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Abstract

The class B scavenger receptors Bl (SR-BI) and BIl (SR-BII) are HDL receptors that recognize
various pathogens, including bacteria and their products. It has been reported that SR-BI/II-null
mice are more sensitive than normal mice to endotoxin-induced inflammation and sepsis. Since
the SR-BI/I1-knockout model demonstrates multiple immune and metabolic disorders we
investigated the role of each receptor in the LPS-induced inflammatory response and tissue
damage using transgenic mice with pLiv-11-directed expression of human SR-BI or SR-BII. Six
hours after intraperitoneal LPS injection, transgenic hSR-BI and hSR-BII mice demonstrated
markedly higher serum levels of pro-inflammatory cytokines and 2-3-fold increased expression
levels of inflammatory mediators in the liver and kidney, compared to wild type (WT) mice. LPS-
stimulated iINOS expression was 3-6-fold higher in the liver and kidney of both transgenic strains,
although serum NO levels were similar in all mice. Despite the lower HDL plasma levels, both
transgenic strains responded to LPS by a 5-fold increase of plasma corticosterone levels which
were only moderately lower than in WT animals. LPS treatment resulted in MAPKSs activation in
tissues of all mice; however, the strongest response was detected for hepatic ERK1/2 and kidney
JNK of both transgenic mice. Histological examination of hepatic and renal tissue from LPS-
challenged mice revealed more injury in hSR-BII but not hSR-BI transgenic mice vs WT controls.
Our findings demonstrate that hSR-BII, and to a lesser extent hSR-BI, significantly increase LPS-
induced inflammation and contribute to LPS-induced tissue injury in the liver and kidney, two
major organs susceptible to LPS toxicity.
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Introduction

The class B scavenger receptors Bl (SR-BI) and its splice variant Bll (SR-BII) are
transmembrane proteins that interact with a broad range of ligands, including native and
modified lipoproteins (1-3), serum amyloid A (4, 5), beta-amyloid (6), bacteria and
apoptotic cells (7-9). These receptors are known to play a role in atherosclerosis (10, 11),
host defense (12-15), apoptotic cell removal (3) and hepatitis C infection (16). Both
receptors are predominantly expressed in the liver and steroidogenic tissues (2, 17-19),
parenchymal epithelial cells of various organs (20-22) and phagocytic cells (23, 24). We
previously demonstrated that both SR-BI and SR-BII bind bacteria, facilitate their
internalization and mediate bacteria-associated pro-inflammatory signaling due, in part, to
their interaction with bacterial cell wall components LPS and lipoteichoic acid (LTA), and
the bacterial cytosolic protein GroEL (14). LPS is a pathogen-associated molecular pattern
(PAMP) bacterial cell wall phospholipid that mediates inflammation, and replicates some
aspects of septic shock. LPS induces acute organ damage due to mechanisms that currently
are not fully understood.

Understanding the role of SR-BI and SR-BII in SR-BI/SR-BII knockout mice during
endotoxic shock is complicated by steroid insufficiency. SR-BI/SR-BII null mice had higher
mortality following endotoxin injection or peritonitis, suggesting that SR-Bs are protective
during endotoxemia/sepsis (12, 15, 25, 26). The protective function of SR-BI was attributed
to its role in glucocorticoid (GC) production (25), reduced NO-induced cytotoxicity (26),
increased hepatic LPS clearance (15) and suppressed LPS-induced TLR-4 signaling (12),
resulting in reduced plasma pro-inflammatory cytokines. At the same time, our and others’
data provide evidence that the SR-B receptor family might facilitate bacterial, viral and
parasitic infection and sepsis by promoting bacterial uptake, followed by cytosolic evasion
resulting in incomplete phagocytosis, inflammation amplification and bacterial infection (13,
14, 16, 27).

The majority of evidence supporting a protective role of SR-BI in sepsis has been obtained
using SR-BI/SR-BII KO mice as an experimental model. This loss-of-function model is
characterized by the defective HDL cholesterol metabolism, impaired adrenal accumulation
of cholesterol esters and female infertility (28, 29). SR-BI deficiency has also been recently
shown to result in multiple other dysfunctions, including excessive lymphocyte apoptosis
associated with immunosuppression (30), enhanced susceptibility to arterial thrombosis,
increased reticulocytosis due to a reduced erythrocyte lifespan (31), and susceptibility to
atherosclerosis due to reduced SR-BI-mediated cholesterol ester uptake. In addition, the
important consequence of defective adrenal cholesterol ester uptake in SR-BI-KO mice is
diminished glucocorticoid (GC) production, which has a profound effect on responses to
stress, fasting and sepsis (25, 32). As a result of GC deficiency, SR-BI-KO mice are more
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susceptible to LPS-induced shock and cecal ligation and puncture (CLP) — induced sepsis
and death (12, 13, 15). We and others reported an increased inflammatory response in SR-
BI/SR-BII KO mice compared to wild-type mice following acute LPS administration (26) or
CLP-induced sepsis (12, 13). However, it has been shown that the increased susceptibility of
SR-BI/SR-BII KO mice to LPS could be suppressed by corticosteroid supplementation (25).
Our findings further demonstrated that combined hormone (glucocorticoid (GC) +
mineralocorticoid (MC)) replacement therapy introduced 24 hours in advance of the CLP-
induced sepsis essentially alleviated pro-inflammatory responses and improved survival in
SR-BI/SR-BII KO mice (13).

The multiple dysfunctions of SR-BI/BII-deficient mice complicate understanding the role of
SR-BI and SR-BII in sepsis and infection. This prompted us to generate an alternative, gain-
of-function model of hSR-BI (hSR-BI tgn) and hSR-BII (hSR-BII tgn) transgenic mice
using an expression vector pLiv-11, which contains a constitutive human apoE gene
promoter. Its hepatic control region results in high levels of transgene expression
predominantly, but not exclusively (e.g. in the kidney), in hepatocytes (33). In this study,
using hSR-BI and hSR-BII transgenic mice on a C57BL/6J background, we evaluated the
individual contribution of SR-BI and SRB-II human homologues in LPS-induced
inflammation, as well as hepatic and renal tissue damage. Our findings demonstrate that
hSR-BII, and to a lesser extent hSR-BI, contribute to the pro-inflammatory response and
organ injury induced by the acute LPS administration, and therefore, pharmacologically
targeting these receptors could be a helpful tool to reduce LPS-induced liver and kidney
damage.

