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wanted to verify whether TNF also has a role in the
modulation of immune responses in vivo. The results
presented hereshow that humanrecombinant TNF-(Y
(hu
rTNF-a)is able to potently enhance theantibody response
in vivo in a much lower range of doses than those reported
to cause cachexia and severe tissue toxicity.
MATERIALSAND

METHODS

Mice. C3H/HeN CrlBR mice, obtained from Charles River Breeding
Laboratories (Calco, Italy) were bred in our animal facilities and
housedinair-conditioned
rooms on a 12-hr light-darkschedule
(illumination: 7.00 a.m. to 7.00
p.m.). Food and waterwere available
ad libitum. Male mice between 10 and 12 wk of age, weighing
approximately 25 g, were usedin allthe experiments. In some
experiments, C3H/HeJ male mice (TheJackson Laboratory, Bar
Harbor, ME] of the sameage and weight as above were used.
Cytokines. The hu rTNF-a used in this study (kindly donated by
Dr. A. Galazka, Biogen Research Corp.. Geneva, Switzerland, batch
No. 30 Ly 1839/182: and by Dr. L. S. Lin. Cetus Corp.. Emeryville.
CA. batch PTo. LYM12-1014858) was more than 95%pure and had
a specific activity of 1.5 X lo7 U/mg of protein (measured on a 24hr L929 bioassay with actinomycin D). The hu rTNF-a contained
less than 0.06 ng
endotoxin/pg. A specific rabbit anti-TNF-a serum
Tumor necrosis factor (TNF),2initially described a s a with a titer of 400,000 TNF neutralizing U/ml (Cetus Corp.. lot No.
57-030685) was obtained from Dr. L. S . Lin. The human recombiproduct of endotoxin-activatedmacrophagescausing
nant IL-1P (hu rIL-10) had a specific activity of 1 X 10'U/mg of
hemorrhagic necrosis of tumors in vivo (1-3),has re- protein and was purchasedfrom Genzyme Corp.. Boston, MA.
Antigens and immunization. Sheep red blood cells (SRBC: Sclavo,
cently been shown to be identical to cachectin (4, 5 ) . a
protein that, when injected in large amounts in vivo, Siena, Italy) were washed three times, resuspended in pyrogen-free
saline, and inoculated i.v. a t 1 to 2 X 108/0.2 ml/mouse. Purified
mimics the metabolic derangement leading to shock and type I11 pneumococcal polysaccharide (SIII: kindly provided by Phillip
cachexia often observed during severe invasive diseases J. Baker, National Institute of Allergy and lnfectious Diseases, Na(6).TNF has been included in the group of soluble factors, tional Institutes of Health, Bethesda. MD). was diluted in pyrogenfree saline andinoculated i.p. at the previously determined optimal
and interferon (IFN),that are dose
such as interleukin 1 (IL-1)
of 0.5 ggO.5 ml/mouse. At the time of antigen inoculation,
released mainly by the activated cells of the reticuloen- groups of three mice received a n i.p. injection of saline alone or
dothelial system during host reaction to infection or in- containing hurIL-lP (20 ng/kg). or different doses of hu rTNF-a.
Plaque-forming cell (PFCJ assay. Four of five days after immujury, but the precise role of this molecule in the host's nization,
direct PFC were detected by Cunningham and Szenberg's
defense mechanisms still remains to be defined. In par- slide technique (9). by using splenocyte suspensions as the source of
ticular, the in vivo role of TNF is unlikely to be confined antibody-secreting cells. Guinea pig serum (Sclavo) at the final dito the necrosis of tumors and to the ill-effects on metab- lution of 1/64 wasused as a source of complement. For the detection
of anti-SI11PFC, SIII was coupled to SRBC as described (lo].Briefly,
olism, because these activities are observed only with 0.5 ml of pelleted SRBC were resuspended in 1 ml of saline containvery high doses of the protein. Because TNF shares with ing1 mg of SIII. Then 1 ml of 0.1% chromium chloride (Sigma
IL-1 many common biologic properties (7).and IL-1 plays Chemical Co.. St. Louis, MO) in saline wasadded to themixture and
incubated for5 min at room temperature undergentle stirring. Cells
a major role in the onset of the immune response (8).
we were
then washed four times with 20 volof saline and used as
indicator cells in the PFC assay.
Statistical analysis. Results are expressed as means after logaReceived for publication May 27, 1987.
rithmic transformation f SE or as geometric means of PFC/spleen
Accepted for publication September 1, 1987.
The costs of publication of this article were defrayed in part by the from three mice assayed individually. Statistical significance was
payment of page charges. This article must therefore be hereby marked calculated by Student's t test.
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
RESULTS
' Address all correspondenceand requests for reprints to Dr. P. Ghiara.
Laboratorio di Immunofarmacologia. Centro Ricerche Sclavo. Via FiorIt has been shown that IL-1 is able to increase the
entina 1.1-53100 Siena. Italy.
*Abbreviations usedin this paper: T N F , tumor necrosis factor: hu
immuneresponse in vivo (11). and we have recently
r T N F - a . human recombinant T N F - a : IL-1 and -2. interleukin 1 and 2: hu
rlL-10. human recombinant IL-I p: IFN. interferon: SIII. type I11 pneumo- demonstrated that hu rIL-10 can enhance the antibody
responses to different antigens as measured by the hecoccal polysaccharide.
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Interleukin 1 (IL-1) has beenshown to regulate
several immunologic functions. Since
tumor necrosis factor (TNF) shares manybiologicproperties
with IL-1, we have investigated here the role
of TNF
in the modulation
of the immune response. We have
thus testedlow doses of human recombinantTNF-a
(hu rTNF-a) for its capacity to enhance the in vivo
antibody responses evaluated at the cellular level
in the hemolytic plaqueassay. It was foundthat hu
rTNF-a, like human IL-18, is able to enhance the
immune response to a T cell-dependentantigen
(sheep redblood cells). Interestingly, at variance
with human recombinant IL-18, hu rTNF-a was not
able to enhance the in vivo antibody responseto a
T cell-independent antigen (type I11 pneumococcal
polysaccharide). These results suggest that
low levels of TNF may havea role in the modulation
of the
immune response in vivo and shed new light
on the
biologic significanceof this mediator.
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hr at 37°C with a 1/250 dilution of a rabbit anti-TNF-a serum, or with
the same amountof normal rabbit serum(NRS).
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DISCUSSION

