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The Mononuclear phagocytes act as effective microbicidal host defense cells
against many pathogenic microorganisms. They have been implicated in regulating
the functions of lymphoid and hematopoietic cells, and, in most cases, these effects
are mediated by soluble factors such as prostaglandin E; (PGEy), tumor necrosis
factor (TNF) and interleukin-1 (IL-1), produced by circulating monocytes and
tissue macrophages (Nathan, 1987). In this study we examined in an in vitro system
PGE2 and TNF production by MdM infected with Rickettsia conorii (RC,
Casablanca strain), or Israeli spotted fever (ISF, G-212 strain). We also examined
the effect of dexamethasone on A. rickettsial yield in MdM and B. PGE; and TNF
production by MdM rickettsiae infected MdM.

RC and ISF were found to induce human MdM to produce TNF alpha, which
increased when a higher multiplicity of infection of rickettsiae was used. The
capability of rickettsiae to induce TNF production from macrophases is not unique
to rickettsiae, but has recently been demonstrated in a wide range of intracellular
pathogens such as viruses (Aderka et al., 1985, ), bacteria (Blanchard ef al., 1987;
Havell, 1987; Leist et al., 1988), eucaryotic parasites (Bate et al., 1988) and fungi
(Djeu et al., 1988). Various molecules have also been found to be able to induce
TNF in macrophages, such as bacterial lipopolysaccharides and endotoxin com-
ponent responsible for the induction of TNF alpha in human macrophages.

Recently we have shown that TNF alpha inhibits rickettsial growth in HEp-2
cells; the inhibition is enhanced by gamma-interferon (Manor and Sarov, 1990).
This suggests that in vivo, early in the rickettsial infection, TNF may play a
protective role. However, it is also possible that TNF might cause some of the
pathological effects seen later in the course of rickettsial infection (Beutler and
Cerami, 1988).

RC and ISF also induced human MdM to produce PGE2. The level of PGE2
increased when a higher multiplicity of infection of rickettsiae was used. PGE2 has
been shown to be produced by macrophages infected with viruses (Laegreid et al.,
1989; Laegreid et al., 1989b), bacteria (Molvig et al, 1988; Nichols et al., 1988;
Nichols et al., 1987), and intracellular parasites (Clark and Hunt, 1986;Reiner et
al., 1988), and may cause profound metabolic and functional changes in these cells
(Chouaib and Bertoglio, 1988).

It has been found that in ascites from mice lethally infected with R. fsut-
sugamushi the levels of PGE; increased, and that inflammatory macrophages from
lethally infected mice produced from two to five times more PGE; than an
equivalent number of cells from resistent mice. The former macrophages failed to
express Ia antigen even after treatment with gamma interferon . Incubation of
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macrophages from susceptible animals with indomethacin resulted in partial, but
not complete, restoration of Ia antigen expression (Jerrells, 1988). Experiments
are in progress to examine the effect of RC and ISF rickettsiae infection on Ia
antigen expression in human macrophages.

Dexamethasone inhibited TNF and PGE; production. These results are in
agreement with those described by Beutler ef al., 1996 and Danon e al., 1978,
respectively, who have shown that dexamethasone inhibits TNF and PGE; at the
transcriptional level.

Both RC and ISF were found to replicate in MdM. Treatment of the cells with
dexamethasone enhanced the yield of infectious rickettsial particles in these cells.
These results cannot be simply explained by the dexamethasone inhibition of TNF
production from rickettsial infected MdM. This conclusion is based on the findings
that addition of an excess of PGE;, which inhibits TNF production, or in-
domethacin, which enhances TNF production, did not affect the rickettsial yieldin
MdM. The mechanism by which dexamethasone enhances rickettsial yield in MdM
needs further investigation. Corticosteroids have been found to enhance replica-
tion of viruses (Tanaka ef al., 1984), and the intracellular parasites (Bushell and
Hobson, 1978;Yang et al.,1983; Woodman et al., 1979).

