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Abstract. Trastuzumab resistance is a challenging problem in 
ErbB2/HER2-positive breast cancers. Multiple mechanisms 
of resistance have been proposed and, thus, may require the 
development of more personalized therapies. In this study, 
we report the establishment of a mouse mammary cancer cell 
line, designated MT104T, obtained from spontaneous tumors 
in genetically engineered FVB/N-ErbB2/Neu-positive-PTEN-
deficient mice. The critical molecular phenotype of MT104T 
cells was confirmed by genotyping and western blot analysis. 
This cell line was tumorigenic in immunologically intact synge-
neic mice, forming tumors of generally similar histology as its 
origin. PTEN loss led to hyperactivation of Akt and conferred 
resistance to anti-ErbB2/Neu antibody treatment in MT104T 
cells. Addition of the Akt inhibitor triciribine (TCN) inhibited 
the viability of MT104T cells in a dose- and time-dependent 
manner as evaluated by MTT assay. ErbB2/Neu antibody 
and TCN combination treatment greatly induced apoptosis 
of MT104T cells as indicated by Annexin V-FITC staining. 
Moreover, this combination treatment also significantly 
reduced both Akt and Erk activities, which are responsible for 
the inhibitory effect on MT104T cells. Therefore, MT104T cells 
could represent an alternative model system to investigate the 
nature of ErbB2‑positive breast cancer and for the experimental 

therapeutics studies of this disease. Our findings also suggest 
that combination of TCN may be a potential strategy for the 
treatment of trastuzumab-resistant breast cancer mediated by 
PTEN loss or PI3K hyperactivation, which may facilitate the 
development of more personalized therapies for breast cancer 
patients.

Introduction

Breast cancer is one of the most frequently diagnosed cancers 
and remains the second leading cause of cancer deaths in 
women  (1). Understanding the nature of breast cancer is 
of central importance in development of novel therapies 
or improving existing therapeutics for the treatment and 
prevention of this disease. Breast cancer is a complex and 
heterogeneous disease, as evidenced by the diverse histo-
pathological features, the various responses to therapy, and 
the identification of subtypes with distinct clinical outcomes 
by molecular profiling (2-5). One of the common subgroups 
is the ErbB2-positive subtype, which occurs in up to 30% 
of breast cancers and often is associated with poor patient 
prognosis (6,7). Trastuzumab (Herceptin), a humanized 
monoclonal antibody targeting the extracellular domain of 
ErbB2/HER2, has remarkable clinical efficacy in ErbB2-
positive breast cancer (8-10). However, the unresponsiveness 
to initial trastuzumab-containing regimens (primary resis-
tance) and development of therapeutic resistance after 
continuous treatment (acquired resistance) in a significant 
number of patients is a current challenge (11,12).

Several potential mechanisms of trastuzumab resistance 
have been identified (13,14). Hyperactivation of phospha-
tidylinositol 3-kinase (PI3K)/AKT pathway is one of key 
trastuzumab resistance mechanisms (13-15). The lipid 
phosphatase and tensin homolog (PTEN) is a one of the most 
mutated and deleted tumor suppressors in human cancer (16). 
Loss of PTEN or the loss of its function are also common in 
breast cancer, which results in the hyperactivation of PI3K/
AKT pathway (17). Previous evidence suggests that loss of 
PTEN conferred significant trastuzumab resistance through 
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enhanced PI3K/AKT signaling in ErbB2-overexpressing 
breast cancers (18-20). These studies implicate that PI3K/AKT 
targeting combination therapies could combat trastuzumab 
resistance. In addition, several potential agents are being evalu-
ated intensively (21).

