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Abstract

The mammalian target of rapamycin (mTOR) is a central controller of cell growth and is currently
being investigated as a potential target in breast cancer therapy. The essential amino acid leucine
has been proposed to regulate mTOR signaling. The objective of this study was to determine
whether leucine restriction would inhibit mTOR signaling in breast cancer cells. Leucine
restriction did not decrease mTOR signaling in any of the eight breast cancer cell lines tested. In
addition, in vivo administration of a leucine-free diet for up to four days did not result in a
decrease in phosphorylation of mTOR target proteins in breast cancer xenografts. Further, in three
different cell lines, an increase in Akt phosphorylation was observed after leucine restriction. This
was observed without a decrease in S6K phosphorylation, suggesting a mechanism different from
the feedback loop activation of Akt observed with rapamycin treatment. We conclude that leucine
restriction is not sufficient to inhibit mTOR signaling in most breast cancer cell lines, but is
associated with activation of survival molecule Akt, making leucine deprivation an undesirable
approach for breast cancer therapy.

INTRODUCTION

Availability of amino acids (AA), particularly branched chain AA, such as leucine, has been
reported to activate the mammalian target of rapamycin (mTOR)/ribosomal S6 kinase 1
(S6K1) signaling pathway (1-4). mTOR is a conserved serine/threonine kinase that
integrates multiple signals to regulate diverse cell functions. mTOR’s activity is controlled
by phosphatidylinositide 3-kinase (PI13K) and Akt, and by Ras/Raf/[ERK pathways (5). The
PTEN (phosphatase and tensin homolog deleted from chromosome 10) tumor suppressor
negatively regulates PI3K signaling, and is mutated or decreased in several types of sporadic
tumors, including breast cancer and in patients with Cowden’s breast cancer predisposition
syndrome (6). Furthermore, overexpression of human epidermal growth factor receptor 2
(HER2/neu) (7) and activation of insulin-like growth factor receptor (8) and integrins (9)
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lead to activation of PI3K/Akt pathway. mTOR is activated in one half of breast cancer
patients, and mTOR’s target S6K1 is overexpressed in one third of breast cancer patients;
both alterations have been linked to a poor prognosis (10, 11). Thus mTOR/S6K1 pathway
represents a promising target for breast cancer therapy, and mTOR inhibitor rapamycin and
its analogues are currently in clinical trials (12-14).

mTOR exists in two distinct complexes (15). Rapamycin-sensitive mTOR Complex 1
(mTORC1) phosphorylates and activates the cell growth regulators S6K 1 and 2, and
activates ribosomal protein S6 (16), and it phosphorylates and inactivates the translational
repressors eukaryotic translation initiation factor 4E (elF4E)-binding protein 1 (4E-BP1)
(17). AE-BP1 targets and prevents elF4E-elFAG interaction and thus inhibits translation
initiation (17). mTOR inhibitor rapamycin dephosphorylates S6K1 and 4E-BP1, leads to G1
growth arrest, and inhibits ribosome biosynthesis and autophagy (18, 19). The antitumor
activity of rapamycin as a single agent has been described in vitro and in vivo (20, 21).
Although in some models rapamycin alone was shown to induce apoptosis in cells lacking
p53 (22, 23), it is mostly reported acting as a cytostatic agent arresting cancer cells in the G1
phase. In preclinical models, rapamycin synergistically enhanced chemosensitivity to
commonly utilized chemotherapy agents, such as paclitaxel, carboplatin and vinorelbine (24,
25). Rapamycin-insensitive mTOR Complex 2 (MTORC?2) activates Akt and also regulates
actin cytoskeleton (26, 27). Rapamycin dephosphorylates mTORC2 component rictor
(rapamycin-insensitive companion of TOR) (28). Although rictor phosphorylation may
effect Akt phosphorylation, the biologic consequence of its phosphorylation is relatively
unknown (29). Both mTORC1 and mTORC2 respond to hormones and growth factors (15),
however only mTORC1 has been proposed to be acutely regulated by nutrients, such as AA
and glucose (30, 31).

