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Altered expression of nuclear matrix proteins in etoposide induced apoptosis
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ABSTRACT

The events of cell death and the expression of nuclear matrix protein (NMP) have been investigated in
a promyelocytic leukemic cell line HL-60 induced with etoposide. By means of TUNEL assay, the nuclei
displayed a characteristic morphology change, and the amount of apoptotic cells increased early and reached
maximun about 39% after treatment with etoposide for 2 h. Nucleosomal DNA fragmentation was observed
after treatment for 4 h. The morphological change of HL-60 cells, thus, occurred earlier than the appear-
ance of DNA ladder. Total nuclear matrix proteins were analyzed by 2-dimensional gel electrophoresis.
Differential expression of 59 nuclear matrix proteins was found in 4 h etoposide treated cells. Western
blotting was then performed on three nuclear matrix acssociated proteins, PML, HSC70 and NuMA. The
expression of the suppressor PML protein and heat shock protein HSC70 were significantly upregulated
after etoposide treatment, while NuMA, a nuclear mitotic apparatus protein, was down regulated. These
results demonstrate that significant biochemical alterations in nuclear matrix proteins take place during the
apoptotic process.
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INTRODUCTIION of immunocytochemical andultra- structural analy-
sis[11],[12]. A detailed biochemical alterations of
nuclear matrix protein (NMP) during apoptotic
process have not been comprehensively investi-

The nuclear matrix is an essential component
of the nucleus which is important for the nuclear
structural integrity and specific genomic functions

[11,[2]. Several articles have reported that the gateq and therefore deser\fe furtber study.
nuclear matrix, as a higher order framework High resolution two-dimentional gel electro-

structures, might be disassembled during the phoresis (2-D gel) is an updated powerful tool for
apoptotic process[3-5]. Accordingly, nuclear lamins proteomlc§ and functlon‘al analysis of the genome
A/C or B have been found to decrease in apoptotic [13],[14], since the technique had successfully been

thymocytes[6], T cells[7], and carcinoma cell line established to resolve 1100 different components
[81,[9]. The nucleolar protein B23, an obscure from Escherichia coli[15]. Furthermore, in recent

matrix protein has been reported to be degraded year, several proteins have been recognized as pro-
early in apoptotic prostate cells[10]. The above tein associated with nuclear matrix. Promyelocytic

mentioned studies were mainly based on the use leuk'emia (PML) protein, a gr owth and transfpr—
mation suppressor, was found in the nuclear bodies,
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location breakpoint (15; 17) (q22; q12). This trans-
location event to the fusion of PML and retinoic
acid receptor-¢(RAR«a) genes and encoding of PML-
RARa fusion protein[17,18]. Nuclear matrix ap-
pears to be a target for heat shock effects and a
determinant for stress response (HSC70, HSP70)
[19],[20]. NuMA (nuclear mitotic apparatus
protein), now known as NMP, was first described
in 1980. It is in the nucleus and, during mitosis, it
moves to the polar region of the mitotic spindle[21].

In this report, we have used HL-60 cells as a
model system to evaluate the dynamic alterations
of nuclear matrix proteins after the induction of
cell death with an antineoplastic agent etoposide.
2-D gel analysis of NMP was performed during the
progress of apoptosis. The involvement ofsome
nuclear matrix associated proteins was also stud-
ied by Western blotting analysis. The data thus far
obtained indicated that the constituents of nuclear
matrix proteins changed quite a lot during the early
phases of apoptotic activation by etoposide. The
disappearance of two unknown proteins and the
change of the expression pattern of some nuclear
matrix proteins are especially noticeable, which
deserve further studies to understand the basic
mechanisms leading to altered nucleus during
apoptosis.

MATERIALS AND METHODS

Cell culture

HL-60 cells, a peripheral blood leukocyte from an acute
promyelocytic leukaemia, were cultured in RPMI 1640 medium,
10% heat-inactivated fetal calf serum and 100 ug/ml streptomy-
cin/penicillin, in 75 cm culture vessels in a humidified 5% COy(v/
v) incubator at 37°C. The cells were routinely kept in the logarith-
mic growth phase by diluting with fresh medium at least every
third days.

