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Introduction 

Insulin-like growth factor I receptor (IGF-1R) is a recep-
tor tyrosine kinase (RTK) protein overexpressed (about 
70%) in breast cancer cells (Nielson et al., 2004; Sachdev 
et al., 2004). IGF-1R plays an essential role growth and 
maintenance of cancer cells and found to be a target for 
cancer treatment. IGF-1R is one of such receptors which 
consists of two α-subunits involved in ligand binding 
outside the cell and two β-subunits with a tyrosine 
kinase, TM domain and carboxyl terminal domain 
(Ullrich et al., 1986). The tyrosine residues in the 
tyrosine kinase domain gets phosphorylated due to the 
interaction between the ligand and the receptor. The 
role of IGF-1 in breast cancer has been proved by 
several clinical studies (Li et al., 2001; Michels and 
Willett, 2004). In recent years, the number of studies 
have been on the rise to elucidate the IGF1 function 
with breast cancer (Sarfestein et al., 2012; Becker et al., 
2011; Kang et al., 2012). ERK and Akt were the two 

main pathways for IGF-1 receptor transduction (Le 
Roith et al., 2001; Jones and Clemmons, 1995; Menu et 
al., 2004). In one of the pathway, IGF-1 activates Raf 
and mitogen-activated protein kinase (MAPK) resulting 
in the transcription of proliferative genes whereas the 
second pathway involving phosphoinositide 3-kinase 
(PI3K)/Akt is responsible for cell survival and signaling 
of anti-apoptosis (Manning and Cantley, 2007).  

The significance of IGFs in growth regulation of breast 
cancer cell lines have been well studies. It also improves 
the cell survival rate of cancer cells. So, combining IGF 
inhibition with conventional cytotoxic drug treatment 
will have synergistic effect and enhance the breast 
cancer treatment. Pertuzumab was used with trastu-
zumab and docetaxel for patients having metastatic 
breast cancer with positive human epidermal growth 
factor receptor 2 (HER2) and without prior treatment 
(Baselga et al., 2012). Paclitaxel, a drug obtained from 
bark of Western yew tree is used for treating various 
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Abstract 

Breast cancer is the most common type of cancers and second primary cause 
of death among women. Insulin-like growth factor I (IGF-1) signaling path-
way plays a vital role in cancer cell survival, proliferation, chemotaxis and 
angiogenesis. In this study, the effect of combination of two drugs, paclitaxel 
and trastuzumab on IGF signaling and cell cycle arrest in breast cancer cell 
lines, T47D and Hs0578T were explored. The interaction of paclitaxel and 
trastuzumab on IGF-1 signaling pathway was studied with IGF-1 and 
phosphoinositide 3-kinase inhibitor, LY294002. The protein expression of IGF 
signaling molecules were reduced in the drug treated cancer cells. LY294002 
and IGF-1 with paclitaxel and trastuzumab treatment inhibited phosphory-
lated Akt. During G0/G1 phase, cell cycle arrest and accumulation of 
apoptotic cells were observed in drug treated cancer cells. The synergistic 
effect of paclitaxel and trastuzumab decreased the multiplication of breast 
cancer cells by altering the expression of IGF-I signaling molecules. This 
combination proves to be one of the useful methods to treat breast cancer.  
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cancers such as ovarian cancer, breast cancer, pancreatic 
cancer and lung cancer (Manfredi and Horwitz, 1984). 
Studies have shown that patients treated with paclitaxel 
for ovarian and breast cancer showed promising results 
(McGuire et al., 1989; Holmes et al., 1991). Most of the 
studies done before the clinical trials were based on 
growth inhibition assays (Rowinsky et al., 1990).  

The effectiveness of drugs like trastuzumab, a mono-
clonal antibody used for treating breast cancer showed 
that targeting the receptors of growth factors will be 
useful (Slamon et al., 2001; Romond et al., 2005; Piccart-
Gebhart et al., 2005). The action of combination therapy 
of paclitaxel and trastuzumab in breast cancer cell 
growth and division have not been studied. In this 
study, we investigated the cell cycle arrest and inhibi-
tion of cell proliferation by drug treatment was studied 
on estrogen receptor alpha positive (ER+) human breast 
cancer line, T47D and ER- human breast cancer cell line, 
Hs0578T.  

