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Abstract

Branched-chain amino acids (BCAAs) supplementation has been reported to suppress the incidence of cancer in
diabetic animal models. However, the effects and the mechanism of BCAA on insulin-induced proliferation of a panel
of colorectal, breast, pancreatic cancer cell lines remains unclear. In this study, colon (HT29, HCT116, SW620,
CACO2 and SW480), breast (MCF7 and t47d) and pancreas (Panc1) tumor cells were treated with varying
concentrations of BCAAs with or without insulin. Selective cytoxicity was examined in periodontal ligament
fibroblasts. Using Nitric Oxide (NO) Griess and SRB assay followed by analyzing the gene expression of tumor
necrosis alpha (TNFα), interleukin 1 beta (IL1β), β catenin, cyclin D1 and Bax by quantitative real-time polymerase
chain reaction (qRT-PCR). The result show that BCAAs supplementation could inhibit the releasing of NO from
RAW264.7 cell line and the proliferation of HCT116, SW620, CACO2, SW480, MCF7 and t47d and Panc1 cells lines
but not HT29. qRT-PCR demonstrated that BCAAs suppressed expression of IL1β and TNFα, and so was reduced
the insulin induced expression levels of β catenin and cyclin D1, and up regulate the Bax in HCT116, MCF7 and
Panc1 cancer cells, possibly by inactivation of PI3K/Akt, MAPK/ERK and NF-kB signaling pathways. Our findings
suggest that BCAA may have potential therapeutic benefits for cancer in chronic hyperinsulinemic conditions.
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Enhancer of Activated B Cells

Introduction
Amino acids are the building blocks of proteins and have important

metabolic and physiological roles in all living organisms. BCAAs are
composed of valine (Val), isoleucine (Ile), and leucine (Leu), which are
essential amino acids for humans [1]. Catabolism of BCAAs occurs
mainly in extra hepatic tissues such as: adipose tissue, kidney, cardiac
and skeletal muscle due to the high activity of BCAT in these tissues,
thereby converting BCAAs to branched chain alpha ketoacids (BCKA).
BCKA can be released in the blood into other tissues for either
reamination in order to reproduce BCAAs for protein synthesis, or for
oxidative decarboxylation by the branched chain ketoacids
dehydrogenase (BCKADH) complex, to produce acetyl CoA and
succinyl CoA [2,3]. BCAAs in extra hepatic tissues can also act as a
carbon source for the tricarboxylic acid (TCA) cycle [3].

The BCAAs has broad physiological roles, including regulating
protein synthesis rate, affecting insulin resistance, have a contribution
in lymphocyte proliferation and reducing hepatocyte apoptosis, as well
as influencing the organism’s behavior through affecting the secretion
of a certain neurotransmitter in the brain [4]. Moreover, BCAAs
supplements enhance body maintenance and postpone muscle fatigue

by improving aerobic exercise [5]. Several studies indicated the clinical
use of BCAAs for patients with liver diseases, renal failure, sepsis, and
surgical injury [6-9]. The elevation of BCAAs levels has been shown to
be significantly correlated with insulin resistance, suggesting a possible
involvement in future development of T2DM [10]. Furthermore,
BCAAs were found to be active in cell signaling pathways, including
insulin pathways where this can promote their critical role in glucose
homeostasis as well as tumor progression [1].

Giesbertz and Daniel suggested that the reduction in the expression
of BCAT and BCKADH was associated with the increased expression
level of cytokines such as TNF-α in insulin resistance state [11].
However, a study by Roberta De Simone et al. on microglia cells show
that BCAAs exhibit lower expression level of the IL-1β, TNF-α and
nitric oxide synthase (iNOS) genes in unstimulated conditions,
suggesting that BCAAs can circulate in high concentration through the
bloodstream acting as signaling molecules or metabolic signatures or
biomarkers in order to predict the development of insulin resistance
and T2DM [11]. It was also suggested that BCAAs associated with the
mammalian target of rapamycin (mTOR) signaling pathways, which
regulate autophagy, cell survival, cell proliferation, protein synthesis,
cell motility and cell growth. Several data indicate that the BCAAs,
particularly leucine, can be responsible for the production of protein
by direct activation of mTOR when compared with Rapamycin, which
is the inhibitor of mTORC1 [1].

