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ABSTRACT

T-cell acute lymphoblastic leukemia (T-ALL) is an aggressive hematopoietic
malignancy. Although it has been reported that overexpression of miR-125b leads to
T-ALL development, the underlying mechanisms of miR-125b action are still unclear.
The goal of this study is to delineate the role of miR-125b in T-ALL development.
We found that miR-125b is highly expressed in undifferentiated leukemic T cells
(CD4-negative) while its expression is low in differentiated T cells (CD4-positive).
Overexpression of miR-125b increased the CD4-negative population in T cells,
whereas depletion of miR-125b by miR-125b-sponge decreased the CD4-negative
cell population. We identified that A20 (TNFAIP3) is a direct target of miR-125b
in T cells. Overexpression of miR-125b also increased glucose uptake and oxygen
consumption in T cells through targeting A20. Furthermore, restoration of A20 in miR-
125b-overexpressing cells decreased the CD4-negative population in T cell leukemia,
and decreased glucose uptake and oxygen consumption to the basal level of T cells
transfected with vector. In conclusion, our data demonstrate that miR-125b regulates
differentiation and reprogramming of T cell glucose metabolism via targeting A20.
Since both de-differentiation and dysregulated glucose metabolism contribute to
the development of T-cell leukemia, these findings provide novel insights into the
understanding and treatment of T-ALL.

associated with more unfavorable clinical features [3].
T-ALL can be subdivided into different stages depending
on different markers (CD3, CD7, CD28, CDla, CD34,
CD4 and CD8) expressed in the T cells. NOTCHI1 and
several microRNAs have been reported to play a key role
in T cell differentiation and T-ALL development [2, 4-5].
However, the mechanisms of T-ALL development are still

INTRODUCTION

In 2015, National Cancer Institute estimated there
will be 54,270 new cases of leukemia (3.3% of all new
cancer cases) and an estimated 24,450 people (4.1% of all
cancer deaths) will die of this disease in the United States.
There are about 4,000 new cases of acute lymphoblastic

leukemia in the United States each year [1]. T-ALL
(T-cell acute lymphoblastic leukemia) is an aggressive
hematopoietic cancer with a five year survival rate about
50% [2]. A significant number of T-ALL patients show
poor responses to treatment. Compared with the more
common B-cell-lineage ALL, T-ALL is defined by distinct
clinical and biological characteristics and is generally

not fully understood.

A20, also known as TNF-o—induced protein
3 (TNFAIP3), is a zinc finger protein with both a
ubiquitinase ligase domain and a deubiquitinase domain.
A20 is a key protein in negative feedback inhibition of
the nuclear factor kB (NF-kB) activation [6—7]. Deficiency
of A20 results in constant activation of NF-xB in
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lymphocytes which leads to autoimmune diseases [8]. A20
is frequently found to be inactivated, mutated or deleted
in leukemia [9—10]. B cells lacking A20 display impaired
differentiation and hyperactivation [11].

MicroRNAs (miRNAs) are short ribonucleic
acid (RNA) molecules which play key roles in many
physiological and developmental processes by controlling
gene expression. Deregulated expression of certain
miRNAs is responsible for carcinogenesis [12]. We have
reported that miR-125b plays an important role in cancer
cell drug resistance and cancer stem cells enrichment
[13—14]. miR-125b has also been reported to inhibit cell
differentiation [15—18]. miR-125b is highly expressed
in hematopoietic stem cells, and promotes lymphoid-
fate decisions [19]. Overexpression of miR-125b in
hematopoietic stem/progenitor cells leads to leukemia of
both myeloid and lymphoid lineages in mice, indicating a
critical function of miR-125b in early hematopoiesis [20].
In addition, miR-125 accelerates the leukemogeneisis
induced by BCR-ABL [20]. However, the detailed
molecular mechanism of miR-125b action in T-ALL
development is poorly understood.