Previously, we reported that combining the small-molec-
ular PI3K/AKT inhibitor triciribine (TCN) with ErbB2/Neu 
antibody effectively inhibited tumor growth and overcame 
trastuzumab resistance in two distinct PTEN deficiency-
mediated trastuzumab resistance mouse models (22). One 
of such models was PTEN-/-/ErbB2KI genetically engineered 
mice (23,24), obtained by interbreeding with three types 
of mice including ErbB2KI mice (23), MMTV-Cre mice 
and the flox‑PTEN mice. To avoid the major disadvantages 
of this model (such as long tumor latency, high cost and 
time- consuming) and complement our genetic engineering 
approach, in the present study, we attempted to establish cell 
lines isolated from spontaneous mammary tumor that arose 
in the PTEN-/-/ErbB2KI mice. We report that one such cell 
line, designated MT104T, maintained the molecular pheno-
type and induced a tumor with similar histomorphology as its 
origin in syngeneic FVB/N mice. Then, we found the MT104T 
cells conferred resistance to anti-ErbB2/Neu antibody treat-
ment due to PTEN loss-mediated Akt hyperactivation. We 
next found that addition of Akt inhibitor triciribine (TCN) 
effectively inhibited the viability and induced apoptosis of 
MT104T cells, via inhibiting both PI3K/Akt and mitogen-
activated protein kinase signaling. Our results confirmed the 
efficacy of combination treatment with ErbB2/Neu antibody 
and TCN for overcoming trastuzumab resistance by PTEN 
deficiency, providing insight into the development of more 
personalized therapies for HER2/ErbB2-positive breast 
cancer.

Materials and methods

Cell lines and cell culture. TM15 and MT104T cells were 
cultured in growth medium (DMEM/F12 with 10% FBS,5 µg/
ml insulin, 10 ng/ml epidermal growth factor (EGF), 1 µg/
ml hydrocortisone, 35 µg/ml bovine pituitary extract and 
100 U penicillin/streptomycin). Cell number was evaluated 
on a cell counter. TM15 cells were established from a spon-
taneous ErbB2/Neu-positive-PTEN wild-type (PTEN+/+/
ErbB2KI) mammary tumor (23,25). MT104T is an immortal-
ized ErbB2/Neu-positive-PTEN-deficient carcinoma cell 
line generated from mammary tumor of PTEN-/-/ErbB2KI 
genetically engineered FVB/N female mouse (22,24). To 
establish MT104T cell line, fresh mammary tumors from 
PTEN-/-/ErbB2KI mice were excised and minced with sterile 
scissors into approximately 1- to 2-mm3 pieces, then digested 
in DMEM/F12 medium containing 10%  FBS, 2  mg/ml 
collagenase (Sigma), 0.02 mg/ml hyaluronidase (Sigma), and 
0.01 mg/ml DNase I (Sigma) for 3 h at 37˚C with gentle agita-
tion. The supernatant was filtered through 40 µm mesh cell 
strainer (BD Biosciences) to remove clumps. Red blood cells 
were removed by treatment with ACK buffer and washed with 
cold DMEM/F12. The cells were resuspended and cultured 
in DMEM/F12 containing 40% Matrigel (BD Biosciences). 
After 2 weeks, cells were recovered by dispase (Sigma) treat-
ment at room temperature and cultured in growth medium 

for 24 h. Single cells, generated by digestion with 0.05% 
trypsin (Invitrogen) were plated at 1,000 cells per 10-cm dish. 
Pooled colonies were expanded. Cells were then digested 
and resuspended in 100 µl PBS/Matrigel (1:1) for mammary 
fat pad injection into the no. 2 mammary gland of FVB/N 
female mice at 8 weeks of age. FVB/N mice were obtained 
from the Harlan Laboratory. Twelve weeks after injection, 
the cells from the resulting orthotopic tumor were explanted 
back into in vitro culture as described above. The MT104T 
cell line was derived from picked colonies.

All animal experiments were performed according to the 
Guidelines for the Institutional Animal Care and Use Committee 
of The University of Texas M.D. Anderson Cancer Center.

