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Table 1. BCRFl inhibits IFN-7 synthesis by 
antibody to CD3 (anti-CD3)4mul?tcd PBMC. 
occasionally enhanca~lt by IFN-y synthesis by 
COS-7 (mock) supematant was observed (cxperi- 
mcnts 2 and 3). This result was not uniformly 
obtained among various donors (experiment 1). 

IFN-Y (nglml) 

Stimulation Expcri- Expcri- Experi- 
ment ment ment 

1 2 3 

None <0.30 c0.30 cO.30 
Anti-CD3 18.65 3.95 7.87 
Anti-CD3 + BCRFl <0.30 1.04 c0.30 
Anti-CD3 + mock 19.29 9.00 14.67 

from idktious virus isolated from the mar- 
moset cell line B95-8 (7), or plasmid sub- 
clones of the EBV Bam HI C fragment (6). 
The predicted protein-coding region of the 
BCRFl genc (5, 6) was am@ed by p ly-  
merase chain reaction (PCR) with oligonu- 
cleotide primers that also contained s o  RI 
sites for subsequent cloning into a modified 

Expression of Interleukin-10 Activity by Epstein-Bur Ey,"$C!fRz ~ ~ ~ ~ , " '  
Virus Protein B C m l  plasmid used in these experiments was de- 

kved from the Bam HI'C m e n t  sub- 

DI-HWEI Hsu, RFJNB DE WAAL MALEFYT, DAVID F. FIORENTINO, clones, but EBV genomic DNA isolated 
from i n f i o u s  virus also gave a PCR-am- MINH-NGOC DANG, PAUIX) VIEIRA, JAN DBVRIBS, HERGEN SPITS, plified fragment of the expected size. The 

TIMOTHY R. MOSMANN," KEVIN W. MOO RE^ com~lae DNA scauence of the resulting 
~ ~ l k 1  insert w& determined and was 

Cytokine synthesis inhibitory factor (CSIF; interleukin-lo), a product of mouse TH2 identical to the published sequence (6). 
T cell clones that inhibits synthesis of cytokines by mouse TH1 T cell doncs, exhibits COS-7 cells transiently transkcted with this 
extensive sequence similarity to an uncharacterized open reading h e  in the Epstein- plasmid were cultured in the prc~cn~e of 
Barr virus BCRF1. Recombinant BCRFl protein mimics the activity of interleukin- [3S~]methi~nine, with or without &carny- 
10, suggesting that BCRFl may have a role in the interaction of the virus with the tin Bz (TcBz) (9, and ~pcmatants were 
host's immune system. analyzed by SDS-polyacrylamide gel elec- 

trophoresis (SDS-PAGE) (Fig. 1). The 35S- 

I NTERLBUKIN 10 (IL10) 1s A crro- Complementary DNA clones that encode labeled Supernatant from BCRF1-express- 
kine produced by one class of mouse mouse L l O  (mIG10) (5) meal that the ing cells contained an - 17 kD polypeptide 
helper T cell clone (TH2) that inhibits mature, secred I L l O  polypeptide has ap- not present in supcmatants fiom mock- 

synthesis of cytokines [notably interferon-y proximately 70% amino acid identity to an transfected cells. The BCRFl polypeptide is 
(IFN-y)] by activated TH1 clones (1). Be- u n c h a c a e  open reading fi.ame in the approximately the same size as the unglyco- 
cause TH1 cells preferentially mediate de- Epstein-Barr virus (EBV) BCRFl (6). We sylated form of mIL-10. The mobility of 
layed type hypersensitivity (DTH) and mac- therefore cloned and expressed the BCRFl BCRFl in SDS-PAGE was not altered 
rophage activation (Z), whereas TH2 cells gene, and demonstrated that the expressed when TcB2 was included in the cultwe, 
provide superior help for B cell (antibody) BCRFl protein, like IL-10, inhibits IFN-y q g e d n g  that, unlike mIL-10 (9, BCRFl 
responses (3), IL-10 may represent a mecha- synthesis by activated lymphoid cells. contains little or no N-linked oligosaccha- 
nism whereby TH2 cdls can inhibit the As a source of BCRFl DNA, we used ride. Because BCRFl la& the N-linked 
effector hct ions of T H l  cells. This possi- either whole EBV g u ~ ~ m i c  DNA prepared glycosylation site at Asn" of mIL-10 (5), 
bility could help explain why DTH respons- 
es and antibody responses are often mutual- m~~~~ 
ly exclusive (4). F BCRFI M O C ~  ~ C S I F  BCRFI 