The level of TNF detected in the medium of the RC or ISF infected MdM
reached a maximum at 24 hpi and then declined. When the infected MdM were
washed daily, the TNF level remained high throughout the entire experimental
period. A possible explanation is that the high level of PGE; depressed TNF
production, and that washing of the cells eliminated the interference of PGEa.
Kunkel ef al., (1988) have shown that PGE; regulates macrophage derived TNF
gene expression. These observations support the suggestion that TNF and PGE;
regulates macrophage derived TNF gene expression. These observations support
the suggestion that TNF and PGE; may affect each other’s production (Dayer et
al., 1985; Lehmmann et al., 1988). TNF produced by activated macrophages may
be responsible for increased synthesis of PGE, which, in turn, limits macrophage
activation in an autoregulatory manner (Laegreid ef al., 1989a; Laegreid ef al.,
1989b). A delicate balance between TNF and PGE3 produced by macrophages
might play a major role in the outcome and severity of rickettsial infection in vivo.
This study was supported by NIH-NIAID Contract No. AT 68010.

Dedicated to the memory of Professor Israel Sarov, an exemplary scientist and
teacher,

LITERATURE CITED

Aderka, D., H. Holtmann, L. Toker, T. Hahn, and D. Wallach. 1985. Tumor
necrosis factor induction by Sendal virus. J. Immunol. 136:2938-2942.

Bate, CA.W,, J. Taverne, J.H.L. Playfair. 1988. Malarial parasites induce TNF
production by macrophages. Immun. 64:227-231.

Beutler, B., N. Krochin, L.W. Milsark, C. Luedke, A. Cerami. 1986. Control of
cachectin (tumor necrosis factor) synthesis: mechanisms of endotoxin resis-
tance. Science 232:977-978.



EFFECTS OF RICKETTSIA 165

. Beutler, B. and A. Cerami. 1988. Cachectin (Tumor Necrosis Factor): A macro-
phage hormone governing cellular metabolism and inflammatory response
more than a tumor necrosis factor. Endocr. Rev. 9:57-66.

Blanchard, D.K., J.Y. Djeu, T.W. Klein, H. Friedman, and W.E. Stewart II. 1987.
Induction of tumor necrosis factor by Legionella pneumophilia. Infect. Immun.
55:433-437.

Bushell, C.A., D. Hobson. 1978. Effect of cortisol on the growth of chlamydia
trachomatis in McCoy cells. Infect. Immun. 21:946-953.

Chouaib, S., and J.H. Bertoglio. 1988. Prostaglandine E as modulators of the
immune response. Lymphokine Res. 7:237-245.

Clark, LA, N.H. Hunt. 1986. Increased production of arachidonate metabolites
by peritoneal cells of mice infected with Plasmodium vinckei vinckei. Aust. J.
Exp. Biol. Med. Sci. 64:415-418.

Danon A. and G. Assouline. 1978. Inhibition of prostaglandin biosynthesis by
corticosteroids requires RNA and protein synthesis. Nature. 273:552-554.

Dayer, .M., B. Beutler, A. Cerami. 1985. Cachectin/tumor necrosis factor stimu-
lates collagenase and prostaglandin E; production by human synovial cells and
dermal fibroblasts. J. Exp. Med. 162:2163-2168.

Djeu, J.Y., D.K. Blanchard, A.L. Richards, and H. Friedman. 1988. Tumor
necrosis factor induction by Candida albicans from human natural killer cells
and monocytes. J. Immunol. 141:4047-4052.

Havell, E.A. 1987. Production of tumor necrosis factor during murine listeriosis.
J. Immunol. 139:4225-4231.

Izumi, S., O. Hirai, K. Kayashi, H. Acki Kohsaka and Y. Yamamura. 1987.
Induction of a tumor necrosis factor-like activity by Nocardia rubra cell wall
skeleton. Cancer Res. 47:1785-1792.

Jerrells, T.R. 1988. IFN gamma as an effector molecule in antirickettsial immunity.
In: Interferon and nonviral pathogens. G.I. Byrae and J. Turco, Eds. 117-129,
Marcel Dekker, Inc., New York and Basel.

