
The hepatic innate immune response is lobe-specific in a murine 
model endotoxemia

Leanna Nguyen*, Jeryl Sandoval*, Robyn De Dios, Elesa Yihdego, Miguel Zarate, Odalis 
Castro, Sarah McKenna, Clyde J Wright*

Section of Neonatology, Department of Pediatrics, University of Colorado School of Medicine, 
USA

Abstract

The liver plays a central role in the innate immune response to endotoxemia. While previous 

studies have demonstrated lobe-specific transcriptional responses to various insults, whether this is 

true in response to endotoxemia is unknown. We sought to assess whether there were significant 

intra- and inter-lobe differences in the murine hepatic innate immune transcriptional response to 

endotoxemia. Adult male ICR mice were exposed to i.p. LPS (5 mg/kg, 30 min, 60 min, 5 h) and 

primary (Tnf, Cxcl1, Nfkbia, Tnfiap3) and secondary (Il6, Nos2) innate immune response gene 

expression was assessed in the left medial, right medial, left lateral, and right lateral lobes, and the 

papillary and caudate processes. The expression of all innate immune response genes increased 

following i.p. LPS challenge. When tested at the early time points (30 and 60 min), the left medial 

lobe and caudate process consistently demonstrated the highest induction of gene expression. Most 

inter-lobe differences were attenuated at later time points (5 h). To improve reproducibility of the 

study of endotoxemia induced by i.p. LPS challenge, inclusion of appropriate methodological 

details regarding collection of hepatic tissue should be included when reporting scientific results in 

published manuscripts.

Keywords

Endotoxemia; innate immune response; primary response genes; secondary response genes; liver

Introduction

Despite its limitations, the murine model of endotoxemia is an accepted and validated 

approach for the study of the innate immune response to proinflammatory stimuli. The 
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benefits of this model include technical ease and reproducible inflammatory response.1 

Increasingly, the liver is viewed as an “immunological organ” that is central to the innate 

immune response.2–4 This is particularly relevant in the study of endotoxemia, as the hepatic 

macrophage (Kupffer cell) plays an important role in clearing LPS from the systemic 

circulation.5–16 Thus, it is not surprising that LPS-induced hepatic expression of primary and 

secondary response genes is often included in studies of the innate immune response to 

endotoxemia.

While the hepatic innate immune response to endotoxemia is of interest, whether this is 

lobe-specific is unknown. There is biologic plausibility that there would be lobe-specific 

responses to i.p. LPS challenge. It is well recognized that hepatic anatomy and blood flow 

likely dictate sources of variation in hepatic gene expression.17 It is well established that i.p. 

injections are considered a “parenteral administration,” as absorption occurs through the 

mesenteric vessels, ultimately draining into the portal system.18 Previous studies have shown 

that i.p. injected drugs rapidly accumulate in the liver, before significant elevation in 

systemic concentrations.19 Furthermore, other models of hepatic injury, including ischemia-

reperfusion and acetaminophen, show lobe-specific effects.20,21 Interestingly, we could find 

no reports on the hepatic lobe-specific transcriptional response to i.p. LPS exposure, nor 

could we find methodologic details in previously published manuscripts that would support 

a standardized approach for testing hepatic gene expression. If previously unrecognized 

differences did exist, this could lead to variability in results and interpretation. A better 

understanding of these differences would lead to consistency in study design and reporting 

that would stand to affect a large body of literature.

Therefore, we hypothesized that, after an i.p. LPS challenge, primary response gene 

expression would be significantly different between hepatic lobes. In this study, we exposed 

adult male mice to 30 min, 60 min, or 5 h of an i.p. LPS challenge, and evaluated gene 

expression in the left medial, right medial, left lateral, and right lateral lobes, and the 

papillary and caudate processes of the caudate lobe. Importantly, i.p. LPS challenge 

significantly increased the expression of all primary response genes tested (TNF-α, CXCL1, 

IkBα, A20). Next, we tested gene expression across lobes and assessed whether expression 

was significantly different across lobes, and whether the variation in expression from three 

randomly obtained samples obtained from each lobe would be similar across lobes. 

