
lymphoma of MRLIlpr mice (16). A differ- 
ent virus, lactic dehydrogenase virus (LDV), 
can abort the antinuclear antibody produc- 
tion and immune complex disease of the 
lupus-prone New Zealand mouse (17). 
LDV is believed to bind to the I-A receptor 
and replicate in macrophages, hence pre- 
sumably interfering with antigen processing 
(18-20). Recently, LDV was found to alter 
significantly the incidence of autoimmune 
allergic encephalomyelitis in Lewis rats (21). 
Thus, viruses, like bacteria and fungi, or 
their products, may be used for benefit, and 
perhaps to treat human illnesses. In addi- 
tion, viruses may also be used as probes to 
dissect the molecular basis of various nonvi- 
rally caused disorders. 
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Monocyte-Derived Human B-Cell Growth Factor 

Soluble products of either Epstein-Barr virus (EBV)-infected B cells or activated 
monocytes promote the proliferation of EBV-infected B cells and permit their growth 
at low cell densities. This suggests that growth factors are important for B-cell 
immortalization by EBV. In this study, a monocyte-derived factor that promotes the 
growth of EBV-infected B cells was purified and identified as interferon-p2 (IFN-P2), 
which is also known as 26-kilodalton protein, B-cell differentiation factor (BSF-2), 
and interleukin-6 (IL-6). The purified protein has a specific activity of approximately 
4 x lo7 units per milligram of protein in assays of B-cell growth. Thus, IFN-PflSF-2 
is a B-cell growth factor that promotes the proliferation of human B cells infected with 
EBV. 

T HE MECHANISMS OF B-CELL PRO- 
liferation, immunoglobulin (Ig) pro- 
duction, and immortalization trig- 

gered by Epstein-Barr virus (EBV) are 
largely unknown. A role for autocrine or 
paracrine growth factors in these virus-in- 
duced processes is suggested by the observa- 
tion that continuous proliferation of EBV- 
immortalized human B cells cultured at low 
cell densities requires the addition of either 
autologous "conditioned medium" (1) or 
supernatants of activated monocytes (2). 
Autocrine growth factors derived from 
EBV-infected lymphoblastoid cell lines ap- 
pear to have functional similarities with T 
cell-derived "B-cell growth factors" (3)  or 
with interleukin-1 (IL-1) (4). In contrast, 
paracrine growth factors derived from acti- 
vated monocytes appear to be distinct from 
IL-1 and a variety of other monocyte-de- 
rived growth factors (2). We sought to 

entiation factor (BSF-2), and interleukin-6 
(IL-6). 

The starting material for this purification 
was the culture medium of human peripher- 
al blood monocytes stimulated with lipo- 
polysaccharide (LPS) and phytohemaggluti- 
nin (PHA) (5). In a representative experi- 
ment we obtained a final purification of 
4 x lo5 times the original s k ~ l e  with re- " 
covery of approximately 10% of the original 
biological activity (Table 1). 

The purified material was analvzed in 
reduced conditions by electrophoresis 
through a 12% polyacrylamide gel (6) fol- 
lowed by silver staining (7) .  Two major 
protein bands were identified with relative 
mass of 19 and 21 kD (Fig. 1A). This 
purified material enhanced the proliferation 
bf an indicator lvm~hoblastoid>ell line in a 

2 L 

dose-dependent manner and revealed a spe- 

identifv the monocyte-derived growrhfactor G, Tosato, K, Semen, D, GQldman, G, c. 
or factors that permit growth of EBV-im- Washington, K. D. Jones, S. E. P~ke, Division of Bio- 
rnortalized B cells at low cell density+ We chemistry and Biophysics, Center for Biologics Evalua- 

tion and Research, Food and Drug Administration, now report the purification of one such ~ ~ t h ~ ~ d ~ .  MD 20892, 
growth -factor that we have identified as P. B. Sehgal and L. T. May, Rockefeller University, New 

interfe~-on-P2 (IFN-P2) . This molecule is York, NY 10021. 

also known as 26-kD protein, B-cell differ- *To whom correspondence should be addressed. 