Figure 1. Splenic PFC anti-SRBC of control saline-treated C3H/HeN
mice ( p e d column] and of mice treated with 2 0 ng/kg of hu IL-18
(hatched column)
or with different doses
of hu rTNF-a. Results represent
the mean of four experiments peiformed. Verticalb a r s represent standard errors(SEI of the means.PFC anti-SRBC response of hu IL-18-treated
mice was significantly different (p 5 0.01) from that of control mice,
whereas only mice receiving doses of hu rTNF-a ranging from 1.3 x 10’
to 8 x lo3 ng/kg developed a PFC anti-SRBC responsesignificantly
different [p5 0.01) from that of controls.
TABLE I
Adjuvant activityof hu rlL-lp and hu
rTNF-a on immune respa-lseto
SRBC in endotoxin-insensitiue C3HIHeJ mice
Direct PFC Anti-SRK/Spleenb
Treatmenta

Saline
hu rIL- 10
hu rTNF-a

Mean l o g , ,
values f SE

4.193 _C 0.057
4.523 f 0.003
44.978
4.653 f 0.045

Geometric
mean

15.596
33,343

because the maximal endotoxin content of the hu rTNFLY inocula (see Materials and Methods) is far below the
minimal bioactive dose reported for this experimental
system (13).In addition, a s reported in Table I, hu rTNFa alsomaintaineditsadjuvant
activity in endotoxininsensitive C3H/HeJ mice. Furthermore, resultsin Table
11 show that the adjuvant capacity of hu rTNF-a is completely abolished by boiling, a s well a s by treatment with
a specific rabbit anti-TNF-aserum (14).
To further characterize the mechanism
of the adjuvant
activity of TNF, we tested the capacity of hu rTNF-a to
enhance the PFC response to SIII; this is considered a
helper T cell-independent antigen,in that it triggers the
production of antibodies by B cells apparently without
the cooperative interaction with helper Tcells (15). Interestingiy, at variance with hu rIL-lP, hu rTNF-a proved
completely unable to enhance the antibody response to
SI11 (Fig. 2).

