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Abstract

 

Endotoxin alters the metabolism of lipoproteins, including
that of high density lipoprotein (HDL). Cholesteryl ester
transfer protein (CETP) facilitates exchange of HDL cho-
lesterol for very low density lipoprotein (VLDL) triglycer-

 

ide, leading to catabolism of HDL. We investigated the ef-
fects of endotoxin and cytokines on CETP in Syrian
hamsters. Endotoxin induced a rapid and progressive de-
crease in serum CETP levels; by 48 h CETP had decreased

 

to 

 

, 

 

20% of control levels. Endotoxin also decreased CETP
mRNA and protein levels in adipose tissue, heart, and mus-
cle, the tissues with highest levels of CETP mRNA, provid-
ing a plausible mechanism for the endotoxin-induced de-
crease in circulating CETP. Dexamethasone did not mimic
the effects of endotoxin on CETP, but the combination of
tumor necrosis factor and interleukin-1 did, indicating that
these cytokines may in part mediate the effects of endotoxin
on CETP. The endotoxin-induced decrease in CETP may
help maintain HDL cholesterol levels during infection and
inflammation when increased triglyceride levels could drive
the exchange of HDL cholesteryl ester for VLDL triglycer-
ide. Maintaining circulating HDL may be important be-
cause HDL protects against the toxic effects of endotoxin
and provides cholesterol for peripheral cells involved in the

 

immune response and tissue repair. (

 

J. Clin. Invest.

 

 1996.

 

97:2585–2592.) Key words: lipopolysaccharide 
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Introduction

 

Infection and inflammation induce dramatic changes in plasma
levels of the acute phase proteins as well as alterations in lipid
metabolism that are thought to have beneficial effects in host
defense (1, 2). Endotoxin administration, which mimics infec-
tion, stimulates the production of cytokines that mediate many
of the metabolic responses to infection and inflammation. For
example, endotoxin and cytokines increase serum triglycer-
ides, predominantly in very low density lipoproteins (VLDL),
by increasing hepatic lipogenesis and VLDL production and/

or by decreasing clearance of triglyceride-rich lipoproteins
through inhibition of lipoprotein lipase (reviewed in reference
2). Endotoxin and cytokines also increase serum cholesterol
levels in rodents, an effect that is due in part to an increase in
the activity of hydroxymethylglutaryl coenzyme A reductase,
the rate-limiting enzyme in cholesterol synthesis (3, 4) and a

 

decrease in cholesterol 7

 

a

 

 hydroxylase, the rate-limiting en-
zyme in bile acid synthesis (Feingold, K., manuscript submit-
ted for publication).

In contrast to serum triglyceride and cholesterol levels,
high density lipoprotein (HDL) cholesterol levels show small
decreases after administration of endotoxin and cytokines to
rodents. The decrease in HDL cholesterol levels is often ac-
companied by a decrease in apolipoprotein (apo) A-I (re-
viewed in reference 2). Because apo A-I plays a major role in
HDL-mediated cholesterol efflux from cells, decreased apo A-I
during infection may lead to decreased reverse cholesterol
transport. In contrast, two other apolipoproteins associated
with HDL are increased after administration of endotoxin or

 

cytokines: apo serum amyloid A (apoSAA)

 

1

 

 and apo J. Both
of these apolipoproteins may be important for regulating HDL
cholesterol levels and HDL function. ApoSAA-rich HDL are
rapidly cleared from plasma (5), thus increased apoSAA could
contribute to endotoxin-induced decrease in HDL cholesterol
levels. SAA-rich HDL are also more readily taken up by mac-
rophages and less readily taken up by hepatocytes (6). HDL
cholesterol may thus preferentially be directed to macrophages
during the acute phase response.

Metabolism of HDL is also dependent on several key en-
zymes the activity of which are modified by endotoxin. The ac-
tivity of hepatic lipase is decreased by endotoxin and inflam-
mation (7–10). Hepatic lipase is responsible for metabolizing
large triglyceride-rich HDL into smaller HDL

 

2

 

, which is more
rapidly cleared from the circulation, and to pre

 

b

 

1

 

 

 

HDL, which
is believed to play a key role in mediating the transfer of free
cholesterol from cell membranes (11–13). In addition endo-
toxin decreases the activity of lecithin:cholesterol acyl trans-
ferase (LCAT), which is responsible for esterifying free cho-
lesterol in HDL (14–16). The decrease in LCAT activity leads
to an increase in free cholesterol and a decrease in esterified
cholesterol in HDL.

