EB BALF1

NSC94-2320-B-040-024-
94 08 01 95

95

07

31

10

30




F X E

EBJ # & NSRS 7% # (herpesvirus) 89— B © CRAHIFEFENBARC @b » 1E
BEBRMEBEE G (LMP1)F bt i ¥ #9Bcl-2%% & 4 > S # B M (transformation)
B AL (tumorigenesis) c 3 % 'Bel-2&Z G A X YW EEF EZ AL - L REEBRK &
ARARY > BRAE—REEREBRIREEPG T HEE A% G E (an early lytic
protein) » H 4 ¥ Bcl-24810 © &RAIFEE ABALF1 - B A AA M &4 2 XM AL
FEREEETYABEEDEESDRFR - RFE T RLER - BALF1AEH 49 H]EB
Jh# B9 Ztaprotein &) transcript * /24 EBNAIL#) transcript R &AL - 53 % >
BALF1 7T #5342 EBJ % #9 4 7 % © tb4h > BALF1 RAEE/LEB/ # 2B A E LMP1a)#
SREME > TR Ao e i P9 R 4B B2 4 i B BA (cell cycle) A B a9 KR &3 o 451 A c-Myc #2
E2F1 ° &£ % — % & > BALF14E%9 47 4] 48 fu DNATS AR & £ (cell DNA repair activity) & 3
b 4m B B (apoptosis) #9EAT o L E R FBALF1 & 24 4a i 04 4 & 303 B 7T & 3%
FiBcl-248 B r RE 2| e R AL B & o H F G353 H] ta B S48 78 M R da il B 9 384T -
AR AT Bl = > E5EIFEANER L 0 B b &AL/ — P B HEIRIT BALFI £ R
FtmBa b By he o EBR F 2 BN DNAREE % ¥ > CHF SBIERRA M o ARA R
3 R LR T E4F BALFl ARHE B ERBEAG ARG E N> BB E
AR B E Bk M Z B e M4 o M RN T ARRSL B MR A4S R B A HIEB R 00 &
BB 5 TR AR R B R B G Tk o

M 423 EBJ% 4, DNAS /R F 1%



kL%

Epstein-Barr virus (EBV) is a human herpesvirus, which is persistent in B lymphoid cells
and triggers transformation and tumorigenesis of latently infected B cells in vitro via
LMP-induced cellular survival protein, Bel-2. In other words, Bcl-2 protein in EB V-infected
B cells plays an important role in prolonging life span of cells. Recently, an early lytic gene,
BALF1, which expressed in both latent and lytic stage and was structurally homologous to
Bcl-2 protein, was characterized in EBV infected cells. However the role and function of
BALF1 in EBV infected cells still remain to be investigated. According to the present
studies, we have known that the result of RT-PCR showed BALF1 had no effect of the
expression of EBNAT1 but suppressed Zta transcripts. It seems reasonable that BALF1 may
be involved in EBV reactivation. In addition, BALF1 induced not only the transcription
activity of EBV oncogene LMP1 but also the expression of cell-cycle promoting proteins,
c-Myc and E2F1. On the other hand, BALF1 was involved in suppressing the DNA repair
activity of cells and the ceramide or a-Fas/INF-y-mediated cell apoptosis. That means
BALF1 seems change cell growth. It is notably implicated BALF1 possibly contributed to
trumorigenesis by mimicking the same pathway of Bcl-2, such as suppression of DNA repair
and apoptosis. However, these evidences are not enough to determine completely the role of
BAIF1 in cells, we still need to accumulate more evidences to clearly address the function of
BALF1. EBV is a DNA tumor virus, which is associated with many tumors. In this study,
the determination of the function of BALF1 in infected cells will further provide us to
realize the relationship of EBV and its associated tumors. Moreover, this information will be
applied to the development of drugs for inhibition of its intrinsic activities and
non-immunogenic vectors for use in human gene therapy.
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Introduction

Epstein-Barr virus (EBV) is a human herpesvirus, which establishes a latent,
growth-transforming infection in primary human B-lymphocytes. In the transformed
B-lymphocytes, EBV expresses only night latent proteins (six EBNAs, three LMPs) and
two abundant small RNAs (EBERI, 2) (reviewed by Kieff and Rickinson, 2001). Upon
reactivation by inducing agents, several early and late genes of EBV are activated and
induced to enter lytic infection. EBV is also associated with many malignant diseases,
including Burkitt’s lymphoma (BL) (de-The et al., 1978), Hodgkin’s disease, T-cell
lymphoma and nasopharyngeal carcinoma (NPC) (Henle et al., 1970; Henle et al., 1976;
Chang et al., 1990).

