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Abstract

Tumor necrosis factor (TNF, cachectin) is a macrophage prod-
uct that has been suggested to signal the loss of body weight,
the decrease in adipose tissue and muscle mass, and anorexia
during infections or chronic illness. To test this possibility,
young growing rats were injected subcutaneously or intraperi-
toneally with human or murine recombinant TNF. After 3-4 h,
these animals developed a 1-20C fever which lasted - 4 h.
With repeated daily TNFinjections for 5 d, the animals devel-
oped fevers similarly each day. In contrast, rats injected with
endotoxin show a single febrile episode and then are tolerant to
subsequent daily injections of endotoxin (but do not develop
tolerance to TNF or interleukin-1).

On the first day of TNF treatment, the rats did not grow,
but on subsequent days, despite their fevers, they grew at simi-
lar rates as controls. Although the TNF-treated rats consumed
slightly less food than control animals, the ratio of growth per
amount of food intake was identical in the two groups. When
rats are administered endotoxin, they develop a fever, and their
muscles show increased protein degradation and prostaglandin
(PG)E2 production. However, when fevers were induced with
TNF, there was no change in muscle proteolysis or PGE2pro-
duction, and in adipose tissue no increase in basal or catechol-
amine-induced lipolysis. Also TNF addition in vitro did not
enhance lipolysis in epididymal fat pads or proteolysis in
soleus muscles. Thus, TNF treatment can induce fever without
producing a catabolic state similar to that induced by endo-
toxin.

Introduction

Tumor necrosis factor (TNF)' is a protein produced by mono-
nuclear phagocytes that can cause hemmorhagic necrosis of
certain tumors in animals (1). One of the intriguing properties
of TNF is that it has cytotoxic and cytostatic activities against
various transformed cells, but has little or no effect on normal
cells in culture (2-5). Recently, human and mouse TNF has
been purified to homogeneity (6), cloned, and expressed in
Escherichia coli (7, 8). As a result, highly purified recombinant
TNF has become available for experimental studies and for
therapeutic applications. Most studies of this molecule have
focused on its anticancer properties, and its normal functions
in vivo are still unclear. In its structure and biological activi-
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ties, TNFis similar to lymphotoxin, a product of lymphocytes
which is also called (l-TNF (9). Although specific receptors for
TNF or lymphotoxin are present on a wide range of tissues
(10-12), the actions of TNF on most of these cell types have
not been established. TNFappears to be identical to cachectin,
a factor isolated by Beutler and colleagues (13, 14) from me-
dium of murine macrophages. This polypeptide is capable of
suppressing in 3T3-LI adipocytes ( 15) the activity of lipopro-
tein lipase and the synthesis of enzymes involved in fatty acids
biosynthesis (16). On this basis, they suggested that TNF sig-
nals the loss of adipose mass and body weight (i.e., the ca-
chexia) that accompanies chronic infections and other chronic
disease states (17, 18). TNF has also been implicated as a
primary mediator in shock as seen in gram-negative septice-
mia (19, 20). Because it can stimulate collagenase and prosta-
glandin (PG)E2 production by human synovial cells and der-
mal fibroblasts (21) with even greater potency than interleukin
(IL) 1, TNFmay also play a role in local inflammation. In fact,
many other bioactivities initially ascribed to IL- 1, including
fever (22), bone resorption (23), and protein breakdown in
skeletal muscle (24), may actually be attributable to TNF/ca-
chectin.

The present studies were undertaken to evaluate critically
the ability of TNF to induce a catabolic state as seen in sepsis
in vivo. Previous studies have shown that rats administered E.
coli endotoxin develop fevers that are most pronounced 2-3 h
after the injection. By 8-12 h after the lipopolysaccharide
(LPS) was administered (25), these animals showed a large
increase in muscle protein degradation and PGE2production.
Because TNF is generated by macrophages after endotoxin
injection (1), and because of the suggestion that TNF/cachec-
tin stimulates lipid and protein catabolism (17, 18, 26) and
signals the onset of cachexia, we investigated the effects of
recombinant TNF administration to rats on body tempera-
ture, growth, and food consumption. In addition, we exam-
ined rates of protein breakdown and prostaglandin production
in muscles from these animals, as well as lipolytic activity of
their adipose tissue.

