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HCV NS5A abrogates p53 protein function by interfering with pS3-DNA
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Abstract

AlM: To evaluate the inhibition effect of HCV NS5A on p53
transactivation on p21 promoter and explore its possible
mechanism for influencing p53 function.

METHODS: p53 function of transactivation on p21 promoter
was studied with a luciferase reporter system in which the
luciferase gene is driven by p21 promoter, and the p53-DNA
binding ability was observed with the use of electrophoretic
mobility-shift assay (EMSA). Lipofectin mediated p53 or
HCV NS5A expression vectors were used to transfect
hepatoma cell lines to observe whether HCV NS5A could
abrogate the binding ability of p53 to its specific DNA
sequence and p53 transactivation on p21 promoter.
Western blot experiment was used for detection of HCV
NS5A and p53 proteins expression.

RESULTS: Relative luciferase activity driven by p21 promoter
increased significantly in the presence of endogenous
p53 protein. Compared to the control group, exogenous
p53 protein also stimulated p21 promoter driven luciferase
gene expression in a dose-dependent way. HCV NS5A
protein gradually inhibited both endogenous and
exogenous p53 transactivation on p21 promoter with
increase of the dose of HCV NS5A expression plasmid. By
the experiment of EMSA, we could find p53 binding to its
specific DNA sequence and, when co-transfected with
increased dose of HCV NS5A expression vector, the p53
binding affinity to its DNA gradually decreased and finally
disappeared. Between the Huh 7 cells transfected with
p53 expression vector alone or co-transfected with HCV
NS5A expression vector, there was no difference in the
p53 protein expression.

CONCLUSION: HCV NS5A inhibits p53 transactivation on
p21 promoter through abrogating p53 binding affinity to
its specific DNA sequence. It does not affect p53 protein
expression.
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INTRODUCTION

Hepatitis C virus (HCV) is recognized as a magjor causative
agent leading to chronic hepatitis and cirrhosig®?, which have
a close relationship with the development of hepatocellular
carcinoma (HCC)“®, HCV is apositive single-stranded RNA
virus belonging to the Flaviridae family, and its genome only
contains a single long open reading frame encoding a large
polyprotein precursor that is thereafter processed by a
combination of cellular and viral proteasesinto several mature
proteins, including three or four structural proteins (core, E1,
E2/P7) and at least 6 nonstructural proteins (NS): NS2, NS3,
NS4A, NSAB, NS5A, NASB!®. HCV NSBA as anonstructural
protein does not assemble into the HCV particles, but still has
alot of functionsin the HCV replication and the devel opment
of chronic liver disease and hepatocellular carcinoma. Recent
studies showed that HCV NS5A could interact with a number
of cellular proteinsincluding PKR, p53, Grb2 and Cdk1™%, and
enhance expression of some genesrelated to cell proliferation
suchasPCNA, NF-kB, Stat-3, SRCAP and | L-8%, indicating
that HCV NSHA hasacritical rolein promoting cell proliferation
and malignant transformation. HCV NSBA prevents p53 and
TNF-amediated apoptosid*>*7, and possibly perturbsthe DNA
repair when cellsaretreated with DNA damage agentsincluding
viruses, toxinsor physical damage. HCV NS5A isimportant for
theHCV replication. It can form acomplex with an SNARE-like
protein, hVAP-33 and HCV NS5B!® and can associate with ER
and Golgi complex, and the amphipathic helix (AH) of the HCV
NS5A isnecessary for thismembranelocalization and for HCV
RNA replication®®?), | nteraction of HCV NS5A with Laprotein
can also maintain and benefit HCV RNA replication and HCV
protein trand ation??2, Sequence mutationin HCV NS5A might
be areason for the responsiveness in the patient who received
IFN treatment!?>2, The patients with wild type of interferon
sensitive-determining region (ISDR) inHCV NSBA usually have
alower responsiverate to the IFN therapy, and the mechanism
isthat the wild type ISDR can bind PKR, which is induced
by IFN and has an anti-viral activity, and can disrupt PKR
function!”?27, The tumor suppressor p53 protein has been
reported to possess anumber of important functions. Activated
p53 can transactivate alot of target genes, maintain normal cell
cyclethrough inducing apoptosis and repairing damaged DNA,
and suppressing oncogenic transformation. In this study we
explored the interaction between HCV NS5A and p53 and the
mechanism by which the HCV NS5A abrogated the p53
transactivation.