Importantly, gene expression was significantly different between lobes, and the variation in 

the three samples taken from individual lobes was similar between lobes. Next, we 

compared level of induction between lobes across the first 5 h of endotoxemia. Of note, at 

the earliest time point (30 min), the left medial lobe consistently demonstrated the highest 

induction of gene expression, most frequently statistically higher than induction in the left 

lateral lobe. By 60 min, expression in the left medial lobe and the caudate process were 

consistently higher than the other lobes, and were frequently higher than the right medial 

lobe and the papillary process. Most, but not all, differences in gene expression tended to 

attenuate at later time points (5 h). These results justify a standardized approach in the 

collection of hepatic tissue and mRNA/protein after LPS exposure, as well as the inclusion 

of appropriate methodological details when reporting scientific results in published 

manuscripts.
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Material and methods

Murine model of endotoxemia

Adult (8–10 wk, male) Institute of Cancer Research (ICR) mice were exposed to LPS 

(Sigma L2630, 5 mg/kg, i.p.). All procedures were approved by the Institutional Animal 

Care and Use Committee at the University of Colorado (Aurora, CO), and care and handling 

of the animals was in accord with the National Institutes of Health guidelines for ethical 

animal treatment.

Collection of hepatic tissue

Mice were sacrificed at 30 min, 60 min, and 5 h of exposure with a fatal dose of 

pentobarbital sodium. During dissection, the hepatic lobes were identified as previously 

described: hepatic left medial lobe, left lateral lobe, right medial lobe, right lateral lobe, and 

the caudate process and papillary process of the caudate lobe (Figure 1).22 Lobes were 

collected in the following order: right medial lobe, left medial lobe, left lateral lobe, right 

lateral lobe, and the caudate process and papillary process of the caudate lobe, and 

immediately flash-frozen in liquid nitrogen. The time from opening the abdomen to the 

collection of the last lobe took under 1 min and was performed by a single individual (CJW). 

Tissues were stored at −80°C.

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

Frozen tissue was placed in RLT buffer (Qiagen) and tissue was homogenized using the 

Bullet Blender (NextAdvance). Hepatic mRNA was collected from homogenized tissue 

using the RNeasy Mini Kit (Qiagen) according to the manufacturer’s instructions. Initially, 

tissue RNA was assessed for purity and concentration using the NanoDrop (ThermoFisher 

Scientific), and cDNA synthesized using the Verso cDNA synthesis Kit (ThermoFisher 

Scientific). Relative mRNA levels were evaluated by quantitative real-time PCR using exon 

spanning primers (Table 1), TaqMan gene expression and StepOnePlus Real-Time PCR 

System (Applied Biosystems). Relative quantitation was performed via normalization to the 

endogenous control 18S using the cycle threshold (DDCt) method.

Isolation of protein and Western blot analysis

Frozen hepatic tissue was homogenized using the Bullet Blender (NextAdvance) and hepatic 

whole cell lysates were collected in T-PER (ThermoFisher Scientific). Lysates were 

electrophoresed on a 4–12% polyacrylamide gel (Invitrogen) and proteins were transferred 

to an Immobilon membrane (Millipore) and blotted with Abs (A20, Cell Signaling, #5630; 

GAPDH, Cell Signaling, #5174). Blots were imaged using the LiCor Odyssey imaging 

system and densitometric analysis was performed using ImageStudio (LiCor).

Statistical analysis

First, we tested the null hypothesis that no difference existed in hepatic gene expression 

between control and LPS challenge. Thus, the means of samples taken from the left lateral 

lobe of three separate animals were tested by Student’s t-test. This experiment was repeated 

in triplicate. Next, we tested the null hypothesis that no difference existed in hepatic gene 
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expression between liver lobes following 30 min of LPS challenge. Thus, the means of three 

samples taken from the same lobe from the same animal were tested by ANOVA without 

multiple comparisons and equality of group variances assessed using the Brown-Forsythe 

test. Based on these results, we tested the null hypothesis that no difference existed in 

hepatic gene expression between liver lobes following 30 min, 60 min, and 5 h of LPS 

challenge. Thus, the means of samples taken from the separate lobes from three separate 

animals were tested by Kruskal-Wallis test. This experiment was repeated in triplicate. 