Methods
Young male rats of the CDstrain (50-70 g) (Charles River Breeding
Laboratories, Inc., Wilmington, MA) were nourished on Purina Lab
Chow (Ralston Purina Co., St. Louis, MO)and water ad libitum, and
were housed in a room whose temperature was maintained constant at
74'F. Initial injections of TNF, IL- I, or endotoxin were given at 9:00
a.m. and at subsequent times, as indicated in the captions. The animals
were killed by decapitation 4, 6, 12, and 24 h after intraperitoneal (i.p.)
or subcutaneous (s.c.) TNF administration or phosphate-buffered sa-
line (PBS) injection (control rats). The soleus and extensor digitorum
longus (EDL) muscles were excised from these animals, dissected, and
incubated as previously described (27). Rates of protein synthesis,
protein degradation, and net protein degradation were measured as
described previously (28, 29). Also, soleus, and EDLmuscles from nor-
mal rats killed by cervical dislocation were incubated directly with
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human or murine recombinant TNF for 2 h, and net protein break-
down was evaluated by the rate of tyrosine production from cell pro-
teins (30). The production of PGE2was estimated by radioimmunoas-
say of the amount released into the incubation medium by muscle as
described previously (31).

Epididymal fat pads obtained from rats injected with TNFor PBS4
h before were preincubated during 30 min prior to the final 2-h incu-
bation. Fragments of this tissue were incubated at 370C in Krebs-
Ringer bicarbonate buffer containing 3%bovine albumin (fatty acid-
and globulin-free, Sigma Chemical Co., St. Louis, MO) with constant
shaking. Aliquots from the incubation medium were taken for deter-
mination of glycerol content (32). Also, epididymal fat pads from
normal rats were incubated in vitro with human TNFor with norepi-
nephrine (20 Ag/ml) to stimulate lipolysis, using the same procedure
described above.

The rectal temperature of the animals was followed with a digital
thermometer model 49TA (Yellow Springs Instrument Co., Inc., Yel-
low Springs, OH), which is sensitive to 0.01°C. The animals were
picked up gently and held manually during the temperature measure-
ments. Prior to injection with monokines, body temperature of the rats
was constant (data not shown). The blood was collected after decapita-
tion, and the plasma glucose levels were measured in a glucose analyzer
(Beckman Instruments, Inc., Palo Alto, CA). Another group of rats was
used for measurement of food consumption and body weight after
daily s.c. TNFor saline injections consecutively for 5 d.

Recombinant human (rh) TNFand IL-I were gifts of Biogen Re-
search Corporation (Cambridge, MA) and BASF(Ludwigshafen, Fed-
eral Republic of Germany). The murine recombinant TNF was pro-
vided by Dr. Walter Fiers (University of Ghent). They were diluted in
PBS. These solutions contain < 0.12 ng/ml of endotoxin. The endo-
toxin used was LPS E. coli 0.1 1 1 :B4 from List Biological Laboratories
(Campbell, CA).

Data presented are the means±SEM, and statistical analysis used
the Student's t test.

Results

Febrile response to TNF. It has been proposed that TNF re-
leased during infections induces a cachectic state characterized
by anorexia, loss of body weight, and reduction in mass of
adipose tissue and skeletal muscle (17, 18, 26). To test this
suggestion and to define more precisely the physiological ac-
tions of TNF, young rats (60-70 g) were treated with murine
recombinant TNFor rhTNF, and the effects on body tempera-
ture, food consumption, and growth were studied.

Injection (i.p.) of human TNF (105U/g or 4 mg/kg body
weight) caused a rise in body temperature within 3 h. By 6 h,
the temperature of these rats began to fall and by 24 h these
values had returned to normal (36.5°C). Injection (s.c.) of this
amount of TNF also caused an increase in the rats' tempera-
ture, which was maximal 4 h later (Fig. 1), and by 7 h fell to
about normal (Fig. 1). A TNFdose (s.c.) of 5 X 102 U/g or 20
,ug/kg body weight was sufficient to raise the temperature sig-
nificantly (0.7±0.1 °C), but higher fevers (1.9±0.2°C) were ob-
served after s.c. injection of 105U/g, as shown in Fig. 1. Injec-
tion of recombinant murine TNFcaused a similar rise in body
temperature as did this dose of rhTNF (data not shown).

