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Aim: AT-101 is a polyphenolic compound with potent anti-apoptotic effects in various cancers. In this study,
the possible synergistic cytotoxic and apoptotic effect of trastuzumab/AT-101 combination was investi-
gated in HER2-positive breast cancer cell lines. Materials & methods: SKBR-3, MDA-MB-453 and MCF-10A
cell lines were treated with a trastuzumab/AT-101 combination. Synergistic cytotoxicity and apoptosis ef-
fects were shown and then PI3K and Akt protein levels were studied. Result: The trastuzumab/AT-101
combination induced synergistic cytotoxicity and apoptosis in both breast cancer cells but not in MCF-
10A cells. Combination treatment induced cytotoxicity via inhibiting PI3K/AKT but not the MAPK/ERK
pathway. Conclusion: The trastuzumab/AT-101 combination may be a good candidate for patients with
trastuzumab-resistant Her2-positive breast cancer and inhibition of the PI3K/AKT pathway may be one of
the underlying mechanisms.
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Breast cancer is one of the most common cancers among women, and is the second leading cause of cancer deaths [1].
It is a highly heterogeneous disease with different clinical outcomes. The HER2 oncogene is over expressed in
25–30% of all breast cancer cases, and over expression of this oncogene is closely related to shortened disease-
free survival [2,3]. Treatment of these cancers is based on targeted drugs or combinations because HER2-positive
breast cancers are generally estrogen receptor (ER)-negative. Trastuzumab is a monoclonal targeted agent against
HER2. HER2-positive patients who are treated with trastuzumab have good clinical responses. However, 50% of
the patients are resistant to trastuzumab either primary or secondary. The activation of PI3K signal transduction
pathway may be one of the trastuzumab resistance mechanisms [2–5].

Gossypol is a polyphenolic compound found in the seeds of the cotton plant and Thespesia populnea [5]. AT-101(R-
(-)-1,1′, 6,6′,7,7′-hexahydroxy-3,3′-dimethyl-5,5′-bis (1-methylethyl) [2,2′-Binapthalene]-8, 8′-dicarboxaldehyde
acetic acid), which is the (-) enantiomer of gossypol has been found to have a more potent cytotoxic effect than
the (+) enantiomer or racemic gossypol. In vitro and in vivo antiproliferative and apoptotic effects of AT-101 have
been shown in various cancers such as breast, ovarian, uterine, adrenal, pancreatic, head and neck [6–8]. Moreover,
through clinical studies, it has been shown that AT-101 is less toxic and well tolerated by patients, and thereby it is
considered as a potential agent for combination therapies [9–12].

The cell culture assay was set up using two breast cancer cell lines with HER2 overexpression. These breast
cancer cell lines were MDAMB453 and SKBR-3. The MDA-MB453 cell line is aneuploid human female with
chromosome counts in the hypo-to-near-tetraploid range. This cell line was derived in 1976 by Cailleu et al. from
an effusion of a 48-year-old female patient with metastatic breast cancer involving the nodes, brain and both pleural
and pericardial effusion. FGF and HER2 are expressed by these cells. The SKBR-3 cell line is a hypertriploid line
with a modal chromosome number of 84, 34% of these cells have 80 chromosomes as well as a high rate (28%)
of ploidy. 35–40% of chromosomes in a cell complemented with a modal chromosome number of 84 consisted of
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structurally altered marker chromosomes. This cell line was derived by G Trempe and LJ Old in 1970 from pleural
effusion cells of a patient, a white, Caucasian female, 43 years of age with blood type A+, who had been treated
with radiation, steroids, cytoxan and 5-fluorouracil. This cell line is overexpressed HER2.

In this study, we investigated the possible synergistic cytotoxic effect of a trastuzumab/AT-101 combination
in SKBR-3 and MDA-MB-453 HER2-positive breast cancer cell lines. To evaluate the action mechanisms of the
combination treatment, we investigated the effect of the combination treatment on PI3K/AKT and MAPK/ERK
signal transduction pathways, and further evaluated the apoptotic activity of this combination treatment.

