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ABSTRACT 

Human thioredoxin (hTRX)/adult T-cell leukemia (ATL)-derived factor (ADF) was originally reported as an in-
terleukin-2 (IL-2) receptor-a-inducing factor produced by human T-cell lymphotropic virus-1-positive (HTLV-1+) 
cell lines. Growing evidence indicates that hTRX/ADF plays important roles in cellular responses against oxida­
tive stress and is involved in a variety of cellular functions. A high level of hTRX/ADF expression is also observed 
in other human virus-infected cell lines including those of Epstein-Barr virus (EBV) and human papillomavirus. 
In this report, we analyzed the effect of hTRX/ADF on lytic amplification and persistent replication of EBV as a 
model for lytic versus latent phase of viral replication in host cells. Addition of hTRX/ADF clearly suppressed 
lytic replication of EBV in Raji cells and B95-8 cells induced to the lytic phase of 12-0-tetradecanoylphorbol-13-
acetate (TPA), and it prevented the death of these cells evoked by the lytic induction. In contrast, hTRX/ADF did 
not have any effect on persistent replication in the latent phase. These data indicated that hTRX/ADF prevents 
EBV-transformed cells from proceeding into the lytic phase and regulates cohabitation of EBV and its host cells. 
Antiox. Redox Signal. 1, 155-165,1999. 

I N T R O D U C T I O N maintain them in a latent state where no virus 

production occurs or it occurs at a very low rate 

T h e Epstein-Barr virus (EBV), a member of (Lindahl et al, 1976). Once cells enter the viral 

the h u m a n lymphotropic herpes virus productive cycle, viral D N A is amplified 

group, is the causative agent of infectious 100-1,000 times within one cell cycle and leads 

mononucleosis and is closely associated with irreversibly to death of the host cell (Hammer-

Burkitt's lymphoma and nasopharyngeal car- schmidt and Sugden, 1988; Kawanishi, 1993). 

cinoma. The virus immortalizes h u m a n B lym- EBV-transformed cells maintain the latent state 

phocytes. These cells harbor multiple copies of of the viral genome and suppress lytic ampli-

predominantly circular E B V genomes and fication for their o w n survival. Thus, control of 
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latency is an important step for immortaliza­

tion and cohabitation of virus and host cells. 

Therefore, it is important to clarify the physio­

logical factors involved in EBV latency. 
Adult T-cell leukemia (ATL)-derived factor 

(ADF) was originally reported as an inter-

leukin-2 (IL-2) receptor-a-inducing factor pro­

duced by human T-cell lymphotropic virus-1-
positive (HTLV-1+) T cell lines (Teshigawara et 

al, 1985; Tagaya et al, 1988). cDNA cloning of 

ADF revealed that ADF protein is a polypep­
tide consisting of 104 amino acids, having ho­
mology with Escherichia coli thioredoxin (TRX), 

which is involved in thiol-dependent redox re­

actions at various steps of cellular metabolism 
(Tagaya et al, 1989). ADF is now considered to 
be a human homologue of TRX (Holmgren, 
1985). Human TRX/ADF (hTRX/ADF) con­

tains a redox-active disulfide/dithiol (Cys-Gly-
Pro-Cys) and regulates various signal trans­
duction pathways by changing the intracellular 
redox status, such as the stabilization of the 
glucocorticoid receptor, the enhancement of 

the binding of Jun-Fox complex to the acti­
vated protein-1 (AP-1) site through the reduc­
tion of redox factor-1 (Ref-1) protein (Hirota et 
al, 1997), and restoration of the DNA-binding 
activity of oxidized nuclear factor (NF)-kB 
(Toledano and Leonard, 1991; Schenk et al, 
1994). In addition, hTRX/ADF has a radical 
scavenging activity: recombinant hTRX/ADF 

protects cells from hydrogen peroxide (H2O2)-
or tumor necrosis factor-a (TNF-a)-induced cy­
totoxicity, in which the involvement of oxygen 
radicals has been implicated (Matsuda et al, 
1991). The expression of hTRX/ADF has been 
enhanced in response to a variety of oxidative 
stresses, including H2O2, X-ray, and ultraviolet 
exposure (Sachi et al, 1995). These observations 
indicate that hTRX/ADF plays an important 

role in cellular responses against oxidative 
stress. Besides HTLV-1+ T-cell lines, a high 
level of hTRX/ADF expression is observed in 
various virus-infected cell lines and cells, in­
cluding EBV and human papilloma virus 
(HPV) (Wakasugi et al, 1990; Fujii et al, 1991). 