Polymerase chain reaction (PCR) for genotyping. DNA was 
extracted by digesting with proteinase K (Sigma) in 200 µl of 
lysis buffer in a 60˚C incubator for 2 h, followed by heating at 
95˚C for 10 min to inactivate the enzyme. After centrifugation, 
1 µl of the supernatant was used for PCR reaction. Primer 
sequences for NEU are: 5'-TTCCGGAACCCACATCAG 
GCC-3' and 5'-GTTTCCTGCAGCAGCCTACGC-3'; for CRE 
are: 5'-TGCTCTGTCCGTTTGCCG-3' and 5'-ACTGTGTCCA 
GACCAGGC-3'; for PTEN are: 5'-ACTCAAGGCAGGGAT 
GAGC-3' and 5'-GCCCCGATGCAATAAATATG-3'.

Western blotting. Total cell lysates were prepared using the 
following lysis buffer: 1% Triton X-100, 50  mM HEPES 
pH 7.4, 150 mM NaCl, 1.5 mM MgCl2, 1 mM EGTA, 100 mM 
NaF, 10  mM Na pyruvate, 1  mM Na3VO4, 10% glycerol, 
with protease inhibitors (Sigma) and phosphatase inhibitors 
(Roche). The protein concentration was determined by BCA 
assay (Thermo Scientific), and 30 µg total protein was elec-
trophoresed on 10% SDS-PAGE and then transferred onto a 
nitrocellulose membrane (Bio-Rad). Pten, pAkt S473, Akt, 
pErk and Erk antibodies were obtained from Cell Signaling 
Technology. Neu and β-actin antibodies were obtained from 
Santa Cruz Biotechnology and Sigma, respectively. The blots 
were incubated with HRP-conjugated secondary antibodies 
and visualized by ECL (Amersham). Densitometry analysis 
was carried out to determine the intensity of bands by Adobe 
Photoshop software.

Cell viability analysis. Anti-ErbB2/neu monoclonal anti-
body 7.16.4 (IgG2α) was produced in house using hybridoma 
obtained from Dr Mark Greene (University of Pennsylvania). 
Akt inhibitor triciribine (TCN) was purchased from Berry 
& Associates. Cells (5x104 in 200 µl) were plated in 96-well 
plates. Twenty-four hours after seeding, cells were treated with 
PBS control, 2 µg/ml 7.16.4 mAb, TCN 0.25 or 0.5 µM, or mAb 
plus TCN combination, respectively, for indicated time. Then 
20 µl of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) solution (5 mg/ml in PBS; Sigma) was added 
and incubated at 37˚C for 3 h. The supernatant was removed, 
and 200 µl of DMSO was added to each well. The dark-blue 
crystals of MTT-formazan were dissolved by shaking the plates 
at room temperature for 10 min. Spectrometric absorbance was 
measured on a microplate reader (Bio-Rad) using a test wave-
length of 490 nm and a reference wavelength of 630 nm. Cell 
viability was normalized to the value of control treated cells. 
Each experiment was done in triplicate.
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Measurement of apoptosis by flow cytometry. Both floating 
and adherent cells were harvested and resuspended. 
Apoptosis was detected by the binding of Annexin V-FITC 
(BD Biosciences) to phosphatidylserine exposed in the cell 
membrane according to the manufacturer's instructions. 
The samples were run on a FACSCanto flow cytometer (BD 
Biosciences) and the data were analyzed using FlowJo soft-
ware. At least 15,000 events/sample were acquired.

Statistics. Statistical differences were assessed with two-
tailed Student's t-test or one-way ANOVA as indicated. The 
GraphPad Prism 5 Program (GraphPad Software) was used 
to perform all statistical analyses. P-values <0.05 were 
considered statistically significant.

Results

Establishment and characterization of the MT104T cell line. 
In order to be able to rapidly and stably reproduce trastu-
zumab resistant model, we attempted to establish cell lines 
from ErbB2/Neu-positive and PTEN-deficient (PTEN-/-/
ErbB2KI) mammary tumors. General procedures to generate 
such cells are illustrated in Fig. 1. Briefly, the cells isolated 
from spontaneous tumors of PTEN-/-/ErbB2KI mice were 
initially established in vitro as epithelial colonies. The pooled 
cells were then injected into mammary fat pad of syngeneic 
FVB/N female. Next, the cells from the resulting orthotopic 
tumor were explanted back into in vitro culture as described. 
Then, the MT104T cell line was expanded from picked 

Figure 1. Establishment of the MT104T cell line. General procedures are depicted to generate the MT104T cell line from spontaneous ErbB2/Neu-positive-
PTEN-deficient (PTEN-/-/ErbB2KI) mammary tumors.

