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Abstract

Hypertensive nephropathy (HN) is a common cause of end-stage renal disease with renal fibrosis;
chronic kidney disease is associated with elevated serum gastrin. However, the relationship
between gastrin and renal fibrosis in HN is still unknown. We, now, report that mice with
angiotensin 1l (Ang I1)-induced HN had increased renal cholecystokinin receptor B (CCKBR)
expression. Knockout of CCKBR in mice aggravated, while long-term subcutaneous infusion

of gastrin ameliorated the renal injury and interstitial fibrosis in HN and unilateral ureteral
obstruction (UUO). The protective effects of gastrin on renal fibrosis can be independent of

its regulation of blood pressure, because in UUO, gastrin decreased renal fibrosis without
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affecting blood pressure. Gastrin treatment decreased Ang Il-induced renal tubule cell apoptosis,
reversed Ang Il-mediated inhibition of macrophage efferocytosis, and reduced renal inflammation.
A screening of the regulatory factors of efferocytosis showed involvement of peroxisome
proliferator-activated receptor a (PPAR-a). Knockdown of PPAR-a by shRNA blocked the
anti-fibrotic effect of gastrin /n vitroin mouse renal proximal tubule cells and macrophages.
Immunofluorescence microscopy, Western blotting, luciferase reporter, and Cut&tag-qgPCR
analyses showed that CCKBR may be a transcription factor of PPAR-a, because gastrin

treatment induced CCKBR translocation from cytosol to nucleus, binding to the PPAR-a promoter
region, and increasing PPAR-a gene transcription. In conclusion, gastrin protects against HN by
normalizing blood pressure, decreasing renal tubule cell apoptosis, and increasing macrophage
efferocytosis. Gastrin-mediated CCKBR nuclear translocation may make it act as a transcription
factor of PPAR-a, which is a novel signaling pathway. Gastrin may be a new potential drug for
HN therapy.

Introduction

Hypertensive nephropathy (HN) is a cause of chronic kidney disease (CKD), and is the
second leading cause of end-stage renal disease, after diabetes nephropathy [1]. Fibrosis

is one of the major pathological changes in HN, which is characterized by glomerular
sclerosis, tubular atrophy, and interstitial fibrosis [2], consequently reducing renal function
[3]. Although the exact mechanisms that lead to renal fibrosis are still not clear, there are
some possible effective strategies to prevent or limit its progression [4-6]. Thus, a better
understanding of the mechanisms involved in the progression of HN and finding appropriate
methods to treat HN are essential.

Clinical data and animal experiments have shown that CKD is associated with increased
serum gastrin levels [7,8]; there is an inverse relationship between glomerular filtration rate
and serum gastrin levels. However, it is not clear if the increase in serum gastrin level with
the decrease in glomerular filtration rate is the result of CKD or an attempt of the body

to protect against kidney damage. Gastrin is produced by the G cells of the gastric antrum
[9]. Among the different gut hormones, gastrin is the one that is taken up the most by renal
proximal tubule (RPT) cells [10]. We have reported that the intrarenal infusion of gastrin
induces natriuresis and diuresis in normotensive Wistar-Kyoto rats but not in spontaneously
hypertensive rats [11]. However, a mixed meal increases serum gastrin to levels that are
higher in hypertensive than normotensive humans [12]. Thus, we wondered whether gastrin
has a beneficial effect in HN.

Many factors can impair renal function, such as hypertension, renal cell injury,
inflammation, fibroblast formation, extracellular matrix accumulation, and epithelial-
mesenchymal transition [1,13-15]. Among the different factors, inflammation plays a critical
role in the development of HN [16]. Persistent inflammation can be the result of the
generation of apoptotic cells and defective efferocytosis [17]. Gastrin can suppress or reverse
cell apoptosis by activation of the PI3K-AKT and ERK1/2 pathways [18], which are critical
in inducing efferocytosis [19]. However, the role of gastrin in these processes, and whether
gastrin could influence the development of HN through these processes are unknown.
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Since fibrosis is important in pathogenesis of HN [14,20], we treated mice with HN or
unilateral ureteral obstruction (UUQ) with gastrin and analysed the influence of gastrin on
renal fibrosis. Due to the critical role of inflammation in the development of fibrosis in HN
[14,20], we also tested the effects of gastrin on inflammation and fibrosis /n vitroin RPT
cells and monocytic RAW?264.7 cells. The present study aimed to elucidate the relationship
between gastrin and HN, as well as how gastrin influences HN.

Cholecystokinin receptor B (CCKBR)-deficient (CCKBR™~) mice [21] were obtained from
Jackson Laboratory and bred in an AAALAC-accredited facility. The wild-type (WT,
CCKBR**) mice housed in the same cages were used as control. The mice were housed

in a controlled environment (20 £ 2°C, 12/12 h light/dark cycles), with free access to water
and standard rodent chow. All experimental procedures were approved by the Animal Care
and Use Committee of The Third Military Medical University. All experiments conformed
to the guidelines for the ethical use of animals, and all efforts were made to minimize animal
suffering and reduce the number of animals used. All the /7 vivo studies were performed at
the Animal Center of The Third Military Medical University.

WT (CCKBR**) and CCKBR ™~ mice (8 weeks old) were used in these experiments. Alzet
osmotic minipumps (Model 1004, Durect Corporation, CA) were subcutaneously implanted
in the dorsal region of the body under isoflurane anesthesia. The minipumps were loaded
with saline as vehicle alone (control) or chemicals and infused at a rate of 2.64 pl/days (d)
for 28 d as described previously [22]. The infusate contained the saline vehicle (control, 2.64
pl/d, 100 pl in the pump), angiotensin 11 (Ang 1, 1.44 mg/kg body weight/d, 100 pl in the
pump, Sigma-Aldrich, Shanghai, China) or/and gastrin (120 pg/kg body weight/d, 100 pl in
the pump, Sigma-Aldrich) [23,24]. Blood pressure was measured weekly by an investigator
who was blinded to the group information, using the tail-cuff method. (ML125, PowerLab,
AD Instruments, Castle Hill, Australia). After 28 d of treatment, the mice were weighed,
serum and urine were collected (blood was collected from the eyes), and then the mice were
killed with an overdose of 6% chloral hydrate (6 ml/kg). The kidneys were immediately
excised, weighed, and processed for analysis.