It has been suggested that hTRX/ADF is in­
volved in the mechanism for controlling cyto-
pathic stress evoked by these virus infections, 
although the role of hTRX/ADF in virus infec­
tions remains to be clarified. 

In this report, we investigated the effects of 

hTRX/ADF focused on virus and host cell co­

habitation in human EBV-transformed B-cell 

lines. EBV-transformed B-cell lines, such as Raji 

cells, usually regulate their viral replication 

tightly, maintaining viral D N A at a low copy 

number, possibly to establish latent infection. 

The lytic replication of viral D N A can be in­

duced in these cells by treating them with 

chemical inducers such as 12-O-tetrade-
canoylphorbol-13-acetate (TPA) or sodium bu-

tyrate, or by introducing a vector expressing 
the BZLF-1 gene of EBV (zur Hausen et al, 1978; 

Luka et al, 1979). By using this cell system, it 

was possible to analyze the lytic cycle distin­

guished from the latent phase of viral infection. 
The present study has revealed the key roles of 

hTRX/ADF on viral DNA's replication in the 

latent and lytic phases. 

MATERIALS A N D METHODS 

Cell and reagents 

Raji cells and B95-8 cells, EBV-transformed 
B-cell lines, were cultured in RPMI 1640 

(GIBCO BRL) supplemented with 10% fetal calf 
serum (FCS). Both cell lines are latently infected 
with EBV and express a high level of EBNA-1 
(Reisman and Sugden, 1986). TPA was ob­

tained from Sigma Chemical Co. N-acetyl-L-
cysteine (NAC) and reduced-glutathione 
(GSH) were also purchased from Sigma Chem­

ical Co. Recombinant hTRX/ADF was pro­
vided by Ajinomoto Co. 

Lytic induction of EBV replication of TPA and 
isolation of episomal D N A 

The lytic phase of the EBV life cycle was in­

duced by stimulating Raji cells or B95-8 cells 
with TPA (50 ng/ml, 10 ng/ml) in RPMI 1640 
containing 5% FCS. Recombinant hTRX/ADF 

and TPA were added to the cell culture simul­

taneously. Twenty-four hours later, episomal 
D N A was isolated according to the method of 
Hirt (1967). Briefly, one million cells per sam­

ple were lysed with 400 ll\ of 0.6% sodium do­
decyl sulfate (SDS) containing 10 m M EDTA. 

Ten minutes later, the lysate was mixed with 

100 /xl of 5 M NaCl and incubated at 4°C for 16 
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hr. After centrifugation at 15,000 rpm for 30 

min at 4°C, the supernatant was recovered and 

extracted with phenol and phenol/chloro-
form/isoamyl alchohol. Episomal D N A in the 

supernatant was precipitated with ethanol. Iso­

lated episomal D N A was subjected to South­

ern blot analysis. 

Immunofluorescence assay 

B95-8 cells were transferred to medium con­

taining 5% FCS. TPA (10 ng/ml) and either re­

combinant hTRX/ADF or reduced-GSH were 

added to the cell culture simultaneously. After 

48 hr of incubation, cells were plated onto glass 

slides at a density of 2 X 105 cells/ml, acetone 

fixed, and incubated with a 1:160 dilution of 

EBV(+) serum from a healthy donor (De-

caussin et al, 1995; Henle and Henle, 1966). 

EBV(—) serum was used as a negative control. 

Cells were washed and then incubated with 

1:20 diluted fluorescein isothiocyanate (FITC)-

conjugated F(ab')2 fragment of rabbit anti-hu­
man immunoglobulin (IgG), specific for the y-

chain (Dako Japan). The samples were viewed 
on a fluorescent microscope (Oympus, BX 

50WI&BX-FLA). 

EBV-based vector plasmid construct 

The plasmid termed as pHEBoLyt-2 was con­

structed previously (Teshigawara and Katsura, 

1992). Briefly, the transcription unit of pcD-

SRa296 (Hindlll-Sall fragment) was ligated 

into the Hindlll-Sall site of pHEBo. The BamHI 

fragment of pSK+-lyt2+ containing the murine 

C D 8 a c D N A was ligated into the BamHI site of 

the constructed vector. pHEBoLyt-2 carries the 

SRa promotor/ enhancer, murine C D 8 a c D N A , 

the poly(A) signal, E B V Ori-P, and hygromycin 

B-resistant gene, as shown in Fig. 3a (below). 