Studies to date have suggested that AA activate mMTORCY1, increasing cell growth through
increased ribosome biogenesis and protein biosynthesis, and suppression of autophagy (15,
32). Growth factor signals have little or no impact on mTORCL1 signaling in the absence of
AA (2). Leucine, acting through an mTORC1-dependent pathway stimulates the translation
of specific mMRNAs both by increasing availability of elF4E and by stimulating
phosphorylation of S6 (33). Leucine induces cell migration and Rac activation controlling
cytoskeleton through mTORC2 (34). Leucine deprivation leads to a cellular response
overlapping with, but distinct from mTOR inhibition (35). Leucine deprivation and
rapamycin have been proposed to have synergistic effects on protein synthesis (36). This
suggests that leucine modulation may hold promise as a novel approach to modulate mTOR
signaling, or potentially enhance the efficacy of mTOR inhibitors.

Malignant cells require increased amounts of AA, especially leucine, to support DNA and
protein synthesis and cell proliferation. Proliferation in human hepatoma cell lines has been
shown to be dependent on the concentration of leucine in vitro, with a significant reduction
in proliferation rates in 0.05 mM leucine-containing medium compared to 0.2 mM (37).
Recent work suggests that leucine deprivation is associated with upregulation of insulin-like
growth factor binding protein 1 through transcriptional activation and mRNA stabilization
(38), which would be expected to decrease the mitogenic effects of insulin-like growth
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factors, and may contribute to the decreased cell proliferation seen with leucine deprivation.
However, to date little work has been done to further exploit these finding therapeutically.

Strategies to inhibit signaling pathways have focused primarily on administering agents to
inhibit growth of cancer cells and enhance efficacy of chemotherapy. Recently, Anthony et
al. evaluated the effects of dietary leucine deprivation in mice (39). Leucine deprivation led
to a dephosphorylation of both S6K1 and 4E-BP1 in the liver, after 1 hour as well as 6 days.
As leucine-restricted diets already are commercially available for the nutritional support of
children and adults with disorders of the leucine catabolism, it would be also possible to
deliver patients a leucine-restricted diet. Therefore, we tested the hypothesis that short-term
leucine restriction could downregulate mTOR/S6K1 signaling in breast cancer cell lines.

MATERIALS AND METHODS

Cell lines, culture and reagents

BT-474, MCF7, MDA-MB-231, MDA-MB-435, MDA-MB-436, MDA-MB-453, MDA-
MB-468, and SKBr3 breast cancer cell lines were obtained from the American Type Culture
Collection (Manassas, VA) and cultured in Dulbecco’s modification of Eagle’s medium-
Ham’s F12 50:50 mixture (DMEM/F-12) (Cellgro Mediatech, Inc., Herndon, VA)
supplemented with 10% fetal bovine serum (SAFC Biosciences, Lenexa, KA) at 37° C and
humidified in 5% CO». Leucine-free DME/F12 basic medium, L-leucine, L-lysine
monohydrochloride, L-glutamic acid potassium salt monohydrate, and L-methionine were
obtained from Sigma Aldrich, Inc. (St Louis, MO). We purchased dimethyl sulphoxide
(DMSO) from Sigma, rapamycin from LC Laboratories (Woburn, MA), and U0126,
wortmannin and LY294002 from Cell Signaling Technology (Danvers, MA).

Western blot analysis

Cultured cell were washed with cold phosphate buffered saline twice and lysed in cell lysis
buffer as described elsewhere (25). After determining the protein concentration with the
Bradford protein assay (Bio-Rad Laboratories, Hercules, CA), cell lysates containing 50 ug
of protein were separated by sodium dodecyl sulfate — polyacrylamide gel electrophoresis
and transferred to 0.2 uM polyvinylidene fluoride membrane (Bio-Rad Laboratories,
Hercules, CA). Membranes were blocked with 0.1% casein in tris-buffered saline. All
antibodies were purchased from Cell Signaling Technology except -actin (Sigma Aldrich,
Inc.). Visualization of immunoblots and quantification of bands were done by Odyssey
infrared imaging system and its application software (Li-Cor Biosciences, Lincoln, NE). A
phospho-antibody/total-antibody ratio was calculated and normalized to control sample. All
experiments were repeated at least three times.