Jupin, C,, S. Anderson, C. Damais, J.E. Alouf, and M. Parant. 1988. Toxic Shock
syndrome toxin 1 as an inducer of human tumor necrosis factors and gamma
interferon. J. Exp. Med. 167:752-761.

Kunkel, S.L., M. Spengler, M.A. May, R. Spengler, J. Larrick, D. Remick. 1988.
Prostaglandin E; Regulates Macrophage-derived Tumor Necrosis, J. of Biol.
Chem. 263:5380-5384.

Laegreid, W.W., SM. Taylor, R.-W. Leid, R.M. Silflow, J.R. Evermann, R.C.
Breeze, H.D. Liggitt. 1989a. Virus-induced enhancement of arachidonate
metabolism by bovine alveolar macrophages in vitro. J. of Leukoc. Biol.
45:283-292.

Laegreid, W.W., H.D. Liggitt, R. M. Silfow, J.R. Evermann, S.M. Taylor, R. W. Leid.
1989b. Reversal of virus-induced alveolar macrophage bactericidal dysfunc-
tion by cyclooxygenase inhibition in vitro. J. of Leukoc. Biol. 45:293-300.

Lehmmann, V., B. Benninghoff, W. Droge. 1988. Tumor necrosis factor-induced
activation of peritoneal macrophages is regulated by prostaglandin Ez and
cAMP. J. of Immun. 141:587-591.



166 VIRGINIA JOURNAL OF SCIENCE

Leist, T.P., K. Frei, S. Kam-Hansen, R.M. Zinkernagel, and A. Fontana. 1988.
Tumor necrosis factor alpha in cerebrospinal fluid during bacterial, but not
viral, meningitis. J. Exp. Med. 167:1743-1748.

Manor, E. and 1. Sarov. 1990. Inhibition of Rickettsia conorii growth by recom-
binant tumor necrosis factor (TNF): Enhancement of the inhibitory effect by
gamma interferon. Infect. Immun. (in press).

Molvig J., L. Baek, P. Christensen, K.R. Manogue, H. Vlassara, P. Platz, L.S.
Nielsen, A. Svejgaard, J. Nerup, 1988. Endotoxin-Stimulated Human
Monocyte Secretion of Interleukin 1, Tumour Necrosis Factor Alpha, and
Prostaglandin E3 Shows Stable Interindividual Differences. Scand. J. Im-
munol. 17:705-716.

Nathan, C.F. 1987. Secretory Products of Macrophages, J. Clin. Invest. 79:319-
326.

Nichols, F.C., S.W. Garrison, H.W. Davis. 1988. Prostaglandin E; and throm-
boxane B3 release from human monocytes treated with bacterial lipopolysac-
charide. J. Leukoc. Biol. 44:376-384.

Nichols, F.C., H.A. Schenkein, R. B. Rutherford. 1987. Prostaglandin Ez, pros-
taglandin E1 and thromboxane Bz release from human monocytes treated with
Csp or bacterial lipopolysaccharide. Biochim. Biophys. Acta. 927:149-157.

Reiner, N.E,, L.A. Schultz, C.J. Malemud. 1988. Eicosanoid metabolism by Leish-
mania donovani-infected macrophages: mouse strain responses in prostanoid
synthesis. Am. J. Trop. Med. Hyg. 38:59-64.

Tanaka, J., T. Ogura, S. Kamiya, H. Sato, T. Yoshie, Y. Yabudi, M. Hatano. 1984.
Enhanced replication of human cytomegalovirus in human fibroblasts treated
with dexamethasone. J. Gen. Virol. 65:1759-1767.

Woodman, D.R.,, W.W. Schultz, K.L. Woodman, E. Weiss. 1979. Growth of
Rickettsia typhi in irradiated L cells enhanced by lysosomal stabilization.
Infect. Immun. 23:61-67.

Yang, Y.S., C.C. Kuo, W.J. Chen. 1983. Reactivation of chlamydia trachomatis
lung infection in mice by cortisone. Infect. Immun. 39:655-658.