Statistical significance was defined as P < 0.05, and all statistical analysis was performed 

using Prism (GraphPad Software, Inc.).

Results

Intraperitoneal LPS challenge significantly increases hepatic expression of primary and 
secondary response genes

First, we sought to determine the hepatic expression of known primary and secondary 

response genes in adult male mice challenged with an exposure to i.p. LPS (5 mg/kg). For 

this study, we evaluated the expression of four, well characterized, primary innate immune 

response genes: Tnf (TNF-α), Cxcl1, Nfkbia (IkBα), and Tnfaip3 (A20). We chose these 

genes as they have CpG island promoters and are SWI/SNF-independent, thus facilitating 

“promiscuous induction” of expression following LPS exposure.23 For this initial 

assessment, samples were taken from the left lateral lobe of the liver following exposure. We 

observed significant induction of Tnf, Cxcl1, Nfkbia, and Tnfaip3 (A20) at both 60 min and 

5 h following exposure (Figure 2a–d).

Next, we assessed the level at which LPS induced hepatic expression of the secondary 

response genes Il6 and Nos2. As these are secondary response genes dependent on new 

protein synthesis for activation, expression was assessed at the 5 h time point. Exposure to 

i.p. LPS challenge significantly increased hepatic Nos2 and Il6 expression (Figure 2e and f).

Based on these results, we concluded that i.p. LPS exposure significantly increased the 

expression of both primary and secondary response innate immune genes in the left lateral 

lobe of the murine liver.

Variance in repeated samples taken from the same lobe is not different between lobes, 
while expression of primary response genes is significantly different between lobes

Prior to testing whether expression varied between lobes, we sought to demonstrate that the 

variance in expression in repeated samples from the same lobe would be similar across 

lobes. Thus, following tissue collection, we isolated mRNA from three separate tissue 

sections from each of the six liver lobes/regions assessed in this study (left lateral lobe, right 

lateral lobe, left medial lobe, right medial lobe, papillary process, caudate process). The 

expression of Tnf, Cxcl1, Nfkbia, and Tnfaip3 (A20) was tested in each of the three 

samples, and the variance in expression tested between groups. As expected, there was 

variance in expression between the repeated samples taken from the individual lobes; 

however, statistical testing (Brown-Forsythe test) demonstrated that the variance was not 

different between lobes (Figure 3a–d). Furthermore, ANOVA demonstrated that expression, 
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as assessed by the delta CT (CT of gene of interest minus 18 s), was significantly different 

between lobes. Given these findings, we sought to formally test the hypothesis that after an 

i.p. LPS challenge, primary response gene expression would be significantly different 

between hepatic lobes.

LPS-induced hepatic expression of primary innate immune response genes varies by lobe 
and changes over time

Having demonstrated that i.p. LPS challenge induced expression of primary response innate 

immune genes in the left lateral lobe, we compared the expression of these same genes in the 

other lobes to each other, normalizing expression to the left lateral lobe. Of note, systemic 

LPS exposure significantly increased expression of all genes tested in all liver lobes tested. 

However, our results showed that the level of induction was unique across lobes. At 30 min 

of exposure, expression of Tnf, Cxcl1, Nfkbia, and Tnfaip3 (A20) was consistently highest 

in the left medial lobe (Figure 4a–d). For every gene tested, LPS-induced expression levels 

in the left medial lobe were significantly higher than at least one other lobe (denoted by * in 

Figure 4a–d). In contrast, expression levels were consistently lowest in the right medial lobe. 

