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Abstract

The renin-angiotensin system (RAS) plays a critical role in the regulation of blood pressure.
Inappropriate activation of the RAS, particularly stimulation of the ACE-Ang I1-AT receptor axis
is a key factor in hypertension and AT1R antagonists (ARBSs) are first line therapies in the
treatment of cardiovascular disease (CVD). Accumulating evidence suggests that the Ang 11-AT{R
axis may stimulate both innate and adaptive immune systems. Indeed, recent studies suggest that
Ang Il stimulates inflammatory events in an AT1R-independent manner by binding the MD2
accessory protein of the TLR4 complex in renal NRK-52E cells. Direct Ang Il stimulation of the
TLR4 complex is clinically relevant as ARBs increase circulating Ang Il levels. Thus, the current
study further investigated Ang Il stimulation of the TLR4 pathway to release of the pro-
inflammatory cytokine CCL2 under identical conditions to the TLR4 ligands LPS and palmitate in
the NRK-52E cells. Although LPS (1 ng/mL) and palmitate (100 uM) stimulated CCL2 release
20-fold, Ang 11 (0.1-10 uM) failed to induce CCL2 release. Both the LPS and palmitate CCL2
responses were abolished by the TLR4 inhibitor Tak242 and significantly reduced by the MD2
inhibitor L48H37. Ang Il (1 uM) had no additive effects on LPS (1 ng/mL) or palmitate (100 pM),
and the ARB candesartan failed to attenuate CCL2 release to either agent alone. Ang Il also failed
to induce the release of the putative TLR4 ligand HMBGL1. These studies failed to confirm that
Ang Il directly stimulates the MD2-TLR4 complex to induce cytokine release in NRK-52E cells.

1. INTRODUCTION

The renin-angiotensin system (RAS) is a classic circulating system that plays a critical role
in the regulation of blood pressure and fluid homeostasis [3; 6; 12; 13; 46]. Inappropriate
activation of the RAS, particularly the stimulation of the ACE-Ang II-AT; receptor (AT1R)
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axis is likely a key factor in hypertension and the progression of other cardiovascular
pathologies [3; 12; 13; 40]. Indeed, therapeutic approaches to block the RAS by AT1R
antagonists (ARBs) and ACE inhibitors are well accepted therapeutic regimens in the
treatment of cardiovascular disease (CVD) including hypertension, heart failure and diabetic
nephropathy [12]. The functional tone of the RAS is mediated by the generation of the
octapeptide Ang Il which serves as the principal ligand for the AT4R, although alternative or
non-classical pathways including the AT,R and the ACE2-Ang-(1-7)-MasR may play an
antagonistic role [6; 12; 19]. Activation of the ACE-Ang I1-ATR axis leads to a complex
array of cellular signaling pathways in various tissues that may, in part, encompass an
increase in sympathetic tone, attenuation of the baroreflex pathway, stimulation of oxidative
stress, reduced nitric oxide, release of aldosterone, vasopressin and endothelin, elevated
intracellular calcium, as well as the stimulation of various sodium transporters within the
kidney that may all contribute to a sustained increase in blood pressure and end organ
damage [6; 12; 13; 46].

