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Abstract
Background/Aim: Targeting angiogenesis preferentially in cancer is a promising approach to improve treatment efficacy
and safety. The aim of this study is investigate potential upregulation of Krüppel like factor-4(KLF-4) by inhibition of mammalian
target of rapamycin (mTOR) to repress vascular endothelial growth factor (VEGF) expression in breast cancer cells. Materials and
Methods: Using Western blot; bandshift assay; and Chloramphenicol acetyltransferase assay, we assessed the effect of different
mTOR inhibitors on the level of mTOR pathway proteins and on KLF-4/ serum amyloid activating factor (SAF-1) SAF-1 DNA binding
and consequently VEGF gene expression in MCF-7breast cancer cells. Results: mTOR inhibition increased KLF-4 level in breast
cancer cells, but this inhibition, except for metformin, elicited rebound upregulation of mTOR signaling proteins. Thus metformin
produced a sustained increase in KLF-4 level and concomitant disruption of SAF-1 binding to VEGF promoter with consequent
inhibition of VEGF expression.
Conclusion: Repurposing metformin as a potential neoadjuvant and antiangiogenic treatment could provide the basis for more
effective and safer antiangiogenic treatment.
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Introduction
One of the invasive characteristics of a solid tumor is its ability to
form new blood vessels to sustain its growth through angiogenesis
[1]. Besides mediating local tumor growth, angiogenesis also
promotes tumor dissemination by providing a conduit for tumor
cells to access bloodstream and settle in distal organs as metastatic
foci [2], which are, in turn, growth-restricted without angiogenesis
[3]. Several reports showed that increased angiogenesis in cancer
adversely affects patients prognosis [4]; therefore, angiogenesis is
a promising target for cancer treatment. Angiogenesis is regulated
by delicate balance between proangiogenic and anti angiogenic
molecules. Vascular endothelial growth factor (VEGF) is one of the
main proangiogenic molecules secreted by breast cancer cells. Over

expression of VEGF proteins is notably a characteristic of positive
estrogen-receptor (ER+) status in breast tumor cells and is strongly
correlated with the stage of the tumors [5].

One of the contributing factors for over expression of
VEGF protein is the over expression of the VEGF gene, which is
unregulated in many cancer conditions [6] including ER+ breast
cancer cells [7]. The incidence of ER+ subtype of breast cancer is
on the rise recently and they represent the main subset of breast
tumors nowadays [8]. High VEGF expression in the ER+ breast
cancer cells in particular has been shown to promote invasiveness
and metastasis of these cells [9]. Antiangiogenic treatment
strategies for breast cancer treatment may include monoclonal
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anti-VEGF antibody, bevacizumab [10], or anti- VEGF receptor
(VEGFR) treatment [11]. Although bevacizumab has been approved
by the FDA for the treatment of metastatic breast cancer, clinical
trials have shown controversial results regarding the efficacy of this
treatment and its safety for this indication [10,11].

Antiangiogenic agents in general impose risk of various adverse
effects, which may involve life-threatening bleeding disorders,
wound-healing complications and cardiotoxicity [12,13]. These
side effects could be possibly attributed to the inadvertent action of
these agents on healthy vasculatures, while the low effectiveness of
the treatment could be possibly attributed to the use of these agents
at late stages in breast cancer when the tumor is unlikely to benefit
from treatment. Invasive variants of breast neoplasia are known
to express VEGF copiously even at early stages of their course
[14]. Trials are now underway exploring several antiangiogenic
approaches at early stages of breast cancer. Although this strategy
may improve treatment efficacy, the risk of side effects is expected
to be even higher with the prolonged administration of the current
antiangiogenic treatment [12].
In spite of being a hall mark for tumor invasiveness, angiogenesis
occurs also in normal tissues and it is known to be triggered by
various types of cellular stress [4]. Undoubtedly, hypoxia is a potent
stimulus for VEGF production [15]; however, it may not be the
only mechanism [16,17] nor the main one in breast cancer cells
[7]. In breast cancer angiogenesis occurs at early stages prior to
the transformation of breast cells to malignancy [3]. This indicates
that VEGF expression in these cells at early stages may occur via
another mechanism independent of hypoxia. Therefore, the goal
of research, nowadays, is to explore other potential mechanisms
of targeting angiogenesis specifically in breast cancer cells at early
stages. This study aims at exploring other potential mechanism
mediating VEGF expression in breast tumors besides hypoxia. One
of these mechanisms could be the upregulation of serum amyloid
activating transcription factor (SAF-1), which is over expressed in
some breast tumors and competes with the antiangiogenic Krüppel
like factor-4 (KLF-4) to regulate VEGF gene expression in breast
cancer cells [7].
Evidence shows that inhibition of mammalian target of
rapamycin (mTOR) in vascular smooth muscle cells (VSMC)
induces KLF-4, which results in antiproliferative effects in these
cells [18]. Therefore, our hypothesis was that inhibition of mTOR
in breast cancer cells could, similarly, upregulate KLF-4 level and
consequently counteract the angiogenic potentials of these cells.