MATERIALS AND METHODS

Celllines and plasmids

PeoENSs - prwprluc gnd pawe-mut-ive ywere kind gifts from Professor
Vogelstein (The Johns Hopkins University). P<*NS% is an
eukaryotic expression vector that is constructed by cloning
normal human p53 cDNA into p®V plasmid. P! carries
luciferase reporter gene driven by p21 promoter that contains
the specific consensus DNA seguence binding to p53 protein.
prwp-mutiue j 5 approximately the same vector as PP except
for deletion mutation introduced in the p53 binding sequence
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of p21 promoter. PN ismade in Dr. Siddiqui’s laboratory
(University of Colorado, USA) through inserting of HCV NS5A
cDNA into PV plasmid*?. Theliver carcinomacell linesHuh7
with p53 gene mutation and HepG2 with wild-type p53 gene
werefrom ATCC(USA) and maintained in Dulbecco’'sModified
Eagle Medium (Life Technologies, USA) complemented with
100 mL/L fetal calf serum. The cells were transfected by the
individual plasmidswith Lipofectin reagent (Life Technologies,
USA) when they became 60-70% confluent. Forty-eight hours
after transfection, the cells were harvested for the analysis of
relative luciferase activity and electrophoretic mobility shift

assay (EMSA).

Relative luciferase activity assay

After 48 h of transfection, cellsin the plates were washed two
timeswith PBS, andthen 750 uL lysisbuffer (0.1 mmol/L K,HPO,,
pH 7.8, 10 mmol/L DTT, 5 g/L NP-40) was added onto plates.
The plates were then placed on ice for 15 min and then cells
were transferred into a clean 1.5-mL Eppendorf tube. After
centrifugation at 15 000 g for 10 min, the supernatants were
collected for further experiment. For relative luciferase activity
assay, 0.4 mL determination buffer (0.1 mmol/L K,HPO,, pH 7.8,
0.15 mmol/L MgSQO,, 10 mmol/L DTT, 0.5 mmol/L ATP) and
the different volumes of supernatant containing equivalent
protein were put into 5-mL glass tube to observe the times of
[uminescence within 10 s using aluminometer (Optocomp 11,
MGM,USA). The experiment wasrepested threetimesand each
intriplicate.

Electrophoretic mobility-shift assay (EMSA)

In this experiment, weinvestigated the ability of p53 binding to
the specific consensus DNA sequence, and studied if the
binding could be influenced by HCV NS5A. Briefly, this
experiment was done asfollowing: (1) Labeling of DNA probe;
50 pmol chemically synthesized oligonucleotide 5 -
GGACATGCCCGG GCATGTCC -3’ which is the specific
consensus DNA sequenceto bind p53, 2 uL y-P*2 ATP (74 000
GBag/mmoL), 20 U T4 polynucleotide kinase, 2 uL reaction buffer
and incubated for 30 minat 37 , then 60 uL dH,O was added
to the mixture and the labeled oligonucleotides were purified
from the free y-P*2 ATP by use of Sephadex-G25. The purified
P?2-labeled DNA probewasstored at-20  until use. (2) Nuclear
protein isolation: After transfection with different plasmidsfor
48 h, cells were washed 3 timeswith PBS and scrapped down
from the plates and then transferred into 1.5-mL Eppendorf
tubes and washed 3 times again with PBS. Lysis buffer 30 pL
(20mmol/L Hepes, pH 7.9, 10mmol/L KCI, 10mmol/L NaVO,,
1 mmol/L ETDA, 100 mL/L glycerol, 1 mmol/L PMSF, 3 g/L
gorotinin, 1 g/L leupeptin, Lmmol/L DTT, 2g/L NP-40, 20 mmol/L
NaF) was added to suspend the cells. After 15 min onice, and
centrifugation at 15 000 xg for 1 min, the supernatant was
discarded and the pellet resuspended in 20 uL nuclear extract
buffer (20 mmol/L Hepes, pH7.9, 10 mmol/L KCl, 420 mmol/L
NaCl, 10mmol/L NaVO,, 1 mmol/L ETDA, 200mL/L glyceral,
1 mmol/L PMSF, 3 g/L aprotinin, 1 g/L leupeptin, 1 mmol/L
DTT, 20mmol/L NaF). Afterincubationat 4 ~ for 30 min. with
mild agitation, and centrifugation at 15 000 g for 5 min, aliquot
supernatants were collected and stored at -70  until use. (3)
Assessment of p53 binding to DNA probe: For each reaction
tube, thefollowingswere added: 2 ug nuclear extraction protein,
2 pL labeled probe containing p53 binding sequence, 1.5 pL
EM SA reaction buffer (50 mmol/L NaCl, 0.5 mmol/L ETDA,
40 mL/L glycerol, 1 mmol/L MgCl, 1 mmol/L DTT, 10 mmol/L
Tris-Cl, pH 7.5, 0.05 g/L poly (dI-dC) ) and dH,O to atotal
volume of 15 pL. After incubation for 30 min onice, 20 pL of
sampleswas |oaded onto60 g/L undenatured PAGE and run at
160 V for approximately 6 h. The gel was dried and
autoradiographed at -70  for about 16 h.