Materials and Methods

Reagents

LPS (E. coli 0111:B4) and macrophage colony stimulating factor (M-CSF) were purchased
from Sigma. All reagents used for RNA isolation, reverse transcription and real-time PCR
were from Life Technologies. Enzyme-linked immunosorbent assay (ELISA) kits for
quantifying mouse IL-6, IL-1f and CXCL1 and human IL-8 were from Life Technologies
and for mouse MIP-2 from R&D Systems. A competitive ELISA kit for quantifying
corticosterone was from Enzo Life Sciences and a kit for colorimetric assay of nitrate (NOXx)
was purchased from Cayman Chemical. Anti-human SR-BI/BII antibody was from BD
Biosciences (cat. # 610883), rabbit anti-human SR-BI and anti-human SR-BII antibodies
were custom produced against C-terminal domain specific peptides of hSR-BI
(CTSAPKGSVLQEAKL, Anaspec, San Jose, CA), or hSR-BII (CLPDSPSRQPPSPTA,
Sigma, St. Louis, MO). Custom antibodies were validated in Western blotting assays using
cell lysates from HeLa cell line stably transfected with hSR-BI and hSR-BII (14) (suppl.
Fig. 1.). Anti-mouse p-actin antibody, alkaline phosphatase secondary antibody and
cholesterol quantitation kit were from Sigma Aldrich. Antibodies against phosphorylated
and non-phosphorylated forms of MAP kinases (ERK1/2, SAPK/INK and p38) were
purchased from Cell Signaling Technology, Inc.
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The liver-specific expression vector pLiv-11, which contains the human apoE promoter (23)
was used to express hSR-BI in the liver. Full-length (1.7-kb) human SR-BI (hSR-BI) cDNA
(GenBank: BC112037.1) was flanked by Not I linkers and inserted into a unique Not | site
of modified pLiv-11. Clones with the correct orientation of the transgene were selected after
digestion of the plasmid DNA by Sph | and Aat Il. The resulting pLiv-11- hSR-BI plasmid
was digested with Sal I and Spe I, and an 11.6-kb DNA fragment Liv-hSR-BI, containing
the complete expression cassette was isolated, purified and used to generate hSR-BI
transgenic mice on the C57BL/6J background. The Liv-hSR-BII construct was created the
same way, by using the human SR-BII gene (2). In vivo studies were performed as follows:
LPS (1 mg/kg) or PBS (using same volume, approximately 150 ul per mouse) was injected
intraperitoneally (IP) in wild-type (WT), hSR-BI tgn and hSR-BII tgn mice. Six hours after
LPS/PBS injection, mice were euthanized for blood collection and organ harvesting. 16-18
week old male mice (n=3 for PBS-treated and n=5 for LPS-treated groups) were used in this
study. Mice were kept at the NIH animal facility under specific pathogen free conditions. All
animal studies were approved by the NHLBI ACUC under protocols H-0050R2 and
H-0100R2.

Human embryonic (epithelial) kidney cells (HEK293, ATCC) were stably transfected to
express hSR-BI and hSR-BII (hSR-BI-HEK?293 and hSR-BII-HEK?293, respectively) (7).
Murine wild-type (WT), hSR-BI tgn and hSR-BII tgn macrophages were isolated from
mouse bone marrow cells (BMC) obtained from transgenic wild-type, hSR-BI- or hSR-BII-
expressing mice, respectively. The macrophages were differentiated by culturing in
RPMI-1640 supplemented with 10% fetal bovine serum (FBS), in the presence of 10 ng/ml
of mouse macrophage colony-stimulating factor (M-CSF) for 7-10 days.

Primary culture of kidney epithelial cells

Freshly harvested mouse kidneys were thoroughly separated from fat, de-capsulated, and
finely dissected to obtain fragments less than 0.5mm3 in size. The resulting minced tissue
from 2 kidneys was digested in 10 ml of HBSS, containing 4uM CaCl,, 10mM HEPES and
1.5 mg/ml collagenase D (Roche Diagnostics, cat. # 11088874103) at 37°C for 40 min with
120 RPM rotation. Following digestion, the cell suspension was diluted with prechilled PBS
and washed three times (50g x 3min centrifugations) in ice-cold PBS. The resulting cell
pellet was re-suspended in isosmotic Percoll solution (final concentration 25%) and
centrifuged for 10 min at 1000 x g to separate intact cells from the cell fragments floating on
the top of supernatant. Pelleted cells were re-suspended in the appropriate volume of culture
media (DMEM containing 10% FBS, 10mM HEPES and 1% penicillin/streptomycin) and
plated on collagen-coated plates. The average yield of kidney epithelial cells (KEC) from 2
kidneys was sufficient for plating onto ~ 200 cm? of culture plates. The culture medium was
changed after 48 hours in order to remove non-adherent cells and residual cellular
fragments.
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Western blot analysis of liver and kidney hSR-Bl and hSR-BII protein expression

Tissue samples were weighed, resuspended in 1:10 w/v of T-Per Tissue protein Extraction
Reagent (Thermo Scientific) and disrupted using a chilled glass-Teflon homogenizer. The
resulting lysates were centrifuged at 10,000 x g for 10 minutes and the supernatant was
collected. Supernatant aliquots mixed with 2x sample buffer (Life Technologies) and heated
for 5 min at 95°C were electrophoresed by reducing SDS PAGE, using 10% Tris-Glycine
gels, transferred to nitrocellulose membranes and assayed by Western blot using Alkaline
Phosphatase Chromogenic Substrate (Life Technologies, cat. # WP20001).

Total RNA isolation and quantitative real-time PCR analysis

For RNA isolation, tissue samples preserved in RNAlater were homogenized in TRIzol
Reagent (Precellys 24, Bertin Technologies, France). RNA was isolated with the PureLink
RNA Mini Kit after DNase treatment. RNA (2 pg) was reverse-transcribed using TagMan
Reverse Transcriptase Reagent Kit. Real-time gPCR assays were performed with a StepOne
Real-Time PCR System (Applied Biosystems), using 40 ng of cDNA per reaction. A list of
TagMan Gene Expression assays used in the study is shown in Table I. Relative levels of
gene expression were measured by the comparative CT (AACT) method with mouse B-actin
or GAPDH genes as reference genes. All gene expression results were analyzed using the 2-
AACT formula and presented as normalized fold changes, compared to WT control (without
LPS treatment).

Analysis of cytokines, corticosterone, nitric oxide and plasma total cholesterol

The IL-8 secretion by HEK?293 cells was analyzed in culture supernatants after a 20h
incubation period in serum-free medium with or without BSA (2 mg/ml), utilizing an ELISA
kit for human IL-8. IL-6 and CXCLJ1 levels in culture supernatants of murine macrophages
were measured following a 20h incubation in RPMI-1640 with 1% FBS, using
corresponding commercial ELISA kits. Plasma levels of cytokines, corticosterone, cortisol,
and nitrate (NOx) were quantified with corresponding ELISA or colorimetric kits. All
samples and standards were measured in duplicate. Total cholesterol in plasma was
determined as previously described (34) by enzymatic assay using commercial kit.

Histological analysis

Formalin-fixed, paraffin-embedded 4 um thin kidney and liver sections were stained with
periodic acid-Schiff reagent (PAS) (Sigma Chemical Co.). Kidney histological changes were
assessed in a blind manner in 10 different randomly selected 400X fields per animal from
the cortex and 10 fields from the outer stripe of the outer medulla (OSOM). Kidney tubular
damage was defined as tubular epithelial swelling, loss of brush border, vacuolar
degeneration, necrotic tubules, cast formation, and desquamation. Liver damage was defined
as the amount of destruction of hepatic lobules, infiltration of inflammatory cells,
hemorrhage, and hepatocyte necrosis. The degree of kidney and liver damage was estimated
at 400x magnification by the following criteria: 1, 0 — 25% of damage; 2, 25% to 50% of
damage; 3, 50% to 75% of damage; 4, 75% to 100% of damage.
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Western Blot analyses of MAPKSs activity

For analysis of MAPK activity, the samples of tissue lysates were prepared from livers and
kidneys of WT and SR-B transgenic mice (both PBS- and LPS-treated, n=3) sacrificed at 4 h
after LPS injection (1 mg/kg, intraperitoneal). This time point was selected from additional
experiments where the time dependent activation of MAPKSs in mouse tissues following LPS
injection was assessed. The tissue lysates were mixed with 2x SDS sample buffer and loaded
onto 4-20% Tris-glycine SDS/PAGE gels. After the transfer, the membranes were probed
with either one of three anti-phospho-MAPK antibodies or corresponding antibodies that
recognize both active and inactive forms of each subfamily of MAP kinases, according to
the manufacturer’s protocols. The MAPK antibodies used in this study included anti-
phospho-ERK1/2 (Thr202/Tyr204) antibody, anti-ERK1/2 antibody, anti-phospho-SAPK/INK
(Thr183/Tyr185) antibody, anti-SAPK/INK antibody, anti-phospho-p38 MAPK (Thrl80/
Tyr182) antibody and anti-p38 MAPK antibody. The immunoreactive bands were detected
using an alkaline phosphatase-conjugated secondary antibody (Cell Signaling Technology)
and chromogenic substrate for alkaline phosphatase (Invitrogen).