Apoptosis is important in the elimination of malignant or virally infected cells
through a genetic program of enzymatic and morphologic events (Cheng ef al., 1996,
Fadeel et al., 1999, Kawanishi 1997, Chau et a/, 2000). In organism, a famous
superfamily, Bel-2 family, controls cell homeostasis and programmed cell death
(apoptosis) (Kawanishi 1997). Bcel-2, which is a prototype of Bel-2 family, is first
identified as a proto-oncogene in follicular lymphoma (Kirsch ez al., 1999). It is known
to cooperate with its family members to maintain lymphoid cells by heterodimers or
homodimers. Cell transfomation or apoptosis may be dependent on this interaction of
Bcl-2 family members in which the caspase cascade is trigged or inhibited. Therefore,
Bcl-2 family members are pivotal in determining the destiny of cells and central to
lymphoid homeostasis. Previous studies have shown that EBV encoded a special gene,
which was homologous to Bcl-2. This protein was named as BHRF1. Due to the
similarity of Bcl-2, scientists are highly interested in the function of BHRF1 and
speculated that it may be involved in inhibiting cell apoptosis induced by a various
stimuli (Pearson et al., 1987, Henderson ef al., 1993, Foghsgaard and Jaattela, 1997,
Fanidi et al., 1998). Recently other scientists discovered another Bel-2-like EBV gene,
which was thought to be the second v-Bcl-2 of EBV. It is named as BALF1, which is
0.7 kb in size and shows a predicted 220-amino acid protein in a region of early EBV
transcripts, indicating that it inhibits apoptosis through the association of Bax and Bak
(Marshall ef al., 1999). Analysis of BALF1 in amino acid sequences reveals the
structure features in functionally important BH domains, BH1 to BH4 are similar to that
of Bcl-2 (Kroemer, 1997). The predicted amino acid sequence of BALF1 shows three
unique features for a v-Bcl-2. First, a glycine within BH1 domain of BALF1 is replaced



by a serine where in virtually all Bel-2 family members there is a critical glycine (Yin et
al., 1994). Mutation of this glycine to alanine in BH1 domain abolishes anti-apoptotic
function. Secondly, all other gamma-herpesvirus Bel-2-like members possess
hydrophobic C-termini capable of integrated into organellar membranes. However,
EBV BALF]1 lacks the C-termini of hydrophobic domain, as do EB1 (Lakshmi ef al.,
1992, Brun et al., 1996, Cheng et al., 1997). Finally, in contrast to the divergence in the
BH4 domain of other Bcl-2 members compared to Bel-2, BALF1 is very similar to
Bcl-2 and Bcl-xl, which region is conserved. Thus the feature unique to BALF1
probably provides its distinct functions compared to those cellular Bel-2 family
members in some respects (Lakshmi et al., 1992, Brun et al., 1996, Cheng et al., 1997,
Nava et al., 1997, Sarid et al., 1997). Interestingly, there is closer similarity between
BALFI1 and Bcl-2 than between BHRF1 and Bcl-2. It seems to mean that BALF1 could
be more potential than BHRF1 in EBV growth transformation of primary B cells and
EBV-mediated tumor diseases. However Bellows group provided the opposite results in
the function of BALF1. They found that EBV BALF1 lacks anti-apoptotic function of
Bcl-2 and impairs the ability of BHRF1 to inhibit apoptosis (Bellows et al., 2002). This
phenomenon is just like cellular counterpart where anti-apoptotic Bcl-2 proteins
modulate the function of pro-apoptotic Bcl-2 members. On the other hand, recent report
showed that BALF1 was not only expressed during the very early lytic infection but
also expressed during latently infected tumor cells (Marshall et al., 1999, Cabras et al.,
2005). It also proved that BALF1 could render cells to serum independent (Cabras et al.,
2005). All these results allow us to raise the possibility that BALF1 may be playing an
additional role in latently infected tumor cells by modulating the cell transformation and
apoptosis. Taken together, those data leave many questions and allow us to be confused
and controversial. In other words, it needs to provide more substantial evidences on the
study of BALF1 function to unravel the unknown role of BALF1 in infected cells. To
date, two latent genes, LMP1 and EBNA1 are thought to be two potential oncogenes for
EBYV induced transformation (Kilger et al., 1998, Leight and Sugden, 2000). However,
whether BALF1 is potentially to be the third EBV oncogene needs to further
investigated. Therefore, the purpose of this project is to clarify the function of
BALF1 on the EBV infected cells.

