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Introduction
Metastasis presents the toughest challenge in the treatment of 

cancer today. Although it is possible to reset the primary tumor, it 
is the spread of cancer cells that is difficult to target for treatment. 
Metastasis comprises of a series of events which include detachment 
of cells from the primary tumor, movement and invasion through the 
surrounding tissue, survival in the circulatory system and growth at 
the secondary site (Chambers et al., 2002). All these processes are 
governed through the cumulative effects of many genes and acquiring 
an understanding of the mechanism of actions of the products of 
such genes might enable us to devise better means of therapy against 
metastasis.

The metastasis associated 1 (MTA1) gene is one such gene which 
influences metastasis. MTA1 was identified through a differential 
cDNA library screening between high and low metastatic rat 
mammary adenocarcinoma cell lines (Toh et al., 1994; Toh et al., 
1995). It is expressed at relatively low levels in most organs but a high 
expression is observed in testis, which is a site for extensive cellular 
proliferation and differentiation. Over expression of several genes 
has been shown to be important clinically (Pinto et al., 2008; Tsai 
et al., 2007). Expression of MTA1 has been shown to be upregulated 
in a variety of cancers, especially cancers of a highly invasive nature 
(Balasenthil et al., 2006; Kawasaki et al., 2008; Sasaki et al., 2002; 
Sasaki et al., 2001; Toh et al., 1999; Toh et al., 1997). High MTA1 
expression has been related to high tumor grade and angiogenesis 
in breast cancer (Jang et al., 2006). High expression of MTA1 is also 
associated with increased relapse risk(Martin et al., 2006) and MTA1 
has been mapped into a region showing significantly lower LOH 
(Martin et al., 2001) (loss of heterozygosity) in primary breast cancers 
with metastases compared to node-negative tumors, suggesting that 
epigenetic alterations of MTA1 affect metastatic potential. It has 
also been shown to contribute to drug resistance in premenopausal 
breast cancer patients through one of its target genes (Gururaj et al., 
2006a). These facts have an immediate clinical importance.

MTA1 acts as part of the Nucleosome Remodeling and 
Deacetylation (NURD) complex (Xue et al., 1998). This complex is 

involved in remodeling of nuclesomes as well as deacetylation of 
histones, both processes known to affect global gene expression. 
Interestingly, MTA1 itself also has histone deacetylation activity(Yao 
and Yang, 2003). Many genes have been known to be regulated 
by MTA1 (Aramaki et al., 2005; Balasenthil et al., 2007; Gururaj et 
al., 2006b; Khaleque et al., 2008; Manavathi et al., 2007; Mishra 
et al., 2003; Talukder et al., 2004; Talukder et al., 2003). Although 
knowledge of its targeted genes and molecular partners continually 
emerges, the picture of its mechanism of actions in the cell is not 
entirely clear.

The phosphatase and tensin homologue deleted on chromosome 
ten (PTEN) is a tumor suppressor gene which is often deleted 
in malignant tumors (Li et al., 1997; Saal et al., 2008; Steck et al., 
1997). It is noted most for its lipid phosphatase activity responsible 
for dephophorylating phosphatidylinositol (3,4,5)-triphosphate 
(PIP3) (Maehama and Dixon, 1998). PIP3 is an important secondary 
messenger that regulates many processes in the cell favouring 
metastasis. It recruits proteins containing the pleckstrin homology 
domain like the AKT family of proteins (Bellacosa et al., 1998). These 
phosphorylate a myriad of proteins eventually bringing about an 
increase in cellular proliferation, growth, angiogenesis, motility etc 
(Vivanco and Sawyers, 2002).

In this study we show that MTA1 regulates PTEN protein 
expression in two breast cancer cell lines. This led us to believe that 
both the proteins might interact with each other and we show that 
MTA1 and PTEN colocalize in the cell. The activity of the downstream 
target of PTEN, namely AKT, decreases on MTA1 knockdown. 
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Abstract
Metastasis is the fi nal result of actions of various genes, one of which is the Metastasis Associated 1 (MTA1) gene. 

