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Abstract

Hepatic innate immune function plays an important role in the pathogenesis of many diseases.
Importantly, a growing body of literature has firmly established the spatial heterogeneity of
hepatocyte metabolic function, however, whether innate immune function is zonated remains
unknown. To test this question, we exposed adult C57BL/6 mice to endotoxemia and hepatic
tissue was assessed for the acute phase response (APR). The zone-specific APR was evaluated

in periportal and pericentral/centrilobular hepatocytes isolated using digitonin perfusion and on
hepatic tissue using RNAscope and immunohistochemistry (IHC). Western blot, electrophoretic
mobility shift assay, chromatin immunoprecipitation and IHC was used to determine the role

of the transcription factor NFxB in mediating hepatic CRP expression. Finally, the ability of

mice lacking the NFxB subunit p50 (p50—/-) to raise a hepatic APR was evaluated. We found
that endotoxemia induces a hepatocyte transcriptional APR in both male and female mice, with
Crp, Apcs, Fga, Hp, and Lbp expression being enriched in pericentral/centrilobular hepatocytes.
Focusing our work on CRP expression, we determined that NFxB transcription factor subunit
p50 binds to consensus sequence elements present in the murine CRP promoter. Furthermore,
pericentral/centrilobular hepatocyte p50 nuclear translocation is temporally associated with zone-
specific APR during endotoxemia. Lastly, the APR and CRP expression is blunted in endotoxemic
p50-/- mice. These results demonstrate that the murine hepatocyte innate immune response to
endotoxemia includes zone specific activation of transcription factors and target gene expression.
These results support further study of zone-specific hepatocyte innate immunity and its role in the
development of various disease states.
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Introduction

The liver is increasingly recognized as an immunologic organ, and hepatic innate immune
function plays an important role in protecting against infection and sepsis.(1-4) Located
between the gut and the systemic circulation, the liver provides an important line of defense
against the spread of bacteria. Many cell types contribute to this effort: natural killer T cells
(NKT) cells, CD4 and CD8 T cells, neutrophils, monocytes, Kupffer cells, and hepatocytes.
(5) The hepatocyte plays a central role in the innate immune response to various stimuli by
producing the proteins that compose the acute phase response (APR).(3, 6-8) This response
is considered a central component of hepatic innate immunity,(9) and impaired production of
APR proteins predicts worse outcomes with advanced liver disease.(3)

Importantly, a growing body of literature has firmly established the spatial heterogeneity
of hepatic function.(10-13) Approximately 50% of all hepatocyte genes are expressed in a
zone dependent manner.(14) Most of what is known about this heterogeneity comes from
studies of metabolic function. Hepatocyte metabolic function is not uniform, exhibiting
distinct activity across the lobule from the periportal to the pericentral/centrilobular zone.
Nutrient-rich blood from the gut arrives directly via the portal vein, allowing periportal
hepatocytes to shape the metabolic input of downstream hepatocytes.(10) Metabolic
function, from mitochondrial content to the handling of carbohydrates, protein, lipids and
toxins is zone specific. This distribution of labor allows the liver to maintain systemic
physiological homeostasis in the setting of dynamic nutrient input from the gut.

In contrast to what is known about hepatocyte metabolic zonation, whether the response

to innate immune stimuli is zonated is unknown. In addition to being nutrient-rich, the
blood arriving to the liver via the portal vein is highly enriched with various innate immune
stimuli. This includes but is not limited to bacteria, bacterial byproducts, and endotoxin.(3)
Given the variable yet continuous exposure to innate immune stimuli, it would be reasonable
to expect that similar to the zonation of metabolic function, hepatocytes would exhibit
zonation of innate immune function. Early reviews of hepatic zonation demonstrated that
baseline hepatic expression of some APR proteins was zonated, but noted discrepancies
between mRNA expression and protein.(15) A recent review noted that “it has not been
clarified whether there are specific hepatocyte populations that particularly express APP
(acute phase proteins) or whether the expression of individual APP varies locally.”(9)

Various inflammatory and infectious stimuli have been used in pre-clinical studies to study
the hepatic APR. Among these, experimental endotoxemia has been used to study the

APR across multiple species.(16-19) Here, we used an experimental model of sublethal
endotoxemia to induce the hepatic APR in adult C57BL/6 mice. We found that the hepatic
APR was induced in both male and female mice. We found that hepatic expression of CRP
mMRNA and protein increased within 5 hours of initiation of endotoxemia. Digitonin isolation
of periportal and pericentral hepatocytes confirmed that LPS-induced CRP expression
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was enriched in the pericentral hepatocytes. Immunohistochemical staining showed that
the increase in CRP expression was enhanced in pericentral hepatocytes. Importantly,

with endotoxemia, we document hepatic NFxB activation, with a temporal relationship
between p50 subunit nuclear translocation and CRP expression. Using electrophoretic
mobility shift assay (EMSA) and chromatin immunoprecipitation (ChlP), we demonstrate
p50 binding to a NFxB specific consensus sequence within the murine CRP promoter.
Immunohistochemical staining localizes p50 nuclear translocation in pericentral hepatocytes
at 5 hours of endotoxemia. Finally, using p50~~, we demonstrate significant attenuation of
the hepatic acute phase transcriptional response and CRP expression. Together, these data
provide evidence that the APR induced by endotoxemia is zonated, with the significant
contribution of CRP production coming from p50-regulated transcription in the pericentral
hepatocytes. We speculate that innate immune function of hepatocytes is zone specific, and
more work must be done to determine the mechanisms underlying these findings.

Materials and Methods

Murine model of endotoxemia (LPS) exposure

All procedures were approved by the Institutional Animal Care and Use Committee at the
University of Colorado (Aurora, Colo., USA), and care and handling of the animals was in
accord with the National Institutes of Health guidelines for ethical animal treatment. Adult
(8-10 weeks) C57BL/6 and p50~/~ (B6.Cg- Nfkb1i™1Ba]|) The Jackson Laboratory) male
and female mice were exposed to a sublethal dose of intraperitoneal (IP) LPS (5 mg/kg;
L2630, Sigma-Aldrich), or volume matched sterile PBS, and tissues were collected and
preserved as described previously.(20) Throughout, this manuscript the terms “control” and
“unexposed control” refer to the PBS group. All control and exposed mice were housed in
the same environment.

Isolation of MRNA, cDNA synthesis and analysis of relative mRNA levels by RT-gPCR

Hepatic mMRNA was isolated and cDNA synthesized as previously described.(21) Relative
MRNA levels were assessed via quantitative real-time PCR using TagMan primers (Table
1) and StepOnePlus Real-Time PCR System (Applied Biosystems) by normalizing to the
endogenous control 18S using the cycle threshold (AACt) method.