PC

S0.05
SO.01

“Groups of three male C3H/HeJ mice (10 wk of age) received a n i.p.
injection of saline aloneor containing hu rIL-18 (20 ng/kg] or hu rTNF-a
as antigen adminisiration.
(13 ng/kg) at the same time
Splenic PFC anti-SRBC were det.ected 4 days after immunization as
described in Figure1.
Significance vs saline-treated animals.

The results presented here demonstrate
that hu rTNFis able to potently enhance the immune response in
vivo in a range of doses that is much lower than that
required to observe in vivo antitumoral activity (16, 17).
and farbelow those reported to be able to cause cachexia
and extensive tissuedamage (6).The immunostimulation
induced in vivo by hu rTNF-a is likely to be the result of
a n increase in the frequency of specific antibody-secreting cells in the spleen, because we never observed any
increase of splenic cellularity or splenomegaly.
The possibility that a contaminant might account for
the observed biologic activity of hu rTNF-cu can be reasonably excluded on the basis of several experimental data
hereafter summarized. Highly purified preparations of
Materials and
hu rTNF-a from two different sources (see
Methods) were used without observing any difference in
the immunopotentiating activity. Furthermore, apossible
role of endotoxin can be ruled out on the basis of the
purity of hu rTNF-a preparations, the effect of boiling
and the effect of a specific antiserum. Moreover, the
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I1
molytic plaque assay ( I 2). Here weanalyzed the effect of
ESfect of boiling a n d of treatment with a specific antiserum on the
hu rTNF-a on in vivo antibody responsesby using hurILadjuvant activityof hu rTNF-a
l p a s positive control.
Direct PFC Antl-SRBC/Spleena
Administration of hu rTNF-a at the same time as the
Treatment
Mean log,,
Geometric
pb
antigen enhances the primary immune response measmean
values k SE
ured in the spleen cells ofC3H/HeN mice 4 days after
Expt. 1
immunization with SRBC (Fig. 1). The adjuvant activity4.677Saline
47,533
f 0.012
f 0.037
60.01
hu rTNF-a
4.973 93.972
of hu rTNF-a on the primary response toSRBC was dose4.663 f 0.041
46.026
NSd
hu rTNF-a. 100°C.
dependent, and theeffective doses ( I.3 X 10’ to 8 X 1O3
20 min
ng/kg) caused more than a twofold increase in the num- Expt. 2‘
4.493 f 0.032
31.117
Saline
ber of anti-SRBC PFC per spleen. A s shown in Figure 1,
4.850 f 0.025
70.795
60.01
hu rTNF-a
the maximal effect obtained with hu rTNF-a was com4.467
f
0.024
29.309
NS
hu rTNF-a + anti-hu
rTNF-a
parable to the potentiating activity of a n optimal dose of
4.8
I 07.02 4 0
74.131
CO.01
hu rTNF-a + NRS
hu rIL-ID. Differences in splenic cellularity were never
a
Splenic
PFC
anti-SRBC
were
measured
in
groups
of
three
maleC3H/
observed in mice treated with hu rIL-lp
or hu rTNF-cu
HeN mice (10 to 12wk of age] 4 days afteri.v. immunization. PFC were
when compared with control animals.However, changes detected a s described in the legend to Figure 1.
in the composition of spleen cell populations cannot be
Significance vs saline-treated animals.
‘Two hoursafterimmunizationwith
SRBC. mice received a n i.p.
excluded, inasmuch as accurate studiesof the nature of
injection of 0.2 ml of saline aloneor containing hurTNF-a (133 ng/kg)or
cells present in the spleenswere not performed.
the same amount
of hu rTNF-a boiled for 20 min ina water bath.
NS. not significant.
The possibility that endotoxin contamination could be
Mice received a n i.p. injection of 0.2 ml of saline alone or containing
responsible for the observed biologic activity is unlikely, huerTNF-a
[ 1 3 ng/kg) or the samedose of hu rTNF-a preincubated for 5
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SRBC and it is known that IL-1 is able to synergize with
B cell-specific factors during theactivation and proliferation
of antibody-producing cells (reviewed in Reference
w
24). TNF has been reported to induce IL-1 synthesis and
2
release both in vitro and in vivo (25-28); thus the pres&
m 2.6)