UUO was performed, using an established protocol [25]. Briefly, the WT (CCKBR**) mice
(8 weeks old) were anesthetized followed by a lateral incision at the back. After the left
ureter was exposed, it was tied with a silk suture at two points and permanently ligated.
Saline, as vehicle (control, 2.64 pl/d, 100 pl in the pump), or gastrin (120 ug/kg body
weight/d, 100 pl in the pump) was infused subcutaneously, via Alzet osmotic minipumps,
as described above. After 7 d, the mice were weighed, serum and urine were collected
(blood was collected from the eyes), and then the mice were killed with an overdose of 6%
chloral hydrate (6 ml/kg). The kidneys were immediately excised, weighed, and processed
for analysis.
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Cell culture and RNA interference

RAW?264.7 cells (ATCC®-TIB-71™) and primary macrophages were maintained in
RPMI164. Mouse RPT cells used in these experiments were originally provided by Dr
Ulrich Hopfer of the Case Western Reserve University School of Medicine [26,27] and
maintained in DMEM-F-12 with 10% fetal bovine serum, 100 1U/ml penicillin, 200 1U/ml
streptomycin, and 250 g/ml amphotericin B. The cells were grown at 37°C and 5% CO, in
humidified air. In the apoptosis experiments, the RPT cells were treated with Ang Il (1078
mol/l) [28], gastrin (10~7 mol/I) [11], or C1988 (CCKBR inhibitor, 10~7 mol/l) [29] for 48
h. In the efferocytosis experiments, RAW264.7 cells were treated with Ang 11 (1078 mol/l),
gastrin (107 mol/l), and C1988 (10~7 mol/l) for 24 h. The vehicle groups were treatedwith
the same volume of saline, instead of the drugs. The silencing of peroxisome proliferators
activated receptor a (PPAR-a) was performed by PPAR a-specific ShRNA transfected
with lentiviral particles (lenti-shPPAR-a, Santa Cruz, Shanghai, China). Scramble sShRNA
transfected with lentiviral particles (Santa Cruz) was used as the control oligonucleotide. In
these in vitro experiments, the cells were collected 3 d after transfection to determine the
efficiency of gene knockdown using gRT-PCR.

Urine and blood analyses

At the end of the experiments, urine was collected for 24 h in mice placed individually in
metabolic cages. Serum creatinine was determined using a Hitachi multi-analyzer (Hitachi,
205D; Hitachinaka, Japan). The concentrations of urinary albumin were measured by the
Coomassie brilliant blue G250 method, using bovine serum albumin as standard. Briefly, 10
ul of urine were denatured with loading buffer and then resolved by electrophoresis on an
8% sodium dodecyl sulfate polyacrylamide gel. The proteins on the gel were detected by
Coomassie blue staining.

Renal histopathology

The kidneys were fixed and then dehydrated in increasing concentrations of ethanol. Then,
the treated kidneys were cleared in xylene and embedded in paraffin. The samples were

cut into 4 um thick sections for staining, followed by staining with hematoxylin and eosin;
morphology was scored to determine the extent of renal damage. These histopathologic
damages included tubule epithelial cell swelling and vacuolization, cast formation, and
desquamation. Scoring was: 0, normal; 1, <10% injury; 2, 11-25% injury; 3, 26-50% injury;
4, 51-75%, and 5, >75% injury, modified from Gao et al. [30] Tubular atrophy was assessed
by staining the renal sections with periodic acid—Schiff (PAS), and tubular atrophy was
defined as loss of tubular nuclei, reduced tubular diameter, and thickened tubular basement
membrane. The tubular atrophy index was quantified by measuring the ratio of the number
of dead tubule cells to the number of total tubule cells. Renal fibrosis was assessed by
staining the renal sections with Masson’s trichrome and Sirius Red. The glomerular collagen
content was quantified by measuring the ratio of fibrosis staining area to the total staining
area (examined under a microscope). To quantify the number of glomeruli (per area, 10x),
20 serial sections of the entire kidney were used (per animal, 7=3) [31]. Quantification was
conducted by an investigator who was blinded to the group information of the samples.
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TUNEL assay

Apoptosis was detected by TUNEL assay (Roche, Shanghai, China). In brief, the kidney
sections were placed on slides heated at 65°C, washed in xylene, and dehydrated through a
graded series of ethanol solutions. Then, the sections were incubated in 10 pg/ml protease
K (Sigma-Aldrich) for 30 min at 37°C, followed with 0.5% Triton X-100 for 10 min.

The sections were rinsed with PBS (5 min, three times), and then incubated in 50 pl of
TUNEL reaction mixture for 60 min at 37°C, in a humidified atmosphere in the absence

of light. After washing with PBS (5 min, three times), the sections were stained with

DAPI, before being imaged under a laser scanning confocal microscope. The number of
TUNEL-positive nuclei was quantified in 10 high-power fields from three different sections.
Data were expressed as the average number of TUNEL-positive nuclei per high-power field.
Quantification was conducted by an investigator who was blinded to the group information
of the samples.

Immunofluorescence microscopy

The Kkidney sections in glass slides were deparaffinized and rehydrated. Antigen was
retrieved by heating in microwave the kidney sections in sodium citrate-EDTA antigen
retrieval solution. The cells fixed on glass slides were treated with 4% paraformaldehyde.
After PBS rinses (5 min, three times), the kidney sections and cells were mixed with
immunostaining blocking solution for 1 h at room temperature to prevent nonspecific
antibody binding. Then, the kidney sections and cells were incubated with the primary
antibody at 4°C overnight. After washing with PBS for 5 min, three times, the sections

and cells were incubated with secondary antibody at room temperature for 1 h. Finally,
after washing with PBS (5 min, three times), the sections and cells were stained with DAPI
before being imaged under a laser scanning confocal microscope. The following antibodies
used were: F4/80, CDH16, cleaved caspase 3, CCKBR, goat anti-mouse IgG (FITC), goat
anti-rabbit 1gG (Cy3), goat anti-mouse 1gG (Cy3), donkey anti-goat IgG (Alexa Fluor™
Plus 647), and donkey anti-goat 1gG (Cy3). The information on these antibodies is listed in
Supplementary Table S1. The images were collected by an investigator who was blinded to
the group information of the samples.