Histologic Evaluation of LPS-induced hepatic injury

Tissue was processed and histopathological scoring of the liver tissue was performed by

a trained histologist blinded to the animal genotype and treatments as previously described.
(22) Briefly, the liver injury scoring system relies on the following criteria: 1) extent of liver
cell injury and death including: ballooning, acidophilic bodies (apoptosis), necrotic cells,
megamitochondria, large abscesses, 2) inflammation of all kinds including inflammatory cell
foci, lipogranulomas, portal inflammation, Langhans giant cells, pigmented macrophages,
foamy macrophages, and inflammatory cells in the sinusoidal vasculature, 3) reactive
changes including: Mallory’s hyaline, glycogenated nuclei, ductal reaction, mitotic figures,
normoblast clusters, hyalinized and thickened portal vein and hepatic artery, giant cell
transformation, hepatocyte polyploidization, and inclusion bodies, and 4) steatosis, including
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macrovesicular, and microvesicular. A total, cumulative injury score is arrived at based on
the above criteria.

Preparation of whole liver lysate, cytosolic/nuclear extracts and Western Blot

Frozen pulmonary and hepatic tissue was homogenized using the Bullet Blender
(NextAdvance). Cytosolic and nuclear extracts were collected in NE-PER (ThermoFisher
Scientific). Hepatic whole cell lysates were collected in T-PER (ThermoFisher Scientific).
Samples were electrophoresed on a 4-12% polyacrylamide gel (Invitrogen) and transferred
to an Immobilon membrane (Millipore) and blotted with antibodies (Table 2). Blots were
imaged using the LiCor Odyssey imaging system and densitometric analysis was performed
using ImageStudio (LiCor). In the figures, cropped images grouped together are from the
same gel. No images have been spliced together and no images from separate blots have
been grouped together. For densitometric analysis, cytosolic levels were normalized to total
protein stain. Nuclear levels were normalized to HDAC1, and the presence of cytosolic
contamination evaluated with GAPDH.

In situ hybridization for Crp expression

RNAScope detection was used to perform in situ hybridization according to the
manufacturer’s protocol (Advanced Cell Diagnostics, Hayward, CA). Briefly, formalin-fixed
paraffin embedded mouse livers were cut into 5 um thick tissue sections. Slides were
deparaffinized in xylene, followed by rehydration in a series of ethanol washes. Following
citrate buffer (Advanced Cell Diagnostics) antigen retrieval, slides were rinsed in deionized
water, and immediately treated with protease (Advanced Cell Diagnostics) at 40° C for 30
min in a HybEZ hybridization oven (Advanced Cell Diagnostics). Probe directed against Crp
MRNA was applied at 40°C in the following order: target probes, preamplifier, amplifier;
and label probe for 10 minutes. After each hybridization step, slides were washed two

times in a washing buffer (Advanced Cell Diagnostics) at room temperature. Chromogenic
detection was performed followed by counterstaining with hematoxylin QS (Vector Labs,
Burlingame, CA). Staining was visualized using an Aperio CS2 whole slide scanner (Leica
Biosystems, Buffalo Grove, IL). Images were reviewed using Imagescope software (Leica).

Isolation of primary hepatocyte, periportal hepatocyte and pericentral/centrilobular

hepatocyte

Primary mouse hepatocytes were isolated using Liberase perfusion protocol as previously
described.(23) Briefly, 8-12 weeks old C57/BL/6 mice were euthanized (pentobarbital
sodium). Mouse liver was perfused from the inferior vena cava with HBSS perfusion media
(Ca%*, Mg2*, and phenol red free Hank’s balanced salt solution containing 1 mM EDTA and
25mM HEPES) at the flow rate of 3ml per minute at 42°C until the blood was completely
washed out from liver. An incision was cut in the portal vein to let blood out of the liver.
The liver was then perfused with 10 ml HBSS digestion media (HBSS with Ca2*, Mg?*,
and phenol red containing 25mM HEPES), adding 250ug liberase™ Research grade (Roche)
at the flow rate of 3 ml per minute at 42°C. After liberase perfusion was finished, liver

was gently dissected out and placed in 10ml cold HBSS digestion media on ice for cell
purification. The liver sack was fractured and the resulting cell suspension was filtered
through a 70 um cell strainer washing with DMEM media. The resulting suspension was
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centrifuged at 100 x g for 2 min, and the pellet was resuspended in 20ml DMEM media. The
suspension was mixed with an equal volume of 90% Percoll and centrifuged at 200 x g for
10 min. The pellet was resuspended in 20ml DMEM media and centrifuged (100 x g for 2
min). This hepatocyte pellet was processed for assays described herein.

The pericentral (PC) and periportal (PP) regions were isolated using the digitonin-
collagenase perfusion method as previously described.(24, 25) For isolation of pericentral
hepatocytes, 24G i.v. catheters (BD Angiocath) were placed in the portal vein and inferior
vena cava. Blood was removed by infusion HBSS perfusion media from the portal vein at
the flow rate of 3ml per minute at 42°C until the blood was completely flushed from the
liver. Digitonin media (2ml, 4 mg/ml in HBSS perfusion media) was infused through the
portal vein. Digitonin was removed by retrograde perfusion with 20-25ml HBSS perfusion
media from the inferior vena cava. Then liberase buffer was infused from the inferior vena
cava and steps from the described from primary hepatocytes isolation repeated at this point.
The final pellet contains live purified hepatocytes from the centrilobular or pericentral (PC)
region. For isolation of periportal hepatocytes, 24G i.v. catheters (BD Angiocath) were

set into the portal vein and inferior vena cava. Blood was removed by infusion HBSS
perfusion media from the inferior vena cava until the blood was completely flushed from
the liver. Digitonin buffer (2 ml, 4 mg/ml in HBSS perfusion media) was infused from the
inferior vena cava. Digitonin was removed by retrograde perfusion with 20-25ml HBSS
perfusion buffer from portal vein. Then liberase buffer was infused from the portal vein and
the hepatocytes were similarly isolated using the above describe method. The final pellet
contains live purified hepatocytes from the periportal (PP) region.