Fever induced by IL- I requires the production of PGs (22,
33, 34) and can be blocked with cyclooxygenase inhibitors
(22). Similarly, the fever induced by murine or human TNF
could be blocked totally by administering i.p. indomethacin (3
mg/kg body weight), an inhibitor of the arachidonic acid cy-
clooxygenase, 2 h before the TNF. Thus, prostaglandins also
seem to mediate the fever produced by TNF, and in many cell
types, TNF induces PGE2 production (21). TNF is known to
be quite sensitive to heat inactivation (3, 35), unlike endo-
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Figure 1. Changes in body temperature in rats injected s.c. with ei-
ther rhTNF (4 ug/g) or PBS (control). The real temperatures at the
beginning of the experiment were 36.90C±0.2 for the control rats
and 36.60C±0.4 for the treated animals. Each point is the mean of
data obtained from six TNF-treated and six control rats. Similar re-
sults were obtained in four analogous experiments.

toxin, which is heat stable. WhenTNFsolution was heated to
70'C for 15 min, its pyrogenic activity was lost. Thus, the fever
was not due to contamination of the TNFby endotoxin.

When similar TNF injections were administered once per
day for 5 d, similar changes in body temperature occurred on
each day. Thus, the animals do not become readily resistant to
the pyrogenic effect of TNF. These findings differ from those
obtained when endotoxin is injected repetitively (Fig. 2). After
an initial febrile response to s.c. injection of endotoxin, the rats
failed to develop fevers when injected on subsequent days with
endotoxin. However, after an interruption in these injections
for three days, the animals again developed fevers when in-
jected with endotoxin (data not shown).

In analogous experiments, we administered the animals
BIL-l (100 ,g/kg) intravenously (i.v.) each day for 5 d, and
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Figure 2. Mean fevers in rats injected daily with E. coli LPS (50

aig/kg body weight), rhTNF (4 mg/kg) and rIL- I# (100 Ag/lkg). LPS
and TNFwere injected s.c., and IL- I i.v. into the jugular vein after

dilution in PBS. In addition, some of the endotoxin-treated animals,
on the second day, received TNF (s.c.); these animals developed
fever, despite their resistance to endotoxin. Six rats were injected
with PBS or endotoxin and five rats with TNFor IL-I .
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observed a 1-20C rise in body temperature after each injection
(Fig. 2). Since no tolerance was observed with either TNF or
IL- 1, while rapid tolerance developed to endotoxin, it seems
likely that this loss of responsiveness develops through some
failure of the animal to produce these monokines. In accord
with this idea, when TNF was injected into the animals that
had received LPS, these rats developed fever normally, even
though they were still resistant to endotoxin (Fig. 2).

Growth and metabolic effects. During the 24 h after TNF(4
mg/kg either s.c. or i.p.) injection, there was a 33% reduction
in food consumption, a temporary cessation of growth, as in-
dicated by gain in body weight (Table I), and in some animals
(Fig. 3), a net loss of weight. This temporary failure of growth
may be explained in large part by the decrease in food con-
sumption, but there must also be some additional effect of
TNF (e.g., in decreasing food absorption). Interestingly, the
mean carcass weights of the growing and TNF-treated groups
did not differ 1 d after injection (63±2 and 60±2 g, respec-
tively). Therefore, the difference in their body weights proba-
bly reflects the different amounts of food present in their gas-
trointestinal tracts.

On subsequent days of TNF treatment, the rats showed
repeated fevers. Nevertheless, they gained weight at similar
rates as the control animals (Table I and Fig. 3). The TNF-
treated animals consumed 20-30% less food per day than the
control rats. However, as shown in Table I, the rate of growth
and the net increase in weight relative to food intake was simi-
lar in the two groups of rats. Surprisingly, on the 2nd d, the
TNF-treated animals even appeared more efficient than con-
trols in utilizing food for growth (Table I). In contrast, endo-
toxin treatment of rats of this size reduces weight gain per unit
of food consumption (Fagan, J. M., and A. L. Goldberg,
manuscript in preparation). Thus, TNF, in this concentration,
although it reduces food intake, does not cause any clear loss of
tissue mass.

