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INTRODUCTION

Mouse hepatitis virus (MHV-4, JHM) is a neurotropic coronavirus which causes a
spectrum of disease ranging from fatal encephalomyelitis to demyelination in susceptible
murine hosts (1). Both direct infection of oligodendrocytes and immune-mediated events have
been reported to playa role in the pathologic events in the central nervous system (CNS)
following MHV-4 infection (2-5). The identification of CD8+ T-cells, NK cells, B-cells and
PMN in the CNS of MHV-JHM infected mice suggests that immune mechanisms may be
playing a role in the virus-induced disease process (3-9).

The role of locally released cytokines in the regulation of immune and inflammatory
events in the CNS following mouse hepatitis virus infection has not yet been systematically
studied. Cytokines playa critical role in the modulation of immune and inflammatory events,
important in both anti-viral immunity, and the virus-induced pathology observed in the CNS.
Endothelial cells and astrocytes in the CNS are potential sources of cytokines and have been
demonstrated to synthesize IL-6 in response to treatment with tumor necrosis factor (TNF),
interleukin-l (IL-l) and lipopolysaccharide (10-16). Endothelial cells and astrocytes in the
CNS are also readily infected by MHV-4 and the products released by these cells may be
important in regulating immune-mediated events in the CNS (17-19).

The cytokine IL-6 was chosen for this study because its release following infection has
been demonstrated in other virus model systems (11, 20-22). Additionally, IL-6 is a
multifunctional cytokine with immunoregulatory effects on B-cells, T-cells and neutrophil
functions (23-26).

We demonstrate that IL-6 induction in MHV-4 exposed endothelial cells or astrocytes
is strain dependent. BALB/c (MHV-4 susceptible) derived endothelial cells can produce up
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to sixteen fold higher levels of IL-6, and release this earlier than SJL (MHV-4 resistant), as
determined both by bioassay and Northern analysis. Active infection is not necessary since
exposure to UV-inactivated MHV-4 (UV-MHV-4) can also induce IL-6 in these cells.

MATERIALS AND METHODS

Virus Infection and Collection of Supernatants

Cerebral endothelial cell and astrocyte cultures were established from the brains of
BALB/c (MHV-susceptible) and SJL (MHV-resistant) strains of mice as previously described
(27-29). Endothelial cells or astrocytes grown in T-25 flasks (1 x 106 cellslflask) were
infected with MHV-4 or UV-MHV-4 for I hour at 37°C using a multiplicity of infection
(MOl) of 0.1. This MOl reflects the working titer of virus that elicits a cellular response
without extensive cytolytic effects based on previous studies (17-19).

After a one hour incubation of the cells with MHV-4 or UV-MHV-4 the cultures were
washed three times with phosphate buffered saline (PBS). After washes the cultures were fed
with endothelial cell or astrocyte culture medium. Supernatants were collected on day 1-4
after virus exposure for testing in an IL-6 proliferation bioassay described below.

Bioassay for IL-6

The proliferation bioassay for IL-6 was performed using an IL-6 dependent B cell
hybridoma (T1165tc) (30). In order to test the specificity of the proliferative response to IL
6, a neutralizing rat anti-mouse IL-6 monoclonal antibody (Genzyme Corporation, Cambridge,
MA) was used.

RNA Isolation and Northern Analysis

Four hours after exposure of endothelial cells and astrocytes to MHV-4, UV-MHV-4
or tumor necrosis factor (200U/ml, Genzyme, Boston, MA), total cellular RNA was isolated
by immediate solubilization of cells in guanidine hydrochloride by standard procedures
(Maniatis et al., 1982). The RNA was then hybridized overnight at 45uC with a radiolabeled
murine IL-6 eDNA probe (obtained from Dr. Frank Lee, DNAX, Palo Alto, CA), washed
under high stringency conditions and analyzed by autoradiography with intensifying screens
(Dupont, Hoffman Estates, IL, USA). Densitometry of the autoradiographs was carried out
using a Macbeth densitometer (Model TD-932, Macbeth Process Measurements, Newburg,
NY).