Animal studies

All animal studies were approved by the M. D. Anderson Animal Care and Use Committee.
The animal care program is fully accredited by the Association for the Assessment and
Accreditation of Laboratory Animal Care, International. Four-week old female nude mice
were purchased from National Cancer Institute (Frederick, MD) and housed in specific
pathogen free conditions. An inoculum of 1x107 of MDA-MB-468 cells in 100 pl of
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phosphate-buffered saline was injected within the mammary fat pad. After 37 days, an
average tumor size of 90 mm3 was achieved. Mice were separated into four groups (4 mice/
group). One group of mice was fed with regular diet (control group) and other three groups
of mice were fed with leucine-free diet (Research Diets Inc., New Brunswick, NJ) either for
1, 2 or 4 days as experimental groups. Mice were weighed at the initiation of the study and
provided a measured amount of control diet or leucine-free diet daily. Final body weight and
amount of food intake of mice were recorded. Mice were euthanized via CO2 narcosis and
tumors were harvested, snap frozen in liquid nitrogen, and homogenized with an electric
homogenizer in cell lysis buffer.

The effect of leucine on serum stimulation of mMTOR signaling in vitro

To determine the effect of leucine restriction on mTOR signaling, we performed
immunoblotting to assess phosphorylation of mMTOR’s targets. We evaluated mTOR
signaling in two breast cancer cell lines: MDA-MB-468 cell line, a PTEN negative cell line
with constitutive activation of the PI3K/mTOR pathway and MCF7, which has a PI3K
mutation but does not show activation of downstream targets. Cells were leucine and serum
starved for 16 h and then stimulated by leucine and/or serum for 2 h. In MDA-MB-468 cells,
supplementing serum with or without leucine did not change the phosphorylation state of the
target proteins (Fig. 1a). In the MCF7 cell line, as expected, supplementing serum
phosphorylated these targets at both time points (Fig. 1b). Supplementing leucine in the
absence of serum increased phosphorylation of S6. We also observed a minor increase in
S6K1 phosphorylation in the MCF7 cell line, however, this was not a consistent finding.
This experiment showed that in the absence of constitutive activation of PI3K pathway,
supplementing leucine in the absence of serum increased phosphorylation of S6, but
phosphorylation did not increase further in the presence of serum.

The effect of leucine on mTOR signaling in vitro

To determine whether leucine restriction results in inhibition of the mTOR pathway, we
cultured the cells in media containing 0 or 0.5 mM leucine with or without 10% serum for
24 and 48 h. In MDA-MB-468 cell line, leucine or serum restriction alone or in combination
did not affect phosphorylation of downstream targets 4E-BP1, S6K1, S6, and Akt (Fig. 2a).
In the MCF7 cell line leucine restriction did not alter, but absence of serum decreased
phosphorylation of mMTORCI1 targets at both time points. Combining serum deprivation with
leucine restriction did not further decrease the level of phosphorylation of these targets (Fig.
2b). However, leucine restriction in the presence of serum minimally increased
phosphorylation of Akt. This experiment demonstrates that leucine restriction by itself or in
combination with serum starvation does not significantly decrease mTORC1 signaling, and
constitutive activation of PI3K pathway in MDA-MB-468 cell line renders the cells
insensitive to serum restriction. In MCF7 cells, Akt is activated by leucine restriction in the
presence of serum.

We next compared the effect of leucine deprivation with specific inhibitors of cell signaling.
Cells were cultured in media containing 0 or 0.5 mM leucine with or without mTOR
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inhibitor rapamycin, PI3K inhibitors LY294002 and wortmannin, and ERK inhibitor U0126
for 2 and 24 h (Fig. 3a and b). In both cell lines, the results were similar. Leucine restriction
did not affect phosphorylation of 4E-BP1, S6K1, and S6. In only the MCF7 cell line Akt
phosphorylation showed a minor increase with leucine restriction at the 24 h time point.
Rapamycin inhibited 4E-BP1, S6K1, and S6 phosphorylation, and did not alter ERK
phosphorylation. In MCF7 cells, Akt phosphorylation increased with rapamycin treatment.
LY294002 and wortmannin showed an inhibitory effect on Akt, 4E-BP1, S6K1, and S6 but
not on ERK. U0126 inhibited only ERK phosphorylation. In this experiment, unlike
inhibitors of PI3K/mTOR signaling which led to a robust inhibition of mTOR signaling,
leucine restriction did not downregulate mTOR signaling.

The effect of leucine on Akt phosphorylation

Because we found an unexpected increase in phosphorylation of Akt in MCF7 with leucine
deprivation, we evaluated the effect of leucine deprivation on Akt phosphorylation in six
additional breast cancer cell lines. A 48 h leucine restriction showed Akt activation in two
additional cell lines, MDA-MB-435 and MDA-MB-453, (Fig. 4), whereas there was no
effect on regulation of Akt in BT474, MDA-MB-231, MDA-MB-436, and SKBr3 cell lines
(data not shown). In all six cell lines, there was no alteration in phosphorylation of S6K1
and 4E-BP1 with 48 h leucine deprivation (data not shown).