MTA1 acts as part of a nucleosome remodeling and histone deacetylation complex and has been shown to aid metastasis 
by regulating many other molecules. We decided to study if there was any possible relationship between MTA1 and 
the phosphatase and tensin analogue mutated on chromosome 10 (PTEN). PTEN is a tumour suppressor gene known 
to be mutated in several cancers. We found that on knockdown of MTA1 using siRNA, PTEN protein levels increased 
albeit its mRNA levels were unchanged. We further found that MTA1 and PTEN colocalize and coimmunoprecipitate 
with each other. PTEN levels increased on inhibiting histone deacetyalse activity, such as possessed by MTA1. One of 
the most celebrated functions of PTEN is its regulation of the PI3K-Akt pathway. We found that the levels of active AKT 
decreased in cells treated with siRNA against MTA1. We hypothesize that MTA1 helps in maintaining the AKT pathway 
in cancer cells by inhibiting PTEN, a major antagonist of the pathway. This might be one of the several mechanisms by 
which MTA1 aids metastasis.
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Metastasis is complex process and this study might aid in further 
elucidating exactly at which steps MTA1 involves itself to regulate 
the spread of cancer.

Materials and Methods

Reagents

Cell lines were purchased from National Centre for Cell Science, 
INDIA. Cell culture media and serum were purchased from GIBCO, 
USA. Oligofectamine™ was purchased from Invitrogen, USA and siRNA 
from Ambion, USA. All SDS-PAGE reagents were purchased from 
Sigma Aldrich, USA. Primary antibodies against MTA1, PTEN, pan-Ac 
and Tubulin were purchased from Santacruz, USA and those against 
AKT and pAKT were purchased from Cell Signaling, USA. Anti-mouse 
and anti-rabbit horse raddish peroxidase conjugated secondary 
antibodies were purchased from Sigma. Trizol was purchased from 
Sigma and RT-PCR was carried out using kits from Fermentas, Canada. 
Anti-mouse FITC and anti-rabbit Alexa 568 secondary antibodies were 
purchased from Molecular probes, USA.

Cell culture

The human breast cancer cell lines MDA-MB-231 and MCF7 were 
grown in Dulbecco’s Modified Eagle’s medium (DMEM) supplemented 
with 10% heat inactivated fetal bovine serum (FBS) and antibiotics 
(100 U/ml penicillin, and 100 g/ml streptomycin). The cell lines were 
maintained at 37ºC in 5% CO2 humidified atmosphere.

Transfection

Transfections were carried out according to manufacturer’s 
instructions. Briefly, the day before transfection, cells were 
trypsinized and counted, and 0.3 X 106 cells were seeded in 6-well 
plates so that they were 50-60% confluent on the day of transfection. 
Cells were transfected using Oligofectamine™. The reagent was 
diluted in medium without serum. The diluted reagent was 
incubated for 10 min at R.T. siRNA against MTA1 was used at 100nM 
concentration. The diluted Oligofectamine™ Reagent was added 
to diluted oligonucleotides, mixed gently, and incubated at room 
temperature for 20 min. The mixture was overlayed onto the cells. 
Cells were incubated for 24hrs at 37ºC in a CO2 incubator after which 
fresh media was added and cells were kept for a further 24hrs. After 
48 hours, cells were trypsinized and collected for further analysis. All 
transfections were carried out in media devoid of antibiotics. Two 
siRNAs targeting different exons were used the sequences of which 
were as follows:

#1: 5’GCAUCAUUGAGUACUACUAtt3’     5’ UAGUAGUACUCAAUGAUGCtg3’

#2: 5’ CCUGCCCGAGAAACUAAAGtt 3’     5’CUUUAGUUUCUCGGGCAGGtc3’

