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Abstract
Whereas recognition of LPS by the MD-2—TLR4 receptor complex is important for triggering
protective inflammatory responses in animals, terminating many of these responses requires LPS
inactivation by a host lipase, acyloxyacyl hydrolase (AOAH). To test if endogenously-produced
recombinant AOAH can modulate responses to LPS and Gram-negative bacteria, we engineered
transgenic mice that overexpress AOAH in dendritic cells and macrophages, cell types that normally
produce it. Transgenic mice deacylated LPS more rapidly than did wildtype controls. They were also
protected from LPS-induced hepatosplenomegaly, recovered more quickly from LPS-induced weight
loss, and were more likely to survive when challenged with live E. coli. Constitutive overexpression
of AOAH in vivo hastened recovery from LPS exposure without interfering with the normal acute
inflammatory response to this important microbial signal molecule. Our results suggest that the extent
to which macrophages and dendritic cells produce AOAH may influence the outcome of many Gram-
negative bacterial diseases.
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INTRODUCTION
Monocyte-macrophages can sense minute quantities of Gram-negative bacterial LPS and
activate inflammatory responses that provide effective host defense. Responses to LPS can
also be harmful, however, and several mechanisms are known to limit them. Some involve
proteins that directly bind LPS and prevent its interaction with MD-2--TLR4, others inactivate
LPS by rapidly removing it from the circulation, while others diminish or extinguish cellular
pathways that have been activated by LPS [1].

Another important mechanism that limits responses to LPS is enzymatic degradation of lipid
A, the moiety that is sensed by MD-2—TLR4. Two inactivating enzymatic reactions are
known. In zebrafish, an intestinal alkaline phosphatase can inactivate LPS within the gut by
dephosphorylating it [2]. Although endogenous phosphatases might also inactivate LPS within
the internal organs or cells of fish and other vertebrates [3;4], at this time the importance of
this phenomenon is uncertain. The second known inactivating reaction is carried out by
acyloxyacyl hydrolase (AOAH), a highly conserved host lipase [5] that selectively removes
the secondary acyl chains from lipid A [6]. The resulting deacylated (tetraacylated) LPS (dLPS)
is 0.2–1% as potent as fully (hexa)acylated LPS [7]. Furthermore, AOAH-treated LPS may be
an antagonist, competing with LPS for binding to the MD-2—TLR4 complex [8;9]. A host
defense role for AOAH was suggested by observing that AOAH-deficient mice developed
long-lasting hepatosplenomegaly, exaggerated polyclonal antibody production, and prolonged
immunosuppression after they were exposed to LPS or Gram-negative bacteria [10–12].
Enzymatic deacylation of LPS may thus be necessary for animals to regain fitness following
infections with Gram-negative bacteria synthesizing LPS that can activate MD-2—TLR4
[13].

Previously, we found that providing recombinant AOAH can restore normal recovery
responses to Aoah−/− mice [14;15]. Here we tested the hypothesis that increased constitutive
expression of AOAH by cells that normally produce it, macrophages and dendritic cells,
hastens recovery from LPS exposure in vivo. We produced transgenic mice in which the human
macrophage-selective CD68 promoter drives high-level AOAH expression. We then tested
CD68p-AOAH transgenic mice for their ability to deacylate LPS and resist challenge with LPS
or live E. coli. Our results suggest that devising methods to increase endogenous AOAH
activity might benefit animals with many Gram-negative bacterial diseases.

RESULTS
LPS induces hepatic AOAH activity in vivo

When we injected wildtype C57Bl/6 mice intraperitoneally with 25 μg LPS and harvested their
livers at different time points, we found that AOAH activity increased approximately 6-fold,
peaking on day 3 post-challenge and returning almost to baseline levels by day 9 (Fig. 1A).
We also observed a corresponding increase in serum AOAH activity (Fig. 1B). LPS thus
induces a significant but transient increase in AOAH activity in wildtype mice, in agreement
with previous findings [16]. The increase in AOAH activity roughly paralleled the time-course
of hepatic LPS deacylation, which occurs gradually over 1 to 3 days [17].