Mounting evidence suggests that the deleterious effects of the ACE-Ang II-AT4R axis on
CVD may also reflect the stimulation of both innate and adaptive immune systems [3; 10;
14; 16; 17; 22; 28; 31; 32; 40; 43; 49; 50]. Blockade or knockdown of the toll-like 4 receptor
(TLR4), an integral sensing and signaling component of the innate system, attenuates Ang
I1-dependent hypertension, as well as both cardiac and renal injury [9; 10; 14; 16; 43; 49]. In
regards to the innate immune system, Nair et al [30] proposed that Ang Il stimulates the
AT1R to release the high-mobility group protein 1 (HMBG1), a ligand for the TLR4 to
evoke inflammatory events [20; 37]. Knockdown of HMBG1 or a HMBG1 antibody
attenuated the Ang 11-AT1R stimulation of pro-inflammatory cytokines in the rat proximal
tubule NRK-52E cell line [30]. In contrast, Liang and colleagues [14; 49] proposed that Ang
Il stimulates the innate system by directly activating TLR4 through an AT1R-independent
mechanism. These investigators demonstrated that Ang Il binds the accessory protein
myeloid differentiator protein 2 (MD2) to induce association of the adaptor protein MyD88
with TLR4 and stimulate cytokine release in cardiac H9c2 and renal NRK-52E cells [14;
49]. The possibility for direct stimulation of the MD2-TLR4 complex by Ang Il is clinically
important as ARBs increase Ang Il levels due to the disinhibition of renin release [6; 12;
46]. Thus, ARB treatment may have the unattended consequence of stimulating a TLR4-
dependent inflammatory pathway that reflects elevated Ang Il. Indeed, this mechanism
could potentially underlie the less than optimal effects of ARBs in the treatment of CVD as
proposed by Ferrario and Mullick [12]. Given this critically important interaction of Ang 11
with MD2-TLRA4, the current study further investigated the ability of Ang Il to induce the
TLR4-dependent stimulation of the pro-inflammatory cytokine CCL2 (MCP-1) in the renal
NRK-52E cells, particularly in comparison to the established TLR4 ligands
lipopolysaccharide (LPS) and the saturated fatty acid palmitate [21; 33; 34; 35; 39; 42; 44;
47; 49]. In addition, we investigated the ability of Ang Il to induce the release of the TLR4
ligand HMBG1 and augment TLR4 expression as an alternative mechanism for Ang Il
stimulation of the innate system in the renal cells
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2. METHODS

2.1 Cell Culture

Normal kidney proximal tubule cells (NRK-52E) were obtained at passage 15 from
American Tissue Type Culture (ATTC, Arlington VA). Cells were maintained at 37°C in
plastic 75cm? flasks in Dulbecco’s modified Eagle’s medium (DMEM) containing 5% calf
serum (CS), 4.5 gm/L glucose, 2 mM L-Glutamine and 1.5 gm/L bicarbonate in the absence
of the antibiotics penicillin and streptomycin as recommended by the ATTC [5]. Cell were
passed into 24-well plates or 100 mm dishes. After 48 hours (h), the cell media was replaced
with serum-free DMEM for 48 h prior to treatment; the serum free media was replaced daily.
NRK-52E cells of passage 18 to 30 were used in this study.

2.2 Cell Treatments

NRK-52E cells, incubated in serum-free media for 48 h, were replenished with fresh media
and treated with LPS (1 ng/mL, E. Coli 0111:B4, Sigma, St. Louis, MI, USA), palmitate
(100 uM) or Ang 11 (0.1, 1.0 and 10.0 uM, Bachem Torrance CA USA) for 24 h. Cells were
pre-treated with Tak 242 (10 uM, Cayman Chemical Ann Arbor, M1 USA), L48H37 (100
UM, Sigma), or candesartan (10 pM, Selleckchem Houston, TX, USA) prior to the addition
of LPS or palmitate. All treatments were expressed as the final concentration of each agent
in the cell media. These agents were stored in stock solutions at —=80°C and on the day of the
experiment, a new vial was warmed to 37°C and diluted in warm DMEM media prior to
addition to the cells.

Preparation of the saturated palmitate was based on the procedure of Spector [45]. The use
of plastic ware was avoided whenever possible in the preparation of the palmitate-albumin
complex. Fatty acid free bovine serum albumin (BSA, 2.835 g, Sigma #A6003) was
dissolved in 50 mL of 150 mM NacCl in Millipore Milli-Q water at 37°C. To the BSA
solution, 40 mL of palmitate (Sigma. #P9767) initially dissolved in 150 mM NaCl at 70°C
was added in 5 mL aliquots and continuously stirred for 60 mins at 37°C until clear. The
final volume was adjusted to 100 mL of 150mM NaCl and the pH adjusted to 7.4. The
solution was passed through a 0.2 pmicron filter and stored in sterile glass vials at —20°C.