Materials and Methods

Cell lines and reagents: MCF-7 cell lines were obtained
from ATCC, cultured, and stored following the ATCC protocol of
authentication by short terminal repeat analysis. The cells were
maintained in DMEM/high glucose medium supplemented with
7% FBS. Insulin, chymostatin, leupeptin, pepstatin A, metformin,
and the catalytic mTOR inhibitor (PP242) purchased from Sigma
Chemical Co.
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Western blot analysis: MCF-7 cells were freeze-thawed in lysis
buffer containing cocktail of protease and phosphatase inhibitors.
Protein amount in cell lysates were measured by NanoDrop
spectrophotometer. Equal protein amount was fractionated in
SDS-PAGE, transferred to PVDF transfer membrane (PerkinElmer)
and immunoblotted. Anti-bodies utilized are anti- (mTOR, pmTOR
(Ser-2448), pP70S6K (T-389), β-Actin antibodies (Cell Signaling
Technology), KLF-4 (Santa Cruz Biotechnology), and SAF-1
(prepared previously in the lab as described in [19]. Blots were
developed with ECL (Pierce Thermo Scientific). B and densitometry
was measured by (AlphaView imaging software, FluorChem Q
system, ProteinSimple) and semi-quantitative data normalized for
β- actin.
Nuclear extract preparation: electrophoretic mobility shift
assay. Nuclear extracts were prepared from MCF-7 cells according
to a method previously described by [20], and electrophoretic
mobility shift assay was performed using the method described by
Ray and colleagues [21]. The VEGF DNA–sequences from -135 to
+29 was end-labeled by using 32P-dCTP and used as the probe.

Plasmid constructs: The reporter plasmid 1.2 VEGF-CAT3
was constructed by cloning VEGF promoter sequence (-1,179
to +21) into pBLCAT3 plasmid vector. The used VEGF promoter
sequence included SAF-1 binding site I with the sequence
(5´-CCCCTATCCTCGCGCCGGTCCGTGGTCGGTGTC-3´) and SAF-1
binding site II with the sequence (5´-ATGCTTCTCCTACTAGTT-3´).
Transfection analysis: The MCF-7 cells were transfected with
reporter plasmid DNA (0.5 mg) together with pSVβ-gal (Promega
Corporation) plasmid DNA (0.5 mg) by using METAFECTENE PRO
(Biontex Laboratories). The pSVβ-gal DNA was used for efficient
transfection and cell extracts normalization for chloramphenicol
acetyltransferase (CAT) assay. After 24 hours, the cells were
harvested, and CAT and β-galactosidase activities were measured
according to protocols adopted from [22].

Chloramphenicol acetyl transferase (CAT) assay: Following
transfection of cells with reporter plasmid 1.2 VEGF-CAT, empty
vector or pBLCAT3 as described previously CAT assay was
performed. In each transfection assay, pSV ß-gal (Promega) DNA
was added for normalization of transfection efficiency.
Statistical analysis: Correlation was calculated using Pearson
product moment correlation (r, and p<0.05 was considered
statistically significant). Differences in the mean values were
analyzed by One-way Analysis of Variance ANOVA with posthoc Holm-Sidak method. Results represent the average of three
independent experiments (n=3; mean ± SD, and *P <0.05 was
considered statistically significant), Data analyzed by (Sigmaplot
software program 12.3 from Systat Software, Inc., San Jose
California, USA).

Results

mTOR inhibition resulted in an increase in the level of KLF-4
protein in the ER+, MCF-7, breast cancer cells particularly with
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metformin treatment. Treatment of the MCF-7 cells with PP242
and metformin both resulted in an increase in KLF-4 expression in
these cells as demonstrated by the results of immunoblot assay in
Figures 1A &1B, respectively. These results show that both PP242
and metformin exerted a comparable effect in terms of their ability
to inhibit mTOR phosphorylation. However, PP242 and metformin
has different effects on the level of total mTOR protein. PP242
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elicited an apparent rebound increase in the total mTOR protein
level in a dose dependent manner, metformin, on the other hand,
was not associated with such rebound up regulation of mTOR even
after 24 hours of treatment as shown by the trend line in Figure 1.
A and B, respectively. In fact, metformin treatment was associated
with a slight decrease in total mTOR protein level.