Cholesteryl ester transfer protein (CETP) mediates the ex-
change of HDL cholesteryl ester for VLDL triglycerides (17,
18). Subsequently, HDL becomes depleted of cholesterol ester
and enriched in triglycerides. Hepatic lipase acts on the trigly-
ceride rich HDL, generating remnant HDL

 

2

 

, which is taken up
by the liver. The effect of endotoxin on CETP has been exam-
ined in transgenic mice overexpressing the human CETP gene.
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In these mice, endotoxin decreases mRNA levels for CETP in
the liver and CETP protein in plasma (19). However, endo-
toxin increased the mRNA levels for CETP in peripheral tis-
sues in the transgenic mice. The effects of cytokines on CETP
has not been studied.

We have examined the effects of both endotoxin and cy-
tokines on expression of the native gene for CETP in Syrian
hamsters. Hamsters have very low levels of mRNA for CETP
in liver but higher levels in adipose tissue, muscle, and heart,
which may contribute to serum levels of CETP in these ani-
mals (20). We have used the Syrian hamsters to investigate the
effects of endotoxin and cytokines on lipid and lipoprotein me-
tabolism because in contrast to other rodents, cholesterol and
lipoprotein metabolism in Syrian hamsters resembles that in
humans. Moreover, hamsters, unlike mice and rats, have cho-
lesteryl ester transfer activity in plasma (21).

 

Methods

 

Materials.

 

{

 

32

 

P}dCTP (3,000 Ci/mmol, 10 mCi/ml) was purchased
from New England Nuclear (Boston, MA). Endotoxin (

 

Escherichia
coli

 

 55:B5) was purchased from Difco Laboratories (Detroit, MI) and
was freshly diluted to desired concentrations in pyrogen-free 0.9% sa-
line (Kendall McGraw Laboratories, Inc., Irvine, CA). Human tumor

 

necrosis factor (TNF)-

 

a

 

 with a sp act of 5 

 

3

 

 10

 

7

 

 U/mg was kindly pro-
vided by Genentech, Inc. (South San Francisco, CA). Recombinant
human interleukin (IL)-1

 

b

 

 with a sp act of 1 

 

3

 

 10

 

9

 

 U/mg was gener-
ously provided by Immunex (Seattle, WA). Dexamethasone sodium
phosphate was from Lyphomed (Deerfield, IL). Multiprime DNA la-
beling system was purchased from Amersham International (Amer-
sham, United Kingdom). Mini spin columns were purchased from
Worthington Biochemical Corp. (Freehold, NJ). Oligo (dt)-cellulose,
type 77F was purchased from Pharmacia LKB Biotechnology AB
(Uppsala, Sweden). Western light chemiluminescent detection sys-
tem was purchased from Tropix, Inc. (Bedford, MA). A mAb against
human CETP that reacts with hamster CETP was obtained from In-
ternational Immunodiagnostics (Foster City, CA), and the IgG puri-
fied on protein A-agarose was from Bio-Rad Laboratories (Affigel-
Protein A, MAPSII kit; Hercules, CA). Nitrocellulose was purchased
from Schleicher and Schuell (Keene, NH). Kodak XAR5 film was
used for autoradiography. The DNA for CETP was prepared as de-
scribed (22).

 

Animals.

 

Male Syrian hamsters (

 

z 

 

100–150 g) were purchased
from Simonsen Laboratories (Gilroy, CA). The animals were main-
tained in a room with lights on from 6:00 a.m. to 6:00 p.m. and were
provided with rodent chow and water ad lib. Animals were injected
intraperitoneally (i.p.) with endotoxin, dexamethasone, TNF 

 

1 

 

IL-1,
TNF, or IL-1 at the indicated doses in 0.5 ml 0.9% saline or with sa-
line alone. After administration of endotoxin, dexamethasone, or cy-
tokines, food was withdrawn from both control and treated animals,
because endotoxin and cytokines can induce anorexia. Animals were
studied between 90 min and 48 h after endotoxin administration as in-
dicated in the text.

 

Isolation of RNA and Northern blotting.