RESULTS

Interleukin-6 Induction in Cerebral Endothelial Cells

Table 1 demonstrates that IL-6 is induced in both BALB/c and SJL derived endothelial
cells following exposure to MHV-4 as determined by bioassays, albeit at very different levels.
In the MHV-4 susceptible BALB/c cells, the peak of IL-6 induction occurred on day 2 of
infection, and the levels of IL-6 were sixteen fold higher (> 640 U/ml) than those obtained
from the MHV-4 resistant SJL cells. The level of IL-6 release from SJL endothelial cells (40
U/ml), following exposure to MHV-4, was not substantially different from the basal levels
« 20U/ml) detected in control cultures. Active infection of the cells was not apparently
necessary since UV-inactivated virus also induced IL-6 in a strain dependent fashion.
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Interleukin-6 Induction in Astrocytes

Table 2 demonstrates that IL-6 was induced in both BALB/c and SJL astrocytes by
MHV-4, as determined by bioassay of the culture supernatant. Levels of IL-6 were maximal
on day 1 (>640Ulml) after MHV-4 infection of BALB/c astrocytes. The levels of IL-6
continued to remain high even four days post-infection. In contrast, IL-6 activity in SJL
astrocytes peaked later, on day 2 (402U/ml), but were not sustained, declining from day 3
onward. As seen with the endothelial cell cultures, UV-inactivated virus was also able to
induce IL-6 (Table 2). In order to confirm the specificity of the proliferative signal a
neutralizing rat anti-mouse monoclonal IL-6 antibody was used (Tables I and 2 ).

Induction of II.r6 mRNA in Astrocytes

Northern analysis was performed to look for differences in the induction of IL-6
mRNA between BALB/c and SJL derived astrocytes (Fig. I). The IL-6 eDNA probe (moIL
6 eDNA, DNAX, Palo Alto, CA, USA), used in our studies, hybridizes to a 1.3kb species
(II). The RNA from untreated cells (lanes A and E), showed no evidence for induction of
IL-6 mRNA. In contrast, IL-6 mRNA induction was noted in lanes B-D and F-G. IL-6
mRNA was induced to a comparable degree in both BALB/c (susceptible) and SJL (resistant)
derived astrocytes following exposure to either MHV-4 (lanes B and F), UV-MHV-4 (lanes
C and G) or TNF at 200U/ml (lanes D and H) for 4 hours. TNF exposure was included as
a positive control for IL-6 induction. A similar pattern of MHV-4 induction was obtained
when evaluating IL-6 mRNA of endothelial cells (data not shown). These results show that
IL-6 mRNA is induced at comparable levels in the different strains and cell types, although
there are dramatic differences in the quantity of IL-6 released. This suggests that these
differences may be accounted for by altered translation or post-translational processing.

ABCDEFGH

Fig. 1. Northern blot analysis ofIL-6 mRNA induction. Lanes A-D shows RNA derived from
Balb/c (MHV-susceptible) astrocytes. Lanes E-H shows RNA derived from SJL (MHV
resistant) astrocytes. Cells were treated for 4 hours as follows, Lane A. Untreated, B. MHV
4, C. UV-inactivated MHV-4, D. Tumor Necrosis factor (Genzyme, 200U/ml), E. Untreated,
F. MHV-4, G. UV-inactivated MHV-4, H. Tumor Necrosis Factor (Genzyme, 200U/ml).
The top panel shows the autoradiograph and the lower panel is the ethidium bromide profile
of the gel (5llgms of RNA loaded per lane)
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Table 1. Quantitation of IL-6 levels induced following MHV-4 treatment of endothelial
cells

MHV-4 U.V. MHV-4

Day p.i. A B C D

-1 Balb/c 288* 0 liS 0
SJL 40 0 20 0

2 Balb/c 640 0 640 0
SJL 40 0 20 0

3 Balb/c 640 10 254 0
SJL 40 0 20 0

4 Balb/c 490 10 416 0
SJL ND ND 40 0

Table 2. Quantitation of IL-6 levels induced following MHV-4 treatment of astrocytes