Generation of CD68p-AOAH transgenic mice and detection of AOAH activity in serum
To study the effects of AOAH overexpression in vivo, we produced transgenic mice that
constitutively produce high levels of AOAH in macrophages and dendritic cells. To distinguish
transgenic AOAH from endogenous AOAH, a FLAG sequence was added to the carboxyl
terminus of murine AOAH. The FLAG-tagged murine AOAH cDNA sequence was inserted
into an expression vector downstream of human CD68 promoter sequences, the 83bp first
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intron of the CD68 gene (IVS-1), and a polyadenylation signal (Fig. 2A). The IVS-1 sequence
has been shown to act as a macrophage-selective enhancer when cloned downstream of the
human CD68 promoter sequence [18]. When we transfected this construct into RAW264.7
macrophages, we found that the expression of AOAH from the CD68 promoter was of similar
magnitude to that found using the early CMV promoter (data not shown). Two transgenic
founder lines were obtained; mice in each line appeared normal and produced viable offspring.
Serum obtained from CD68p-AOAH transgenic mice had AOAH activity that was
considerably higher than that found in wildtype C57Bl/6 mice (Fig. 2B).

CD68 promoter sequences drive transgene expression in macrophages and dendritic cells
We assessed transgene mRNA expression in thioglycollate-elicited peritoneal macrophages,
bone marrow-derived macrophages, and dendritic cells. Both AOAH and the transgene-
specific FLAG region were measured by quantitative real-time PCR. As expected, there was
little or no FLAG message detected in cells from wildtype mice (data not shown). In transgenic
mice, the pattern of FLAG expression correlated with that of AOAH mRNA (r2=0.74, p=
0.0003, n = 6 samples of liver or spleen; linear regression, GraphPad Prism 5). Dendritic cells
and peritoneal macrophages from transgenic mice had approximately 16-fold and 26-fold
higher AOAH mRNA expression, respectively, than did wildtype mice, whereas bone marrow
macrophages had 37-fold higher expression (Fig. 3A). Most of the AOAH mRNA measured
in the transgenic mice was thus due to the transgene. We also measured AOAH enzymatic
activity in cell lysates. Transgenic macrophages and, to a lesser extent, dendritic cells had
significantly higher AOAH activity than did their wildtype counterparts (Fig. 3B). We conclude
that the CD68 promoter-driven transgene achieves high-level, constitutive expression of
AOAH in macrophages and dendritic cells in vivo.

Increased AOAH expression in phagocyte-rich organs of CD68p-AOAH transgenic mice
Based on the known expression of CD68 in macrophages, we predicted that the macrophage-
rich tissues of CD68p-AOAH mice would have elevated AOAH expression. Liver, spleen, and
lung had greatly increased AOAH mRNA abundance, with liver being the lowest and lung the
highest (Fig. 3C). This is similar to the pattern observed by others for macrosialin (CD68)
expression [19].

In wildtype mice, AOAH is produced most abundantly by renal cortical epithelial cells [20],
which secrete it into the urine. We found high levels of AOAH mRNA expression in the kidneys
of both transgenic and wildtype mice. Measurement of transgene-specific FLAG mRNA
confirmed very low expression of the transgene in the kidneys of CD68p-AOAH transgenic
mice (data not shown) in keeping with the conclusion that transgene expression occurs
principally in tissues rich in macrophages and dendritic cells. We also compared tissue AOAH
activity in wildtype and transgenic mice and found significant increases in transgenic liver,
spleen and lung, but not in kidney (Fig. 3D). The liver had the highest AOAH activity and the
lung had the lowest. We also observed a strong correlation between liver and plasma AOAH
activity in transgenic and wildtype mice (Fig. 3E).