Assessment of apoptosis by DNA fragmentation

Apoptosis was determined by genomic DNA fragmentation
assessed by agarose gel electrophoresis. The sample in TE9S
buffer containing 500 mM Tris-HCL, pH 9.0, 20 mM EDTA, 10
mM NaCl, 10% SDS and proteinase K (1 mg/ml) were incubated
at 48 °C for 30 h, extracted twice with phenol/chloroform and once
with chloroform described by Goelz et al[22], treated for 2 h at
37°C with 250 mg/ml boiled bovine pancreatic RNase A , and
loaded onto 1.5% (w/v) agraose horizontal slab gels containing
10 mg/ml ethidium bromide. DNA from 1 X 10° cell was loaded into
each lane. Electrophoresis was performed in TAE buffer for 11
h at 15V. Gels were photographed under UV light.
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Etoposide induction of apoptosis

Cells were harvested while in log phase (0.6-1.0 X 106cell/ml),
sedimented at 400 X g and resuspended at a concentration of 1
X 10° cells/ml in complete medium containing 10 mM Hepes (pH
7.4). Etoposide (20 mg/ml), a semisynthetic podophllotoxin-de-
rivative antineoplastic agent, was added in cell suspention (final
concentration, 40 ug/ml). After varying length of incubation at
37°C, cells were sedimented at 3300 X g for 3 min and washed with
cold PBS.

TUNEL assay

In situ cell death detection, 1 X 10° cells which were induced
apoptosis with 40 ug/ml of etoposide were harvested at 0, 0.5, 1,
2, 3 and 4 h respectively, The samples were washed 2 times with
PBS and smeared on slide. Fix air dried cell sample with a freshly
prepared paraformaldehyde solution (4% in PBS, pH 7.4) for 10
min at room temperature. Rinse slide twice with PBS. The
samples were incubated with terminal deoxynucleotidyl trans-
ferase (TdT)-conjugated dUTP nick end labelling (TUNEL) with
the in situ cell detection kit (Boehringer Mannheim Germany),
processed as described in TUNEL method. The slide was subse-
quently counterstained with 1% methyl green. The apoptotic
index (Al) was expressed as the percentage of positive nuclei for
at least 500 counted cells.

Extraction of nuclear matrix protein

The method used was modified from Fey et al[23]. The cells
induced with etoposide at 0, 3 and 4 h were collected and washed
with PBS. The cells were lysed with cytoskeleton buffer (CSK)
for 15 min at 4°C. The cell pellet was digested in digestion buffer
for 20 min at 25°C. Chromatin-associated proteins were eluted by
addition of ice-cold ammonium sulfate to the final concentra-
tion of 0.25 M. After spinned at 2200 rpm for 5 min at 4°C, the
resulting pellet containing nuclear matrix and intermediate fila-
ment proteins was solubilized in disassembly buffer with 8 M
urea, 1% B-mercaptoethanol (vol/vol) and 1 mM PMSF. The
samples were then dialyzed against assembly buffer (1000:1
volume) for overnight at 4°C. By ultra-centrifugation at 207,000
X g (SW41Ti rotor, BECKMAN) for 90 min, the supernatant
containing nuclear matrix protein was removed carefully and
concentration was determined by Dc protein assay Kit (Bio-
Rad) with bovine serum albumin as a standard marker. The
proteins were precipitated in 5 volumes of absolute ethanol, over-
night at -20°C, and then centrifuged at 3500 rpm for 30 min. The
pellet of NMPs was dried by N2 gas blowing. Dried protein was
dissolved in first dimension sample buffer and was stored frozen
at -80°C.

Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and Western blotting

The samples of nuclear matrix protein were separated in
minigels using 10% acrylamide (acrylamide/Bis 29:1, Bio-Rad )
on SDS-PAGE and electroblotted to nitrocellulose membrane,
which were performed as described previously[24]. Protein
sample of HL-60 cells were added respectively and carried out at
200Vhr. Electroblotting was performed with Mini Trans-blot
Electrophoretic Transfer Cell (Bio-Rad). The membranes were
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blocked by 5% non-fat milk/TBST (0.05% Tween 20, 125 mM NCI,
25 mM Tris, pH 7.4), and were then incubated overnight at 4°C
with HSC70 (B-6) mouse monoclonal IgG2a antibodies with 1:
1500 dilution (Santa Cruz), NuMA (Ab-2) monoclonal mouse
IgG with 1:600 dilution (Albiochem), or PML rabbit monoclonal
antibody with 1:700 dilution (Santa Cruz). After washing 3 times,
the membranes were then incubated with a 1:7500 dilution of
sheep anti-mouse IgG-conjugated with horseradish peroxidase
(Amersham Life Science) and goat anti-rabbit antibodies-conju-
gated with avidin-conjugated with horseradish peroxidase
(BioGenex Lab., CA, USA) in TBST for 1 h respectively. The
membrane was detected by Enhanced Chemiluminance (ECL)
solution and exposed to high performance chemiluminescence
film (Amersham) for 1 to 2 min. The visual reaction was scanned
with an Imaging Densitometer GS-700 (Bio-Rad) and analysed.

'B;

Western blotting of each antibody was performed three times.

Two-dimensional gel electrophoresis

High resolution 2-D gel electrophoresis carried out using
Mini-Protean II Electrophoresis Cell (Bio-Rad). Non-equilib-
rium pH gradient gel electrophoresis (NEPHGE) was per-
formed according to the method of O'Farrell[15]. Totally, NMP
samples were extracted three times, and three gels were run for
each sample. NEPHGE of 100mg sample was performed in
glass tubes of 1.0 mm diameter at 1400 V/h, using ampholytes
(0.4% pH 3-10 and 2% pH 5-7). The extruded gels were equili-
brated 10 min at 200C, and for the second-dimensional
separation, then were placed on 10% polyacrylaminde slab gels
(17 cm X 8 cm). Silver staining was performed to visualise the
resolved protein spots.

Fig 1. Morphologic indication of induced apoptosis. Monolayer of HL-60 cells (A-F) by (TdT) in situ cell death detection kit
labeling of apoptosis induced DNA strand breaks (TUNEL), methyl green counter stain. Time after induction of apoptosis; A:
O0h,B:0.5h,C: 1 h,D: 2h, E: 3h, F: 4 h. Pictures show live(L.), and apoptotic cells (A). Magnification, 1000 X.
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RESULTS

Analysis of apoptotic cells in HL-60 cells treated
with etoposide

To derermine if the cell-death observed is asso-
ciated with apoptosis, HL-60 cells treated ith
etoposide was analyzed by the TUNEL assay. The
increased amount of apoptotic cells with character-
istic morphology was observed with increasing time
(Fig 1). Apoptotic nuclei displayed a characteristic
morphology comprising segregated and condensed
chromatin masses localized adjacent to the nuclear
envelope. Cell shrinkage, cytoplasmic compaction,
and formation of apoptotic bodies were also found.
Approximately 500 cells from each sample were
analysed and the results are tabulated as percent-
age of apoptotic cells (Fig 2). TUNEL-positive cells
(dark brown staining of DAB) at 0.5, 1, 2, 3 and 4
h after etopside treatments were about 6.85%, 18.
54%, 38.89%, 34.15% and 33.00% respectively of
the total cells. In the control sample (0 h), only a
small number of apoptotic cells were found (less
than 2.71%). The percentage of apoptotic cells at
2-4 h was not remarkably different and appeared
to reach a plateau.

