzumab or T-DMI-mediated ADCC activity
towards GEM-treated breast cancer cells. Since the >'Chromium
('Cr) release assay was not appropriate for measuring the
ADCC activity against GEM-treated target cells due to the
large spontaneous release of *'Cr, enhanced ADCC activity
by GEM treatment was demonstrated by another appropriate
modality. Resistance to ADCC has been induced by long-term
treatment with trastuzumab, and a possible mechanism involved
the downregulation of the extracellular domain of HER2 (30).
Notably, lapatinib, a HER?2 tyrosine kinase inhibitor, accu-
mulated HER2 and potentiated trastuzumab-dependent cell
cytotoxicity (31). GEM treatment may also recover the HER2
expression of breast cancer cells with HER2 downregulation
and overcome resistance to trastuzumab-mediated ADCC.

It was confirmed that the amount of T-DM1 binding to
HER?2 on the breast cancer cells was increased along with the
HER?2 upregulation induced by GEM treatment, and the extent
of the increase in HER2 expression and T-DM1 binding was
almost identical. These results suggest that T-DM1 success-
fully bound to HER2 molecules that were upregulated by
GEM treatment. The more T-DM1 that binds to cell surface
HER?2, the more active DM is generated in the cells (11-13).

Significant synergistic antiproliferative effects between
GEM and T-DM1 are based on high HER2 upregulation
induced by GEM and result in the enhancement of T-DM1
binding. By contrast, synergistic antiproliferative effects were
not observed in PTX and T-DM1-treated MCF7 cells although
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HER?2 upregulation was induced by PTX treatment. One
possible reason for this result may be that PTX is an inhibitor
of microtubule de-polymerization, which is similar to DM1,
while GEM is an inhibitor of DNA synthesis. It is conceivable
that the combined treatment with chemotherapeutic agents
with different mechanisms may be more cytotoxic. Although
synergistic antiproliferative effects were observed between
5-FU (10 ug/ml) and T-DM1 (10 ug/ml), synergism was lower
than that between GEM and T-DM1, possibly due to a lower
HER?2 upregulation by 5-FU compared with GEM.

A considerable number of breast cancer patients have been
unable to receive therapeutic benefits by T-DMI1 treatment
due to low HER2 expression in their breast cancer tissues.
Pre-treatment with GEM may overcome this limitation of
T-DM1 therapy by inducing HER?2 upregulation and enabling
alow HER2-expressing breast cancer patients to be candidates
for T-DM1 therapy. Experiments involving HER2 upregula-
tion in vivo by GEM treatment are now being performed
using immune-deficient mice transplanted with human low
HER?2-expressing breast cancer cells.
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