 

Materials and Methods 

Materials 

All the chemicals and reagents used in this study were 
of pure and analytical grade. Paclitaxel (Tradename: 
TAXOL) and trastuzumab (Tradename: Herceptin) 
were purchase from Bristol Myers-Squibb Company 
(USA) and Roche (Switzerland) respectively. DMEM 
medium, FBS, trypsin-EDTA, PVDF membrane, 
antibiotics-antimycotics and PBS were acquired form 
Life Technologies (USA). Human IGF-1, HRP-conjuga-
ted rabbit anti-mouse IgG and goat anti-rabbit IgG 
secondary antibodies were purchased from Sigma-
Aldrich (USA). Primary antibodies for IGF signaling 
molecules, proliferative cell nuclear antigen (PCNA), c-
Myc, p21 and cyclin, LY294002 and β-actin antibody 
were purchased from Cell Signaling Technology (CST) 
and Santa Cruz Biotechnology (USA).  

Cell lines and cell cultures 

The estrogen receptor alpha positive (ER+), T47D and 
estrogen receptor alpha negative (ER-), Hs0578T human 
breast cancer cell lines were obtained from American 
Type Culture Collection (USA). Both the cell lines were 
grown in DMEM with 10% FBS, 2 mM glutamine and 
antibiotics (penicillin 100 U/mL and streptomycin 50 
mg/mL) at 37°C in a humidified 5% CO2 in air atmos-
phere.  

Radioimmunoprecipitation and Western blot 

Cells were cultured in dishes containing growth 
medium at a density of 1 x 105 per dish overnight. The 
cells were washed twice with medium without serum 
and starved by incubating them in 5 mL of the same 

medium. After starvation, the cells were treated with 
DMSO (vehicle), 1 mM paclitaxel and 5 mM trastuzu-
mab in 1:1 ratio for T47D cells and 5 mM and 10 mM at 
1:2 ratio for Hs0578T cells. The drug combination effect 
between paclitaxel and trastuzumab was evaluated for 
the level of interaction (synergistic, additive or antago-
nistic), a method proposed by Chou (2006) was 
followed. The cells lysed after 24 hours of drug 
treatment by using radio immunoprecipitation assay 
(RIPA) buffer containing protease and phosphatase 
inhibitor cocktails. The protein concentration was 
determined by Lowry’s method (Lowry et al., 1951). 
Fifty milligram of cell lysates were loaded in 12% SDS-
PAGE and transferred to PVDF membrane. The 
membranes with transferred proteins were incubated 
with primary antibodies against IGF signaling mole-
cules and β-actin in tris buffered saline. After incuba-
tion, the membranes were washed and incubated with 
HRP-conjugated with anti-mouse IgG in 1:5000 dilution 
and goat anti-rabbit IgG in 1:5000 dilution. The bands 
were visualized using the GE chemiluminescence (ECL) 
kit (GE Healthcare Life Sciences, New Jersey, USA). 

Growth factor, PI3K inhibitor and drug treatment 

Cells were cultured in dishes containing growth medi-
um at a density of 1 x 105 per dish. After starving, the 
cells were pretreated with or without the growth factor, 
IGF-1 (50 ng/mL), 50 mM of PI3K inhibitor, LY294002 
for 1 hour in cell culture medium. After pretreatment, 
paclitaxel and trastuzumab were added at 1 mM and 5 
mM for T47D cells and 5 mM and 10 mM for Hs0578T 
cells respectively. After 24 hours, the intracellular 
proteins were obtained by cell lysis using RIPA buffer 
with protease and phosphatase inhibitor.  

Flow cytometry 

Cells were cultured in dishes containing growth medi-
um at a density of 1 x 105 per dish. After starvation, it 
was treated with paclitaxel and trastuzumab at 1 mM 
and 5 mM for T47D cells and 5 mM and 10 mM for 
Hs0578T cells respectively and kept overnight. The cells 
were harvested with 0.25% trypsin and centrifuged at 
3,000 xg for 10 min and washed with PBS. Using 100% 
ice-cold methanol the cells were fixed overnight at -20°
C and incubated with 50 mg/mL of propidium iodide 
in PBS and 1 mg/mL of ribonuclease in PBS for 30 min. 
Cell cycle analyses was performed on FACSCanto II 
(BD Biosciences, USA). The cells without staining were 
used as a control. Data analysis was done using FlowJo 
version X software.  

Statistical analysis 

Statistical analysis was done by one way ANOVA 
followed by multiple comparison by Fisher method 
using Stat View software (USA). The data were express-
ed as mean ± SEM.   
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Results 

Down-regulation of IGF-1Rb, IRS-2, PI3K and up-
regulation of IGFBP-3 and PTEN by drug treatment 

The important phenotypic characteristics of metastatic 
phase in breast cancer cells are regulated by IGF system 
which included survival, growth and metastasis 
(Figueroa and Yee, 1992). IGF-1Rb is one of the 
important proteins involved in IGF signaling in breast 
cancer cells.  

