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Purified preparations of Sindbis virus, a member of the togavirus family, are
mitogenic for lymphocytes from a number of different mouse strains. Cell
separation techniques, as well as studies using lymphocytes from the congenitally
athymic BALB/c nu/nu mouse, showed that Sindbis virus is a T-cell-independent
B-cell mitogen. Additionally, the envelope glycoproteins of Sindbis virus, isolated
by Triton X-100 extraction and butanol precipitation, stimulated lymphocytes to
incorporate five times as much [3H]thymidine into their DNA as did the Sindbis
virion. These results are similar to those previously reported for vesicular
stomatitis virus and herpes simplex virus types I and II and for the purified
glycoproteins of vesicular stomatitis virus and influenza virus.

Although viral infection has been recognized
to be a nonspecific modulator of the host's
immune response (27), until recently the re-
sponse of lymphocytes to viruses has been stud-
ied as a specific interaction involving the pro-
duction of host protective antibodies, cytolytic
T cells, or both. However, in the last 5 years, a
number of groups have reported that viruses as
diverse as influenza virus, herpes simplex virus
(HSV) types I and II, and vesicular stomatitis
virus (VSV) are able to induce nonspecific lym-
phocyte activation, as measured by mitogenesis
(5, 9, 14, 20). Both types of HSV and VSV are
exclusively B-lymphocyte mitogens, while influ-
enza virus serotype H2N2 stimulates both B-
and T-cell activation. Additionally, viral infec-
tivity is not required for stimulation of lympho-
cytes by either influenza virus or VSV (5, 9), a
result which suggested that the mitogenic poten-
tial of the intact virion resides in a viral compo-
nent. Mitogenic activity was demonstrated with
the isolated glycoprotein ofVSV (8, 19) and with
the hemagglutinin of influenza viruses (1). It was
also observed that the isolated envelope glyco-
proteins from these viruses are much more stim-
ulatory for lymphocytes than is the intact virion
(1, 8, 19).
Mitogens are not only important tools for the

study of lymphocyte activation, but also, be-
cause of their intimate relationship with the cell
surface, they may be important as modulators of
the immune response. We have, therefore, con-
tinued our study of viral mitogens for lympho-
cytes by extending this study to Sindbis virus, a
member of the togavirus family. Sindbis virus is
an enveloped RNA virus consisting of two sur-

face glycoproteins, a lipid bilayer, an internal
non-glycosylated core protein, and a single seg-
ment of positive-stranded RNA (24). Large
quantities of purified Sindbis virus can be ob-
tained readily, and purified viral proteins and
peptides can be isolated from the virus for
studying their interactions with lymphocytes.
This paper reports that Sindbis virus is mitogen-
ic for lymphocytes from several mouse strains
and is a T-cell-independent B-cell mitogen as
determined in BALB/c nu/nu mice. Further-
more, data are presented which demonstrate
that the glycoproteins of Sindbis virus are more
stimulatory for mouse splenocytes than is the
intact virion.

MATERIALS AND METHODS
Mice. C3H/HeJ and CBA/J mice were purchased

from Jackson Laboratories (Bar Harbor, Maine), and
Swiss Webster mice were purchased from Taconic
Farms (Germantown, N.Y.). These animals were
maintained in our facility on Purina mouse chow and
water ad lib. Female mice between 8 and 16 weeks of
age were used in all experiments. BALB/c nu/nu and
nu/+ female mice were obtained from Charles River
Breeding Laboratories, Inc., (Wilmington, Mass.) and
were maintained in a sterile laminar flow hood on
mouse chow and sterile water ad lib. These mice were
used at 7 to 9 weeks of age.
Lymphocyte cultures and mitogenic assays. Lympho-