Materials & methods
Cell lines & reagents
SKBR-3 and MDA-MB-453, which are human breast cancer HER2-positive cell lines were obtained from Interlab
Cell Line Collection (ICLC, Genova, Italy), and MCF-10A cells were purchased from Health Protection Agency
(HPA, London, UK). The cells were grown as monolayer adherent cell lines and were routinely cultured in
Dulbecco’s modified Eagle medium/nutrient F-12 Ham supplemented with 10% heat-inactivated fetal bovine
serum, 1% L-glutamine, 1% penicillin–streptomycin in 75 cm2 polystyrene flasks (Greiner Bio-One GmbH,
Kremsmuenster, Austria), and maintained at 37◦C in a humidified atmosphere with 5% CO2. Cell culture supplies
were obtained from Biological Industries (Merck Millipore, Darmstadt, Germany).

AT-101 was received from Ascenta Therapeutics (PA, USA). Trastuzumab was obtained from Roche Applied
Science (Mannheim, Germany). The stock solutions of AT-101 (10 μM) and trastuzumab (10 mg/ml) were
formulated in DMSO. They were saved at -20◦C. The dilutions which were prepared were made just before we
use them, and we made new stock solutions for each experiment we did. In the study, the DMSO concentration
did not exceed 0.1% and even in this condition, it was not cytotoxic to the cells. All other chemicals which were
not cited above were purchased from Sigma, Louis, Missouri, ABD (with the method recommended by Sigma).

XTT viability assay
Cells were seeded at nearly 1 × 104 cells/well in a final volume of 100 μl in 96-well flat-bottom microtiter plates.
The cells were treated various concentrations of trastuzumab and AT-101 alone or in combination after an overnight
incubation. Plates were incubated at 37◦C in a 5% CO2 incubator for 24, 48 and 72 h. We did not stimulate media
throughout this period. At the end of incubation, we added 100 μl of XTT (Roche Applied Science) to each well,
and after that we incubated the plates at 37◦C for another 4 h. Later, absorbance was measured by a microplate
reader (DTX 880 Multimode Reader, Beckman Coulter, FL, USA) from 450 to 650 nm wavelength. In order to
calculate the IC50 values, we used the mean of triplicate experiments for each dose combination index (CI) values
were calculated using the CalcuSyn software.

DNA fragmentation analysis
Apoptosis was evaluated using ELISA using the Cell Death Detection ELISAPlus Kit (Roche Applied Science). We
measured the related amounts of mono- and oligonucleosomes originated from the apoptotic cells by monoclonal
antibodies directed against DNA and histones having ELISA. Absorbance was measured at 405 nm with a
reference wavelength at 490 nm (DTX 880 Multimode Reader, Beckman Coulter). The cytoplasmic fraction of
the untreated control and treated cells were sent onto a streptavidin-coated plate, and it was incubated with a
mixture of biotin labeled antihistone and peroxidase conjugated anti-DNA for 2 h at room temperature. The plate
was washed completely and incubated with 2,29-azino-di-[3-ethylbenzthiazolinesulphonate] diammonium salt,
then absorbance was quantified at 405 nm with a reference wavelength at 490 nm (DTX 880 Multimode Reader,
Beckman Coulter). We did all experiments as triplicate.

Caspase 3/7 assay
Apoptosis was verified by using the caspase-Glo 3/7 Assay (Promega, WI, USA) according to the manufacturer’s
instructions. Briefly, cells were placed in a 96-well plate in 100 μl culture medium in the absence or presence of
increasing concentrations of drugs alone or in combination. After that, 100 μl of caspase-Glo 3/7 reagent was
transferred onto each well and the plates were incubated for 1 h at room temperature. At the end of the incubation,
the luminescence of each sample was measured in a luminometer (DTX 880 Multimode Reader, Beckman Coulter).
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Western blot analysis
The M-PER Mammalian Protein Extraction Reagent (Thermo Scientific, IL, USA) was used to extract total protein.
Total protein concentrations were determined using Bradford assay (Bio-Rad Laboratories, CA, USA). Equal
amounts of proteins along with molecular weight marker were loaded onto SDS polyacrylamide gel and separated
using electrophoresis (PAGE). Gels were run for approximately 2 h at 120V for PAGE. After PAGE, proteins
were transferred from the gels into nitrocellulose membranes (Bio-Rad Laboratories) by running the sandwich
for 75 min at 115 V, at 4◦C. To verify the transfer step, the membranes and gels were stained with Ponceau
S (Sigma Chemical Co., MO, USA) and Coomassie Brilliant Blue R-250 (Bio-Rad Laboratories), respectively.
The membranes were blocked using blocking buffer prepared with 5% nonfat dry milk (Bio-Rad Laboratories)
in tris-buffered saline containing 0.1% Tween 20 for 1 h, at room temperature. Then, the membranes were
incubated with primary antibodies, anti-MAPK (Abcam, ab185145), anti-Pi3k (Abcam, ab32089), anti-beta actin
antibody (Abcam, ab8226), anti-ERK1antibody (Abcam, ab32537), anti-akt antibody (Abcam, ab32505), which
were obtained from Abcam, for 16 h, at 4◦C. After several washing steps with tris-buffered saline containing 0.1%
Tween 20, membranes were incubated with secondary antibodies for 1 h, at room temperature. Protein bands
were visualized using the Kodak Gel Logic 1500 Imaging System (Carestream Molecular Imaging, Newhaven, CT,
USA). All antibodies, unless mentioned, were purchased from Abcam (Cambridge, UK). β-Actin was evaluated as
a loading control and all incubation steps were performed in orbital shaker.