 

Total RNA was iso-
lated by a variation of the guanidinium thiocyanate method (23). To-
tal RNA from adipose tissue was used for Northern blotting, but poly
A RNA from all other tissues was isolated using oligo dT cellulose.
Poly A RNA or RNA was quantified by measuring adsorption at 260 nm.
Equal amounts of RNA (10 

 

m

 

g) were loaded on 1% agarose-formal-
dehyde gels and electrophoresed. The uniformity of sample applica-
tions was checked by ultraviolet visualization of the ethidium bro-
mide–stained gel before transfer to nitrocellulose membranes. We
and others have found that endotoxin increases mRNA levels of actin
in liver (4, 24) and in adipose tissue (unpublished observations by this
laboratory). Endotoxin also increases hepatic mRNA levels for cyclo-
philin by 2.7-fold (unpublished observations by this laboratory). The

mRNA levels of actin and cyclophilin, which are widely used for nor-
malizing data, can therefore not be used during studies of endotoxin
induction of acute phase proteins. However, the magnitude of the
change in mRNA levels after endotoxin and cytokine administration
and the relatively small standard error of the mean make it unlikely
that the changes observed are due to unequal loading of RNA. Fur-
thermore, the regulation of mRNA by LPS and cytokines is specific,
as the mRNAs for key proteins show different degrees of induction
or repression, differential induction by cytokines, different dose re-
sponse curves, and tissue-specific responses (4, 16, 28–30, Hardardóttir,
I., et al., manuscript submitted for publication). RNA probe hybrid-
ization was performed in 0.75 M sodium chloride, 0.075 M sodium ci-
trate, 2% SDS, 10% dextran sulfate, 2

 

3

 

 Denhardt’s solution and 100

 

m

 

g/ml sheared salmon sperm DNA at 65

 

8

 

C overnight. Blots were
washed at 42

 

8

 

C in 0.3 M sodium chloride, 0.03 M sodium citrate, and
0.1% SDS. All blots were exposed to x-ray film, and bands were
quantified by densitometry. Duration of film exposure was varied to
allow measurements on the linear portion of the curve.

 

Western blotting.

 

For the determination of CETP protein, SDS-
PAGE was performed as described by Clarke et al. (25) with modifi-
cations described previously (4). Serum was diluted with loading
buffer before analysis on a SDS-PAGE. Tissues (1 g) were homoge-
nized on ice with a Wheaton Dounce tissue grinder in 2 ml of buffer
containing 20 mM sodium phosphate, pH 7.5, 0.2 mM NaCl, 2% Tri-
ton X-100, vol/vol, 1% sodium deoxycholate, 0.2% SDS, 2 mM di-
ethyl 

 

p

 

-nitrophenyl phosphate, 0.2 

 

m

 

M leupeptin, and 600 U/ml apro-
tinin (26). After 15-min incubation on ice, the homogenate was
centrifuged, and the clear infranatant was collected. Serum samples
and infranatants from tissues were analyzed in the reduced state us-
ing 7% polyacrylamide gel with a 4% stacking gel. Protein was trans-
ferred to nitrocellulose (0.2-mm pore size). CETP protein was de-
tected with mAb generated against human CETP, using the Tropix
Western Light chemiluminescent detection system. After x-ray film
development, band density was measured using a Biorad GS-670 Im-
aging Densitometer (Bio-Rad Laboratories).

 

Statistics.

 

The results are expressed as means

 

6

 

SEM. Statistical
significance was determined using a two-tailed Student’s 

 

t

 

 test.

 

Results

 

To investigate the effects of endotoxin on serum levels of
CETP, Syrian hamsters were injected intraperitoneally with
endotoxin (100 

 

m

 

g/100 g body wt [bw]). CETP was detected by
Western blotting using an mAb against human CETP that
cross-reacts with hamster CETP (see Methods). As shown in
Fig. 1, endotoxin administration markedly decreased serum
levels of CETP. The CETP levels were significantly reduced 4 h
after endotoxin administration (by 18%) and continued to de-
crease, such that by 48 h after endotoxin administration, serum
CETP levels were 

 

, 

 

20% of control levels.
We next determined the dose response for endotoxin-

induced decreases in serum CETP levels at 36 h after treat-
ment. As shown in Fig. 2, 10 and 100 times lower doses of endo-
toxin (1 and 10 

 

m

 

g/100 g bw) decreased serum CETP protein
levels 36 h after administration. A dose of 0.1 