cytes were cultured as previously described (7). Brief-
ly, aseptically removed spleen cells were teased into
single-cell suspensions in RPMI 1640 medium supple-
mented with 100 U of penicillin and 100 p.g of strepto-
mycin per ml and washed twice in RPMI 1640 medium.
The cells were resuspended, tested for viability, and
diluted to 4 x 106 viable cells per ml. A 0.1-ml amount
of the cell suspension was dispensed into each well of
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the microtiter plate (Falcon Microtest II with lid), and
an equal volume of mitogen or medium was added to
each well. The cultures were incubated in an atmo-
sphere of 10% C02 in humidified air at 37°C for 48 or
72 h. At 24 h before harvesting, 1 ,uCi of [3H]thymidine
(42 Ci/mmol; New England Nuclear Corp., Boston,
Mass.) was added to each culture. At the end of the
culture period, cells were harvested onto glass fiber
filters using a multiple automated sample harvester
(Brandel, Gaithersburg, Md.), and [3H]thymidine
incorporation was determined by liquid scintillation
counting.
Nylon wool separation of spleen cells. Purified T

lymphocytes were recovered from nylon wool by the
method of Hodes et al. (11). Briefly, 1.2-g sterile nylon
wool columns were incubated at 37°C for 1 h with
RPMI 1640 medium-10% fetal bovine serum (RPMI-
FBS) in a humidified atmosphere. After this prein-
cubation, 300 x 10' cells in 4 ml of RPMI-FBS were
added to the column and allowed to flow into the nylon
wool; at this time, an additional 2 ml of RPMI-FBS
was added to the column. The column and cells were
incubated for 45 min at 37°C in humidified air and 10%
CO2. After incubation, nonadherent T cells were re-
moved by adding RPMI-FBS to the column and col-
lecting 15 ml of effluent (flow rate, 1 ml/2 min). The
column was rapidly washed with 100 ml ofRPMI-FBS,
and this wash was discarded. Nylon wool-adherent (B-
enriched) cells were removed by compressing the
nylon wool with the syringe plunger to express remain-
ing medium. The nylon wool was removed and teased
with sterile forceps, resaturated with RPMI-FBS, and
compressed again, and a total of 50 ml was collected in
four to five cycles of compression.

Mitogens. Salmonella typhosa lipopolysaccharide
endotoxin (LPS) was prepared by the phenol-water
method of Westphal et al. (32) and contained less than
1% protein. Concanavalin A (ConA) was purchased
from Sigma Chemical Co., St. Louis, Mo.

Cells. Monolayers of the BHK-21F line of Syrian
hamster kidney cells were grown in Falcon plastic
tissue culture dishes (100 by 20 mm) in Dulbecco
modified Eagle medium supplemented with 10% fetal
bovine serum.

Virus. Stocks of Sindbis virus were initiated from
single plaques in BHK-21F cells, grown in stationary
cultures of BHK-21F cells, and assayed on Vero cell
monolayers as previously described for VSV (9).

Virus propagation. Sindbis virus was grown in con-
fluent monolayers of BHK-21F or Vero cells in tissue
culture plates at a multiplicity of infection of 0.05 to
0.1 PFU per cell. The virus was purified by clarifying
the medium at 5,000 rpm for 15 min and then pelleting
the virus at 23,000 rpm for 1 h in an SW27 rotor. The
virus was resuspended and layered onto 15 to 35%
potassium tartrate gradients and spun in an SW40
rotor at 30,000 rpm for 90 min. The virus band was
collected, dialyzed overnight against phosphate-buff-
ered saline, and pelleted at 35,000 rpm for 45 min. The
purity of the viral preparations was determined by
polyacrylamide gel electrophoresis (PAGE) followed
by Coomassie blue staining. Preparations which con-
tained only Sindbis virus proteins were used for mito-
gen assays.