Western blotting to detect p53 and HCV NS5A protein expression
Cell lysates of Huh7 cells transfected with P<5¥NS8 or co-
transfected with PN were made by routine method. The same
amount of total protein from the cell lysate was used to load
onto 120 ¢/L. PAGE, and thentransferred onto PV (polyvinylidene
difluoride) membrane. After blocked in block solution (20 mmol/L
Tris-HCI, pH 7.5, 150 mmol/L NaCl, 3g/L PVP,5¢g/L Tween 20)
for 2 h, the membrane was probed by anti-HCV NS5A or anti-
p53, washed and incubated with the second enzyme-labeled
antibody, and then observed by using an ECL kit (Boegringer
Mannhein Co., Germany).

Statistical analysis

Statistical significance of differences between the 2 groups
was determined by applying Student’st test or two-samplet test.
Statistical significance of differences in more than 3 groups
was determined by applying one-way ANOVA. A P valueless
than 0.05 was considered significant.

RESULTS

HCV NS5A protein inhibited the transactivation of endogenous
p53 on p21 promoter

Reativeluciferase activitiesin P™*'-transfected HepG2 cells
(3.95x10°) weresignificantly higher than that in Pr™tlee groyp
(0.60x10°, t=5.92, P<0.01). Compared to P""*'-transfected
HepG2 cells, therelative luciferase activitiesin the HepG2 cells
co-transfected with P**P'vc and PNS5A decreased in a PENSA
dose- dependent manner (F=20.71, P<0.01), suggesting that
HCV NSBA protein caninhibit thetransactivation of endogenous
p53 onp21 promoter. In contrast, therelativeluciferase activities
of the HepG2 cells co-transfected with Pwrmutlue gng PENSSA had
little change (F=0.76, P>0.05) in comparison with pwemut-iuc.
transfected HepG2 cells. Those resultsindicated that endogenous
p53 has a transactivation on p21 promoter, and HCV NS5A
down-regulated p21 promoter activity through inhibiting
endogenous p53 activity (Table 1).

Table 1 HCV NS5A inhibits the transactivation of endogenous
P53 on p21 promoter

Group Relative luciferase activity F P
pHPe (1 ug)

+ pENSSA (0 pg) 3.49x105b 20.71 <0.01
+ peNSA (0.5 pig) 2.69%105

+ pCNSSA (1.0 pg) 1.62%x10°

+ pONSSA (2.0 pg) 0.58x10°

pwwp-mut-luc (1.0 pg)

+ pCNSA (0 pig) 0.60%x10° 0.76 >0.05
+ pNSSA (0.5 pg) 0.65x%10°

+ PONSSA (1.0 pg) 0.62x10°

+ PONSSA (2.0 pg) 0.64x10°

Pt=5.92, P<0.01.