I- I - I  

D.-H. HSU, D. F. Firentino, M.-N. Dmg; fL-2 Exprrssion of the BCRFl w 
R M o s m a ~  K W Moore 

DNAX deJ;uch M ~ r - 1  AV- gene (22). Lvls show eithcr total 3 0  1. - - - - JU kh, ~ ~ 9 4 3 0 4 .  35S-labeled COS-7 supernatants 21 5- ;ca; -21 5 
R de Wad Makfyt, J. devries, H. Spits, D c p ? m  of (mCSIF, BCRF1, mock) or im- 
Human M u n o  DNAX R- bq 901 munoatmcted or BCRFI 14 3- -143  
~ a ~ f o m i a  AVQ~UC,% Aho, CA 94304. as indicated. *, Immunoabsocption 
+ht *. of m e ,  u-- was carried out with preimmune rat - - Tunicamycln B, 

sity of Aibctta, Fxlmonton, Albaa, Canada. scrum (23). SXC 1,2,4 are mono- - - S X C 1 2 4  
tTo whom c o m s p o n ~  should be addressed. dona1 antibodies to rat mIL-10 (9). + - RataBCRFl  
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Flg. 2. BCRFl inhibits IFN-y synthesis by an 
antigen-stimulated mouse TH1 clone. Mouse 
IFN-y concentration (nanograms per milliliter) is 
shown as a function of the amount of BCRFl 
(A), mIL-10 (a), or mock (0, A) supernatants 
introduced into the culture. The mIL-10 cDNA 
clone F115 was used for expression of the mouse 
cytokine in COS-7 cells. The TH1 clone 
(HDK.l) was cultured with uinitrophenol-modi- 
fied keyhole limpet hernocyanin and syngeneic 
(BALBIc) spleen cells for 36 to 44 hours; super- 
natants were harvested and tested for IFN-y by 
ELISA as described (1). Error bars show standard 
deviations of triplicate samples. These data have 
been reproduced in more than a dozen experi- 
ments. 

these results suggest that Asn" may be the 
principal site of attachment of N-linked 
carbohydrate in mIL- 10. 

Rat monoclonal antibodies specific for 
mIL 10 (5,9) did not recognize BCRFl in a 
solid-phase radioimmunoabsorption assay 
(Fig. 1). However, a polyclonal rat antise- 
rum against COS-7-BCRF1 supernatant 
contained antibodies that immunoabsorbed 
BCRF 1, but lacked detectable cross-reaction 
with mIL-10 in this system. Thus, despite 
the substantial similarity between BCRFl 
and mIL-10, no antibodies that cross-react 
with the two cytokines have yet been identi- 
fied. 

Mouse IL-10 inhibits IFN-y synthesis by 
an antigen-stimulated mouse TI31 clone in 
the presence of syngeneic antigen-present- 
ing cells ( 1 , 5 ) .  Like mIL- 10, BCRFl inhib- 
ited IFN-y synthesis in this assay (Fig. 2). 
The slopes of the titration curves and maxi- 
mum extents of inhibition by supernatants 
containing mIL- 10 and BCRF 1 were gener- 
ally similar. BCRFl therefore has IL-10- 