In this study, we demonstrate that miR-125b
is highly upregulated in the undifferentiated cell
population compared to the differentiated cell population,
demonstrating its heterogeneous expression within T-ALL
cells. Furthermore, our data showed that miR-125b plays
a critical role in NF-kB signaling, glucose uptake and
oxygen consumption via targeting A20, revealing the
mechanism of miR-125b action in de-differentiation and
metabolic reprogramming in T cells.

RESULTS

miR-125b regulates T cell differentiation

It has been reported that overexpression of miR-
125b in early stage hematopoietic cells leads to leukemia
in mice. In a recent study, approximately 50 percent of
mice developed T-cell acute lymphoblastic leukemia
(T-ALL) in miR-125b overexpressing mice [20]. However
the mechanism on how miR-125b causes T-ALL is still
elusive. To examine the function of miR-125b in T cell
differentiation, CD4-positive (CD4+, mature T cells)
and CD4-negative (CD4-, immature T cells) populations
were sorted from leukemic T-cell line Jurkat cells by flow
cytometry. Compared with CD4+ Jurkat cells, CD4- Jurkat
cells showed significantly higher expression of miR-125b
(Figure 1A). This inverse correlation of miR-125b with
the expression of T cell marker CD4 suggests that miR-
125b may inhibit T cell differentiation. To determine
whether miR-125b regulates the differentiation of T cells,
Jurkat cells and a more differentiated cell line T2 cells
were transfected with a control pMSCV-vetor and a miR-
125b expressing vector pMSCV-miR-125b (Figure 1B,
Supplementary Figure 1) and then the expression of CD4

were measured in these cells. The result showed that the
CD4- population in both Jurkat-miR-125b cells and T2-
miR-125b cells was dramatically increased compared with
the cells transfected with control vector alone. To further
confirm these results, we blocked the function of miR-
125b with a validated miRNA competitive inhibitor miR-
125b sponge in Jurkat cells (Figure 1C) [20]. Depletion
of miR-125b in Jurkat cells decreased the CD4 negative
population. These results demonstrate that miR-125b
inhibits the differentiation of T cells, which may contribute
to the development of T-ALL.

A20 is a direct target of miR-125b in T cell
lymphocytic leukemia cells

Because miR-125b is capable of inhibiting T
cell differentiation from CD4- to CD4+, we searched
miRNA databases for potential miR-125b targets that
may contribute to T cell differentiation. The three public
miRNA databases (TargetScan, Pictar, and MicroRNA) all
predicted that A20 might be a target for miR-125b, because
the 3'-UTR of A20 contains a highly conserved binding site
from position 497 to 504 for miR-125b. To test whether
miR-125 inhibits the expression of A20, we first compared
the expression level of A20 by qRT-PCR in CD4- and
CD4+ Jurkat cells. Compared with the high expression
of A20 in CD4+ cells which express a low level of miR-
125b, the expression of A20 is significantly lower in CD4-
population which has high expression of miR-125b (Figure
2A, Figure 1A). To further confirm whether miR-125b
could target A20, we forced ectopic expression of miR-
125b into Jurkat, T2 and HMLE cells. Compared with cells
transfected with vector alone, miR-125b overexpressing
cells showed a dramatically lower expression of A20
(Figure 2B). Meanwhile, Jurkat cells with depletion of
miR-125b by Spongl have an increased expression of A20
in comparison with cells transfected with scramble control
(Figure 2C). We further investigated whether miR-125b
directly targets the 3'-UTR of A20 mRNA, and performed
luciferase reporter analysis by co-transfecting a vector
containing pMIR reporter-luciferase fused with the wild
type (Wt) or miR-125b binding site deleted 3'-UTR of A20
mRNA and miR-125b or vector control. Overexpression of
miR-125b decreased the luciferase activity of the reporter
with 3'-UTR of A20 by about 40% in Jurkat cells (Figure
2D and 2E). However, no inhibitory effect of miR-125b on
the activity of the reporter with mutant 3'-UTR of A20 was
detected. Taken together, these results indicate that A20
mRNA is a direct target of miR-125b.