Preparation of peritoneal macrophages

The WT (CCKBR*/*) and CCKBR ™~ mice were intraperitoneally injected with 1 ml of
4% thioglycollate broth (Sigma-Aldrich) at 0 d. Four days later, the mice were killed [32].
The abdomen was opened, leaving the peritoneum intact. The peritoneal cavity was quickly
flushed with 10 ml of wash buffer (RPMI11640, 2% FBS, 0.04% EDTA), using a 10 ml
syringe attached to an 18 G needle. The wash buffer was retrieved slowly with the same
needle/syringe, into a 50 ml tube. Peritoneal lavage was performed twice with 1 x PBS

and the peritoneal macrophages were suspended in RPMI11640 tissue culture medium at a
density of 2 x 10° cells/ml. An aliquot of 500 pl was placed into each well of a 24-well
plate. The plates with the cells were incubated in a tissue culture incubator for 2 h at 37°C.
The floating cells were aspirated into 500 pl of fresh culture medium, twice [33].
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Preparation of kidney-resident macrophages

The renal macrophages from mouse kidneys were isolated, as previously described [34]. In
brief, kidneys from WT (CCKBR*/*) mice were finely minced and digested with 0.4 mg/ml
collagenase D and 0.01 mg/ml DNAse | in DMEM, supplemented with 10% heat-inactivated
fetal calf serum for 45 min at 37°C. The cell suspensions were sequentially filtered through
75 and 40 pm nylon meshes and were washed with HBSS, without Ca2* and Mg?*
(Invitrogen, U.S.A.). Single-cell suspensions were separated, using Percoll density gradient
(70% and 40%) centrifugation. The macrophage-enriched cell suspension was aspirated
from the Percoll interface. Then, F4/80* cells were isolated from the cell suspension

using anti-F4/80 MicroBeads UltraPure (Miltenyi Biotec Technology, Shanghai, China). The
isolated macrophages were stained with anti-F4/80 and CD11b and were assessed by flow
cytometry. This method yielded greater than 90% macrophages.

In vivo efferocytosis analysis

For in vivo peritoneal macrophage phagocytosis (efferocytosis) assays, CCKBR™'~ or WT
(CCKBR*/*) mice were subcutaneously infused, via an Alzet osmotic minipumps, with the
saline vehicle (control, 2.64 pl/d), Ang 11 (1.44 mg/kg body weight/d), and/or gastrin (120
na/kg body weight/d) for 28 d. Subsequently, peritonitis was induced in these mice by

the intraperitoneal injection of 1 ml of 4% thioglycollate broth [32]. Three days after the
injection, 1 x 107 (1 ml) BCECF AM-labeled apoptotic Jurkat cells were intraperitoneally
injected into these mice [35]. The mice were killed after 1 h, and peritoneal lavage was
performed with 5 ml ice-cold PBS that were subsequently transferred into plastic tubes, as
described above. The cells were washed twice, and a single-cell suspension of peritoneal
flush was stained with anti-F4/80 and CD11b to identify the macrophages. The cells

were analysed by flow cytometry, and the number of peritoneal macrophages ingesting
apoptotic thymocytes was counted [35]. The information on the above antibodies is listed in
Supplementary Table S1.

In vitro efferocytosis analysis

Before the induction of apoptosis, Jurkat cells were stained with BCECF AM (Beyotime,
Shanghai, China), and rinsed with 1 x PBS, and then incubated for 30 min at room
temperature. Apoptosis was induced by irradiating the Jurkat cells under a UV (254 nm)
lamp for 30 min, followed by incubation under normal cell culture conditions for 2-3 h
[36]. This method routinely yielded greater than 80% apoptotic cells. RAW264.7 cells (1

x 10° cells/well) were stained with Dil (Beyotime) and plated in 12-well plates. After

24-h treatment with saline vehicle (control, 20 pl), gastrin (10~7 mol/l) [11], Ang Il (1078
mol/1) [28], or the CCKBR inhibitor, C1988 (10~7 mol/l) [29], the cells were exposed to
BCECF AM-labeled apoptotic Jurkat cells (1 x 108 cells/well) for 1 h. Undigested cells
were removed by washing three times with ice-cold PBS and efferocytosis of apoptotic cells
was visualized using fluorescence microscopy. Peritoneal macrophages were treated the
same way. The phagocytosis index was expressed as the percentage of macrophages binding
or containing at least one ingested Jurkat cells [37]. Kidney-resident macrophages treated
with gastrin (10~7 mol/l) and lenti-sh-PPAR-a were also used for efferocytosis analysis.
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Subcellular fractionation

RPT and RAW264.7 cells were plated in cell culture dish for 24 h, and then treated with
gastrin (107 mol/1) for 0, 5, 15, 30 min, 1, and 24 h. Then, the cells were washed two
times with cold PBS, lysed in 1 ml of cytoplasmic lysis buffer (10 mM MES, pH 6.2, 10
mM NacCl, 1.5 mM MgCl,, 1 mM EDTA, 5 mM DTT, 1% Triton X-100, 1 mM AEBSF,
and 1 mM NaF) for 10 min on ice, scraped into Eppendorf tubes, and centrifuged for 10
min at 3000 rpm in a bench-top centrifuge. The supernatant was recentrifuged at 13,000 rpm
for 20 min, and supernatant collected, as the cytoplasmic fraction. The pellet from the first
centrifugation was washed three times with 1 ml of cytoplasmic lysis buffer, supplemented
with 1% NP-40 and once with cytoplasmic lysis buffer, without addition of detergents.
The purified nuclear pellet was resuspended in 0.5 ml of nuclear extraction buffer (25

mM Tris-HCI, pH 10.5, 1 mM EDTA, 0.5 M NaCl, 5 mM p-mercaptoethanol, and 0.5%
Triton X-100), vortexed for 10 min at 4°C, and centrifuged for 20 min at 13,000 rpm; the
supernatant was collected as the nuclear fraction [38]. The renal tissues from the different
groups of mice were fractionated into nuclear and cytoplasmic components, as above.

Immunoblotting

The kidney tissues were lysed in RIPA buffer, supplemented with protease inhibitors, and
denatured with loading buffer. The nuclear and cytoplasmic fractions were also denatured
with loading buffer. The protein samples were collected and stored at —20°C, until use. The
protein samples were separated by SDS-PAGE with 10-15% polyacrylamide gel and then
electroblotted onto nitrocellulose membranes (Amersham Life Science, Arlington, TX). The
blots were blocked in Tris-buffered saline containing 5% nonfat dry milk for 1 h at room
temperature with constant shaking and then incubated with primary antibodies (TNF-a,
IL-6, IL-1pB, cleaved caspase 3, CCKBR, GAPDH, PCNA), overnight at 4°C. The secondary
antibodies (Goat anti-Rabbit IR Dye 800, Donkey anti-Goat IR Dye 800, Goat anti-Mouse
IR Dye 800) were used to bind their respective primary antibody at room temperature

for 1 h. The bound complexes were detected using the Odyssey Infrared Imaging System
(Li-Cor Biosciences). The images were analysed through the Odyssey Application Software
to obtain the integrated intensities. The information on the above antibodies is listed in
Supplementary Table S1. Then original images are in Supplementary Figure S7.

