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Abstract

TNF-α plays a variety of biological functions such as  

apoptosis, inflammation and immunity. PTEN also  

has various cellular function including cell growth, 

proliferation, migration and differentiation. Thus, 

possible relationships between the two molecules  

are suggested. TNF-α has been known to down -

regulate PTEN via NF-κB pathway in the human colon  

cell line, HT-29. However, here we show the opposite  

finding that TNF-α upregulates PTEN via activation  

of NF-κB in human leukemic cells. TNF-α increased  

PTEN expression at HL-60 cells in a time- and  

dose-dependent manner, but the response was  

abolished by disruption of NF-κB with p65 anisense 

phosphorothioate oligonucleotide or pyrrolidine  

dithiocarbamate. We found that TNF-α activated the  

NF-κB pathways, evidenced by the translocation of 

p65 to the nucleus in TNF-α-treated cells. We 

conclude that TNF-α induces upregulation of PTEN  

expression through NF-κB activation in human  

leukemic cells.

Keywords: leukemia; NF- B; PTEN phosphohydro-
lase; tumor necrosis factor-α

Introduction

PTEN dephosphorylates the lipid second messen-
ger, phosphoinositol 3,4,5-trisphosphate [PI(3,4,5)P3], 
a product of phosphatidylinositol 3' kinase (PI3K) 
activity, and negatively regulates survival signaling 
mediated by PI3K/protein kinase B/Akt (PI3K/PKB/ 
Akt) (Haas-Kogan et al., 1998; Maehama and Dixon, 
1998; Hwang et al., 2005). A variety of human 
cancers, including brain, breast, endometrial, pro-
state, and kidney tumors are involved in mutations of 
Pten (Cantley and Neel, 1999; Simpson and Par-
sons, 2001). Mutations in this gene also are re-
sponsible for Cowden syndrome, a multiple hamar-
toma condition associated with high incidence of 
breast, brain, and thyroid neoplasia (Cantley and 
Neel, 1999; Simpson and Parsons, 2001). Disruption 
of pten induces a partial resistance to numerous 
apoptotic stimuli, including UV irradiation, osmotic 

shock, heat treatment, and tumor necrosis factor  

stimulation (Stambolic et al., 1998; Zhang et al., 
2005). 
    Although PTEN mutations are characterized in 
human cancers and molecular roles of PTEN are 
well studied in the control of cellular processes, a 
little is known about modes of PTEN regulation. The 
tumor suppressor p53 increases PTEN expression 
via a direct activation of PTEN promoter (Stambolic 

et al., 2001; Sheng et al., 2002). There is a negative 
report showing no direct relationship between p53 
and PTEN (Tang and Eng, 2006). Nuclear trans-

cription factor -B (NF- B) also has been known to 
regulate PTEN expression even though the re-
gulation is controversial depending on cell type and 

stimulants. NF- B activated by tumor necrosis fac-
tor-  (TNF- ) induces downregulation of PTEN in 
colon cancer cell line H27 (Kim et al., 2004). How-

ever, we previously demonstrated that NF- B acti-
vated by dimethysulfoxide (DMSO) induces upre-
gulation of PTEN in HL-60 cells (Lee et al., 2005). In 

this study, we wished to examine effect of TNF-  

induced activation of NF- B on the PTEN expres-
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sion. We found that TNF-  also induced expression 
of PTEN through NF- B activation in HL-60 cells. 

Materials and Methods

Materials  

Anti-PTEN monoclonal antibody and anti-p65 mono-
clonal antibody were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA) and phospho-AKT 
(p-AKT) polyclonal antibody from Cell Signaling 

Technology (Minneapolis, MN). TNF-  was obtained 
from R&D Company (Minneapolis, MN). RPMI 1640 
and FBS were obtained from Gibco-BRL (Gaithers-
burg, MD). Hanks’ balanced salt solution (HBSS), 
pyrrolidine dithiocarbamate (PDTC), and EDTA were 
obtained from Sigma Chemical Co. (St. Louis, MO). 
The antisense and nonsense phosphorothioate oli-
gonucleotides consisted of analogues to the 5' end 

of the p65 subunit of NF- B, including the ATG 
initiation codon. The sequences of phosphorothioate 
oligonucleotides were designed and manufactured 
by GenoTech (Daejeon, Korea); p65 antisense, 5'- 
GGGGAACAGTTCCTCCATGGC-3'; p65 nonsense 
as a scrambled control, 5'-GTACTACTCTGAGCA-
AGGA-3'. 