2.3 Cytokine and HMBGL1 Assays

Media was collected from the NRK-52E cells and stored at —20°C until assessed for
cytokine and HMBGL1 content. Cytokines (CCL2, IL-6, TNFa) were quantified in the cell
media from 24-well plates using a SimpleStep rat CCL2, IL-6 and TNFa ELISAs (Abcam,
Cambridge MA USA). The cell media samples were thawed on ice, diluted in the
appropriate ELISA assay buffer and directly added to the 96-well plate. The stated
sensitivities of the ELISAs were CCL2 (5.7 pg/mL), IL-6 () and TNFa. HMBG1 was also
quantified in cell media using a rat HMBG1 ELISA kit (MB765190, MyBiosource, San
Diego CA USA). Samples were also thawed on ice, diluted in the HMBG1 assay buffer and
then added to the 96-well plate. The stated sensitivity of the HMGB1 ELISA was 18.0
pg/mL Sample dilutions for both assays were adjusted so as not to exceed the upper limits of
the standard curves to assure the accurate measurement of both proteins under basal,
inhibitory and stimulatory conditions.
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2.4 Cell Fractionation

Nuclear and cytosolic fractions from the NRK-52E cells were prepared by a modification of
the method described by Nabbi and Riabowol [29] in which the non-ionic detergent Triton
X-100 was substituted for NP-40. Cells in 100 mm dishes were washed in ice cold PBS,
scraped into 2 mL microcentrifuge tubes with cold PBS and pelleted at 5,000 g for 3 min at
4°C. For the isolation of nuclei, the buffer was removed and the cell pellets homogenized in
1 ml cold PBS/1% Triton X-100 with a 1 ml pipet (3 strokes) followed by a 1 mL syringe
with a 27 gauge needle (5 strokes). The cell homogenates were centrifuge at 5,000 g for 10
min at 4°C. The resultant supernatant (“cytosol”) and pellet (“nuclei”) were stored at —20°C
for HMBG1 expression by immunoblot. To examine the effect of serum on HMBG1
distribution, cells were maintained for 72 hr in the media with 0.1, 0.5, 1.0, 2.5 or 5.0% CS.
For total cell homogenates, the buffer was removed, the cells washed in cold PBS and the
cell pellets stored at —20°C for TLR4 expression by immunoblot.

2.5 Immunoblot

The cellular expression of HMBG1 and TLR4 was determined by immunoblotting as
previously described [5]. In brief, cell pellets were prepared in 0.1 mL PBS containing
orthovanadate (1 mM), sodium fluoride (50 mM), EDTA (5 mM), PMSF (0.1 mM) and a
Sigma Protease Inhibitor cocktail (10 uL/mL; P8340) and immediately sonicated for 3
pulses at 3 seconds at an amplitude of 30% (Ultrasonic processor, Thermo-Fisher Scientific,
Waltham MA USA). Protein was quantified using a BioRad Protein kit (BioRad, Hercules
CA USA). The cell homogenate was diluted with an equal volume of Laemmli buffer and
boiled for 5 minutes. Samples of 10 micrograms (ug) for TLR4 or 25 pg (nuclei, cytosol)
were loaded onto a BioRad TGX Stain free 10% gel and proteins were separated
electrophoretically at 120 volts for 70 min followed by transfer to a PVDF membrane using
a BioRad Trans-Blot TurboTM transfer system. Membranes were blocked with 5% milk for
60 min at room temperature and probed overnight at 4°C with primary antibodies for TLR4
(1:2000; sc-293072, Santa-Cruz Biotechnology, Dallas TX, USA), HMBG1 (1:1000; #6893
Cell Signaling, Danvers MA USA) and nucleoporin 98 (1:1000; #2598, Cell Signaling). The
following day, membranes were incubated for 60 min in an anti-rabbit secondary antibody
(1:5000, NA934, GE Healthcare, Boston MA) in 5% milk at RT followed by a 5 min
incubation with Femto (1:5 dilution, Thermo Scientific); reactive bands were visualized with
the BioRad ChemiDoc system. HMBG1 or TLR4 were expressed as the ratio of each protein
to the total protein in each lane of the blots.