Figure 1 shows the changes in IGF-1Rb level in both 
T47D and Hs0578T cell lines after the treatment with 
combination of paclitaxel and trastuzumab. The results 
showed that IGF-1Rb protein expression was 
appreciably lower after the drug treatment after 24 
hours in both T47D and Hs0578T cell lines. The protein 
IGFBP-3 plays an essential role in controlling the IGFs 
in its mitogenic and anti-apoptotic effects by regulating 
their access to the IGF-1 receptor. IRS-2 and PI3K are 
the signaling molecules intracellularly in IGF pathway. 
PTEN negatively regulates PI3K/Akt and acts as a 
tumor suppressor. The results showed that expression 
of IGFBP-3 was higher after the combined treatment of 
paclitaxel and trastuzumab treatment and IRS-2 and 
PI3K protein expression levels were found to be 
lowered in treated cells. Interestingly the PTEN protein 
expression was markedly increased in the drug treated 
cells (Figure 1). Collectively, it can be said that 
synergistic effects of paclitaxel and trastuzumab 
reduced IGF-1 downstream molecules and increased 
the IGFNP-3 and PTEN protein levels. Hence, the 
combination of these two drugs have the potential to 
inhibit IGF-1 mediated proliferation of breast cancer 
cells used in this study.  

Western blot analyses 

Western blot was performed to find out the protein 
expressions of Mek, pERK 1 and 2, N-Ras, p38 and Raf-
1 in breast carcinoma since these are the main down-
stream signaling molecules during cell proliferation 
mediated by IGF-1. Figure 2 shows reduced expression 
of N-Ras, Mek, Raf-1 and pERK 1 and 2 and elevated 
expression of p38 after drug treatment. Figure 3 shows 
the effect of PI3K inhibitor and combination of two 
drugs on the expression of pAkt protein. The function 
of Akt signaling is analyzed by using the well-charac-
terized PI3K inhibitor, LY294002 as Akt protein helps in 
cell survival and breast cancer cells expresses pAkts.  

Activation of cell lines with IGF-1 had elevated the 
pAkt protein expression and the pAkt expression was 
blocked by LY294002 as well as paclitaxel and trastu-
zumab treatment. Hence, the combined effect of IGF-1 
and the two drugs were studied (Figure 3). The 
observed result supports that this combination also 
affects the Akt phosphorylation without affecting its 
total expression. Hence, the total Akt was used to 
normalize the pAkt expression level. Paclitaxel and 
trastuzumab treatment in the presence of inhibitors 
inhibited the Akt phosphorylation and reduced the 
survival rate of T47D and Hs0578T cells.  

Effect of paclitaxel and trastuzumab on expression of c-
Myc and β-catenin  

The IGF-1 mediated cell proliferation has two down-
stream molecules, c-Myc and β-catenin. The effect of the 
two drugs, paclitaxel and trastuzumab on expression of 
c-Myc and β-catenin was studied in T47D and Hs078T 
cells. Figure 4 shows the results of paclitaxel and 

Figure 1: Effect of paclitaxel and trastuzumab on protein expression of downstream signaling molecules in IGF mediated cell 
proliferation in T47D and Hs0578T cells by Western blot 
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trastuzumab effect. We observed decrease in c-Myc and 
β-catenin expression after the drug treatment in both 
T47D and Hs078T cells. 

Cell cycle analyses 

Figure 5 shows increase in number of cells in the G0/
G1 phase after the drug treatment in the T47D and 
Hs078T cell lines. The treatment showed 66 and 53% in 
T47D and Hs0578T cells respectively in G0/G1 phase. 
Compared with vehicle treated cells, there was rise in 
dead cells by 7.6% and 9.7% in T47D and Hs0578T cells 
respectively. Drug-induced cell growth inhibition was 
the main reason for the changes in the expression of cell 
cycle regulatory proteins.  

Figure 6 indicates the decreased levels of various 
cyclins upon paclitaxel and trastuzumab treatment 
since cyclins are most important for the cells to go 
through various stages of cell cycle and alteration in the 
cyclin expression depicts the cell cycle after the drug 
treatment. P21 level was found to be markedly increa-
sed in drug treated T47D and Hs0578T cells since it is 
an inhibitor to potent cyclin dependant kinase (CDK) 
involved in cyclin-CDK binding and thereby preven-
ting its catalytic activity and paving the way for cell 
cycle arrest.  