In vivo studies as well as in vitro show enhancing in insulin
resistance by BCAAs through s PI3K/Akt signal pathway and Erk/
mitogen-activated protein kinase (MAPK) signal pathway, which can
lower tumor cell proliferation and sensitize them toward apoptotic
stimuli by stimulation of mTORC1 and S6 kinase, and deprivation of
BCAAs could enhance the insulin sensitivity by affecting adenosine
monophosphate-activated protein kinase (AMPK) and mTORC1
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signaling pathways [12], which account for reducing the risk of
development and progression of cancer in obese and/or diabetic
patients.

BCAAs show enhancing in skeletal muscle and glucose uptake by an
unknown mechanism [13]. However, the effects of BCAA on
proliferation of colorectal, breast and pancreatic cancer under
hyperinsulinemic condition remains unclear.

In this study, we determine the effects therapeutic range of
concentrations of BCAA on proliferation of colon (HT29, HCT116,
SW620, CaCO2 and SW480), breast (MCF7 and t47d) and pancreas
(Panc1) cells under chronic hyperinsulinemic conditions and possibly
the effect of BCAAs on PI3K/Akt and MAPK/ERK pathway.
Furthermore, we expose the macrophages to LPS to investigate the
possible anti-inflammatory effect of BCAAs under the activation of
NF-kB pathway.

Materials and Methods

Chemicals/reagents
Dulbecco Modified Eagle Medium (DMEM) was obtained from

Invitrogen (USA). ELISA JUMBO kit for rat high insulin was
purchased from ALPCO (USA). Sulforhodamine B (SRB) dye was
purchased from Promega (USA). Greiss reagent was purchased from
Santa Cruz (USA). RNeasy Mini kit (QIAGEN, USA). Reverse
transcription system (applied biosystem, USA). Fast SYBR green kappa
master mix (Biosystem, USA). Ascorbic acid and LPS were purchased
from Sigma-Aldrich (St. Luis, MO, USA). The essential amino acids Ile,
Leu and Val as well as arginine (Arg) were procured from Santa Cruz
(USA). The assays were performed according to manufacturers'
instructions. Unless stated otherwise all, other chemicals, and solvents
used in this study were purchased at the analytical grade from Sigma-
Aldrich (St. Luis, MO, USA).

RAW 264.7 cell line culture
RAW 264.7 cell line (murine monocyte-macrophage cell), were

maintained in DMEM containing 10% FBS, penicillin (100 μg/mL),
streptomycin (100 μg/mL), and L- glutamine (100 μg/mL) in a 37°C
humidified atmosphere with 95% air and 5% CO2. The culture
medium was changed every 48-72 hour [14].

Cancer cell lines culture
Human breast cancer cell lines; namely MCF7 (mammary gland,

breast; derived from metastatic site: pleural effusion. ATCC HTB-22)
and T47D (mammary gland; derived from metastatic site: pleural
effusion. HTB-133), pancreatic cancer cell line Panc1 (ATCC
CRL1469) and human colorectal cancer cell lines; namely HT-29
(ATCC HTB-38), HCT116 (ATCC CCL-247), SW620 (ATCC
CCL-227), SW480 (ATCC CCL-228), and CACO2 (ATCC HTB-37)
were cultured in DMEM containing 10% FBS, HEPES Buffer (10 mM),
L-glutamine (100 μg/mL), gentamicin (50 µg/mL), penicillin (100 µg/
mL), and streptomycin (100 mg/mL).