Figure 2. Characterization of the ErbB2/Neu-positive-PTEN-deficient MT104T cells. (A) Genotyping for NEU, CRE and PTEN loxp. In the PTEN loxp genotyping: 
lane MT104T using DNA from ear tissue of the host PTEN-/-/ErbB2KI mouse; the single lower band represents both wild-type alleles, the single upper band 
represents homozygous mutant (both alleles with loxp insertion). WT, genomic DNA from wild-type FVB/N mouse. (B) Western blot analysis was performed on 
cell lysaltes from the TM15 and MT104T cells with indicated antibodies. (C) Growth curve of TM15 and MT104T cells (mean ± SEM, n=3). TM15 cells were gener-
ated previously from a spontaneous ErbB2/Neu-positive-PTEN wild-type (PTEN+/+/ErbB2KI) mammary tumor. (D) Gross appearance of cultured MT104T cells. 
(E) Representative hematoxylin and eosin stained section of tumors induced by injection of MT104T cells into the mammary fat pad of a wild-type FVB/N mouse.
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colonies. As shown in Fig. 2A and B, the critical molecular 
phenotype of the cell lines were confirmed. Compared 
with the PTEN wild-type TM15 cells, PTEN loss led to 
hyperactivation of Akt (Fig. 2B) and increase cell growth 
of MT104T cells (Fig. 2C). Gross appearance of cultured 
MT104T cells displayed epithelial morphology over subse-
quent passages (Fig. 2D). Furthermore, when injected into 
the mammary fat pad of wild-type FVB/N female, MT104T 
cells induced a tumor with similar histomorphology as its 
origin (Fig. 2E) (24).

Resistance to ErbB2/Neu antibody treatment in MT104T 
cells. After generation of the ErbB2/Neu-positive-PTEN-
deficient MT104T cell line, we next examined the response 
of the cells to ErbB2/Neu antibody (7.16.4 mAb) treatment 
in vitro. 7.16.4 mAb binds rat ErbB2/Neu at the same site 
as trastuzumab binds to human HER2/ErbB2/Neu (26). As 
shown in Fig. 3, the cell viability was significantly decreased 
in TM15 cells time-dependently, while that was almost no 
change in any of the time points tested. These results indi-

cate that PTEN deficiency confers resistance to ErbB2/Neu 
antibody treatment in mammary cancer cells in vitro, which 
is consistent with prior findings in xenograft and genetically 
engineered mouse models. In addition, the MT104 cells 
provided a potential resource for biological study and drug 
discovery for ErbB2/Neu-positive mammary tumors.

Addition of Akt inhibitor triciribine effectively inhibits the 
MT104T cells. We tested whether addition of Akt inhibitor 
triciribine (TCN) could overcome ErbB2/Neu antibody resis-
tance in vitro. Combination treatment with antibody and TCN 
decreased cell viability of MT104T cells time-dependently. 
Increasing TCN doses resulted in greater effect, while TCN 
alone had no significant (or modest) reduction on cell viability 
(Fig. 4A). Single and combination treatment for 4 days signifi-
cantly inhibited TM15 cells (P<0.01, Fig. 4B). Notably, 4 days 
of combination treatment effectively suppressed MT104T 
cells compared with control or antibody or TCN single 
treatment (P<0.01), but the reduction level of cell viability in 
MT104T cells was not as dramatic as TM15 cells (Fig. 4B). 
The cell viability of MT104T cells reduced very modestly in 
0.5 µM TCN treatment group, although with statistical differ-
ence compared with control or antibody treatment (P<0.05, 
Fig. 4B). Moreover, measurement of apoptosis by flow cytom-
etry after Annexin V-FITC staining showed great increase of 
apoptotic cells in combination treatment group of MT104T 
cells, comparing with antibody or TCN single treatment 
(P<0.01, Fig. 4C). These data indicate that combination treat-
ment with ErbB2/Neu antibody and Akt inhibitor TCN was 
able to effectively inhibit antibody resistant MT104T cells.