Reverse transcription-PCR

The cells were treated with the saline vehicle (control, 25 pl), gastrin (10~7 mol/l), and/or
C1988 (1077 mol/l) for 24 h. Total RNA from tissues and cells was isolated using a Trizol
procedure (Invitrogen). Two micrograms of total RNA were used to synthesize cDNA,
which served as the template for the amplification of different genes. The primers used
to measure the gene expression are listed in Supplementary Table S2. The amplification
was performed under the following conditions: 94°C for 2 min, followed by 35 cycles of
denaturation at 94°C for 30 s, annealing at 58°C for 30 s, and extension at 72°C for 45 s.
This was followed by a final extension at 72°C for 10 min.
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Transfection and luciferase reporter assay

PPAR-a promoter activity was measured, as previously described [39]. HEK293 cells were
plated at a density of 1 x 10° cells/well in 24-well plates for 24 h and then transfected with
different plasmids, using Lipofectamine 2000 (Invitrogen), following the manufacturer’s
instructions. The cells were co-transfected with CCKBR-FLAG, PPAR-a promoter-pGL3,
and pRL-TK (a Renilla luciferase reporter vector is the internal control). One day after
transfection, the cells were serum-starved and incubated in serum-free media. Then, the
cells were treated with gastrin (10~7 mol/l) or saline vehicle (control, 10 ul) for 24 h. The
transfected cells were assayed for Firefly and Renilla luciferase activities in a luminometer
by the Dual-Luciferase Reporter Assay System (Beyotime), according to the manufacturer’s
instructions. The luciferase readings of each sample were normalized against the pRL-TK
levels, and the relative light unit intensity was calculated as the ratio of firefly luciferase to
Renilla luciferase. All experiments were performed in triplicate and repeated at least three
times.

Cut&tag assay

The Cut&tag is a new method to extract the DNA bound to protein [40], CCKBR protein,
in this instance. RPT and RAW264.7 cells were treated with saline vehicle (control, 25 pl)
or gastrin (107 mol/l) for 1 h in six-well plates. Then, the cells were harvested and treated
according to the manufacturer’s instructions. The DNAs were extracted and subjected to
PCR. The information on the mouse PPAR-a promoter primers is listed in Supplementary
Table S2.

A detailed, step-by-step protocol can be found at: https://www.novoprotein.com.cn/Public/
Uploads/uploadfile/files/20191126/20191126132754 5ddch7da4dd15.pdf.

Nuclear localization signal (NLS) motif and DNA-binding domain analysis

NLS motif prediction is based on NLStradamus (http://www.moseslab.csbh.utoronto.ca/
NLStradamus/) and DNA binding domain analysis is based on Predictprotein (https://
www.predictprotein.org/home) [41].

Statistical analysis

All data are expressed as mean + SD, unless otherwise stated. GraphPad-Prism 6.0 and
SPSS 17.0 were used to perform the statistical analysis. Student’s unpaired #test was used to
compare two independent groups. In experiments comparing multiple time points, separate
t-tests were used for each time point. For a comparison of >3 groups, one-way ANOVA was
used and Tukey as post-hoc test. All tests were two-tailed with a significant difference set at
P<0.05. Survival rates were compared using the log-rank test.

Results

CCKBR deficiency aggravates Ang ll-induced renal injury

The WT (CCKBR**) mice infused with Ang 11 (1.44 mg/kg body weight/d x 28 d) had
increased serum creatinine and urinary albumin, in agreement with previous reports [23,42].
The increase in serum creatinine and urinary albumin (Figure 1A,B, Supplementary Figure
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S1A and 1B, performed independently of each other) were accompanied by increased
renal injury and fibrosis (Supplementary Figure S1C and 1D), as well as increased renal
MRNA and protein expressions of CCKBR compared with the vehicle-treated group
(Supplementary Figure S1E-G).

To investigate the role of CCKBR in Ang Il-induced renal injury, similar studies were
performed in CCKBR™~ mice. CCKBR ™~ mice had normal serum creatinine and urinary
albumin at baseline (Figure 1A,B). However, after 28 d of Ang Il infusion, serum creatinine
(Figure 1A) and urinary albumin (Figure 1B and Supplementary Figure S2A) increased to

a much greater extent in CCKBR ™~ than WT (CCKBR*/*) mice. In addition, the blood
pressure was significantly higher in CCKBR™~ than WT (CCKBR*/*) mice (Supplementary
Figure S2B). The median survival time was reduced by about 30% in CCKBR ™'~ mice
(Figure 1C). These results suggest that CCKBR deficiency aggravates Ang ll-induced renal
injury.

Consistent with the greater impairment of renal function in CCKBR™~ than WT
(CCKBR**) mice infused with Ang 11, pathological changes were worse in CCKBR™/~
than WT (CCKBR*/*) mice. Lack of CCKBR, per se, did not increase renal tubular
dilatation, tubular atrophy, tubular fibrosis, interstitial fibrosis (Figure 1D-F), or expression
of fibrosis-related genes (Figure 1G-1) but these variables were markedly increased by the
28-d infusion of Ang Il, especially in CCKBR ™~ mice. The pathological changes were
mainly related to tubular injury, because Ang Il infusion did not alter the number of
glomeruli (Supplementary Figure S2C), although there was glomerular injury, evidenced
by the increase in serum creatinine and urinary albumin (Supplementary Figure S1 A and
1B) and glomerular sclerosis (Supplementary Figure S2C).

Gastrin, independent of blood pressure, attenuates Ang ll-induced renal injury

Since the germline deletion of CCKBR aggravated the Ang Il-induced renal damage, we
wondered whether gastrin, a CCKBR agonist, could alleviate the renal injury in Ang
lI-treated WT (CCKBR*/*) mice. Under isoflurane anesthesia, an osmotic minipump filled
with gastrin was subcutaneously implanted in the dorsal region of the body, so that gastrin
(120 pg/kg body weight/d) can be infused subcutaneously for 4 weeks in WT (CCKBR*/*)
mice. Gastrin, per se, had no effect on serum creatinine and urinary albumin. However,
gastrin ameliorated the increased serum creatinine (Figure 2A) and urinary albumin (Figure
2B) in the Ang Il-treated WT (CCKBR*/*) mice. Gastrin also minimized the Ang-II-
mediated pathological injury (Figure 2C-E) and the increased expression of fibrosis-related
genes (Figure 2F-H). In addition, we found that CCKBR knockout prevented the beneficial
effects of gastrin on Ang-Il-induced renal injury /n vivo (Supplementary Figure S3A-C).