 

m

 

g/100 g bw was
ineffective when studied 24 and 48 h after administration, indi-
cating that the half-maximal dose of the effect of endotoxin on
serum CETP levels is between 0.1 and 1 

 

m

 

g/100 g bw.
We then examined whether, in addition to decreasing

CETP levels in the circulation, endotoxin also affects CETP
protein levels in peripheral tissues. In hamsters, very low levels
of mRNA for CETP are found in the liver, but adipose tissue,
muscle, and heart are abundant sources (26). In addition,
mRNA levels for CETP in adipose tissue and heart correlate
with plasma CETP concentrations, suggesting that these tis-
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sues may contribute to serum levels of CETP (20). CETP pro-
tein levels in adipose tissue, heart, and muscle were measured
by Western blotting after homogenization in a detergent
buffer as detailed in Methods. As shown in Fig. 3, endotoxin
administration significantly decreased CETP levels in adipose
tissue, heart, and muscle by 50–60%, suggesting that the decrease
in CETP levels in the circulation may be due to decreased
CETP production in these tissues.

To further determine the mechanism by which CETP pro-
tein levels are decreased, we next measured the mRNA levels
for CETP in the key tissues of the hamster after administration

of endotoxin. In accordance with previous reports, mRNA for
CETP was not detected in the liver or spleen of the hamsters
(26). RNA for CETP was, however, detected in adipose tissue,
muscle, heart, intestine, stomach, and kidney. As shown in Fig.
4, 16 h after administration of endotoxin, mRNA levels for
CETP were markedly decreased in all of these tissues.

Endotoxin induces glucocorticoids, and glucocorticoids
have been shown to mediate some of the effects of endotoxin
(27). In mice overexpressing the human CETP gene, cortisone
administration mimics the effects of endotoxin on plasma
CETP levels. Additionally, treatment with cortisone decreased

Figure 1. Time course of the effect 
of endotoxin on serum levels of 
CETP. Syrian hamsters were in-
jected i.p. with either saline (s) or 
100 mg/100 g bw endotoxin (d). At 
the times indicated, the animals 
were killed and serum CETP was 
measured as described under Meth-
ods. Data are presented as 
mean6SEM, n 5 5. *P , 0.05, 
**P , 0.005, ***P , 0.0005 vs. 
control.

Figure 2. Dose response of the effect of en-
dotoxin on serum levels of CETP. Syrian 
hamsters were injected i.p. with either sa-
line (control) or LPS at 1, 10, or 100 mg/100 g 
bw. 36 h later the animals were killed, and 
serum CETP was measured as described 
under Methods. Data are presented as 
mean6SEM, n 5 5. ***P , 0.0005 vs. con-
trol.
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hepatic mRNA levels for CETP (19). It was therefore of inter-
est to test whether corticosteroids would mimic the effects of
endotoxin on CETP levels in hamsters, where regulation of the
native gene can be studied and where serum levels of CETP
are likely to be derived from extra hepatic sources. Hamsters
were injected intraperitoneally with dexamethasone (5 mg/kg)
or with saline (control), and plasma CETP and mRNA for
CETP in adipose tissue were measured 16 h later. Dexametha-
sone did not affect serum levels of CETP in the Syrian ham-
sters (control (C): 100

 

6

 

8.4%, dexamethasone: 123

 

6

 

10.2%)
and increased mRNA levels for CETP in adipose tissue (C:
100

 

6

 

4.5%; dexamethasone: 208

 

6

 

7.6%), indicating that gluco-

corticoids do not mediate the effects of endotoxin on CETP in
the hamster.

As TNF and IL-1 mediate many of the effects of endotoxin,
we next investigated whether administration of these cytokines
individually or in combination affected serum levels of CETP.
The doses of TNF and IL-1 used (17 

 

m

 

g and 1 

 

m

 

g/100 g bw, re-
spectively) have been shown previously to alter lipid metabo-
lism in Syrian hamsters (28) and to regulate apo J (29). In addi-
tion, TNF at this dose decreases hepatic LCAT mRNA levels
and LCAT activity in Syrian hamsters (16). However, adminis-
tration of the cytokines individually did not significantly affect
serum CETP levels (Fig. 5). In contrast, the combination of

