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Development of Chlamydia trachomatis (L,/434/Bu) in HEp-2 cells was inhibited by treatment of the cells with
recombinant human alpha tumor necrosis factor (TNF). In the infected cultures that were treated with TNF,
high concentrations of prostaglandin E,(PGE,) were detected, exceeding by far the concentrations found in
TNF-treated but uninfected cells or in infected cells that were not treated with TNF. PGE, levels increased
gradually for 2 days after infection. Raising the tryptophan concentration in the culture medium, which
reversed the inhibition of chlamydial replication by TNF, also blocked the increase in PGE, formation.
However, neutralizing antibodies to beta interferon, which also interfered with the antichlamydial effect of
TNF, did not decrease PGE, formation. Excessive formation of PGE, by cells infected with chlamydiae and
treated by TNF might be related to some of the complications associated with chlamydial infection.

Tumor necrosis factor (TNF) contributes in a variety of
ways to the defense of the host against infectious agents and
to its recovery from injury. Yet, in certain situations, TNF
may be extremely harmful (17, 24). There is only fragmen-
tary information on the mechanisms that underly these
deleterious effects. Several studies have suggested that
prostaglandins, whose synthesis is enhanced by TNF, play a
critical role (8, 12). Other studies have shown that vulnera-
bility of the host to the lethal effects of TNF is increased by
certain pathogens. In mice bearing tumors (la) or infected
with certain bacteria (9) or with malaria parasites (4) and in
mice injected with bacterial endotoxin (19), the lethal dosage
of TNF is significantly lower than that in healthy animals.
Recently, we showed that growth of Chlamydia trachoma-
tis, obligate intracellular bacteria which are involved in the
etiology of certain ophthalmic and venereal diseases and can
be associated with reactive arthritis (13), induces the forma-
tion of TNF in macrophages (15). This cytokine, in turn, was
found by us to inhibit the intracellular growth of these
parasites by a mechanism apparently involving induced beta
interferon (IFN-B) and tryptophan-degrading enzymes (23).

In the present study we provide evidence that, in cells
infected with chlamydiae, TNF induces the production of
prostaglandin E, (PGE,) much more effectively than in
uninfected cells. Such a potentiation effect of a pathogen on
the prostaglandin-inducing activity of TNF may contribute
to the increased vulnerability of hosts infected with parasites
to the deleterious effects of the cytokine.

MATERIALS AND METHODS

C. trachomatis growth. C. trachomatis (L,/434/Bu) elemen-
tary bodies were purified as described previously (21).
HEp-2 cells, derived from a human carcinoma of the larynx,
were obtained from Flow Laboratories, England, and grown
in minimal essential medium containing 10% fetal calf serum,
2 mM L-glutamine, and antibiotics (cell culture medium).
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The medium contained less than 0.1 U of endotoxin per ml,
as determined by the Limulus amoebocyte lysate assay.

TNF. Human recombinant TNF (6 X 107 U/mg of protein)
containing less than 0.125 U of endotoxin per ml (as deter-
mined by the Limulus amoebocyte lysate assay), produced
by Genentech Co., South San Francisco, Calif., was kindly
provided by G. Adolf, Boehringer Institute, Vienna, Austria.

Antibodies. The mouse monoclonal antibodies to human
IFN-B were obtained from Inter-Yeda Inc., Rehovot, Israel.

Infection of HEp-2 cells. The cells were seeded into 96-well
microdilution plates at 3 x 10 cells per well. After 48 h of
incubation at 37°C in an atmosphere of 5% CO, in air, the
cells were infected at a multiplicity of infection of 1 in the
presence of infection medium (minimal essential medium
containing 2.5% fetal calf serum, 1% glucose, 2 mM L-glu-
tamine, vancomycin [0.1 wg/ml], and gentamicin [16 wg/ml]).
Control cultures were mock infected. In some experiments,
chlamydiae were heat inactivated for 15 min at 56°C before
infection. After 1 h of adsorption at 37°C, the inoculum was
removed, and the cells were incubated further in infection
medium with or without additives as indicated. Two days
after infection, the cells were scraped into the medium. The
contents of triplicate wells were pooled and stored at —70°C
until they were assayed for chlamydial yield (see below). In
parallel wells, the culture medium was harvested, clarified
by centrifugation, and frozen until determination of the
PGE, content.