Nitric oxide assay
Murine macrophage cell line RAW 264.7 were cultured in DMEM

supplemented with 10% FBS, penicillin (100 μg /mL), streptomycin
(100 μg/mL), and L-glutamine (100 μg/mL) in a 37°C humidified
atmosphere with 95% air and 5% CO2. The cells (2X 105/well) were

incubated with Ile, Leu, Val, BCAAs combination at concentration
(1-25 mM) in the presence of LPS (10 μg/mL) for 24 hour.
Indomethicin was used as reference drug. Following overnight
incubation, aliquots of 100 μL of cell culture media were mixed with
100 μL Greiss reagent (50 μL of 1% Sulfanilamide in 5% phosphoric
acid and 50 μL of 0.1% napthylehtyllenediamine-HCL) and incubated
at room temperature for 10 min. Absorbance at 550 nm was
determined using microplate reader (Bio-Tek Instrument, USA). The
concentration of nitrite was determined by comparison with sodium
nitrite standard curve. SRB protocol was performed for evaluation of
the effect of Ile, Leu, Val, BCAA combination on RAW 264.7 after
culture media removal [14].

Cell viability assay
The cytotoxicity measurements were determined using SRB

colorimetric assay for cytotoxicity screening and mechanism of
reduction of cell viability as described previously [15]. Colorectal
(HT29, SW480, SW620, HCT116 and CACO2), breast (MCF7 and
t47d) and pancreatic (Panc1) cancer Cell lines, were seeded in 96-well
plates at a density of 5000 cells/well and cultured for 24 hour before
serum starvation for 48 hour, then cultured in the medium containing
Ile, Leu, Val, BCAAs combination at concentrations (1-25 mM) with
250 nm or without insulin [16].

After 72 hour, the SRB assay was performed [17]. Human
periodontal ligament fibroblasts (PDL) are a primary cell culture for
verification of selective cytotoxicity with the least antiproliferative IC50
value obtained. As a robust and classical antineoplastic reference agent,
cisplatin (0.1-200 μg/mL), was recruited for comparison purposes [15].
All of the assays were performed in triplicate and the calculated IC50
antiproliferative activities were reported as the mean values ± SD
(n=3).

Gene expression level assay
RAW 264.7 cells were plated at a density of 1 × 106 cells/well in 6

well plate with/ without LPS (1µg/mL). HC116, MCF7 and Panc1 cell
lines were plated at a density of 1 × 106 cells/well in 6 well plate with/
without insulin (250 nM) [16]. After 24 hour, the selected
concentration of the branched chain amino- and fatty- acids were
incubated for another 24 hour to measure the fold change in gene
expression of ILIβ, TNFα, GPx and Catalase, Bax, Cyclin D1 and β
catenine [18].

Ribonucleic acid (RNA) extraction and analysis
Total RNA was extracted using RNeasy Mini kit (QIAGEN, USA).

Cell pellets were retrieved from storage at -80°C, thawed on ice and
suspended in 500 μL lysis solution consisting of 2-mercaptoethanol.
An equal volume 500 μL of 70% ethanol solution was added to the
filtered lysate and vortexed thoroughly, then cell lysate was transferred
to the RNeasy Mini spin column and centrifuged at 10000 rpm for 15
seconds using microcentrifuge to remove cellular debris.

Total RNA was trapped within the binding column. The flow-
through liquid was discarded, and collection tube was returned to a
binding column. Washing step was repeated 3 times. Then the binding
column was transferred to a new collection tube. 50 μL of the RNase-
free-water was add as elution solution directly to spin column
membrane and centrifuged at 10000 rpm for 1 minute to elute RNA.
Purified RNA was collected and stored immediately at -80°C. The
concentration and the purity of the extracted total RNA were
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determined using a NanoDrop ND-1000 spectrophotometer (Thermo
Scientific, Wilmington, USA). The optical densities were determined at
260 nm and 280 nm. The ratio (A260/A280) was 1.8-2.1 for most of the
RNA extracted samples.