Statistical Analysis

Results

Differences between the groups were examined for statistical significance by one-way
analysis of variance (ANOVA). Alternatively, a two-tailed Student’s t-test was used. All data
are expressed as mean values * standard deviation (SD) with a P value of < 0.05 considered
as significant.

Tissue specific expression of hSR-Bl and hSR-BIl in hSR-Bl and hSR-BII transgenic mice

hSR-BI and hSR-BII transgenic mice had 40 and 80 copies, respectively, per homozygous
genome as analyzed by the TagMan PCR assay. hSR-BI and hSR-BIl mRNA expression was
highest in liver; hSR-B expression was also detected in kidney, lung and spleen, although 2—
3 orders of magnitude lower than in liver (data not shown). hSR-BII protein in liver and
kidney was about was 2.6-fold and 2.3-fold, respectively, more abundant than hSR-BI when
using an antibody against the SR-BI/II loop domain that recognizes both human SR-B
receptors (Fig. 1, upper panel). Interestingly, despite having half the number of hSR-BI|I
transgene copies and lower liver protein levels, plasma cholesterol levels in hSR-BI tgn mice
were either similar (in males) or 40% lower (in females) vs. corresponding hSR-BII
transgenic mice, consistent with a higher potency of hSR-BI as a mediator of HDL
cholesterol uptake (Table I1). These results may reflect the higher (~80%) cell surface
expression of SR-BI, essential for ligand-receptor interaction, whereas SR-BII is
predominantly (80%) cytosolic (14, 35). As liver and kidney play leading roles in LPS-
induced multiorgan failure; we therefore focused subsequently on these two organs.

hSR-BI tgn and hSR-BIl tgn mice have an increased pro-inflammatory response to acute
LPS administration compared to WT control

Our previous in vitro studies demonstrated the importance of class B scavenger receptors
(SR-B), which includes SR-BI/Il and CD36, for uptake of gram-negative bacteria, as well as

J Immunol. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Baranova et al.

Page 7

their PAMPs such as LPS and cytosolic chaperonin 60 (GroEL), and subsequent pro-
inflammatory signaling (14). In addition, our in vivo studies utilizing a steroid treated
murine CLP model of sepsis demonstrated reduced systemic inflammation in SR-BI/BII-null
mice, compared to their WT littermates (13). To explore each splice variant’s (SR-BI and
SR-BII) influence on LPS-induced inflammation in vivo, control WT, transgenic hSR-BI
and hSR-BII mice received PBS or LPS (1mg/kg, IP), and inflammatory responses were
assessed by measuring serum levels of pro-inflammatory cytokines/chemokines 6 hours
following injection. LPS injection resulted in a strong induction of all measured cytokines in
all groups (Fig. 2). However, the LPS-induced plasma pro-inflammatory cytokine/
chemokine levels were the highest in hSR-BII mice, markedly (by 2.5- to 3-fold for IL-6,
MIP-2 and CXCL1) and moderately (by ~1.75-fold for IL-1B) exceeding the corresponding
levels of WT animals (Fig. 2, panels A—C and Fig. 2D, respectively). The plasma levels of
IL-6 and both chemokines, CXCL1 and MIP-2, in hSR-BI mice were approximately 2-fold
higher than in control animals.

Liver and kidney mRNA expression of pro-inflammatory and inflammasome-associated
genes in response to LPS is elevated in SR-B transgenic mice

MRNA expression levels of pro-inflammatory cytokines were assessed by quantitative PCR.
Consistent with the observed difference in serum pro-inflammatory cytokines levels, LPS-
treated hSR-BII tgn mice had markedly (2- to 3-fold) higher liver mRNA expression than
control WT mice for all measured pro-inflammatory cytokines except CXCL1 (Fig. 3). For
SR-BI tgn mice, only hepatic expression of IL-6 in response to LPS was ~2-fold higher than
that of WT mice, whereas the levels of other cytokines were not statistically different
between these groups. Kidney expression levels of IL-6 and CXCL1 in response to LPS in
both transgenic mice were higher than those in WT mice, with a larger increase observed in
the SR-BII tgn group (Fig. 4). SR-BI tgn mice also demonstrated higher kidney expression
of IL-1p when compared to control mice. It has been demonstrated that LPS induces a strong
hepatic expression of the NLRP3 (36, 37) inflammasome gene, suggesting a central role of
the inflammasome in LPS-induced inflammation and in hepatic/renal failure. Indeed, we
found that LPS strongly induced NLRP3 expression in both organs in all groups (Fig. 5).
While no difference in kidney NLRP3 expression was found between the groups (Fig. 5B),
hSR-BII tgn mice demonstrated a 2.5-fold higher hepatic expression of NLRP3 when
compared to wild type and SR-BI tgn mice (Fig. 5A).

Liver and kidney expression of iNOS in SRBI and SRBII transgenic mice is significantly
elevated compared to WT mice

LPS-induced toxicity requires synergistic actions of inflammatory cytokines (TNF-a, IL-1,
IFN-gamma) and nitric oxide (NO) (38). Overproduction of NO by inducible NO synthase
(iNOS), which is up-regulated following the LPS-triggered pro-inflammatory cytokine
release into the circulation, has been proposed to be a major pathogenic driver of
hypotension, vascular collapse and multiple organ failure during meningococcemia septic
shock (39). To explore the potential impact of hSR-BI and hSR-BII expression on LPS-
induced activation of iNOS, we assessed hepatic and renal mRNA levels of iNOS in mice
following acute LPS injection. As expected, 6 hours following a challenge with LPS, both
liver and kidney iNOS expression levels were markedly increased in all groups (Fig. 6, A,
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B); however, SR-BII tgn mice demonstrated a 6-fold (in the liver) and 3-fold (in the kidney)
greater increase in iNOS expression over the corresponding levels of control WT mice.
iNOS expression levels in both organs of SR-BI tgn mice were slightly higher than those
detected in WT mice, though the difference was not statistically significant. Interestingly,
despite the significantly higher hepatic and kidney levels of iINOS expression in SR-BII tgn
mice, systemic serum levels of NO (nitrite) were similar in all three experimental groups
(Fig. 6C), perhaps due to a saturation effect and NO metabolism, suggesting the importance
of LPS-induced NO local concentrations.