Statistical analysis
All experiments were carried out in triplicate and the results are stated as the mean ± standard deviation. The data
were analyzed through one-way analysis of variance followed by Dunnett’s t-test for multiple comparisons. Values
with p < 0.05 were regarded as statistically important. We calculated determination of the half maximal (50%)
inhibitory concentrations (IC50) of each agent and the synergistic cytotoxic effects of cells treated with trastuzumab
and AT-101 combination by the BiosoftCalcuSyn 2.1 software (MO, USA). We used the CI to state additive effect
(CI = 1), antagonism (CI > 1), synergism (CI < 1) and strong synergism (CI < 0.5) [13]. Data analysis and graph
production were achieved using the GraphPad Prism 6.0 software (CA, USA; similar to the method in the article
presented by Chou et al.).

Results
Trastuzumab in combination with AT-101 induces synergistic cytotoxicity in human HER2+ breast
cancer cells but not in MCF-10A cells
To evaluate the effects of trastuzumab and AT-101 on the viability of SKBR-3 and MDA-MB-453 human breast
cancer cells and MCF-10A cells, cells were exposed to increasing concentrations of trastuzumab (1–100 μg/ml)
or AT-101 (2.5–15 μM) for 24, 48 and 72 h, and an XTT cell viability assay was performed. Both trastuzumab
and AT-101 decreased cell viability in a time- and dose-dependent manner in SKBR-3 and MDA-MB-453 human
breast cancer cells. The highest cytotoxicity was observed at 72 h (Figure 1A–D) and IC50 values of trastuzumab in
SKBR-3 and MDA-MB-453 cells were calculated as 17.6 and 97.9 μg/ml, respectively. The IC50 of AT-101 was
6.3 μM for SKBR-3 cells and 8.7 μM for MDA-MB-453 cells, respectively.

To assess the possible synergistic effects of trastuzumab and AT-101 combination, SKBR-3 and MDA-MB-453
cells were exposed to different concentrations of the drugs alone, and combined for 72 h. The results showed that
100 μg/ml trastuzumab and 2.5 μM AT-101 resulted in a 42 and 19% decrease in proliferation of MDA-MB-
453cells, respectively, while both together at the same doses caused a 75% decrease in cell viability compared with
untreated controls, indicating strong synergy (p < 0.05; Figure 2A). There was significant synergistic cytotoxicity
in SKBR-3 cells at 72 h compared with either agent alone; 10 μg/ml trastuzumab and 2.5 μM AT-101 resulted in
a 23 and 19% decrease, respectively, in the viability of SKBR-3 cells. However, the combination resulted in a 71%
decrease in viability (p < 0.05; Figure 2B).

The concentrations for each agent that were found to be synergistic on SKBR-3 and MDA-MB-453 cells are
given in Table 1. However, neither 10 μg/ml trastuzumab and 2.5 μM AT-101 nor 100 μg/ml trastuzumab and
2.5 μM AT-101 treatments were cytotoxic to MCF-10A normal breast cells (data not shown).
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Figure 1. Concentration and time-dependent effects of trastuzumab and AT-101 on the viability of MDA-MB-453 and SKBR-3 cell lines.
*p < 0.05; significant as compared with the control group.

Table 1. Combination index values of the AT-101/trastuzumab combination in SKBR-3 and MDA-MB-453 cell lines.
AT-101 (μM) Trastuzumab (μg/ml) CI Interpretation

SKBR-3 2.5 10 0.290 Strong synergism

5 5 0.508 Synergism

5 10 0.588 Synergism

MDA-MB-453 2.5 100 0.236 Strong synergism

5 80 0.373 Strong synergism

2.5 20 0.746 Synergism

CI � 1, antagonism; CI = 1, additive effect; CI � 1, synergism; CI � 0.5, strong synergism.
CI: Combination index.