We also noticed that gastrin minimized the increase in blood pressure caused by the 28-d
infusion of Ang Il (Supplementary Figure S4A). To determine if the protective effect of
gastrin on renal function and pathology was dependent on its blood pressure lowering effect,
we also studied the UUO model. The UUO model does not affect blood pressure; its main
feature is renal fibrosis [43,44], which is also thought to be the major renal pathologic
change of HN [45,46]. Thus, we treated the UUO mice with the osmotic minipump

infused with gastrin (120 ug/kg body weight/d) for 7 d (Supplementary Figure S4B).
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Gastrin treatment had no effect on the blood pressure of the UUO mice, which is normal
(Supplementary Figure S4C), but it reduced the renal injury and fibrosis (Figure 3A-C)
and expression of fibrosis-related genes (Figure 3D-F). These results demonstrated that
gastrin can exert its renal-protective effects via both hemodynamic and non-hemodynamic
mechanisms.

Gastrin plays a protective effect in HN by increasing macrophage efferocytosis and
reducing RPT cell apoptosis

Since inflammation plays an important role in the progression of HN [16], we, next, tested
the levels of inflammation in the different groups. We found that CCKBR deficiency
significantly increased the macrophage infiltration of the kidney induced by Ang I, but
gastrin treatment reversed the effect of Ang Il (Figure 4A). Compared with Ang Il-treated
WT (CCKBR**) mice, Ang II-treated CCKBR™~ mice showed a greater increase in the
renal levels of inflammation-related genes (MRNA and protein), but gastrin treatment almost
normalized the effect of Ang Il in WT (CCKBR™*/*) mice (Figure 4B-H), suggesting that
gastrin may protect against HN by decreasing inflammation.

Although the pathogenesis of the inflammation in HN is not exactly known, an increase

in tubule cell apoptosis and decrease in macrophage efferocytosis may augment the
inflammation [14,47,48]. Ang Il increased the quantity of TUNEL-positive nuclei in WT
(CCKBR*"*) mice but to a greater extent in CCKBR™~ mice. By contrast, gastrin had no
effect on TUNEL staining in saline vehicle-treated WT (CCKBR*/*) mice but ameliorated
the increase in TUNEL-positive cells induced by Ang Il (Figure 5A). The amount of cleaved
caspase 3, the activated form of caspase 3, a marker of apoptosis [49], was not affected by
germline deletion of CCKBR or gastrin infusion. However, cleaved caspase 3 protein was
increased by Ang Il to a greater extent in CCKBR ™~ than WT (CCKBR*/*) mice; gastrin
infusion almost normalized the effect of Ang Il in WT (CCKBR™") mice (Figure 5B,C).

The phagocytosis of apoptotic cells by peritoneal macrophages (efferocytosis) was decreased
in saline vehicle-treated CCKBR ™/~ mice but increased in gastrin-treated WT (CCKBR*/*)
mice to a greater extent than in saline vehicle-treated WT (CCKBR*/*) mice. Ang Il
decreased the efferocytosis in WT (CCKBR**) mice, and CCKBR deficiency augmented

it. However, gastrin increased the efferocytosis in Ang II-treated WT (CCKBR*/*) mice to
the levels seen in saline vehicle-treated (control) mice (Figure 5D and Supplementary Figure
S5A).

Because the beneficial effect of gastrin on macrophage efferocytosis and RPT cell apoptosis
occurred simultaneously /n vivo, we wanted to look further into this relationship in 7n vitro
studies. We treated RPT cells and RAW264.7 cells with Ang 11 (1078 mol/l) [28] or gastrin
(10~7 mol/1) [11] for 24 h. Our results showed that the Ang Il-induced RPT cell apoptosis,
determined by the increased expression of cleaved caspase 3, was reduced to normal by
gastrin (Figure 5E), indicating that gastrin has direct protective effect on RPT cell apoptosis,
independently of its effect on macrophage efferocytosis. Nevertheless, the inhibition of Ang
Il on efferocytosis in RAW?264.7 cells was also reversed by gastrin (Figure 5F). In addition,
we found that the mRNA expression of efferocytosis markers, such as C1ga, C1lgb, CD36,
GAS6, and MERTK, but not MFGES8 [35] were increased by gastrin (Supplementary Figure
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S5B). The specificity of gastrin on the CCKBR was determined by using the CCKBR
inhibitor, C1988 (10~ mol/l) [29]; C1988 prevented the stimulatory effect of gastrin on
efferocytosis in RAW?264.7 cells (Figure 5F). Similarly, in peritoneal macrophages from
CCKBR™", the ability of gastrin to block the inhibitory effect of Ang Il on efferocytosis was
also lost, confirming that gastrin exerts its protective effects, via CCKBR (Figure 5G).

Role of PPAR-a in the gastrin-mediated protective effects on Ang ll-induced renal injury

Because the transcription factors PPAR-6, PPAR-y, HO-1, and LXR have been shown

to regulate efferocytosis [35,50], we determined if they were involved in the protective
effects of gastrin. PPAR-a can increase gastrin expression in G-cells [51]. We found that
gastrin treatment up-regulated the mRNA expression of PPAR-a, but not PPAR-8, PPAR-y,
HO-1, LXR-a, or LXR-B in RAW264.7 and RPT cells (Figure 6A and Supplementary
Figure S6A). Moreover, the increase in the expression of PPAR-a induced by gastrin

in macrophages and RPT cells was prevented when the CCKBR was blocked by the
CCKBR antagonist C1988 or when the CCKBR receptor was germline-deleted, as in
CCKBR™~ mice, indicating that gastrin, via CCKBR, regulates PPAR-a expression (Figures
6B-D). Similar effects on PPAR-a expression were found in renal tissues and renal tissue-
resident macrophages (Supplementary Figure S6B-D). The critical role of PPAR-a in
gastrin-mediated efferocytosis and anti-apoptosis was further investigated by using sShRNA
(silencing efficiency in Supplementary Figure S6E and F). After down-regulation of PPAR-
a expression by shRNA, the protective effects of gastrin on macrophage phagocytosis
(efferocytosis) (Figure 6E,F and Supplementary Figure S6G) and RPT cell apoptosis (Figure
6G) were lost.