In this study, we first generated a Myc-tagged BALF1 expression plasmid, which
encoded a BALF1 protein with a predicted molecular weight of 27 kDa. Overexpression



of BALFI induced the promoters of LMP1 and Zta, but less effect on EBNA1 promoter.
Further examination revealed that BALF1 induced some cell-cycle associated regulators,
such as E2F and c-Myc proteins. In addition, the expression of BALF1 suppressed not
only ceramide- or anti-Fas/INF-y-mediated apoptosis but also DNA repair activity. The
results showed us that this suppression by BALF1 could be by means of activation of
those cell-cycle factors, such as E2F1 and c-Myc or by LMP1-mediated Bcl-2 activation.
From the preliminary results, it is implicated that the life cycle of EBV can be regulated
by BALF1 via modulating cell transformation-associated proteins during EBV
infection.
Results
A approximate 27 kDa of BALF1 protein expressed in cells

To test the function of BALF1 on the EBV genes and cellular genes, we first
generated a Myc-tagged BALF1 expression plasmid and examine whether BALF1
expressed after transfection of BALF1 expression plasmid into either 293 or P3HR-1
cells. The result indicated that the molecular mass of the BALF1 protein detected by
western blotting was in agreement with the predicted molecular mass of 27kDa (Fig.1).
Expression of BALF1 in EBV positive cells suppresses Zta transcript expression,
but has no effect on EBNA1

To further illustrate the effect of BALF1 on EBV genes, EBNA1 and Zta, we
introduced BALF1 into P3HR-1 cells (an EBV positive Burkitt’s lymphoma cell line)
by electroporation and detected the gene expression of EBNA1 and Zta by RT-PCR.
The result of RT-PCR showed that overexpression of BALF1 in P3HRI cells has a less
effect on the expression of EBNAT1, but obviously suppresses transcript expression of
Zta gene 24hr after transfection (Fig.2). That means that BALF 1may be involved in the
EBYV reactivation during its life cycle.
Expression of BALF1 results in activation LMP1 promoter, but less effect on
EBNA1 promoter

EBNA1 and LMP1 are the EBV latent genes, which are associated with cell

transformation and maintenance of episomal form. It will be interesting for us to test
whether BALF1 regulate and determine the fate of EBV life cycle. In an attempt to test
possibility, we cotransfected BALF1 into 293 cells with either LMP1 promoter reporter
gene (p12-Luc) or EBNAT1 promoter reporter plasmid (Qp125) for 24hr. The promoter

activity of the transfected cells was measured by luciferase assay system (Promega)



24hr post transfection. As shown in Fig. 3, the expression of BALF1 in cells clearly
activated about 2-3 fold of LMP1 promoter activity (panel B), but had less effect on
EBNA1 promoter activity (panel A). The results indicated the role of BALF1 in
EBV-infected cells seems to contribute to cell transformation.
BALF1 activates the expression of c-Myc and E2F1 proteins in 293 cells
It has previously been proposed that the inhibition of EBV reactivation by cell