Preparation of glycoproteins and Triton pellet. The
procedure for isolating the glycoproteins from Sindbis
virus was essentially that which has been previously

described for VSV (18). Briefly, purified Sindbis virus
(approximately 1 mg/ml) was diluted 1:5 in 2% (vol/
vol) Triton X-100 (Sigma Chemical Co.) in 0.01 M Tris
buffer (pH 8.0). The solution was mixed gently at room
temperature for 45 min. Insoluble material was re-
moved by centrifugation at 30,000 rpm for 1 h at 4°C in
an SW50.1 rotor. The supernatant was decanted into
10 volumes of ice-cold butanol, and glycoproteins
were precipitated in the cold for 0.5 h and recovered
by centrifugation at 1,000 rpm for 15 min at 4°C. The
pelleted glycoproteins were washed with ice-cold ace-
tone, recovered by low-speed centrifugation, dried
under nitrogen, and resuspended in phosphate-buff-
ered saline by sonification for 2 x 15 s at 30 W on a
Bronson Sonifier. Purity of preparations was deter-
mined by Coomassie blue-stained PAGE. Only prepa-
rations which had no other proteins present were used
for these assays. The Triton-insoluble material was
washed repeatedly in 5 to 10 ml of phosphate-buffered
saline and pelleted by centrifugation at 30,000 rpm for
1 h at 4°C in an SW50.1 rotor. Its polypeptide compo-
sition was determined by PAGE.

Protein determination. Protein was determined by
the method of Lowry et al. (16).

RESULTS
Mitogenicity of Sindbis virus. The mitogenic-

ity of Sindbis virus was determined in spleno-
cytes isolated from Swiss Webster, BALB/c,
and CBA/J mice. Optimal stimulation occurred
at 48 h after initiation of culture. The data in
Table 1 show that Sindbis virus is mitogenic for
splenic lymphocytes from all three mouse
strains. At 48 h after initiation of culture, the
optimal stimulation of lymphocytes from
BALB/c and CBA/J mice is achieved at concen-
trations of 1 to 10 ,ug of virus per well, and
stimulation drops off at higher concentrations.
In contrast, with lymphocytes from the Swiss
Webster mice, significant activation is seen with
as little as 0.01 ,ug of virus per well, and the
optimal concentration is 1 ,ug per well. Further-
more, with Swiss Webster spleen cells the dose-
response curve is not as sharp as that seen with
lymphocytes from the other mouse strains. For
cells from all of the mouse strains tested, opti-
mal stimulation by Sindbis virus is less than that
observed with LPS or ConA.
To show that the observed mitogenesis was

not due to contamination by LPS, we tested the
ability of Sindbis virus to activate lymphocytes
from C3H/HeJ mice. The data in Table 2 show
that Sindbis virus was equally mitogenic in sple-
nocytes from C3H/HeJ and CBA/J mice, where-
as LPS was only significantly mitogenic for
splenocytes from CBA/J mice. Lymphocytes
from C3H/HeJ mice are essentially unrespon-
sive to purified LPS and are only about one-half
as responsive to whole endotoxin as are lympho-
cytes from CBA/J mice (29, 30). Furthermore,
virus preparations were analyzed for LPS by the
Limulus amoebocyte lysate assay (Microbiologi-
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TABLE 1. Lymphocyte activation by Sindbis virus

Amt (>ig [3H]thymidine incorporation (cpm ± SEM) into the DNA of mouse cells
Mitogen per culture) CBA/J Swiss Webster BALB/c

None 4,359 ± 254 5,838 ± 882 3,726 ± 40
LPS 10 83,265 ± 5,879 47,241 ± 3,761 84,067 ± 8,924
ConA 0.125 86,416 ± 395 124,415 ± 8,571 128,457 ± 2,107
Sindbis virus 0.01 NDa 19,521 ± 455 3,167 ± 207

0.1 5,818 ± 518 19,100 ± 1,786 10,496 ± 925
1.0 11,936 ± 964 31,881 ± 629 22,101 ± 68
5.0 18,783 ± 1,281 29,798 ± 230 31,602 ± 4,132

10.0 26,881 ± 2,234 14,661 ± 1,552 23,510 ± 1,684
25.0 8,270 ± 543 ND ND

a ND, Not done.