Expression of these selected primary response genes in the right medial lobe is significantly 

lower than the expression in at least one other lobe (vs. left medial; Tnf; Figure 4a) and up to 

three lobes (vs. left medial; papillary, caudate, Cxcl1, Nfkibia, Tnfiap3; Figure 4b, c, and d).

Interestingly, while gene expression remained significantly different between lobes at 60 

min of exposure, the pattern of these differences had changed. Expression levels remained 

highest in the left medial lobe for three (Cxcl1, Nfkibia, Tnfiap3; Figure 4f, g, and h) of the 

four genes tested. For every gene tested, LPS-induced expression levels in the left medial 

lobe were significantly higher than two to three other lobes (denoted by * in Figure 4a–d). 

Furthermore, at this later time point, expression in the caudate process had increased to a 

point where it was significantly higher (denoted by † in Figure 4e–h) than at two (vs. right 

medial and papillary; Cxcl1 and Nfkbia; Figure 4f and g) or three (vs. left lateral, right 

medial and papillary process; Tnf and Tnfaip3, Figure 4e and h) other regions. Expression 

levels were lowest in the right medial lobe and papillary process, with expression being 

significantly lower than at least one and up to three other lobes for every gene tested (Figure 

4e–h). Furthermore, we queried whether the observed differences in transcription would lead 

to differences in protein expression. Having observed differences in A20 expression between 

the caudate process and the left lateral lobe, these regions were assessed for differences in 

A20 protein expression. We found that following systemic LPS exposure, A20 expression 

was significantly higher in the caudate process when compared with the left lateral lobe 

(Figure 4i and j).

By 5 h of exposure, differences in primary response gene expression by lobe persisted, but 

were attenuated compared with earlier time points. Specifically, expression of Tnfiap3 was 

not different between lobes (Figure 5d, expression of both Tnf and Cxcl1 were lowest in the 

left lateral lobe (Figure 5a and b), while expression of Nfkbia was highest in the right medial 

lobe and the papillary process, with right medial lobe expression being significantly higher 

than the other four lobes, and papillary process expression being higher than just the caudate 

process (Figure 5c).
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LPS-induced hepatic expression of secondary innate immune response genes 
demonstrates little variability by lobe

Next, we assessed the expression of secondary innate immune response genes at 5 h of LPS 

exposure. Secondary response genes are expressed in response to prior signaling events and 

their expression is dependent upon new protein synthesis.24 The expression of IL6 was 

different only between the right medial and right lateral lobe (Figure 5e). There were no 

differences in Nos2 expression between the six separate hepatic lobes (Figure 5f).

Discussion

In this study, we found that following exposure to i.p. LPS challenge, the hepatic expression 

of primary innate immune response genes was lobe-specific and variable over time. 

Importantly, i.p. LPS challenge induced primary innate immune response gene expression at 

all times assessed in the current study. Additionally, we demonstrated that the variance 

between multiple samples taken from the same lobe was similar between lobes. However, at 

early time points following exposure (30–60 min), the left medial lobe and caudate process 

consistently demonstrated the highest level of primary response gene expression. In contrast, 

the right medial lobe and papillary process most consistently demonstrated the lowest levels 

of induction. Differences between lobes were generally attenuated at a later time point (5 h) 

of exposure. Finally, we found very little evidence for lobe-specific expression of secondary 

innate immune response genes at this later time point.

These results are interesting because they reveal nuances in the hepatic transcriptional 

response to i.p. LPS challenge. Specifically, at early time points following exposure, there 

are significant differences in lobe-specific hepatic expression of primary response cytokines. 