Determination of chlamydial yield. HEp-2 cells were
seeded into 96-well microdilution plates and infected on the
following day with serial dilutions of the samples in infection
medium containing 10% fetal calf serum and cycloheximide
(1 pg/ml). Fourty-eight hours after infection, the cells were
fixed with ethanol, and chlamydial inclusions were stained
by an indirect immunoperoxidase method (21). Values are
expressed as inclusion-forming units per milliliter of sample.

Determination of PGE,. The media from control and
infected cultures were radioimmunoassayed for PGE, as
previously described (10). Samples were incubated for 4 h at
4°C with a specific rabbit antiserum against PGE,, normal
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rabbit serum, a goat antiserum against rabbit immunoglob-
ulins (Calbiochem, Frankfurt, Federal Republic of Germa-
ny), and [*’HJPGE, (Amersham, Braunschweig, Federal Re-
public of Germany). The immune complexes were separated
from the unbound [*°H]PGE, by centrifugation, and the
radioactivity of the pellet was measured by liquid scintilla-
tion spectrometry. PGE, levels were calculated by compar-
ison with calibrated standards run in parallel.

Analysis of prostaglandins by high-pressure liquid chroma-
tography. Cells (1.5 % 10° in 1 ml of cell culture medium)
were seeded into each well of plates with 18-mm wells. After
8 h, [*H]arachidonic acid (New England Nuclear, Dreieich,
Federal Republic of Germany) (10 nCi per well) was added
to the cultures and allowed to incorporate for 20 h. The cells
were then rinsed three times with phosphate-buffered saline
and infected or mock infected as described above. After 1 h
the infection medium was removed, and the cells were rinsed
three times with phosphate-buffered saline and incubated
further with infection medium devoid of phenol red and with
or without TNF (100 ng/ml). After 48 h, the medium was
harvested from the cultures and subjected to solid-phase
extraction. Samples were acidified to pH 3.5 with acetic acid
and applied to 1-ml C,g columns (Bond Elute; Analytichem,
Harbor City, Calif.) that had been prewashed with 1 ml of
ethanol and equilibrated with 1 ml of 0.1% EDTA. After
columns were washed with 1 ml of water, they were eluted
with 2 ml of methanol; the eluate containing the eicosanoids
was concentrated under a stream of nitrogen. The samples
were then analyzed by isocratic reversed-phase high-pres-
sure liquid chromatography at a flow rate of 0.2 ml/min. The
mobile phase consisted of acetonitrile (31.9%, vol/vol),
acetic acid (0.1%, vol/vol), and H,O (68%, vol/vol) adjusted
to pH 4.5 with sodium acetate; a C,3 narrow-bore column
(1.6 by 250 mm, MZ Analysentechnik, Mainz, Federal
Republic of Germany) constituted the stationary phase.
Radioactivity of the effluent was monitored with a radioac-
tive flow monitor (Raytest, Straubenhard, Federal Republic
of Germany).

Each of the experiments presented in this paper was
performed at least three times with essentially identical
results. Data for the chlamydial yield and PGE, determina-
tions are presented as the means + standard deviations of
triplicate determinations. Where the bars for the standard
deviation are not drawn they fall inside the symbols. Statis-
tical analysis of data was performed with the Student ¢ test.

RESULTS

Growing HEp-2 cells produced spontaneously only low
amounts of PGE, as determined by radioimmunoassay; after
incubation for 48 h, the PGE, concentration in the culture
medium was usually less than 0.5 ng/ml. Treatment of the
cells with TNF increased the formation of PGE,, although to
a lesser extent than that observed in some other cells (5).
Infection with chlamydiae also resulted in some enhance-
ment of the synthesis of PGE, (Fig. 1 and 2).

Growth of C. trachomatis in HEp-2 cells was greatly
reduced by treatment with TNF (22) (see Fig. 4B). Yet, in
spite of the inhibitory effect of the cytokine on chlamydial
growth, treatment with TNF markedly enhanced PGE,
formation in the infected cells (Fig. 1), yielding concentra-
tions exceeding by far those found in cultures of noninfected
cells after cytokine treatment or in cultures of cells that were
infected without being treated with the cytokine. The kinet-
ics showed that the production of PGE, was induced rather
slowly, primarily during the second day of infection and
cytokine treatment.
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FIG. 1. Effect of TNF and chlamydial infection on PGE, forma-
tion. Chlamydia-infected cells (multiplicity of infection of 1) (O, OJ)
or uninfected cells (@, M) were incubated with TNF (500 ng/ml) (O,
@) or without TNF (O, W). After the indicated periods of incuba-
tion, PGE, concentrations in the culture media were determined.
Shown are the means * standard deviations of triplicates from a
representative experiment.