l i e  activity on mouse cells. 
Whether BCRFl could exert a similar 

effect on IFNy synthesis by human cells 
was tested by stimulating human peripheral 
blood mononuclear cells (PBMC) with ei- 
ther phytohemagglutinin (PHA), antibodies 
against the T cell receptor for antigen 
(CD3), or I L 2  in the presence of COS-7 
supernatants containing BCRF1, mouse IL- 
10, or control supernatants from mock 
transfdons (5). BCRFl inhibited IFN-y 
synthesis in cultures of PHA- and IL-2- 
stimulated human PBMC (Fig. 3). BCRFl 
also inhibited IFN-y synthesis induced by 
antibodies to CD3 (anti-CD3) (Table 1). In 
contrast, mILlO did not have activity on 
human cells in this system at the concenaa- 
tions tested (10). Similar results are also 
observed with the RNA (Fig. 3B): BCRFl 
inhibited the amount of IFN-y mRNA that 
was detected in stimulated human PBMC. 
Control experiments in which an actin 
probe was used established that the amount 
of RNA remained relatively constant in 
these cultures (Fig. 3B). Thus, BCRFl has 
IL-10-like activity on both mouse and hu- 
man cells. 

Natural killer (NK) cells, rather than T 
cells are the major source of IFN-y in hu- 
man PBMC stimulated with either PHA or 
IL-2 (1 1). Therefore, the ability of BCRFl 
to inhibit IFN-y synthesis by a mouse T cell 
clone, anti-CD3-stimulated human PBMC, 
and by PHA- or ILZnimulated human 
PBMC suggests that this cytokine may in- 
hibit IFN-y synthesis not only by T cells, 
but also by NK cells. 

The results reported here and elsewhere 
(5, 10) suggest that BCRFl may represent a 
processed viral homolog of the cellular IL- 
10 gene. The observation that BCRFl has 
functional IL-10 cytokine activity suggests 
that it could participate in the interaction of 
the virus with the host's immune system. 
Whereas the control of persistent EBV in- 
fection is probably mediated principally by 
classical MHC-restricted cytotoxic T cells 

-- .- . . . .- . . - . - . . . - -T-7TT,-..- . . -  . J 
0 001 0.01 - ' ' 10 100 0.01 - 100 

rcent COS-7 supernatant 

Flg. 3. BCRFl inhibits IFN-y synthesis by activated human PBMC. (A) Effms of BCRFl (A), mIG 
10 (B), or mock (0) COS-7 Supernatants on IFN-y synthesis in human PBMC cultures stimulated with 
PHA (I&) or IL-2 (right) (24). Error bars and numbers of experiments are as in Fig. 2. (B) BCRFl 
inhibits the amount of IFN-y mRNA present in PHA-stimulated human PBMC. The figure shows the 
same RNA blot filter probed with an IFN-y cDNA probe (left) or mouse @-actin (right) (25). 

(12), IFN-y inhibits the early stages of gen- 
eration and outgrowth of EBV-infected cells 
in v im  (13). NK cells also appear to pamci- 
pate in the response to EBV in the early 
stages of infection (14);. therefore the possi- 
bility that BCRFl may inhibit IFN-y syn- 
thesis by NK cells is suggestive. We there- 
fore propose that BCRFl may have a func- 
tional role during the acute srage of EBV 
infection of the target cell. In fact, the 
BCRFl gene is transcribed in the late phase 
of the lytic virus cycle ( 15). Whereas BCRFl 
expression is not detected by RNA blot in 
latently infected cells (15-17), we have de- 
tected BCRFl RNA by PCR in four of 
seven EBV-transformed B cell lines (1 7-1 9). 
This could be caused by a small propomon 
of latently infected cells spontaneously en- 
tering the lytic cycle. Thus, BCRFl may 
exert a protective effect during the lytic cycle 
when both the early and late class of viral 
proteins are produced by the infected cell 
(20) - 

These results, along with others (5, 21) 
suggest the possibility that expression of 
captured genes encoding immunoregdatory 
proteins could be a mechanism used by 
other viruses, microbial pathogens, or para- 
sites in their interactions with the host's 
immune system. 
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22. PCR was done as described (19) a i t h  the follonring 
primers: 5'-ACAGGAATTCGATGGAGCGMG- 
GTAGTGGTCACTCTGCAG-3'  (sense) and 5'- 

G T A G ~ c T c A C C m G m h 4 7 T G T  CATGTATGCTTCTAT-3' (antisense). where the Does Diphtheria Toxin Have Nuclease Activity? 
- 