For the current study, we investigated the expression innate immune response genes with 

CpG island promoters and whose expression is SWI/SNF-independent.23 Due to this 

configuration, TLR4 signaling induces gene expression rapidly without the need for 

nucleosome remodeling or other factors needed for promoter remodeling necessary for 

transcription. Given the promiscuous induction of these genes downstream of TLR4 

signaling, we reasoned that assessing their expression would clearly reveal any lobe-specific 

differences in expression if they in fact existed. Based on these results, it is clear that in the 

early stages of endotoxemia induced by i.p. LPS, there are significant differences in lobe-

specific expression of these primary response genes. Whether there are physiologic 

implications of these early differences is unclear. However, the practical implications of 

these findings are significant. This study demonstrates the need for future studies assessing 

the hepatic response to i.p. LPS challenge must be consistent in how hepatic tissue is 

collected and assessed. Importantly, while our results showed that LPS exposure 

significantly increased expression of all genes tested in all liver lobes, the level of induction 

was unique across lobes. Thus, it likely does not matter what lobe is chosen to study, as long 

as there is consistency in both study design and in reporting methodologic approach and 

results.

We could not find any previous reports investigating the lobe-specific expression of primary 

innate immune response genes following i.p. LPS challenge. However, other groups have 

shown that there are lobe-specific responses to various exposures and injuries. Previous 
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studies have shown “functional heterogeneity among individual liver lobes in the absence or 

presence of environmental factors.”17 Specifically, lobe-specific responses have been 

reported in rodent models of ischemia/reperfusion,20 Helicobacter hepaticus infection,25 

furan-mediated hepatotoxicity,26 and bile duct ligation-induced obstructive cholestasis.27 

Furthermore, lobe-specific differences in hepatic response to i.p. administered toxins. These 

observations have been made in the development of injury and hepatocarcinogenesis in rats 

exposed to i.p. carbon tetrachloride or diethylnitrosamine (DEN),28,29 as well as in hepatic 

distribution of acetaminophen following i.p. exposure.21 Of note, our findings are consistent 

with previous reports demonstrating that at baseline, hepatic gene expression exhibits very 

little intra-organ variance.30,31 Our findings add to a growing body of literature that 

advocates for consistent experimental design, with full disclosure of methods and tissue 

collection in studies of the hepatic response to various insults, including i.p. LPS challenge.

Perhaps more interesting are the multiple possible mechanisms underlying our results. 

Previous authors have hypothesized that asymmetric portal blood flow during fetal 

development32 programs specific liver lobes for unique responses to various stimuli.17 It is 

possible that these mechanisms underlie the significant differences in the LPS-induced 

expression of primary innate immune response genes observed in our study. Alternatively, 

unequal delivery of LPS to specific liver lobes via the portal circulation following peritoneal 

absorption could explain the differences seen in the current study. The i.p. injection is 

“considered a parenteral route of administration”,18 as absorption occurs mainly through the 

mesenteric vessels and delivered directly to the portal circulation.19 Portal streamlining of 

blood to the liver is one potential explanation for the observed differences.33,34 Of note, the 

murine portal venous system has recently been delineated in fine detail using mCT.35 

Although there was some variation, the majority of the mice shared the same portal vein 

anatomy. From the common portal vein, the first branch (designated as the common right 

portal vein) feeds the caudate process of the caudate lobe and the right lateral lobe. The next 

branch feeds the papillary process of the caudate lobe. The portal vein then bifurcates, with 

the left branch feeding the left medial and left lateral lobes and the final right branch feeding 

the right medial lobe. Beyond these anatomical details, nothing is known about how vein 

caliber, turbulent flow, and branching affects portal flow. However, based on those findings, 

it is possible to speculate on the contribution of portal delivery of LPS to the specific lobes 

and how this might affect gene expression. For example, the last branch of the portal blood 

supply to the liver is delivered to the right medial lobe, where induction is consistently 

lowest. Whether this explains in part the differences seen between lobes remains to be 

tested. Furthermore, whether the LPS-induced expression of vasoactive innate immune 

factors (Edn1, endothelin 1; Nos2, inducible NO synthase) affects portal blood flow to 

specific lobes, and, ultimately, LPS delivery, is unknown. Additionally, it is well recognized 

that the liver sinusoidal endothelial cells (LSEC) play an important role in eliminating 

blood-borne LPS.11,12,36,37 In fact, recent evidence suggests that the LSEC is more efficient 