The extent of PGE, formation was proportional to the
concentration of live chlamydiae (Fig. 2). Heat-inactivated
chlamydiae did not induce PGE, formation either in the
presence or in the absence of TNF (Fig. 2), nor was PGE,
formation induced by bacterial lipopolysaccharide (100 g/
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FIG. 2. Effects of different doses of active and heat-inactivated
chlamydiae on the induction of PGE, formation by TNF. HEp-2
cells were inoculated with active chlamydiae (O) or heat-inactivated
chlamydiae (@) at the indicated multiplicities of infection and
incubated with TNF for 48 h. The concentration of PGE, in the
culture medium was determined thereafter. The PGE, formation in
cultures infected with active chlamydiae without TNF treatment is
also shown (OJ). Symbols represent the means + standard deviations
of triplicates from a representative experiment. Heat-inactivated
chlamydiae alone did not induce PGE, formation.
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FIG. 3. Analysis of prostaglandins formed by HEp-2 cells on
infection and/or TNF treatment by reversed-phase high-pressure
liquid chromatography. Cells labeled with [*Hl]arachidonic acid
were cultured for 2 days, and the supernatant was removed and
analyzed as described in Materials and Methods. Supernatant was
taken from (A) untreated cells, (B) cells treated with TNF (500
ng/ml), (C) cells infected with chlamydiae, and (D) cells infected
with chlamydiae and treated with TNF.

ml, from E. coli; Difco Laboratories, Detroit, Mich.) (data
not shown). .

To gain a more comprehensive view of the arachidonic
acid derivatives that are produced by infected cells, HEp-2
cells were labeled with [*H]arachidonic acid before infection
and cytokine treatment, and the labeled compounds released
by the cells within 2 days of infection were analyzed by
reversed-phase high-pressure liquid chromatography (Fig.
3). The major peak of radioactive materials released by the
infected cells had a retention time corresponding to that of a
PGE, standard preparation (17 min). Consistent with the
results obtained in the antibody-based assay, PGE, forma-
tion in TNF-treated, chlamydia-infected cells exceeded by
far its formation in control cells, noninfected TNF-treated
cells, and infected cells that were not treated with TNF.

The antichlamydial effect of TNF can be suppressed in
two ways: by increasing the concentration of tryptophan or
by adding neutralizing antibodies against IFN-g (23), sug-
gesting the involvement of tryptophan degradation and of an
autocrine function of IFN-B in the antichlamydial effect of
TNF.

INFECT. IMMUN.

Increasing the tryptophan concentration to 10-fold that of
the normal concentration in the culture medium (10 pg/ml),
which strongly suppressed the inhibitory effect of TNF on
chlamydial development (Fig. 4B), also resulted in a marked
suppression of PGE, formation in cells infected with chla-
mydiae and treated with TNF (Fig. 4A). Prostaglandin
formation in noninfected cells was not inhibited.

On the other hand, antibodies to IFN-B with a neutralizing
capacity of 500 U/ml, even though they markedly decreased
the antichlamydial effect of TNF (P < 0.001), had no
significant effect (P > 0.05) on the high level of PGE,
formation in the infected, TNF-treated cells (Table 1).

DISCUSSION

TNF-induced resistance to viral, procaryotic, or eucaryo-
tic parasites involves, in part, induction of a state of in-
creased antiparasitic activity in cells of the immune system,
such as mononuclear and polymorphonuclear phagocytes (6,
7). But TNF also increases the resistance to parasites
through a direct effect on the infected cell, as in the case of
viral infection (16, 27).

In this way TNF also affects the growth of C. trachomatis
in HEp-2 cells (22). Simultaneously with a decreased yield of
chlamydiae in cells treated with TNF, these cells also
exhibited a marked potentiation of the production of PGE,
which was dependent on both their TNF treatment and
infection by the parasite (Fig. 1). High-pressure liquid chro-
matography revealed that, indeed, the major metabolite of
arachidonic acid in these cells is PGE,. It remains to be seen
whether in other pathogen-infected cells the formation of
different prostanoids in response to TNF is enhanced as
well.

The antiviral activity of TNF has been shown to be partly
due to endogenous formation of IFN-B (16). Also, the
antichlamydial effect of TNF is decreased by antibodies
against IFN-B (23). However, PGE, formation was not
affected by those antibodies (Table 1), indicating that it is
independent of IFN-B.

