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Effects of Bcl-2 Overexpressing on the Apoptotic Cell Death Induced by HDAC Inhibitors in Human
Leukemic U937 Cells. Jun Hyuk Lee’, Man Gyu Hur’, Dong II Park’, Byung Tae Choi' and Yung Hyun
Choi**. Departments of ‘Anatomy, *Internal Medicine and *Biochemistry, Dongeui University College of Oriental
Medicine and Department of Biomaterial Control (BK21 Program), Dongeui University Graduate School, Busan
614-052, Korea — Histone deacetylase (HDAC) is overexpressed in a variety of cancers and is closely
correlated with oncogenic factors. HDAC inhibitors such as trichostatin A (TSA) and sodium butyrate
(Na-B) have been shown to induce apoptosis in vitro and in vivo in many cancer cells. The anti-apop-
totic Bcl-2 protein has the remarkable ability to prevent cell death and Bcl-2 overexpression has been
reported to protect against cell death. We previously reported that the apoptotic cell death of human
leukemic U937 cells by TSA and Na-B treatment was associated with the down-regulation of Bcl-2 ex-
pression and activation of caspases. In the present study, we investigated the effects of Bcl-2 over-
expression on the growth inhibition, cell cycle arrest and apoptosis induced by TSA and Na-B in U937
cells. TSA-induced growth inhibition, cell cycle arrest and apoptosis were significantly attenuated in
Bcl-2 overexpressing U937/Bcl-2 cells however Na-B did not affected. Induction of apoptosis by TSA
was accompanied by down-regulation of Bcl-2 expression, activation of caspase-3, -8 and -9, and deg-
radation of DNA fragmentation factor/inhibitor of caspase-activated DNase, which was blocked by
the overexpression of Bcl-2. Collectively, these findings suggest that ectopic expression of Bcl-2 ap-
peared to inhibit TSA-induced apoptosis by interfering with inhibition of Bcl-2 and caspase activation.
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acetylation, methylation, 143}, ubiquitination & ADP-ri-
bosylation o 5-o] #oJd=ul[16,26], 21 F histone T
Ao} N-2gh B.9lo] ZA)3}E lysine2 acetylation A|Z 0.2
A chromating] 7%& W3lA 7)€ #datE A o] histone
acetyltransferase (HAT) E-3r# o]th23]. &3] HATS] 23}
o histone B3 E o] F+= 4714 histoned] lysine #7]7}
acetylation ¥|x| 7, N-2tt 29| & histone?] A3 2Hgol o
& nucleosome 7% fX o] T3 FFE vXA e X
o]® 23o] hyper-acetylation 5= nucleosome %2
w3l & 9g3ko] glth. 28y} histoned] acetylationd]] ¢
3la] chromatin®] 7332 foldingo] E<H33l Ho| DNAJ]
RNA polymerase 119} 20| €7 € & UEF 8t HA}
7} @438 4= 917] 9ol histone deacetylases (HDACs)
o ©]& histoned] deacetylation® HAIZAL AT
oju]7} Aoi1]. wepr HDAC AA 9 e FEAEA
Ao £1o2 A o) F83% oulE JpA 1 glo, dA)
7tA @42 F HDAC JAAlE oF 209 7}A] o]4o] 1[26],
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33 sodium butyrate (Na-B)& ZTH5= i A 79 ¢
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Moon et al.o] 93l AA)l" A} 2e][27], 90% 2] RPMI-
1640 (Gibco BRL, Grand Island, NY)ol| 10% fetal bovine se-
rum (FBS), 1%<] penicillin @ streptomycin (Biofluids,
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Fig. 1. Effects of Bcl-2 overexpressing on the cell growth inhibition induced by HDAC inhibitors, TSA and Na-B, in U937 cells.
(A) Cellular proteins isolated from U937/vector and U937/Bcl-2 cells were separated by SDS-polyacrylamide gels and
transferred onto nitrocellulose membrane. The membrane was probed with anti-Bcl-2 antibody and visualized using ECL
detection system. To confirm equal loading, the same blot was stripped and reprobed with the anti-actin antibody. (B)
U937/vector and U937/Bcl-2 cells were treated with TSA for the indicated times and the cell numbers were scored by
hemocytometer counts of trypan blue-excluding cells. Results are expressed as average + SD form three separate
experiments. (C and D) Cells were treated with TSA and Na-B for 48 h. The growth inhibition was measured by the meta-
bolic-bye-based MTT assay. The data shown are means * SD of three independent experiments.
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Fig. 2. Effects of HDAC inhibitors, TSA and Na-B, on cell cy-
cle distribution in U937/vector and U937/Bcl-2 cells.
Exponentially growing cells were incubated with vari-
ous concentrations of TSA (A) and Na-B (B) for 72 h
and 48 h, respectively. Cells were trpysinized and pel-
lets were collected. The cells were fixed and digested
with RNase, and then cellular DNA was stained with
PL. DNA flow cytometric cell cycle analysis was
performed.