Complementary deoxyribonucleic acid (cDNA) synthesis
cDNA was synthesized using reverse transcription system (Applied

Biosystem, USA). Total RNA 2 μg was placed into a microcentrifuge
tube with 1 μL oligodeoxythimidine primer, then incubated for 5
minutes at 65°C using thermocycler C 1000 (Bio-Rad, USA) then were
centrifuged briefly and placed on ice. The 20 μl reaction solution was
prepared by adding the following reagents: 1.4 μL of 25 mM MgCl2, 4
μL of 10 mM deoxynucleotide triphosphate (dNTP) mixture. Reverse
transcription 10X buffer (2 μL), recombinant RNasin® ribonuclease
inhibitor (1 μL), avian myeloblastosis virus reverse transcriptase (1 μL)
(AMV-RT). The thermal conditions for cDNA synthesis were as
follows: Microcentrifuge tubes were incubated at 37°C for 30 minutes.
For denaturation step, samples were heated at 95°C for 5 minutes.
Microcentrifuge tubes were then incubated at 4°C for 5 minutes and
stored at -80°C for further analysis. The concentration and the purity
of cDNA were determined by NanoDrop ND-1000 spectrophotometer
(Thermo Scientific, Wilmington, USA). The optical densities were
determined at 260 nm and 280 nm. The ratio (A260/A280) was 1.6-1.8
for most of the cDNA extracted samples.

Relative quantitative RT-PCR analysis
The analyses of mRNA expression levels of tested genes were relative

-quantitative using fast SYBR green kappa master mix (Biosystem,
USA). For each PCR reaction, 1-2 μL of cDNA template was added
directly to PCR mixture and set to a final volume of 20 μL, containing
1X concentrated KAPA SYBR green fast master mix, 200 nM of the

forward primer and 200 nM of the reverse primer. The sequences of
each primer sets used are listed in Table 2. The PCR amplifications
were performed in the IQ5 multicolor real-time PCR detection system
(Bio-Rad, USA). Each reaction was completed with a melting curve
with a gradient from 70°C-95°C. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal reference gene to
normalize the expression of tested genes, In order to determine the
efficiency of the PCR reactions, standard curve method for relative
quantification was used.

Statistical analysis
The results were presented as means ± standard deviation (SD) of

3-4 independent experiments. Statistical differences between control
and different treatment groups determined using GraphPad Prism
ANOVA followed by Dunnett's post hoc test. For all statistical analysis,
a p-value of less than 0.05 was considered statistically significant. p
values of less than 0.001 were considered of a highly significant
statistical difference.

Results

Inflammation assay
The effect of BCAA on LPS-induced NO: The inhibitory

bioactivities of the BCAA against LPS-induced nitric oxide (NO)
production in RAW 264.7 mouse macrophages were examined using
the Griess assay. Indomethacin was used as positive control. Table 1
demonstrates the IC50 values on NO inhibitory by BCAAs with no
reduction on cell viability. However, the IC50 for Indomethacin was
0.212 mM, and none of the effective branched acids could prove
equally potent (Figure 1).

Treatments NO inhibition-IC50 value (mM) Cytotoxity IC50 value (mM)

Ile 632.38 ± 94.17 NI

Leu 132.68 ± 21.29 NI

Val NI NI

BCAA combinations 42.11 ± 4.21 NI

Arg NI NI

Reference drug Indomethacin 0.212 × 10-3 ± 0.08 NI

Table 1: IC50 values of in vitro anti-inflammatory activities of BCAAs, and Indomethacin on LPS (10 µg/mL) induced Nitric Oxide production in
RAW macrophages.
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Figure 1: Effect of BCAA on the expression of A- TNF alpha B- ILI beta in RAW 264.7 cells, cells were treated with LPS (1 µg/mL) and Leu, Ile,
Val, BCAAs combination and Arg was used as unbranched amino acid (25 mM), values are the mean of three independent replicates ± SD, ***:
p<0.001 compared to control with LPS, ΔΔΔ: p<0.001 compared to control without LPS. The result was analyzed using one-way ANOVA.

Results are mean ± SD (n=3-4 independent replicates). IC50 values
(concentration at which 50% inhibition of bioactivity determined in
comparison to non-induced basal incubations) were calculated within
(1-25 mM) for BCAA. NI: Non Inhibitory in the tested range of
concentrations.

Genes expression of pro-inflammatory cytokines
The gene expression level of cytokines like TNF-α and IL-1β in the

presence of BCAAs was determined by RT-PCR. The stimulation of
macrophage by LPS elicits the production of pro-inflammatory
cytokines TNF-α, and IL-1β. RT-PCR analysis showed the Ile, Leu and
BCAAs combination significantly down regulated LPS induced TNF-α,
and IL-1β mRNA production in macrophages (p<0.001) (Figure 1).