AOAH overexpression in macrophages allows more rapid LPS deacylation
We next measured the rate of LPS deacylation by explanted macrophages ex vivo. Double-
radiolabeled LPS was utilized to assay the deacylation rate by measuring release of 3H fatty
acyl chains from the 14C labeled backbone. Thioglycollate-elicited peritoneal macrophages
were incubated with radiolabeled LPS for 6 or 12 hours. At the end of the incubation period,
the media were harvested and the cells were washed twice before their LPS content was
measured as described in Methods. Whereas the amount of cell-associated LPS was similar in
both transgenic and wildtype macrophages, the transgenic macrophages had deacylated 19%

Ojogun et al. Page 3

J Infect Dis. Author manuscript; available in PMC 2009 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and 44% of the LPS by 6 and 12 hours, respectively, while the wildtype macrophages had
deacylated approximately 5% and 25% by these time points (Fig. 4A).

To determine if transgenic mice also have a higher rate of LPS deacylation in vivo, we injected
mice i.v. with 5 μg of radiolabeled LPS and harvested their livers 4 hours later. Deacylation
of the LPS, which was rapidly taken up by the liver [21;22], was measured as previously
described [23]. By 4 hours, CD68p-AOAH mice had released approximately 55% of the 3H
radioactivity from liver-associated LPS while the wildtype mice had only released an average
of 31% (Fig. 4B). We analyzed the fatty acid composition of the LPS recovered from the livers
and observed that the secondary fatty acids (laurate and myristate) were less abundant in LPS
isolated from transgenic mice, confirming more rapid removal of these acyl chains with
increased AOAH expression by liver macrophages (data not shown).

Increased AOAH expression in transgenic mice hastens recovery from LPS challenge
AOAH-mediated conversion of fully (hexaacylated) LPS to partially deacylated (tetraacylated)
LPS (dLPS) occurs slowly, over a period of many hours, both in vivo and in explanted dendritic
cells and macrophages [24]. It was therefore unlikely that enhanced constitutive AOAH
expression would protect mice from the rapid inflammatory response that is observed within
minutes of LPS exposure. Indeed, at 1 and 4 hours after an intraperitoneal dose of 10 μg of
O14 E.coli LPS, CD68p-AOAH transgenic mice had plasma levels of IL-6 and TNF-α that
were equivalent to those of wildtype mice (Fig. 5A & B).

In contrast, AOAH prevents several long-term responses to LPS in vivo [11;25;26]. We thus
hypothesized that transgenic mice expressing large amounts of AOAH would recover more
quickly from LPS challenge. We first challenged wildtype and CD68p-AOAH transgenic mice
intraperitoneally with 10 mg/kg E. coli O14 LPS. Both transgenic and wildtype mice showed
significant weight loss one day after injection (Fig. 5C). The transgenic mice began to regain
weight more quickly, however, and they regained their original weights more rapidly than did
the wildtype mice.

AOAH does not protect mice from challenge with an agonistic monoclonal antibody to MD-2--
TLR4

It is conceivable that the ability of CD68p-AOAH mice to recover more quickly from LPS
challenge is conferred by an activity of the enzyme that is unrelated to its ability to deacylate
LPS. To explore this possibility, we injected wildtype and transgenic mice intraperitoneally
with 20μg of UT12, an agonistic monoclonal antibody to the TLR4-MD—2 complex [27].
UT12 induces stimulatory signals downstream of MD-2—TLR4 that are similar to those
induced by LPS [28;29]. We monitored the weights of mice after injection for seven days and
observed similar changes in weight in both wildtype and transgenic mice (Fig. 5D).
Overproduction of AOAH thus enables more rapid weight gain following LPS challenge but
has no such effect when the same intracellular signaling pathway is activated by a non-LPS
agonist.

CD68p-AOAH mice are less susceptible to LPS-induced hepatomegaly
In the liver, LPS deacylation is carried out mainly by Kupffer cells [30]. Mice deficient in
AOAH were unable to deacylate LPS and developed hepatomegaly within 7 days after a single
i.v. dose of 5 μg E.coli O14 LPS (0.25 mg/kg body weight) [31]. Much higher doses of LPS
could induce hepatomegaly in wildtype mice, however, indicating that the increase in liver size
is a dose-dependent response to LPS [32]. We hypothesized that an increase in hepatic AOAH
would prevent or reduce the development of hepatomegaly when LPS was administered
intravenously. We challenged transgenic and wildtype mice with PBS or 30 μg (1.5 mg/kg)
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E. coli O14 LPS intravenously and weighed their livers 7 days after injection. Livers from
wildtype mice were significantly larger than those from transgenic mice (Fig. 6A).