Immunohistochemical staining of C-reactive protein (CRP), glutamine synthetase, and p50

Mouse livers were collected and fixed with 4% buffered paraformaldehyde overnight
followed by 70% ethanol until embedded with paraffin. Samples were then cut into 5 pm
sections and deparaffinized and rehydrated with xylene and ethanol. After antigen retrieval
(antigen unmasking solution, H-3301, Vector Laboratories, Burlingame, CA, USA), tissue
sections were permeabilized with 0.5% Triton X, quenched with 100 mM glycine, 0.5%
Chicago Sky Blue 6B (Sigma-Aldrich, C8679-25G), and blocked with Sea Block (Thermo
Scientific, #37527) and Fc receptor block (Innovex Biosciences, NB309-15). Sections were
then immunostained with anti-CRP (1:200, Invitrogen # 710269) or anti-p50 (1:250, Abcam,
32360), anti-glutamine synthetase (1:250, Synaptic systems, 367005), at 4°C overnight,
followed by a secondary antibody incubation in donkey-anti-rabbit Alexa Fluor 647 (1-200,
Life Technologies, A31573,), donkey-anti-guinea pig 555 (1-200, Millipore, SAB4600297)
for 1 hour at room temperature. 0.1% Sudan Black B (Sigma-Aldrich, 199664-25G) in 70%
ethanol was used to minimize autofluorescence of liver sections in a ten-minute incubation
step. Finally, nuclei of liver cells were stained with DAPI, mounted with ProLong Gold
antifade reagent (Invitrogen, P36934) Sections stained for CRP and glutamine synthetase
were imaged with an 1X83 microscope and DP80 camera using CellSens software (Olympus
Life Science, Waltham, MA, USA), while sections stained for p50 and glutamine synthetase
were imaged with a BC43 Benchtop Confocal Microscope (Andor Technology, Belfast, UK)
using ImarisViewer software (Oxford Instruments, Abingdon, UK).
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Evaluation of nuclear NF-xB binding by EMSA

IRDye 700 phosphoramidite-labeled oligonucleotides with the consensus sequence for
NFxB (5’-AGTTGAGGGGACTTTCCCAGGC-3’) (829-07924, Li-cor, Lincoln, NE, USA)
and custom designed p50-CRP (5’-AGTTGAAATTTCCCATAGGC-3’) were used as a
probe to evaluate nuclear NFxB binding. In order to identify the NFxB subunit proteins in
the binding complex (supershift), p50 (#13586, Cell Signaling, Danvers, MA, USA) subunit
antibodies were incubated with nuclear proteins for 25 min at 4°C prior to the addition of the
labeled probe.

Identification of p50 binding sites in the murine CRP promoter

Using the UCSC genome browser (https://genome.ucsc.edu), we queried the Mouse
Assembly GRCm39/mm39 gene sequence identified as “CRP”. We searched the 600
bases upstream of the transcription start site for the presence of p50 binding sites using
LASAGNA-Search (https://biogrid-lasagna.engr.uconn.edu/lasagna_search/). (26)

Chromatin Immunoprecipitation

Chromatin was prepared using the Magna ChIP G tissue kit (Millipore) per protocol with the
notable modification of sonicating tissues in nuclear lysis buffer (Millipore). Sonication was
performed using the Diagenode Bioruptor Plus for three sets of ten 30 second cycles. Proper
sonication of chromatin (200-900 base pairs) was verified for reverse cross-linked DNA via
electrophoresis in a 1.2% agarose gel. Chromatin was quantified using a spectrophotometer.
25 ug of chromatin was diluted to a total volume of 500 uL in dilution buffer. Antibodies
used for immunoprecipitation included Rabbit IgG (Millipore), and anti-p50 (Abcam,
32360). Immunoprecipitations were incubated at 4°C overnight. Reverse cross-linking of
immunoprecipitated chromatin was accomplished with a two-hour incubation at 62°C.
Immunoprecipitated and purified DNA quality was assessed using a spectrophotometer.
Enrichment of the CRP promoter was assessed by real-time gPCR using SYBR green
reagent (Qiagen) and primers designed to span a section of the promoter region located 150
base pairs upstream and downstream of the p50 consensus sequence. Results were expressed
as percent input.

Statistical Analysis

Statistical analysis was conducted with GraphPad Prism 9 software (GraphPad, San Diego,
CA, USA). We used the null hypothesis that no difference existed between control and
endotoxemia exposed. We evaluated data using two-way ANOVA for multiple groups with
potentially interacting variables (time, sex/genotype). All groups contained at least 3 animals
who were exposed across at least 3 experimental replicates. Statistical significance between
and within groups determined by means of Tukey’s method of multiple comparisons.
Statistics were evaluated using Prism (GraphPad Software, Inc). Statistical significance was
defined as p<0.05. In all figures, each data point represents a unique biologic sample.
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Results

Sublethal endotoxemia induces the hepatic acute phase response in male and female mice

First, we sought to determine whether endotoxemia induced by an intraperitoneal injection
of LPS (5 mg/kg, IP) induced the acute phase response in adult male and female C57BL/6
mice. For this study, we used Crp (c-reactive protein), Saa-1 (serum amyloid Al), Apcs
(amyloid p component, serum), Fga (fibrinogen alpha chain), Hp (haptoglobin) and Lbp
(lipopolysaccharide binding protein), to test for presence of the hepatic APR.(9) We found
increased hepatic expression of these six genes in both male and female mice within 5 hours
of exposure to endotoxemia (Fig. LA-F). Of note, although hepatic expression of Crp, Apcs,
and Fga significantly increased in endotoxemic female mice, induction was lower than what
was observed in similarly exposed male mice (Fig. 1A, C, D). Western blot performed on
hepatic tissue from endotoxemic male and female mice demonstrated significant protein
accumulation at 5 hours of exposure (Fig. 1G and H). These results confirm that this

model of sub-lethal endotoxemia induces the hepatic acute phase response and hepatic CRP
expression in adult male and female mice.

Sublethal endotoxemia induces transcription of acute phase response genes in
hepatocytes

Next, we sought to determine the hepatocyte specific response to endotoxemia. First, we
performed blinded histopathological analysis of hepatic tissue isolated from endotoxemic
mice. At 5 hours of exposure, both male and female mice had histopathological evidence

of a hepatic response to endotoxemia, included elevated scores of hepatocyte injury and
hepatic inflammation (Fig. 2A-D). Next whether the expression of these APR markers was
increased specifically in hepatocytes isolated from endotoxemic mice. We found increased
expression of Crp, Saa-1, Apcs, Fga, and Hp in hepatocytes isolated from endotoxemic mice
within 1 hour and through 5 hours of exposure, while Lbp did not reach significance until

5 hours (Fig. 2E-J). These results confirm that in this model of sub-lethal endotoxemia,
expression of acute phase response genes increases in hepatocytes.

Sublethal endotoxemia induced APR is zone specific

Having confirmed hepatocyte expression of Crp, Saa-1, Apcs, Fga, Hpand Lbp increased
during endotoxemia, we next sought to determine if this expression was zone specific.

We use used digitonin-collagenase prefusion to separate periportal (PP) and pericentral
(PC) hepatocytes from endotoxemic mice.(25, 27, 28) First, to confirm enrichment of

PP and PC hepatocytes, we assessed expression of PP markers (A/b, albumin; AssZ,
argininosuccinate synthase 1; Cyp2f2, cytochrome P450 family 2 subfamily f polypeptide
2) and PC markers (CypZ2el, cytochrome P450 family 2 subfamily E member 1; Glul,
glutamate-ammonia ligase or glutamine synthetase) in the PP and PC isolations. We found
that the expression of the PP markers A/b, AssIand Cyp2f2 were significantly enriched

in the PP isolation (Fig. 3A—C). Furthermore, we found that the PC markers Cyp2el and
Glul were significantly increased in the PC isolation (Fig. 3D and E). To confirm that our
isolations were appropriately enriched with the cells from the expected zone, we assessed
the expression of the PP marker PEPCK (phosphoenolpyruvate carboxykinase) and the PC
markers glutamine synthetase and CYP2E1 using Western blot. Consistent with successful
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enrichment of these respective fractions, we found that PEPCK was enhanced in the PP
fraction, while glutamine synthetase and CYP2E1 were enriched in the PC fraction (Fig.
3F).