Cell culture

HL-60 cells were obtained form American Type 
Culture Collection (Rockville, MD). The cells were 
cultured in RPMI 1640 containing 10% FBS, 2 mM 

glutamine, 60 g/l penicillin G, 100 g/l strepto-
mycin, and 50 l/l amphotericin B at a humid 
atmosphere (5% CO2, 95% air). 

Preparation of nuclear extract for determination of 
p65 nuclear translocation  

Cells were immediately washed twice, scraped into 
1.5 ml of ice-cold PBS (pH 7.9), and pelleted at 
1,500 rpm for 3 min. The cell pellet was suspended 
in ice-cold hypotonic lysis buffer (10 mM HEPES, 1.5 
mM MgCl2, 0.2 mM KCl, 0.2 mM PMSF, 0.5 mM 
DTT), vortexed for 10 s and then centrifuged at 3,000 
rpm for 5 min. The packed cells were resuspended 
with ice-cold hypotonic lysis buffer in presence of 50 

l of 10% Nonidet P-40 and then incubated on ice 
for 25 min. The nuclear fraction was precipitated by 
centrifugation at 4,000 rpm for 15 min at 4

o
C. The 

nuclei pellet was resuspended in 50-100 l of low 
salt extraction buffer (20 mM HEPES, pH 7.9, 1.5 
mM MgCl2, 25% glycerol, 20 mM KCl, 0.2 mM 
EDTA, 0.2 mM PMSF, 0.5 mM DTT) and added to 
equal volume of high salt extraction buffer (20 mM 
HEPES, pH 7.9, 1.5 mM MgCl2, 25% glycerol, 80 

mM KCl, 0.2 mM EDTA, 0.2 mM PMSF, 0.5 mM 
DTT) in a dropwise fashion, and then incubated 
under continuous shaking at 4

o
C for 45 min. The 

sample was centrifuged for 20 min at 12,000 rpm at 
4
o
C. The nuclear extract was aliquoted and stored at 

-80
o
C. Protein concentration was determined by the 

method of Bradford (1976).

Western blot analysis  

HL-60 cells (1×10
6
 cells) were seeded on 100-mm 

culture dishes and harvested in PBS. After wash-
ing with PBS, cell pellets were lysed with lysis 
buffer (20 mM Hepes pH 7.2, 1% Triton X-100, 
150 mM NaCl, 0.1 mM PMSF, 1 mM EDTA, and 

1 g/ml aprotinin). After incubation for 30 min at 
4
o
C, cellular debris was removed by centrifugation 

at 13,000 rpm for 10 min, and supernatants were 
analyzed by SDS-PAGE. Protein concentrations 
were determined by protein assay reagents (Bio- 

Rad Laboratories). Samples (50 g) were prepared 
with the four volume of 0.5 M Tris buffer (pH 6.8) 
containing 4% SDS, 20% glycerol and 0.05% bro-
mophenol blue for 5 min at 95

o
C. SDS-PAGE was 

performed in 10% slab gel according to Laemmli 
(1970). Proteins were transferred to nitrocellulose 
paper. The membrane was washed in blocking 
buffer (10 mM Tris-HCl pH 8.0, 150 mM NaCl, 
5% fat-free milk) for 60 min at room temperature 
with shaking and then washed with Tris-buffered 
saline containing 0.01% Tween 20. Primary anti-
body was incubated for 4 h at 4

o
C. The reactive 

proteins were detected using enhanced chemilumin-
escence (ECL, Amersham Life Sciences, Arlington 
Heights, IL). 