The mechanism underlying the antichlamydial activity
induced by TNF appears to involve an increase in the
degradation of tryptophan (23). A similar mechanism has
been suggested for the antichlamydial effects of IFN-y (3,
20), and the enhanced expression of the tryptophan-degrad-
ing enzyme indoleamine-2,3-dioxygenase has been ascribed
to this mechanism. In support of this notion, the addition of
tryptophan reverses the antichlamydial effect of IFN-y (3,
20) and of TNF (23). A tryptophan supply might be essential
for the development of C. trachomatis; its depletion from the
growth medium inhibits the parasitic cycle. In addition,
tryptophan can function as a radical scavenger (28), possibly
preventing some radical-dependent defense mechanism from
operating against the chlamydiae. The finding that tryp-
tophan also inhibits TNF-induced PGE, synthesis in chlamy-
dia-infected cells (Fig. 4A) raises a third possibility. PGE,
has been shown to have antichlamydial activity, possibly
mediated by increased cyclic AMP levels in the infected cells
(25). It therefore seems possible that the induction of PGE,
by TNF plays a role in the antichlamydial effect of the
cytokine. On the other hand, the finding that antibodies
against IFN-B decreased the antichlamydial effect of TNF
without affecting PGE, formation indicates that high PGE,
levels alone are not sufficient to explain the inhibition of
chlamydial growth by TNF.

Whether endogenous PGE, formation indeed contributes
to the suppression of ongoing chlamydial infection in cells
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FIG. 4. Effect of TNF and tryptophan on (A) PGE, formation and (B) chlamydial yield. HEp-2 cells were infected with chlamydiae (O,
@) for 1 h, and then the cells were treated with TNF in the presence of either 10 pg (O) or 100 p.g (@) of tryptophan per ml. Data for uninfected
cells treated with TNF in the presence of either 10 or 100 pg of tryptophan per ml are also shown (d). The data show the means * standard

deviations of triplicates from a representative experiment.

exposed to TNF has to be clarified by further experiments.
However, since PGE, has been shown to inhibit chlamydial
growth (25), it is conceivable that this PGE, can contribute
to the defense against chlamydiae, at least by enhancing the
resistance to the pathogen in neighboring, as yet uninfected,
cells.

It is typical of many elements in an inflammatory reaction
that their effects on the host can be of an ambivalent nature:
on the one hand they may participate in the defense of the
host against invading pathogens, but on the other hand they
may have adverse effects. Such an ambivalent role is known
for TNF as well as PGE,, and part of the in vivo toxicity of
TNF has been linked to prostaglandin formation (8, 12).
Since chlamydiae can induce the formation of TNF in
experimental situations (15, 26), one may speculate that also
during natural infection TNF is formed, which in turn
induces high levels of PGE, in the infected cells, leading to
some of the complications of chlamydial infection.

A manifestation of the consequences of such events might
be the high incidence of premature labor and abortions in
chlamydia-infected humans (18) and ruminants (1), which

TABLE 1. Influence of antibodies against IFN-B on the
antichlamydial effect of TNF and on PGE, formation

Chlamydial yield POE, (ng/mb”

amydial yie

Treatment (IFU/ml) With Without
chlamydiae chlamydiae

Untreated cells 2.8 x 107 £ 3 x 105» 43+0.2 05=*0.1

TNF (500 ng/ml) 1.2 x10* £ 1 x lOzb 226 + 752 2.6 = 0.6°

TNF (500 ng/ml) + 1.7 x 10° + 2 x 10°" 320 + 83 1.2 = 0.7

Abs® to IFN-B
Abs to IFN-B 3.5 x 107 = 4 x 10° 11+24 04=x0.1

“ Values represent the means *+ standard deviations of triplicate determi-
nations. Data were analyzed by the Student ¢ test. IFU, Inclusion-forming
units.

b P < 0.01 in comparison with untreated cells.

¢ Abs, Antibodies.

4 P < 0.05 in comparison with untreated cells.

possibly reflects the labor-inducing activity of prostaglan-
dins. Indeed, in some cases of abortion and premature labor,
increased levels of PGE, have been observed in the amniotic
and allantoic fluids (14, 18).