Trastuzumab & AT-101 combination induces cytotoxicity by inhibiting the PI3K/AKT pathway, but
not the MAPK/ERK pathway
To explaining the underlying mechanisms of the synergistic apoptotic effects of the combination treatment, we
investigated whether the cytotoxicity was related to inhibition via of the PI3K/AKT and/or MAPK/ERK signaling
pathways. For this aim, the effects of a specific PI3K/AKT inhibitor (LY294002) or specific ERK inhibitor
(FR180204) were investigated on the viability of breast cancer cells using an XTT viability assay. Breast cancer
cells were pretreated with LY294002 for 1 h before treatment with the combination of 10 μg/ml trastuzumab
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Figure 2. Effects of the trastuzumab/AT-101 combination on the viability of MDA-MB-453 and SKBR-3. (A & B) Breast cancer cells at 72 h.
*p < 0.05; significant as compared with the control group; **p < 0.05; significant as compared with both the control and
single-agent-treated groups.

and 2.5 μM AT-101, and then the viability of cells was investigated. It was worked out that the viability of
the combination-treated cells was not highly changed in the presence of LY294002 (50 μM) as compared with
nontreated cells (Figure 3A & D; p < 0.05). Cells were pretreated with FR180204 for 1 h before treatment with
the AT-101/trastuzumab combination, and then the viability of cells was investigated using the XTT assay. Cell
viability was significantly decreased by the AT-101/trastuzumab combination as compared with FR180204-treated
cells (Figure 3B–E; p < 0.05). Furthermore, PI3K and AKT protein levels were evaluated after the combination
treatment using western blot analysis. Both P3K and AKT levels were inhibited by the combination treatment in
SKBR-3 and MDA-MB-453 cells (Figure 3C–F).

Combination of trastuzumab with AT-101 induces apoptosis in human HER2+ breast cancer cells
To investigate the effect of the trastuzumab/AT-101 combination on the induction of apoptosis, SKBR-3 and
MDA-MB-453 cells were treated with different concentrations of trastuzumab or AT-101 or both together for 72 h
before analyzing the levels of mono-oligonucleosome fragments using Cell Death Detection ELISAPlus. Both agents
induced apoptosis in a dose-dependent manner in SKBR-3 and MDA-MB-453 cells (Figure 4A–D).

When SKBR-3 cells were exposed to 100 μg/ml trastuzumab and 2.5 μM AT-101, there was a 7.3- and
4.5-fold increase in DNA fragmentation, respectively. However, the combination induced a 14.2-fold increase in
DNA fragmentation versus untreated controls (p < 0.05; Figure 5A). When MDA-MB-453 cells were exposed
to 100 μg/ml trastuzumab and 2.5 μM AT-101, there was a 5.2- and 2.7-fold increase in DNA fragmentation,
and the combination induced an 9.6-fold increase in DNA fragmentation versus untreated controls (p < 0.05;
Figure 5B).

Moreover, to verify the induction of apoptosis by the combination treatment in breast cancer cells, we evaluated
the activation of caspase 3/7 in both cells. In parallel with DNA fragmentation analysis, the combination treatment
induced caspase 3/7 activity in both breast cancer cells as compared with single agents and untreated controls
(p < 0.05; Figure 5C & D). We also verified the induction of apoptosis by measuring DNA fragmentation
after inhibiting caspase-8 or caspase-9. Cells were pretreated with a caspase-8 (z-IETD-fmk)-specific inhibitor,
then exposed to the trastuzumab/AT-101 combination. As seen in Figure 6, there was a decrease in apoptosis as
compared with combination-treated cells (p < 0.05). Similar results were obtained by caspase 9 (z-LEHD-fmk)
pretreatment in both breast cancer cells (Figure 6A & B), indicating that the combination treatment activated both
the extrinsic and intrinsic pathways of apoptosis in SKBR-3 and MDA-MB-453 cells.
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Figure 3. Effects of (A–D) LY294002 and (B–E) FR180204 on the viability of the trastuzumab/AT-101 combination-treated MDA-MB-453
and SKBR-3 cells. Western blot analysis of PI3K and Akt proteins after treatment with the trastuzumab/AT-101 combination in (C)
MDA-MB-453 and (F) SKBR-3 breast cancer cells.
*p < 0.05; significant as compared with the control group; **p < 0.05; significant as compared with both the control and
single-agent-treated groups.