cycle- promoting factors, c-Myc and E2F1 occurs through inhibition of the
transactivation function of Zta protein (Young et al., 2000; DeGregori, 2002; Lin et al.,
2004). That means that c-Myc or E2F1 proteins may play an important role in
regulation of EBV reactivation and promote cell proliferation. Our current data
indicated that BALF1 inhibited Zta transcripts and activated LMP1 promoter activity. It
will be very interesting to see for us whether BALF1 affects on the EBV gene
expression is due to the regulation of both c-Myc and E2F1 protein. To prove this
possibility, the 293 cells or 293 cells were transfected with the BALF lexpression
plasmid (pc-Myc-BALF1) or vector control (pc-Myc). 24hr after transfection, the
transfected cells were used to perform Western Blotting. The results revealed that the
expression of BALF1 in 293 cells obviously induced the expression of both c-Myc and
E2F1 protein (Fig. 4).
BALF1 suppresses DNA repair activity of 293 cells

c-Myc is a proto-oncogene that normally regulates cellular growth and proliferation
(Evan et al., 1992). Overexpression of c-Myc is thought to contribute to tumorigenesis
by inducing genomic instability, such as suppression of DNA repair activity (Li and
Dang, 1999). Because BALF1 activated the expression of c-Myc protein in 293 cells
(Fig 4), we further address whether BALF1 induces genomic instability by means of
induction of c-Myc protein. To prove this possibility, we used HCR assay to determine
the DNA repair activity. In this assay, the plasmids with either BALF1 or empty vector,
and either a UV-treated or un-treated pCM V-Luc luciferase reporter were cotransfected
into 293 cells. The fold of HCR assay was determined as described in Material and
Methods. As shown in Fig. 5, the cells with BALF1 have a higher fold of HCR than the
cells with an empty vector do. It means that BALF1 suppresses the DNA repair activity
of 293 cells.
BALF1 inhibits apoptotic DNA fragmentation induced by o.-Fas/INF-y

Members of E2F1 family, especially E2F1 have important roles in regulating cell



proliferation and apoptosis. As shown in Fig. 5, BALF1 induced E2F1 expression in
293 cells. That means whether BALF1 could trigger cell proliferation and apoptosis
through induction of E2F1 protein. To address the possibility, the Hela cells were first
transfected with BALF1 expression plasmid or the empty vector. 24hr post transfection,
the genomic DNA of the transfected cells was used to perform apoptotic DNA
fragmentation assay. The result indicated that BALF1 expression inhibits not only
transfection-induced apoptosis but also a-Fas/INF-y-induced apoptosis (Fig. 6).
Expression of BALF1 in EBV positive cells results in inhibition of
ceramide-induced apoptosis

Bcl-2 is important for inhibition of cell apoptosis and maintenance of homeostasis.
Owing to the similarity of BALF1 to Bcl-2 in structure, we wanted to see whether the
function of BALF1 was similar to that of Bcl-2, which inhibiting the cell apoptosis. To
prove the possibility, the P3HR-1 cells with or without the ectopic BALF1 were treated
with ceramide (an apoptosis-inducing agent) for various time-course, such as 0, 6, 12
and 24 hr. As shown in Fig.7, the BALF1 protein obviously had the ability to suppress
ceramide-mediated apoptosis 24 hr post-treatment. The result indicated that BALF1
indeed interfered with signal pathway of ceramide-mediated apoptosis via unknown
mechanism.
Discussion

EBYV is thought to be a DNA tumor virus because of its association with several
human cancers, such as B cell lymphoma, Hodgkin’s disease, and nasopharyngeal
carcinoma (Kieff and Rickinson, 2001). Despite studying on EBV for many years, the
precise mechanism by which the EBV drives primary B cells from quiescence into the
activation state and develops into the EB V-associated tumorigenesis are still partially
understood. On the studies of the recombinant EBV, it have been demonstrated that
only six EBV latent genes, EBNAL, 2, 3A, 3C, LP, and LMP1 are crucial to promote
cell transformation (Dirmeier et al., 2003; Humme et al., 2003). In addition to these six
latent genes, two Bcl-2-like EBV proteins, BHRF1 and BALF1 can be still the possible
candidates to cause EBV-mediated tumors in fact. BHRF1 has an anti-apoptotic activity,
but is rarely expressed in nasopharyngeal carcinoma. As for BALF1, it is expressed not
only in lytic infection, but also in latently infected tumors such as BL and NPC (Gabes
et al, 2005). Therefore, BALF1 is considered to a most possible candidate for EBV

mediated cell transformation. However the possible significance of BALF1 in the



latently infected tumors still remains to be characterized so far.