Chlamydial infection has been found to be associated with
sexually aquired reactive inflammatory arthritis (11). It is
possible that in that form of rheumatoid arthritis, chlamydial
infection leads to the formation of TNF and consequently
PGE,, mediators which have been found in the synovial
fluids of patients with rheumatoid arthritis (2) and which are
thought to contribute to some of the symptoms of the
disease, such as pain and bone resorption.

In summary, the present study demonstrates that, in cell
culture, infection by C. trachomatis in the presence of TNF
can result in marked production of PGE, in cells that under
normal conditions are only poor producers of prostaglan-
dins. Further investigation is necessary for evaluating the
relevance of this in vitro model to the in vivo situation.

ACKNOWLEDGMENTS

We thank G. Adolf from the Boehringer Institute, Vienna, Aus-
tria, for the gift of recombinant TNF-a; A. Zilberstein and M. Revel
from The Weizmann Institute of Science, Rehovot, Israel, for the
polyclonal antibodies to IFN-B; V. Kaever and K. Resch from the
Medical School, Hannover, Federal Republic of Germany, for
helpful discussions and comments on the manuscript; and B. Preiss
for technical assistance.

This study was supported by grants from the Deutsche Forschungs-
gemeinschaft, from the Middle East Eye Research Institute, from
the National Council for Research and Development of Israel, and
from the German Cancer Research Center.

LITERATURE CITED

1. Aitken, I. D. 1988. Animal chlamydial infection, p. 11-13. In
P. A. Csango, M. La Placa, J. Orfila, 1. Sarov, and M. Ward
(ed.), Proceedings of the European Society for Chlamydia
Research. Societa Editrice Esculatio, Bologna, Italy.

la.Bartholeyns, J., M. A. Freudenberg, and C. Galanos. 1987.
Growing tumors induce hypersensitivity to endotoxin and tumor
necrosis factor. Infect. Immun. 55:2230-2233.



3172

10.

11.

12.

13.
14,

HOLTMANN ET AL.

. Brennan, F. M., D. Chantry, A. Jackson, R. Maini, and M.

Feldman. 1988. Suppression of IL-1 bioactivity in synovial cell
cultures by polyclonal anti-TNF antibody. Lymphokine Res.
7:333.

. Byrne, G. 1., L. K. Lehmann, and G. J. Landry. 1986. Induction

of tryptophan catabolism is the mechanism for gamma-interfer-
on-mediated inhibition of intracellular Chlamydia psittaci repli-
cation in T24 cells. Infect. Immun. 53:347-351.

. Clark, I. A., W. B. Cowden, G. A. Butcher, and N. H. Hunt.

1987. Possible roles of tumor necrosis factor in the pathology of
malaria. Am. J. Pathol. 129:192-199.

. Dayer, J.-M., B. Beutler, and A. Cerami. 1985. Cachectin/tumor

necrosis factor stimulates collagenase and prostaglandin E,
production by human synovial cells and dermal fibroblasts. J.
Exp. Med. 162:2163-2168.

. Djeu, J. Y., D. K. Blanchard, D. Halkias, and H. Friedman.

1986. Growth inhibition of Candida albicans by human poly-
morphonuclear neutrophils: Activation by interferon-gamma
and tumor necrosis factor. J. Immunol. 137:2980-2984.

. Esparza, I., D. Minnel, A. Ruppel, W. Falk, and P. H. Kram-

mer. 1987. Interferon-gamma and lymphotoxin or tumor necro-
sis factor act synergistically to induce macrophage killing of
tumor cells and schistosomula of Schistosoma mansoni. J. Exp.
Med. 166:589-594.

. Evans, D. A., D. O. Jacobs, A. Revhaug, and D. W. Wilmore.

1989. The effects of tumor necrosis factor and their selective
inhibition by ibuprofen. Ann. Surg. 209:312-321.

. Galanos, C., M. A. Freudenberg, A. Coumbos, M. Matsuura, V.

Lehmann, and J. Bartholeyns. 1988. Induction of lethality and
tolerance by endotoxin are mediated by macrophages through
tumor necrosis factor, p. 114-127. In B. Bonavida, G. E.
Gifford, H. Kirchner, and L. J. Old (ed.), Tumor necrosis
factor/cachectin and related cytokines. Proceedings of the In-
ternational Conference on Tumor Necrosis Factor and Related
Cytotoxins, Heidelberg 1987. Karger, Basel.

Kaever, V., M. Goppelt-Striibe, and K. Resch. 1988. Enhance-
ment of eicosanoid synthesis in mouse peritoneal macrophages
by the organic mercury compound thimerosal. Prostaglandins
35:885-902.