Modulation of proliferation of colorectal cancer cell lines as
well as fibroblasts by BCAAs
The antiproliferative efficacies of Cisplatin tested in all colorectal

carcinomas are further illustrated in (Table 2). Moreover, Arg (the
unbranched amino acid) lacked on antiproliferative efficacies on all
colorectal carcinomas.

Table 2 further displays the lack of antiproliferative efficacies by Ile,
Leu, Val and BCAA combination on HT29 colorectal cancer cells.
Nevertheless, their cytotoxity against HCT116, SW620, CaCO2 and
SW480 proved substantially evident over 72 h incubations.

Furthermore, the Ile, Leu, Val and BCAA combination exerted
antiproliferative efficacies against HCT116, SW620, and SW480 (but
not the CaCO2) when cotreated with 250 nM insulin. Nevertheless, all
branched chain acids lacked selective cytotoxicity in fibroblasts (Table
2) (Figures 2-10).

Results are mean ± SD (n=3-4 independent replicates). IC50 values
(concentration at which 50% inhibition of cell proliferation took place
in comparison to non-induced basal 72 h incubations). NI is non-
inhibitory.

Modulation of proliferation of breast and pancreatic cancer
cell lines by BCAAs
The antiproliferative efficacies of Cisplatin in both breast cancer cell

lines as well as pancreatic cancer cell line Panc1 was illustrated (Table
3). Yet again the unbranched amino acid Arg lacked on

antiproliferative efficacies in these cell lines. The antiproliferative
efficacies of Leu, ILe, Val and BCAAs combination on MCF7 were
evident in presence or absence of insulin. Insulin co-treatment with
Leu, Val and BCAAs combination could abrogate their cytotoxicity in
T47D cells over 72 hour incubations. Leu, Val and BCAAs
combination exerted antineoplastic effects in Panc1 but only Leu and
BCAAs combination in insulin wells sustained their antiproliferative
activities (Table 3 and Figures 11-13).

Results are mean ± SD (n=3-4 independent replicates). IC50 values
(concentration at which 50% inhibition of cell proliferation took place
in comparison to non-induced basal 72 hours incubations). NI is non-
inhibitory.

Figure 2: In vitro antiproliferative activity of BCAA on HCT116.
The result represents the percentage of viable cells after different
concentration of BCAA. Results are expressed as mean ± SD (n=3-4
independent replicates) the result were analyzed using one way
ANOVA, *p: <0.05, **: p<0.01, ***: p<0.001 compared to Arg as
control.
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The effect of BCAAs on the expression of beta catenin, Bax
and cyclin D in HCT116, MCF7 and Panc1 cell lines
selectively

β catenin expression was substantially up regulated by insulin in
HCT116, MCF7 and Panc1 cell lines. The IC50 values of Ile, BCAA
combination, exerted a significant down regulation of insulin-induced
beta catenin expression (Figure 14). In Figure MCF7, demonstrate that
while mitogenic insulin could down regulate the expression of
antiapoptotic BAX in HCT116, MCF7 or Panc1; Impressively the IC50
values of Leu and BCAA combination, (cotreated with insulin) could
up regulate the expression of BAX in MCF7 and Panc1 markedly, but
not in HCT116. As insulin up regulated the expression of cyclin D1 in
HCT116, MCF7 and Panc1 (Figure 14); the IC50 value of Ile, BCAA
combination, co incubated with insulin down regulated cyclin D1
expression substantially in these cancer cell lines.

Figure 3: In vitro antiproliferative activity of BCAA on SW620. The
result represents the percentage of viable cells after different
concentration of BCAA. Results are expressed as mean ± SD (n=3-4
independent replicates) the result were analyzed using one way
ANOVA, *: p<0.05, **: p<0.01, ***: p<0.001 compared to Arg as
control.