miR-125b regulates CD4 differentiation in
T cell lymphocytic leukemia cells through
targeting A20

Since A20 is a direct target of miR-125b and
overexpression of miR-125b inhibits T cell differentiation,
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Figure 1: miR-125b regulates T cell differentiation. A. qRT-PCR was performed to examine the expression of miR-125 in
CD4-+population and CD4-pouplation of Jurkat cell lines. RNU6B was used as an internal control and for normalization of the data.
Columns represent the mean of three independent experiments; bars represent SE. ***, p<0.001. B and C. 1x10° Jurkat-vector, Jurkat-miR-
125b, T2-vector and T2-miR-125b stable cell lines were incubated with CD4 and CD8 antibodies for 45min, washed, and then the cells
were analyzed by flow cytometry.
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Figure 2: A20 is a direct target of miR-125b in T cells. A. qRT-PCR was performed to examine the expression of A20 in
CD4+population and CD4-pouplation of Jurkat cell lines. GAPDH was used as an internal control and for normalization of the data.
Columns represent the mean of three independent experiments; bars represent SE. ***, p<0.001. B and C. Jurkat-vector, Jurkat-miR-125b,
T2-vector, T2-miR-125b, HMLE-vector, HMLE-miR-125, Jurkat-scramble and Jurkat-miR-125b-spong]1 stable cell lines were collected.
Cell lysates were prepared for Western blotting with an antibody against A20 with -actin used as a loading control. D. A20 3’ UTR contains
a predicted miR-125b-binding site. Alignment between the miR-125b seed sequence and A20 3’ UTR is shown. A schematic diagram shows
the wild type and mutant 3°UTR of A20. E. Jurkat cells were co-transfected with luciferase reporter plasmids with or without 3'-UTR of
A20, pre-miR-125, or pre-miR-negative (Ctr). 48 hours post-transfection, cells were harvested and lysed with lysis buffer. Luciferase
activity was measured by using a dual luciferase reporter assay. The pRL-TK vector was used as an internal control. The results were
presented as relative luciferase activity (firefly LUC/Renilla LUC).
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we next examined whether miR-125b regulates T cells
differentiation through targeting A20. We first explored
whether overexpression of A20 induces the differentiation
of T cells. We forced overexpression of A20 into Jurkat
cells. Compared to cells transfected with control vector,
A20 overexpressing cells have an increased population
of CD4+ cells (Figure 3A). To further confirm this result,
we knocked down the expression of A20 in Jurkat cells
by two different siRNAs. Depletion of A20 decreased the
expression of CD4 in a dosage-dependent manner (Figure
3B). To test whether miR-125b regulates the expression
CD4 through A20, we restored the expression of A20 in
miR-125b overexpressing cells (Jurkat-miR-125b and T2-
miR-125b) with an A20 expressing vector pMSCV-A20
(Figure 3C and 3D, Supplementary Figure 2). Restoration
of A20 in miR-125b overexpressing cells dramatically
decreased CD4- cells to the basal percentage of CD4- cell
population in the control cells (Jurkat-vector and T2 vector
cells). These results support that miR-125b regulates T cell
differentiation through targeting A20.