Next, using these isolated cell fractions, we assessed the zone-specific expression of
endotoxemia-induced APR genes. At 5 hours of exposure, expression of Crp, Apcs, Lbp,
Fgaand Hp were significantly elevated in only the pericentral isolates, and this expression
was significantly higher compared to periportal isolates (Fig. 3G, 1, J, K, L). Of note,

Saal expression was significantly and similarly increased in both pericentral and periportal
isolates at 1 hour of exposure (Fig. 3H). Having demonstrated that endotoxemia-induced
hepatic expression of Crp mRNA was zone-specific, we next asked whether protein
translation was zone-specific. Western blot confirmed endotoxemia-induced CRP expression
was concentrated in pericentral hepatocytes (Fig. 3M and N).

Endotoxemia induced Crp localizes to pericentral hepatocytes

To assess the hepatic distribution and cell locality of Crp expression, we performed
RNAScope on hepatic tissue obtained from endotoxemic mice (Fig. 4A). Following 5 hours
of endotoxemia, Crp expression was enhanced in pericentral hepatocytes (Fig. 4A; left inset,
black arrows pointing to hepatocytes expressing Crp mRNA) when compared to periportal
hepatocytes (Fig. 4A; right inset).

Next, we sought to corroborate these findings using immunohistochemical (IHC) staining.
We used glutamine synthetase staining to identify the central vein which would be marked
by a ring of pericentral hepatocytes expressing glutamine synthetase (Fig 4B and C). We
found increased CRP expression in the hepatocytes surrounding the central vein in both
male (Fig. 4B) and female (Fig. 4C) mice at 5 hours of endotoxemia. Staining of livers with
just secondary antibody (Fig. 4D) or glutamine synthetase in the absence of CRP antibody
(Fig. 4E) confirmed that positive signal in CRP-stained samples was not due to non-specific
staining in the setting of endotoxemia.

Sublethal endotoxemia induces hepatic NFxB and CEBP/B nuclear translocation

In human hepatocytes, the transcription factors NFxB and CEBP/ regulate the increase

in CRP expression observed with the APR.(29-33) However, this mechanism has not been
interrogated in the mouse, or in the context of zone-specific response to endotoxemia.
Therefore, we first assessed hepatic nuclear extracts from male and female mice for
evidence of NFxB and CEBP/p activation. First, we performed Western blot and probed

for the NFxB subunits p65 and p50, as well as CEBP/p (Fig. 5A-H). We found significant
increases of p65 (1 hour, Fig. 5A, B, E, F), p50 (1 and 5 hours, Fig. 6A, C, E, G)

and CEBP/B (5 hours, Fig. 6A, D, E, H). Having observed nuclear translocation of these
transcription factors, we assessed for the presence of NFxB binding to oligonucleotides
containing the classic consensus sequence (5’-AGTTGAGGGGACTTTCCCAGGC-3’).
Consistent with nuclear accumulation of p65 and p50 at 1 hour (Fig 5A-C, E-G), consensus
sequence binding increased at 1 hour (Fig. 51). Furthermore, binding returned to baseline by
5 hours of exposure (Fig. 5J), consistent with the pattern observed for the nuclear presence
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of p65 (Fig. 5A, B, E, F). However, it is important to note that at this later time point, both
p50 and CEBP/B remain in the nucleus at levels that exceed control (Fig. 5A, C, D, E, G, H).

Sublethal endotoxemia induces NFxB and CEBP/B binding to consensus sequences
present in the murine CRP promoter

Noting that by 5 hours of endotoxemia hepatic NFxB consensus sequence had returned

to baseline despite the nuclear accumulation of p50 and CEBP/B, we searched the murine
CRP promoter for additional potential binding sites. Importantly, the murine CRP promoter
contains a p50 specific consensus sequence (—280 to —271) (Fig. 6A). Therefore, we
performed EMSA using custom designed p50-CRP (5’-AGT TGA AAT TTC CCA TAG
GC-3’) specific oligonucleotide. We found increased binding to the p50-CRP (Fig. 6B and
6C) oligonucleotide at 1 and 5 hours of endotoxemia. To confirm the presence of p50 at
the consensus sequence binding site, we performed super-shift assays. Incubating samples
with antibody directed against p50 (Fig. 6D, lane 3) obliterated binding to the p50-CRP
consensus sequence observed in samples from endotoxemic mice (Fig. 6D, lane 2).

To corroborate these findings, we performed EMSA using the p50-CRP oligonucleotide with
nuclear extracts from pericentral hepatocyte isolations (Fig. 6E). These results demonstrate
increased binding to the p50-CRP oligonucleotide in PC hepatocytes after 5 hours of
endotoxemia. Similar to what was observed using whole hepatic nuclear extracts, incubating
samples with antibody directed against p50 (Fig. 6E, lanes 4 and 5) obliterated binding

to the p50-CRP consensus sequence observed in pericentral samples from endotoxemic
mice (Fig. 6D, lanes 2 and 3). Finally, we performed chromatin immunoprecipitation using
antibody directed against p50 and primers designed specifically to capture the p50 binding
site identified in the murine CRP promoter (Fig. 6F). Taken together, this set of experiments
demonstrate that with endotoxemia, the NFxB subunit p50 is available in the nucleus of
pericentral hepatocytes and able to bind to consensus sequences found in the murine CRP
promoter.

Sublethal endotoxemia induced p50 nuclear translocation occurs in pericentral
hepatocytes

Next, we used fluorescent immunostaining to determine whether p50 as present in the nuclei
of pericentral hepatocytes of endotoxemic mice. In control mice, pericentral hepatocytes
again identified with glutamine synthetase staining (Fig. 7A, column 1) demonstrated low
levels of nuclear p50 staining (Fig. 7A, column 2). By 5 hours of endotoxemia, nuclear 50
was clearly identified in the nuclei of pericentral hepatocytes (Fig. 7B, column 2).