MHV-4 V.V. MHV-4

Day p.i. A B C D

Balb/c 640* 10 561 0
SJL 73 0 106 0

2 Balb/c 640 10 518 0
SJL 402 10 128 0

3 Balb/c 640 10 640 10
SJL 176 10 70 0

4 Balb/c 640 10 ND ND
SJL 126 10 47 0

*umts/ml

IL-6 units were determined by the dilution of supernatants yielding half maximal proliferation.
The data presented in rows Band D shows the effect of rat anti-mouse IL-6 monoclonal
antibody (5~g/ml) in neutralizing the IL-6 activity in the supernatants. IL-6 levels in cell
culture supernatants on Day 0 was < < 20 Vim!.
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DISCUSSION

The study of the immune and inflammatory events in the CNS following infection with
MHV-4 is important in understanding the pathologic events and mechanisms of virus induced
demyelination. Immunoregulatory cytokines can profoundly affect the cascades of both
humoral and/or cell-mediated immune events in the CNS. However, there has not yet been
a systematic analysis of cytokine induction following MHV-infection of CNS derived cells.

The cytokine IL-6 was studied because of 1) demonstration of its release following
viral infections with LCMV (lymphocytic choriomeningitis virus), VSV (vesicular stomatitis
virus), HIV (human immunodeficiency virus) and HTLV-l (Human T-cell leukemia virus)
and, 2) its multifunctional immunoregulatory role in modulating T, Band neutrophil functions
(10, 11, 20-26).

We report on the induction of IL-6 in cultures of cerebral endothelial cells or
astrocytes following infection with MHV-4. The MHV susceptible BALB/c derived
endothelial cells and astrocytes produce substantially higher levels of IL-6 (> 640U/ml), and
at earlier time points, than resistant SJL derived cells. The SJL endothelial cells yield barely
more (40U/ml) than basal levels «20U/ml) ofIL-6 in response to MHV-4. In contrast, SJL
astrocytes are induced to release a significant quantity of IL-6 (402 U/ml), although not as
great as in the BALB/c astrocytes (> 640U/ml). Therefore, the strain differences, in IL-6
induction in response to MHV-4, are more striking between the endothelial cells than with
the astrocytes.

The mechanisms regulating this strain dependent induction of IL-6 is under further
study. One possible explanation may reflect the differences in MHV-receptor expression on
endothelial cells and astrocytes. MHV binding receptors have been demonstrated on BALB/c
but not SJL derived intestinal brush border and liver cells (32). The binding of the virus to
its receptor on the cell surface may activate a signal transduction pathway for IL-6
production.

The results obtained with UV-MHV-4 suggests that infection is not required and that
the binding of the viral particles to its receptor on the cell surface may be sufficient to trigger
the release of IL-6. This ability of UV-MHV-4 to exert a biological effect is not unique to
the induction of interleukin-6. Previous studies in our laboratory have demonstrated that UV
MHV-4 can block y-interferon-induced MHC class II antigen expression on endothelial cells
to the same degree as infectious virus (19).

The greater degree of differences in IL-6 induction noted in cerebral endothelial cells
compared to astrocytes is intriguing in the face of the potential role of this cytokine in
triggering a variety of immune mediated inflammatory mechanisms. Since the MHV-4
replication in BALBJc mouse brain is two to three logs greater than in SJL mice (3), and
there is a correspondingly greater inflammatory response to MHV-4 infection in BALBJc than
SJL mice, this observation deserves further investigation. Current studies are directed at
elucidating these mechanisms.

REFERENCES

1. Bailey, O.T., Pappenheimer, A.M., and Cheever, F.S., 1949, J. Exp. Med., 90:195.
2. Knobler, R.L., Haspel, M.V., and Oldstone, M.B.A., 1981, J. Exp. Med., 153:832.
3. Knobler, R.L., Tunison, L.A., Lampert, P.W., and Oldstone, M.B.A., 1982, Am. J.

Pathol., 109:157.
4. Wang, F-I., Stohlman, S.A., and Fleming, J.O., 1991, J. Neuroimmunol., 30:31.
5. Williamson, J.S.P., Sykes, K.C., and Stohlman, S.A., 1991, J. Neuroimmunol., 32:199.
6. Stohlman, S.A., Brayton, P.R., Harmon, R.C., Stevenson, R.G. Ganges, R.G., and

Matsushima, G.K., 1983, Int. J. Cancer., 31:309.