Suppression of Akt and Erk activities after TCN and antibody 
combination treatment. As a member of receptor tyrosine 
kinases (RTKs), HER2/ErbB2/Neu promotes cell survival 
and proliferation by activation of several pathways, and the 
PI3K/AKT pathway and the mitogen-activated protein kinase 
(MAPK) pathway are two critical ones. We next examined 
the effects of antibody and TCN on PI3K/AKT and MAPK 

Figure 3. MT104T cells were resistant to ErbB2/Neu antibody treatment. 
Cell viability was evaluated by MTT assay as indicated in Materials and 
methods.

Figure 4. Addition of Akt inhibitor triciribine effectively inhibited the MT104T cells. (A and B) Cell viability analysis by MTT assay of treatment for 
1-4 days in MT104T cells (A) and for 4 days in MT104T and TM15 cells (B) as indicated. Data are shown as the mean ± SD. *P<0.01 versus Ctrl; $P<0.05 
versus Ctrl or mAb; #P<0.01 versus Ctrl, mAb or TCN. (C) ErbB2/Neu antibody and TCN combination treatment greatly induced apoptosis of MT104T 
cells. Measurement of apoptosis by flow cytometry after Annexin V-FITC staining. *P<0.01 versus Ctrl, mAb or TCN.
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signaling on MT104T cells. Western blot analysis showed 
single antibody treatment modestly decreased pErk but not 
pAkt, TCN alone decreased pAkt but had no effect on pErk, 
whereas combination treatment markedly attenuated both Akt 
and Erk activities (P<0.01, Fig. 5).

Discussion

A growing number of genetically engineered mice and tumor 
xenograft models of breast cancers have been developed 
(27-29), which have led to substantial progress in our under-
standing of the biology and in developing novel therapeutics 
of breast cancer. Breast cancer is a collection of complex 
diseases that have distinct histopathological features, genetic 
and genomic heterogeneity, and diverse clinical outcomes. The 
FVB/N-PTEN-/-/ErbB2KI model develops mammary tumors 
with features of both basal-like and HER2/ErbB2 human 
breast cancer (24,30). Despite the histological and molecular 
relevance to human breast cancer, the PTEN-/-/ErbB2KI model 
has major disadvantages of heterogeneity with regard to 
frequency, latency, and growth. Briefly, the PTEN-/-/ErbB2KI 
mice were obtained by interbreeding with three types of mice 
including ErbB2KI mice (23), MMTV-Cre mice and the flox-
PTEN mice. ErbB2KI model has a knocked in allele of the 
ErbB2 endogenous promoter with a floxed stop codon condi-
tionally controlling activated Neu expression (23). When the 
ErbB2KI mice are crossed with the MMTV-Cre mice, the stop 
codon is removed allowing the endogenous promoter to drive 
activated Neu expression at the physiological levels of human 
ErbB2 expression. Then, these mice are crossed with the flox-
PTEN mice, PTEN is disrupted, resulting in PTEN-/-/ErbB2KI 
mice, which finally develop ErbB2/Neu-positive-PTEN loss 
mammary tumors. In this study, our initial aim was to estab-
lish an in vitro cell line from PTEN-/-/ErbB2KI tumors. Such 
a cell line, designated MT104T, retained the key molecular 
characteristic and formed tumors in immune-competent 
syngeneic hosts with highly similar phenotype to its origin. 
With the development of the syngeneic xenograft model, the 
contribution of immune system to tumor progression and 
therapeutic response could be better investigated. Moreover, 

the effects of other host factors to tumor cells could also be 
studied using corresponding types of genetically engineered 
mice on the FVB/N background. The generation and develop-
ment of the MT104T cell line model provides an alternative 
resource for future preclinical study, possessing advantages of 
easy use, relatively inexpensive and reproducible as well as the 
potential for in vitro manipulation.