2.6 Statistical analysis

All measurements are expressed as mean + standard error (SEM). Group differences were
analyzed by Students’-test (two-tailed) or one-way analysis of variance (ANOVA) with
Tukey’s multiple comparisons analysis. Statistical analyses were performed and figures
constructed with GraphPad Prism 8.1 (GraphPad Software, San Diego, California, USA). A
probability value of P<0.05 was set for the minimum value of statistical significance.
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3. RESULTS

3.1 CCL2 Release

The potential pathway in the NRK-52E cells whereby Ang Il, LPS or palmitate bind the
MD2-TLR4 complex to induce cytokine release is depicted in Figure 1A. We utilized the
curcumin analog L48H37 (Ki of 11 uM) to block the accessory protein MD2 and Tak 242,
(ICgq of 10 nM) to block the association of TLR4 with adaptor proteins (MyD88, TRAM)
that would inhibit downstream signaling [25; 48]. Initial studies determined the extent that
the TLR4 ligands LPS and palmitate stimulated the release of CCL2 in the NRK-52E cells.
The 24 h treatment with LPS (1 ng/ml) or palmitate (100 uM) elicited a robust increase in
CCL2 release by approximately 20-fold (Figures 2 and 3, respectively). Pre-treatment of the
cells with Tak 242 (10 uM) abolished both the LPS and palmitate-induced release of CCL2
(Figures 2 and 3, respectively). The MD2 inhibitor L48H37 (100 pM) also significantly
reduced the release of CCL2 to both LPS and palmitate (Figures 2 and 3, respectively).
These results strongly imply that the MD2-TLR4 pathway mediates the stimulatory effects
of LPS and palmitate to induce CCL2 release and confirm previous reports in the NRK-52E
cells and other cell lines [18; 21; 24; 26; 33;36; 44; 49]. In contrast, 24 h treatment with Ang
Il at concentrations from 0.1 to 10 pM failed to stimulate CCL2 release (Figure 4). Addition
of Ang Il (1 pM) to LPS (1 ng/ml) or palmitate (100 uM) also failed to exacerbate the
stimulatory effects of LPS or palmitate (Figures 2 and 3, respectively). Pretreatment of the
cells with the AT1R antagonist candesartan (10 uM) did not attenuate the release of CCL2 by
LPS (Figure 2). Finally, LPS (1 ng/mL) increased IL-6 content approximately 5-fold [12 + 2
vs. 63 + 5 pg/mL, N=3; p<0.05] that was blocked by Tak 242 [11 + 3 pg/mL, P<0.05 vs.
LPS] while Ang Il (1 uM) failed to stimulate IL-6 [12 + 2 vs. 15 £+ 3 pg/mL, N=3]; however,
both LPS and Ang Il failed to stimulate TNF-a levels in the NRK-52E cells (data not
shown).

3.2 HMBGI1 Release

A putative activator of the TLR4 signaling cascade that belongs to the family of danger-
associated molecular patterns molecules (DAMPS) is HMBG1 [20; 37]. As shown in Figure
1B, Ang Il may bind the AT¢R to induce the extracellular release of HMBG1 that
subsequently stimulates the MD2-TLR4 complex [30]. The HMBG1 protein exclusively
localizes to the cell nucleus, but following cell damage or stress, the protein undergoes
extracellular release and may bind TLR4 to provoke an inflammatory response [4; 20; 37].
Nair and colleagues [30] reported that Ang Il stimulated the release of HMBG1 to activate
TLR4 and induce cytokine release in the NRK-52E cells. Although Ang Il failed to
stimulate CCL2 in our study, we determined whether Ang Il or the TLR4 agonists LPS and
palmitate induced the release of HMBGL1 in the NRK-52E cells. As shown in Figure 6, basal
levels of HMBGL1 in the cell media assessed by the HMBG1 ELISA were essentially
identical to that in the Nair study at ~3 ng/mL [30]. However, treatment with Ang Il (1 and
10 uM), LPS (1 and 100 ng/ml) or palmitate (100 uM) failed to stimulate HMBGL1 release
(Figure 5). Indeed, HMBGL1 release was significantly lower with the 1 ng/mL dose of LPS as
compared to basal conditions (Figure 5) Pretreatment with the TLR4 inhibitor Tak 242 (10
UM) or the AT1R antagonist candesartan (10 pM) did not attenuate the basal levels of
HMBGL in the NRK-52E cells (Figure 5). Finally, LPS (1 ng/mL) increased IL-6 content
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approximately 3-fold [56 + 6 vs.148 £ 13 pg/mL, N=3; p<0.05 vs. Control] which was
blocked by Tak242 [53 £ 5 pg/mL, P<0.05 vs. LPS]; however Ang Il (1 uM) failed to
stimulate IL-6 [61 + 10 pg/mL, P>0.05 vs. Control, N=3] and both LPS and Ang Il failed to
stimulate TNF-a. levels in the NRK-52E cells (data not shown).