DNA repair are essential for the maintenance of genomic integrity. Improperly
repaired chromosomal damage results in tumorigenesis. Recent report showed Bcl-2
suppressed DNA repair by enhancing c-Myc transcriptional activity (Tsujimoto et
al.,1985; McDonnell and Korsmeyer, 1991). In preliminary study, we have obtained
that a BALF1 protein with a predicted molecular weight of 27 kDa had a less effect on
the transcript expression of EBV EBNA1 but suppressed the transcripts of Zta gene in
P3HRI. This result allows us to speculate that BALF1 could be involved in EBV
reactivation. Meanwhile, the data also showed that BALF1 induced the expression of
cell-cycle associated regulators, c-Myc and E2F1 and suppressed the DNA repair
activity. According to the preliminary results, we logically speculated the suppression of
cell DNA repair activity by BALF1 could be due to activation of these two cell-cycle
regulators, c-Myc and E2F1. On the other hand, the RT-PCR result showed that the
BALFI1 notably activated the transcription activity of EBV oncogene LMP1 in the
latently infected cells. As we know, LMP1 is a 63 kD membrane protein, which
engaged the TRAF proteins to promote cell transformation and mediated DNA repair,
which resulted in accumulation of un-repaired DNA and consequent genomic instability,
to lead to tumorigenesis (Liu et al., 2004). It is therefore speculated that BALF1 could
contribute cell oncogenesis based on activation of LMP1 function. Currently, several
reports indicated that Bel-2 contribute to the development of carcinogenesis by not only
attenuating DNA repair but also inhibiting apoptosis (Linete ef al., 1995; Strasser et al.,
1993). Intriguingly, we also observed that BALF1 possessed the ability to suppress cell
apoptosis mediated by ceramide- or a-Fas/INF-a in the apoptotic assay. It seems logical
that BALF Imay develop carcinogenesis by mimicking the same way of Bcl-2
developed carcinogenesis. Therefore, if we further explore the relationship of BALF1
and more other cell-cycle regulators or observe the formation of tumors by BALF1 is
due to change which pathways of apoptosis or genomic instability. That will be helpful
to understand the role of BALF1 in infected cells. Though EBV induced tumorigenesis
is still not clear so far, it is believed that the results of this project will help us to find the

right way to understanding of how EBV cause a tumor.

Materials and Methods




Cell culture

EBV-positive Burkitt’s lymphoma (BL) cell lines, Rael (type I) and P3HR-1 or
EBV-negative burkitt’s lymphoma cells, CA46 and Akata, were maintained in RPMI
1640 (GIBCO, USA) supplemented with 15% (v/v) fetal bovine serum (FBS). Hela
cells and 293 cells were cultured in Delbecco’s modified Eagle medium (DMEM) with
10% FBS.

Plasmid construction

The DNA fragment covering the full-length BALF1are generated by polymerase chain
reaction (PCR) with genomic DNA isolated from Rael cells and one set of primers. The
BALFI1 fragment synthesized by PCR was inserted into EcoRI site of pCMV-Myc
expression vector (Clontech), which consisted of the CMV promoter and BALF1 open
reading fragment named as pCMV-Myc-BALF1.

RNA extraction and RT-PCR

RNA was extracted from the cells according to the manufacturer’s instructions (Viogen)
and then the extracted RNA was used to carry out RT-PCR. Briefly, the five ug of RNA
was added into the 20ul of reaction, which contained 1X reverse transcriptase (RT)
buffer and 1U of RT to generate those cDNA fragments. One hr after incubation at 42°C,
the one fourth of cDNA reaction was used to perform the PCR analysis with three sets
of the specific primers (GAPDH, EBNAI1 and Zta). Finally the products of PCR were
subject to be fractionated by using 2% agarose gel electrophoresis and analyzed under
UV after staining.