HCV NS5A protein abrogated exogenous p53 transactivation

on p21 promoter

The mean of relative luciferase activity in the Huh7 cells
individually transfected with P! and P*mtu was 0.47x10°
and 0.45x10° respectively and there were no statistically
differences between these two groups (t =1.16, P>0.05). This
might be because p53 gene in Huh7 cells has been mutated
and p53 protein has lost its normal transactivation function,
therefore, no matter what happened to p21 promoter (wild type
or mutated), the expression of p21 promoter driven luciferase
gene was not affected. When Pl gr prwe-mutiue \wag ¢o-
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transfected with PS5*NS into Huh7 cells, respectively, therelative
luciferase activities in the Pvwpive + PCS3NSS group greatly
increased (x=5.63x10°), but the relative luciferase activitiesin
the prwpmutle 4 pCSENSS groyp only mild increased (x=0.50x10°),
and aremarkable variance between thetwo groupsexisted (t=10.12,
P<0.01). These results indicated that exogenous p53 should
have a strong transactivation on p21 promoter. In order to see
if HCV NSBA protein has any effect on the exogenous p53
transactivation, we used PENSSA, PCSSNSSgnd prwe-ive tg co-
transfect Huh7 cells, and the result showed that the relative
luciferase activities in the PONSSA4+PCSNSprweiie groyp cells
decreased in a PPN dose-dependent way (F=24.23, P<0.01).
PENSSA and Pve were al o used to transfect Huh? cellsto find
out if HCV NSBA had a direct effect on p21 promoter. The
result showed that HCV NSHA did not increase or decrease the
relative luciferase activity. From those experimentswe proposed
that HCV NS5A down-regulated p21 promoter activity by
inhibiting exogenous p53 activity, and not by HCV NSBA’ s
direct effect on p21 promoter (Tables 2, 3).

Table 2 HCV NS5A inhibits exogenous p53 transactivation on
p21 promoter

Group Relative luciferase activity F P
pwelie (1 ug) 0.47x10%" 24.23 <0.01
+p053-NSS (1 ug) 5,63X105b

+pNSA (0.5 pg) 1.61x10°
+pCNSSA (1.0 pg) 0.69x10°
pwwp-mul-luc (1 ng) 0.45x10% 0.69 >0.05
+pCSNSE (1 ) 0.50x10°
+pONSA (0.5 ug) 0.43x10°
+pCNSA (1.0 pg) 0.48x10°

3t=1.16, P>0.05; *t=10.12, P<0.01.

Table 3 HCV NS5A and p21 promoter activity

Group Relative luciferase activity F P
pwwelie (1.0 pg) 0.44%105 0.52 >0.05
+ pCeNSA (0.5 pg) 0.46x10°

+ poNSsA (1.0 pg) 0.43x10°

prwelie (1.0 pg) 0.56x105 28.16 <0.01
+ pCNS (0.5 pg) 2.68%x10°

+ pCsNS (1.0 pg) 4.84x10°

HCV NS5A inhibited p53 protein transactivation through
abrogation of p53 binding to the specific DNA

Through EMSA, the band of specific p53 and DNA probe
complex was found in the nuclear lysates prepared from Huh7
cells transfected with PN and verified by the appearance
of the supershift after addition of the monoclonal anti-p53
(agenerous gift of Dr. Harris, USA) or polyclonal anti-HCV
NS5A antibody (agenerous gift of Professor Rice, USA) inthe
EM SA mixtures. Thisp53-probe complex band did not occur in
the nuclear lysates prepared from Huh7 cells untransfected
with plasmids or only transfected with PN suggesting there
is wild-type p53 protein expressed in these cells. In the next
experiment, we used different doses of PN and constant
amount (1 pg) of P<*N=2 to co-transfect Huh7 cells. The p53-
probe band became gradua ly weakened and finally disappeared
with increasing doses of PN$%A, suggesting that HCV NS5A
could inhibit p53 transactivation through disruption of the
binding of p53 to its specific consensus DNA (Figure 1).

HCV NS5A had no effect on p53 protein expression
p53 protein was expressed at about the same level between the
Huh? cdlIstransfected with p53 expression vector and the Huh7

cells co-transfected with PN and p53 expression vectors
(Figure 2). Thisresult indicatesthat HCV NS5A does not affect
p53 protein expression.

PC53-NS3(ug) 0 1 0 1 1 1 1 1
PCNS5A(ug) 0 0 1 051 2 0 0
Anti-p53 (uL) 0 0 O 0 0 1 0

Anti-NS5A (uL) 0 0 0 0 0 0 1

- —

0
0
—
’ IH Supershift

H P53-DNA

Free probe

Figure 1 HCVNS5A inhibits p53 binding to its specific DNA
probe. Lane 1: Negative control; Lane 2: Transfected with pC53-
NS3 only; Lane 3: Transfected with pCNS5A only; Lanes 4-6:
Co-transfected with pC53-NS3 (1 pg) and different dose of
PCNS5A,; Lanes 7-8: Transfected with pC53-NS3, and antip53,
antiNS5A anti-bodies were added to the reaction mixture
individually.