Reverse transcription-PCR (RT-PCR) 

RT-PCR was performed by using RNA PCR Kit 
(GeneAmp, Applied Biosystem). Total RNA was 

isolated from cells by using TRIzol reagent following 
the manufacture’s instructions. Five micrograms of 

total RNA were transcribed into cDNA in a 20 l final 
volume of reaction buffer (10 mM Tris-HCl, 50 mM 
KCl, 1.5 mM MgCl2, 1 mM each dNTP) and 2.4 M 
oligo-d(T)16-primer, 1 U RNase inhibitor, and 2.5 U 
M-MLV RNase H-reverse transcriptase by incubation 
for 15 min at 70

o
C and 50 min at 42

o
C. The reaction 

was stopped by incubation at 95
o
C for 10 min. PCR 

aliquots of the synthesized cDNA were added to a 

45 l PCR mixture containing 10 mM Tris-HCl, 50 
mM KCl, 1.5 mM MgCl2, 0.2 mM each dNTP, and 2 

U Taq DNA polymerase, and 0.4 M of each PCR 
primer: sense primer, human PTEN (5'-CCGGA-
ATTCATGACAGCCATCATCAAAGA-3'), antisense pri-
mer, human PTEN (5'-CGCGGATCCTCAGACTTT-
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TGTAATTTGTG-3'). Amplification for PTEN was in-
itiated with 3 min of denaturation at 94

o
C followed by 

30 cycles at 94
o
C for 1 min, 94

o
C for 1 min, 55

o
C for 

1 min, and 72
o
C for 2 min. After the last cycle of 

amplification, the samples were incubated for 5 min 

at 72
o
C. -actin PCR was performed with 2.5 l of 

aliquots of synthesized cDNA using primers at a 

concentration of 0.15 M: human -actin sense 
primer (5'-CCACGAAACTACCTTCAACTCC-3'), hu-

man -actin antisense primer (5'-TCATACTCCTGC-
TGCTTGCTGATCC-3'). The obtained PCR products 
were analyzed on ethidium bromide-stained agarose 
(2%) gels. 

Statistical analysis

All experimental data are mean ± SD. Statistical 
analysis was performed using Student's t-test, and P
＜ 0.005 was considered to be significant. 

Results  

TNF-α induces upregulation of PTEN expression in  
HL-60 cells

HL-60 cells, a human promyelocytic leukemic cell 
line, control the progression of its cell cycle through 

Figure 1. Effect of TNF-  on the PTEN expression in HL-60 cells. (A) 

Time dependence of PTEN protein expression induced by TNF- . HL-60 

cells (1 × 10
6
) were stimulated with 10 ng/ml of TNF-  for the indicated 

time. (B) Concentration dependence of PTEN expression induced by 

TNF- . HL-60 cells (1 × 10
6
) were stimulated with various concen-

trations of TNF-  for 6 h. (C) Time dependence of PTEN mRNA ex-

pression induced by TNF- . Western blotting and RT-PCR for PTEN ex-

pression were performed as described in Materials and Methods. -actin 
was used as a loading control. The analysis of electrophoretic band was 
performed with the LAS-1000 (Fujifilm, Japan). 
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the activation of PI3K/Akt signaling pathway (Cap-
pellini et al., 2003). Our previous result shows that 
PTEN expression is enhanced by DMSO through 

NF- B activation in HL-60 cells. This finding sug-
gests that TNF- , a strong NF- B activator, could 
affect PTEN expression in HL-60 cells. To address 

this possibility, HL-60 cells were treated with TNF- , 
and then RT-PCR and western blot analysis were 
performed. HL-60 cells (1 × 10

6
 cells) were treated 

with 10 ng/ml of TNF-  for various periods of time 
and western blotting for PTEN was performed. 

TNF-  caused an increase of PTEN protein level in 
a time-dependent manner (Figure 1A). PTEN level 
was significantly increased within 1 h after treatment 

with TNF-  and this response was persistent till 6 h. 
Viabilities of HL-60 cell treated with TNF-  were 
declined after 12 h treatment (data not shown).  