Figure 4: In vitro antiproliferative activity of BCAA on CACO2. The
result represents the percentage of viable cells after different
concentration of BCAA. Results are expressed as mean ± SD (n=3-4
independent replicates) the result were analyzed using one way
ANOVA, *: p<0.05, **: p<0.01, ***: p<0.001 compared to Arg as
control.

Figure 5: In vitro antiproliferative activity of BCAA on SW480. The
result represents the percentage of viable cells after different
concentration of BCAA. Results are expressed as mean ± SD (n=3-4
independent replicates) the result were analyzed using one way
ANOVA, *: p<0.05, **: p<0.01, ***: p<0.001 compared to Arg as
control.

Figure 6: In vitro antiproliferative activity of BCAA on Fibroblasts.
The result represents the percentage of viable cells after different
concentration of BCAA. Results are expressed as mean ± SD (n=3-4
independent replicates) the result were analyzed using one way
ANOVA, *: p<0.05, **: p<0.01, ***: p<0.001 compared to Arg as
control.

Figure 7: In vitro antiproliferative activity of BCAA on HCT116.
The result represents the percentage of viable cells after different
concentration of BCAA with 250 nm of insulin. Results are
expressed as mean ± SD (n=3-4 independent replicates) the result
were analyzed using one way ANOVA, *: p<0.05, **: p<0.01, ***:
p<0.001 compared to Arg as control.
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Figure 8: In vitro antiproliferative activity of BCAA on SW620. The
result represents the percentage of viable cells after different
concentration of BCAA with 250 nm of insulin. Results are
expressed as mean ± SD (n=3-4 independent replicates) the result
were analyzed using one way ANOVA, *: p<0.05, **: p<0.01, ***:
p<0.001 compared to Arg as control.

Figure 9: In vitro antiproliferative activity of BCAA on SW480. The
result represents the percentage of viable cells after different
concentration of BCAA with 250 nm of insulin. Results are
expressed as mean ± SD (n=3-4 independent replicates) the result
were analyzed using one way ANOVA, *: p<0.05, **: p<0.01, ***:
p<0.001 compared to Arg as control.

Discussion
Hyperinsulinemia associated with insulin resistance is one of the

common metabolic abnormalities associated with obesity and Diabetes
mellitus. Insulin is mitogenic in vitro and can promote tumor growth
in experimental animals. Furthermore, some observational studies
have reported increased cancer mortality in insulin-treated type 2
diabetes [19-24].

These considerations have given rise to concerns that insulin might
promote the development of cancers, and/or be associated with
increased mortality [25]. So we evaluated the effects of BCAA on
proliferation of different cancer cell lines including: colorectal cancer
cell lines HT29, HCT116, SW620, SW480, and CaCO2, breast cancer
cell lines; MCF7 and T47D and pancreatic cancer cell line Panc1 as
well as fibroblast cell lines under the low insulin concentration and
under chronic insulin treatment using SRB assay. Interestingly our
findings indicated that BCAA directly suppressed insulin-induced cell
proliferations of HCT116, MCF7 and Panc1 cells.

Figure 10: In vitro antiproliferative activity of BCAA on Fibroblasts.
The result represents the percentage of viable cells after different
concentration of BCAA with 250 nm of insulin. Results are
expressed as mean ± SD (n=3-4 independent replicates) the result
were analyzed using one way ANOVA, *: p<0.05, **: p<0.01, ***:
p<0.001 compared to Arg as control.

Insulin activates its downstream signaling pathways like PI3K/Akt
and MAPK pathways that regulate cell cycle and inhibit apoptosis [26].
Therefore, in order to understand the mechanisms underlying the
suppressive effect of BCAA on insulin-induced cancer cell
proliferation, we further examined the expression of beta catenin, Bax
and Cyclin D genes under chronic insulin treatment. The result shows
over expression of Bax gene and down regulation of beta catenin and
Cyclin D gene under the influence of BCAA, after chronic exposure to
insulin, indicate that inclusion of BCAA in culture medium during
chronic insulin treatment on colorectal, breast and pancreatic cancer
cells lines could suppress downstream activation of insulin signaling
pathways including PI3K/Akt and MAPK pathways (Figure 15) [26].
The combination of PI3K/Akt and/or MAPK/Erk inhibition, by both
insulin resistance and inhibiting IGF/IGF-IR axis have been shown to
have more prominent effects on tumor growth by inducing negative
feedback loop though mTORC1/S6K1 activation and suppressing
mTORC2 kinase activity toward Akt [26].