Table 1. Representative purification of B-cell growth factor from activated monocyte supernatants. 
Protein concentration in monocyte supernatant pool, CM-Sephadex pool, and DEAE-Sephacel pool 
was determined by the method of Smith et al. (18), whereas the protein content of the Synchropak RP- 
P pool was determined after silver staining (7) by a comparison with a 20-kD protein standard (soybean 
trypsin inhibitor). One unit of activity is arbitrarily defined as the activity inducing one-half maximal 
proliferation of an indicator lymphoblastoid cell line (TI) obtained by EBV (B95-8) immortalization of 
normal peripheral blood B cells. This cell line (in exponential growth phase) was cultured for 2 days in 
RPMI 1640 medium supplemented with 10% FCS, 2 mM L-glutamine, and 5 pg of gentamicin per 
milliliter at a cell density of 25 x lo3 to 50 x lo3 cells per milliliter. At higher cell densities little or no 
induction of proliferation was observed. 

Fraction 

-- - 

Total proteins Total activi 2' Specific activity 
(mg) (units x 10 ) (u/mg) 

- -- 

Monocyte supernatant pool 84 2.4 2.86 X 10' 
CM-Sephadex pool 46 28.2 6.0 x lo3 
DEAE-Sephacel pool 1.8 8 96 4.87 X lo4 
Synchropak RP-P pool 6 x 2.4 4.0 X lo7 
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cific activity of approximately 4 x 10' 
Ulmg of protein (Fig. 2). Enhanced 
[3H]thymidine incorporation was associated 
with increases in cell numbers. 

Because of the size similarities between 
the material we had purified and IFN-P2 (8) 
and BSF-2 (9), we attempted to determine 
whether it might be IFN-P2/BSF-2. A rabbit 
antiserum to highly purified E s c h M  colG 

Fig. 1. Polyacrylamide gel electrophoresis and 
Western blotting of purified monocyte-derived B- 
cell growth factor. Growth factor purified as 
described in Table 1 was analyzed by electropho- 
resis on a 1% SDS-12% polyacrylamide gel (6). 
After electrophoresis, one lane (A) was silver- 
stained (7) and another lane (B) was transferred 
to nitrocellulose paper and incubated overnight 
with a rabbit antiserum to IFN-P21BSF-2 (1 : 200 
dilution). This antiserum was obtained after five 
immunizations with 0.1 to 1 mg ofE. rdi-derived 
purified IFN-P21BSF-2 (10). Antibody bound to 
the nitrocellulose paper was detected with a bio- 
tinylated goat antiserum to rabbit immunoglob- 
ulin G and then with an avidin-biotin-horserad- 
ish peroxidase complex reagent (Vector). 

Purified protein (pglml) 

Fig. 2. Induction of proliferation by purified 
monocyte-derived B-cell growth factor. Lympho- 
blastoid cells (TI) in exponential growth phase 
(5 x lo3 cells per 0.2-ml flat-bottom microwell) 
were cultured for 2 days in RPMI 1640 medium 
supplemented with fetal calf serum ( F a )  (lo%), 
~glutamine (2 mM), and gentamicin (5 mglrnl) 
either alone or with the addition of purified 
protein at the indicated concentrations. [3H]Thy- 
midine (0.5 pCi per well) was added during the 
last 4.5 hours of culture. The results represent the 
mean radioactivity of triplicate culnues. Standard 
deviations were within 10% of the mean. 

derived IFN-P2 (10) recognized both the 
19- and 21-kD components of the purified 
monocyte-derived B-cell growth factor in a 
blot of the protein gel (Fig. 1B). Additional 
evidence of the identity of the monocyte- 
derived B-cell growth factor to IFN- 
P2/BSF-2 was obtained in neutralition as- 
says. As shown in Fig. 3, the antiserum to 
IFN-p2/BSF-2 that recognized the purified 
protein in Western blots also neutralized its 
B-cell growth-enhancing activity in a dose- 
dependent manner. Similar results were ob- 
tained with a calf antiserum to a partially 
purified preparation of IFN-P that recog- 
W both IFN-PI and IFN-P2/BSF-2 (11). 
Finally, recombinant BSF-2 enhanced the 
proliferation of each of six EBV-induced 
lymphoblastoid cell lines tested (Table 2), 
and these enhancements were neutralized by 
the antiserum to IFN-p2/BSF-2 that neutral- 
ized the monocyte-derived growth factor. 