Plasma from SR-B transgenic mice demonstrate mildly reduced LPS clearance and LPS-
neutralization capacity compared to WT mice

Recent findings of Guo et al. (15, 40) demonstrated that in addition to LPS neutralization,
HDL protects against sepsis by promoting LPS clearance, modulating leukocyte recruitment
and regulating corticosterone production. Plasma HDL levels were markedly reduced in both
hSR-BI (by ~70 %) and hSR-BII (by ~ 60%) tgn mice compared to WT mice as estimated
by apoA-I immunoblotting assay (Suppl. Fig. 2A, insert). Using the HEK-Blue hTLR4 cells
(InvivoGen), we assessed the LPS neutralization capacity of plasma from WT and hSR-B
transgenic mice strictly following the protocol previously described by Guo et al. (40).
Plasma samples from WT, hSR-BI and hSR-BII transgenic suppressed LPS-induced
TLR4/NF-kB activation by ~ 65%, 68% and 50% respectively (Suppl. Fig. 2A), thus
revealing only a mildly and not statistically significant decreased capacity of sera from SR-B
transgenic mice to neutralize LPS. To test if the increased pro-inflammatory status of the
LPS-challenged transgenic mice could be due to the HDL deficiency and impaired
endotoxin clearance we also analyzed the endotoxicity of plasma from WT and hSR-B
transgenic mice 6 hours after LPS injection. As shown in Suppl. Fig. 2B, TLR/NF-kB
activation induced by plasma from LPS-treated hSR-BI and hSR-BII transgenic mice were
~1.4 times higher, than induced by the plasma from WT mice challenged with LPS. This
difference was not statistically significant.

LPS-induced plasma corticosterone levels are moderately reduced in SR-Bl and SR-BII tgn
vs. WT mice

Because hSR-B transgenic mice have lower plasma HDL and cholesterol levels (Table I1),
and adrenal cholesterol uptake is essential for anti-inflammatory glucocorticoid (GC)
synthesis, we assessed whether the enhanced LPS-induced pro-inflammatory responses of
SR-BI and SR-BII transgenic mice might be due to impaired adrenal GC production. Prior to
LPS treatment, plasma corticosterone (CS) in hSR-BI tgn and hSR-BII tgn mice was
reduced by about a half compared to control WT littermates (Fig. 6D). LPS injection
robustly increased plasma CS in all groups of animals, although LPS-induced corticosterone
plasma levels in hSR-BI and hSR-BII tgn mice were about 70% of levels detected in control
mice. Our data thus indicate that hSR-BI and hSR-BII transgenic mice, despite their
markedly reduced HDL-cholesterol plasma levels, can still respond acutely to LPS challenge
by increasing GC release, demonstrating only moderately decreased (vs. control mice) LPS-
induced levels of CS.
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Histological analyses of LPS-induced liver injury of WT, hSR-BI and hSR-BIl transgenic

mice

Histological changes were examined in the livers of mice 6 hours following PBS or LPS
injection. As shown in Fig. 7 (panel A, B1-3), WT, hSR-BI tgn, and hSR-BII tgn mice that
received PBS had liver histology scores that, although not identical, were not statistically
different. In panel B, hSR-BI tgn (B2) mice had areas of the liver sections that resemble the
same architecture seen in WT mice (B1), but also had hepatic areas with micro-
vacuolization (blue arrow), and more infiltrating inflammatory cells. These changes were
less prominent in hSR-BII tgn mice (B3). Six hours after LPS injection, all mice (B4, B5
and B6) developed statistically significant histological liver damage, which was more
substantial in hSR-BII tgn mice (ANOVA with Bonferroni’s multiple comparison post-hoc
test). All mice that received LPS (A, B4-6) had a pale purple/pink color on liver sections
when compared with mice that received PBS (B1, B2 and B3), indicative of decreased
glycogen storage after endotoxemia. After LPS injection, all mice also had more infiltrating
inflammatory cells in the liver, which were especially visible in hSR-BII tgn mice that also
had more prominent hepatocyte degeneration with loss of boundaries between the cells
(white arrow).

Histological analyses of LPS-induced kidney injury of WT, hSR-BI and hSR-BII transgenic

mice

All mice (WT, hSR-BI tgn, and hSR-BII tgn) that received PBS had normal kidney histology
with preserved tubular architecture, a preserved brush border (gray arrow, B1), and normal
interstitial space (Fig 8. A, B1-3). hSR-BI tgn mice (B2) had occasional tubular
vacuolization, represented by yellow arrows. Six hours after LPS injection, while neither
WT nor hSR-BI tgn mice had any detectable kidney damage; hSR-BII tgn mice had
statistically significant kidney damage compared to WT and hSR-BI tgn (Fig. 8, panel A;
ANOVA with Bonferroni’s multiple comparison post-hoc test). No significant histological
kidney damage beyond very rare tubular vacuolization (yellow arrow), and a few dilated
tubules (blue arrows) was observed in either WT (B4) or hSR-BI tgn mice (B5) 6 hours
following LPS injection. In contrast, hSR-BII tgn mice (B6) had pronounced kidney damage
with prominent tubular vacuolization (white arrows), tubular dilation (green arrows), and
increased interstitial space (tubules not adjacent) which may represent interstitial edema;
however, we did not detect any glomerular changes.

Effect of LPS treatment on MAPKs activation in the liver and kidney of WT, hSR-BIl and
hSR-BIl transgenic mice

To explore potential mechanisms of the elevated LPS-induced pro-inflammatory response of
hSR-B transgenic mice, we analyzed activation of several MAPK family members in the
liver and kidney from LPS-challenged WT and hSR-B transgenic mice using specific
antibodies against phosphorylated ERK1/2, JNK and p38 MAPKSs. As shown in Fig. 9,
ERK1/2 and p38 MAPKSs were already activated in the liver and kidney of all control mice,
with higher baseline levels observed in hSR-B transgenic animals, while the JNK activity
was negligible in the tissues from all PBS-treated mice. All LPS-treated mice had an
increased phosphorylation/activation of all three MAPKSs in both liver and kidney tissue.

J Immunol. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Baranova et al.

Page 10

However, hSR-B transgenic mice demonstrated markedly higher levels of phosphorylated
MAPKS; an especially noticeable difference was observed in hepatic ERK1/2 (Fig. 9A,
upper panel) and kidney JNK levels (Fig. 9B, middle panel). Among all LPS-treated mice
hSR-BII transgenic mice had the highest levels of all phosphorylated MAPKSs in both liver
and kidney tissues compared to hSR-BI transgenic and WT mice. Total MAPKSs protein
levels were not affected by LPS treatment.

LPS-induced pro-inflammatory response in bone marrow-derived macrophages and kidney
epithelial cells from WT, hSR-Bl and hSR-BII transgenic mice

Since hSR-BII tgn mice displayed profound kidney injury following LPS treatment
compared to WT and hSR-BI tgn mice we attempted to identify the cell type responsible for
the increased pro-inflammatory cytokine response and tissue damage. To test the potential
contribution of macrophages toward elevated LPS-induced inflammatory cytokine
production, we treated BMDM isolated from WT, hSR-BI and hSRBII transgenic mice with
1 ug/ml of LPS for the indicated time intervals (Suppl. Fig. 3). A lower dose of LPS (100
ng/ml) did not result in statistically different responses of BMDM IL-6 secretion between
WT, SR-BI and hSR-BII transgenic mice following an 18-hour treatment (data not shown).
WT and hSR-BI tgn macrophages stimulated with LPS demonstrated similar time-dependent
increases of IL-6 and CXCL1 production, while secretion levels of both cytokines after 6
and 18 hours of LPS treatment were moderately (~ 30-35%) higher in macrophages from
hSR-BII mice (Suppl. Fig. 3, C and D). At the same time, LPS-induced mRNA expression
levels of both cytokines in BMDM from hSR-BII tgn mice exceeded those measured in
macrophages from control mice by 2.1-fold (IL-6) and 1.7-fold (CXCL1). The differences in
LPS-induced cytokine expression in BMDM from WT and hSR-BI tgn mice were less
evident and not statistically significant (Suppl. Fig. 3, A and B). Our analysis of mRNA
(data not shown) and protein (Suppl. Fig. 3D, insert) expression revealed fairly high levels of
hSR-BI and hSR-BII in macrophages from hSR-B transgenic mice, thus, suggesting that the
absence or low difference in LPS-induced cytokine responses of BMDM between hSR-B tgn
and WT mice could be due to the predominant role of other pathogen recognition receptors
in LPS-induced pro-inflammatory response of macrophages.