Treatment
Cytotoxicity (as of % Control) IC50 value mM with 250 nM insulin

HT29 HCT116 SW620 CACO2 SW480 Fibroblasts

Ile NI 14.5 ± 0.3 87.6 ± 11.6 NI 41 ± 3.3 27.5 ± 1

Leu NI 18.9 ± 0.8 65.0 ± 5.9 29.5 ± 3.8 65.1 ± 6.8 20.7 ± 1.2
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Val NI NI NI 43.9 ± 5.1 70 ± 9.8 37.1 ± 2.4

BCAAs combination NI 23.7 ± 0.7 60.5 ± 5.8 47.6 ± 4.3 22.9 ± 1 18.8 ± 2.1

Arg NI NI NI NI NI NI

Cisplatin 8.1*10-³ ± 0.2 39.4*10-³ ± 0.5 7.7*10-³ ± 0.1 3.4*10-³ ± 0.8 7.6*10-³ ± 1 7.1*10-³ ± 0.6

Treatment Cytotoxicity (as of % Control) IC50 value mM with 250 nM insulin

Ile NI 37.9 ± 5.6 NI NI 60.7 ± 20.8 40.8 ± 5.5

Leu NI 17.5 ± 1 72.8 ± 7.7 NI NI 32.7 ± 3.4

Val NI NI NI NI NI 31.4.5 ± 1.1

BCAAs combination NI 23.8 ± 2.9 89.09 ± 9.05 NI 65.3 ± 1.7 26.9.5 ± 0.3

Arg NI NI NI NI NI NI

Table 2: IC50 values (mM) of in vitro antiproliferative activity of BCAA on colorectal cancer cell lines.

Treatment
Cytotoxicity (as of % Control) IC50 value mM

MCF7 T47D Panc1

Ile 10.7 ± 1.1 NI NI

Leu 9.5 ± 0.3 24.2 ± 0.4 23.8 ± 2.5

Val 30 ± 3.4 8.8 ± 1.3 91.5 ± 10.8

BCAAs combination 10.9 ± 1.1 42.5 ± 2.13 159.5 ± 23

Arg NI NI NI

Cisplatin 3.9 × 10-³ ± 0.1 20.3 × 10-³ ± 0.28 8.3 × 10-³ ± 0.3

Treatment Cytotoxicity (as of % Control) IC50 value mM with 250 nm insulin

Ile 23.3 ± 0.8 NI NI

Leu 14.7 ± 1.4 NI 35.0 ± 5

Val 41.5 ± 5 NI NI

BCAAs combination 12 ± 0.8 NI 147.7 ± 16.5

Arg NI NI NI

Table 3: IC50 values (mM) of in vitro antiproliferative activity of BCAAs on breast cancer cell lines and pancreatic cancer cell line.

The suppressive effect of BCAA on colorectal, breast and pancreatic
cancer growth can be attributed to enhanced apoptosis by
antagonizing the anti-apoptotic function of insulin.

It has been reported that IGF-1 and insulin activates beta catenin to
be translocated from cell membrane to cytoplasm, by inhibition of
GSK by both Akt and MAPK pathways, thereby protecting-beta
catenin from proteosomal degradation [27], thus, inhibition of GSK
lead to stabilization and accumulation of beta catenin in cytoplasm
which will be shuttled into nucleus and mediate target gene expression
[28]. Beta catenin was also found to be involved in cell cycle
progression through the G1/S transition and in DNA synthesis by
enhancing the expression of Cyclin D [29]. Furthermore, inhibition of
GSK promotes apoptosis by enhancing the expression of Proapoptotic
genes such as (Bax and Bak) by inducing mitochondrial membrane
permeability [30]. In agreement with our result, many clinical and

experimental studies have demonstrated that BCAA do not enhance,
but instead decrease the tumor incidence [31-33], furthermore studies
have also show that BCAA suppresses insulin-induced over activation
of PI3K/Akt and exhibits growth inhibitory effects by inducing
apoptosis in tumor cell [16,34].
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Figure 11: In vitro antiproliferative activity of BCAA on MCF7. The
result represents the percentage of viable cells after different
concentration of BCAA. Results are expressed as mean ± SD (n=3-4
independent replicates) the result were analyzed using one way
ANOVA, *: p<0.05, **: p<0.01, ***: p<0.001 compared to Arg as
control.