cal Associates, Walkersville, Md.), and the re-
sults indicated that there was less than 5 ng of
LPS per ml of virus. This is an insufficient
amount of LPS to cause the mitogenic stimula-
tion seen with Sindbis virus. These two experi-
ments show that the observed activity of Sindbis
virus is not due to LPS contamination. Another
possible contaminant, mycoplasma, can be ruled
out for the following reasons. First, our viral
preparations are optimally active at mitogen
concentrations which are suboptimal for myco-
plasma, which is optimal at 100 ,ug/ml (2, 6, 22),
and second, there is no evidence of proteins
other than those of Sindbis virus on our PAGE.
We are confident in concluding, therefore, that
Sindbis virus itself is mitogenic for mouse spleen
cells.

Identification of the responding cell. The viral
mitogens so far described have been either B-
cell or both B- and T-cell activators (5, 8, 14, 20).
The data in Table 1 show that for Sindbis virus
the greatest stimulation occurs 48 h after the
addition of mitogen to cells and that stimulation
is significant over a 10-fold range of mitogen
concentration. These results are similar to those
obtained with B-cell mitogens such as LPS and
purified protein derivative, but not with T-cell
mitogens such as ConA. To identify which cell
population was responding to the Sindbis virus
mitogenic stimulation, CBA/J spleen cells were
first separated into nonadherent- and adherent-
cell populations by passage over nylon wool and
were then exposed to various mitogens. The
data in Fig. 1 show that the nylon wool-nonad-
herent cells contained predominantly T cells, as
determined by the response to ConA, and very
few, if any, B lymphocytes, as assayed by their
lack of response to LPS stimulation. In contrast,
the adherent-cell (B-cell-enriched) population
contains predominantly B cells, as determined
by the LPS response, as well as residual T
lymphocytes which responded significantly to
stimulation by ConA. When we examine the
response of the B- or T-enriched cells to Sindbis

virus, we find that the nonadherent cells are
unable to respond significantly to Sindbis virus,
but the adherent cells respond as well as, or
better than, the unseparated cells (Fig. 1). This
suggests that Sindbis virus is a B-cell mitogen,
but not a T-cell mitogen.
To establish whether Sindbis virus is a T-cell-

independent B-cell mitogen and to confirm our
data suggesting that it is a B-cell mitogen, we
examined the ability of spleen cells from congen-
itally athymic BALB/c nu/nu mice to respond to
the virus. As these cells lack functional T lym-
phocytes, any observed mitogenic response can
be attributed to B cells. The data in Table 3 show
that when cultured with Sindbis virus, lympho-
cytes from the BALB/c nu/nu mice are stimulat-
ed to incorporate [3H]thymidine in a manner
identical to that of their normal littermates. Cells
from both types of mice are optimally stimulated
at 5 ,ug of virus per well. In addition, cells from
the nude mouse are fully responsive to LPS, but
are unresponsive to ConA, indicating that there
are no functional T cells. This ability of lympho-
cytes from the nu/nu mouse to be activated by
Sindbis virus to the same degree as are normal
splenocytes indicates that Sindbis virus acts as a
T-cell-independent B-cell mitogen.
Lymphocyte activation by Sindbis virus glyco-

proteins. To determine if the Sindbis virus glyco-
proteins are mitogenic, we studied the ability of

TABLE 2. Activation of C3H/HeJ and CBA/J
lymphocytes by Sindbis virus

[3HJthymidine incorporation (cpm +
Mitogen Amt (jig SEM) into the DNA of mouse cells

C3H/HeJ CBA/J

None 3,458 ± 165 3,169 ± 202
LPS 10 7,077 ± 110 94,248 ± 3,949
ConA 0.125 104,355 ± 578 100,947 ± 4,354
Sindbis 10 41,165 + 1,223 44,951 ± 4,847

virus

INFECT. IMMUN.
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FIG. 1. Response of unseparated, nylon wool-adherent and -nonadherent spleen cells from CBA/J mice to
LPS, ConA, and Sindbis virus. Lymphocytes (4 x 105) were cultured with mitogen at the concentrations
indicated in a total volume of 0.2 ml. The cultures were incubated at 370C and 100% humidity for 48 h.
[3H]thymidine (1 ,uCi) was added to each culture 24 h before the cells were harvested for scintillation counting.