While macrophages and immune cells play a key role in innate immune response and
inflammation, recent data also suggests that parenchymal cells in liver, kidney and intestine,
are also actively involved in the initiation of the immune response and progression of
inflammatory disorders (41, 42). It has been recently reported that murine kidney epithelial
cells can participate in the renal clearance of bacteria and produce cytokines and chemokines
in response to bacterial stimulation, via both TLR4-mediated and TLR4-independent
signaling pathways (43). Western blot analysis of kidney epithelial cells (KECs) isolated
from SR-BI and SR-BII tgn mice revealed increased (relative to endogenous levels) protein
expression of both receptors (Fig. 10B). In order to assess the effects of SR-BI/SR-BII on
LPS-induced pro-inflammatory responses of kidney epithelial cells, we compared LPS-
induced IL-6 secretion in primary culture of KECs from WT, hSR-BI tgn and hSR-BII tgn
mice. Following an 18hr incubation with LPS, a dose-dependent increase of IL-6 secretion
was detected in culture media of all 3 cell types, however, both hSR-BI and hSR-BII
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expressing KECs demonstrated approximately 2-fold higher IL-6 levels compared to WT
cells (Fig. 10A).

Discussion

The innate immune response to gram-negative bacteria largely depends on the release of
PAMPs such as bacterial LPS (44, 45). The mechanisms for how LPS-induced inflammation
associated with cytokine and ROS overproduction and neutrophils and Kupffer cells
activation causes tissue injury are not fully understood.

LPS-induced endotoxemic shock in animal models is characterized by renal inflammation,
where the increased generation of pro-inflammatory cytokines/chemokines initiates and
promotes acute kidney injury (AKI) (46, 47). TLR4, the major LPS receptor, is considered
to be the key molecule controlling the NFKB signaling pathway (48), which in turn mediates
most of inflammation and kidney damage in both LPS-induced acute kidney injury (49) and
chronic kidney disease (50).

We and others previously demonstrated that gram-negative bacteria uptake is partially
mediated through class B scavenger receptors, including hSR-BI/SR-BII (7, 8, 14). SR-BI/II
deficiency (without steroid replacement) is associated with a hyper-inflammatory response,
increased morbidity and mortality (12, 13, 25). Engagement of SR-BI and SR-BII receptors
with a variety of pathogens (PAMPS) such as LPS, LTA, GroEL, and damage associated
molecular patterns (DAMPS) including SAA (4, 5), induces an acute pro-inflammatory
response. The role of SR-BI and SR-BII in LPS-induced inflammation and tissue damage is
complex, as the SR-BI/I1-KO mouse model suffers from adrenal insufficiency (25), impaired
lymphocyte homeostasis and autoimmune disorders (30). To properly assess the role of SR-
B receptors, models with normal adrenal and immune function are needed. Since both SR-BI
and SR-BII play similar roles in lipid metabolism (2, 18, 35) with the SR-BI and SR-BII
comprising 80% and 20% of scarbl expression (2, 51), study of each receptor alone may not
be complicated by adrenal insufficiency. In addition, we have found that all companies
producing anti-SR-BII antibodies incorrectly used scarb2 gene as a template, which is in fact
the LIMP2 (lysosomal integral membrane protein) gene sequence. As an example of this
problem, the use of an actual anti-SR-BII antibody revealed a significant presence of SR-BII
in the adult mink testis (52), which was not observed in other studies using LIMP2
sequence-based antibodies (53). Our specific anti hSR-BI and anti hSR-BII antibodies also
demonstrated a much higher hSR-BII/SR-BI expression ratio (data not shown) than it has
been previously reported. This has prompted us to study the role of hSR-BI and hSR-BI|I
individually in transgenic mice subjected to endotoxemia.

The LPS-induced inflammatory response was assessed by measuring plasma levels of
cytokines/chemokines 6 hours following LPS injection. LPS treatment induced robust pro-
inflammatory responses in all three groups of experimental animals (with more than a 100-
fold increase of cytokines levels); however, hSR-BI and hSR-BII tgn mice demonstrated 2-
to 3-fold higher LPS-induced serum levels of pro-inflammatory cytokines than control WT
littermates that received LPS. Notably, LPS increased serum levels of CXC chemokines,
macrophage inflammatory protein-2 (MIP-2) and cytokine-induced neutrophil
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chemoattractant (KC). These are important regulators of LPS-induced transmigration and
extravascular tissue accumulation of leukocytes, steps necessary for leukocytes to cause liver
damage (45). Consistent with the markedly elevated CXC chemokine plasma levels, we
found more profound histological changes, and in particular, a higher degree of
inflammatory cell infiltration in LPS-challenged SR-BII tgn liver. Further analyses of pro-
inflammatory cytokine expression profiles in liver and kidney, also revealed markedly
elevated levels of mMRNA expression of most cytokines measured in hSR-BII tgn mice
(2000- to 3000-fold increase) and in hSR-BI tgn mice (1500- to 2000-fold increase) when
compared to WT mice (1000-fold increase) following LPS injection.

Our LPS challenge model, as expected, resulted in the marked up-regulation of genes
involved in the inflammatory, immune and cell adhesion responses in all three groups of
mice. However, LPS administration caused histological renal injury only in SR-BII tgn mice,
which was manifested by tubular vacuolization and dilation, and an enlarged interstitial
space. The severity of the LPS-induced renal damage was consistent with the higher LPS-
triggered pro-inflammatory response in SR-BII tgn mice, supporting the role of this SR-B
splice variant as an important component of pro-inflammatory signaling pathways invoked
by LPS. Data reported by others (54), as well as our own unpublished data, demonstrate
prominent SR-BI expression on the surface of isolated renal proximal tubular cells, which is
a major site of injury in a variety of metabolic and inflammatory diseases (55, 56). Proximal
tubule cells are non-immune, parenchymal cells that can bind LPS (57), produce
inflammatory mediators, such as cytokines and chemokines, and can actively participate in
acute inflammatory processes by affecting leukocyte chemotaxis (58-60). Although the sites
of renal expression of SR-BII are not known, our study provides new evidence implicating
both SR-BI and SR-BII receptors as mediators of LPS-induced renal inflammation and
injury.