Inhibition of T cell differentiation by miR-125b
does not depend on NF-kB

It has been known that A20 negatively regulates
inflammation by inhibiting NF-kB and NF-kB plays
an important role in T cell differentiation [21]. We
next examined whether miR-125b regulates T cell
differentiation also through NF-kB signaling pathway.
First we tested whether overexpression of miR-125b
activates NF-kB. We transfected NF-kB reporter into
Jurkat-vector and Jurkat-miR-125b cells (Figure 4A).
Compared to cells transfected with control vector, miR-
125b overexpressing cells have much higher activity
of NF-kB. To further confirm this result, we detected
the phosphorylation level of p65, an indicator of NF-
kB activation, in cells with overexpressing miR-125b
and control cells by immunoblotting. Compared to cells
transfected with control vector, miR-125b overexpressing
cells showed much higher phosphorylation level of p65
(Figure 4B). These results further confirmed that miR-
125b increases the activity of NF-kB. To examine whether
inhibition of NF-kB activity induces the differentiation of
T-ALL cells, we treated T2-miR-125b and Jurkat-miR-
125b cells with control (DMSO) or two different NF-kB
inhibitors. We found that inhibition of NF-kB did not
block miR-125b induced T-ALL cell dedifferentiation
(Figure 4C and 4D, Supplementary Figure 3). These
results support that miR-125b inhibits the differentiation
of T cell and this process is independent of NF-kB activity.

miR-125b regulates the glucose metabolism in
T cells via A20

It has been known that glucose metabolism regulates
T cell differentiation [22]. Since T cell differentiation is

regulated by miR-125b, we surmised that miR-125b may
also regulate glucose metabolism in T cell leukemia.
To examine whether the overexpression of miR-125b
alters glucose metabolism in human T cells, glucose
uptake, oxygen consumption and lactate production,
which are hallmarks of glycolysis, were measured and
compared in vector and miR-125b-overexpressing cells.
Both Jurkat-miR-125b and T2-miR-125b cells showed
a significantly higher glucose uptake (Figure 5SA) and
oxygen consumption (Figure 5B) compared to Jurkat-
vector and T2-vector, respectively. However, there
was no change of lactate production in these two pairs
(Figure 5C). To further confirm the lactate production,
we examined the LDHA protein expression level in miR-
125b overexpressing and control cells by immunoblotting.
The result showed there was also no change of LDHA
expression level between vector cells and miR-125b
overexpressing cells (Figure 5C). Since miR-125b
regulates T cell differentiation through A20, we deduced
that miR-125b may also regulate glucose metabolism
through A20. To test the hypothesis, we first explored
whether A20 alters glucose metabolism in human T cells,
we knocked down A20 in Jurkat cells with siRNA, and
measured glucose uptake. Knockdown of A20 in Jurkat
cells increased glucose uptake in comparison with
scrambled siRNA (Supplementary Figure 4). We restored
the expression of A20 in miR-125b overexpressing cells
with pMSCV-A20 and examined the glucose uptake and
oxygen consumption. Restoration of A20 in miR-125b
overexpressing cells dramatically decreased oxygen
consumption and glucose uptakes to the level of cells
transfected with empty vector (Figure 5D and 5E). These
results indicate that A20 is a critical mediator of miR-
125b function in enhancing glucose uptake and oxygen
consumption.

DISCUSSION

Many miRNAs have been identified as having
a tumor suppressive or oncogenic function [12].
Several miRNAs have been reported to regulate T cell
differentiation [23]. T cell development is a strictly
regulated process from hematopoietic progenitor cells
to early T cell progenitors, and then toward mature and
functional T cells [3]. Chromosomal and gene aberrations
drive the immature thymocytes into uncontrolled clonal
expansion and cause T-cell acute lymphoblastic leukemia
(T-ALL) [4, 24-27]. miR-125b is highly expressed in
hematopoietic stem cells [19] and deregulation of miR-125b
in hematopoietic cells results in leukemia [18, 20, 28-30].
A recent report shows that overexpression of miR-125b in
early hematopoietic stem/progenitor cells leads to leukemia
in mice, and about 50 percent of the mice developed T-cell
acute lymphoblastic leukemia (T-ALL) [20]. However, how
miR-125b causes T-ALL is still not clear.
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Figure 3: MiR-125 regulates CD4 differentiation marker in T-ALL cells through targeting A20. A. 1x10° Jurkat-vector and
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Jurkat-vector and Jurkat-A20 stable cell lines were collected. Cell lysates were prepared for Western blotting with an antibody against
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after transfection, Cells were harvested and used for extracting RNA. qRT-PCR was performed to validate the expression of CD4 in Jurkat
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In this study, we have showed that miR-125b
regulates T cell differentiation into CD4+ cells and
metabolic reprogramming via A20. We found that
compared to CD4+ cells, miR-125b is up-regulated in
CD4- Jurkat cells. Overexpression of miR-125b blocked
CD4+ T cell differentiation. Mutation and deletion of
A20 which inhibits NF-kB is found in leukemia [10,
31-33]. Interestingly, B cells lacking A20 also display
impaired differentiation [11]. Here we demonstrate that
A20 is a direct target of miR-125b in T cells. Moreover,
overexpression of A20 induced Jurkat cell differentiation
into CD4+ cells. However, we found the impact of miR-
125b on T cell differentiation is NF-kB independent. It
has been reported that A20 also regulates the pro-apoptotic
mitogen-activated protein kinase c-Jun N-terminal kinase
(JNK), and a v-akt murine thymoma viral oncogene
homolog (Akt). Since both JNK and Akt play a role in T
cell differentiation [34—36], A20 may regulate T cell via
AKt or JNK in our cells.