Discussion 

In this study, we report about the synergistic effect of 
paclitaxel and trastuzumab and their action on the 
survival of ER+ and ER- breast cancer cell lines. This 
was based on the IGF-1 signaling and their role in 
breast cancer has been supported by several clinical 
studies (Figueroa and Yee, 1992; Papa et al., 1993; 
Resnik et al., 1998; Li et al., 2001; Michels and Willet, 
2004; Lu et al., 2001). Targeting the pathway of IGF-1R 
can be promising in developing new therapies for 
breast cancer treatment. We observed that the com-
bined paclitaxel and trastuzumab distinctly prevented 
proliferation of cells as evident from their IC50 values. 
After 24 and 48 hours, IC50 values were 6 and 3.7 mM 
for T47D cells and 7 and 5.2 mM for Hs0578T cells 
respectively.  

IGFBP-3 is a major IGF binding protein showed 
competitive inhibition towards IGF action. The IGF 
inhibition activates caspases involved in cell death and 
causes apoptosis and prevents proliferation indepen-
dent of IGF (Kim et al., 2004). This study indicates that 
reduced expression of IGF-1Rb and higher expression 
of IGFBP-3 drug treated cells. The tyrosine kinase 
domain residues in the β-subunit are autophospho-

Figure 2: Effect of paclitaxel and trastuzumab treatment on various protein expression in MAPK pathway in T47D and 
Hs0578T cells  
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rylated during the ligand interaction with IGF-1R. 
Other phosphorylation sites function as a docking site 
for IRS facilitating through the PI3K subunit regulation. 
The receptor can also activate the MAPK pathway by 

recruiting SHC. The expression of Raf, IRS-2, PI3K and 
Ras proteins were reduced drug treated cells. PTEN is a 
tumor suppressor and most commonly mutated 
protein. The combination of paclitaxel and trastuzumab 

Figure 3: pAkt protein expression in T47D and Hs0578T cells treated with paclitaxel and trastuzumab and induced by IGF-1 and 
inhibited by LY294002  

Figure 4: Effect of paclitaxel and trastuzumab in expression of proteins c-Myc and b-catenin in IGF-1 mediated cell proliferation  
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showed PTEN expression in both cell lines were found 
to be increased. We studied the role of Akt in cell 
growth and cell deaths in ER+ and ER- breast cancer 
cell lines by using PI3K inhibitor, LY294002. The 
mechanism of Akt inhibition by drug treatment was 
studied by first inducing the proliferation of both the 
cells lines by IGF-1 and then blocked by LY294002. The 
experimental results showed that both the drugs and 
the inhibitor reduced the expression of pAkt in breast 
cancer lines induced by IGF-1. This result highlighted 
the need of PI3K/Akt pathway in cell growth. In 

addition the down regulation of c-Myc and β-catenin 
accumulation was also found in the cells treated with 
drug.  

The combination of paclitaxel and trastuzumab regula-

tes the MAPK pathway as evident by the altered 

protein expression of MEK, ERK 1 and 2 and p38 in 

both T47D and Hs0578T cells. This was corroborated by 

i) down-regulation of MEK and pERK 1, 2 and up-

regulation of p38 in both the cell lines upon drug 

treatment; ii) decrease in ERK 1, 2 activation in cells 

Figure 5: Cell cycle analysis of paclitaxel and trastuzumab treated T47D and Hs0578T cells. Total cell population was taken in to 
account to calculate number of cells in each cell cycle phase  

Figure 6: The expression of cyclins in paclitaxel and trastuzumab treated breast cancer cell lines analyzed by immunoblot 
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treated with paclitaxel and trastuzumab; iii) increase in 

G0/G1 population in T47D cells and noticeable changes 

in Hs0578T cells (based on the accumulation, apoptotic 

cells were observed); iv) decreased cyclin levels upon 

drug treatment; (v) increase in p21 level upon paclitaxel 

and trastuzumab treatment; vi) reduced PCNA expre-

ssion after drug treatment. These results showed that 

paclitaxel and trastuzumab treated cells induced 

apoptosis.  

 

Conclusion 

The combined paclitaxel and trastuzumab treatment 
potentially inhibited the growth of both T47D and 
Hs0578T cells by down regulating IGF signaling mole-
cules. Further, combination of paclitaxel and trastuzu-
mab acts as an inhibitor of IGF-1R/Akt/ERK signaling. 
These inhibition in growth was due to the accumulation 
of G0/G1 cells and reduced expression of cyclin 
proteins. Thus the combined drugs can serve as an 
promising candidates for breast cancer treatment.  
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