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SUMO-1 Enhancing the p53-induced HepG2 Cell Apoptosis
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Summary : In order to investigate the effect of small ubiquitin-like modifier-1 (SUMO-1) on the p53-
induced HepG2 cell apoptosis, HepG2 cells were transfected by recombinant plasmids as pwtp53,
pMDM2 and pSUMO-1 respectively. Western blot was employed to detect the protein expression of
the transfected recombinant plasmids and the rate of apoptosis was measured by flow cytometry.
The results showed that in cells transfected with pwtp53 and pwtp53 + pSUMO-1, the apoptosis
rate was (16.79+1.62) % and (18.15%1.36) % respectively, while transfected with pwtp53+
pMDM2, the rate was decreased to (5.17%1.23) %. The apoptosis rate was (14, 061, 84) % in
the cells transfected with pwtp53+pMDM2+ pSUMO-1, significantly higher than that in the cells
Transfected with pwtp53+pMDM2 (P<C0.01). The apoptosis rates in the cells were all less than
2 % and had no significant difference among the groups. It was suggested that in the HepG2 cells.
SUMO-1 can increase the apoptosis induced by wild-type p53 through binding to p53 protein, post-
translational modification and inhibiting the p53 degradation by MDM2,
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Wild-type p53 gene (wtp53) can induce cell
apoptosis and inhibit oncogenesist'* 2!, The protein
of muring double minute gene 2 (MDM2) was in-
duced by wtp53. After MDM2's binding to p53 pro-
tein, it can stimulate the p53 degradation through
the ubiquitin pathway, forming the p53-MDM2
negative feedback circlet®*!, Small ubiquitin-like
modifier-1 (SUMO-1) plays an crucial role in the
protein post-translational modification®®, SUMO-
1 can compete the receptor binding sites of some
proteins with ubiquitin and protect substrates such
as p53 protein from being degraded by ubiquitin'™ ,
then enhance the stability of tumor suppressor and
their transcriptional activities®, In this experi-
ment, the HepG2 cells were transfected by
pwtp53, pMDM2 and pSUMO-1 in order to ob-
serve the effects of SUMO-1 on the HepG2 cell ap-
optosis induced by wild-type p53.

1 MATERIALS AND METHODS

1.1 Cell Line

The human hepatoblastoma cell line (Hep(G2)
was grown in RPMI 1640 medium supplemented
with 10 % fetal bovine serum (FBS), 2 mmol/L
glutamine, 100 U/ml penicilin and 100 pg/ml
streptomycin before transfection (Hyclone).
1.2 Transient Transfection of Plasmids

HepG2 cells were incubated in a 6-well plate
which contained 5 X 10° cells/well and cultured to
reach 80 % —90 % cell confluence. Cells were then
transfected with pcDNA3-wtp53 (pwip53), pC-
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MV-HDMI1B (pMDM2), pcDNA3-His;,-SUMO-1
(pSUMO-1) and empty vector according to the
protocol of Lipofectamine2000 reagent (Invitro-
gen, USA). The different transfected cell lines
were harvested after further 36 h incubation. All
of above plasmids were generous gifts of Prof.
Dimitris Xirodimas (St. Andrews College, Eng-
land).
1.3 Western Blotting

For the cells without pSUMO-1 transfection,
the protein was extracted by the routine method™?.
As for the groups transfected with pSUMO-1, pro-
tein lysates containing the following buffers was
applied 2 ml per well to prevent the degradation of
SUMO-1 protein; 6 mol/L guanidinium-HCI, 0. 1
mol/L. Na, HPQ,/NaH; PO,, 0. 01 mol/L Tris/
HCI (pH 8.0), 5 mmol/L imidazole and 10 mmol/
L p-mercaptoethanol. The lysates were then puri-
fied by Ni** -NTA-agarose beads (Qiagen, Germa-
ny) and the eluates were dissolved in 200 ul 5 %
SDS plus the following buffers: 0. 15 mol/L Tris
- HCl (pH 6. 7), 200 mmol/L imidazole, 0. 72
mol/L B-mercaptoethanol and 30 % glycerol. The
eluate protein concentration was measured by Coo-
massie brilliant blue method. The eluates were
separated by 10 % SDS-PAGE, transferred to a ni-
trocellulose filter, 5 % defatted milk powder was
added to block nonspecific binding site over night.
Subsequently, anti-p53 (Santa Cruz, USA), anti-
MDM?2 (Biosource, USA) and anti-SUMO-1 (San-
ta Cruz, USA) monoclonal antibody were added
for incubating 12 h and horseradish peroxidase la-
belled second antibody for incubating 2 h at room
temperature. After addition of the 3, 3-diamino-
benzidine (DAB) substrate, the photographs of
specific protein bands which had been shown were
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taken.
1.4 Measurement of Cell Apoptosis Rate