The NLRP3 inflammasome, a caspase-1 activating, intracellular pathogen sensing
multiprotein complex, is important in numerous inflammatory processes, including acute
liver injury induced by LPS (61). LPS injection causes liver damage as indicated by elevated
ALT and AST levels, and a significant upregulation of both hepatic mMRNA and protein
levels for all the inflammasome components including NALP3, and two cytokine targets of
caspase-1, IL-1p and IL-18. While cholesterol and urate crystals stimulate NLRP3 signaling
in atherosclerosis and gout, respectively (62), the role of NLRP3 is less clear in other forms
of sterile inflammation or bacterial infection. In our study, we have shown that hepatic
MRNA expression levels of the inflammasome NLRP3 in LPS-stimulated SRBII tgn mice
exceeded those of WT mice by 2.5-fold. Recently reported data identifies the TLR4-TRIF-
mediated pathway as a necessary step for inflammasome activation (63), however, the
specific mechanisms of its activation and signaling remains to be determined. LPS is a
ligand of TLR4, SR-BI and SR-BII, however, while signaling occurs upon its binding to all
three receptors, LPS uptake is mediated only by the SR-Bs (7, 14). Thus, all these receptors
could potentially contribute to the inflammasome-mediated inflammatory response via
facilitating LPS translocation inside the target cell and presenting it to the inflammasome.
This could be one of the mechanisms of the elevated inflammatory response observed in SR-
BII mice following LPS challenge. Inflammasome activation is required to promote
downstream caspase-1 cleavage and subsequent processing of pro-1L-1f into a biologically
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active, secreted cytokine (64). We found that following LPS challenge hSR-BII transgenic
mice had moderately, but statistically significant, higher levels of plasma IL-1, than WT
littermates, potentially implicating the NLRP3/caspase-1 pathway in LPS-induced hSR-BII-
dependent IL-1f release.

High levels of NO produced by the iINOS during acute inflammation and sepsis are
considered to be a major cause of cytotoxicity and tissue damage (65-67). Expression of
iNOS is a result of pro-inflammatory cytokine release by LPS-activated macrophages
inducing iNOS gene transcription in tissue epithelial cells (68, 69). Our results demonstrate
significantly (5- to 10-fold) higher mRNA expression levels of hepatic and kidney iNOS in
both SR-BI and SR-BII transgenic mice compared to WT controls, which was in line with
higher expression levels of pro-inflammatory cytokines responsible for iNOS activation.
Interestingly, our results did not reveal any difference in systemic plasma levels of NO
between the WT and hSR-BI/BII transgenic mice, perhaps reflecting a saturation effect. This
may indicate that the level of NO synthesis is already limited due to the insufficient substrate
or excessive arginase activity. However, higher and more rapidly rising levels of locally
produced extracellular NO could exert greater damage to liver and kidneys, both being
primary NO-producing organs.

Adrenal expression of SR-BI is required for cortical cholesterol accumulation and acute
adrenal steroidogenesis during stress or inflammation (25, 32, 70, 71). SR-BI/Il KO mice are
unable to increase steroid production in response to LPS, and consequently, manifest
increased susceptibility to toxic LPS effects and an uncontrolled hyper-inflammatory
response (25, 71). To examine whether the reduced cholesterol levels associated with SR-B
overexpression could attenuate the acute adrenal production of corticosteroids in hSRBI tgn
and hSRBII tgn mice, we compared LPS-induced plasma corticosterone levels of WT and
SR-B transgenic mice. In contrast to SR-BI/Il KO mice, WT, hSR-BI and hSR-BI|I
transgenic mice were capable of responding to LPS challenge by 6, 9- and 18-fold increases
(vs baseline levels) of plasma corticosterone, respectively. However, the absolute values of
CS plasma levels in LPS-treated WT animals were 30% higher (p < 0.05) than in hSR-BI
and hSR-BII tgn mice. Our data (not shown here) demonstrated that although a SAA acute
injection did not induce substantial glucocorticoid increase, there was still a marked increase
in inflammatory response in both hSR-BI and hSR-BII transgenic mice when compared to
WT mice, further confirming that the higher pro-inflammatory status of SR-BI/SR-BII tgn
mice is unlikely due to the insufficient GCs production by the adrenals.

Our results revealing higher systemic and local pro-inflammatory responses of hSR-B
transgenic mice relative to wild type mice in response to LPS do not support the previously
reported beneficial role of SR-BI due to its anti-inflammatory activity during endotoxemia/
sepsis. Previous studies demonstrated higher susceptibility of SR-BI-null mice to endotoxin-
induced inflammation leading to a higher death rate, thus suggesting a protective role of SR-
Bl in sepsis (12, 15, 25). Most of these studies employed the model of SR-BI-null mice
characterized by multiple immune and metabolic disorders including impaired homeostasis
of lymphocytes and splenic macrophages (30), defective lipoprotein metabolism (29) and
adrenal insufficiency (13, 25), resulting in an abnormally high inflammatory cytokine
response to LPS (32). Consequently, without an appropriate compensation for adrenal
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corticosteroid dexciency, the true role of SR-BI during LPS-induced inXammation could be
misinterpreted. Indeed, our previous xndings demonstrated that glucocorticoid/
mineralocorticoid supplementation could signixcantly normalize the acute inXammation
response in mice with SR-BI/II dexciency (13). SRBI/BII-null mice did not survive CLP
sepsis in the absence of steroids. In contrast, these SRBI/BII-deficient mice had 48%
survival rate and markedly reduced plasma IL-6 and TNF-a levels compared to a wild type
mice, as a result of steroid replacement therapy. A recent study of Gilibert et al. (72)
utilizing transgenic mice with tissue-specific SR-BI expression further highlighted the
critical importance of the intact adrenal SR-BI-dependent glucocorticoid production for the
host response to LPS. Their data demonstrated that mice lacking SR-BI in the adrenal cortex
exposed to an endotoxin challenge exhibited an exacerbated systemic and local
inflammatory response and higher lethality rate compared to normal mice, whereas mice
deficient for SR-BI in hepatocytes, endothelial cells or the myeloid cell lineage (including
monocytes, macrophages, and granulocytes) were not more susceptible to LPS-induced
death. In addition, they also found that SR-BI ablation in hepatocytes led to a moderate
increase in systemic inflammatory markers, and SR-BI deficiency in myeloid cells was
associated with an anti-inflammatory effect.

As was suggested by the earlier report of Guo et al. (12) the protective role of SR-BI could
be attributed to its ability to modulate the inflammatory response to LPS in macrophages as
their results demonstrated moderately increased pro-inflammatory cytokine production to
LPS by SR-BI/BII-deficient macrophages relative to cells from normal mice. Another study
(30) demonstrated a significant increase in the number of splenic monocytes/macrophages,
having markedly elevated expression of pro-inflammatory cytokines in SR-BI-null mice,
thus revealing impaired homeostasis of myeloid cells due to SR-BI deficiency. In our study,
on the contrary, we did not observe a statistically significant difference in cytokine response
to LPS between the bone marrow-derived macrophages from WT and SR-BI transgenic
mice and only modestly (30-35%) higher levels of IL6 and CXCL1 were produced by LPS-
treated cells from SR-BII tgn mice when compared to normal cells. We suggest that the
higher pro-inflammatory response to LPS found by Guo et al. (12) in macrophages from SR-
BI-null mice could be attributed to the abnormally heightened activation of these cells. In
addition, the results of Gilibert et al. (72) revealing a trend for increased survival of CLP-
treated mice with SR-BI deletion in myeloid cells would also not support a major protective
function for SR-BI expressed in macrophages.