these isolated glycoproteins to induce lympho-
cyte activation. As can be seen in Fig. 2, the
isolated glycoproteins are indeed highly stimula-
tory for these cells, and 1 ,ug induces [ H]thymi-
dine incorporation into lymphocytes at a level
five times greater than that stimulated by 1 ,ug of
the intact virus. On the basis of Coomassie blue-
stained gels, the Sindbis virus preparations used
for these experiments contained about 40% gly-
coproteins and 60% core protein. Therefore, for
every 1 ,ug of Sindbis virus, there was approxi-
mately 0.4 ,g of glycoprotein. The data in Fig. 2
show that 0.5 ,ug of isolated glycoproteins gives
essentially the same amount of incorporation of
[3H]thymidine as does 1 ,ug of glycoproteins.
Both concentrations of glycoproteins give ap-
proximately five times more stimulation than 0.5
and 1 ,ug of virus. It appears, therefore, that the
glycoproteins of the virus make up the major
mitogenic moieties of the virion. The greater
mitogenic activity of the isolated glycoproteins,
as compared with that of virions, could be due to
the high degree of aggregation associated with
the Triton X-100-extracted and butanol-precip-
itated glycoproteins. Similar results have been

reported for the isolated glycoproteins of influ-
enza viruses (1) and VSV (19). The Triton pellet,
which contains predominantly core protein and
essentially no glycoproteins, is as mitogenic as
the virion (Fig. 2), suggesting that other compo-
nents of the virus core are also mitogens.

DISCUSSION
The data presented in this paper demonstrate

that both Sindbis virus and the isolated viral

TABLE 3. Activation of lymphocytes from BALB/c
nu/+ and nu/nu mice by Sindbis virus

[3Hlthymidine incorporation (cpm
Mitogen Amt (,ug SEM) into the DNA of mouse cells

per culture)
BALB/c nu/+ BALB/c nu/nu

None 4,291 + 268 4,234 ± 190
LPS 10 113,055 ± 10,554 133,219 ± 3,628
ConA 0.125 123,589 ± 5,427 4,164 ± 289
Sindbis 0.01 8,647 ± 1,166 9,966 ± 512

virus 0.1 17,788 ± 994 26,148 ± 2,201
1.0 33,441 ± 1,183 32,170 ± 3,448
5.0 58,952 ± 1,801 53,509 ± 989

10.0 36,508 ± 3,755 39,496 ± 1,019
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FIG. 2. Response of CBA/J spleen cells to Sindbis virus, the isolated glycoproteins, and the Triton pellet.
Cells were cultured as described in the legend to Fig. 1.

envelope glycoproteins are mitogenic for mouse
splenic lymphocytes. These results are not due
to contamination with LPS or mycoplasma.
Sindbis virus is specifically mitogenic for murine
B cells, but not T lymphocytes, and further-
more, activation was independent of T-cell help.
This pattern of stimulation was also observed for
VSV (9) and HSV types I and II (14, 20). In
contrast, influenza virus serotype H2N2 has
been shown to stimulate both B and T cells (5).
Therefore, all viruses previously reported to be
mitogenic for lymphocytes stimulate B cells. As
with HSV types I and II and VSV, Sindbis virus
is a T-cell-independent B-cell mitogen. [3H]thy-
midine incorporation by Sindbis virus-activated
lymphocytes is significantly less than that ob-
served with LPS, an observation similar to that
found with other viruses (5, 9, 14, 20). Since the
Triton pellet of Sindbis virus, which contains
essentially no glycoproteins, is as mitogenic as
the untreated virus, one or more of the constitu-
ents of the core may also be mitogenic. Charac-
terization of the core constituents for mitogenic
activity is underway.
Butchko et al. (5) suggested that the mitoge-