Transfection of plasmid DNA 

Electroporation was done as reported previ­

ously. Briefly, 5 X 106 cells were washed and 

resuspended in 400 yl of K-PBS (30.8 m M NaCl, 

120.7 m M KCl, 8.1 m M Na2HP04, 1-46 m M 
KH2P04/ 5 m M MgCl2) containing 5 /*g of plas­

mid DNA. Electroporation was done at the con­

dition of 500 fiF, 625 V/cm using a Gene-Pulser 

(Bio-Rad). After the electroporation, cells were 

transferred into RPMI 1640 with 10% FCS. 

Forty-eight hours later, the transfectants were 

further cultured in selective medium contain­

ing 0.2 mg/ml of hygromicine B for 5 days. On 

day 7, recombinant hTRX/ADF was added to 

the cell culture. Forty-eight hours later, cells 

were analyzed for either the reporter gene ex­

pression by flowcytometry or the transfected 

plasmid's copy number by Southern blotting. 

Southern blot analysis 

The episomal viral D N A or transfected plas-

mids were cleaved with BamHI endonuclease 

and applied to a 1 % agarose gel. After elec­

trophoresis, the D N A was transferred to nylon 

membranes and hybridized to a 32P-labeled 

BamHl-K fragment of EBV genome (EBNA-1) 

or murine C D 8 a cDNA. Hybridization signals 

were detected by autoradiography. 

Flow cytometric analysis 

W e incubated 5 X 104 cells on ice for 15 min 
with or without FITC-conjugated anti-murine 

CD8a (Serotec). After washing cells with RPMI 
1640 containing 1% FCS, cells were analyzed 
with a FACScan (Becton-Dickenson). The fluo-

B a m H I K -

1 2 3 4 

1 2 3 4 

BamHI-K-

FIG. 1. Suppression of EBV genome replication by 
hTRX/ADF. The lytic phase of EBV was induced by stim­
ulating (top gel) Raji cells with TPA (50 ng/ml) or (bot­
tom gel) B95-8 with TPA (10 ng/ml) in RPMI 1640 con­
taining 5% FCS. Recombinant hTRX/ADF was added to 
the medium simultaneously. Lanes 1, Nonstimulated; 
lanes 2, TPA(+) alone; lanes 3, TPA(+), hTRX/ADF 10"8 
M; lanes 4, TPA(+), hTRA/ADF 10-7M; lanes 5, TPA(+), 
hTRX/ADF 10"6 M; lane 6, TPA(-), hTRX/ADF 10"8 M; 
lane 7, TPA(-), hTRX/ADF 10~7 M. Twenty-four hours 
after the stimulation, episomal D N A was isolated ac­
cording to the method of Hirt. The D N A was cleaved with 
BamHI endonuclease and applied to a 1% agarose gel. Af­
ter electiophoresis, the D N A was transferred to nylon 
membrane and hybridized to a 32P-labeled BamYR-K frag­
ment of EBV genome. 
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rescence intensity was measured using a loga­

rithmic scale. 

MTT assay 

On day 0, cells (1 X 104/well) were plated 

with 100 ul of RPMI 1640 medium containing 5% 

FCS in a 96-well plate. TPA (50 ng/ml) was 

added as well as recombinant hTRX/ADF, re-

duced-GSH, or NAC. On day 5,10 /A of M T T [3-

(4,5-demethylthiazol-2yl)-2,5-diphenyltetra-

zolium bromide (Sigma)] at a concentration of 5 

mg/ml in phosphate-buffered saline (PBS) was 

added to the wells. Cells were further cultured 

for 4 hr at 37°C. To each well was added 100 /xl 

of n-propyl alcohol containing 0.04 N HC1. The 

optical densities at 590 n m were then measured 

with a Microplate Reader (Bio-Rad, model 3550). 