3.3 HMBG1 Localization

We then determined the intracellular distribution of HMBGL1 in the cytosolic and nuclear
fractions of the NRK-52E cells. As shown in Figure 6A, both vehicle (lanes 1 and 5) and
palmitate-treated cells (lanes 2—4 and 6-8; 50, 100 and 200 UM, respectively) show
prominent expression of the HMBG1 (30 kDa band) in the cytosolic fractions (lanes 1-4)
versus the corresponding nuclear fractions (lanes 5-8). The blot was re-probed with the
nuclear marker nucleoporin 98 to confirm nuclei (lanes 5-8) (Figure 6B). The total protein
for each lane of the gel is shown in Figure 6C. We combined the cytosolic and nuclear data
from this experiment to demonstrate a greater expression HMBGL1 in the cytosolic fractions
(Figure 6D). Given the prominent expression of HMBGL1 in the cytosolic fraction, we
addressed whether the cell culture conditions, particularly the lack of serum influenced the
cytosolic localization of the protein. As shown in Figure 7, we observed comparable
expression of HMBGL1 in the cytosolic and nuclear fractions irrespective of the different
concentrations of serum from 0.1 to 5% fetal bovine serum. Note that the subcellular data
from Figures 6 and 7 are from single experiments in the NRK-52E cells.

3.4 TLR4 Expression

Finally, we determined the effects of Ang Il (1 pM) and LPS (1 ng/mL) on the expression of
TLR4 in the NRK-52E cells. An increase in TLR4 expression in the presence of
extracellular levels of HMBG1 may potentially evoke TLR4 signaling (Figure 1B). As
shown in the full length immunoblot, the major band corresponded to the molecular size of
TLR4 at 90 kDa which confirms TLR4 expression, as well as both Tak 242 and L48H37
sensitivity in the NRK-52E cells (Figure 8A). The total protein for each lane is shown in
Figure 8B. Comparison of the density ratios of the 90 kDa TLR4 band to the total protein of
each lane revealed that neither LPS nor Ang Il increased TLR4 expression in the NRK-52E
cells (Figure 8C).

4. Discussion

The present study assessed the ability of Ang Il to stimulate the MD2-TLR4 pathway in the
release of the pro-inflammatory cytokine CCL2 in rat proximal tubule NRK-52E cells. The
NRK-52E cells are considered a cell model of the proximal tubule epithelium that express a
complete RAS and exhibit pro-inflammatory and pro-fibrotic pathways that may parallel
tubulointerstial injury in the kidney [1; 2; 5; 7; 38; 40; 41; 49]. Although we demonstrated a
robust stimulation of CCL2 by the TLR4 ligands LPS and palmitate, Ang Il over a dose
range of 0.1 to 10 uM failed to stimulate CCL2 release in the NRK-52E cells. The
combination of Ang Il with LPS or palmitate failed to augment the release of CCL2 above
that of LPS or palmitate alone. Treatment with the selective ATR antagonist candesartan
also failed to blunt the cytokine response to LPS and palmitate. Moreover, LPS stimulated
IL-6 that was blocked by Tak 242, but Ang 1l failed to stimulate this cytokine. Finally, we
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assessed the role of HMBGL1 in the cytokine response in the NRK-52E cells. The
extracellular release of HMBG1 was not stimulated by LPS, palmitate or Ang Il suggesting
that HMBGL is not involved in the LPS or palmitate dependent CCL2 response in these
cells.