    To determine whether TNF-  stimulates expre-
ssion of PTEN, we incubated HL-60 cells (1 × 10

6
 

cells) with various concentrations of TNF-  (0-20 
ng/ml) for 6 h. TNF-  also induced PTEN expression 
dose-dependently (Figure 1B). At the same time, we 
also analyzed mRNA levels of PTEN. As shown at 
Figure 1C, PTEN mRNA level in HL-60 cells was 

also increased from 60 min after TNF-  treatment. 
The decrease of Akt phosphorylation was accom-
panied with the increase of PTEN expression (Fig-

ure 1A and B). This reduction in phosphorylated Akt 
correlated with the increase in PTEN expression, 
and occurred at the same time point and the same 

dose. These data indicate that TNF- -induced in-
crease of PTEN mediates inhibition of the PI3K/Akt 
signaling pathway. Taken together, we conclude that 

TNF-  upregulates PTEN expression in HL-60 cells. 

TNF-α induces NF-κB activation in HL-60 cells  

NF- B is a member of the Rel family of proteins and 
is typically a heterodimer composed of p50 and p65 

(RelA) subunits. TNF-  activates I- B kinase (IKK) 
that phosphorylates I B , causing I B  degra-
dation by proteasome and allowing NF- B to trans-
locate to the nucleus to activate transcription 
(DiDonato et al., 1997; Mercurio et al., 1997). To test 

whether TNF-  activates NF- B in HL-60 cells, we 
measured the translocation of NF- B p65 subunit 
from the cytosol to the nucleus, and levels of I B  in 
the cytosol. The translocation of p65 was clearly 

enhanced from 3 h after TNF-  treatment and the 
enhancement persisted till 6 h (Figure 2).  Cytosolic 

I B  level was transiently increased within 1 h, but 
decreased at 6 h, indicating that degradation of 

cytosolic I B  coincidentally occurred with trans-
location of NF- B p65 (Figure 2). Thus, these re-
sults indicate that TNF-  activates NF- B in HL-60 
cells. 

Figure 2. The activation of NF- B by TNF-  in HL-60 cells. HL-60 

cells were treated with 10 ng/ml TNF-  for the indicated time. After in-
cubation, the nuclear extract preparation for assay of p65 nuclear 

translocation and the cytosolic extracts for assay of I B  expression 
were prepared and analyzed by Western blot using antibody for p65, 

and I B , respectively. Western blotting was performed as described 

in Materials and Methods. -actin was used as a loading control. The 
analysis of electrophoretic band was performed with the LAS-1000 
(Fujifilm, Japan). 

Figure 3. Effect of PDTC on TNF- -induced PTEN expression in 
HL-60 cells. HL-60 cells (1 × 10

6
) were stimulated with 10 ng/ml of 

TNF-  in the presence of 10 M PDTC for the indicated time. Cell ex-
traction and western blotting for PTEN level were performed as de-

scribed in Materials and Methods. -actin was used as a loading 
control. The analysis of electrophoretic band was performed with the 
LAS-1000 (Fujifilm, Japan). 
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NF-κB activation is essential for TNF-α-induced  
upregulation of PTEN in HL-60 cells  

To determine whether TNF- -induced upregulation 
of PTEN is induced by NF- B activation, we analy-
sed PTEN expression induced by TNF-  after 
inhibition of NF- B activation using pyrrolidine di-
thiocarbamate (PDTC), a chemical inhibitor of NF- 

B and antisense phosphorothioate oligonucleotide 
for p65 subunit of NF- B. HL-60 cells (1 × 10

6
 cells) 

were treated with 10 ng/ml of TNF-  in the presence 
of 10 M PDTC for various time. PDTC completely 
blocked the stimulation of PTEN expression induced 

by TNF-  (Figure 3). In addition, basal PTEN levels 
of HL-60 cells were decreased by PDTC treatment. 