Mice overexpressing AOAH are less susceptible to hepatosplenomegaly and death induced
by Gram-negative bacteria

Animals are usually exposed to LPS in its natural setting, the Gram-negative bacterial cell wall.
Therefore we wanted to find out if AOAH-overexpressing mice would be protected from a
Gram-negative bacterial challenge. Mice were injected i.p. with a low dose of an avirulent
strain of E.coli (1.5–3 × 108 colony forming units) and their livers and spleens were weighed
9 days later. We observed that spleens from wildtype mice were approximately 70% larger
than spleens from their transgenic counterparts (Fig. 6B). Livers from wildtype mice also
tended to be larger than those from transgenic mice (Fig. 6C) (p=0.055; Student’s t-test).
Whereas all of the 9 transgenic mice survived this challenge, 2 of the 9 wildtype mice did not.
We then injected mice with a larger dose (1–4.5 × 109) of live E. coli O14 and followed them
for one week. AOAH-overexpressing mice were much more likely to survive than were
wildtype mice (Fig. 6D) (p < 0.03; Mantel-Cox).

DISCUSSION
The last decade brought great progress in understanding how animals defend themselves from
both commensal and pathogenic microbes. A key element of this progress has been the
identification of mechanisms through which animal cells sense, and respond to, particular
microbial molecules. Although often referred to as molecular “patterns”, in fact the microbial
molecular structures that are sensed by most of the known host receptors (TLRs, NODs) are
quite specific: MD-2—TLR4 best recognizes LPS molecules that have 6 saturated acyl chains,
for example, whereas TLR2/TLR1 and TLR2/TLR6 can distinguish between lipopeptides that
have two or three fatty acyl chains. NOD1 and NOD2 likewise show specificity for muramyl
peptides with certain amino acid residues. It is thus of interest that vertebrates also have a
highly conserved enzyme that attacks LPS molecules in such a way that only the key ‘signal’
structures, the secondary acyl chains, are removed. AOAH can partially deacylate, and thus
inactivate, LPSs that have the optimally stimulatory (hexaacyl) lipid A structure [5;33]. To
date, the evidence suggests that inactivation by AOAH is required for recovery from exposure
to LPS, as none of the other known mechanisms for neutralizing LPS (see Introduction) seems
to compensate fully for the enzyme’s absence, at least in mice.

Cody et al. showed that LPS upregulates AOAH mRNA expression in vivo [16]. Here we found
that a single low dose of LPS is able to augment hepatic AOAH activity by approximately
sixfold, with increased levels for up to five days after challenge (Fig. 1). Since the majority of
the LPS that enters the bloodstream is cleared by the liver, the increase in hepatic AOAH
expression (which could be from either resident Kupffer cells or from neutrophils or monocytes
that are recruited to the liver following LPS stimulation) may be very important for enhancing
LPS deacylation in vivo. We found previously that providing recombinant human AOAH in
an adenoviral vector restored LPS deacylation and prevented both LPS-induced hepatomegaly
and prolonged endotoxin tolerance in Aoah−/− mice [34]. Since intravenously-administered
adenovirus vectors largely produce their cargo transgenes in hepatocytes [35], we wanted to
know if increasing constitutive AOAH expression in cells that normally make it, such as
macrophages and dendritic cells, would also enable wildtype mice to resist LPS challenge.
Accordingly, we generated transgenic mice expressing the murine AOAH cDNA under the
control of the CD68p-IVS-1 expression cassette that was known to drive expression of other
transgenes in macrophages in vivo [36–39]. These transgenic mice had high AOAH expression
in macrophages and dendritic cells and secreted the enzyme into the blood. We also observed
high AOAH expression in macrophage-rich tissues. There was an unexpected discrepancy
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between AOAH mRNA expression and activity in these tissues, however. Whereas the liver
had the highest AOAH activity, its AOAH mRNA abundance was lower than that of spleen
and lung. This difference may reflect, at least in part, the extent to which the AOAH precursor
is processed to the more active mature form in different organs [20;40]. Alternatively, post-
transcriptional regulation may prevent translation in these tissues. Importantly, constitutive
overexpression did not interfere with the initial pro-inflammatory response to LPS (Fig. 5A &
B), in keeping with previous observations that AOAH-mediated deacylation/inactivation
occurs over many hours and does not diminish acute reactions to LPS in vivo. In contrast, the
ability of elevated constitutive AOAH expression to protect mice from LPS challenge was
evident in two different test systems. First, after LPS challenge, transgenic mice returned to
their pre-challenge weights more quickly than did wildtype mice (Fig. 5C). Second, mice with
high constitutive AOAH activity were protected from developing LPS and Gram-negative
bacteria-induced hepatosplenomegaly and death (Fig. 6A & 7). Importantly, AOAH
overexpression did not hasten recovery from weight loss induced by a potent non-LPS MD-2
—TLR4 agonist, confirming that the enzyme’s ability to deacylate LPS is required for its
beneficial effect.