Figure 3. Effect of endotoxin on 
CETP protein levels in tissues. Syr-
ian hamsters were injected i.p. with 
either saline (control, open bars) or 
100 mg/100 g bw endotoxin (hatched 
bars). 16 h later the animals were 
killed, and the respective organs 
were collected. A portion (1 g) of 
the tissues were homogenized on ice 
with a Wheaton Dounce tissue 
grinder in 2 ml of buffer containing 
20 mM sodium phosphate, pH 7.5, 
0.2 mM NaCl, 2% Triton X-100, 
vol/vol, 1% sodium deoxycholate, 
0.2% SDS, 2 mM diethyl p-nitro-
phenyl phosphate, 0.2 mM leupep-
tin, and 600 U/ml aprotinin (26). 
After 15-min incubation, the homo-
genate was centrifuged, and the 
clear infranatant used for determi-
nation of CETP by Western blot-
ting. CETP was measured as de-
scribed under Methods. Data are 
presented as mean6SEM, n 5 5. 
**P , 0.005, ***P , 0.0005 vs. con-
trol.

Figure 4. The effect of endotoxin 
on mRNA for CETP in extra he-
patic tissues. Syrian hamsters were 
injected i.p. with either saline (open 
bars) or 100 mg/100 g bw endotoxin 
(hatched bars). 16 h later the ani-
mals were killed, and the respective 
tissues were collected. mRNA lev-
els for CETP were measured as de-
scribed in Methods. Data are pre-
sented as mean6SEM, n 5 5. 
**P , 0.005, ***P , 0.0005 vs. con-
trol.
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TNF

 

 1 

 

IL-1 significantly decreased serum levels of CETP to
69% of that of controls 16 h after their administration (Fig. 5).
We have previously reported that the combination of TNF 

 

1

 

IL-1 is more effective in mimicking the effects of endotoxin on
cholesterol metabolism in Syrian hamsters (28, 29).

When TNF and IL-1 were administered alone at the doses
described earlier, there was some effect of these cytokines in
reducing the levels of mRNA for CETP in a few of the tissues

studied (Table I). However, when TNF 

 

1 

 

IL-1 were adminis-
tered together they were much more effective than the individ-
ual cytokines; the combination reduced mRNA levels for
CETP in all the tissues studied by 

 

. 

 

75% (Fig. 6). Thus simul-
taneous administration of TNF and IL-1 together is more ef-
fective at decreasing both serum protein levels and tissue
mRNA levels of CETP than either cytokine individually. The
combination mimics LPS treatment.

Figure 5. The effect of TNF and IL-1 
on serum levels of CETP. Syrian 
hamsters were injected i.p. with sa-
line, TNF (17 mg/100 g bw), IL-1 (1 
mg/100 g bw), or TNF 1 IL-1 (17 mg 
1 1 mg/100 g bw). 16 h later the ani-
mals were killed, and serum CETP 
was measured as described under 
Methods. Data are presented as 
mean6SEM, n 5 5. ***P , 0.0005 
vs. control.

Figure 6. The effect of TNF 1 

IL-1 on mRNA for CETP in ex-
tra hepatic tissues. Syrian ham-
sters were injected i.p. with either 
saline (open bars) or 17 mg TNF 
1 1 mg IL-1/100 g bw (hatched 
bars). 16 h later the animals were 
killed, and the respective tissues 
were collected. mRNA levels for 
CETP were measured as de-
scribed in Methods. Data are pre-
sented as mean6SEM, n 1 5. 
**P , 0.005, ***P , 0.0005 vs. 
control.
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Discussion

 

The data presented in this paper demonstrate that endotoxin
and cytokines decrease CETP levels in the serum and CETP
protein and mRNA levels in extra hepatic tissues in Syrian
hamsters. Circulating CETP levels began to decrease rapidly
after administration of endotoxin and progressively decreased
with time for at least 48 h. This pattern of early, progressive,
and sustained effect after single administration of endotoxin is
common. The changes in serum triglyceride levels after endo-
toxin administration follow a similar pattern in the opposite di-
rection. 2 h after endotoxin administration, serum triglyceride
levels are increased (30) and continue to increase with time
(16), reaching levels fivefold higher than control levels at 48 h
(C: 100

 

6

 

19;% endotoxin: 509

 

6

 

40%; unpublished observa-
tions by this laboratory). The changes in serum triglyceride
levels are thus a mirror image of the changes in CETP levels
after endotoxin administration. The changes in HDL choles-
terol levels follow a different pattern decreasing at 4 and 8 h
(16) but returning to control levels by 48 h after endotoxin ad-
ministration (C: 100

 

6

 

5.6%; endotoxin: 93

 

6

 

8.7%; unpublished
observations by this laboratory).