447



7. Welsh, R.M., Haspel, M.V., Parker, D.C., and Holmes, K,V., 1986, J. Immunol.,
136: 1454.

8. Natuck, R.J., and Welsh, R.M., 1987, J. Immunol., 138:877.
9. Zimprich, F., Winter, J., Wege, H., and Lassmann, H., 1991, Neuropathol. Applied.

Neurobiol., 17:469.
10. Frei, K., Leist, T.P., Meager, P., Gallo, P., Leppert, D., Zinkernagel, R.M. and

Fontana, A., 1988, J. Exp. Med., 168:449.
11. Frei, K., Malipiero, U.V., Leist, T.P., Zinkernagel, R.M., Schwab, M.E., and

Fontana, A., 1989, Eur. J. Immunol., 19:689.
12. Jirik, F.R., Podor, T.J., Hirano, T., Kishimoto, T., Loskutoff, D.1., Carson, D.A., and

Lotz, M., 1989, J. Immunol., 142:144
13. Lieberman, A.P., Pitha, P.M., Shin, H.S., and Shin, M.L., 1989, PNAS., 86:6348.
14. Shalaby, M.R., Waage, A., and Esperik, T., 1989, Cell. Immunol., 121:372.
15. Sironi, M., Brevario, F., Prosperio, P., Biondi, A., Vecchi, A., Van Damme, J.,

Dejana, E., and Mantovani, A.,1989, J. Immunol., 142:549.
16. Beneveniste, E.N., Sparacio, S.M., Norris, J.G., Grenett, H.E., and Fuller, G.M.,

1990, J. Neuroimmunol., 30:201.
17. Joseph, J., Knob1er, R.L., Lublin, F.D., and Hart, M.N., 1989, J. Neuroimmunol.,

22:241.
18. Joseph, J., Knobler, R.L., Lublin, F.D., and Hart, M.N., 1990, Adv. Exp. Med. BioI.,

276:579.
19. Joseph, J., Knob1er, R.L., Lublin, F.D., and Hart, M.N., 1991, J. Neuroimmunol.,

33: 181.
20. Houssiau, F.A., Bukasa, K" Sindic, C.J.M., Van Damme, J., and Van Snick, J., 1988,

C1in. Exp. Immunol., 71:320.
21. Breen, E.C., Rezai, A.R., Nakajima, K., Beall, G.N., Mitsuyasu, R.T., Hirano, T.,

Kishimoto, T., and Martinez-Maza, 0., 1990, J. Immunol., 144:480.
22. Nishimoto, N., Yoshizaki, K" Eiraku, N., Machigashira, K" Tagoh, H., Ogata, A.,

Kuritani, T., Osame, M., and Kishimoto, T., 1990, J. Neurol. Sci., 97:183.
23. Cernetti, C., Steinman, R.M., and Granelli-Piperno, A., 1988, PNAS., 85:1605.
24. Takai, Y., Wong, G.G., Clark, S.C., Burakoff, S.1., and Hermann. S.H., 1988, L.

Immunol., 140:508.
25. Borish, L., Rosenbaum, R., Albury, L., and Clark, S., 1989, Cell. Immunol., 121:280.
26. Le, J., and Vilcek, J.,1989, Lab. Invest., 61:588.
27. DeBault, L.E., Henriquez, E., Hart, M.N., and Cancilla, P.A., 1981, In Vitro., 17:480.
28. Knobler, R.L., Cole, R., de Vellis, J., Lewicki, H., Buchmeier, M.,and Oldstone,

M.B.A., 1987, In Coronaviruses., M.M.C. Lai and S.A. Stohlman, eds. Plenum,
New York, p. 231.

29. McCarthy, K.D., and deVellis, J., 1980, J. Cell. BioI., 85:890.
30. Jayaraman, S., Martin, C.A., and Dorf, M.E., 1990, J. Immunol., 144:942.
31. Maniatis, T., Fritsch, E.F. and Sambrook, J. 1982., Molecular Cloning, a Laboratory

Manual.
32. Williams, R.K., Jiang, G.S., Snyder, S.W., Frana, M.F., and Holmes, K.V., 1990, L.

Virol., 64:3817.

448