Our findings raise the possibility that overexpressing AOAH in macrophages and/or dendritic
cells could hasten recovery from many Gram-negative diseases in other animals, including
humans. Drugs that increase constitutive AOAH activity might therefore warrant investigation.
Furthermore, the findings reported here suggest that genetic variability in AOAH expression
might affect recovery from diseases caused by Gram-negative bacteria that produce hexaacyl
LPS [13].

METHODS
Construction of CD68p-AOAH Transgenic Mice

Murine AOAH cDNA was amplified using primers 5′-
TCTAGACACCATGAAGTTTCCCTGGAAAGTCTTCAAGACC-3 and 5′-
CTACTTATCGTCGTCATCCTTGTAATCGTGTCCTCCTTGGTCTC-3′, resulting in
addition of a 5′ XbaI site and a 3′ Flag epitope (underlined bases). The PCR product was cloned
into pCR 2.1, introducing a second XbaI site downstream of the Flag sequence. The mAOAH-
Flag fragment was released from the plasmid by XbaI digestion and inserted into pcDNA3
vector containing the human CD68 promoter and 83bp of the first intron of the human CD68
gene [41]. The construct was isolated from this plasmid (pCDNA3-hCD68p-IVS-
mAOAHFlag) and purified. Injection into C576BL/6 eggs and insertion into pseudopregnant
foster mothers was carried out by the UT-Southwestern transgenic mouse core. Two founder
lines (7802 and 7803) were confirmed by PCR analysis of genomic DNA extracted from the
tails of mice; the primers amplified a 548 bp region from the distal portion of the CD68
promoter to the proximal portion of the AOAH gene: 5′-GAAGCAGGGCCAACAGTCCCC
T-3′ and 5′-CTCTCCATCGCCACCTGGACT-3′. These primers were also used for
genotyping offspring.

LPS Preparations
Double-radiolabeled Rc Salmonella typhimurium PR122 LPS that had 175,000 3H dpm in the
fatty acyl chains and 10,000 14C dpm in the glucosamine backbone per microgram was prepared
as previously described [42]. Unlabeled LPS from E. coli O14 was purified by phenol-
chloroform-petroleum ether extraction [42]. The purity of the LPS was confirmed by silver-
stained SDS-PAGE [43] and by its failure to stimulate IL-6 release from Tlr4−/− macrophages
in vitro.
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Cell Culture and transfection
Peritoneal macrophages, bone marrow-derived dendritic cells (BMDC), and macrophages
(BMDM) were generated as described previously [44], [45]. RAW264.7 cells were grown in
DMEM and transfected (2–4 μg) using Superfect (Qiagen) with pCDNA3-hCD68p-
IVS-1mAOAHFlag, pRC.CMV.mAOAHFlag (AOAH Flag expressed from the CMV
promoter), or a GFP-expressing control plasmid.