We further confirmed whether TNF- -induced PTEN 
expression is decreased by inhibition of NF- B 
activation using antisense phosphorothioate oligo-
nucleotide for p65. HL-60 cells (1 × 10

6
 cells) were 

treated with 10 M antisense phosphorothioate oli-
gonucleotide of p65 (manufactured by GenoTech, 
Daejon, Korea) for 6 h. The antisense treatment did 
not affect cell viability of HL60 cells. For the de-
termination of p65 translocation into the nucleus, 
p65 in nuclei was analysed by western blotting after 

TNF-  stimulation. TNF- -treated cells showed in-
crease of p65 level in nuclei compared to that of 
control cells, but p65 antisense treated cells showed 

Figure 4. Effect of antisense phosphorothioate oligonucleotide for p65 on TNF- -induced PTEN expression in HL-60 cells. HL-60 cells (1 × 10
6
) 

were stimulated with 10 ng/ml TNF-  in the presence of 10 M p65 antisense for 6 h. (A) Effect of antisense phosphorothioate oligonucleotide for 

p65 on p65 expression (B) Block of TNF- -induced PTEN expression by antisense phosphorothioate oligonucleotide of p65. -actin was used as a 
loading control. The analysis of band was performed with the LAS-1000 (Fujifilm, Japan). 

Figure 5. Effect of TNF-  on the PTEN expression in U937 cells. 

U937 cells (1 × 10
6
) were stimulated with 10 ng/ml of TNF-  for the 

indicated time. Western blotting for PTEN expression was performed 

as described in Materials and Methods. -actin was used as a loading 
control. The analysis of electrophoretic band was performed with the 
LAS-1000 (Fujifilm, Japan).
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much less p65 band than control cells or nonsense 
treated cells (Figure 4A). As shown at Figure 4B, 
antisense phosphorothioate oligonucleotide of p65 

completely blocked TNF- -induced PTEN expres-
sion. We also examined whether TNF-  upregulates 
PTEN in another leukemic human cell line, U937. 

TNF-  induced upregulation of PTEN in U937 cells 
(Figure 5), suggesting that TNF- might induce 
PTEN in human leukemic cells. 

Discussion

In the present study we show that TNF- -induced 
PTEN expression is dependent on NF- B activation. 
However, the role of NF- B in PTEN expression is 
controversial; it has been reported that NF- B 
inhibits PTEN expression in the human colon or 
cervix cancer cell lines (Kim et al., 2004; Vasudevan 

et al., 2004), whereas our previous finding sugge-

sted that NF- B is a positive regulator of PTEN 
expression in HL-60 cells (Lee et al., 2005). These 
inconsistencies may originate from the involvement 
of other factor in the pathway leading to PTEN 

expression after NF- B activation. Vasudevan et al. 
reported the fine result that PTEN is downregulated 

by TNF-  via NF- B (2004). They claimed that the 
mechanism underlying suppression of PTEN ex-

pression by NF- B is independent of p65 DNA 
binding or transcription function and rather involves 
sequestration of limiting pools of transcriptional 
coactivators CBP/p300 by p65 (Vasudevan et al., 
2004). The report suggests that the coactivator se-
questration could be mediated by p65 phosphoryl-
ation via protein kinase A. The controversial results 
between the results and ours might be due to the 
different regulation of PKA activity or PKA levels 
depending on the type of cell and its stimulator.

    The PTEN promoter contains two potential NF- B 
binding sites (GGGAATCTCT at nucleotide position 
-1565 and GGGTATTCCC at nucleotide position 
-1441) in the far upstream region, suggesting that 

NF- B binds to PTEN promoter and regulates its 
expression. Although our previous report and this 

study support this possibility, binding assay of NF- B 
to PTEN promoter and analysis of promoter activity 
is needed for the exact elucidation of PTEN 

regulation by NF- B. 
    In conclusion, we found that TNF-  induces 
NF- B-dependent PTEN expression in HL-60 cells. 
Our result is the first evidence that PTEN is a target 

of TNF- /NF- B pathways in leukemia cells. This 
paper might help us to understand the mechanism 

by which TNF-  induces differentiation of leukemia 
cells.
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