Previous studies have shown that muscles from rats ad-
ministered endotoxin show increased proteolysis and PGE2
production (25). Additional experiments were undertaken to
test if TNF induced a similar catabolic state. At various times
after i.p. or s.c. TNF injection, the soleus and EDL muscles
were removed and incubated in vitro. As shown in Table II,
rates of protein synthesis and degradation were unchanged in
muscles from rats injected 4 h earlier with TNF, even though
these animals were febrile. In addition, the muscles did not
show increased rates of PGE2 production (Table II). Also, 6,

12, or 24 h after TNF administration, no changes in either
protein balance or in PGE2production were found (P > 0. 1).
In addition, the rats that received daily i.v. (0.1 mg/kg) or s.c.
(4 mg/kg) injections of TNF for 5 d and developed fever on
each day, also did not show any increase in protein degrada-
tion in the soleus excised 6 h after the fifth TNF injection.
Furthermore, muscles incubated for several hours with TNF
(104 or l10 U/ml) do not show any changes in net proteolysis
compared with control tissues (data not shown, see accompa-
nying paper). Thus, TNF does not appear to affect muscle
protein degradation either directly or indirectly at these con-
centrations.

In related studies, rats were administered i.v. with recombi-
nant human j3-IL-I (0.1 mg/kg body weight) for 5 d. Although
they developed fever on each day (Fig. 2), they also did not
show changes in muscle protein breakdown after the fifth in-
jection, as discussed in the accompanying article.

Since TNF can prevent the growth and differentiation of
adipocytes from fibroblasts (36), we tested whether TNF had
catabolic effects on fully differentiated adipose tissue. The epi-
dydimal fat pads from animals that received TNFor saline 4 h
earlier were incubated in vitro for 2 h. TNF treatment did not
stimulate lipolysis, as shown in Table III. Whenepidydimal fat
pads from normal rats were incubated directly with TNF (4
sg/ml) for 2 or 3 h, no effect on lipolysis was also observed
(Table III). In these different experiments, the adipose tissue
was also incubated with norepinephrine to confirm that these
preparations could respond to a known stimulator of lipolysis.
Although the catecholamine increased lipolysis, as expected,
TNFhad no such effect and also did not increase the sensitiv-
ity to this lipolytic hormone (Table III).

One other interesting observation was that plasma glucose
levels in rats injected with TNF for 4 or 6 h before were signifi-
cantly lower (85±3 mg/ 100 ml) than those in control animals
(103±5 mg/100 ml). This effect can not be explained by re-
duced food intake because neither the control nor the TNF-
treated rats ate during these experiments.

Discussion
Fever has been generally believed to result from the action of a
single macrophage product, IL- 1 (22). This polypeptide can
act on the thermoregulatory center in the preoptic area of the
anterior hypothalamus where it stimulates the synthesis of
PGs, most notably PGE2. Since low amounts of TNF also
induce fever in rats, and since TNF is also produced by acti-

Table L Rat Food Intake and Weight Change after Daily s.c. Injections of Saline or TNF

Growth Food intake Ratio of growth to food consumed
Days of

treatment Control TNF Control TNF Control TNF

gid g/d g/g
1 3.9±0.4 0.2±0.4* 8.6±0.4 5.8±0.3* 0.45±0.03 0.02±0.06*
2 4.6±0.6 4.4±0.4 (NS) 9.4±0.7 7.1±0.5t 0.47±0.04* 0.60±0.03
3 5.9±0.3 5.4±0.4 (NS) 10.4±0.3 8.7±0.3* 0.57±0.03 0.61±0.05 (NS)
4 6.3±0.5 5.6±0.5 (NS) 13.2±0.7 9.6±0.5* 0.48±0.03 0.58±0.04 (NS)
5 6.5±0.5 5.9±0.5 (NS) 14.9±0.9 12.2±0.7t 0.44±0.04 0.50±0.04 (NS)

13 rats were treated with TNFand 10 with PBS, and they were maintained in individual metabolic cages. All the animals weighed 60±3 g when
they received the first TNFor PBS injection. The total weight gain after the first day in the control rats (23.3±1.2) and in the TNF-treated
groups (21.3±1.4) did not differ significantly (0.05 < P < 0.1). In fact, the slight possible difference (10%) was due to the failure of 2 of the 13
animals to grow at normal rates. NS, no significant decrease with TNF (P > 0.2). * P < 10-4. * P < 0.02.
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Figure 3. Body weight (g) of rats injected daily with rhTNF (4
mg/kg) or PBSsubcutaneously. Five rats were injected with TNF
and five rats with PBS.

vated macrophages, it may also contribute to the febrile re-
sponse seen during infections. After these studies were com-
pleted, Dinarello et al. (34) also reported that TNF (like IL-l
and interferon [IFNI-a) can cause fever and can directly stimu-
late hypothalamic PGE2synthesis. Thus, induction of fever is
probably not due to a single macrophage-derived substance
("sendogenous pyrogen"). The several monokines with this ac-
tivity, however, may all act through a final commonpathway
involving prostaglandins, since these responses can all be
blocked with cyclooxygenase inhibitors.