Analysis the fragmentation of genomic DNA by
agarose gel electrophotesis

HL-60 cells were incubated with etoposide for
varying length of time up to 22 h to induce
apoptosis. Genomic DNA fragments extracted from
etoposide treated HL-60 cells were analysed by
agarose gel electrophoresos. As shown in Fig 3,
After induced for 2 or 3 h by etoposide (Lane 3
and 4) the DNA from drug-treated cells was indis-
tinguishable from the DNA of control cells (Lane
2). DNA ladder formation could be clearly observed
when the HL-60 cells incubated for 4, 16, 20 and 22
h in cultures exposed to etoposide (lanes 5-8). The
ladder of DNA fragments of approximately 200 bp
multiples was observed.

Alteration of nuclear matrix proteins in
etoposide treated HL-60 cells by SDS-PAGE

The nuclear matrix protein samples were sepa-
rated by 12% SDS-PAGE slab gel and visualized
by silver staining. The pattern of the nuclear matrix
proteins revealed striking quantitative difference
between control and apoptotic cells. Fig 4 showed
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nuclear matrix protein patterns from apoptotic cells
with 4 h treatment (lane 3) in which a set of new
bands of 32, 34, 35 KDa appeared. The bands of
molecular weight of 28, 37, 40, 43, 50, 66, 70, 105,
116, 200, 210 KDa were more intense from
apoptotic cells than control cells. In addition, the
staining of bands of regions on 31, 60, 65, 95, 100
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Fig 2. Time course of etoposide induced apoptotic index in
HL-60 cells, an analysed by the TUNEL assay.
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Fig 3. Time course of etoposide induced DNA fragmentation
in HL-60 cells in agarose gel electrophoresis. Lane 1: Mo-
lecular weight marker. Lane 2: DNA prepared from HL-60
cells untreated with etoposide. Lane 3, 4, 5, 6, 7 and 8 are
DNAs from the cells incubated for 2, 3, 4, 16, 20 and 22 h with
40 mg/ml (68 uM) etoposide respectively.
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Fig4. SDS-PAGE analy-
sis of NMPs of HL-60
cells after apoptotic in-
duction by etoposide.
Lane 1: Molecular weight
marker. Lane 2: DNA
prepared from HL-60
cells untreated with
etoposide. Lane 3, 4, 5,
6, 7 and 8 are DNAs from
the cells incubated for 2,
3,4, 16, 20 and 22 h with
40 mg/ml (68 mM)
etoposide respectively.

NEPHGE
MW p1 5.1 5.5

KDa also appeared to be increased as compared
with control cells.

Alteration of nuclear matrix proteins in
etoposide treated HL-60 cells by 2-D gel elec-
trophoresis

Nuclear matrix proteins were isolated and col-
lected at 2 and 4 h after treatment with etoposide.
The pattern of nuclear matrix proteins was signifi-
cantly altered at 2 h and 4 h after treatment as
compared with the uninduced control cells by 2-D
gel electrophoresis. New spots appeared on the gel
including 10 ~ 24, 29, 46, 50 and 55 (shown in
oval) at both 2 h and 4 h after treatment, as com-
pared with control (See Fig 5A-C). Spots 1 ~ 9, 27

5.9 6.6 1.0 8.5

Fig 5A. 2-D gel image nuclear matrix proteins of HL-60 cells before induction of apoptosis (control). Spots A and B appeared
only in control. The positions of oval indicated that spots appeared at 2 and 4 h treatment. The positions of rectangle

designated another set of new protein spots at 4 h treatment.
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Fig 5B. Nuclear matrix proteins of HL-60 cells 2 h after induction of apoptosis. Spots 1-9, 27 and 30 appeared only at 2 h as
compared with control and 4 treatment. Spots 10-24, 29, 46, 50 and 55 present consistently both in 2 and 4 h treated sample,
as compared with control. The positions of rectangle indicated that spots were appeared after induction of apoptosis 4 h. Spots
A and B (arrows indicated) disappeared in etoposide treated cells.

and 30 only appeared at 2 h after treatment (compare
Fig 5B with 5C). Another set of new protein spots
appeared after incubation for 4 h, including spots 35
~ 38, 44, 45, 47, 56 and 57 (shown in rectangle in
Fig 5C). The staining intensities of many spots such
as 25, 26, 28, 31 ~ 34, 39 ~ 43, 48,49 and 51 ~ 54
were increased in 4 h treated samples, as compared
with the pattern of the 2 h-treatment. However, two
major proteins designated as spots A and B were
found to be disappeared in etoposide treated cells (Fig
5, A-C). The co-ordinates of the altered nuclear-ma-
trix proteins were shown in Tab 1.