It has been reported that metabolic reprogramming
induces cell survival and drug resistance [37-39]. Since
glucose metabolism regulates T cell differentiation,
we speculated that miR-125b may regulate glucose
metabolism of T cells. Overexpression of miR-125b
increased both glucose uptake and oxygen consumption
of T cells but did not increase lactate production. These
results indicate that miR-125b-induced deregulation
of glucose metabolism is not a typical Warburg effect.
However, metabolic plasticity and metabolic heterogeneity
have been found in some cancers with aggressive
phenotype [40—46]. It also has been reported that aerobic
glycolysis is less active in T-ALL cells than normal T
cells. Oncogenic Notch promoted glycolysis but also
induced metabolic stress that activated AMP-activated
kinase (AMPK) to promote oxidative metabolism and
mitochondrial Complex I activity [47]. The increased
glucose uptake of T cell leukemia cells combines with
increased mitochondrial function to produce more ATP
through the TCA cycle rather than aerobic glycolysis.
To our knowledge, this is the first report to demonstrate
miR-125b induces glucose metabolic switch in T cell via
targeting A20. We found overexpression of miR-125b
increased the expression of glutl in Jurkat and T2 cells
while overexpression of A20 in Jurkat cells decreased the
expression of Glutl (Data not shown). The data suggest
that miR-125b regulates glucose uptake via glutl by
reducing the expression of A20. But we found inhibition
of glucose uptake by 2-DG or glucose transporter
glutl inhibitor (WZB117) did not induce CD4 T cell
differentiation (data not shown). These results suggest
glucose metabolism and T cell differentiation in leukemia
do not necessarily depend on each other, which are
different from normal T cell differentiation [20].

Significantly, our novel findings have important
implications in understanding the mechanism of T-ALL
development. Moreover, since both de-differentiation

and dysregulated glucose metabolism contribute to the
development of T-cell leukemia, simultaneously targeting
de-differentiation process and inhibiting dysregulated
glucose metabolism may serve as an effective therapeutic
strategy for treating miR-125b expressing T cell leukemia.

MATERIALS AND METHODS

Cells and cell culture

Human T lymphocytic leukemia cell lines, Jurkat
and T2 cell lines were purchased from American Type
Culture Collection (ATCC). Cells were cultured in RPMI-
1640 (Mediatech Inc.) supplemented with 10% FBS and
Penicillin/Streptomycin. HMLE (immortalized mammary
epithelial cells) cell line was cultured in 1:1 Dulbecco's
Modified Eagle's Medium (DMEM)/Ham's F-12 medium
(Mediatech Inc) supplemented with 5% FBS (Clontech),
100 units/ml  penicillin-streptomycin  (Invitrogen),
2 mm L-glutamine (Invitrogen), 10 ng/ml human
epidermal growth factor (EGF) (Invitrogen), 0.5 pg/ml
hydrocortisone (Sigma), and 10 pg/ml insulin (Sigma).