Sublethal endotoxemia induced APR is attenuated in p50~/~ mice

Lastly, we interrogated the hepatic APR induced by endotoxemia in p50~/~ mice. Of note,
these mice have intact p65 nuclear translocation at 1 hour of exposure (Fig. 8A and

B) and CEBP/p at 5 hours of exposure (Fig. 8A and B), indicating an intact response

to endotoxemia. Furthermore, it is well recognized that IL-6, IL-1p and TNF-a are
simultaneously NFkB target genes and key regulators of the APR.(9) Thus, we determined
the hepatic expression of these key factors in WT and p50~~ mice (Fig. 8C). We found
that the hepatic expression of //6, //1band Tnfwere not attenuated in endotoxemic male
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and female the p50~/~ mice (Fig. 8C). In contrast, in both male and female mice at 5 hours
of exposure, hepatic expression of Crp, Apcs, Fga, Hpand Lbp was either not induced

or significantly attenuated in p50~~ mice (Fig. 8C and D). In contrast to endotoxemic
WT mice, expression of Crpwas not increased in pericentral hepatocytes isolated from
p50~~ mice at 5 hours of exposure (Fig. 8E). Lastly, hepatic CRP protein expression

was significantly attenuated in endotoxemic p50~~ male and female mice when compared
to similarly exposed WT (Fig. 8F and G). These results confirm a key mechanistic role
played by the NFxB subunit p50 in the transcriptional regulation of Crpin the setting of
endotoxemia.

Discussion

Here, we report that sublethal endotoxemia induces the hepatic APR in both male and
female adult mice. Endotoxemia increases hepatocyte expression of Crp, Saal, Apcs, Fga,
Hp, and Lbp. We provide evidence that the endotoxemia-induced expression of Crp, Apcs,
Fga, Hp, and Lbpis enriched in pericentral hepatocytes. We confirm that this transcriptional
increase is mirrored by an increase in pericentral CRP protein expression. By focusing

our work on the regulation of LPS-induced CRP expression, we determined that the p50
subunit of the NFxB transcription factor binds to a consensus sequence element found

in the murine CRP promoter. These results are consistent with the results of ChlP which
confirmed p50 binding to the CRP promoter in endotoxemic mice. Both RNAScope and
immunostaining support the conclusion that with endotoxemia, hepatic CRP production is
concentrated in pericentral hepatocytes. Importantly, these findings are temporally related
to nuclear translocation of p50 in pericentral hepatocytes. Finally, induction of the APR
and pericentral hepatocyte Crp expression is attenuated in p50~/~ mice. These results
demonstrate that the murine APR to endotoxemia is characterized by a zone-specific
induction of transcription factors and CRP expression. Based on the time course of p50
nuclear translocation and target gene expression, presence of promoter region consensus
sequence binding, immunohistochemistry, and the attenuated response in knockout mice, it
is likely that the p50 subunit of the NFxB transcription factor is responsible for this zonal
pattern of expression. These results support the hypothesis that the hepatocyte response to
innate immune stimuli is zone specific, and the implications of these findings deserve further
study.

Whether CRP is an acute phase protein (APP) in mice is controversial. Some reviews

state it is not an APP,(34, 35) while others are more balanced and cite the conflicting
literature.(36) The conclusion that CRP is not an APP in mice is based on older literature.
(37, 38) These studies, published in the 1960s and 1970s, demonstrated that endotoxemia
induced CRP expression, albeit at low levels.(37, 38) Since that time, more sensitive
approaches have been used to show that endotoxemia induces CRP expression in mice,
(19) including C57BL/6 mice exposed to similar levels of LPS used in this study.(39)
Furthermore, LPS exposure increases CRP expression in cultured primary hepatocytes.(40)
Other methods to induce the APR in mice also increase CRP expression.(41) Given the lack
of clarity on this subject, we used multiple approaches to confirm endotoxemia-induced
CRP expression in the current study. We use RT-qPCR and Western blot to evaluate
hepatic CRP expression in endotoxemic mice. We demonstrate zonated CRP pericentral
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expression to hepatocytes by analyzing mRNA from isolated cells and by performing
both RNAScope and immunostaining on hepatic tissue. These series of experiments

are a comprehensive evaluation of endotoxemia-induced hepatic CRP expression. These
data support the conclusion that zonated CRP expression is part of the murine APR to
endotoxemia.

Our findings add to a growing body of literature demonstrating that immune function is not
uniform across the hepatic zones. Neither Kupffer cells and natural killer cells are uniformly
distributed across hepatic zones.(42, 43) Furthermore, single-cell RNA sequencing has
allowed investigators to compare gene expression from cells isolated from different hepatic
zones.(11) Various resident hepatic immune active cells have been shown to have zone
dependent gene expression, including stellate cells(44), liver sinusoidal endothelial cells(45),
and Kupffer cells.(43, 46) The innate immune function of the hepatocyte is well-described(7,
8), and these cells are the major source of the APR. (9) Despite this well-known role

in coordinating the APR, zonation of hepatocyte innate immune function has not been
described. This is surprising given well accepted paradigm of zonated hepatocyte metabolic
function.(10-13) Our data add hepatocytes to the growing list of cells with zonated immune
function.

Induction of the APR and activation of the transcription factors NFxB(6, 9, 17) and CEBP/
B(9, 17) are closely linked. Multiple studies performed in human hepatocyte cell lines have
identified a role played by both CEBP/p and NFxB in regulating CRP expression in the
setting of inflammatory stimuli. These studies, performed in human hepatocyte cell lines,
have demonstrated that CEBP/B and NFxB, (31, 47) and specifically the p50 subunit,(29,
30, 32, 47, 48) act synergistically to increase CRP expression. While these critical studies
have identified a role played by p50 in regulating hepatocyte CRP expression in response
to inflammatory stimuli, they did not determine whether these mechanisms are relevant /n
vivo. These cell culture studies would not be able to determine zone-specific transcriptional
regulation. Furthermore, in response to systemic inflammatory insult, the milieu of factors
stimulating hepatocyte innate immune activation is likely to be much more complex than
those used in cell culture systems. The current study adds to this body of literature by
identifying zone-specific CRP expression and transcription factor activation.

Our work highlights the importance of the p50 subunit in coordinating the systemic

acute phase response. Previous work has demonstrated that recombinant p50 can bind

to the consensus sequence sites in the CRP promoter /in vitro.(32, 49) Furthermore,

p50 overexpression in hepatocytes is enough to drive CRP expression and synergistically
increases cytokine-induced CRP expression.(29, 47) Our work adds important mechanistic
details to this body of literature, specifically as it relates to p50/NF«xB signaling /in vivo and
in response to the local inflammatory milieu. Firstly, using an /in vivo model we demonstrate
that pericentral hepatocytes express CRP and that this is associated with p50 nuclear
translocation and CRP promoter consensus sequence binding. Importantly, the APR, and
specifically hepatic CRP expression, is significantly attenuated in endotoxemic p50~/~ mice.
Interestingly, our results show intact hepatic p65 nuclear translocation as well as induction
of key regulators of the APR (//6, //1b, and Tnfj in endotoxemic p50~/~ mice (Fig 8A-C).
This finding highlights the mechanistic role played by p50 in the expression of select

J Immunol. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McCarthy et al.