Eco R I  sites for cloning are indicated by underlining 
and the wanslation start and stop sites are bold. The  ~ h ,  ,,port by M. p. Chmg el (1) 4. B. G.  Van Ness, J. B. Howard, J. W. Bodley, J. Btol 
PCR product was extracted with phenol and ethanol Chem.  255,  10710 (1980); J. M.  Moehring, T .  J. 
precipitated, and subjected to a second round of proposing a pathway ~ ~ ~ h ~ i ~ ~ .  D. E. nanley, pro'.  ti, ~ ~ ~ d .  ~ ( i .  
amplification (40 cycles) under the same conditions. by diphtheria toxin (DT) by means of a C7.S.A.  77, 1010 (1980); J.-Y. Chen, J. U'. Bodley, 
After phenol extraction and ethanol precipitation, 
the amplified \I,as Eco RI putative toxin nuclease activity contradicts M,  L i v h s t 0 n ,  i m l .  Cel l .  Biol.  5 >  3357 (1985); 

J. M.  Moehring and T .  J. Moehring, 1. Biol. C i l en~ .  
generate cohesive ends for cloning. After purifica- genetic evidence concerning the toxin killing 263,  3840 (1988); J.-C. Chen arid J .  W. 
tion by agarose gel electrophoresis, the BCRFl  Biochemical studies (2) demon- i b~d . ,  p. 11692. 
fragment was cloned into a modified form of the strate that DT inhibits cellular protein syn- 5. J. P.  Perentesis et a1 , Proc. &tI. Acad. Sci. C7.S.A. 
pcDSRa296 plasmid (8). 85 ,  8386 (1988). 

23. Rats were immunized with 50-fold concentrated, thesis by adenosine diphosphate (ADP)- 6 ,  T.  hid^, A. M. pappenheher,  jr., A, A. H ~ ~ ~ ~ ~ ,  
senun-free COS-7-BCRF1 trmsfection supernatant ribosylating and thus inactivating protein Sctertce 175,  901 (1972); T .  Uchida, A. M .  Pappen- 
in complete Freund's adju~vant, then boosted 1 heimer, Jr., R .  Greany, 1. Btol. Chem.  248, 3838 
month later with the same i~nmunogen in inconi- synthesis factor (EF-2). Muta- (1973). 
plete Freund's adjuv'ult. Sera a e r e  collected before tions in the EF-2 gene producing amino 
the first in~munization and 10 days after the second, acid substitutions near the site of m p -  
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COS-7 cells o n  day 3 after transfection a e r e  cui- 
tured in methionine-free medium sup~letnented ribosylation of the factor render the cell 
with '"~nethionine at 1 mCiiml (h lersha tn)  for 4 
hours at 37°C. Solid-phase radioimmunoabsorption 
was done (9) with the following n~odifications in 
cases where rat antisera were used. Each \re11 of a 
round-bottom 96-\reU microtlter plate was coated 
wldl 20  (11 of goat antibody to  rat in~inunoglobulin 
G (100 kglml) (Jackson Immunoresearch) over- 
night at 4°C. After blocking in 10% fetal calf serum, 
(FCS), the plates a e r e  washed. incubated with 
immune or  control rat serum (1%) for 1 hour at 
3 T C ,  and washed again. A mixture of 50% of a 3- 
day mock COS-7 trmsfection supernatant and a 1 : 4 
dilution of 3SS-n~ed~ionine-labeied transfection su- 
pernatant in 5% FCS, 0.02% Tween-20 was then 
incubated in each well for 1 hour at 37°C. After 
subsequent washing. samples were processed as de- 
scribed (9) for SDS-PAGE and autoradiography for 
1 to  10 days. 