Flow cytometry analysis

Cells (1x10°) were incubated with CD4-APC and
CDS8-PE (BD Biosciences) conjugated antibodies and
placed on ice 45 minutes, then washed with blocking
buffer (PBS with 0.1% NaN,, 1%FBS). CD4/CD8
markers were analyzed using a FACSCanto Flow

Cytometer (BD Biosciences).

Inhibition of NF-kB

Jurkat-miR-125b or T2-miR-125b cells (1x10°) were
treated with NK-kB inhibitior (Calbiochem, quinazoline)
and NK-kB inhibitor II (Calbiochem, 4-Methyl-N-(3-
phenylpropyl) benzene-1, 2-diamine) for 48 hrs. Then
cells were incubated with CD4-APC and CD8-PE, and
CD4/CD8 markers were analyzed using a FACSCanto
Flow Cytometer.

Vector construction and establisment of
stable cell lines

Full length human precursor miR-125b together
with 150 bp of flanking sequence was amplified from
human genomic DNA and cloned into pMSCVpuro
expression vector (Clontech). Sponge was cloned
into pMSCV-GFP. miR-125b sponge has 8 miR-125b
binding sites as we reported [14]. A20 was amplified
from T2 cDNA with primers: forward 5’-TGACTC-
GAGATGGCTGAACAAGTCCTTCCT-37; reverse,
5’-CTAGAATTCTC-AGCGGGGACATCCTGAG-3’, and
cloned into pMSCVpuro (or neo) vector with Xhol and
EcoRI and named pMSCV-A20. All cloned fragments
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were verified by sequencing. Infectious and replication-
incompetent retroviral particles were produced according
to manufacturer’s protocol. Jurkat, T2 and HMLE cells
were infected with retroviral particles expressing miR-
125b or the puromycin resistance gene only (vector
control). Jurkat and T2 cells were infected with retroviral
particles expressing miR-125b spongl and scramble. After
retroviral infection and primary puromycin selection at
1ug/ml, cell pools of Jurkat-125b, Jurkat-vector, T2-125b,
T2-vector and Jurkat-mir-125b-spong were maintained for
multiple culture passages under puromycin concentration
(1pg/ml). Plasmids were transfected with Lipofactamine
2000 (Invitrogen) according to manufacturer’s protocol.

Quantitative reverse transcription
PCR (qRT-PCR)

Total RNA was isolated from cultured cells using
TRIzol reagent (Invitrogen). For miRNA expression
analysis, qRT-PCR was performed using qRT-PCR
miRNA Detection Kit and mirVana qRT-PCR Primer Sets
(Applied Biosystems) according to the manufacturer’s
protocols. Human U6 served as an internal control. For
quantitative PCR, cDNA was mixed with 2 x SYBR Green
PCR Master Mix (Applied Biosystems) and various sets
of gene-specific primers and then subjected to RT-PCR
quantification using the iQ5 Real-Time PCR system (Bio-
Rad). All reactions were performed in triplicate. The
relative amounts of mRNA were calculated by using the
comparative Ct method. The results are presented as fold-
change of each miRNA.

A20 siRNA transfection

siRNA oligonucleotides for A20 were purchased
from Sigma, with a scrambled siRNA (Sigma) serving as a
control. Transfection was performed using Lipofectamine
2000 Transfection Reagent (Invitrogen) according to the
manufacturer’s protocol. Forty-eight hrs after transfection,
the cell lysates were prepared for further analysis by
Western blotting.