AOAH activity assays
Mice (6–8 weeks old) were deeply anesthetized with isofluorane before the liver, kidney, spleen
and lung were harvested, weighed and sonicated in lysis buffer (0.1% Triton X-100 in PBS pH
7.2). AOAH activity in the tissues and in serum or plasma obtained from tail vein bleeds was
measured as described previously [42].

Quantitative PCR
Total RNA was isolated from snap-frozen tissues and reverse-transcribed to cDNA using the
iScript™ cDNA synthesis kit (Bio-Rad laboratories, USA). Real-time PCR was performed
using SYBR Green PCR Master Mix (Applied Biosystems) in an ABI Prism 7300 sequence
detection system (Applied Biosystems, Foster City, CA). The following primers were used for
AOAH mRNA amplification: 5-′GCCATGATTGGAAACGATGTT-3 and5′-GTTGGCGTA
CATTTGTTCAGG A-3′. Transgene mRNA was quantitated by amplifying the FLAG region
using the primers 5′-ACCAAGGAGGACACGATTACA AG-3′ and 5′-
CCGCCAGTGTGATGGATA TCT-3.′ Dose-response curves were produced using plasmids
expressing known amounts of 18rRNA, AOAH, and FLAG. The reaction conditions used were
50°C for 2min; 95°C for 10min; and 95°C for 15sec, 60°C for 1min for 40 cycles. All sample
and standard reactions were done in duplicate. CTs for all reported values were within the range
from 20 to 25.6.

Estimation of LPS Deacylation
In vivo LPS deacylation was measured by injecting 5 μg of radiolabeled LPS into the lateral
tail vein and harvesting organs 4 hours later Approximately 100 mg of tissue were sonicated
in lysis buffer (0.1% Triton X-100 in PBS pH 7.2) and deacylation was measured as described.
[46]. To measure in vitro deacylation, thioglycollate-elicited peritoneal macrophages
(wildtype, CD68p-AOAH, or Aoah−/−) were plated at 1.5 × 106 cells/ml in 6 well plates.
Double-labeled Salmonella typhimurium LPS (1μg/ml) was added and media and cells
harvested 6 and 12 hours later. The dpm in 100μl of the cell lysate were counted. The 3H dpm
fatty acid released into cells and media were determined by precipitating 500μl of both media
and cell lysates with 1ml ethanol and incubation at −20°C for 30 minutes. The 3H dpm in the
ethanol supernatant were measured and the dpm in the wildtype and transgenic cells were
corrected for non-specific deacylation by subtracting the dpm released by the Aoah−/− cells.
The percent deacylation for each time point was estimated using the formula: [ethanol
soluble 3H dpm released in cells + supernatant]/[total 3H dpm in cells + supernatant] × 100.

In vivo LPS challenge
Protocols for animal experiments were approved by the Institutional Animal Care and Use
Committee of the University of Texas Southwestern Medical Center. Wildtype mice were
injected i.p. with 25 μg of E.coli O14 LPS and the AOAH activity in liver lysates was measured
at sequential time points. To evaluate the impact of AOAH on LPS-induced cytokine release,
wildtype and transgenic mice were injected i.p. with 5μg E.coli 014 LPS. Mice were bled 1
and 4 hours post-challenge and serum levels of TNF-α and IL-6 were measured using ELISA
(BD Biosciences). To assess clinical responses to LPS, mice were i.p. injected with 10 mg/kg
E.coli O14 LPS and weighed daily. For hepatomegaly studies, wildtype and CD68p-AOAH
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mice were challenged with 30μg of E.coli 014 LPS or E.coli O14 bacteria (1.5–3 × 108 cfu)
intravenously. Livers were harvested after 7 days and the liver weight/body weight fraction
(%) was calculated [47]. In other experiments, mice were given an i.p. injection of 1–4 × 109