Discussion
Trastuzumab is a humanized monoclonal antibody targeted against the HER2/neu receptors [5,14]. In early stage
HER2-positive breast cancer, trastuzumab-containing regimens improve overall survival and disease-free survival;
however, patients who initially respond to trastuzumab develop resistance within 1 year of treatment [14]. Therefore,
novel combination treatments are needed for patients with HER2-positive breast cancer.

AT-101 mimics BH3-only proteins, induces production of reactive oxygen species, and thus triggers apoptosis
of cancer cells [5]. The BH3-only proteins of the Bcl-2 family (having only the Bcl-2 homology domain BH3)
can trigger apoptosis by binding to proapoptotic members of this family and neutralizing their functional activity.
AT-101 binds to the BH3-binding pocket of Bcl-xl and Bcl-2 and disrupts the heterodimerization of Bcl-2 with
the proapoptotic family members myeloid cell leukemia 1 and Bcl-xl. Although the effect of AT-101 on basic
apoptotic genes such as Bcl-2 and bax is known, the activity of other apoptotic genes in AT-101 activity must be
investigated. This is a strong inducer of apoptosis in various cancer cells and is now in phase II clinical trials for
hormone-refractory prostate, breast and lung cancer, and leukemia [6–8]. Due to its acceptable adverse effects, it is
considered as a potential agent for combination therapies.

In this study, we investigated the possible synergistic cytotoxic effects of trastuzumab in combination with AT-101
in HER2-positive breast cancer cells and found that the combination treatment resulted in synergistic cytotoxicity
as compared with any single agent alone. Due to the differences in their genetic properties, SKBR-3 and MDA-
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trastuzumab or AT-101 treated MDA-MB-453 and SKBR-3 cells at 72 h.
*p < 0.05; significant as compared with the control group.
PC: Positive control; UC: Untreated control.

MB-453 cells responded differently to the effects of the combination treatment, suggesting that MDA-MB-453
cells were much more resistant. However, the combination treatment showed less cytotoxicity against MCF-10A
cells,indicating that the combination treatment might be tumor specific.

Although searching for the underlying mechanism of the synergism of trastuzumab and AT-101, we have shown
that combination significantly correlated with the block of the PI3K/AKT pathway, but not the ERK signal pathway
in both breast cancer cells. The PI3K/AKT signaling pathway has a central role in cellular processes critical for
tumor progression such as cell growth, survival and motility [4,15]. Consequently, this pathway represents attractive
targets for cancer treatment. The PI3K pathway is frequently over activated in breast cancers by several mechanisms
including mutations and amplification in key components of this pathway, such as PIK3CA, PIK3R1 and AKT, or
loss of PTEN [3,4]. These amplifications are also found in about one-quarter of HER2-positive tumors [4].

The relationship between the PI3K mutation status of patients and clinical outcomes and resistance to some
therapies is being studied. In one study, PI3K mutation and PTEN deletion responded less efficiently to trastuzumab
suggesting that PI3K mutations that activate this pathway are a mechanism of resistance to anti-HER2 agents [16].
Moreover, the fact that trastuzumab is ineffective in downregulating PI3K/mTOR signaling in trastuzumab-
resistant models, it is possible to overcome this resistance by the combination treatments [15]. Thus, combining
trastuzumab with AT-101, a combination that has shown significant, synergistic, antiproliferative and apoptotic
activity against HER2-positive breast cancer cells, might provide a new treatment strategy for HER2-positive breast
cancer.

ERK is an MAPK family protein that plays a vital role in the proliferation, survival and differentiation of
many tumors [17,18]. We investigated the role of ERK in combination-treatment-induced synergistic effects, and
demonstrated that there was a significant decrease in the cell viability of combination-treated cells. Based on these
data, we suggest that the ERK pathway is not involved in combination-induced cytotoxicity.

We performed combination treatment to induce apoptosis in human breast cancer cells, besides reducing the
therapeutic doses of trastuzumab, because tumors arise from an increase in cell number due to a disruption of
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Figure 5. Effects of trastuzumab/AT-101 combination treatment on (A & B) DNA fragmentation and (C & D) caspase 3/7 activity in
MDA-MB-453 and SKBR-3 cells at 72 h. *p < 0.05; significant as compared with single drugs.
PC: Positive control; UC: Untreated control.

the balance between cell proliferation and cell death, and also deficiencies in the induction of apoptosis. DNA
fragmentation analysis revealed trastuzumab/AT-101 combination-induced apoptotic cell death in both breast
cancer cells as compared with single agents.