A previous study showed that CCKBR is expressed not only on the cell membrane, but
also in the cytoplasm and nucleus [52]. Through bioinformatics analysis, we found that
CCKBR contains two potential NLS motifs and two DNA binding domains (Figure 7A,B).
Therefore, we wondered whether CCKBR can translocate from the cytosol into the nucleus
to induce PPAR-a expression. First, we found that incubation of RAW264.7 and RPT cells
with gastrin increased CCKBR translocation from cytosol to nucleus, determined by western
blot and immunofluorescence analyses, and the translocation occurred as early as 5 min,
with the peak detected at about 15-30 min (Figure 7C,D). To determine whether CCKBR
forms a complex with the PPAR-a promoter, we performed a Cut&tag assay in RAW264.7
and RPT cells treated with gastrin or saline vehicle (control). Cut&tag-gPCR analysis
showed a significant increase in the binding of CCKBR to the PPAR-a promoter region in
cells treated with gastrin (Figure 7E,F). To examine further the effect of CCKBR on the
transcriptional activity of PPAR-a, we performed a luciferase reporter assay in HEK293
cells heterologously expressing CCKBR-FLAG, PPAR-a promoter-pGL3, and pRL-TK (a
Renilla luciferase reporter vector as internal control). Our results showed that the PPAR-a
promoter activity was up-regulated by gastrin (10~ mol/l) treatment of the HEK293 cells
(Figure 7G). These results indicated that CCKBR can bind to the promoter region of
PPAR-a and increase PPAR-a gene transcription ability.
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Discussion

“Gastrointestinal-kidney axis” has attracted increasing attention because its role in fluid and
electrolyte balance and blood pressure regulation [53-55]. The role of the gastrointestinal
tract in the maintenance of normal homeostasis by the kidney has been demonstrated

in many studies [56-58]. However, most of these studies focused on the effect of

the gut microbiota. The effects of gut hormones and receptors on renal diseases are

still poorly understood. Glucagon-like peptidel (GLP-1), ghrelin, cholecystokinin, and
gastrin are components of the “Gastrointestinal-kidney axis” [53-55]. Among them,

GLP-1 plays a critical role in ameliorating diabetic nephropathy by decreasing oxidative
stress and improving metabolic anomalies [59,60]. Ghrelin mitigates renal damage

induced by ischemia-reperfusion and Ang Il [61,62], and cholecystokinin protects against
diabetic kidney injury by suppressing the activation of macrophages and expression of
pro-inflammatory genes [63]. Gastrin is one of the gut hormones and is the major
gastrointestinal hormone taken up by RPT cells [10]. Our previous studies showed that
gastrin interacts with D1 and D5 dopamine receptors to regulate natriuresis and diuresis
[11,64]. In addition, gastrin can stimulate renal dopamine production and decrease Na*,K*-
ATPase activity in RPT cells [65,66]. However, there are few studies about the influence

of gastrin in renal diseases. In this study, we showed that gastrin can ameliorate the renal
functional and morphologic abnormalities caused by HN and UUO.

A prominent pathological feature in hypertensive kidney disease is inflammation, tubular
atrophy, and renal fibrosis [2]. The degree of renal fibrosis correlates with the prognosis of
CKD [67]. However, the underlying mechanisms involved in Ang Il-induced hypertensive
renal fibrosis are incompletely understood. Recent studies have shown that Ang Il can
induce apoptosis and inflammatory cell infiltration (such as T cells and macrophages) of
renal cells/kidney [46,68,69], which could lead to irreversible fibrosis [2]. Since cell death
and effective clearance of dying cells are fundamental processes that maintain homeostasis,
it is possible that the infiltrating macrophages participate in the efferocytosis of dying renal
tubule cells [47]. It has been reported that Ang Il impairs macrophage efferocytosis [37].
Thus, in the microenvironment of the hypertensive kidney, Ang Il-induced excessive cell
death and defective efferocytosis may account for the persistence of inflammation [70-72].
However, the contribution of tubular cell death and efferocytosis on the inflammation is

still unknown in HN. In our current study, we found that Ang Il induced obvious tubule

cell apoptosis and defective efferocytosis both /in vitroand in vivo. CCKBR deficiency
aggravated the above phenotypes in HN. We wondered whether decreasing cell death and
increasing efferocytosis could have therapeutic effects. In our experiments, gastrin treatment
significantly decreased the apoptosis of renal tubule cells and increased the efferocytosis by
macrophages in HN. These results were also found in RPT cells and RAW?264.7 cells, which
may explain the resolution of the inflammation in HN treated with gastrin.

In this study, we demonstrated that the renoprotective effects of gastrin were related to the
transcription of PPAR-a. Activation of PPAR-a has been proved to be renoprotective in
previous reports [73,74]. Previous studies have also demonstrated that PPAR-a plays a key
role in attenuating fibrosis in different animal models of renal fibrosis, such as remnant
kidney model, diabetic renal fibrosis, and lipotoxicity-induced renal fibrosis [75-77].
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Moreover, the reported protective role of PPAR-a in UUO and HN [5,78] is consistent
with our present study. We found that gastrin can protect RPT cells from Ang Il-induced
apoptosis partly through PPAR-a, similar to the reported anti-apoptotic effects of PPAR-a
[79]. However, the current studies show for the first time a role of PPAR-a in efferocytosis.
We found that gastrin-induced efferocytosis is strongly associated with the transcription

of PPAR-a. This may be related to the ability of PPAR-a to regulate the expression of
efferocytosis-related genes. In our experiments, the stimulatory effect of gastrin on the
mMRNA expression of C1ga, C1gb, CD36, GAS6 can be inhibited by silencing PPAR-a. It
is interesting that gastrin, as a sensor for eating [51,80,81], can also regulate the feeding
of macrophages, hinting that it might be a critical bond between “people eating” and “cell
eating”.

Some studies have shown that some membrane receptors, such as the insulin receptor and
epidermal growth factor receptor, can enter the nucleus to participate in transcriptional
regulation [82,83]. Similarly, we found that CCKBR can translocate into the nucleus to
regulate PPAR-a mRNA expression. Moreover, we found that CCKBR contains potential
NLS motifs and DNA binding domains, according to bioinformatics analysis, similar to the
insulin receptor and epidermal growth factor receptor [84,85]. In addition, the epidermal
growth factor receptor has been demonstrated to be a transcription factor, and insulin
receptor can bind with Host Cell Factor C1 and other transcription factors to regulate gene
expression [82,83]. CCKBR can also translocate or be translocated into the nucleus and act
like a transcription factor. In the present study, we only demonstrated that CCKBR can form
a complex with the PPAR-a promoter and enhance the PPAR-a promoter activity. Whether
or not CCKBR can work as a transcription factor is still unknown. How nuclear CCKBR
regulates genes requires further investigations.