RESULTS 

Suppression of viral DNA's lytic amplification of 

hTRX/ADF 

To study the effects of h T R X / A D F on am­

plification of viral D N A , Raji cells were in­

duced to the lytic phase by incubation with 

T P A alone or T P A and recombinant 

hTRX/ADF. Twenty-four hours later, episomal 

D N A was isolated and subjected to Southern 

blot analysis (Fig. 1, top). The BamHl-K frag­

ment of the EBV genome is known to be con­

served in various types of EBV-transformed 

cells, and only a single copy of this fragment is 

contained in one viral genome (Laux et al, 

1985). Therefore, the density of a detected band 

correlates with an episomal copy number in a 

FIG. 2. Suppression of EBV lytic antigen production by hTRX/ADF. a. B95-8 cells were plated onto glass slides at 
a density of 2 X 105 cells/ml, acetone fixed, and incubated with a 1:160 dilution of EBV(+) serum (anti-early antigen 
and VCA.) A-D. Nonstimulated. E-H. TPA-stimulated (10 ng/ml). Recombinant hTRX/ADF was added at a con­
centration of 10"8 M (B and F), 10"7 M (C and G), 10'6 M (D and H). b. The effect of GSH on lytic antigen produc­
tion of B95-8 induced to the lytic phase was also evaluated. A and B. Nonstimulated. C and D. TPA-stimulated (10 
ng/ml). Reduced-GSH (10~6 M ) was added simultaneously (B and D). 
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single cell. The episomal copy number in the hTRX/ADF at 10~7M significantly suppressed 

cells stimulated by TPA was amplified drasti- the amplification of viral D N A by TPA. B95-8 

cally, w h i c h indicates the proceeding of cells to cells w e r e also induced to the lytic phase (Fig. 1, 

the lytic cycle. In contrast, the addition of bottom), a n d a similar suppression of amplifi-

A. mCD8 ^ a Promoter/enr|ancer 
-Hind III 

poly A 
Sall> 

Ori P 

1 2 3 4 5 

m C D 8 ~ 

on 
HSV-1 promoter 

poly A 

B 
Raji (parental) Raji/Lyt-2 

h T R X ( - ) 

10" 10' 10; 103 ^ 0 ' 10° 10' 102 103 10' 

Fluorescence Intensity (Log) 

FIG. 3. Effect of hTRX/ADF in the persistent replication of EBV. A. pHEBoSRaLyt-2 carries SRa promotor/en-
hancer, murine CD8a cDNA, poly(A) signal, EBV OriP, and a hygromycin-resistant gene. B. pHEBoSRoLyt-2 was in­
troduced to Raji cells by electroporation. Forty-eight hours after the transfection, the transfectants were further cul­
tured m selective medium containing hygromicin B for 5 days. O n day 7, recombinant hTRX/ADF was added to the 
medium at mdicated concentrations and incubated for 48 hr. After the incubation, w e performed a flow cytometric 
analysis of murine CD8a expression. C. Raji/Lyt-2 cells were cultured in medium containing 5 % FCS with recombi-
^ 1 - 7 ^ Lan_fi1' Parental RaJi cells;lanes 2~5' Raji/Lyt-2 cells; lane 2, hTRX/ADF(-); lane 3,10"8 M- lane 
n o L 4Z: ™?A5' 10 ,M)' Twenty-f°ur hours later, episomal D N A was isolated according to the method of Hirt 
(1967). The D N A was cleaved with BamHI endonuclease and applied to a 1 % agarose gel. After electrophoresis, the 
D N A was transferred to nylon membrane and hybridized to a ̂ P-labeled murine CD8a c D N A 
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cation of viral D N A by exogenous hTRX/ADF 

was observed. Moreover, inhibition of lytic 

antigen expression in B95-8 cells was revealed 
by EBV(+) serum [anti-early antigen and viral 

capsid antigen (VCA)] using fluorescent mi­

croscopy (Fig. 2a). W e also tested for the in­

hibitory effect of GSH, one of the typical intra­

cellular redox factors, on lytic antigen 

production; however, no significant suppres­

sion was seen at similar concentrations as used 
with the recombinant hTRX/ADF (Fig. 2b). 

hTRX/ADF has no effects on viral DNA 
replication in the latent phase 

W e established an EBV-based vector system 

as a model for EBV latency to strictly determine 

the effect of hTRX/ADF in the latent phase. In 

transformed B-cell lines, a low percentage of 

cells spontaneously proceed to the lytic cycle 

(Laux et al, 1988), and the results shown in Fig. 