The Ang 11-AT4R axis of the RAS plays an integral role in blood pressure regulation and
dysregulation of this axis likely contributes to hypertension and other cardiovascular
pathologies [3; 6; 12; 46]. Indeed, the blockade of the RAS by ACE inhibitors to attenuate
Ang Il formation or AT1R antagonists to block Ang Il binding are important therapeutic
regimens in the treatment of CVD [12; 46]. Accumulating experimental evidence suggests
an important relationship between an activated Ang I1-AT4R axis of the RAS and
inflammatory pathways [3; 11; 17: 22; 31]. Blockade of TLR4 with Tak 242 or a TLR4
antibody attenuates the hypertensive response, vascular dysfunction and cardiac hypertrophy
to Ang Il [9; 10; 16; 26]. Moreover, TLR4 and MD2 knockout mice exhibit an attenuated
response regarding cardiac and renal injury to Ang Il that was independent of a reduction in
blood pressure [14; 43; 49]. However, the mechanisms involved in the Ang Il-dependent
stimulation of TLR4 remain equivocal. Xu et al [49] reported that Ang Il directly stimulates
the TLR4 inflammatory pathway by binding to the TLR4 accessory protein MD2 and
activating the TLR4-MyD88 pathway in renal NRK-52E cells (Figure 1A). Both Tak 242
and the MD2 inhibitor L6H21 abolished the Ang Il-dependent release of pro-inflammatory
cytokines; however, the AT{R antagonist valsartan failed to block the Ang Il response
suggesting the ATR-independent stimulation of TLR4 [49]. The clinical relevance of these
results reflects that ARBs increase the circulating levels of Ang Il which may provoke the
stimulation of the TLR4 inflammatory pathway [6; 12; 46].

The present study, however, could not confirm that Ang Il directly stimulates the MD2-
TLR4 pathway in the NRK-52E cells. Treatment with Ang Il over a dose range of 0.1 to 10
UM failed to increase CCL2 release while the TLR4 ligands LPS and palmitate induced a
robust CCL2 response. The stimulation of CCL2 to both LPS and palmitate was abolished
by the selective TLR4 inhibitor Tak 242 and significantly reduced by the MD2 inhibitor
L48H37. The combination of Ang Il with either LPS or palmitate also failed to augment
cytokine release above that of either agent alone suggesting that Ang Il exhibits no additive
effects. Moreover, treatment with candesartan failed to attenuate the response to LPS or
palmitate and it is unlikely that either agent stimulates cellular levels of Ang Il that
contribute to a TLR4-dependent response. Xu et al [49] reported a binding constant (KD) of
200 uM for the association of Ang Il and MD2 using an ex vivo protein interaction assay. As
the highest dose of Ang Il in our study was 10 pM, it’s possible that we did not achieve a
sufficient Ang Il concentration to stimulate the MD2-TLR4 complex. However, the Xu study
[49] utilized 1 uM Ang 11 to stimulate cytokine release and TLR4-MyD88 association in the
NRK-52E cells. At this time, we cannot explain the discrepancy between the KD value for
Ang 11-MD2 binding and the 200-fold lower dose of Ang Il that stimulated cytokine release
[49]. We note that an Ang Il concentration of 200 uM for MD2 binding is unlikely to be
achieved under in vivo conditions as circulating Ang Il levels typically range from 10 to 100
pM [6].
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Nair et al. [30] also reported that Ang Il (1 uM) stimulated cytokine release in the NRK-52E
cells; however, the Ang Il response was abolished by the ATR antagonist losartan. These
investigators proposed that the Ang I1-AT4R binding induced the downstream release of
HMBGL1 to activate the TLR4 complex [30] (Figure 1B). Ang Il had a small (~20%) effect
on HMBG1 release, but a more pronounced impact to increase TLR4 protein expression 3—4
fold [30]. Treatment with an antibody against HMBG1 or TLR4 siRNA reduced the Ang |1
response [30]. HMBGL1 typically localizes to the nucleus to regulate chromatin organization
and transcription, but the protein is released into the cytosol and extracellular compartment
following cell stress or injury [4; 20; 37]. Indeed, extracellular HMBG1 may function as an
endogenous ligand for TLR4 in injured tissues [20; 37]. We detected comparable
extracellular levels of HMBG1 (~3 ng/mL or 100 pM) to those in the Nair study [30], but
Ang Il failed to stimulate the HMBG1 release or augment TLR4 protein expression in the
NRK-52E cells. He et al [15] recently reported a KD of 0.6 uM for the binding of HMBG1
to MD2. The extracellular HMBG1 concentration of 100 pM in the NRK-52E cells is 6,000-
fold below its KD value to bind MD2-TLR4 and potentially stimulate cytokine release.
Further characterization of the NRK-52E cells under basal conditions or those treated with
palmitate revealed HMBG1 expression predominantly in the cytosolic fraction of the cells.
The cellular distribution of HMBG1 appeared similar in NRK-52E cells that were
maintained in different amounts of serum. These preliminary data suggest that the
incubation conditions (presence or absence of serum) did not influence the intracellular
distribution of HMBG1. Additional studies are required to define the mechanisms that
influence the subcellular localization and regulation of HMBGL1 release in the NRK-52E
cells, as well as reconcile the extracellular HMBG1 concentration to its KD value for MD2-
TLR4 necessary to evoke cytokine release.