In summary, CCKBR plays a protective role in the kidney against hypertension-mediated
injury. PPAR-a is critical in signaling the gastrin-mediated protection by reducing renal
tubule cell apoptosis and enhancing macrophage-mediated efferocytosis, thus, alleviating
renal inflammation and ameliorating renal injury and fibrosis in HN. Our present study
suggests that gastrin might be a potential therapy option for HN.
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Clinical perspectives

. Emerging data demonstrate that gastrin and its receptor CCKBR are linked to
hypertensive nephropathy.

. We demonstrate for the first time that the infusion of gastrin decreases renal
tubule cell apoptosis, increases macrophage efferocytosis, and prevents the
development and progression of HN in a mouse model. We demonstrate for
the first time that gastrin induces CCKBR translocation from the cytosol to
the nucleus, binding to the PPAR-a promoter region, and increasing PPAR-a
gene transcription ability.

. Gastrin and CCKBR might be potential target in HN therapy.
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Figure 1. CCKBR deficiency aggravates Ang Il-induced renal injury and fibrosis
WT (CCKBR**) and CCKBR ™~ mice were infused subcutaneously, via osmotic minipump,

with saline vehicle (control, 2.64 ul/d) or Ang Il (1.44 mg/kg body weight/d) for 28 d.

The samples were collected at the end of 28 d. (A and B) Serum creatinine (A) and

urinary albumin (B) were quantified. /=6; */<0.05 vs. WT+Vehicle treatment; #/<0.05
vs. WT+Ang Il treatment. (C) Survival analysis of WT and CCKBR™'~ mice infused with
Ang 1l (1.44 mg/kg body weight/d) for 28 d. 7=10; *P<0.05 vs. WT+Ang |l treatment.

(D) Representative images of PAS staining and quantitative analysis of renal tubular injury.
7=6; *P<0.05 vs. WT+Vehicle treatment mice; #£<0.05 vs. WT+Ang Il treatment. (E)
Representative images of Masson’s trichrome staining and quantitative analysis of renal
interstitial fibrosis. 7=6; *P<0.05 vs. WT+Vehicle treatment; #/<0.05 vs. WT+Ang Il
treated. (F) Representative images of Sirius Red staining and quantitative analysis of Sirius
Red-positive areas showing the renal collagen deposition. 7=6; */<0.05 vs. WT+Vehicle
treatment mice; *#£<0.05 vs. WT+Ang I treatment mice. (G-1) Fibrosis-related mRNA
levels in the kidney: fibronectin (G); collagen | (H); and collagen 1V (I). 7=6; *£<0.05 vs.
WT+Vehicle treatment; #/£<0.05 vs. WT+Ang Il treatment.
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Figure 2. Gastrin, independent of blood pressure, attenuates Ang Il-induced renal injury
WT (CCKBR*/*) mice were infused subcutaneously, via an osmotic minipump, with saline

vehicle (control, 2.64 pl/d), Ang Il (1.44 mg/kg body weight/d), and/or gastrin (120 pg/kg
body weight/d) for 28 d. The samples were collected at the end of 28 d. (A and B)

Serum creatinine (A) and urinary albumin (B) were quantified. 7=6; */P<0.05 vs. Vehicle
treatment; #/<0.05 vs. Ang 1l treatment. (C) Representative images of H&E staining and
quantitative analysis of renal tubular injury. 7=6; *£<0.05 vs. Vehicle treatment; #/<0.05 vs.
Ang Il treatment. (D) Representative images of Masson’s trichrome staining and quantitative
analysis of renal interstitial fibrosis. n=6; *P<0.05 vs. Vehicle treatment; #/<0.05 vs. Ang

Il treatment. (E) Representative images of Sirius Red staining and quantitative analysis of
Sirius Red-positive areas showing the renal collagen deposition. 77=6; *P<0.05 vs. Vehicle
treatment; #/<0.05 vs. Ang |l treatment. (F-H) Fibrosis-related mRNA levels in the kidney:
fibronectin (F); collagen | (G); and collagen IV (H). 7=6; *£<0.05 vs. Vehicle treatment;
#pP<0.05 vs. Ang I treatment.
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Figure 3. Gastrin attenuates renal fibrosis caused by UUO
Mice with UUO or sham-operated mice were infused subcutaneously, via an osmotic

minipump with saline vehicle (control, 2.64 pl/d) or gastrin (120 ug/kg body weight /d

X 7 d). The samples were collected at the end of 7 d. (A) Representative images of

H&E staining and quantitative analysis of renal tubular injury. 7=6; *£<0.05 vs. \ehicle
treatment; #/<0.05 vs. Ang |l treatment. (B) Representative images of Masson’s trichrome
staining and quantitative analysis of renal interstitial fibrosis. 7=6; */<0.05 vs. Vehicle
treatment; #/<0.05 vs. Ang |l treatment. (C) Representative images of Sirius Red staining
and quantitative analysis of Sirius Red-positive areas showing renal collagen deposition.
=6; *P<0.05 vs. Vehicle treatment; #/<0.05 vs. Ang Il treatment. (D—F) Fibrosis-related
MRNA levels in the kidney: fibronectin (D); collagen | (E); and collagen IV (F). n=6;
*P<0.05 vs. Vehicle treatment; #P<0.05 vs. Ang Il treatment.
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Figure 4. The effects of CCKBR deficiency and gastrin treatment in Ang Il-induced renal