After trypsinization, cemtrifugalization and
collection, PBS washing, 70 % ethanol fixation o-
ver night, PBS washing again and resolvation,
adding RNase and PI (50 pug/ml), then staining a-
way from light for 30 min,the apoptosis rate of the
transfected cells was measured by flow cytometry
(FACScan, USA). The cells without any trans-
fection were taken as controls. Each group was re-
peatedly measured by 3 times and each sample in-
cluded 1X10* cells.
1.5 Statistical Analysis

The experiment data were presented in T=*s.
Differences in proportions were evaluated by the z-
test which check standard was P<C0. 01.

2 RESULTS

2.1 Protein Expression of Exogenous Genes in
HepG2 cells after Transfection

Western blotting revealed that the cells trans-
fected with the pwtp53 expression plasmid had a
band of 53 kD (1 kD=0. 992 : 1 ku) (fig. 1A,
lanes 3, 6, 7 and 9, indicating p53 protein). Cells
co-transfected with the pSUMO-1 and pwtp53 had
a higher band of 65 kd (fig. 1B, lanes 7 and 9. in-
dicating SUMO-1 covalently linked to p53 pro-
tein). The cells transfected with the pMDM?2 had a
band of 90 kd (fig. 1C, lanes 4, 6, 8 and 9, indi-
cating MDM2 protein). Similarly, the cells co-
transfected with the pSUMO-1 and pMDM2 also
had a higher band of 110 kd (fig. 1D, lanes 8 and
9, indicating SUMO-1 linked to MDM2 protein).
Merely the trace of p53 protein and no MDM2 pro-
tein was detected in cells not transfected with any
plasmid or only transfected with empty vector pcD-
NA3 and pSUMO-1 ({fig. 1A, lanes 1, 2, 4, 5 and
8; fig. 1C, lanes 1, 2, 3, 5 and 7). The cells
transfected with the pSUMO-1 had a band of 11 kd
(fig. 1E, lanes 5, 7, 8 and 9, indicating SUMO-1
protein).
2.2 Apoptosis Rate of HepG2 Cells after Transfec-
tion

In the cells transfected with pwtp53 and

pwtp53+ pSUMO-1, the apoptosis rate was (16.
79£1.62) % and (18. 15+ 1. 36) % respectively
(fig. 2, A and B); When the cells were transfect
ed with pwtp53+pMDM2, the apoptosis rate was
decreased to (5.17+1,23) % (fig. 2, F). The ap-
optosis rate was increased to (14. 06 =1, 84) %
(fig. 2, B) after the cells were transfected with
pwtp53 + pMDM2 + pSUMO-1 as compared with
"the cells transfected with pwtp53 +pMDM2 (P <C
0.01). The apoptosis rate in the null cells and the
cells transfected with pMDM2, pSUMO-1, pM-
DM2+pSUMO-1 and pcDNA3 plasmid was (1. 63
+0.57) %, (1.80%0.64) %, (1.96%0.61) %,
(1.1940.22) % and (1.0440.38) % recpective-
ly, all less than 2 % and had no significant differ-

ence among groups (fig. 2, A, B, D, E, H).
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Fig.1 Protein expression of exogenous genes in HepG2
cells after transfection
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Fig. 2 The apoptosis rate of HepG2 cells after
transfection
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3 DISCUSSION