nicity observed with influenza virus serotype
H2N2 was due to the hemagglutinin glycopro-
tein of the virion because infectivity was not

required for influenza virus mitogenicity, and
the major difference between mitogenic and non-

mitogenic subtypes of influenza viruses was the
glycoproteins (5). We have previously reported
that the G protein of VSV is mitogenic for
murine spleen cells and, on a microgram-of-
protein basis, is a much more potent mitogen
than the intact virion (8, 19). Subsequently, the
hemagglutinins from a number of different types
of influenza viruses were found to be mitogens,
and these too were much more potent mitogens
than the intact virus (1). In this study we report
that the envelope glycoproteins of Sindbis virus
are mitogenic for mouse lymphocytes and are

much more stimulatory than the intact virion.
This greater activity may be due to the high
degree of aggregation characteristic of viral gly-
coproteins isolated by Triton X-100 extraction
followed by butanol precipitation. Further study
is necessary to determine whether only one or

both of the Sindbis virus glycoproteins are mito-
gens.

It is important to know whether this in vitro
stimulation of the immune response can be cor-
related with or related to the in vivo immuno-
modulation observed with so many viral infec-
tions. Viruses have been recognized modulators
of immune responsiveness since early in this
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century, when it was observed by Pirkquet that
measles patients transiently lost their ability to
respond to tuberculin (26). Since that time over
40 viruses have been shown to alter the host
response to heterologous antigens (27). Al-
though in most cases virus infection depresses
the immune response (27), there have been
studies demonstrating enhanced responsiveness
to heterologous antigens (12, 23, 27, 31). En-
hancement can be found for both humoral and
cellular responses. It appears that the type of
immunomodulation observed varies not only
with the virus, but also with the time interval
and administration sequence of virus and anti-
gen (27, 31). It is also true that suppression of
some types of stimulation is accompanied by an
enhancement of other types (13). Although in
most cases of immunomodulation by viruses an
active infection is required, there are reports of
changes in the immune response with either
noninfectious virus or isolated viral proteins (17,
28). Since both humoral and cell-mediated im-
munity are affected (27), perhaps by altered
immunoregulation, and since it has been shown
that viral infection can act as an adjuvant for
other antigens (27, 28, 31), it is possible that the
virally induced nonspecific mitogenicity which
we observed in vitro is related to this postulated
in vivo regulation.

It had been previously suggested that viral
mitogenicity was related to the infectious proc-
ess and pathogenicity of the virus (5, 9) since a
number of viruses can grow in stimulated, but
not resting, lymphocytes (3, 4, 15, 33, 34).
Therefore, stimulation of the cell by the virus
would increase the number of cells which can be
productively infected. In addition, activated
lymphocytes can express endogenous type C
RNA viruses (10, 21, 25). It is also possible that
the ability of the virus to act as a lymphocyte
mitogen affects the regulation of the immune
system. Nonspecific lymphocyte activation and
clonal expansion might aid in maturation of the
immune responsiveness of the individual or it
may produce modulation of the immune re-
sponse to a heterologous antigen. Modulation of
the immune response to heterologous antigen
may be direct, through the interaction of virus
and cell, or indirect, through the production of
lymphokines by virus-stimulated lymphocytes.
We believe that nonspecific viral mitogenicity
will be found for many viruses and that this in
vitro observation may provide a model system
for the study of immunomodulation by viruses.

ACKNOWLEDGMENTS
We thank Lise Winters and Marilyn Schmidt for their

technical assistance and Lawrence Sturman and Kathleen
Cavanagh for help with the preparation of the manuscript.

This work was supported in part by National Science
Foundation grant no. PCM-8003126 and New York State

Health Research Council grant no. 10-023. G.G.S. is the
recipient of Public Health Service postdoctoral fellowship no.
F32-AI06060 from the National Institutes of Health.

LITERATURE CITED
1. Armstrong, R. B., G. M. Butchko, S. C. Kiley, M. A.