Trastuzumab-based regimens have shown significant 
clinical benefit in HER2/ErbB2 overexpressing breast cancer 
patients. However, it is increasingly evident that primary 
and acquired resistance has major limitations. Advances of 
resistance mechanisms is critical to determine what combina-
tion of drugs will be used to treat resistant tumors or even to 
prevent the occurrence of resistance. Accumulating evidence 
suggests that hyperactivation of the PI3K pathway or/and loss 
of PTEN function may be associated with trastuzumab resis-
tance. As expected, the established cell line MT104T had high 
level of Akt phosphorylation and undetectable PTEN expres-
sion. Furthermore, the molecular phenotype also conferred 
cell  resistance to anti-ErbB2/Neu antibody treatment in vitro. 
Thus, this MT104T cell line model might be particularly 
useful for elucidating the detail molecular mechanisms that 
underlie therapeutic resistance and for evaluating the effect of 
potential regimens to overcome resistance.

Akt is a promising target to combat trastuzumab resis-
tance, and novel inhibitors have been developed and assessed. 
Triciribine (TCN) is a tricyclic nucleoside, inhibiting phos-
phorylation of Akt1, Akt2 or Akt3. Phase I and II clinical 
trials proved the safety of TCN (31-33). Although TCN 
single-agent trials failed to show efficacy against advanced 
breast, colon, and lung cancer even at very high doses (31,32), 
recently preclinical test combined TCN with other agent 
showing therapeutic activity in T-cell acute lymphoblastic 
leukemia (34), breast cancer (22,35,36) and prostate cancer 
(37). The ability of anticancer agents to inhibit cell viability 
in vitro is typically evaluated as a measure of drug activity 
and has been shown to have clinical predictive value for 
breast cancer (38). We performed a test to evaluate whether 
addition of Akt inhibitor TCN could overcome ErbB2/Neu 
antibody resistance of MT104T in cell culture circumstances. 

Figure 5. Combination treatment of triciribine and ErbB2/Neu antibody attenuated Akt and Erk activities. (A) Western blot analysis of indicated molecules 
using lysates from MT104T cells with Ctrl, mAb (2 µg/ml), TCN (0.5 µM) or mAb+TCN treatment for 72 h. (B) The densitometry analysis of the pAkt/Akt 
ratio and pErk/Erk ratio (mean ± SD). *P<0.01 versus Ctrl or mAb; $P<0.01 versus Ctrl or TCN; #P<0.01 versus Ctrl, mAb or TCN.
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Our results showed the efficacy of the combination treatment, 
and inhibition of Akt and Erk activities were associated with 
therapeutic effect. These results suggested that ErbB2/Neu 
antibody and TCN combination may be a potentially effective 
therapy modality, particularly for PTEN loss or PI3K hyperac-
tivation mediated trastuzumab resistance.

Studies have shown that both autonomous (inhibition 
of oncogenic signaling of tumor cells) and non-autonomous 
(immune response or stroma-tumor interactions in tumor 
microenvironment) mechanisms were involved in the action 
of trastuzumab (13,39,40). Further studies are warranted to 
investigate the roles of non-autonomous mechanisms on thera-
peutic response of combination treatment, and which would 
be carried out using the MT104T syngeneic xenograft model.

Many of the commonly used genetically engineered mice 
developing mammary tumor have been established as useful 
cell lines which may be manipulated in vitro and transplanted 
in syngeneic animals. In this study, we provided a valuable 
resource for elucidating the nature of ErbB2-positive breast 
cancer, as well as for the experimental therapeutics studies 
of this disease. Our findings also implicated that combination 
of Akt inhibitor triciribine (or other alternatives) could be a 
potential strategy for personalized treatment of trastuzumab- 
resistant breast cancer, particularly mediated by PTEN loss or 
PI3K hyperactivation, which warrants further preclinical and 
clinical investigation.
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