Anti-NS5A

Anti-p53 |

Figure 2 Western blotting for the expression of NCV NS5A
and p53 proteins. Lane 1: Huh 7 cells co-transfected with PE53NS3
and PENSA: Lane 2: Huh 7 cells transfected with P5*NS3; Lane 3:
Huh 7 cells untransfected.

DISCUSSION

HCV NSBA is a phosphoprotein that exists in two different
forms of M, 56 000 and 58 000 with modifications of serine
residues, and M, 58 000 form is produced by additional
phosphorylation of the M, 56 000 form!2¢29, |nitial studiesfound
that HCV NSBA contains acidic and proline-rich amino acidsin
its carboxyl-terminal, and this structure feature resembles
eukaryotic transcription activator®-%2, | ater studies showed
that the HCV NSBA with amino-terminal deleted (1-146) mutant
did haveastrong transcriptional activation, but thewholelength
HCV NS5A showed no apparent transcriptional activity™. The
potential tansactivation of HCV NS5A has attracted great
attention and become the research focus of the nonstructural
proteins of HCV dueto itsimportant role in the pathogenesis
of chronic liver disease and even hepatocellular carcinoma.
Clinical observations suggested the responsiveness of patients
toIFN treatment might berelated to HCV NS5A I SDR sequence
mutationgd??!, Several experiments from Katze's laboratory
and others confirmed that HCV NS5A could repress RNA
dependent protein kinase (PKR) function, by which HCV can
escapethe effect of IFN, and also inhibit apoptosis and promote
cdll proliferation?21, When PKR is dysfunctioned, sustained
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expression of elF-2a in cells results in cell growth and
differentiation, and induces malignant transformation and the
development of tumorsin nude mice. ISDR of HCV NS5A can
bind the domain of PKR and prevent the PKR dimerizing which
isthecritical processto activate PKR function. Mapping studies
found that ISDR and the adjacent C-terminal 26 amino acids
can form a heterodimer with PKR. The effect of HCV NSbA on
the protection of apoptosisinduced by TNF-a and p53 was
further identified™s, In the present study, we explored the
possible effect of HCV NS5A on the transactivation of p53.
Luciferase reporter gene driven by p21 promoter was used in
this experiment, which showed that both endogenous and
exogenous p53 protein could transactivate p21 promoter as
expected. But, when HCV NS5A protein was introduced, by
transfection or co-transfection with HCV NS5A expressing
vector, the p21 promoter function activated by p53 was gregtly
depressed. This finding is in agreement with previous
reports®, To further understand the mechanism of interaction
between HCV NSBA and p53, we did an EM SA experiment for
p53 binding to its consensus DNA probe, to seeif HCV NS5A
could disturb the binding reaction. The result showed that
HCV NSbHA disrupted p53 binding to its DNA probe, and with
the increase of dosage of HCV NSBA expressing vector
transfected, inhibition of the binding seemed more remarkable.
All the above results suggested HCV NS5A depressed the p53
transactivation by interrupting the binding between p53 and
itsspecific DNA. Recent studiesal so evidenced that HCV NS5A
could physically associate with p53 and form a complex,
which might be the reason why p53 binding to its DNA was
disrupted®*, Further, we wanted to know whether p53 protein
expression was affected by the presence of HCV NS5A. Through
western blot, we found that after co-transfection of HCV NS5A
expressing vector, the level of p53 protein expression in the
cells did not show any change compared to empty vector
transfected cells. Thisresult was also smilarly found in another
report™, In summary, according to our experiments and
previous reports by others, HCV NS5A represses p53
transactivation function by disrupting p53 binding to its specific
DNA through HCV NS5A and p53 complex formation, not by
the disturbance of the p53 protein expression. HCV NS5A can
interact with many cellular factors in the host cells such as
PKR, p53, Bcl2 and disrupt their functiong’#227:3+3% \which
arerelated to the processes of apoptosis. HCV NSHA can also
interact with unknown cellular factorsand induce the expression
of genes such as SRCAP, NF-kB and PCNA™M13 which are
related to the promotion of cell proliferation. HCV NS5A seems
to beavery active protein interacting with host cellular proteins
and taking amajor part in modulating cell growth and death, as
well asin the development of hepatocel lular carcinoma.
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