In conclusion, the present studies do not support the tenet that Ang Il binds to the MD2-
TLR4 complex to stimulate cytokine release under conditions that demonstrate a robust
stimulatory effect of the TLR4 ligands LPS and palmitate. Moreover, we cannot confirm that
TLR agonists LPS and palmitate or Ang Il stimulates the release of HMBGL1 or increase
TLR4 expression in the renal epithelial cells that could potentially contribute to an
inflammatory response. We acknowledge that the current study was performed solely in the
NRK-52E cell line and that these results may not reflect the inflammatory pathways within
the kidney or other tissues. Although the NRK-52E cells are reported to express a complete
RAS including AT1R, we did not determine the presence of functional AT1Rs per se in the
present study. In addition, our studies primarily focused on the release of CCL2, a key
cytokine in tissue inflammation and fibrosis and we did not perform a comprehensive
assessment of other cytokines nor attempt to directly inhibit the extracellular levels of
HMBG1. However, in lieu of the current data and previous studies that TLR4 knockout or
Tak 242 treatment has beneficial cardiovascular outcomes, a more plausible mechanism for
the in vivo actions of Ang Il is that the peptide indirectly stimulates TLR4 through the
release of DAMPs that induce the innate immune pathway. Indeed, Zhao and colleagues [50]
recently showed that the inflammatory response to Ang Il reflected the blood pressure-
dependent release of the DAMP ATP to stimulate P2X7 receptors rather than the direct
actions of Ang Il. In this regard, further studies are required to establish the mechanisms for
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Ang l1-dependent stimulation of inflammatory events involved in cardiovascular disease that
are mediated by TLRA4.
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Highlights

Angiotensin Il does not stimulate the MD2-TLR4 pathway to induce release
of the cytokine CCL2 (MCP-1) in the rat renal epithelial NRK-52E cells.

The TLR4 agonists LPS and palmitate markedly stimulated CCL2 release that
was abolished by the TLR4 inhibitor Tak 242 and reduced by the MD2
inhibitor L48H37.

Angiotensin 1 failed to stimulate the release of the TLR4 ligand HMBGL1 to
concentrations required to bind MD2-TLR or increase expression of TLR4 in
the NRK-52E cells.

Subcellular fractionation revealed that HMBG1 was predominantly localized
to the cytosolic fraction of the NRK-5E cells.
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Figure 1: Potential pathways for Ang Il stimulation of MD2-TLR4 innate pathway in NRK-52E
cells.

Panel A: Ang Il binds to the accessory protein MD2 to stimulate the TLR4 complex and
subsequently NFKB to increase the release of pro-inflammatory cytokines. LPS and
palmitate also bind to MD2 to stimulate the TLR4 pathway. L48H37 blocks binding to MD2
and Tak242 blocks TLR4 binding to accessory proteins MyD88 and TRAM. Panel B: Ang
11 binds the AT1 receptor (AT1R) to induce the nuclear translocation of HMBGL to the
cytosol and subsequent extracellular release. Extracellular HMBGL1 activates the TLR4
complex by binding to the MD2 accessory protein to induce the release of pro-inflammatory
cytokines.
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Figure 2: LPS stimulates CCL2 release in NRK-52E cells.
LPS (1 ng/mL) stimulates CCL2 release over a 24 h period. CL2 release to LPS was

abolished by Tak242 (+TAK, 10 uM) and attenuated by L48H37 (+L48, 100 uM). Addition
of Ang Il (+All, 1 uM) or candesartan (+CAN, 5 uM) to LPS (1 ng/mL) did not change
CCL2 levels as compared to LPS treatment alone. Data are means + SEM; N=4
determinations from 4 separate cell passages. *P<0.01 vs. basal; 8P<0.05 vs. LPS.
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Figure 3: Palmitate stimulates CCL2 release in NRK-52E cells.