1, top (lanes 6 and 7) may not reflect the la­

tency. Raji cells were transfected with pH-

BEoSRaLyt-2. The flow cytometric analysis re­

vealed that expression of the reporter gene is 

not influenced by hTRX/ADF (Fig. 3B). The ef­

fect of hTRX/ADF was also evaluated on copy 

numbers of the transfected plasmids. As re­

ported previously, the expression of trans­

fected plasmid correlates with its copy number 

in the target cell. Southern blot analysis showed 

no suppression of the transfected plasmid's 

replication by hTRX/ADF (Fig. 3C). These find­
ings suggested that hTRX/ADF does not in­

hibit viral D N A replication in the latent phase 
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FIG. 4. Inhibition of the lytic cell death by hTRX/ADF. On day 0, cells (1 x 104/well) were plated with 100 pi of 
RPMI 1640 medium containing 5% FCS in a 96-well plate. TPA (50 ng/ml) was added along with recombinant 
hTRX/ADF (a), reduced-GSH (b), or N A C (c). On day 5, an MTT assay was performed. hTRX/ADF, human thiore-
doxin/ATL-derived factor, GSH, glutathione; NAC, N-acetyl-L-cysteine. 
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of EBV infection sufficiently as it does in the 

lytic phase. 

hTRX/ADF prevents lytic cell death by TPA 

Viabilities of Raji cells in the lytic phase were 
evaluated by M T T assay, which was performed 

after cultivating the cells in medium contain­

ing TPA with or without recombinant 

hTRX/ADF, reduced-GSH, or N A C for 5 days. 
Viability in cells chemically induced to the lytic 

phase was reduced approximately 50%. Hu­
man TRX /ADF was shown to reverse the cell 
death partially, while neither GSH nor N A C 
had any effect on the lytic cascade in Raji cells 

(Fig. 4). 

DISCUSSION 

One particularly effective antivirus host de­
fense is to eliminate infected cells by apopto­
sis. Several groups reported that viral proteins 
prevent infected cells from apoptosis by inter­
acting with various host cellular pathways (Mc-
Fadden, 1998). A unique selenoprotein, a gene 
product of the molloscum contagiosum virus, 
has been shown to have an antioxidant activ­
ity preventing death of infected cells (Shisler et 
al, 1998). Viral infections evoke oxidative 
stress, which switches on apoptotic cascades in 
host cells. Therefore, we suspect that viruses 
utilize the host cell's antioxidant systems to 
evade the host's defense mechanisms. There is 
strong evidence indicating the hTRX/ADF-me-
diated antioxidant system plays an important 
role in virus-host cohabitation. As previously 

reported (Yodoi and Truz, 1991), exogenous 
hTRX/ADF promotes cell proliferation of EBV-
transformed cell lines such as 3B6 and HTLV-
1-transformed cell line ATL-2. Recent study has 
revealed that HTLV-1 Tax transactivates the ex­
pression of hTRX/ADF (Masutani et al, 1996). 
A competitive inhibitor of hTRX/ADF reduc­

tase, 13-czs-retinoic acid induces apoptosis in 
HTLV-1 transformed T cells, but not in non-

transformed T cells (Masutani et al, 1992; Fu-
ruke et al, 1997). In HPV, there is a remarkable 

correlation between hTRX/ADF production 
and the presence of viral D N A in human cer­

vical carcinoma tissues. There are also several 

reports suggesting the relationship between 

other antioxidants and viral infection. For ex­

ample, pyrrolidine-dithiocarbamate (PDTC) is 

known to induce changes of the AP-1 tran­

scription complex and selectively downregu-

late H P V transcription (Rosl et al, 1997). More­
over, human immunodeficiency virus (HIV) 

replication and the death of infected cells are 

inhibited by N A C , GSH precursor (Roederer et 

al, 1990; Malorni et al, 1993), or lecithinized su­
peroxide dismutase (Premanathan et al, 1997). 

Although these reagents were used at ex­

tremely high concentrations (over 5 m M ) , these 

reports collectively indicate the possibility that 

latency of these viral infections are highly de­
pendent on intracellular redox regulations. 

In the present study, we demonstrated the 
suppressive effect of recombinant hTRX/ADF 
on the lytic amplification of EBV, giving 

growth advantage to the host cell at a physio­

logical concentration. As hTRX/ADF blocks 
overt EBV replication and is more advantagous 
to the growth of host cells than to GSH or NAC, 

there may exist hTRX/ADF-specific target mol­
ecule^) in the inhibitory mechanism of the vi­
ral DNA's lytic replication. Another important 

finding is that hTRX/ADF could not inhibit 
EBV replication in the latent phase. The distinct 

effects of hTRX/ADF on latent and lytic EBV 
replication suggest that hTRX/ADF plays an 
important role in the establishment of latent in­
fection. 