In addition to the well-known role of HDL in LPS neutralization, recently reported data (40)
demonstrated its ability to protect against CLP-induced sepsis through promoting LPS
clearance and leucocyte recruitment. Our data revealed a ~ 70% and ~ 60% reduction of
plasma HDL levels (assessed by an apoA-I immunoblotting assay) in hSR-BI and hSR-BI|I
transgenic mice, respectively, when compared to WT mice. Nonetheless, despite the
markedly lower HDL levels in plasma of hSR-B transgenic mice the endotoxicity of their
plasma following LPS challenge was only moderately higher (by ~ 40%) when compared to
WT mice, perhaps due to the increased LPS clearance mediated by the hepatic hSR-BI (15,
25) and hSR-BII.
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Involvement of MAPK signaling pathways is implicated in LPS-induced release of pro-
inflammatory cytokines such as IL6, IL-1p and TNF-a (73, 74). In this study we examined
the potential contribution of ERK1/2, JNK and p38 MAPKSs in the enhanced inflammatory
response of LPS-challenged hSR-B transgenic mice. We have found that LPS treatment
results in higher phosphorylation levels of all three MAP kinases in liver and kidney tissues
of both transgenic mice strains compared to WT mice with the most pronounced difference
observed for the hepatic ERK1/2 and kidney JNK activity. Our results indicate that MAPKs
provide differential and tissue-specific contributions to the hSR-BI- and hSR-BII-dependent
pro-inflammatory LPS response.

Previous reports have implicated mouse SR-BI as a signal transducing receptor that interacts
with a PDZ domain-containing adaptor protein PDZK1 (75), and binds HDL to stimulate
eNOS activity and cell migration through the Src family kinase/MAPK-mediated signaling
pathway (76). Our earlier studies demonstrated that SAA activates p44/p42 and p38 MAP
kinases in epithelial cells in a CLA-1 (hSR-BI)-dependent manner (4). Additional studies in
bovine aortic endothelial cells have revealed that Src family kinase(s) (SFKs) participate in
the proximal signaling events activated by HDL-SR-BI in the endothelium (77) and co-
immunoprecipitation experiments have further confirmed that c-Src can interact with SR-BI,
although the specific domain participating in the interaction has not been identified. There
have been no reports regarding the signaling capacity of the SR-BII, however, several
sequences, including six proline-rich motifs, capable to bind SH3 (Src homology 3)
domains, and one SH2 (Src homology 2)-domain recognition site, have been identified
within the C-terminal region of human SR-BII (78). We suggest that SFKs could be
important upstream regulators of the hSR-B-mediated LPS-induced MAPK signaling
pathway due to an interaction of the SR-BII cytoplasmic tail with SH2 and/or SH3 domains
of the SFKSs, initiated by ligand-receptor binding. Additional studies to analyze the
activation/phosphorylation of SFKs as well as co-immunoprecipitation assays utilizing SR-B
expressing cells and tissues exposed to LPS are required to further investigate the above
proposed mechanism.

To investigate which cell type within the kidney could be responsible for hSR-BI/II-
mediated effects, LPS-induced pro-inflammatory responses of bone marrow derived
macrophages (BMDM) or kidney epithelial cells from hSR-BI/II tgn mice were compared to
WT mice. Our data demonstrating only moderate difference in LPS-induced cytokine
response of BMDM from WT and hSR-B transgenic mice suggests that other LPS receptors,
e.g. TLR4, CD36 and SR-A could play much more prominent roles as mediators of LPS-
induced inflammatory responses in macrophages, while the contribution of SR-Bs in these
cells is limited.

It has been demonstrated that Kupffer cells and kidney interstitial macrophages are
important sources of hepato- and nephrotoxicity during LPS-induced acute organ injury (79—
82). However, recent findings also reveal that parenchymal cells, such as hepatocytes,
intestinal and kidney epithelial cells are important in the innate immune response,
contributing to cytokine/chemokine production (43, 83, 84) as well as being the principal
source of high systemic NO (41) levels during septic shock.
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SR-BI is abundantly expressed in hepatocytes and kidney epithelial cells, both being
important LPS target cells during sepsis (42, 85, 86). The expression of SR-BII has been
also reported in mouse and human liver (51, 87). Since BMDM from SR-B transgenic mice
demonstrated only a moderately enhanced pro-inflammatory phenotype compared to WT
(Suppl. Fig. 1), epithelial cells could represent another important SR-BI/II-related target of
LPS. Indeed, our data demonstrating a 2-fold increase of IL-6 response in primary culture of
LPS-treated KEC from both hSR-BI and hSR-BI|I transgenic mice, compared to the WT
control cells, support this hypothesis.

In conclusion, we found that both SR-BI and SR-BII transgenic mice had significantly
higher expression of pro-inflammatory mediators and more prominent hepatic and renal
injury following LPS challenge vs. control mice. These results indicate, that in addition to
the well-established LPS effects mediated by TLR4, the ability of SR-BI and SR-BII to
recognize LPS, and more generally, gram-negative bacteria, enable these receptors to
substantially contribute to the LPS/PAMP-induced pro-inflammatory responses and tissue
damage during endotoxemia/sepsis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Grant support

This research was supported by the NIH Intramural Research Programs at the CC, NIDDK, NIAID and NHLBI.

Abbreviations

BMDM
CLP
CXCL1
CS
ERK1/2
GAPDH
GCs
HPF
iNOS
JNK
KECs
MAPK
NLRP3

bone marrow-derived macrophages

cecal ligation and puncture

chemokine (C-X-C motif) ligand 1
corticosterone

extracellular signal-regulated protein kinase 1 and 2
glyceraldehyde-3-phosphate dehydrogenase
glucocorticoids

high-power field

inducible NO synthase

c-Jun N-terminal kinase

kidney epithelial cells

mitogen-activated protein kinases

NLR family pyrin domain containing 3
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LPS lipopolysaccharide
LTA lipoteichoic acid
ROS reactive oxygen species
SAA serum amyloid A
SR-BI-KO scavenger receptor Bl knockout mice
hSR-BI tgn human scavenger receptor Bl transgenic mice
hSR-BII tgn human scavenger receptor Bll transgenic mice
SFKs Src-family kinases
WT wild type mice.
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Figure 1. Western blot analyses of liver and kidney tissue samples
Western blot analyses for hSR-BI and hSR-BII protein expression were performed in liver

and kidney tissue samples from WT (lanes 1, 4), hSR-BI tgn (lanes 2, 5) and hSR-BII tgn
(lanes 3, 6) mice. hSR-BI and hSR-BII protein expression was detected by using either anti-
human SR-BI and anti-human SR-BII custom antibodies (against specific peptides from C-
terminal domains) or anti-human SR-BI/BII antibody (against 104—-294 amino acid peptide,
BD Biosciences). mSR-BI expression was detected by anti-SR-BI antibody (against C-
terminal 450-509 amino acid peptide, Novus Biologicals, cat. # NB400-101). Protein
expression of B-actin was measured as the loading control. ImageJ software was used to
quantify the protein bands intensity, and the relative optical density (ROD) of SR-BI and
SR-BII specific bands was calculated versus corresponding B-actin values (upper panel).
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Figure 2. Plasma levels of inflammatory cytokinesin WT, hSR-BI tgn and hSR-BI| tgn mice
challenged with LPS

LPS (1 mg/kg, IP) or PBS was injected into WT, hSR-BI and hSR-BII tgn mice. Six hours
after the LPS injection, mice were euthanized for plasma and organ collection. Plasma levels
of IL-6 (A), MIP-2 (B), CXCL1 (C) and IL-1p (D) were determined by ELISA. Values are
the mean + SD (n=5). ** P<0.01, *** p<0.005, vs WT LPS-treated levels.
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Figure 3. Hepatic gene expression of inflammatory cytokinesin WT, hSR-BI and hSR-BI |
transgenic mice challenged with LPS