Figure 1: Effect of mTOR inhibition on KLF-4 level in ER+ MCF-7 breast cancer cells.
A. MCF-7 cells were treated with insulin 1µM for 1hr with and without the catalytic mTOR inhibitor, PP242, in the following
concentrations (3, 9, 12, and 15µM) for 4hrs. 100µg of the total cell lysate was fractionated in SDS-PAGE, transferred to PVDF
membrane and stained with Ponceau S stain for verification of equal protein loading then immunoblotted for KLF-4, pmTOR
and total mTOR protein levels. A line-graph representation shows the dose-dependent changes of the protein levels as
determined by band densitometry analysis.
B. MCF-7 cells were treated with insulin 1µM for 1hr and metformin 50mM for the following durations (0, 12, and 24hrs).
100µg of the total cell lysate was fractionated in SDS-PAGE, transferred to PVDF membrane and stained with Ponceau S stain
to ensure equal protein loading then immunoblotted for KLF-4, pmTOR and total mTOR protein levels. The time-dependent
changes of protein levels following metformin treatment are illustrated in the accompanying line-graph as determined by
band densitometry analysis. The correlation between protein levels and dose or time-dependent treatment was calculated
using Pearson product moment correlation (r, p<0.05 for statistical significance).

Figure 2: Effect of mTOR inhibition on the status of total proteins in mTOR pathway.
A.MCF-7 cells were treated with insulin 1 µM for 1 hour in the presence and absence of PP242 (0, 3, 9, 12, or 15 µM) for 4 hrs.
B. MCF-7 cells were treated with insulin 1 µM for 1 hour in the presence or absence of metformin 75mM for 8 hrs or rapamycin
100nM for 8 hrs.100 µg total MCF-7 cell lysate was fractionated in SDS-PAGE, transferred to PVDF transfer membrane, which
are immunoblotted for pP70-S6K to assess the effect of treatment on mTOR activity, then the membranes were stripped and
re-blotted for ß- actin to verify equal loading.

Citation: Mohamed A, Bimal K R. Metformin Treatment Represses Vascular Endothelial Growth Factor Gene Transcription in MCF-7 Breast
Cancer Cells. Open Acc J Oncol Med 1(3)- 2018. OAJOM.MS.ID.000115. DOI: 10.32474/OAJOM.2018.01.000115

63

Open Acc J Oncol Med
Different mTOR inhibitors elicit a different degree of apparent
rebound upregulation of total proteins in mTOR pathway. One of
the possible compensatory mechanisms to mTOR inhibition could
be the upregulation of the total proteins in mTOR pathway. To verify
the effect of the mTOR inhibitors on mTOR activity and level of total
proteins in mTOR pathways, we assessed the effect of treatments on
the phosphorylation of the downstream target of mTOR, pP70-S6K.
Both PP242 and metformin resulted in a comparable inhibition
of the phosphorylation of P70-S6K as shown in Figure 2. A and B,
respectively. Consistent with previous results, PP242 treatment,
similarly, showed a reciprocal increase in a band consistent with
total P70-S6K protein moiety as indicated by the arrowhead in
Figure 2, A. In contrast, metformin and rapamycin showed no or
less increase in this band as shown by the arrowheads in Figure 2.B,
lanes 3, and 4 as well as lanes 5, and 6, respectively.
Metformin treatment resulted in a noticeable change in the
binding of DNA-protein complexes to the VEGF promoter region.
Band-shift assay of MCF-7 cells using a DNA probe of the VEGF
promoter containing (GC)-rich region, as illustrated in Figure 3A,
was performed to verify the effect of mTOR inhibition on the binding
of zinc finger transcription factors. Metformin markedly affected
protein-DNA complexes as manifested by the significant decrease
in the density of the band (a) at high metformin concentration as
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shown by the black arrows in lane 10 Figure 3B, and lane 10´ in
Figure 3B´. Based on our previous research findings, the band (a)
likely corresponds to SAF-1 and/or Sp1 and band (b) represents
KLF-4 (7). This suggests that metformin treatment not only up
regulates KLF-4 level in MCF-7 cells, but also affects the binding
of SAF-1 as well. In accordance with these findings, WB analysis
of MCF-7 cells for SAF-1 shows that metformin treatment induced
an increase in a band consistent with different SAF isoforms as
indicated by the arrows in Figure 3C.
Metformin treatment transcriptionally inhibits VEGF gene
expression in the ER+ breast cancer cells. Increased KLF-4 protein
level in MCF-7 cells by metformin treatment, Figure 1B, coincided
with a marked decrease in the DNA- protein complex SAF-1/Sp1
and an increase in KLF-4 as shown in Figure 3B. These findings
suggest a consequent alteration in VEGF gene expression in MCF7 cells following metformin treatment. Therefore, our next step
was to explore as whether metformin treatment would result in
an inhibition of transcription of VEGF gene in MCF-7 breast cancer
cells. To test this hypothesis, CAT assay was performed on MCF7 cells with and without treatment with metformin. As shown in
figure 4, metformin treatment resulted in a significant inhibition of
the transcription of VEGF gene.