cfu E. coli O14 and followed for 7 days.
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Figure 1. LPS induces AOAH activity in vivo
(A) C57Bl/6 mice were injected i.p. with either PBS or 25 μg LPS. Livers were harvested at
the times indicated and AOAH activity was measured. (B) AOAH activity in serum, measured
in 10 μl samples as described in Methods. Data are expressed as mean ± SD, n=3. *P<0.05;
**P<0.01 (Student’s t-test). Statistical analyses were performed using GraphPad Prism 5 for
Windows.
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Figure 2. CD68p-AOAH transgene construct
(A) DNA construct showing the human CD68 promoter, the 86bp first intron of the CD68 gene
(IVS-), and murine AOAH cDNA. (B) Deacylation of LPS by mouse serum. Serum was
obtained from the offspring of F1 matings in two founder lines (7803 and 7802) and assayed
for its ability to release 3H labeled fatty acids from [3H/14C]LPS. WT = wildtype.
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Figure 3. Increased AOAH expression in monocytes-macrophages, dendritic cells and phagocyte-
rich tissues
(A and C) AOAH mRNA abundance was assessed using quantitative PCR. Total RNA was
isolated from thioglycollate-elicited macrophages (IP macs), bone marrow-derived
macrophages (BMDM) and dendritic cells (BMDC), liver, spleen, lung and kidney. Means and
1 S.D. are shown. (B and D) AOAH activity was estimated in cell and tissue lysates. n=4–6,
data combined from two experiments. *p<0.05, **p<0.01, ***p<0.001 (Student’s t-test). (E)
Correlation of plasma and liver AOAH activity in wildtype and CD68p-AOAH transgenic
mice. r2 = 0.92, p < 0.0001 (linear regression). WT = wild-type; TG = AOAH transgenic.
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Figure 4. Rapid in vitro and in vivo LPS deacylation in transgenic mice
(A) Thioglycollate-elicited peritoneal macrophages were incubated with radiolabeled LPS for
6 or 12 hours before deacylation was calculated as described in Methods. Percent deacylation
= percent loss of secondary acyl chains. Equivalent numbers of wildtype and transgenic mouse
macrophages were used (~0.15 mg protein/well). (B) 5μg radiolabeled LPS were injected
intravenously into mice, livers were harvested 4 hours later, and LPS deacylation was
determined as described in Methods. n = 4 mice/group. Data are representative of 2 independent
experiments. For comparisons between wildtype and transgenic macrophages at each time
point: * p<0.05, *** p < 0.001 (Student’s t-test). WT = wild-type; TG = AOAH transgenic.
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Figure 5. Increased AOAH expression shortens recovery time from LPS challenge
Mice were injected i.p. with 10 μg of E.coli O14 LPS and bled 1 hr (A) or 4 hrs (B) later to
measure serum TNF-α and IL-6, respectively. (C) E.coli O14 LPS (10 mg/kg body weight)
was injected i.p into wildtype and transgenic mice. Mice were weighed daily for 7 days. *p
<0.05, **p<0.01 (Student’s t-test). Data are combined from two experiments, n=9/group.
(D) Constitutive overproduction of AOAH does not protect mice from a non-LPS agonist.
Weights were monitored daily for 7 days after i.p. injection of 1mg/kg UT 12 antibody. Data
were combined from two independent experiments, each with n = 4. WT = wild-type; TG =
AOAH transgenic.
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Figure 6.
CD68p-AOAH transgenic mice are less susceptible to LPS-induced hepatosplenomegaly and
death. Wildtype and transgenic mice were challenged i.v. with either PBS or 30 μg E. coli O14
LPS. (A) Livers were harvested 7 days after challenge and weighed. The liver weight/body
weight fraction (%) is plotted. *** p<0.001 (Student’s t-test). (B, C) Mice were challenged i.p.
with 4–5 × 108 cfu of E.coli O14 bacteria. The spleens and livers were harvested and weighed
9 days after challenge. ***p<0.005 (Student’s t-test). (D) Mice received 2 – 4.5 × 109 cfu E.
coli O14 i.p. and were followed for 7 days. n = 11/group, p < 0.03 (Mantel-Cox test). WT =
wild-type; TG = AOAH transgenic.
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