The effect of leucine restriction on mTOR signaling in vivo

Next, we determined the effect of leucine deprivation in vivo, using the MDA-MB-468
breast cancer xenograft model. Mammary fat pads of female nude mice were injected with
MDA-MB-468 cells. After the tumors reached an average of 90 mm3 in volume, mice were
fed with leucine-free diet for O (control), 1, 2 or 4 days. At the end of the experiment, daily
food intake was calculated, body weight was measured, tumors were harvested and protein
was extracted from four xenografts per group.

Western blotting did not show a decrease in the phosphorylation levels of 4E-BP1, S6K and
S6 in up to 4 days of leucine restriction in vivo (Fig. 5a). Average daily food intake was 18
gram/day in control group and decreased to 11, 9.5 and 8.75 gram/day in 1-day, 2-day, and
4-day leucine-free diet groups, respectively (Fig. 5b). The consequence of decreased food
intake was observed in body weight: there was an average weight reduction of 0.1, 2 and
2.75 grams in 1-day, 2-day and 4-day leucine-free diet groups, respectively (Fig. 5¢). On
day-2 and -4, decrease in average body weight of mice in leucine restriction group was
significant. Therefore, in this experiment leucine-free diet decreased food intake and body
weight but did not alter phosphorylation status of mTOR effectors.

DISCUSSION

mTOR is being increasingly recognized as a critical mediator of cell growth. Several studies
to date have reported that leucine activates mTOR signaling (1-4). We thus characterized
the effect of leucine restriction on mTOR pathway signaling in breast cancer cells, with the
long-term goal of determining whether breast cancer patients could benefit from restriction
of leucine intake as a potential therapeutic strategy. We found that in all eight breast cancer
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cell lines tested, leucine restriction did not result in inhibition of mMTOR pathway in vitro.
This conclusion is supported by analysis of in vivo samples which also showed that leucine
deprivation was insufficient to downregulate phosphorylation of mTOR downstream targets
S6K1 and 4E-BP1.However, leucine deprivation was associated with Akt phosphorylation
in MCF7, MDA-MB-435 and MDA-MB-453 cell lines.

To test the hypothesis that leucine restriction would lead to a decrease in mTOR signaling,
we studied the effect of leucine restriction in two cell lines representing different genetic
backgrounds: MDA-MB-468 cell line is triple negative (ER, PR and HER2 negative) and
PTEN null, whereas MCF7 cell line has PI3K E545K mutation and amplification of S6K1
expression, but does not show activation of PI3K/Akt/mTOR pathway. In our study, in vitro
leucine starvation neither altered the phosphorylation states of mMTORC1 targets nor
augmented the effect of PI3K/mTOR pathway inhibitors tested. Further, leucine deprivation
did not lead to downregulation of mTOR signaling in vivo in MDA-MB-468 cells. MDA-
MB-468 is a commonly used breast cancer model, however, xenograft models have
limitations, and often do not reflect efficacy of interventions in human trials. In our in vivo
model we evaluated the effect of short term leucine deprivation as we felt that in the clinic,
short-term dietary intervention would be associated with better compliance and quality of
life. It is possible that longer leucine deprivation might have effects on signaling. Longer
deprivation was not further pursued as we observed significant weight loss in the mice by
four days. Dietary leucine deprivation has also been reported to lead to with weight loss by
other investigators (39). In our study, leucine deprivation was also associated with a
decrease in dietary intake. Whether this is simply due to a difference in taste of the dietary
chow, or due to a specific role for leucine in appetite control is unclear.

Similar to our observations in breast cancer cell lines, in ATDCS5, a chondrogenic cell line,
S6 and 4E-BP1 phosphorylation was also shown to be unresponsive to leucine restriction
(40). However, there are other studies where removal of leucine caused dephosphorylation
of S6K1 and 4E-BP1 (41). These conflicting results among different studies may be
attributable to differences in experimental design, or due to differences between cells of
origin or baseline activity of cellular signaling. However, in our studies, MTORC1 was
unresponsive to leucine deprivation in several breast cancer cell lines of differing molecular
subtypes.