Altered expression of PML, HSC 70 and NuMA
in nuclear matrix of etoposide treated HL-60 cell

To further investigate if there are additional
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alterations of nuclear NMPs during etoposide treat-
ment of HL-60 cells, Western blotting of three dif-
ferent nuclear matrix associated proteins were ana-
lyzed including PML, NuMA and HSC70 proteins.
The expression of the 110 KDa PML protein and
70 KDa HSC70 protein increased dramatically in
HL-60 cells after etoposide induction (Fiig 6A and
B). However, a significant reduction of the 238 KDa
NuMA proteins was found in the nuclear matrix of
HL-60 cells under the same treatment (Fig 6C).

DISCUSSION

We have demonstrated the potential alterations
of some nuclear matrix proteins that could be de-
tected from apoptotic samples by high resolution
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Fig 5C. Nuclear matrix proteins pattern 4 h after induction of apoptosis New spots appeared on position of spots
10-24, 29, 46, 50 and 55 (shown in oval), spots 1-9, 27 and 30 disappeared at 4 h treatment. Another set of new protein spots
appeared after incubation for 4 h which was designated as spots 35-38, 44, 45, 47, 56 and 57 (shown in rectangle). However,
two major proteins designated spots A and B were found to be disappeared in etoposide treated cells.

2-D electrophoresis. 48 new nuclear matrix pro-
tein spots appeared after etoposide treatment for
2 h, as compared with control. Again, another 9
new spots were detected after 4 h of induction of
apoptosis, and at the same time, 11 spots that once
appeared at 2 h were disappeared. In addition, the
intensities of some pre-existing spots increased. At
2 h and 4 h the spots A and B were no longer
detectable. Differential expression of 59 nuclear
matrix proteins was found in etoposide treated cells
for 4 h, as compared with untreated HL-60. The
alteration of protein composition may be directly
associated with apoptosis, although we could not
rule out other possibilities such as DNA repair, cell-
cycle arrest.Spots newly appeared during the
progress of

apoptosis may represent proteins involved in the

MW AT
110Kba —¥»|= ’
PML

70KDa
HSC70

238KDa SoeE
NuMA  —>{ RO o

Fig 6. Western blotting analysis for PML (rabbit mono-
clonal antibody with 1:700 dilution, (A) HSC 70 B-6 mouse
monoclonal IgG2a antibodies with 1:1500 dilution, (B) and
NuMA (Ab-2 monoclononal mouse IgG with 1:600 dilution,
(C) in normal nuclear matrix protein (lane 1) from untreated
HL-60 cells, and apoptotic unclear matrix protein (lane 2)
from etoposide induced 4 h HL-60 cells.
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Tab 1. Alteration of NMP in HL-60 cells during apoptosis  Process of active cell death such as the caspases or

induced with etoposide by 2-D gel electrophoresis proteases and their cleaved products. Components
Alteration Spot KDa PI of the RNA processing system might also associate
By with the nuclear matrix [23],[25], [26].

Spots appearing at 0 hour in untreated HL-60 cells A 66 6.60 . . .
B 37 500 Nevertheless, it is possible that the majority of NMP

Spots appeared only in 2 h treated samples as com- spots which were present consistently on three 2-

ed with those of control and 4 h treatment 1 210 6.00 .