ence of circulating IL-1 after the injection of hu rTNF-a
\
H
cannot be excluded and may play an important role in
H
mediating the TNF-induced immunostimulation described here.However, at variance with its
ability to exert
5cI; 2 - 5 /
a
n
adjuvant
activity
on
a
T
cell-dependent
immune re2.4
sponse,
hu
rTNF-a
lacks
any
potentiating
activity
on a n
a
antibodyresponse
that apparently does not involve
2.3
helper T cells. In contrast, as shown in Figure 2 and as
described more extensively elsewhere (12), hu rIL-1P is
T
able to potently enhance the immune response to SIII.
0 2.2'
c
This difference between the adjuvant capacities of IL-1
and
TNF indicates that these two factors might have
-2-10 I 2 3 4
2.1.
distinct mechanismsof in vivo immunopotentiation.
0
Recently, many reports have appearedin the literature
IL- 1
hu rTNFCY
suggesting that TNF might be a pleiotropic mediator of
1 og,ng/Kg 1
the reticuloendothelial system. In fact, it enhances the
expression of HLA antigens on endothelial cells and fiFfgure 2. Splenic PFC anti-SI11response of control saline-treatedC3H/
HeN mice (filled column) and of mice treated with 20 ng/kg of hu IL-lS
broblasts (29)as well as on T cells (19).it activates some
(hatched column) or with different doses of hu rTNF-a. PFC anti-SI11
neutrophil functions (30, 31), it induces the release of
were measured5 days after immunization. Vertical bars represent SE of
the mean PFC/spleenof replicate mice in a single experiment, represent- colony-stimulatingfactors(32, 33),it induces prostaglanative of two performed.Only hu IL-1p-treated mice developed a PFC antidin E2and collagenase release in fibroblasts
and synovial
SI11 response significantly different (p 5 0.05) from that of control mice.
cells (34). it has been proposed as the mediator of some
kinds of cell-mediated cytotoxicity against tumors (1 4,
capacity toenhance the invivo immune response is also
35, 36),and it has also been described as a potent antimaintained in endotoxin-insensitiveC3H/HeJ mice.
viral agent (37,38).When injected in vivo, TNFhas been
A precise assessment of the possible mechanism of
shown tobe a powerful pyrogen (28)and to exert a potent
action of hu rTNF-a in enhancing the immuneresponse antitumoral activity (16, 17), aproperty that supports its
in vivo is quite complex mainly because,so far, the
effects possible clinical use. TNF has also been proposed as a
of TNF on immunity have been only marginally investi- major mediator of cachexia and metabolic derangements
gated. Indeed, specific binding sites for TNF have been observed in endotoxin-induced acute toxicity in experishown on the membrane of some T cell tumor lines but mental animals (5, 6). However, the in vivo physiologic
not on a B cell tumor line, suggesting that only T cells role of TNF still remains to be well understood (39).
among the lymphocytes might be responsiveto TNF (18).
The results reported here represent the first evidence
Furthermore, it has recently been reported that interac- that low doses of TNF may stimulate theimmune system
tion of hu rTNF-a with its receptors on activated normal in vivo. We would like to propose that theprimary role of
T lymphocytes leads to a n increase in the number of TNF in vivo is the modulation of the immune response,
interleukin 2 (IL-2)receptors as well as to a n augmented whereas the inflammatory and toxic effects can be seen
IL-2-dependent production ofIFN (19).Thus an in vivo only when it is released in large amounts, as a conseregulatory activity of TNF on T lymphocytes is conceiv- quence of a persistent and/ormassive invasive challenge.
able and it can be hypothesized that the observed adjuvant activity on the T cell-dependent antibody response
Acknowledgments. We thank Dr. A. Mantovani for
may be due to a n amplification of the antigen-specific helpful discussions, and F. Zappalorto and L. Villa for
helper Tcell population, as a consequence of its increased the expert animal handling required in thisstudy.
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