Page 12

APP in vivo. Previous reports have demonstrated that p65/p50 heterodimers are not able to
drive CRP expression.(30) This is consistent with findings in cultured human hepatocytes
demonstrating that p65 binds a canonical consensus sequence, but not the NFxB sequence in
the CRP promoter.(29) Of note, other NFxB subunits, including cRel have been implicated
in hepatocyte CRP expression.(31, 48, 49) We conclude that even in the presence of a robust
acute innate immune response, optimal CRP expression in the pericentral hepatocytes is p50
dependent. In addition, this result provides further evidence of the relationship between the
unique transcriptional mechanism driving the acute innate immune response, and those that
coordinate the systemic APR. Our findings highlight the importance of interrogating the
spatial and cell-type specific aspects of NFxB transcriptional selectivity to better understand
the hepatic innate immune response to systemic inflammatory stress.

We speculate that our findings help explain previous findings reported in studies of p50~/~
mice. The Nfkb1 gene encodes a full-length transcript for the p105 protein, from which

p50 is derived.(50) The subunit p50 has been found to bind to DNA in the unstimulated
state, and the p50 homodimer acts as a transcriptional repressor.(50) However, in the

right setting and in the presence of co-activators such as Bcl3, p50 homodimers can act

as transcriptional activators.(50) Additionally, NFxB dimers pairing p50 with either cRel

or p65 are transcriptionally active.(50) The earliest description of AifkbZ (p50~~) mice
demonstrated increased susceptibility to L. monocytogenesand S. Pneumoniae infection,
however the hepatic specific response was not interrogated.(51) Additionally, p50~/~ mice
are highly susceptible to £.coli pneumonia and endotoxemic shock, however the hepatic
role in these findings was not interrogated.(52, 53) These reported findings are of interest,
as the protective effect of the hepatic APR in the setting of pneumonia is well-characterized.
(54-58) Many of these studies have demonstrated that absence of hepatocyte p65/NFxB
signaling and an associated blunting of the hepatic APR exacerbates pulmonary injury

with sepsis and pneumonia.(54-58) Our study contributes to our understanding of the
relationship between systemic inflammatory exposure, hepatic NFxB activity and the APR.
With endotoxemia, we demonstrate robust hepatic p65 activation (Fig. 5A, B, E, F, I). These
results corroborate the importance of p65 in the hepatic response to systemic inflammatory
stress. However, at later time points, we clearly demonstrate sustained hepatic p50 activation
(Fig. 5 A, C, E, G; Fig. 6). This timing is temporally related to the acceleration of the
hepatic APR (Fig. 1). Here we show that in p50~/~ mice the acute hepatic p65 response

is intact (Fig. 8), however the APR is blunted (Fig. 8). Thus, we speculate that an intact
hepatic response requires acute activation of p65, followed by maturation of this response
into pericentral specific p50 signaling.

Whether the findings reported here are reproducible in other APR murine models remains

to be tested. Various preclinical models have been used to study the hepatic APR, including
pneumonia, polymicrobial sepsis, and experimental endotoxemia.(9, 16-19) However,
whether hepatocyte derived APP expression is zone-specific remains largely untested in
animal models.(9) Early studies revealed that the hepatic APR to turpentine-induced liver
injury is zonated.(59) However, the APR to turpentine-induced cellular injury does not
predict the coordinated response to innate immune challenge.(18) The findings reported here
add to the body of literature supporting a the hypothesis that the hepatocyte-derived APR is
zonated and deserves study in other pre-clinical models.
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Our study has multiple limitations. Firstly, we used the previously validated method of
digitonin-collagenase perfusion method.(24, 25) Our results confirm enrichment of these cell
subpopulations (Fig. 3), but these isolates are not free of contamination. To combat this,

we have provided both immunostaining and RNAscope to supplement the studies performed
on these cell isolations. Furthermore, we have performed a rather limited transcriptomic
analysis of previously identified APP. A more thorough, single-cell RNA sequencing
analysis of murine hepatocytes isolated from endotoxemic mice has recently been published.
(60) These data demonstrate hepatocytes undergo a transcriptional switch, and the ability

to identify zone-specific hepatocytes is blurred during endotoxemia. Spatial transcriptomic
approaches are necessary to build on this work and the findings reported here. Also, previous
studies linking p50 and CEBP/B activation to CRP expression have used cytokine exposed
hepatocytes as the model system.(29-32, 47, 48) We used an /n vivo endotoxemia model,
and it is unclear whether pericentral hepatocytes are directly responding to the exposure (ie,
LPS), or cytokines circulating systemically or produced locally by cells in the liver. Finally,
STAT-3 has been implicated in APR-associated CRP expression, but those mechanisms were
not interrogated here.(47, 61)

Zonation of hepatocyte metabolic function has been recognized for over a century. In 1923,
the histopathologist Robert Noel characterized the periportal zone as one of “fonctionnement
permanent” (permanent operation) and the pericentral zone as one of “repose permanent”
(permanent rest).(62) Recent data demonstrate that these early observations extend beyond
hepatocyte metabolic function. Multiple immune active cells, including stellate cells(44),
liver sinusoidal endothelial cells(45), and Kupffer cells(43, 46) have zone dependent

gene expression. Here, we provide evidence that endotoxemia-induced transcription factor
activation and the resulting transcriptome is zonated in hepatocytes. We propose that the
pericentral hepatocyte of “repose permanent” is fundamentally altered in the setting of
innate immune challenge.

There are potential clinical implications of the observations reported here. Patients with
chronic liver disease have an increased incidence of sepsis and higher sepsis-related
mortality rates.(63, 64) While the precise mechanisms underlying this observation have

yet to be elucidated, the diseased liver’s impaired acute phase response may contribute to
these findings. Both preclinical and clinical data demonstrate that liver disease attenuates the
hepatic response to innate immune stimulus.(65-69) Despite the APR’s largely protective
role in the setting of acute infection, the mechanisms underlying the impairment of the APR
among those with chronic liver disease is not completely understood. Furthermore, whether
liver diseases that affect hepatocytes in a zone-dependent manner differentially impact the
APR is unknown. Finally, the unique transcriptional mechanisms underlying expression of
the APPs is incompletely understood. These gaps in knowledge have prevented therapeutic
approaches targeting the APR to reduce the burden of infectious disease among those with
existing liver pathologies. Out work illuminating zone-specific characteristics of the APR
provides a foundation for an improved understanding of zone-dependent and hepatocyte-
specific innate immunity. Further studies are necessary to determine the clinical implications
of these observations.
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Key Points:
Metabolic zonation exists, but whether innate immunity is zonated remains unclear.
The murine hepatocyte response to endotoxin shows zone-specific characteristics.

Pericentral hepatocyte p50 activation drives CRP induction.
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Figure 1. Sublethal endotoxemia induces hepatic expression of APR factors.