The wild-type p53 is a principal mediator of
growth arrest in G, phase, senescence, and apop-
tosis in response to a broad array of cellular dam-
age. As cells that have mutant-type p53 or loss of
p53 function are unable to respond appropriately to
stress, they make uncontrolled growth of cells that
favor the development of malignant tumort.
Transfecting the p53 plasmid into tumor cells
would theoretically restore p53 gene function and
its program death signal to induce apoptosis. This
ideal has been proved in some tumor therapies such
as medulloblastoma, mammary cancer and carcino-
ma of the head and neck'”’. The results in this
study indicated that the cells without any transfec-
tion or transfected with empty vector only had the
trace of p53 expression. However, the cells trans-



LU Xingrong ez al. SUMO-1 Enhancing the p53-induced HepG2 Cell Apoptosis 291

fected with pwtp53 had a higher p53 level and its
apoptosis rate was (16.79+1.62) %, significantly
higher than in the non-transfected cells (P <C0.
01). So recovering the expression of wtp53 gene
would play a critical role in tumor therapy.

The oncogene MDM2 encodes a kind of zinc-
finger protein. MDM2 is known as a member of
ubiquitin family and a ubiquitin ligase E3 for tumor
suppressor p53"., An important function of
MDM?2 is to bind to p53 protein, inhibiting the
function of the latter as a transcription factor and
stimulating p53 degradation through the ubquitin
pathway. p53 also activates MDM2 expression at
the level of transcription, suggesting that MDM2
can act as a negative feedback regulator of p53t.
In order to investigate the effects of SUMO-1 on
the apoptosis induced by wtp53 gene in HepG2
cells, we introduced the pCMV-HDMIB expres-
sion plasmid (pMDM2) which included the human
homologue of the MDM2 gene. It was shown that
the cells transfected with the pMDM2 had a pro-
tein band of 90 kD. The cells co-transfected with
pwtp53 and pMDM?2 had a lower apoptosis rate
than that of the cells only transfected with pwtp53
(P<C0. 01), demonstrating that MDMZ2 could de-
gradee p53 and indeed abrogate the ability of p53 to
induce cell apoptosis. MDM2 protein expression
clould not be detected in cells not transfected with
pMDM2. So in normal condition, HepG2 cell itself
does not have or have very less MDM2 expression,

Over half of all human tumours contain muta-
tions p53 gene that functions abnormally. Howev-
er, in tumours that have no mutated p53 gene, the
over-expression of MDM2 protein is often pres-
ent''"), So, how to restore the anti-tumor function
of p53 and weaken the degradation of p53 by
MDM?2? is the key problem in tumor therapy. A-
mong the post-translational modification systems,
studies about SUMO-1 have become a hot point
succeeded to ubiquitin. In mammalian cells, the
majority of SUMO-1 exists in the conjugated form
and its monoform’s molecular weight is about 11
kD, whereas the SUMQO-2 and SUMO-3 isoforms
exist primarily as free proteins that are subject to
rapid conjugation after cellular stress and educe
their special functions"!, Some 60 SUMO target
proteins have been reported so far, of which a sig-
nificant number are either transcription factors or
other proteins involved in regulating cell cycle such
as p53 and MDM2!, SUMO-1 affects target pro-
teins function by competing with ubiquitin for re-

ceptor site of substrate, preventing correlated pro-
teins from ubquitin’ s degradation'™ and then in-
creases the stability and transcriptional activity of
suppressor genes such as p53'). This trial has the
same result as above reports. Beside the p53 band
(53 kD) and MDM2 band (90 kD), the cells trans-
fected with pwtp53 + pMDM2 + pSUMO-1 had
higher bands of SUMQ-1-p53 (65 kD) and SUMO-
1-MDM2 (110 kD) which had a gradient trail after
the main band. This phenomenon would be consid-
ered as various number of SUMO-1 molecules com-
bined to p53 or MDM2 and formed different molec-
ular weight of protein complex. The apoptosis rate
would up again to (14. 06 = 1. 84) % and the
difference of rate was significant compared to the
cells transfected with pwtp53 + pMDM2 (P <C0.
01). The results illustrated that SUMO-1 could in-
crease the apoptosis of HepG2 cells induced by
wild-type p53 through combining to p53 protein,
post-translational modification and inhibiting p53
degradation by MDM2,
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