LPS (1 mg/kg, IP) or PBS was injected into WT, hSR-BI and hSR-BII tgn mice. Six hours
after the LPS injection, mice were euthanized and liver tissue was collected for mMRNA
extraction and gRT-PCR as described in Materials and Methods. Expression levels of 1L-6
(A), CXCL1 (B), IL-1p (C) and TNF-a (D) were normalized by GAPDH and presented as
the fold change relative to PBS-treated control. Values shown are the mean + SD (n=3, for
PBS-treated groups, n=5 for LPS-treated groups).* P<0.05, ** P<0.01 vs WT LPS-treated
mice.
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Figure 4. Kidney gene expression of inflammatory cytokinesin WT, hSR-BI and hSR-BI |
transgenic mice challenged with LPS

LPS (1 mg/kg, IP) or PBS was injected into WT, hSR-BI and hSR-BII tgn mice. Mice were
euthanized after 6 hours; kidney samples were collected and used for mRNA extraction and
gRT-PCR as described in Materials and Methods. Expression levels of IL-6 (A), CXCL1
(B), IL-1B (C) and TNF-a (D) were normalized by GAPDH and presented as the fold
change relative to PBS-treated control. Values shown are the mean + SD (n=3, for non-
treated groups, n=5 for LPS-treated groups). * P<0.05, ** P<0.01 vs WT LPS-treated mice.
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Figure 5. NLRP3 mRNA expression in theliver and kidney of WT, hSR-BI and hSR-BI |
transgenic mice challenged with LPS

Mice were euthanized and liver and kidney samples were collected for mRNA extraction and
gRT-PCR as described in Materials and Methods. Expression of liver (A) and kidney (B)

NLRP3 was normalized by GAPDH and presented as the fold change relative to PBS-treated
control. Values shown are the mean + SD (n=3, for PBS-treated groups, n=5 for LPS-treated

groups. *** P<0.001 vs WT LPS-treated mice.
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Figure 6. Liver and kidney expression of iINOS and plasma nitrite/nitrate (NOx) and

corticosterone levelsin LPS-challenged mice

Liver (A) and kidney (B) mRNA expression of iNOS was quantified as we previously
described in figure legends 3 and 4. C. Plasma NOx levels of WT, hSR-BI and hSR-BI|I
transgenic mice were measured 6 hours following LPS injection using a colorimetric Kit.
Values are the mean + SD (n=5). D. The corticosterone concentration was quantified by
ELISA using plasma from hSR-BI and hSR-BII tgn mice and WT littermates 6 hours
following LPS injection (n=10 for control PBS-treated groups, and n=>5 for LPS-treated
group, with duplicate measurements). ** P<0.01 vs WT LPS-treated mice.
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Figure 7. LPS-induced histological liver damagein various mice
A. Semi-quantitative histological analysis of liver injury. Liver injury was defined as the

amount of destruction of hepatic lobules, infiltration of inflammatory cells, hemorrhage, and
hepatocyte necrosis, and scored from 1 through 4 according to % area of involvement per
HPF (400x%). Liver damage scores are presented for mice that received PBS (n=4-7/group,
open bars) or an LPS injection (n=5/group, dashed bars). B. Representative images (400x) of
liver sections stained by PAS from each group (mice that received PBS: WT — image B1,
hSR-BI tgn — image B2, and hSR-BII tgn — image B3), mice that received LPS: WT — image

J Immunol. Author manuscript; available in PMC 2017 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Baranova et al.

Page 30

B4, hSR-BI tgn — image B5, and hSR-BII tgn — image B6). The description of the arrows is
in the Results section.
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Figure 8. LPS-induced kidney damagein various mice
Semi-quantitative analysis of kidney injury. Kidney tubular damage was defined as tubular

epithelial swelling, loss of brush border, vacuolar degeneration, necrotic tubules, cast
formation, and desquamation, and scored from 1 through 4 according to % area of
involvement per HPF (400x). A. Tubular damage scores of mice that received PBS (N=4-5/
group, open bars), and mice that received an LPS injection (N=5/group, dashed bars). B.
Representative images (400x) of kidney sections stained by PAS from each group (mice that
received PBS: WT — image B1, hSR-BI tgn — image B2, and hSR-BII tgn — image B3), mice

J Immunol. Author manuscript; available in PMC 2017 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Baranova et al.

Page 32

that received. LPS: WT — image B4, hSR-BI tgn — image B5, and hSR-BII tgn — image B6.
The description of the arrows is in the Results section.
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Figure 9. Western Blot analyses of MAPK s activity in theliver and kidney of L PS-treated WT
and SR-B transgenic mice

Four hours after PBS or LPS (1 mg/kg, IP) injection into WT, hSR-BI and hSR-BII tgn mice
(n=3 for each group), mice were sacrificed; organs were collected and processed for
assessment of MAPKSs phosphorylation as described in the Materials and Methods section.

A. MAPK activity of liver samples using antibodies against phospho-ERK1/2 (upper panel)

or phospho-p38 (bottom panel). B. MAPK activity of kidney samples using antibodies

against phospho-ERK1/2 (top panel), phospho-JNK (middle panel), or phospho-p38 (bottom
panel). Equal loading of samples was ensured by using anti-ERK1/2, anti-JNK or anti-p38
MAPK antibodies against total (non-phosphorylated) MAPK protein.
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Figure 10. Dose-dependent L PS-induced IL-6 secretion in primary kidney epithelial cells (KECs)
from WT, hSR-BI and hSR-BII transgenic mice

A. KECs were incubated with LPS (0, 10, 50, 100 and 500 ng/ml) in serum-free DMEM
containing 2mg/ml BSA and 10mM HEPES pH 7.4 for 18 hours. Media were collected and
assayed for IL-6 secretion by ELISA.

* P<0.05, ** P<0.01 vs WT LPS-treated cells. B. Western blot analysis of KECs from WT
(lane 1), hSR-BI tgn (lane 2) and hSR-BII tgn (lane 3) mice. The expression of hSR-BI and
mSR-BI expression was detected utilizing an anti-SR-BI antibody (against C-terminal 450—
509 amino acid peptide, Novus Biologicals, cat. # NB400-101) and hSR-BI/hSR-BII protein
was detected using anti-human SR-BI/BII loop antibody (against 104—294 amino acid
peptide, BD Biosciences). Protein expression of $-actin was measured as the loading control.
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Table |
TagMan Real-Time PCR assays used in the study.

Species | Gene Name Gene Symbol | Life Technologies|D number
Mouse Interleukin 6 116 MmO00446190_m1
Mouse Chemokine (C-X-F motif) ligand 1 Cxcll Mm04207460_m1
Mouse Interleukin 1 beta 111b MmO00434228_m1
Mouse Transforming growth factor, beta 1 Tgfbl Mm01178820_m1
Mouse | Tumor necrosis factor Tnfa MmO00443258_m1
Mouse NLR family, pyrin domain containing 3 Nlrp3 MmO00840904_m1
Mouse | CD 36 antigen Cd36 MmO01135198_m1
Mouse Scavenger receptor, member 1 Scarbl MmO00450234_m1
Mouse Glyceraldehyde-3-phosphate dehydrogenase | Gapdh Mm03302249_g1
Mouse Actin, beta Actb MmO00607939_s1
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