Fold change in hepatic mMRNA expression of (A) Crp, (B) Saa-1, (C) Apcs, (D) Fga (E)
Hpand (F) Lbpin endotoxemic (LPS 5 mg/kg, IP; 1 and 5 hours) male and female mice.
Data expressed as mean = SEM (N = 5-7 per sex per exposure). Results of 2way ANOVA
for interaction, sex and time provided. Results of multiple comparisons given, with *p<.05
vs. unexposed sex- matched control. tp<.05 vs. time-matched similarly exposed male. (G)
Representative Western blot of CRP on whole liver lysate isolated from endotoxemic (LPS
5 mg/kg, IP; 1 and 5 hours) male and female mice. Total protein stain as loading control.
(H) Densitometric analysis of whole liver lysate CRP. Data normalized to total protein and
expressed as mean £ SEM (N = 4-6 per sex per exposure). *p < 0.05 vs. unexposed control.
h = hours.
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Figure 2. Sublethal endotoxemia induces hepatocyte inflammation & injury, expression of APR
factors.

(A) Representative H&E stained hepatic sections, (B) hepatic injury scores, (C) hepatic
inflammation scores, and (D) total injury scores for liver sections from endotoxemic (LPS

5 mg/kg, IP; 5 hours) male and female mice (E-J) Fold change in mRNA expression of (E)
Crp, (F) Saa-1, (G) Apcs, (H) Lbp (1) Fgaand (J) Hp following in hepatocytes isolated from
endotoxemic (LPS 5 mg/kg, IP; 1 and 5 hours) mice. Data expressed as mean = SEM (N = 3
per time point). *p < 0.05 vs. unexposed control. h = hours.
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Figure 3. Endotoxemia-induced expression of APR factors is hepatic zone specific.
(A-C) Fold enrichment of mMRNA expression of periportal markers (A) A/b, (B) Assland

(C) Cyp2f2n periportal hepatocytes isolated using digitonin-collagenase perfusion. Data
were normalized to pericentral expression and expressed as mean = SEM (N = 8-10 per
isolation). *p < 0.05 vs. PC expression (D-E) Fold enrichment of mMRNA expression of
pericentral markers (C) CypZ2el, and (D) Glulin pericentral (PC) hepatocytes isolated
using digitonin-collagenase perfusion. Data were normalized to periportal expression and
expressed as mean £ SEM (N = 8-10 per isolation). *p < 0.05 vs. PP expression (F)
Representative Western blot of PEPCK, glutamine synthetase, and CYP2E1 on pericentral
(PC), periportal (PP) and whole liver (W) lysates. On this representative image, isolations
from six separate animals are shown (Two each for PC, PP and W). Total protein stain
provided as loading control. (G-L) Fold change in mRNA expression of (F) Crp, (G) Saa-1,
(H) Apcs, (1) Fga(J) Hpand (K) Lbpin pericentral (PC) and periportal (PP) hepatocytes
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isolated from endotoxemic (LPS 5 mg/kg, IP) mice. Data expressed as mean + SEM (N = 4-
6 per time point). Results of 2way ANOVA for interaction, zone and time provided. Results
of multiple comparisons given. *p < 0.05 vs. unexposed zone-matched control. Tp < 0.05
vs. PC hepatocytes isolated from similarly exposed animals. h = hours. (M) Representative
Western blot for CRP and Cyp2el on pericentral (PC) and periportal (PP) cytosolic protein
samples from endotoxemic (LPS 5 mg/kg, IP; 5 hours) mice. In this image, isolations from
eight separate animals are shown (Four each for PC and PP). (N) Densitometric analysis

of pericentral (PC) and periportal (PP) cytosolic CRP from mice exposed to sublethal
endotoxemia (LPS 5 mg/kg, IP; 5 hours). Data normalized to total protein and expressed

as mean + SEM (N = 6-11 per time point). Results of 2way ANOVA for interaction,

zone and time provided. Results of multiple comparisons given, with *p<.05 vs. unexposed
zone-matched controls. tp<.05 vs. time-matched similarly exposed PC hepatocytes isolated
from similarly exposed animals.
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Figure 4. Endotoxemia induces CRP protein expression in pericentral hepatocytes
(A) In situ hybridization RNAScope with Crp (red) of hepatic specimens from endotoxemic

(LPS 5 mg/kg, IP; 5 hours) mice. Black arrowheads depict positive staining cells. First
image includes a portal trial and central vein, followed by zoomed in images of the portal
triad and central vein. The black bar measures 60um. (B-C) Immunofluorescent staining of
hepatic tissue from (B) male and (C) female mice with glutamine synthetase (red) + DAPI
nuclear stain (blue) in the Column 1; CRP (yellow) + DAPI (blue) in the Column 2; and

an overlay of all three channels in the Column 3. Row 1: Hepatic tissue from PBS exposed
mice. Row 2: Hepatic tissue from endotoxemic (LPS 5 mg/kg IP, 5 hours) mice. Central
veins (CV) are located on the left and portal veins (PV) are on the right of each image. Scale
bar is 100 um. (D) Hepatic tissue from male (Row 1) and female (Row 2) endotoxemic (LPS
5 mg/kg IP, 5 hours) mice stained with DAPI and secondary antibody but without primary
antibodies. (D) Immunofluorescent staining of hepatic tissue from control male (Row 1),
endotoxemic (LPS 5 mg/kg IP, 5 hours) male (Row 2 and 3), with glutamine synthetase (red)
+ DAPI nuclear stain (blue) in Column 1; No CRP primary (yellow) + DAPI (bluge) in the
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Column 2, and an overlay of all three channels in Column 3. Central veins (CV) are labeled
on the left and portal veins (PV) are on the right of each image. Scale bar is 100 pm.
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Figure 5. Sublethal endotoxemia induces hepatic NFxB and CEBP/B nuclear translocation
(A) Representative Western blot of p65, p50 and CEBP/B on hepatic nuclear extracts

isolated from endotoxemic (LPS 5 mg/kg, IP; 1 and 5 hours) male mice. Total protein

stain as loading control. (B-D) Densitometric analysis of nuclear (B) p65, (C) p50 and

(D) CEBP/B. Data normalized to total protein and expressed as mean = SEM (N = 4-5

per time point). *p < 0.05 vs. unexposed control. (E) Representative Western blot of

p65, p50 and CEBP/B on hepatic nuclear extracts isolated from female mice exposed to
endotoxemia (LPS 5 mg/kg, IP; 1 and 5 hours). Total protein stain as loading control.