Western blotting

Cells were harvested with 0.25% trypsin EDTA, centrifuged and 
lysed with lysis buffer solution containing 50mM Tris, 1% Triton 
X-100, 150mM NaCl, 5mM EDTA, 10mM EGTA, 50 mM Na fluoride,
1mM Na orthovanadate, 1mM PMSF and protease inhibitor cocktail.
Protein was estimated using Bradford reagent. Equal protein from
all samples was loaded and separated on an 8% SDS-PAGE gel. The
proteins were transferred to poly vinylidene difluoride (PVDF)
membrane. Membranes were blocked for one hour using 5% milk
at room temperature (RT). Incubations with primary and secondary
antibodies were carried out for one hour at RT. In case of detection
of MTA1, direct incubation with primary antibody was performed
overnight at 4ºC, followed by secondary antibody incubation as

described earlier. The Pierce Femto chemiluminiscence detection 
system was used to detect signals.

RT-PCR

RNA was extracted by Trizol method. cDNA preparation and 
PCR were performed using kit from Fermentas according to 
manufacturer’s instructions. Primers were manufactured by Sigma 
and had the following sequences:

PTEN: Forward, 5’ – CCAAGTCCAGAGCCATTTC – 3’; Reverse, 5’ – 
GTGGGTCCTGAATTGGAGG – 3’.

MTA1: Forward, 5’ – AAGCGCGGCTAACTTATT – 3’; Reverse, 5’ – 
GGCACCTTCAACAGAACACA – 3’ 

GAPDH: Forward, 5’—GAGTCAACGGATTTGGTCGT - 3’; Reverse, 5’ –– 
TGTGGTCATGAGTCCTTCCA - 3’

Coimmunoprecipitation

Cells were grown in 90 mm plates for a period of 24 hours, 
trypsinized and collected. Cell lysates were prepared as mentioned 
in western blotting section. Agarose beads from Sigma were washed 
twice with washing buffer, centrifuged briefly at 12000 rpm and 
resuspended in washing buffer. 10 l of primary antibody was added 
to tubes and the tubes were incubated for one hour on a shaker at 
RT. Samples were then washed and centrifuged and 200 l of cell 
lysate was added to each tube. These were incubated for 90 minutes 
on a shaker and then centrifuged. The pellet obtained was washed 
with washing buffer and loaded on SDS-PAGE gel. Further western 
blotting was carried out as described earlier. Non-specific antibody 
from Cell signaling was used as IgG control.

Confocal analysis

Cells were grown in 35 mm plates for a period of 24 hours to 
a confluency of 60-80% on coverslips (cell density was 1 X 106 on 
the day of the experiment). They were fixed in cold methanol for 
3 minutes. They were permeabilized with 0.5% triton X-100 for 10 
minutes and were blocked in 1% BSA for half an hour. Incubation with 
the primary and secondary antibodies was carried out for one hour 
at room temperature. Coverslips were mounted on glass slides in 4% 
DABCO glycerol. Cells incubated with the flurochrome conjugated 
secondary antibodies alone (no primary antibody) were used as 
negative controls. Images were acquired at 63X using the LSM 510 
META laser scanning microscope from Carl Zeiss, Germany. Images 
were analyzed using the software LSM 510.

Results

MTA1 represses PTEN protein expression

We used two breast cancer cell lines MDA-MB-231 and MCF7 cells 
to carry out all experiments. We used siRNA to downregulate MTA1 
expression in these cell lines. Two different siRNAs targeting different 
exons of the MTA1 transcript were used at 100nM concentration. 
We checked the efficacy of the siRNAs by performing RT-PCR and 
western blotting analysis. At least 70% knockdown of MTA1 protein 
was obtained using the siRNAs in both the cell lines (Supplementary 
Figure 1). Both mRNA and protein levels of MTA1 were reduced 
in siRNA treated cells (Figure 1). Transfected cells were checked 
for PTEN protein and mRNA expression. Western blots showed 
an increase in PTEN expression in siRNA (Figure 2) treated cells, 
indicating that MTA1 plays a role in the negative regulation of PTEN, 
a tumour suppressor gene. (Graphical presentations of the quantities 
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of proteins with respect to tubulin are shown in supplementary Figure 
2.) Interestingly, no such change was observed in the transcript levels 
of PTEN. It thus appears that MTA1 regulates PTEN only at the protein 
level in cancer cells.