Phelan, and F. A. Ennis. 1981. Mitogenicity of influenza
hemagglutinin glycoproteins and influenza viruses bearing
H2-hemagglutinin. Infect. Immun. 34:140-143.

2. Biberfeld, G., and E. Gronowicz. 1976. Mycoplasma pneu-
moniae is a polyclonal B-cell activator. Nature (London)
261:238-239.

3. Bloom, B. R., L. Jimenez, and P. Marcus. 1970. A plaque
assay for enumerating antigen-sensitive cells in delayed
type hypersensitivity. J. Exp. Med. 132:16-30.

4. Bloom, B. R., A. Senik, G. Stoner, G. Ju, M. Nowakowski,
S. Kano, and L. Jimenez. 1977. Studies on the interactions
between viruses and lymphocytes. Cold Spring Harbor
Symp. Quant. Biol. 41:73-83.

5. Butchko, G. M., R. B. Armstrong, W. J. Martin, and
F. A. Ennis. 1978. Influenza A viruses of the H2N2
subtype are lymphocyte mitogens. Nature (London)
271:66-67.

6. Cole, B. C., R. A. Daynes, and J. R. Ward. 1981. Myco-
plasma-mediated activation of normal mouse lympho-
cytes: induction of cytotoxic lymphocytes and lympho-
cyte transformation by Mycoplasma arthritidis are under
Ir gene control. J. Immunol. 126:922-927.

7. Goodman, G. W., and B. M. Sultzer. 1977. Mild alkaline
hydrolysis of lipopolysaccharide endotoxin enhances its
mitogenicity for murine B cells. Infect. Immun. 17:205-
214.

8. Goodman-Snltkoff, G., R. J. Mannino, and J. J. McShar-
ry. 1981. The glycoprotein isolated from vesicular stoma-
titis virus is mitogenic for mouse B lymphocytes. J. Exp.
Med. 153:1489-1502.

9. Goodman-Snitkoff, G. W., and J. J. McSharry. 1980. Ac-
tivation of mouse lymphocytes by vesicular stomatitis
virus. J. Virol. 35:757-765.

10. Greenberger, J. S., S. M. Phillips, J. R. Stephenson, and
S. A. Aaronson. 1975. Induction of mouse type C RNA
virus by lipopolysaccharide. J. Immunol. 115:317-320.

11. Hodes, R. J., B. S. Handwerger, and W. D. Terry. 1974.
Synergy between subpopulations of mouse spleen cells in
the in vitro generation of cell-mediated cytotoxicity: evi-
dence for the involvement of a non-T cell. J. Exp. Med.
140:1646-1659.

12. Katsura, Y., M. Takaoki, Y. Kono, and N. Minato. 1980.
Augmentation of delayed-type hypersensitivity by vesicu-
lar stomatitis virus infection in mice. J. Immunol.
125:1459-1462.

13. Kelsey, D. K., J. C. Overall, Jr., and L. A. Glasgow. 1978.
Correlation of the suppression of mitogen responsiveness
and the mixed lymphocyte reaction with the proliferative
response to viral antigen of splenic lymphocytes from
cytomegalovirus-infected mice. J. Immunol. 121:464-470.

14. Kirchner, H., G. Daral, H. M. Hirt, K. Keyssner, and K.
Munk. 1978. In vitro mitogenic stimulation of murine
spleen cells by herpes simplex virus. J. Immunol.
120:641-645.

15. Kirchner, H., H. M. HIrt, C. Kleinicke, and K. Munk.
1976. Replication of herpes simplex virus in mouse spleen
cell cultures stimulated by lipopolysaccharide. J. Immu-
nol. 117:1753-1756.

16. Lowry, 0. H., N. J. Rosebrough, A. L. Farr and R. J.
Randall. 1951. Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193:265-275.