The decrease in HDL cholesterol levels may be linked to
the increase in serum triglycerides as hypertriglyceridemia is
often associated with decreased HDL cholesterol levels (31–
33). CETP facilitates the exchange of cholesterol ester in HDL
for VLDL triglyceride, thus the abundant VLDL triglyceride
in hypertriglyceridemia can promote this exchange and con-
tribute to the decrease in HDL cholesterol levels. In fact, hy-
pertriglyceridemia in humans is often associated with in-
creased CETP activity (34). In contrast, the endotoxin-induced
hypertriglyceridemia in the hamsters, although associated with
decreased HDL cholesterol levels, is associated with a marked
decrease in CETP levels. Endotoxin thus appears to have an
effect on CETP that is independent of the hypertriglyceri-
demic effect and potentially serves to prevent or blunt the de-
crease in HDL cholesterol levels. That decreasing CETP levels
may increase HDL cholesterol levels is suggested by an in-
verse relationship between plasma CETP levels and HDL cho-
lesterol levels in CETP-deficient humans (35, 36). In addition,
overexpression of CETP in transgenic mice causes decreased

HDL cholesterol levels (37, 38), and cholesterol feeding of
hamsters which increases CETP activity is associated with de-
creased HDL cholesterol levels (20).

The decrease in CETP is a sensitive response to endotoxin,
with ID

 

50 between 0.1 and 1 mg/100 g bw. These doses of en-
dotoxin are far below the doses required to cause death in ro-
dents in our laboratory. We have previously demonstrated that
the alterations in lipid metabolism are among the most sensi-
tive host responses to endotoxin. For example, in Syrian ham-
sters, endotoxin at 0.1 mg/100 g bw increases serum choles-
terol, triglyceride, and apo J levels while decreasing serum
LCAT activity (4, 16, 29). The increase in apo J and decrease
in LCAT activity were preceded by increased and decreased
mRNA levels for these proteins. However, higher doses of en-
dotoxin (10 mg/100 g bw) are required for decreasing HDL
cholesterol levels (16). A lower dose of endotoxin is able to de-
crease CETP levels compared to what is needed to decrease
HDL cholesterol levels.

Endotoxin-induced decreases in circulating CETP levels
may be mediated at least in part by marked decreases in
mRNA levels for CETP in extra hepatic tissues and decreases
in CETP protein levels in adipose tissue, muscle and heart.
Adipose tissue, muscle, and heart are abundant sources of
mRNA for CETP and adipose tissue mRNA levels strongly
correlate with plasma CETP concentrations (20, 26). Thus the
decrease in CETP protein and mRNA levels in adipose and
other extra hepatic tissues is likely to explain the decrease in
plasma CETP seen here in response to endotoxin. However, it
is possible that plasma CETP levels are also affected by
changes in translation, secretion, or clearance of CETP.

The effects of endotoxin on serum levels of CETP in the
present study are consistent with the reported results of Ma-
succi-Magoulas et al. (19), who demonstrated that endotoxin
reduces plasma CETP levels and hepatic mRNA levels for
CETP in mice overexpressing the human CETP gene. How-
ever, there are significant differences in the results from the
two studies. First, the decrease in hepatic mRNA levels for
CETP in the transgenic mice was transient, with mRNA levels
returning to control levels by 48 h after the higher dose of en-
dotoxin (200 mg) and actually being significantly increased af-
ter lower doses of endotoxin (25 mg). Here we found the de-
crease in CETP to be progressive over 48 h. Second, in
contrast to our results in the hamster, in the transgenic mice
endotoxin increased mRNA levels for CETP in extra hepatic
tissues. Endotoxin thus decreased mRNA levels for CETP in
the liver, the major contributor to plasma CETP in humans,
but increased mRNA levels for CETP in other tissues. In the
present study in hamsters, where extra hepatic tissues are a
major source of plasma CETP, endotoxin decreased mRNA
for CETP in these tissues.