Figure 12: In vitro antiproliferative activity of BCAA on T47D. The
result represents the percentage of viable cells after different
concentration of BCAA. Results are expressed as mean ± SD (n=3-4
independent replicates) the result were analyzed using one way
ANOVA, *: p<0.05, **: p<0.01, ***: p<0.001 compared to Arg as
control.

Furthermore, activating the NF-κB have been associated with the
expression of genes that allow the cells to proliferate and preventing
apoptosis, by affecting the expression of both cyclin D1 and BAX genes
[35]. Moreover, in cancer cell NF-κB is consequently activated due to
secretion of transcription factor by these cells or by mutation of gene
that responsible for NF-κB transcription [36]. So blocking the NF-κB
signaling pathway in cancer cells allowing to stop proliferating by
reducing the expression of Cyclin D and enhancing pro-apoptotic gene
such as BAX [37]. Therefore, in order to determine whether the

BCAAs can suppress the NF-κB signaling pathway, we activated NF-κB
by stimulating RAW 264.7 cell line by using LPS. The results indicate
that LPS can activate NF-κB which allows the NO, TNF alpha and
IL1beta to express from these cells (Figure 16). However, under the
BCAAs treatment the down regulation of NO, TNF alpha and IL1beta
suggested that these amino acid could have therapeutic effect by
blocking the NF-κB signaling pathway.

Our finding is in the line with studies that indicate supplementation
with BCAA decreases the tumor incidence by inhibiting IGF/IGF-IR
axis [34,38,39]. Moreover, demonstrated that oral administration of
BCAA significantly reduced the size of preneoplastic lesions in
induced hepatocarcinogenic model and showed suppressive effect of
BCAA on neovascularization and VEGF expression both in vivo and
in vitro experiments possibly via reducing the VEGF expression and
suppressing Akt activation [39,40]. However, the suggested novel
finding in this study indicate that BCAAs treatment down regulate
both PI3K/ Akt and MAPK pathways which was activated by insulin
and lower the activation of NF-κB which was activated by LPS to
induce apoptosis in different cancer cell lines.

Figure 13: In vitro antiproliferative activity of BCAA on MCF7. The
result represents the percentage of viable cells after different
concentration of BCAA with 250 nm of insulin. Results are
expressed as mean ± SD (n=3-4 independent replicates) the result
were analyzed using one way ANOVA, *: p<0.05, **: p<0.01, ***:
p<0.001 compared to Arg as control.

Conclusions
PI3K/Akt, MAPK/ERK and NF-kB signaling pathways controls

expression of a number of genes that regulate cell growth and
proliferation, survival and apoptosis. In this study we suggest that
BCAAs decrease the insulin-induced β-catenin, cyclin D1 levels and
upregulate Bax levels, possibly through inhibiting PI3K/Akt,
MAPK/ERK pathway and down regulation of NO, TNF alpha and
IL1beta probably by inhibiting the NF-κB signaling pathway.
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Figure 14: Effect of branched amino acids on the expression of Cyclin-D1, Bax and beta catenin in HCT116, MCF7 and panc1 cells, using the
IC50 value, the cells were treated with or without insulin 250 nM and Leu or BCAAs combination, values are the mean of three independent
replicates ± SD. *: p<0.05, **: p<0.01, *** : p<0.001 compared to control with insulin, Δ: p<0.05, ΔΔ: p<0.01, ΔΔΔ: p<0.001 compared to
control without insulin.

Figure 15: The suggested role of BCAAs under chronic insulin
treatment on cancer cells.

Figure 16: The suggested role of BCAAs under inflammation stress.
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