The precise role of TNF in fever is uncertain since this
agent can cause the release of IL- 1 (34), which may help medi-
ate the febrile response. Dinarello et al. (34) noted that when
TNF (10 ,ug/kg) was injected i.v. into rabbits, a small rise in
temperature occurred within 45 min and a later peak devel-
oped at 2-3 h, which they attributed to IL-1. No such early
peak was seen in the rats studied here, after s.c., i.p. (4 mg/kg),
or i.v. (0.1 mg/kg) administration, only one significant rise in
temperature was observed 3-4 h later (Fig. 1). With these
doses, there was a tendency for temperature to increase slightly
(0.4°C) 45-60 min after the injection, but this trend was not
significant (P > 0.05). Thus, the kinetics of the fevers studied
here with higher TNF doses in rats closely resemble those
attributed to IL-I in rabbits. It is noteworthy that when the
same dose of TNF that is pyrogenic s.c. or i.p. is injected i.v.,
the rats show a large fall in temperature which is associated
with shock and death within several hours (37). Surprisingly,
this fall in temperature, like the febrile response, can be
blocked with indomethacin (37).

Although animals quickly adapt to repeated endotoxin in-
jections (38, Fig. 2) and after the initial episode fail to develop
fever (Fig. 2), tolerance to the pyrogenic action of TNFor IL- 1
was never observed. Similarly, rabbits injected daily with en-
dotoxin develop a progressive loss of responsiveness to its pyr-
ogenic actions, but with repeated TNF injections, they also
show no decrease in febrile responses (34). This lack of toler-
ance to the pyrogenicity of TNFis also surprising since the rats
quickly adapted to other effects of TNF injection (i.e., the
failure of growth lasted only for 1 d after the first injection of
TNF). Since the rats administered endotoxin showed toler-
ance to endotoxin but not to the pyrogenic actions of TNF, the
decrease in the animals' responsiveness to endotoxin must in-
volve some alteration in the macrophage that prevents the
generation of TNFand/or IL- I in response to endotoxin chal-
lenge. This lack of responsiveness may actually be an advanta-
geous mechanism that protects the organism against high con-
centrations of these monokines which may lead to shock
(20, 37).

It is well known that food consumption decreases during
infectious illness, and it had been suggested that the increase in
body temperature per se is responsible for the reduced appe-
tite. However, administration of sodium salicylate can block
the fever induced by endotoxin, but does not prevent the ac-
companying reduction in food consumption (39). Similarly,
we found that TNF causes a reduction in food consumption,
even when fever was prevented with indomethacin (data not
shown). It is unclear whether this decreased appetite is caused
directly by the TNF, because this agent can induce IL- 1 pro-
duction (35), which has been reported to suppress food con-
sumption (40).

The primary conclusion of this work is that TNFdoes not
induce cachexia at doses that produce fever. Even after the first
TNF injection, when there was a temporary failure of growth,
there was no weight loss in peripheral tissues (i.e., carcass).
Cerami et al. (18) have reported that mice injected twice daily
with concentrated medium from endotoxin-stimulated macro-
phages show a loss of weight and progressive decrease in food
consumption. In fact, when given at low doses, this material
caused weight loss in those animals despite normal food in-
take. Presumably, the crude macrophage medium that caused
the weight loss in that study contains additional polypeptides
distinct from TNF. It is also curious in those studies that the
mice were reported to have normal temperature, unlike the
rats studied here.