St reatmen o 210 625 D gel patterns (0, 2, 4 h after etoposide treatment)
3 210 630  may not be related to apoptosis. The relationship
; ‘;:8 g'gg between the DNA fragmentation by in situ DNA-
6 210 660 end labeling and DNA ladder on agarose gels has
; ffg ‘;';g been reported for apoptotic bone marrow cells and
9 100 5.00 erythroid cells[27],[28]. Our results are in agree-
27 57 660  ment with previous findings, that the characteris-
HOBER hology ch d earlier than DNA

Spots appeared only in 4 h treated samples as com- 1¢ morphology change appeared earlier than

pared with those of control and 2 h treated ones 35 45 8.60 fragmentation. Following the time course of
36 40 8.60

37 4 510 apoptosis, nuclei display a characteristic morpho-
38 46 530 logical changes at 2 h after induction, but without
:: ;g g‘:g DNA ladder on agarose gels. Four hours after
47 37 590 apoptotic activation, DNA is being cleaved into
56 34 550  oligonucleosomal fragments and apoptotic bodies
0T 5% formed, then th t of apoptotic cells reach
Spots appeared both in 2 h and 4 h treated ormed, then the amount ol apoptoulc cells reaches

sample, as compared with that of control 10 97 520 a plateau (33%), and NA ladder can be observed.

ii 2; 2‘;‘;’ Therefore, it is worthy to note that the alteration
13 98 530 of the nuclear matrix proteins composition occurs
14 97 535 earlier (2 h) than the DNA fragmentation (4 h)
15 5 5.00 . .

16 81 550 during apoptosis of HL-60 cells.

17 85 5.65 We have performed SDS-PAGE analysis on con-
18 80 5.70 . . .
19 70 590 troland apoptotic samples of nuclear matrix protein.

20 70 6.00 Itis evident that the silver staining bands display
;; gg :;3 a high degree of differences. It is worth emphasiz-
23 60 5.70 ing that the intens bands of 70, 110 KDa show
24 63 590 otriking increase from apoptotic sample at 4h, a
29 45 6.95 . .
46 42 a0 result which can be seen from Western blotting
50 26 560 analysis as shown in Fig 6, A and B as detected by

5% 32 640 PML and HSC70 antibodies. In this figure, nuclear

Spots with increasing intensities in 4 h treated

samples as compared with that of 2 h treated ones 25 55 6.10 mitotic apparatus (NuMA) protein is found to be
jg j; Z;‘; down-regulated from nuclear matrix protein of HL-

31 55 7.70 60 cells exposed to etoposide for 4 h. On the other

ﬁ ‘i; :"3 hand, the expression level of the HSC70 in the
41 46 se5 nuclear matrix proteins is upregulated in etoposide

39 40 515 treated cells as compared to the control, suggesting
3? ;;i jfg the detrimental effects of etoposide and the in-
42 39 525 creased of HSC70 may serve to protect against such
:z i: 2;8 stress effect. The recent report by Kun-Sang Chang
49 35 585 etal[16] showed that PML is associated with the
z; if ggg nuclear matrix protein of the NIH/3T3 cells trans-
53 26 590 fected with pSG5PML expression plasmids by

54 25 595 Western-blotting analysis. Suurprisingly, « signifi-
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cant increase of 110 KDa PML-RAR a fusion pro-
tein in the nuclear matrix of the untransfected HL-
60 cells treated with etoposide has been also found
in the present work. Thisnuclear matrix protein
may be either associated with G1 cell-cycle arrest
as mentioned recently[29], or with the increase of
apoptotic cells since it has been shown that PML
protein facilitates programmed cell death[30].

In conclusion, the data in this experiment indi-
cate that during etoposide induction of apoptosis
in HL-60 cells, significant alterations in the expres-
sion of nuclear matrix proteins have been found.
The results not only revealed the changing patterns
of nuclear matrix proteins during various time
course of chromatin condensation and DNA frag-
mentation after induction of cell death in HL-60
cells, but also identified the alteration of some func-
tionally important molecules, including the struc-
tural element NuMA, the suppressor protein PML
and molecular chaperone HSC70 during the
apoptotic process.
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