Luciferase assay

To construct a reporter plasmid containing the
3" UTR of A20, a 1.567 kb DNA fragment of the
3" UTR of A20 was amplified from 293T genomic
DNA with primers: forward 5’-CATACTAG-
TCCGGAAACAGGTGGGTCACCT, reverse
5’-CTCGTTTAAACCTTCTAG-AGCAAATATGACAG,
and cloned into the pMIR-REPORT Luciferase
vector (named as A20Wt 3UTR) downstream of the
Luciferase gene in a sense or antisense direction.
A20Wt 3UTR with deletion of miR-125b binding site
(named as A20 Del 3UTR) was amplified from A20Wt
3UTR with primers: GCAAGAAGCTCAAGGAA-

GAAATGGACGTATTCAGAG; CTCT-GAATACGTCCA
TTTCTTCCTTGAGCTTCTTGC. All PCR products
cloned into the plasmid and the cloning directions were
verified by DNA sequencing. For the luciferase assay,
Jurkat cells were co-transfected with pMIR-REPORT
luciferase reporters, miR-125b or miR-control. Two days
later, cells were harvested and lysed with passive lysis
buffer (Promega). Luciferase activity was measured by
using a dual luciferase reporter assay (Promega). The
pRL-tk Renilla luciferase plasmid (Promega) was used as
an internal control. The results were expressed as relative
luciferase activity (LUC/Renilla LUC).

Glucose uptake assay

Cells were seeded in 24-well plates at 5~10 x 105
cells/well. Culture media were collected at 4 and 8h and
stored at —20°C until they were assayed. Glucose uptake
was measured using the Amplex Red Glucose/Glucose
Oxidase Assay Kit (Molecular Probes, Carlsbad, CA,
USA) or Glucose colorimetric/ Fluorometric Assay Kit
(BioVision, Mountain View, CA, USA). Absorbance was
measured at 563 nm using a SpectraMax M5 plate reader
(Molecular Devices, Sunnyvate, CA, USA) and results
were normalized on the basis of the total protein amounts
of the cells.

Lactate production assay

Lactate production in the medium was detected by
using the Lactate Assay Kit (BioVision, Mountain View,
CA, USA). Results were normalized on the basis of the
total protein amounts of the cells.

O, consumption assay

Cells were transferred to 96-well O, biosensor plates
(BD Biosciences, San Jose, CA, USA) with cyclodextran
beads, at a density of 2 x 10° cells/well. Fluorescence was
measured at an excitation of 485nm and an emission of
630nm. Oxygen consumption rate was expressed as AFU
per second.

Western blotting

Cells were harvested and lysed in NETN (20
mM Tris-HCI, pH 8.0, 100 mM NaCl, 1 mM EDTA,
0.5% NP40) for 10 min on ice. Lysates were cleared
by centrifugation at 13,200 rpm at 4°C for 10 min.
Supernatants were collected and protein concentrations
were determined by the Bradford assay (Bio-rad). The
proteins were then separated with a SDS/polyacrylamide
gel and transferred to a Nitrocellulose membrane (Bio-
rad). After blocking in TBS with 5% BSA (Sigma) for
1 hr, the membranes were incubated overnight at 4-8°C
with the primary antibodies in TBST containing 1%
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BSA. The following antibodies were utilized: the B-actin
antibody was purchased from Sigma. The tubulin and
A20 antibodies were purchased from Santa Cruz. LDHA,
PDK1, P65 and p65-p antibodies were purchased from
Cell Signaling. Membranes were extensively washed with
TBST buffer and incubated with horseradish peroxidase
conjugated secondary anti-mouse antibody or anti-rabbit
antibody (dilution 1:2,500, BioRad). After additional
washes with TBST buffer, antigen-antibody complexes
were visualized with the enhanced chemiluminescence kit
(Pierce).

Cell viability assay

A total of 5 x 10°~1 x 10* cells/well were seeded
in 96-well plates. Twenty-four hrs later, the medium was
replaced with fresh medium and then incubated for 48 hrs.
Cell viability was determined using CellTiter 96 AQueous
One Solution Cell Proliferation Assay kit (Promega).

Statistical analysis

Statistical evaluation for data analysis was
determined by Unpaired Student’s t-test. All data is
shown as the mean =+ standard error (SE). P < 0.05 was
considered statistically significant.
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