than the hepatic macrophage in clearing LPS following i.v. administration.36 Whether lobe-

specific differential clearance of LPS by LSEC contributes to our findings remains to be 

determined. Finally, more significant differences in gene expression were found in the early 

time points following exposure. At later time points, for the genes tested, differences 

between lobes appear to attenuate. The mechanisms underlying this finding are unknown; 
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however, we believe that the attenuation in differences at later time points may reflect a 

more systemic process occurring as the animal is progressively affected by endotoxemia. In 

contrast, the early difference likely reflects regional differences due to programming or LPS 

delivery via the portal flow.

There are multiple limitations to the current study. We investigated expression of a limited 

number of genes, specifically primary response genes with CpG island promoters and whose 

expression is SWI/SNF-independent and secondary response genes.23 It is very likely that 

other genes with other transcriptional requirements (e.g., IRF3 dependent) would show 

different patterns of expression and lobe-specific differences. Additionally, we tested only 

three time points of exposure: 30 min, 60 min, and 5 h. While our findings revealed a 

dynamic system with multiple changes, a more thorough time course would likely reveal 

even more insights into lobe-specific changes. Finally, we performed gross assessments of 

hepatic gene expression. No cell type specific assessment of LPS-induced gene expression 

was performed. This is of particular relevance because previous studies have demonstrated 

that i.p. LPS challenge increases hepatic activated macrophage number.37 Whether these 

increases are lobe-specific is unknown. It is reasonable to hypothesize that a lobe-specific 

change in the number of hepatic macrophages would contribute to differences in innate 

immune gene expression following i.p. LPS challenge. These studies remain to be done.

Another limitation to the current report is the use of only one route of LPS administration 

was used. Systemic endotoxemia can be induced by direct i.v. administration. Previous 

studies have shown that the liver plays a central role in clearing LPS after i.v. administration.
5–13,38–41 However, whether there would be lobe-specific differences LPS-induced 

expression of innate immune response genes after i.v. exposure is unknown. There are 

important differences in hepatic distribution of LPS following i.v. and i.p. administration.12 

It is possible that after systemic i.v. exposure, no lobe-specific differences in gene expression 

would be observed. However, given the current findings, the most controlled approach 

would include being consistent with hepatic collection and assessment of gene expression. 

Additionally, for the current study, we used ICR mice. It is well known that there are strain 

and interspecies differences in endotoxin sensitivities.7,42–44 Whether our findings in ICR 

mice would be blunted, or exaggerated, in different murine strains or other species is 

unknown. Finally, how these data apply to humans is unknown. The murine liver is 

lobulated, while the human liver is not. In the human, the portal vein divides the liver into 

left and right perfusion areas.45 Making direct comparisons between this perfusion pattern, 

and the murine portal anatomy described above is difficult. Finally, the hepatic artery 

contribution to lobar perfusion increases, and the portal contribution decreases, as the animal 

increases in size. It is estimated that the portal contribution is 25% lower in men than in 

mice.45 While important to note these differences, the fact remains that during the study of 

murine endotoxemia significant lobe-specific differences exist that must be accounted for 

during study design and sample collection.

In this study, we hypothesized that the different hepatic lobes would demonstrate significant 

differences in primary response gene expression following i.p. LPS challenge. We found 

significant lobe-specific differences in LPS-induced primary immune response gene 

expression that were variable over the first 5 h of exposure. Importantly, there was 
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significant induction of expression of all genes tested [primary response genes: Tnf (TNF-