MTA1 physically associates with PTEN

Since only protein but not mRNA levels of PTEN were affected in 
cells treated with siRNA against MTA1 we surmised that MTA1 and 
PTEN must be associated physically. Any physical association would 
render MTA1 to be in proximity with PTEN. We used confocal imaging 
to determine if MTA1 and PTEN colocalized in cells. Green signal is 
representative of MTA1 localization and red signals represent PTEN 
localization. As seen in Figure 3a and Figure 3b, both proteins 

localize in the cytoplasm and the nucleus. Colocalization is indicated 
by a yellow signal. The presence of colocalization in the images was 
evaluated using LSM510 software and is shown in the form of the 
mask image. A mask is generated by the software itself and shows 
the exact areas in an image where colocalization occurs. In both the 
cell lines, it is clearly seen that MTA1 colocalizes with PTEN and this 
colocalization is more prominent near the nucleus.

In order to confirm the association between MTA1 with 
PTEN, we carried out co-immunoprecipation analysis. PTEN was 
immunoprecipitated from cell lysates. These precipitates were 
separated on a SDS-PAGE gel and transferred on membranes. PTEN 
immunoprecipiated complexes showed presence of MTA1, suggesting 
an interaction between the two molecules (Figure 4).

C- untransfected cells, -ve – negative control siRNA, #1 and #2 – two
siRNAs used against MTA1.

Figure 1: siRNA against MTA1 decreases its mRNA and protein 
expression. a) MDA-MB-231 and b) MCF7 cells were transfected with 
siRNAs against MTA1 or negative control siRNA and checked for expression 
of MTA1. Upper panel shows RT-PCR results and lower panel shows western 
blots. GAPDH and tubulin were used as loading controls.

Figure 2: PTEN protein expression is regulated by MTA1. a) MDA-MB-231 
and b) MCF7 cells were transfected with siRNAs against MTA1 or negative 
control siRNA and checked for expression of PTEN. Upper panel shows RT-
PCR results and lower panel shows western blots. GAPDH and tubulin were 
used as loading controls.

C- untransfected cells, -ve – negative control siRNA, #1 and #2 – two
siRNAs used against MTA1.

Figure 3: MTA1 and PTEN colocalize with each other. a) MDA-MB-231 
and b) MCF7 were fi xed, permeabilized and incubated with antibodies 
against MTA1 and PTEN followed by incubation with fl uorescently conjugated 
secondary antibodies. They were then subjected to confocal analysis. Images 
were acquired at 63X using the LSM 510 META laser scanning microscope 
from Carl Zeiss, Germany. Images were analyzed using the software LSM 
510. 1) red signal indicates PTEN localization 2) green signal indicates MTA1
localization 3) yellow signal indicates colocalization 4) transmission image of
cells 5) mask image.
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PTEN expression is affected by deacetylation

Since MTA1 functions as part of a complex involved in 
deacetylation, we treated both the cell lines with Trichostatin A (TSA), 
a histone deacetylase inhibitor, and checked PTEN levels. On TSA 
treatment, levels of PTEN increased (Figure 5a) indicating that PTEN 
expression can be affected by the process of deacetylation. We also 
studied the acetylation status of PTEN in the presence and absence 
of MTA1. For this purpose we immunoprecipitated cell lysates with 
anti-pan-Acetylation antibody, separated the lysates on an SDS-PAGE 
gel and carried out western blotting using anti-PTEN antibody. Levels 
of acetylated PTEN increased in absence of MTA1 in both the cell 
lines (Figure 5b).