In EBV infection, latent replication proceeds 
from ori-P, which is composed of two domains 
(Puglielli et al, 1996). Region I contains 20 

tandemly repeated binding sites for EBNA-1 
and functions as an EBNA 1-dependent en­

hancer whose activity is important for both ori-
P replication and transactivation of the BamYR-
C latency promoter. Region II contains two 

pairs of overlapping EBNA-1-binding sites and 
is the site of initiation of latency replication. 

Virus replication in the latent phase is tightly 
regulated, possibly to permit the cohabitation 

of virus and host cells. On the other hand, lytic 

D N A replication proceeds from ori-Lyt (Fix-
man et al, 1992). In the prototype EBV genome, 

there are two copies of ori-Lyt, one in DS-L and 

one in DS-R. It contains two binding sites for 
Rta (BRLF1) and one for Zta (BZLF-1, ZEBRA). 

It has been indicated that the initial even in the 
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lytic cycle is activation of BZLF-1 transcription 

(Schepers et al, 1993; Sarisky et al, 1996). The 

BZLF-1 promotor (Zp) region has two distinct 

TPA-response elements and subsequently in­

creases AP-1-binding activity. The initial re­

sponses of Zp to changes in the activity of cel­

lular factors are likely to play a crucial role in 
the disruption of viral latency. 

Activation of the BZLF-1 gene by chemical 

inducers requires de novo cellular protein syn­

thesis. The candidate of hTRX/ADF-target dur­

ing expression of EBV-specific proteins in TPA-
treated Raji cells might be redox-sensitive 

cellular molecules involved in controlling the 

activation of the EBV immediate-early gene. 

ZEBRA is related to the AP-1 family of regula­

tory proteins with transcription factor activity. 

Since hTRX/ADF regulates the binding of 

Jun-Fos complex to the AP-1 site, it is likely 

that hTRX/ADF influences the functions of 

ZEBRA. There is also an interest report that in­
dicates inhibition of ZEBRA functions by NF­

kB p65 and physical interaction between ZE­

BRA and p65 both in vitro and in vivo (Gutsch 
et al, 1994; Hong et al, 1997). In most cell types, 

NF-kB is retained in cytoplasm as an inactive 

complex with its inhibitory protein I-kB. How­
ever, in B cells, a certain amount of NF-kB is 

present in the nucleus constitutively as a het­

erodimer of the p50 and p65 (Lenardo and Bal­

timore, 1989). Human TRX/ADF restores the 
D N A binding activity of oxidized NF-kB in 

cell-free systems. However, it has been re­
ported that exogenous hTRX/ADF suppresses 

TPA-induced D N A binding of NF-kB. There­

fore, another possible mechanism for the in­
hibitory effect of hTRX/ADF on chemically in­

duced lytic amplification of EBV may be by its 
indirect enhancing of the p65/ZEBRA-interac-

tion. 
Our findings strongly support the hypothe­

sis that hTRX/ADF is one of the important host 

cellular factors involved in virus and host co­

habitation. Further investigations are in 

progress to clarify the mechanism of redox reg­

ulation by hTRX/ADF in lytic amplification 

of EBV and the establishment of latency. Un­

derstanding a critical regulatory role of hTRX/ 
A D F in EBV infection may lead to a new ther­

apeutic strategy for treating EBV and other cy-

topathic viral infections including AIDS. 
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ABBREVIATIONS 

ADF, ATL-derived factor; AIDS, acquired im­

munodeficiency syndrome; ATL, adult T-cell 

leukemia; AP-1, activated protein-1; EBV, Ep­
stein-Barr virus; FCS, fetal calf serum; FITC, flu-

oroisothiocyanate; GSH, glutathione; H2O2, hy­

drogen peroxidase; HIV, human immuno­

deficiency virus; HPV, human papilloma virus; 

HTLV-1, human T-cell lymphotropic virus-1; 

IgG, immunoglobulin G; IL-2, interleukin-2; 

M T T , 3-(4,5-demethylthiazol-2-yl)-2,5-diphenyl-

tetrazolium bromide; N A C , N-acetyl-L-cysteine; 

NF-kB, nuclear factor kappa B; PBS, phosphate-

buffered saline; PDTC, pyrrolidine-dithiocarba-

mate; Ref-1, redox factor-1; SDS, sodium dodeyl 

sulfate; TNT-a, tumor necrosis factor-a; TPA, tu­

mor promoting agent or phorbol ester; TRX, 

thioredoxin; V C A , viral capsid antigen. 
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