α), Cxcl1, Nfkbia (IkBα), Tnfaip3 (A20); secondary response genes: Nos2 (iNOS) and Il6)] 

in all lobes. We conclude that, unless a standardized approach is taken to tissue collection in 

these types of studies, and similar studies using i.p. routes of administration, any perceived 

differences in gene expression may result simply from variation across lobes. Our results 

justify a consistent approach in the collection of hepatic tissue and mRNA/protein extraction 

after i.p. administration of drugs, toxins and inflammatory stimuli. Furthermore, this 

rigorous approach should be made clear through the inclusion of appropriate methodological 

details when reporting scientific results in published manuscripts.
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Figure 1. 
Murine liver lobes as assessed in the current study, as adapted from Fiebig.22 (a) Ventral 

view of a male ICR mouse liver with corresponding color coding (b) showing the right 

medial lobe (light blue), left medial lobe (yellow) and left lateral lobe (orange). (c) Ventral 

view of the male ICR mouse liver with the stomach, small, and large intestine removed and 

corresponding color coding (d) right medial lobe (light blue), left medial lobe (yellow), right 

lateral lobe (dark blue), left lateral lobe (orange), caudate process (light green), and papillary 

process (dark green).
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Figure 2. 
Intraperitoneal LPS challenge induces hepatic primary and secondary response gene 

expression in adult male mice. LPS i.p. challenge (5 mg/kg, 1–5 h) significantly increases 

hepatic left lateral lobe mRNA expression of the primary response genes (a) Tnf (b) Cxcl1 
(c) Nfkbia (d) Tnfaip3 and secondary response genes (e) Nos2 and (F) Il6. Values are means 

± SE (n = 9/time point). * P < 0.05 vs. unexposed controls.
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Figure 3. 
LPS-induced primary response gene expression varies significantly by lobe while intra-lobe 

variance does not. CT values (CT of gene of interest minus CT of 18s) of (a) Tnf, (b) Cxcl1, 

(c) Nfkbia, and (d) Tnfaip3 from three separate samples taken from each lobe of a single 

adult male ICR mouse exposed to i.p. LPS challenge (5 mg/kg, 1–5 h). Each point represents 

a single value, error bars represent mean with SE. *P < 0.05 for differences between lobes 

by one-way ANOVA.
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Figure 4. 
LPS-induced primary response gene expression varies significantly by lobe at 30 and 60 min 

of exposure. LPS-induced fold change of primary response genes relative to left lateral lobe. 

Expression following 30 min of exposure of (a) Tnf, (b) Cxcl1, (c) Nfkbia, and (d) Tnfaip3 
and following 60 min of exposure of (e) Tnf, (f) Cxcl1, (g) Nfkbia, and (h) Tnfaip3. Values 

are means SE (n 9/time point). *P < 0.05 vs. left medial lobe; †P < 0.05 vs. caudate process; 
$P < 0.05 vs. papillary process; #P < 0.05 vs. right lateral lobe; %P < 0.05 vs. left medial 

lobe; by Kruskal-Wallis test. (i) Representative Western blot showing LPS-induced A20 

protein expression in the left lateral lobe and caudate process with GAPDH as loading 

control. (j) Densitometric analysis of A20 in hepatic lysate following LPS exposure. *P < 

0.05 vs left lateral, by Wilcoxon matched-pairs signed rank test. Values shown as means ± 

SEM; n = 5–6/timepoint.
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Figure 5. 
LPS-induced primary response gene expression varies significantly by lobe at 5 h of 

exposure. LPS-induced fold change of primary and secondary response genes relative to left 

lateral lobe. Expression following 5 h of exposure of the primary response genes (a) Tnf, (b) 

Cxcl1, (c) Nfkbia, and (d) Tnfaip3 and secondary response genes (e) Nos2 and (f) Il6. 

Values are means SE (n = 9/time point). *P < 0.05 vs. left medial lobe; †P < 0.05 vs. caudate 

process; $P < 0.05 vs. papillary process; #P < 0.05 vs. right lateral lobe; %P < 0.05 vs. right 

medial lobe; by Kruskal-Wallis test.
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Table 1.

Primers used for PRC analysis of gene expression.

Target Assay ID

Tnf Mm00443258_ml

Cxcl1 Mm04207460_ml

Nfkbia Mm00477798_ml

Tnfaip3 Mm00437121_ml

II6 Mm00446190_ml

Nos2 Mm00440502_ml
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