Palmitate (PAL, 100 uM) stimulates CCL2 release over a 24 h period. CCL2 release to PAL
was abolished by Tak 242 (+TAK, 10 uM) and attenuated by L48H37 (+L48, 100 uM).
Addition of Ang Il (+All, 1 uM) to PAL (+100 pM) did not change CCL2 levels as
compared to PAL treatment alone. Data are means + SEM; N=4 determinations from 4

separate cell passages. *P<0.01 vs. basal; §P<0.05 vs. PALM.
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Figure 4: Ang Il fails to stimulate CCL2 release in NRK-52E cells.

Ang Il (All) at concentrations of 0.1, 1.0 and 10 uM did not stimulate CCL2 release over a
24 h period. Data are means + SEM; N=4 determinations from 4 separate cell passages.
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Figure 5: Ang 11, LPS or palmitate fail to increase HMBGL1 release in NRK-52E cells.
Effects of treatment with Ang Il (All, 1 and 10 puM), LPS (1 and 100 ng/mL), palmitate

(PAL, 100 pM), Tak 242 (TAK, 10 uM), or candesartan (CAN, 10 uM) on extracellular
levels of HMBG1 over a 24 hr period in NRK-52E cells. Data are means + SEM; N=4
determinations from 4 separate cell passages. *P<0.05 vs. basal.
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Figure 6: Nuclear and cytosolic expression of HMBGL1 in the NRK-52E cells.
Nuclear and cytosolic fractions were prepared from control and palmitate-stimulated

NRK-52E cells following a 48 hr period in serum-free conditions. The immunoblot was
probed with an HMBG1 antibody (A), and the gel stripped and re-probed with a nucleoporin
98 antibody (B). The total protein for each lane is shown in C. The density ratios of HMBG1
to total protein of the combined cytosolic and nuclear fractions are shown in D (mean +
SEM; N=4; *P<0.5). Lanes 1-4 are cytosolic fractions from vehicle and palmitate at 50, 100
and 200 pM, respectively. Lanes 5-8 are the corresponding nuclear fractions from vehicle
and palmitate at 50,100 and 200 pM, respectively. The immunoblot data are from a single
experiment.
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Figure 7: Effect of serum on the nuclear and cytosolic expression of HMBGL1 in the NRK-52E

cells.

Nuclear and cytosolic fractions were prepared from NRK-52E cells maintained in different
concentrations of calf serum (CS). The blot was probed with an HMBG1 antibody (A), the
gel stripped and re-probed with a nucleoporin 98 antibody (B) for nuclei. The total protein
for each lane is shown in C. Lanes 1-5 are cytosolic fractions from cells maintained in 5,
2.5,1.0.,0.5 0r 0.1% CS, respectively. Lanes 6-9 are the corresponding nuclear fractions
from cells in 5, 2.5, 1 or 0.5% CS, respectively. The immunoblot data are from a single
experiment.

Peptides. Author manuscript; available in PMC 2022 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Okechukwu et al.

Page 20

TLR4

90 kDa| —

"’:;'r*-'g{’i‘ E— b

r ¥

Total Protein

-y

|

1 2 3 4 5 6 7 8 9

Basal LPS All

O

wl
e

Density Ratio
=]
tn

8
o

A

Basal LPS

Figure 8: Ang Il or LPS fail to increase TLR4 protein expression in the NRK-52E cells.
Effects of Ang Il (1 uM) or LPS (1 ng/mL) on TLR4 expression over a 24 h period in

NRK-52E cells. The total cell homogenate was prepared and the immunoblot probed with a
TLR4 antibody that revealed a major band at 90 kDa (A). The total protein for each lane is
shown in B. Ratio of the densities of the TLR4 90 kDa band to the total protein (C). Lanes
1-3 are vehicle treatment, lanes 4-6 are the corresponding LPS treatment and lanes 6-9 are
the corresponding Ang 1l treatment. Data are means + SEM; N=3 determinations from 3

separate cell passages.
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