MTA1 affects PTEN activities in cells

To test if events downstream of PTEN are also affected on MTA1 
downregulation, we decided to choose a molecule downstream of PTEN 
activity and check its functionality. We chose AKT for this purpose. 
PTEN is mainly noted for its antagonistic behaviour towards the PI3K 
signaling pathway. PI3K regulates production of phosphatidylinositol 
(3,4,5) trisphosphate which in turn activates the AKT kinase. AKT is 

activated by the process of phosphorylation. We checked levels of 
phosphorylated AKT in MTA1 depleted cells. We used phosphor-AKT 
(Thr308) antibody which detects endogenous levels of AKT only when 
phosphorylated at threonine 308. Phosphorylated levels of AKT were 
reduced in MTA1 depleted cells as compared to control cells (Figure 
6). Total AKT levels were unchanged. MTA1 thus appears to regulate 
the AKT pathway by regulating its upstream monitor, PTEN.

Discussion
Metastasis is a complex series of events, each of which is the 

product of cumulative inputs from many different molecules. It is 
the amalgamation of the actions of many genes which regulate the 
process of metastasis. To identify such genes which might play a 
favorable role in metastasis Toh et al. (1994) compared expression 
of transcripts by carrying out cDNA differential library screening of 2 
rat mammary adenocarcinoma cell lines differing in their metastatic 
potential. One of the genes they identified was MTA1, the expression 
of which was higher in the highly metastatic cell line (Toh et al., 1994).

MTA1 was found to be associated with a higher metastatic 
potential in several cancers. Many players downstream of MTA1 
have been identified. These in turn have some role or the other in 
pathways of the cell concerned with augmenting metastasis. Still, the 
list of molecules regulated by MTA1 is far from complete. We wanted 
to find out if PTEN could be added to this list.

PTEN is a dual-specificity phosphatase that has activity against 
lipid and protein substrates antagonistic towards the PI3K pathway. 
The phosphatidylinositol 3-kinase (PI3K) pathway regulates various 
cellular processes, such as proliferation, growth, apoptosis and 
cytoskeletal rearrangement. One of the main functions of PI3K is 
to synthesize the second messenger PtdIns (3,4,5) P3 (PIP3) from 
PtdIns (4,5) P2 (PIP2). AKT acts downstream of PI3K to regulate many 
biological processes (Vivanco and Sawyers, 2002).

We used siRNA to downregulate MTA1 expression in two breast 
cancer lines, MDA-MB-231 and MCF7, and observe if the depletion 
of MTA1 had any effect on PTEN expression. We did not observe any 
change in the transcript levels of PTEN. However, the protein levels 
of PTEN were altered in siRNA transfected cells. PTEN expression was 
increased in those cells with a reduced MTA1 expression. It is thus 
clear that MTA1 regulates PTEN expression by controlling its protein 
levels in the cell.

We surmised that MTA1 must interact with PTEN protein 
physically either directly or as part of a complex. We carried out 

Figure 4: MTA1 and PTEN coimmunoprecipitate. Agarose beads conjugated 
with anti-PTEN antibody were used to pull down PTEN from cell lysates of 
MDA-MB-231 and MCF7 cells. The immunoprecipitates were separated on 
SDS-PAGE gels and transferred on PVDF membranes. These were probed 
with antibody against MTA1. Left panel shows coimmunoprecipitates and right 
panel indicates whole cell lysates.

C- untransfected cells, -ve – negative control siRNA, #1 and #2 – two siRNAs 
used against MTA1.

Figure 5: PTEN expression is regulated by deacetylation. a) MDA-MB-231 
and MCF7 cells were treated with Trichostatin A at a concentration of 100 nM. 
Cell lysates were subjected to western blotting. Blot shows PTEN expression. 
Ethanol was used as vector control as Trichostatin A is dissolved in ethanol. 
VC – vector control. b) MDA-MB-231 and MCF7 cells were transfected with 
siRNAs against MTA1 or negative control siRNA. Cell lysates from these 
samples were immunoprecipitated (IP) with anti-pan-Ac antibody, and then 
probed using anti-PTEN antibody. The expression of PTEN, and tubulin was 
analyzed by Western Blot analysis.