DNA transfection and Luciferase assays

The indicated amount of expression plasmids were introduced into the suspension cells
(Rael, LCL) by electroporation at 960 uF and 0.22 kV using the Gene Pulser (Bio-Rad,
USA) and the transfected cells were incubated for 24 hr. The cells were then harvested
and lysed in 50 ul of lysis buffer (Promega, USA). The protein concentration of the cell
lysate was measured by using a Bio-Rad protein assay reagent (Bio-Rad, USA). A
50ug- sample of protein extract was used to measure the luciferase activity in an
illuminometer (Berthold autolumat model LB953, Germany). The epithelial cells were
transfected with the indicated plasmids through Lipofectamine 2000 (Invitrogen). 48hr
after incubation, the steps of luciferase assay in epithelial cells were similar to that in

the suspension cells as described above.



Western blotting

Western blot analysis was carried out by incubation of cell lysates with the indicated
antibody. Briefly, the cells were lysed for 30 min. on ice in 0.5% NP-40 lysis buffer
containing S0mM HEPES (pH 7.4) 250mM NaCl, 10% glycerol, 2mM EDTA, 1mM
PMSF, 2ug / ml aprotinin, 2ug / ml pepstatin and 2ug / ml leupeptin. Cell debris was
removed by centrifugation at 10,000Xg for 10 min at 4°C. The protein concentration of
cell lysate was measured by Bradford method (Bio-Red, Richmond CA). The lysate was
applied to the proper percentage of SDS-PAGE and then transferred to the
nitrocellulose membrane. The membrane was incubated with polyclonal antibodies of
anti-Myc (Santa Cruz Biotechnology Inc.), -E2F1 or -actin and reacted with the
horseradish peroxidase-conjugated anti-rabbit antibodies as secondary antibody. After
ECL treatment, the membrane was exposed to Kodak BioMax film.

DNA frgmentation assay

5x10° cells were collected in a 1.5ml tube and washed with 1xPBS and then incubated
in 500ul of lysis buffer at 4°C for 20 min. After 12,000rpm centrifugation at 4°C, the
cell extract was transferred into a new tube and incubated with 200u/ml proteinase K at
50°C for 8hr. After proteinase digestion, RNase was added into the mixture for
incubation at 37°C for 6hr. The genomic DNA was purified from the treated cell extract
by using equal volume of phenol/cholorform (1:1). After purification, the genomic
DNA was precipitated by using an equal volume of isopropanol and an one-tenth of
sodium acetate at -20°C for overnight. The genomic DNA was pelletted down by
centrifugation at 4°C at 12,000rpm for 30min. Finally the genomic DNA was dissolved
in 8ul of TE buffer and analyzed apoptosis by 2% agarose gel.

HCR activity assay

HCR activity assay was previously described by using a luciferase reporter plasmid
(Tran et al., 2002; Liu et al., 2004). Briefly, the luciferase plasmid (pCMV-Luc) either
UV-treated or un-treated; together with renilla plasmid as internal control are
cotransfected into the cells with BALF1 expression plasmid or empty vector by using
Lipofectamine 2000 (Invitrogen). 24 hr post transfection, the cell lysates from different
treatments of cells were prepared to detect the activity of luciferase by using Dual-Glo
Luciferase Assay System according to manufacturer’s stand procedure (Promega USA).
Fold of HCR were determined as follows (Liu et al., 2004): First, the repair conversion

was calculated through dividing the normalized luciferase activity from cells transfected



with UV-treated pCM V-Luc by non-treated pCMV-Luc tranfectants. The fold of HCR

was calculated through dividing the repair conversion of effector tansfectants by that of

vector tansfectants.

Detection of apoptotic cells by flow cytometry

The presence of apoptotic cells was detected by propidium iodide staining followed by

flow cytometric analysis of hypodiploid cells. Cells (1 x 10°) were fixed in 2 ml of 70%

ethanol/PBS and placed at 4°C for at least 30 min. After centrifugation, cells were

resuspended in 800 ul of PBS containing 40 ug/ml of propidium iodide (Sigma-Aldrich)
and 100 ug/ml of RNase (Calbiochem), and incubated at room temperature for 30 min.