Figure 3: Effect of metformin treatment on the proteins complexes binding to the VEGF promoter.
A. A schematic representation of the VEGF promoter region and transcription factors binding sites. HIF-1- binding site is located
distal to a (GC)-rich region on the VEGF promoter. The (GC) region is known binding site for zinc finger transcription factors
including SAF-1, Sp1 and KLF-4. Increased levels of SAF-1 drive VEGF expression, while increased levels of KLF-4 inhibit
VEGF expression. B. MCF-7 cells were treated with insulin (0.0, 0.5.1.0, 2.0, and 4.0 µM) for 1 hour, metformin (0, 10, 25, 50, or
75 mM) for 4 hrs. Total cell extracts (10µg of protein) were incubated with 32P-labeled VEGF promoter containing sequences
from (- 110 to + 20). Resulting DNA protein complexes (a, and b) were fractionated in a 6% nondenaturing polyacrylamide gel.
Migration positions of putative protein-DNA complexes are indicated. B′. Band-shift assay was duplicated for the indicated
correspondent lanes for the verification of results. C. WB of MCF-7 cells treated with insulin 1µM for 1hr with and without
metformin 75mM in a time-course of (0.0, 0.5, 1.0, 4.0, 8.0 hrs). 100µg of total cell lysates of MCF-7 cells was fractionated and
immunoblotted for SAF-1. PVDF membranes were stained with Ponceau S stain for equal loading. Expected molecular weight
of protein bands are indicated in Kilo Dalton (KD) on the left side.
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Figure 4: Effects of metformin on the VEGF gene expression in the ER+ MCF-7 breast cancer cells.
MCF-7 cells were transfected with equal amounts (0.5 µg) of pBLCAT3 or 1.2 VEGF-CAT. 24hrs after transfection, cells were
supplemented with increasing concentrations of metformin (25, 50 and 75 mM). Cells were harvested 24 hrs later and CAT
activity was determined using equivalent amount of cell extracts. Relative CAT activity was determined by comparing the
activities of transfected plasmids with that of pBLCAT3. Results are an average of three separate experiments and differences
in mean values were assessed for statistical significance using one way ANOVA with *P < 0.05.

Discussion
Phosphatidylinositol 3 Kinase (PI3K)-mTOR signaling pathway
is activated by growth factors to stimulate phosphorylation of
mTOR and its downstream targets [23]. This pathway is activated
in many cancer conditions to mediate tumor proliferation,
migration and angiogenesis [24]. Activation of mTOR is linked also
to emergence of resistance of breast tumors to chemotherapy and
hormonal therapy [25]. mTOR inhibition shows beneficial effects in
mitigating resistance to targeted and hormonal treatment in breast
cancer [26]. Activation of mTOR upregulates VEGF expression in
tumor cells even under normoxic conditions [27]. These factors
together make mTOR pathway a promising potential target for
breast cancer therapy particularly as an antiangiogenic treatment
in breast cancer cells at early stages.

Several mTOR inhibitors have different mechanisms of action
and consequently different effects, safety profile, and tolerability.
Rapamycin is a specific allosteric mTOR inhibitor of mTOR,
which inhibits the growth of a variety of epithelial cancers [28].
However, many cancers become refractory to rapalogs [29] due to
activation of compensatory pathways [30]. PP242, is another mTOR
inhibitor that competes with ATP to prevent mTOR activation [31].
Metformin, on the other hand, is an anti-diabetic biguanide, which
inhibits mTOR activity and showed a beneficial effect in breast
cancer cells by decreasing MTOR gene expression [32] as well
as stimulating mTOR protein degradation [33]. Metformin has a

relatively safe profile and tolerability [34]; therefore, it is a strong
candidate for repurposing as an anticancer agent.