24. Human PBMC \rere isolated from b u f i  coats from 
healthy donors by centrihgation over Ficoll-Hy- 
paque and cultured at 10hper milliliter with vaning 
amounts of COS-7-BCRF1 or  COS-7 (mock) su- 
pernatants and PHA (0.1 yglml) for 3 days, or  with 
recotnblnant IL-2 (20 unitlml) for 5 days in Yssel's 
mediutnnrith 1% human Mi senun jH. Yssel, J. E. 
de Vries, IM. Koken. UT. van Blittersnrijk, H .  Spits. 
J. 11nriiririo/. .lfethodi 72, 219 (1984)l .  Cultures were 
done In triplicate In 9 6 - n ~ l l  plates, 200 p1 per xrell. 
IFN-y in culture supernatants was measured by 
enzyme-linked immunosorbant assay (ELISA) [C. 
Favre el a / . ,  .Zlo/, liii~nririol. 26,  1 7  (1989)l. The llmit 
of sensitivin of the ELISA was 0 .3  ngiml. Because 
COS-7 supernatant may contain wansfortning 
growth factor-p (TGF-P),  which can inhibit IFN-y 
production ( I ) ,  experiments were done with a neu- 
tralizing n~onoclonal antibody t o  TGF-6  (anti- 
TGF-p) (10 ygirnl) [J. R .  Dasch, D.  R. Pace, W. 
VITargell, D. Inenaga, L. Ellingsa~orth, J. 111nniir1oi 
142,  1536 (1989)l included in the cultures. The 
profile of inhiblt~on was unchanged in the presence 
of anti-TGF-p, showing that inhibition of IFN-y 
synthesis in the cultures was primarily the eEect of 
BCRF1. 

25. PBIMC (24) \rere cultured in the presence of the 
anti-CD3 monoclonal antibody SPIT-T3b [ H .  Spits 
cr a/. ,  Hybvido~na 2, 423 (1983)l at a 1 :  3000 dilution 
of ascites fluid. Where indicated, COS-7-BCRF1 
and COS-7 (mock) supernatants were included at 

resistkt to the biologic effects of the toxin 
(3). Cellular resistance to DT is also caused 
by mutations in the pathway of enzymes 
that synthesize diphthamide, the unique 
posttranslational histidine derivative in EF-2 
that is ADP-ribosylated (4). Cells bearing 
these mutations are unaffected by the intra- 
cellular production of otherwise lethal levels 
of the catalytic DT fragment A ( 5 ) .  In these 
mutant cells toxin resistance results from 
alterations in EF-2 that Drevent its ADP- 
ribosylation by toxin. Conversely, a muta- 
tion producing a single amino acid substitu- 
tion in DT abolishes its ability to ADP- 
ribosylate EF-2 and yields a nontoxic 
molecule (6).  Thus, cell killing by DT re- 
quires ADP-ribosylation of EF-2, and fail- 
ure to ADP-ribosylate EF-2 prevents killing. 
The genetic evidence therefore demonstrates 
that there is only one biologically relevant 
pathway of cell killing by DT. 

JAMES W. BODLEY 
Department ofBiochemistuy, 

Univenity ofMinnesota, 
Minneapolis, M N  55455 
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The potent toxicity of diphtheria toxin 
(DT) is widely attributed to its ability to 
catalyze the adenosine diphosphate (ADP)- 
ribosylation of elongation factor 2 (EF-2) 
resulting in the inhibition of protein synthe- 
sis (1). Recently, M. P. Chalg et 01. (2) 
proposed a second cytotoxic pathway for 
DT. They reported that DT exhibits a nucle- 
ase activity that is stimulated by Ca2+ and 
~ g * + ,  is susceptible to inhibition by anti- 
toxin. and mierates with the A subunit of 
the toxin. Thiy further suggest that DT- 
induced cell lysis is not simply a conse- 
quence of protein synthesis inhibition, but 
may instead involve direct chromosomal at- 
tack by intracellular toxin molecules. While 
this is an intriguing proposal, it does not 
explain why cells that cannot be ADP-ribo- 
sylated because of mutations in EF-2 are 
resistant to DT (3). 

It was observed that the DT used to make 
DT-based immunotoxins contained nucle- 
ase activity, whereas the purified imrnuno- 
toxins had no detectable nuclease activity. 
Since DT-based immunotoxins are subject- 
ed to purification by high-performance liq- 
uid chromatography (HPLC) gel filtration, 
the loss of nuclease activity could be the 
result of either the chemical linkage with an 
antibody or the HPLC purification step. To 
test this hypothesis, we obtained DT from 
one of the sane sources used by Chang et 01.  
(2) and chromatographed it on a TSK-3000 
gel filtration HPLC column, collected the 
DT peak, and evaluated the nuclease activi- 
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