Although leucine restriction did not lead to a change in the phosphorylation status of
mTORC1 downstream targets, it resulted in an increase in Akt phosphorylation. This is in
contrast to work by Lee et al, in which leucine induced Akt phosphorylation in chicken
hepatocytes in a time-dependent manner, and PI3K/mTOR inhibitor LY 294002 inhibited
leucine-induced Akt phosphorylation (42). We observed leucine restriction-induced Akt
phosphorylation in three separate breast cancer cell lines, with differing baseline aberrations
in PI3K/mTOR signaling. Interestingly, rapamycin treatment also regulates Akt
phosphorylation (43). It is of note that mMTORC?2 directly phosphorylates Akt (44). Like
leucine deprivation, effect of rapamycin is also cell line dependent, varying from no effect to
inhibition or activation (45). Further, mnTORCL1 controls Akt activity through a negative
feedback loop. S6K1 phosphorylates inhibitory serine sites of IRS-1 leading to its
degradation (46-48), whereas rapamycin prevents inhibitory IRS-1 phosphorylation,

Nutr Cancer. Author manuscript; available in PMC 2015 February 25.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Singh et al.

Page 7

stabilizing IRS-1 and induces Akt activity by augmenting IGF-IR signaling to PI3K/Akt.
However, as our present study failed to confirm any change in phosphorylation of S6K1 in
response to leucine deprivation, feedback loop activation of PI3K signaling through this
mechanism is unlikely to be the mechanism of Akt phosphorylation. Another explanation
may be a yet undefined pathway connecting leucine to Akt independent of MTORC1. Akt is
a survival molecule involved in glucose homeostasis, transcription, apoptosis, cell motility,
angiogenesis, proliferation, and cell growth (49), including activation of mTOR. Leucine-
induced Akt activation would thus not be favorable in cancer patients and provides an
additional reason why the use of leucine restriction as a complementary therapeutic strategy
would be undesirable.

Several models describe how mTOR signaling is controlled by nutrients. Branched chain
amino acids mediate mTOR activity (50) and their reduced concentrations can regulate
apoptosis through mTOR (51-53). Another AA involved in regulation of mTOR pathway is
glutamine, which leads to uptake of leucine and phosphorylation of S6K1 (54). Restriction
of glutamine or inhibition of glutamine transporters decrease mTOR activity (54). Tumor
cells are more sensitive to amino acid deprivation than normal cells (55, 56) and dietary
restriction suppresses tumor growth in mice (57-59). Therefore, targeting transporters or
regulation of amino acid provision by dietary restriction can be used to control tumor cell
proliferation. PI3K pathway mediates effects of calorie restriction as cancer cell lines
carrying constitutive activation of PI3K pathway are resistant to anti-growth effects of
calorie restriction (60). In the same study, Kaalany and Sabatini also demonstrated that
overexpression of FOXO1, a downstream effector of Akt, increases tumor growth; they
speculate that mTORCL signaling may also contribute to resistance to calorie restriction. A
similar approach is short-term calorie restriction to induce resistance to stress of normal
cells, which enables administering higher doses of chemotherapeutic agents. Calorie-
restricted mice have better survival after high dose chemotherapy (61). This may increase
the efficacy of established chemotherapies and offer new hope.

In conclusion, we describe that leucine restriction in the eight breast cancer cell lines we
tested is not sufficient to inhibit mMTOR signaling. It is possible that the effect of leucine
restriction depends on the genetic background of a tumor, and certain tumor types may be
more sensitive to leucine restriction. However, in breast cancers with constitutively activated
Akt/mTOR signaling, leucine restriction alone is unlikely to modulate mTOR signaling.
Thus, when mTOR is being pursued as a therapeutic target, rapamycin and its analogs, or
new generation mTOR, Akt, PI3K, dual PI3K/mTOR kinase inhibitors are more likely to
achieve target inhibition.
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Cells were cultured in leucine-free and serum-free media for 16 h and then stimulated with
10% FBS and with or without leucine for 2 h. Western blotting was performed for p-Akt
(T308), p-Akt (S473), Akt, p-S6 (S235/236), p-S6K1 (T389), S6K1, p-4E-BP1 (T70), p-4E-
BP1 (T37/46), p-4E-BP1 (S65), 4E-BP1, Non p-4E-BP1, elF4E, p-elF4G (S1108) and -
actin. The relative p-S6K1 (T389)/total-S6K1 and p-4E-BP1/total 4E-BP1 ratios are given.
A: MDA-MB-468 cell line, B: MCF7 cell line.
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Cells were grown with (0.5 mM) and without leucine in the presence or absence of 10%
FBS. Western blotting was performed for p-Akt (T308), p-Akt (S473), Akt, p-S6
(S235/236), p-S6 (S240/244), p-S6K1 (T389), S6K1, p-4E-BP1 (T70), 4E-BP1, Non p-4E-
BP1 and p-actin. The relative p-S6K1 (T389)/total-S6K1 and p-4E-BP1/total 4E-BP1 ratios
are given. A: MDA-MB-468 cell ling, B: MCF7 cell line.