A strong apoptotic effect is generated through simultaneous activation of the mitochondrial pathway through
caspase-8-dependent cleavage of Bid to t-Bid, release of cytochrome c from the mitochondria, and activation of the
extrinsic pathway through caspase-9 [19]. The activation of multiple cell death pathways may help to overcome drug
resistance results from single-pathway activation. Therefore, in this study, we performed combination therapy to
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Figure 6. Inhibition of combination-induced apoptotic cell death by caspase-8 and caspase-9 inhibitors in MDA-MB-453 and SKBR-3
cells. (A & B) Cells were first incubated with caspase-8 or caspase-p inhibitor for 4 h. Subsequently, drugs were added for 72 h and a DNA
fragmentation analysis was performed.
*p < 0.05; *p < 0.05; significant as compared with single drugs.
PC: Positive control; UC: Untreated control.

target multiple apoptotic pathways. Inhibitor experiments showed that trastuzumab, in combination with AT-101,
induced both intrinsic and extrinsic apoptotic cell death in HER2-positive breast cancer cells indicating a strong
apoptotic effect. Together, caspase-8 and caspase-9 activation cause downstream activation of effectors caspase-3
and caspase-7, which leads to apoptosis. We have also shown that this induction of apoptosis was through a
caspase-dependent pathway, which was confirmed by the caspase 3/7 activity assay.

The data presented here provide that trastuzumab in combination with AT-101 induced synergistic cytotoxicity
in SKBR3 and MDA-MB-453 HER2-positive breast cancer cell lines. As demonstrated in MCF-10A cells, this
synergistic combination may diminish both AT-101 and trastuzumab doses and reduce the toxic effects of these
drugs. Moreover, we have shown that combination treatment is a strong inducer of both apoptotic pathways in breast
cancer cells. Drugs or combination treatments that trigger apoptosis are good candidates for cancer treatment, and
also very ideal for overcoming drug resistance mechanisms in cancer cells. Taken together, the trastuzumab/AT-101
combination may be a good candidate for patients with trastuzumab-resistant HER2-positive breast cancer, and
inhibition of the PI3K/AKT pathway may be one of the underlying mechanisms of activity for this combination.
In the future, we will expect Trastuzumab / AT-101 combination to be used in animal experiments for years to
come. This combination is technologically can convert to a drug form for HER2-positive patients.

There are our some limitations to our study. For example, we know that the MCF-10 breast cell line, which
we used as the negative control, is immortalized. The fact that only one normal breast cell line was used in this
study is a limitation. However, it does not affect the combination success of trastuzumab and AT-101. In future
experiments, it is planned to expand the study by using both more normal cell lines and more HER 2+ cell lines.
Images of the morphology of cells were not able to added. This is another of our study’s limitations. This limitation
is planned as one of the aims of future research.
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Summary points

• The HER2 oncogene is overexpressed in 25–30% of all breast cancer cases and over expression of this oncogene is
closely related to shortened disease-free survival. Treatment of these cancers is based on targeted drugs or
combinations.

• Trastuzumab is a monoclonal targeted agent against HER2. The most important problem of trastuzumab is drug
resistance, which may be primary or secondary. Thus, novel treatment options are required to break resistance
mechanisms.

• AT-101(-/-Gossypol) is a polyphenolic compound having potent antiproliferative and apoptotic effects in various
cancers. AT-101 also has been studied in breast cancer cell lines and demonstrated apoptotic effect of drug.

• In this cell culture study, two breast cancer cell lines (MDA-MB453 and SKBR-3), in which HER-2 is overexpressed,
were used and MCF-10A was used as a control cell line. The drugs were applied to these cell lines alone or in
combination and the effects of the drugs on the cells were investigated.

• Trastuzumab/AT101 combination showed a synergistic cytotoxic and apoptotic effect on both HER-2 positive
breast cancer cell lines but not on control cells.

• Two pathways were studied that cause this effect. Combination treatment induced cytotoxicity via inhibiting
PI3K/AKT but not the MAPK/ERK pathway.

• Trastuzumab/AT-101 combination may be a good candidate for patients with trastuzumab-resistant
HER-2-positive breast cancer.
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