PP242 and metformin increased the level of KLF-4 protein.
Despite the comparable effect of those two mTOR inhibitors on
the mTOR activity. Metformin treatment exhibited stronger and
more sustained increase in KLF-4 level even after prolonged time of
treatment compared to the PP242 treatment in which KLF-4 level
waned by the concomitant waxing of total mTOR level. The role of
the active form of mTOR in tumorigenesis is well-established [35];
however, the role of total mTOR protein in these processes is still
less characterized. Rebound upregulation of total proteins in mTOR
signaling pathway could impose a risk of resistance to treatment.
Rebound increase in the total level of mTOR protein in MCF-7 cells
following PP242 treatment is evidenced from the incremental
increase in the total mTOR protein with the treatment.
This dose-dependent upregulation of total mTOR protein
level could be also responsible for the dose-dependent waning
of KLF-4 level associated with the PP242 treatment. In contrast,
metformin treatment was rather associated with a concomitant
time-dependent decrease in the total level of mTOR protein. In
addition, PP242 treatment showed also a concomitant increase
in a band consistent with the total P70-S6K protein in MCF-7
cells, while rapamycin treatment induced a slight increase in this
band, metformin treatment, on other hand, showed no increase
in total P70-S6K. Metformin alters the profile of DNA-protein
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complexes binding to VEGF promoter in MCF-7 cells. The first
step of VEGF expression starts at the transcription level of VEGF
gene. A constellation of cis-regulatory elements has been identified
within the 5′-flanking promoter region of VEGF gene including
binding sites for hypoxia inducible factor-1 (HIF-1) and specificity
protein-1 (Sp1), which are known to mediate VEGF gene expression
in different cancer cells [36].
Hypoxia leads to induction of HIF-1, which drives VEGF
expression and promotes angiogenesis in the hypoxic tissues [37].
However, many cancer cell types can express high levels of VEGF
under normoxic conditions [27] and even in the absence of HIF-1
[6]. The promoter region of VEGF gene contains a (G+C)-rich region
proximal to HIF-1 binding site [36], which is known to interact with
Sp1 to regulate VEGF expression in several cancer cells [16,38]. It
serves as a binding site for SAF-1, which is elevated in breast cancer
tissues compared to their normal counterparts. SAF-1 and KLF-4
competitively antagonize each other on their effect on VEGF gene
expression [7]. KLF-4 binds to (C+G) regions in gene promoters
[39-41] and acts generally as a tumor suppressor hence it is
downregulated in several types of cancer [42-44] including breast
cancer [7].

Band-shift assays of the profile of proteins binding to the
promoter region of VEGF gene shows that treatment of MCF-7
cells with high concentration of metformin resulted in a noticeable
change in DNA-protein complexes bound to the VEGF promoter,
which suggests that metformin treatment not only upregulates
KLF-4 level in MCF-7 cells, but also affects the binding and/or the
expression of SAF-1 as well. In accordance with these findings, WB
analysis of MCF-7 cells for SAF-1 shows that metformin treatment
induced an increase in a band consistent with different SAF
isoforms. In spite of being interesting, these results warrant further
verification of the nature and role of these proteins in transcription
of VEGF promoter. However, evidence shows that some splice
variants of SAF protein may act as repressors of VEGF transcription
[45]. These findings together suggest a role of metformin treatment
in the modulation of the levels as well as VEGF-binding affinity of
KLF-4 and SAF-1/Sp1 complexes in the ER+ MCF-7 breast cancer
cells. Finally, CAT assay results show that metform in treatment
resulted in a significant inhibition of the transcription of VEGF
gene in the MCF-7 cells as shown in Figure 4, which would result in
inhibition of the tumor’s angiogenic potentials.

Conclusion

mTOR inhibition upregulated KLF-4 in MCF-7 breast cancer
cells, which was associated with repression of VEGF transcription
in these cells. Our findings revealed also that the use of mTOR
inhibitors, except metformin, prompted a reciprocal upregulation
of total proteins in mTOR pathway in ER+ breast cancer cells, which
makes metformin a promising candidate for adjuvant treatment of
this type of breast cancer. These findings could provide a basis of
novel therapeutic treatment modalities to counteract angiogenesis
in the ER+ breast cancer, which imposes less risk of rebound
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upregulation and the consequent emergence of refractories to the
treatment modality.
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