17. Mathes, L. E., R. G. Olsen, L. C. Hebebrand, E. A. Hoo-
ver, J. P. Schaller, P. W. Adams, and W. S. Nichols. 1979.
Immunosuppressive properties of a virion polypeptide, a
15,000-dalton protein, from feline leukemia virus. Cancer
Res. 39:950-955.

18. McSharry, J. J., and P. W. Choppin. 1978. Biological
properties of the VSV glycoprotein. I. Effects of the

VOL. 38, 1982



1248 GOODMAN-SNITKOFF AND McSHARRY

isolated glycoprotein on host macromolecular synthesis.
Virology 84:172-182.

19. McSharry, J. J., and G. W. Goodman-Snitkoff. 1981. In
vitro activation of murine lymphocytes by the isolated
glycoprotein of vesicular stomatitis virus, p. 929-935. In
R. W. Compans and D. H. L. Bishop (ed.), Fourth Inter-
national Symposium of Negative Strand Viruses. Else-
vier, New York.

20. Mochizuki, D., S. Hedrick, J. Watson, and D. T. Kings-
bury. 1977. The interaction of herpes simplex virus with
murine lymphocytes. I. Mitogenic properties of herpes
simplex virus. J. Exp. Med. 146:1500-1510.

21. Moroni, C., and G. Schumann. 1976. Mitogen induction of
murine C-type viruses. II. Effect of B-lymphocyte mito-
gens. Virology 73:17-22.

22. Naot, Y., and H. Ginsberg. 1978. Activation of B lympho-
cytes by mycoplasma mitogen(s). Immunology 34:715-
720.

23. Okunewick, J. P., R. F. Meredith, B. Brozovich, and E.
Weaver. 1978. Stimulation of immune response in hybrid
mice following Rauscher virus infection. Proc. Soc. Exp.
Biol. Med. 157:449-452.

24. Pfefferkorn, E. R., and D. Shapiro. 1974. Reproduction of
togaviruses. Compr. Virol. 2:171-230.

25. Phillips, S. M., J. R. Stephenson, J. S. Greenberger, P. E.
Lane, and S. A. Aaronson. 1976. Release of xenotropic
type C RNA virus in response to lipopolysaccharide:
activity of lipid A portion upon B lymphocytes. J. lmmu-
nol. 116:1123-1128.

26. Pirkquet, C. E. 1908. Das Verhalten der Kutanen Tuber-
culinreaktion wahrend der Masern. Dtsch. Med. Wo-
chenschr. 34:1297-1300.

27. Semenov, B. F. 1981. Viruses as nonspecific modulators
of immunological activity. Acta Virol. 25:122-128.

28. Semenov, B. F., and V. V. Vargin. 1978. Nonspecific
interaction of some toga and bunya viruses and flavivirus-
es vaccines with immunocompetent cells, p. 507-517. In
E. Kursak and K. Maramorosch (ed.), Viruses and envi-
ronment. Academic Press, Inc., New York.

29. Sultzer, B. M., and G. W. Goodman. 1976. Endotoxin
protein: a B-cell mitogen and polyclonal activator of
C3H/HeJ lymphocytes. J. Exp. Med. 144:821-827.

30. Sultzer, B. M., and B. S. Nilsson. 1972. PPD-tuberculin-
a B-cell mitogen. Nature (London) New Biol. 240:198-
200.

31. Tinghitella, T. J., and J. Booss. 1979. Enhanced immune
response late in primary cytomegalovirus infection of
mice. J. Immunol. 122:2442-2446.

32. Westphal, O., 0. Luderitz, and F. Bister. 1952. Uber die
Extraktion von Bacterien mit Phenol-Wasser. Z. Natur-
forsch. Teil B 7:148-155.

33. Wheelock, E. F., and S. T. Toy. 1973. Participation of
lymphocytes in viral infections. Adv. Immunol. 16:123-
184.

34. Woodruff, J. F., and J. J. Woodruff. 1975. T-lymphocyte
interaction with viruses and virus-infected tissues. Prog.
Med. Virol. 19:120-160.

INFECT. IMMUN.