Control serum 

mono factor 
l2 factor o n  & 

None 1:80 1:lW 1:320 1 :640 1:1280 

Serum dilution 

Fig. 3. Neutralization of monocyte-derived B-cell 
growth factor activity by a rabbit antiserum to E. 
&erived IFN-PflSF-2. Lymphoblastoid cells 
in exponential growth phase (TI cell line, lo3 cells 
per 0.2-ml flat-bottom microwell) were cultured 
for 48 hours without or with the addition of 
monocyte-derived B-cell growth factor (10 Ulml) 
either alone or in the presence of serial dilutions 
of either a control rabbit serum or a rabbit 
antiserum to IFN-p2/BSF-2. This antiserum was 
obtained after five immunizations with of E. cdi- 
derived IFN-P21BSF-2 purified by sequential an- 
ion-exchange chromatography, immunohi ty  
chromatography, and gel electrophoresis (10). 
Appropriately diluted rabbit sera (control and 
antiserum) were incubated with either medium 
alone or growth factor for 2 hours at 37°C prior 
to the addition of the B cells. Proliferation was 
measured by [3H]thymidine incorporation during 
the last 4.5 hours of culture, and the results are 
expressed as mean increase in radioactivity of 
triplicate cultures. Mean background proliferation 
was 7252 cpm per culture. The error bar identifies 
the standard deviation (nine cultures). The re- 
maining data points represent the mean of tripli- 
cate cultures (standard deviations within 10% of 
the mean). 

We therefore conclude that the monocyte- 
derived B-cell growth factor is IFN-P2/26- 
kD protein/BSF-2DL-6. 

IFN-P2/IL-6, a glycoprotein of 184 ami- 
no acids, was originally identified in human 
fibroblasts induced by poly(1)-poly(C) to 
produce IFN-P (8). Subsequently, a number 
of other factors identified on the basis of 
defined biological activities were found to 
be the same substance (12). These factors 
include the 26-kD protein (13), BSF-2 (9), 
the "hybridoma/plasmacytoma" growth fac- 
tor (HPGF) (14), and a hepatocyte-stimu- 
lating factor (HSF) (15). There is evidence 
that IFN-P2/BSF-2nL-6 can be produced by 
a variety of cell types either constitutively or 
upon stimulation (8-17). IFN-P2/BSF- 
2DL-6 appears to have a number of biologi- 
cal functions, including antiviral activity (8). 
It is also a growth inhibitor for human 
fibroblasts (11), a growth factor for certain 
mouse-rat hybridomas and mouse plasmacy- 
tomas (14), a differentiation factor for hu- 
man B cells (9), and an inducer of acute- 
phase proteins in hepatocytes (15). However, 
IFN-P2/BSF-2AL-6 has not been previously 
found to act as a growth factor for human B 
cells. 

The stimulatory effects of IFN-b/BSF-21 
IL-6 are observed only when the target B 
cells are cultured at low cell densities (2). 
This may be due to factors produced by 
EBV-immortalid B cells that can provide 

Table 2. Enhanced proliferation of lymphoblas- 
toid cell lines in response to recombinant IFN-Pd 
BSF-2. Six lymphoblastoid cell lines obtained by 
EBV (B95-8 strain) immortalization of normal 
peripheral blood B cells that had been kept in 
continuous culture for 6 months to 4 years were 
cultured (5 x lo3 or 10 x lo3 cells per 0.2-ml 
microwell) either in medium alone (RPMI 1640 
supplemented with 10% FCS) or with the addi- 
tion of either recombinant IFN-P21BSF-2 (100 
Ulml) or monocyte-derived IFN-P2/BSF-2 (10 
Ulml). Potency of the recombinant BSF-2 was 
determined in immunoglobulin production assays 
prior to shipment (9); potency of the n a n d  
product was determined by a comparison with a 
laboratory standard (2). At the end of a 2-day 
culture period proliferation was measured by 
[3H]thymidine uptake during the last 4.5 hours 
of culture. Results are expressed as mean radioac- 
tivity (cpm) of triplicate cultures. Standard devi- 
ations were within 15% of the mean. 