The DNA content of cells was analyzed on a FACScan (Becton Dickinson, Mountain

View, CA) with excitation set at 488 nm.
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Fig. 1 The expression of BALF1 in P3HRI1 and 293 cells. The cells (P3HR1 or 293) were
transfected with full-length-BALF1 plasmid(BALF1), truncated BALF1(tr-BALF1) or pc-
Myc(vector) by using electroporation or lipofectamine. 24hr post transfection, the expression
of BALF1 protein was analyzed by western blotting with anti-Myc antibody.

Fig. 2 The expression of EBV EBNA1 and Zta transcripts regulated by
BALF1. The P3HRI1 cells were transfected with either pc-Myc-BALF1
expression plasmid (BALF1) or pc-Myc (vector) by electroporation. 24 hr
after transfection, the transfected cells were used to detect the transcripts of
EBNATI and Zta by RT-PCR. The number of 1, 2 and 3 represents three inde-
pendent experiments.
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Fig. 3 The effect of BALF1 on the EBV Q, LMP 1 and Z promoters The BALF1 expression
plasmid was transfected into 293 cells with Q promoter, Qp125 (panel A), or LMP1 promoter, p12-
Luc (panel B). 24hr post tansfection, the promoter activity was determined by luciferase assay as
described in Materials and Methods. C serves as empty vector control. the number of Y axis is the rel-
ative luciferase unit (RLU) normalized by internal control (Renilla). The data shown in panel A and C
are representative results of two independent experiments.
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Fig. 4 BALF 1 regulates the expression of c-Myc and E2F1 proteins. The cells were tansfected
with pc-Myc-BALF1 expression plasmid or pc-Myc vector. 24hr after transfection, the cell lysates
from the transfected cells were used to perform the western blot analysis with anti-c-Myc, E2F1 and
actin antibodies. the actin acts as internal control.
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Fig. 5 BALF1 suppresses the DNA repair activity of 293 cells. The 293 cells were
cotransfected with 3 ug of the pc-Myc-BALF1 expression plasmid (BALF1) or 3 ug
of empty vector (pc-Myc), together with an UV-treated (0.1J/cm?) pCMV-Luc report-
er plasmid (500ng) or the un-treated plasmid and a renilla plasmid (50ng), which
serves as a internal control for normalizing the luciferase activity. 24hr post
transfection, luciferase activity were determined . Fold of HCR represents DNA
repair activity, which was calculated as described in Materials and Methods. The data
of HCR represents the average of at least three independent experiments.
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Fig. 6 The BALF 1 inhibits the apoptotic DNA fragmentation of cells. The Hela
cells were transfected with a BALF 1 expression plasmid (BALF1) or an empty
plasmid (pc-Myc). 24hr after transfection, the genomic DNA of the transfected cells
was purified by an equal volume of phenol/chlorofrom solution. The DNA
frgmentation ladder was fractionated on 2% agarose gel electophoresis as described
in Materials and Methods.

18



30 Ccells without BALF1

B cells with BALF1
;\? 25 -
g 20 -
2
& 15
T
P 10 -
=
Mis 1 1 8
0

0 6 12 24

Time of ceramide treatment (hr)

Fig. 7 Flow cytometry analysis of sub-G1 fraction in P3HR-1 cells transfected with
BALF1. The EBV positive P3HR1 cells were transfected with pcMyc-BALF1 or empty
vector. 24hr post transfection, the cells were collected at indicated time points to analyze
the sub-G1 cell percentage by flow cytometry with propidium iodide staining. The data
were representative results of two independent experiments.

19



AR A

To research for he mechanism of EBV transformation in primary B cells is always
our major goal in the future work. In this project, our purpose is to demonstrate the
role of BALFI in infected cells. The content and experimental design of this project
very similar to that of the proposed original project. This project is only completed
to about 50 percent, because of the lack of long-term support for human and
financial resources. If NSC continues to support more human and financial
resources, this project must be finished soon.

There are some experiments, which need to be improved in this project, such as the
systems of ChIP and cell apoptosis. If the defects of these experiments can be
corrected, it is believed that we will succeed in finishing the proposed project.

As this project is completely finished, we will not only publish our project on the
science Journal but also establish a set of new therapeutic methods for EBV induced
diseases. In addition, BALF1 can be a new diagnostic marker of EBV mediated

tumors.
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