(F-H) Densitometric analysis of nuclear (F) p65, (G) p50 and (H) CEBP/B. Data normalized
to total protein and expressed as mean £ SEM (N = 4-5 per time point). *p < 0.05 vs.
unexposed control. (1) Representative EMSA using an IR labeled oligonucleotide containing
the NFxB consensus sequence (5’-AGTTGAGGGGACTTTCCCAGGC-3’) and hepatic
nuclear extracts isolated from mice exposed to endotoxemia (LPS 5 mg/kg, IP; 1 hour). FP
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= free probe (J) Representative EMSA using an IR labeled oligonucleotide containing the
NFxB consensus sequence (5’-AGTTGAGGGGACTTTCCCAGGC-3’) and hepatic nuclear
extracts isolated from endotoxemic (LPS 5 mg/kg, IP; 1 and 5 hours) mice.
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Figure 6. Sublethal endotoxemia induces NFxB subunit p50 binding to consensus sequence in the
murine CPR promoter

(A) Sequence of the most proximal 600 bases in the promoter of the murine CRP promoter,
with putative p50 binding site labeled and in bold italics (B) Representative EMSA using
an IR labeled oligonucleotide containing the p50 consensus sequence found in the murine
CRP promoter (5’-AGT TGA AAT TTC CCA TAG GC-3’) and hepatic nuclear extracts
isolated from mice exposed to endotoxemia (LPS 5 mg/kg, IP; 1 and 5 hours). FP = free
probe; SS = salmon sperm (C) Densitometric analysis of p50 consensus sequence binding.
Data expressed as mean = SEM (N = 3 per time point). *p < 0.05 vs. unexposed control.
(D) Representative EMSA using an IR labeled oligonucleotide containing the p50 consensus
sequence found in the murine CRP promoter (5’-AGT TGA AAT TTC CCA TAG GC-37)
and hepatic nuclear extracts. C = unexposed control; + = LPS exposed (5 mg/kg, IP;

5 hours); p50 = LPS exposed + p50 antibody; SS = salmon sperm. (E) Representative
EMSA using an IR labeled oligonucleotide containing the p50 consensus sequence found
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in the murine CRP promoter (5’-AGT TGA AAT TTC CCA TAG GC-3’) and pericentral
hepatocyte nuclear extracts. C = control; + = LPS exposed (5 mg/kg, IP; 5 hours); p50

= LPS exposed (5 mg/kg, IP; 5 hours) + p50 antibody. (F) ChIP qPCR results with
primers specific to the p50 binding site of the CRP promoter and hepatic chromatin from
endotoxemic (LPS 5 mg/kg, IP; 1 and 5 hours) mice pulled down with either 1gG or p50
antibody. Data expressed as mean + SEM (N = 3 per time point). *p < 0.05 vs. control.
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Figure 7. Sublethal endotoxemia induced p50 nuclear translocation occurs in pericentral
hepatocytes.

Representative immunofluorescence staining of the hepatic tissue from (A) control and (B)
endotoxemic (LPS 5 mg/kg IP, 5 hrs) mice with glutamine synthetase as a central vein
marker (cyan; Column 1); p50 (magenta; Column 2); DAPI (blue; Column 3); and overlay
(Column 4). Row 1 contains images of a portal triad and central vein (scale bar 20 um),
while the Row 2 and 3 include images of the central vein and portal triad, respectively, at
higher magnification (scale bar 10 um). White arrows indicate nuclear p50 staining.
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Figure 8. Endotoxemia induced APR is attenuated in p50-/- mice.
Representative Western blot of p65, p50 and CEBP/f on hepatic nuclear extracts isolated

from endotoxemic (LPS 5 mg/kg, IP; 1 and 5 hours) male and female p50~/~ mice. Total
protein stain as loading control. Samples from WT control and endotoxemic (LPS 5 mg/kg,
IP; 1 hour) male mice used as a positive control. (B) Densitometric analysis of nuclear p65,
p50 and CEBP/B. Data normalized to total protein and expressed as mean + SEM (N = 3-5
per time point). *p < 0.05 vs. unexposed control. (C) Fold change in liver mMRNA expression
of /16, 1116, and 7nf, isolated from endotoxemic (LPS 5 mg/kg, IP; 5 hours) male and
female wildtype and p50~/~ mice. Data expressed as mean + SEM (N = 4-6 per time point).
Results of 2way ANOVA for interaction, genotype and time provided. Results of multiple
comparisons given, with *p<.05 vs. genotype-matched unexposed control. tp<.05 vs. time-
matched similarly exposed WT. h = hours. (D-E) Fold change in liver mRNA expression

of Crp, Saa-1, Apcs, Fga, Hp, and Lbp, isolated from endotoxemic (LPS 5 mg/kg, IP;
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5 hours) (C) male and (D) female wildtype and p50~/~ mice. Data expressed as mean +
SEM (N = 4-6 per time point). Results of 2way ANOVA for interaction, genotype and

time provided. Results of multiple comparisons given, with *p<.05 vs. genotype-matched
unexposed control. Tp<.05 vs. time-matched similarly exposed WT. h = hours. (F) Fold
change in Cro mRNA in pericentral (PC) hepatocytes isolated from endotoxemic (LPS 5
mg/kg, IP; 5 hours) WT and p50~/~ mice. Data expressed as mean + SEM (N = 34 per
time point). Results of 2way ANOVA for interaction, genotype and time provided. Results
of multiple comparisons given. *p < 0.05 vs. unexposed zone-matched control. Tp < 0.05 vs.
PC hepatocytes isolated from similarly exposed WT animals. h = hours. (G) Representative
Western blot of CRP of hepatic cytoplasmic protein extracts isolated from endotoxemic
(LPS 5 mg/kg, IP; 1 and 5 hours) male and female p50~/~ mice. Total protein stain as
loading control. (H) Densitometric analysis of cytoplasmic CRP. Data normalized to total
protein and expressed as mean + SEM (N = 3-5 per time point). Results of 2way ANOVA
for interaction, genotype and time provided. Results of multiple comparisons given, with
*p<.05 vs. unexposed 1p<.05 vs. time-matched similarly exposed WT animals. h = hours.
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Table 1.

List of genes and primers used for gPCR analysis

Target | AssaylD

Cro Mm00432680_g1
Saa-1 | Mm00656927_g1
Apcs Mm0048099_g1
Lbp MmO00493136_g1
Fga MmO00802584_m1
Hp Mm01239994-g1
Alb MmO00802090_m1
Ass-1 MmO00711256_m1
CypZel | Mm00491127_m1
Glul MmO00725701_s1
Cyp2f2 | Mm00484087_m1
6 MmO00446190_m1
1116 MmO01336189_m1
Tnf MmO00443258_m1
185 Mm03928990_g1
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List of antibodies used

Table 2.
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Target Concentration (WB/IHC/EMSA) | Catalogue number Company
Western Blot
CRP 1:1000 ah259862 Abcam
PEPCK 1:1000 ah70358 Abcam
Glutamine Synthetase 1:1000 ah49873 Abcam
Cyp2el 1:1000 ah28146 Abcam
CEBP/B 1:1000 ah32358 Abcam
p50 1:1000 ah32360 Abcam
p65 1:1000 9242 Cell Signaling
IHC
Glutamine Synthetase 1:250 #367-005 Synpatic Systems
CRP 1:20 #710269 ThermoFisher
p50 1:250 ah32360 Abcam
EMSA
p50 2L #13586 Cell Signaling
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