Proliferation (cpmlculture) 

cell Recom- Monocyte- 
line binant derived 

BSF3 IFN-P2/ 
BSF-2 

VDS-0 15,441 34,142 36,304 
RY 8,897 15,577 13,147 
FR 4,209 16,303 19,473 
AVM 1,117 7,943 7,467 
JR 4,683 36,850 34,758 
TI 8,036 18,402 21,125 

29 JANUARY 1988 REPORTS 503 



autocrine growth stimulation (1, 3). When 
EBV-immortalized cells are cultured at high 
densities, there are high concentrations Gf 
such factors, and cell growth cannot be 
enhanced further. However, when they are 
cultured at low cell densities, cell growth 
becomes dependent on exogenous factors, 
including IFN-P21BSF-2. This requirement 
that the cells be cultured at low density for 
the growth-promoting effects of IFN-P21 
BSF-2 to be observed may explain why this 
effect has not been documented previously 
(91. 
\ ,  

We do not know whether this growth 
factor is B cell lineage-specific, whether it is 
selective for B cells activated by EBV, or 
whether it is part of a network of cytokine 
interactions. We report here that IFN- 
P21BSF-2IIL-6 is a potent growth factor for 
human B cells infected with EBV. This 
newly described property of the molecule 
emphasizes its role as an important mediator 
of ;he immune response in-humans. 

REFERENCES AND NOTES 

1. B. A. Blazar, L. M. Sutton, M. Strome, CancerRes. 
43, 4562 (1983); J. Gordon, S. C. Ley, M. D.  
Melamed, P. Aman, N. C. Hughes-Jones, J. Exp. 
Med. 159, 1554 (1984). 

2. G. Tosato and S. Pike, Fed. Proc. Fed. Am. Sac. Exp. 
Biol. 46, 2707 (1987); G. Tosato, N. Goldman, T. 
C. Gerrard, S. E. Pike, in preparation. 

3. J .  Gordon, S. C. Ley, M. D.  Melamed, L. S. 
English, N. C. Hughes-Jones, Nature (London) 310, 
145 (1984). 

4. J. Gordon, G. Guy, L. Walker, Immunology 57, 419 
(1986); L. Rims!q et d . ,  J. Immunol. 136, 3304 
(1986); G. Scala et d . ,  ibid. 138, 2527 (1987); H.  
Wakasugi et al., Proc. Natl.Acad. Sci. U S A .  84, 804 
(1987). 

5. G. Tosato, K. B. Seamon, K. D. Jones, S. Pike, in 
preparation. Briefly, the purification was accom- 
plished by sequential cation-exchange chromatogra- 
phy over CM-Sephadex, anion-exchange chroma- 
tography over DEAE-Sephacel, and reversed-phase 
high-performance liquid chromatography over a 
Synchropak RP-P Clg column. Recovery of activity 
at each purification step was monitored by testing 
the proliferation of an indicator lymphoblastoid cell 
line. 

6. U. K. Laernmli, Nature (London) 227, 680 (1970). 
7. B. R. Oakley, D. R. Kirsch, N. R. Morris, And.  

Bwcbem. 105, 361 (1980). 
8. J. Weissenbach et al., Pvoc. Natl. Acad. Sci. U S A .  

77, 7152 (1980); P. B. Sehgal and A. D. Sagar, 
Nature (London) 288, 95 (1980); A. Zilberstein, R. 
Ruggieri, J. H .  Korn, M. Revel, E?.IBO J. 5, 2529 
(1986); L. T. May, D. C. Helfgott, P. B. Sehgal, 
Proc. Natl. Acad. Sci. U S A .  83, 8957 (1986). 

9. T.  Hirano et al., Proc. Natl. Acad. Sci. U S A .  82, 
5490 (1985); T. Hirano etd., ibid. 84,228 (1987); 
T. Hirano et d . ,  Nature (London) 324, 73 (1986). 

10. L. T. May et al., in preparation. 
11. M. Kohase, D. Henriksen-DeStafano, L. T. May, J. 

Vili-ek, P. B. Sehgal, Cell 45, 659 (1986). 
12. For a review, see P. B. Sehgal, L. T. May, I. Tamm, 

J. Vilcek, Science 235, 731 (1987); A. Billiau, 
Immunol. Today 8, 84 (1987). 

13. J. Content et d ,  Pvoc. Natl. Acad. Sci. U.SA. 79, 
2768 (1982); P. Poupart et d . ,  EMBO J .  6, 1219 
(1987); G. Haegeman et d . ,  Eur. J.  Bwcbem. 159, 
652 (1986). 