Nutr Cancer. Author manuscript; available in PMC 2015 February 25.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

wdudsnuel Joyny vd-HIN

Singh et al.

FIG. 3.

A & S
& @ i
AR
2h 24h 2h 24h 2h 24h 2h 24h2h 24h2h 24h
Leucine: + + - - + + + 4+ + + + +
— = —_——— e —
— e m——c— — — ————
—3-3- ——
101212140201 0101001916 14
L = & e = “*
& W TN . ==
vy —— —
100510 05 020401 0202 081504
—_—,e,=Ee=E = =
—— ——— — — — — — ——]
8 & {6@"\0 &
V N
LAV A S
2h 24h 2h 24h 2h 24h 2h 24h2h 24h2h 24h
Leucine: + + - - + o+ o+ + o+ o+ o+ o+
—————mr—————
|— — — — — ——
—————— —_—

10 089081304 0602 02010904 11

p-Akt (T308)
Akt
p-2kt (5473)
Akt

p-S6 (8235/236)
p-S6 (5240/244)

p-S6K1 (T383)
SBK1

p-S6K1 (T389) /
total SE6K1 ratio
p-4E-BP1 (T37/46)

p-4E-BP1 (S65)

p-4E-BP1 (T70)
4E-BP1

p-4E-BP1 (T70) /

total 4E-BP1 ratio

p-pddi42 MAPK (T202/v204)
pa4/42 MAPK

elF4E
B-Actin

p-Akt (T308)
Akt
p-Akt (S473)
Akt

p-S6 ES235I23S}
p-56 (5240/234
p-S6K1 (T389)
SEK1

p-S6K1 (T389) /
total SE6K1 ratio
p-4E-BP1 (T37/46)

p-4E-BP1 (S65)
p-4E-BP1 (T70)

4E-BP1

p-4E-BP1 (T70) ¢

total 4E-BP1 ratio

p-pddid2 MAPK (T2020Y204)
pa4i42 MAPK

elF4E

(-Actin

Page 14

Cells were grown with or without of leucine in the presence or absence of 10% serum and

treated with different inhibitors: 100 nM rapamycin, 20 uM LY?294002, 200 nM wortmannin
or 10 uM UO0126 for 2 and 24 h. Western blotting was performed for p-Akt (T308), p-Akt

(S473), Akt, p-S6 (S235/236), p-S6 (S240/244), p-S6K1 (T389), S6K1, p-4E-BP1 (T70),
4E-BP1, Non p-4E-BP1, p-p44/42 MAPK (T202/Y204 ), p-p44/42 MAPK, elF4E, and -
actin. The relative p-S6K1 (T389)/total-S6K1 and p-4E-BP1/total 4E-BP1 ratios are given.

A: MDA-MB-468 cell line, (B) MCF7 cell line.
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MDA-MB-435 and MDA-MB-453 cell lines were grown with or without leucine for 48 h.
Western blotting was performed for p-Akt (T308), p-Akt (S473), Akt, and B-actin. The

relative p-Akt (S473)/total-Akt ratio is given.
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MDA-MB-468 cells injected to mammary fat pad after tumor formation, nude mice fed with
leucine free diet for 0, 1, 2 or 4 days. A: Western blotting was performed on tumor lysates

extracted from two xenografts at each time point for p-S6 (S235/236), p-S6K1 (T389),

S6K1, p-4E-BP1 (T70), 4E-BP1 and B-actin. B: Average food intake of mice in control and
leucine-free diet groups, C: Initial (before initiation of leucine restriction) and final average
body weight of mice in control and leucine-free diet groups. Unpaired, two-tailed t test;

error bars represent standard error of mean (SEM).
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