C- untransfected cells, -ve – negative control siRNA, #1 and #2
– two siRNAs used against MTA1

Figure 6: MTA1 regulates AKT activity. a) MDA-MB-231 and b) MCF7 cells 
were transfected with siRNAs against MTA1 or negative control siRNA and 
checked for expression of pAKT and AKT.
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coimmunoprecipitation analysis using PTEN antibody to pull down 
complexes containing PTEN and then probed blots with MTA1 
antibody. We found that MTA1 co-immunprecipitated with PTEN 
in both MDA-MB-231and MCF7 lysates. We also checked if the 
interaction between these proteins could be visualized in cells. MTA1 
and PTEN colocalized in both the cell lines. The colocalization is 
predominant near the nucleus and it is possible that MTA1 regulates 
PTEN protein primarily near this region. We plan to study this fact in 
future studies.

Since MTA1 is engaged in deacetylation, we tested if the 
change in expression of PTEN could be attributed to the process of 
deacetylation. We used trichostatin A, a known HDAC inhibitor to 
test if it had any effect on PTEN levels. TSA increased PTEN levels in 
both the cell lines. We also observed that levels of acetylated PTEN 
increased in siRNA transfected cells. However, it must also be noted 
that protein levels of PTEN themselves increase in siRNA transfected 
cells and hence any increase in the acetylated levels should be 
expected.

In order to confirm that the functionality of PTEN is also affected 
by MTA1, we decided to study the active AKT levels in cells, AKT 
being an important molecule downstream of PTEN regulation 
(Stambolic et al., 1998). AKT is recruited by PIP3 through interaction 
with its pleckstrin homology (PH) domain (Bellacosa et al., 1998). PIP3 
also recruits another PH-domain-containing serine/threonine kinase 
namely 3-phosphoinositide-dependent protein kinase-1 (PDK1). PDK1 
phosphorylates AKT on Thr308 (Vanhaesebroeck and Alessi, 2000). 
Thr308 phosphorylation is necessary and sufficient for AKT activation 
(Stokoe et al., 1997); however, maximal activation requires additional 
phosphorylation at Ser473 by PDK2, another kinase (Alessi et al., 
1997). Since the Thr308 phosphorylation is eventually controlled by 
PTEN activities, we checked levels of Thr308 phosphorylated AKT 
in MTA1 depleted cells. Active AKT was decreased in these cells as 
compared to control cells. Increase in PTEN levels in MTA1 depleted 
cells and the corresponding decrease in active AKT thus shows 
regulation of PTEN pathway by MTA1.

Proteasomal degradation of several proteins has been shown 
to be affected by the process of acetylation. (Caron et al., 2005) 
It is possible that MTA1 induces the proteasomal degradation of 
PTEN by influencing its acetylation. The fact that MTA1 is part of a 
deacetylation complex and that MTA1 physically associates with PTEN 
supports the idea that MTA1 deacetylates PTEN either alone or by 
recruiting the NURD complex which might induce PTEN degradation. 
We plan to study further, the consequences of regulation of PTEN 
by MTA1. MTA1 might be controlling several pathways in the cell 
through its action on PTEN. It would be interesting to see exactly 
which molecules downstream of PTEN are affected by the MTA1 
pathway. Here we show functions of AKT being altered when MTA1 
expression is disrupted. It is possible that pro-metastatic molecules 
like AKT receive aid from proteins like MTA1 to keep in check 
functions of their own negative regulators. Such regulations may be 
favoured by cancer cells turning metastatic. The final result of any 
series of changes in operations of such molecules is observed in the 
different events of the metastatic cascade. We plan to study exactly 
which processes in the cell get modified by MTA1’s regulation of 
PTEN with the use of various functional assays.

MTA1 regulation of PTEN, a known tumor suppressor gene, 
is in synchronization with the generally accepted role of MTA1 as 
a gene helping to increase metastatic potential of cancer cells. An 
understanding of the mechanism of actions of metastatic favoring 

genes like MTA1 will eventually help us in understanding the disease 
itself and thus help us devise better therapies.
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