14. J. Van Damme etal., J. Exp. Med. 165,914 (1987). 
15. J. Gauldie, C. Richards, D. Harnish, P. Lansdorp, 

H .  Baumann, Pmc. Natl.Acad. Sci. U S A .  84, 7251 
(1987); M. W. N. Nijsten et d . ,  Lancet 1987-11, 
921 (1987). 

G. H.  W. Wong and D. V. Goeddel, Nature (Lon- revising the manuscript. Supported in pan by 
don) 323, 819 (1986). USPHS grants AI-16262 and CA-44365 (L.T.M. 
C. Vaquero, J. Sanceau, J. Weissenbach, F. Beran- and P.B.S.), by a contract from the National Foun- 
ger, R. Falcott, J. Interfron Res. 6, 161 (1986). dation for Cancer Research, and by an established 
P. K. Smith et d . ,  And.  Bwchem. 150, 76 (1985). investigatorship award from the American Heart 
We thank T. Hirano andT. Kishimoto for recombi- Association (P.B.S.) 
nant BSF-2; J. Vilrek for providing antiserum to 
IFN-P; M. Moos, D. Morris, J. Robbins, and J. 
Regan for technical help; and R. Yarchoan for 1 September 1987; accepted 4 December 1987 

The Effect of Eurasian Snow Cover on Global 
Climate 

Numerical simulations with a global atmospheric circulation model suggest that large- 
scale variations in the amount of snowfall over Eurasia in the springtime are linked to 
the subsequent strength of the Asian summer monsoon. Large-scale changes in 
Eurasian snow cover are coupled to larger scale changes in the global climate system. 
There is a large, strong teleconnection to the atmospheric field over North America. 
The model results also show snow cover effects to subsequently alter other climatic 
fields known to be intimately associated with the El Nifio-Southern Oscillation 
(ENSO) phenomenon. Thus the model results seem to challenge the current dogma 
that the ENS0 phenomenon is solely the result of close coupling between the 
atmosphere and ocean by suggesting that processes over continental land masses may 
also have to be considered. 

0 VER 100 YEARS AGO, HENRY 
Blanford (1) hypothesized that un- 
usually heavy snow in the Himala- 

yas preceded a failure of the Indian summer 
monsoon, and that this regional effect might 
be part of a "larger scale" climatic change 
associated with large-scale changes in snow 
cover over Eurasia. Recently, other research- 
ers have argued also for the potential impor- 
tance of the possible role of Eurasian snow 
cover in global climate dynamics (2) ,  but 
only in the last decade has a serious effort 
been made to check such hypotheses (3-6). 
Unfortunately, studies conducted to date 
have been largely empirical and have yielded 
results that, while supportive of the original 
ideas, are largely unconvincing because of 
data problems or other limitations. 

We have conducted simulations with a 
global general circulation model (GCM) in 
which the snow depth over the Eurasian 
continent was varied from its climatological 
norm and the subsequent climatic changes 
in the model noted. In simulations where 
the snow amount is increased, the model's 
summer monsoon is characterized by less 
rainfall, higher surface pressure over South- 
east Asia, and reduced winds over the Arabi- 
an Sea (Fig. 1) .  These climatic changes are 
eenerallv associated with a Door monsoon. 

appear to be important teleconnections be- 
tween the large convection region of South- 
east Asia and the atmospheric fields over the 
tropical Pacific and North America (Figs. 2 
and 3).  These results all strongly support the 
original hypothesis that the amount of snow 
on the Eurasian continent in the spring has 
an important subsequent impact on both 
regional and global climate variations. 

The physics responsible for the above 
results in the GCM are generally complex. 
The regional effects include all elements of 
the surface heat budget and the soil hydrolo- 
gy. The presence of the snow, its melting, 
and evaporation of its melt water retard and 
diminish warming of the Asian land mass 
and subsequent establishment of the land- 
sea temperature contrast that drives the 
monsoon circulation. The reason for the 
remote teleconnection to North America 
involves large-scale thermal forcing over the 
Asian land mass and subsequent adjustment, 
via Rossby wave dynamics, of the ultralong 
wave structure of the atmosphere. The trop- 
ical response is due to direct thermal forcing 
associated with the latent heat release during 
monsoon precipitation anomalies. 

The details of our experiments were as 
follows. The model we used was a version of 

" 
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