Third, Masucci-Magoulas et al. (19) demonstrated that glu-
cocorticoids mediated the effects of endotoxin on CETP levels
in the transgenic mice. Although glucocorticoids may mimic
some effects of endotoxin, dexamethasone administration (5
mg/kg) did not produce the same effect as endotoxin on CETP
in Syrian hamsters, suggesting that in hamsters glucocorticoids
do not mediate this effect of endotoxin. There are several pos-
sible reasons for the disparate results with regard to glucocorti-
coids. For example, many aspects of the acute phase response
are species specific, and it is possible that there are species dif-
ferences in the mechanisms by which endotoxin acts in ham-
sters and humans/mice. In fact, we have previously demon-

Table I. Effects of TNF or IL-1 on mRNA Levels for CETP in 
Peripheral Tissues in Syrian Hamsters

Percentage of control

Tissue TNF IL-1

17mg/100 g bw 1mg/100 g bw

Adipose tissue 6468.6 78610
Muscle 4064.4* 4367.1‡

Heart 4066.6* 4063.8‡

Intestine 2863.7* 89625
Stomach 3867.2‡ 6266.6*
Kidney 4764.0* 91612

Animals were injected i.p. with either saline (controls), TNF (17 mg/100
g bw), or IL-1 (1 mg/100 g bw). 16 h later the animals were killed, and
the respective tissues were removed. RNA was extracted and CETP
mRNA measured as described in Methods. Data are presented as
mean6SEM with n 5 5. *P , 0.02 and ‡P , 0.05 vs. control.
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strated that the effects of endotoxin on lipid metabolism in
mice and rats may have different mediators, with TNF being
an important mediator of endotoxin-induced hypertriglyceri-
demia in mice but not in rats, where catecholamines seem to
be of primary importance (3, 39). Furthermore, the difference
in mediators of the endotoxin-induced decrease in CETP
could be due to the fact that in the hamster serum levels of
CETP are derived from extra hepatic tissues, whereas in hu-
mans serum levels of CETP are of hepatic origin. Glucocorti-
coids are known to regulate genes differently in the liver com-
pared to extra hepatic tissues.

TNF and IL-1 may mediate the effects of endotoxin on
CETP in the Syrian hamsters. Although ineffective when ad-
ministered alone, when administered together these cytokines
decreased CETP levels in the serum and mRNA levels for
CETP in extra hepatic tissues. While TNF and IL-1 alone may
mimic some of the effects of endotoxin the combination is
more effective. For example TNF 1 IL-1 increase serum tri-
glyceride levels, serum cholesterol levels, and decrease HDL
cholesterol levels in Syrian hamsters more effectively when ad-
ministered together than either cytokine alone (unpublished
data from this laboratory) (28). In addition, the administration
of TNF 1 IL-1 together acts synergistically to produce hemo-
dynamic shock (40). Experiments with inhibitors of hamster
cytokines will be necessary to directly demonstrate whether
TNF and IL-1 mediate the effects of LPS on CETP in ham-
sters. In mice, TNF mediates most of the effects of LPS on
lipid metabolism (3).

Endotoxin-induced decreases in plasma CETP may help to
preserve HDL levels after exposure to endotoxin. In addition
to the decrease in CETP levels, a decrease in hepatic lipase ac-
tivity (7–10) may also serve to maintain HDL cholesterol levels
by decreasing formation of remnant HDL2 and thus decreasing
clearance of HDL. Preserving HDL cholesterol levels during in-
fection and inflammation may be important because of the
ability of HDL to prevent the toxic effects of endotoxin (41–43)
and reduce oxidative stress (44, 45). Maintaining HDL choles-
terol levels may also be important for delivery of cholesterol to
peripheral tissues that may have increased needs for cholesterol
during infection and inflammation. Increased apoSAA on HDL
during infection and inflammation may lead to increased uptake
of cholesterol by peripheral cells involved in the immune re-
sponse as apoSAA-rich HDL have increased affinity for macro-
phages and decreased affinity for hepatocytes (6). These changes
may be analogous to the increased glucose utilization in mac-
rophage-rich tissues after administration of endotoxin (46–48).

In summary, endotoxin and cytokines decrease serum lev-
els and extra hepatic protein and mRNA levels for CETP in
Syrian hamsters. The decrease in CETP may serve to maintain
HDL cholesterol levels under conditions where they would
otherwise be significantly decreased through exchange for
abundant VLDL triglyceride. Maintaining HDL cholesterol
levels during infection and inflammation may be important be-
cause HDL protects against the toxic effects of endotoxin and
may serve as a source of cholesterol for cells involved in the
immune response or tissue repair.
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