Keat, A., B. J. Thomas, and D. Taylor-Robinson. 1983. Chla-
mydial infection in the aetiology of arthritis. Br. Med. Bull.
39:168-174.

Kettelhut, I. C., W. Fiers, and A. L. Goldberg. 1987. The toxic
effects of tumor necrosis factor in vivo and their prevention by
cyclooxygenase inhibitors. Proc. Natl. Acad. Sci. USA 84:
4273-4277.

Ladany, S., and I. Sarov. 1985. Recent advances in Chlamydia
trachomatis. Eur. J. Epidemiol. 1:235-256.

Leaver, H. A., A. Howie, I. D. Aitken, B. W. Appleyard, I. E.
Anderson, G. Jones, L. A. Hay, G. E. Williams, and D. Buxton.
1989. Changes in progesterone, oestradiol 178, and intrauterine
prostaglandin E, during late gestation in sheep experimentally

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

INFECT. IMMUN.

infected with an ovine abortion strain of Chlamydia psittaci. J.
Gen. Microbiol. 135:565-573.

Manor, E., and 1. Sarov. 1988. Inhibition of Chlamydia tracho-
matis replication in HEp-2 cells by human monocyte-derived
macrophages. Infect. Immun. 56:3280-3284.

Mestan, J., W. Digel, S. Mittnacht, H. Hillen, D. Blohm, A.
Moller, H. Jacobsen, and H. Kirchner. 1986. Antiviral effects of
recombinant tumor necrosis factor in vitro. Nature (London)
323:816-818.

Piguet, P.-F., G. E. Grau, B. Allet, and P. Vassalli. 1987. Tumor
necrosis factor/cachectin is an effector of skin and gut lesions of
the acute phase of graft-vs.-host disease. J. Exp. Med. 166:
1280-1289.

Romero, R., and M. Mazor. 1988. Infection and preterm labor.
Clin. Obstet. Gynecol. 31:553-584.

Rothstein, J. L., and I. N. Schreiber. 1988. Synergy between
tumor necrosis factor and bacterial products causes hemor-
rhagic necrosis and lethal shock in normal mice. Proc. Natl.
Acad. Sci. USA 85:607-611.

Shemer, Y., R. Kol, and I. Sarov. 1987. Tryptophan reversal of
recombinant human gamma-interferon inhibition of Chlamydia
trachomatis growth. Curr. Microbiol. 16:9-13.

Shemer, Y., and I. Sarov. 1985. Inhibition of growth of Chla-
mydia trachomatis by human gamma interferon. Infect. Immun.
48:592-596.

Shemer-Avni, Y., D. Wallach, and I. Sarov. 1988. Inhibition of
Chlamydia trachomatis growth by recombinant tumor necrosis
factor. Infect. Immun. 56:2503-2506.

Shemer-Avni, Y., D. Wallach, and 1. Sarov. 1989. Reversion of
the antichlamydial effect of tumor necrosis factor (TNF) by
tryptophan and antibodies to interferon beta. Infect. Immun.
57:3484-3490.

Tracey, K. J., B. Beutler, S. F. Lowry, J. Merryweather, S.
Wolpe, I. W. Milsark, R. J. Hariri, T. J. Fahey III, A. Zentella,
J. D. Albert, G. T. Shires, and A. Cerami. 1986. Shock and
tissue injury induced by recombinant human cachectin. Science
234:470-474.

Ward, M. E., and H. Salari. 1982. Control mechanisms govern-
ing the infectivity of Chlamydia trachomatis for HeLa cells:
modulation by cyclic nucleotides, prostaglandins and calcium.
J. Gen. Microbiol. 128:639-650.

Williams, D. M., L. F. Bonewald, G. D. Roodman, G. 1. Byrne,
D. M. Magee, and J. Schachter. 1989. Tumor necrosis factor
alpha is a cytotoxin induced by murine Chlamydia trachomatis
infection. Infect. Immun. 57:1351-1355.

Wong, G. H., and D. V. Goeddel. 1986. Tumor necrosis factor
alpha and beta inhibit virus replication and synergise with
interferon. Nature (London) 323:819-822.

Yong, S., and S. Lau. 1979. Rapid separation of tryptophan,
kynurenines, and indoles using reversed-phase high-perfor-
mance liquid chromatography. J. Chromatogr. 175:343-348.