Table 1. Frequencies of each cell cycle phase of U937/ vector
and U937/Bcl-2 cells cultured in the presence or ab-
sence of various concentrations of TSA and Na-B.
Each phase was analyzed by flow cytometry after 48
h treatment with TSA and Na-B

U937/ Vector U937/Bcl-2
HDAC - "
s % of cells % of cells
inhibitor
Gl S G2/M Gl S G2/M

0 522 356 123 527 334 139
50 270 499 231 156 500 344

(Tri?) 100 143 566 291 359 388 223
150 265 638 96 494 329 177
200 243 686 70 477 355 168
0 427 365 208 482 319 199
Na.B 05 490 380 130 484 388 128
10 544 309 147 621 295 84
(mM)

15 570 300 130 686 231 81
20 589 301 111 714 225 6.0

AEAMe] Hfd AFNAHE U937/ vector A EojA
TSAo] 98 X229 JA)= MEF7) S arrest {1t} 2
A Aol A€ ¢ & UATH1038]. 2} U937/
Bcl-2 Ao A] TSA Aol o AEF7] Ao v
FE A3 23, TSAE AelehA & WA A wgd A
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Fig. 3. Effects of Bcl-2 overexpressing on apoptosis induction induced by HDAC inhibitors, TSA and Na-B, in U937 cells. (A and
B) Cells were exposed for 72 h and 48 h with increasing concentration of TSA and Na-B, respectively. Then the cells were
collected and stained with PI for flow cytometry analysis. The percentages of cells with hypodiploid DNA (sub-G1 phase)
contents represent the fractions undergoing apoptotic DNA degradation. (C) Cells were grown under the same conditions
as (A and B) and then stained with DAPI solution. After 10 min incubation at room temperature, the cells were washed
with PBS and nuclear morphology was photographed with a fluorescent microscope using blue filter. Magnification, X400.
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Fig. 4. Effects of HDAC inhibitors, TSA and Na-B, on the lev-
els of Bcl-2 family proteins in U937/vector and U937/
Bcl-2 cells. Exponentially growing cells were incubated
with various concentrations of TSA and Na-B for 72 h
and 48 h, respectively. The cells were lysed and then
cellular proteins were separated by SDS-polyacrylamide
gels and transferred onto nitrocellulose membranes. The
membranes were probed with the indicated antibodies.
Proteins were visualized using an ECL detection
system. Actin was used as an internal control.
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Fig. 5. Effects of HDAC inhibitors, TSA and Na-B, on the levels
and activities of caspases in U937/vector and U937/
Bcl-2 cells. (A) Cells were incubated with various con-
centrations of TSA and Na-B for 72 h and 48 h,
respectively. The cells were lysed and then cellular pro-
teins were separated by SDS-polyacrylamide gels and
transferred onto nitrocellulose membranes. The mem-
branes were probed with the indicated . antibodies.
Proteins were visualized using an ECL detection system.
Actin was used as an internal control. (B) After treat-
ment with TSA and Na-B, aliquots were incubated with
substrates, DEVD-pNA, IETD-pNA and LEHD-pNA for
in vitro caspase-3, caspase-8 and caspase-9 activity, re-
spectively, at 37°C for 1 h. The released fluorescent
products were measured. Data are means * SD of three
independent experiments.
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Fig. 6. Effects of HDAC inhibitors, TSA and Na-B, on the lev-
els of 1AP family and Fas/FasL system proteins in
U937/ vector and U937/Bcl-2 cells. Exponentially grow-
ing cells were incubated with various concentrations of
TSA and Na-B for 72 h and 48 h, respectively. The cells
were lysed and then cellular proteins were separated
by SDS-polyacrylamide gels and transferred onto nitro-
cellulose membranes. The membranes were probed
with the indicated antibodies. Proteins were visualized
using an ECL detection system. Actin was used as an
internal control.
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