Both TNF and IL-l have been suggested to play a role in

Table 11. Protein Turnover and PGE2Production in Rat Soleus and EDL 4 h after Injection with Human TNF

Protein synthesis Protein degradation Net protein degradation PGE2production

nmol/mg. 2 h pg/mg- 2 h

Soleus
Control 0.190±0.013 0.409±0.016 0.219±0.020 50.8±6.9
TNF 0.192±0.007 0.466±0.015 0.274±0.023 68.7±6.3

NS NS NS NS

EDL
Control 0.158±0.011 0.399±0.012 0.241±0.014 42.1±5.5
TNF 0.162±0.012 0.343±0.015 0.181±0.019 47.0±5.7

NS NS NS NS

The values represent the means±SEMof seven control or TNF-treated rats. NS, not significant (P > 0.1).
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Table III. Effect of TNFand Norepinephrine on Lipolysis by Rat
Epidydimal Adipose Tissue

Glycerol release

With
TNF Basal norepinephrine

ymol/g. 2 h

Experiment A: in vitro incubation with TNF
Without 3.1±0.2 12.8±0.6
With 2.7±0.2 14.2±0.8

Experiment B: animals injected with TNF
Without 3.9±0.2 19.3±0.5
With 3.1±0.2 19.1±0.6

In experiment A, the epidydimal fat pad fragments from normal rats
were incubated in the absence or presence of human recombinant
TNF (4 ,Ag/ml) and norepinephrine (20 ,g/ml) as described in
Methods. In experiment B, the same tissue was taken from rats in-
jected s.c. 4 h prior to the experiment with TNF (4 ,ug/g body
weight) or PBS. Norepinephrine (20 ,g/ml) was added in vitro. The
values represent the means±SEMof five or six measurements in
each situation. Similar results were obtained in two similar experi-
ments.

cachexia and to increase muscle protein degradation. How-
ever, the negative results obtained here do not support such a
view and are quite different from those obtained with partially
purified human IL-1 preparations (24). There was no signifi-
cant increase in muscle protein degradation, in protein synthe-
sis or in PGE2 production after treatment in vivo or in vitro
with TNF. Presumably some other monocyte factor is respon-
sible for the increased proteolysis during infections or chronic
diseases. Recent data from Moldawer (41) also suggest that
TNF is not responsible for the decreased muscle protein con-
tent and synthesis observed in cancer.

Most prior studies of the metabolic effects of TNF have
focused on 3T3-L 1-cultured adipocytes and the expression of
enzymes for triglyceride accumulation (16). There is some dis-
crepancy in the literature concerning the effects of TNF on
intracellular lipolysis in these cultured cells. Patton et al. (42)
have reported that aTNF, ,BTNF (lymphotoxin), and IFN-y
increase fatty acid mobilization. Pekala et al. (26) have shown
that medium from endotoxin-activated macrophages stimu-
lates the hormone sensitive lipase in these cells. However, with
recombinant TNF, these authors (43) failed to show any stim-
ulation of glycerol release. The latter observations support our
findings in fully differentiated adipose tissue that treatment
with TNF in vitro or in vivo does not increase lipolysis or
sensitivity to the lipolytic hormone, norepinephrine. (In fact,
TNF may have even caused a small decrease in glycerol re-
lease.) Accordingly, several workers have reported that the li-
polysis in adipose tissue decreases in shock, sepsis, and endo-
toxemia (44, 45), conditions where TNFseems to play a criti-
cal role (19, 37). In fact, when we increased the circulating
level of TNF by i.v. injection, it caused a lethal shocklike
syndrome (37), involving acidosis, hypoglycemia, and hypo-
thermia, that seems to differ markedly from the chronic cata-
bolic effects associated with febrile illness.

Thus, TNFdoes not by itself seem to account for the rapid
catabolic effects observed in febrile animals administered en-

dotoxin or live bacteria, and fever can be easily dissociated
from the negative nitrogen balance. Therefore, these two re-
sponses seen during infection probably involve distinct signals.
There may exist some particular concentrations or times of
exposure to TNF that can elicit a catabolic response. In fact,
after this work was completed, Oliff et al. (46) reported that
mice carrying a tumor cell line that secretes TNFdeveloped a
marked weight loss (cachexia), which was only seen 14-32 d
after inoculation by the cells. In accord with the present find-
ings, no difference in weight was observed within 2 wk after
tumor implantation, and no persistent weight changes were
found in animals given twice daily injections of TNF. Thus,
TNF may induce cachexia only after prolonged continuous
exposures and may require additional tumor products. More-
over, these slow effects, which probably involve changes in
gene expression, contrast sharply with the rapid alterations in
protein balance occurring in infections (24, 25).
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