inflammation

WT (CCKBR**) and CCKBR ™~ mice were subcutaneously infused, via osmotic minipump
with saline vehicle (control, 2.64 pl/d), Ang Il (1.44 mg/kg body weight/d), and/or gastrin
(120 pg/kg body weight/d) for 28 d. The samples were collected at the end of 28 d. (A)
Immunofluorescence microscopy of F4/80 (macrophage marker) in the kidney. The left
images are representative images of renal F4/80 staining. The graph, on the right, is the
quantification of F4/80* cells per high power field (HPF). 7=6; *P<0.05 vs. WT+Vehicle
treatment; #/£<0.05 vs. WT+Ang Il treatment. (B) Proinflammatory cytokines mMRNA
expression in the kidneys of WT (CCKBR*/*) and CCKBR™~ mice treated with saline
vehicle (control) or Ang Il. WT mice were also treated with vehicle+gastrin or Ang
l1+gastrin. 7=5; *P<0.05 vs. WT+Vehicle treatment; #/<0.05 vs. WT+Ang Il treatment. (C—
E) Western blots and relative band densities of protein levels of inflammation markers in the
kidney in WT and CCKBR ™/~ mice treated with vehicle or Ang Il: TNF-a (C); IL-6 (D); and
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IL-1B (E). 7=6; *P<0.05 vs. WT+Vehicle treatment; #/<0.05 vs. WT+Ang Il treatment. (F—
H) Western blots and relative band densities of the protein levels of inflammation markers in
the kidney of WT mice treated with vehicle, gastrin, Ang Il, or gastrin+Ang Il: TNF-a (F);
IL-6 (G); and IL-1pB (H) proteins. /7=6; *P<0.05 vs. Vehicle treatment; #/<0.05 vs. Ang 11
treatment.
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Figure 5. The effects of CCKBR deficiency and gastrin treatment on renal tubule cell apoptosis

and macrophage efferocytosis

WT (CCKBR**) and CCKBR ™/~ mice were subcutaneously infused, via osmotic minipump,
with saline vehicle (control, 2.64 pl/d), Ang Il (1.44 mg/kg body weight/d) and/or gastrin
(120 pg/kg body weight/d) for 28 d. The kidney samples were collected at the end of

28 d. (A) TUNEL staining (green) in the kidney from the different groups (left panel).
TUNEL-positive nuclei (the right panel) are increased by Ang Il to a greater extent in

CCKBR™~ than WT mice. Gastrin decreased the number of apoptotic renal cells in Ang

II-treated WT mice. 7=6; *£<0.05 vs. WT+Vehicle treatment; #<0.05 vs. WT+Ang ||

treatment. (B) Representative fluorescent images of CDH16 (cadherin-16, marker of renal
tubule cell), cleaved caspase 3 (marker of apoptosis), and DAPI in kidney, showing that
CCKBR deficiency increased, while gastrin decreased the expression of cleaved caspase
3 induced by Ang Il in HN mice; 7=5. (C) Western blots and relative band densities
of cleaved caspase 3 in the kidney of WT and CCKBR™~ mice; /=5; *£<0.05 vs.
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WT+Vehicle treatment; #/<0.05 vs. WT+Ang Il treatment. (D) WT or CCKBR™/~ mice
were subcutaneously infused, via osmotic minipump, with saline vehicle (control, 2.64 pul/d),
Ang |1 (1.44 mg/kg body weight/d) and/or gastrin (120 pg/kg body weight/d) for 28 d. Then,
peritoneal macrophages were harvested by peritoneal lavage. The percentage of peritoneal
macrophages (F4/80*CD11b*) containing BCECF AM-related fluorescence was quantified
by fluorescence-activated cell sorting 1 h after the intraperitoneal injection of BCECF
AM-labeled apoptotic cells (left image). Then, the phagocytosis index was calculated (right
graph); 77=5; *P<0.05 vs. WT+Vehicle treatment; #/<0.05 vs. WT+Ang Il treatment. (E)
Western blots and relative band densities of cleaved caspase 3 (marker of apoptosis) in

RPT cells treated with saline vehicle (control, 25 pl), gastrin (107 mol/l), and/or Ang II
(1078 mol/l) for 24 h; =4; *P<0.05 vs. Vehicle treatment; #/<0.05 vs. Ang 11 treatment.

(F) Representative fluorescent images show the engulfing (efferocytosis) of apoptotic Jurkat
cells (BCECF AM) by RAW264.7 cells (Dil-stained) with saline vehicle (control, 20 pl),
gastrin (107 mol/l), Ang I1 (1078 mol/l), and/or C1988 (10~7 mol/L) treatment for 24 h

(left image). Efferocytosis is determined by bound macrophages or ingestion of at least one
Jurkat cell. The phagocytic index is based on the fluorescent images (right graph). 7=4;
*P<0.05 vs. Vehicle treatment; #£<0.05 vs. Ang Il treatment; %/<0.05 vs. Ang II+Gastrin
treatment. (G) Phagocytic index of primary cultures of peritoneal macrophages from WT
and CCKBR™~ mice treated with saline vehicle (control, 20 pl), Ang 11 (1078 mol/l) alone,
or gastrin (107 mol/l); n=5; *P<0.05 vs. WT+Vehicle treatment; #/<0.05 vs. WT+Ang
I1+Gastrin treatment; &P<0.05 vs. WT+Ang Il treatment.
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Figure 6. Gastrin reduces Ang I1-induced RPT cell apoptosis and enhances the efferocytosis of
macrophages through PPAR-a

(A) RAW264.7 cells were incubated with saline vehicle (control, 25 pl) or gastrin (10~/
mol/l) for 24 h prior to measuring the mMRNA expression of phagocytosis-associated genes.
m=5; *P<0.05 vs. Vehicle treatment. (B) RAW264.7 cells were incubated with saline
vehicle (control, 25 ul), C1988 (10~ mol/l), gastrin (10~7 mol/l) or gastrin (10~7 mol/l)

+ C1988 (10~7 mol/l) for 24 h, prior to measuring PPAR-a mRNA. /=5; *P<0.05 vs.
others; #P<0.05 vs. Gastrin treatment. (C) Primary cultures of peritoneal macrophages from
WT and CCKBR™~ mice were incubated with saline vehicle (control, 25 pl) or gastrin
(10~7 mol/l) for 24 h, prior to measuring PPAR-a mRNA. /=5; *£<0.05 vs. WT+Vehicle
treatment; #£<0.05 vs. WT+Gastrin treatment. (D) RPT cells were incubated with saline
vehicle (control, 25 pl), C1988 (107 mol/l), gastrin (10~7 mol/l), or gastrin (10~ mol/l)
+C1988 (10~7 mol/l) for 24 h, prior to measuring PPAR-a mRNA. 77=5; *P<0.05 vs. others;
#P<0.05 vs. Gastrin treatment. (E) Representative fluorescent images showing engulfment
of apoptotic Jurkat cells (BCECF AM) by RAW264.7 cells (Dil) (left panel). RAW264.7
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cells were infected with lentivirus expressing PPAR-a shRNA or control ShRNA, and
then treated with saline vehicle (control, 20 pl) or gastrin (107 mol/l) for 24 h prior to
measuring efferocytosis (right graph). 7=4; *P<0.05 vs. Vehicle treatment; #£<0.05 vs.
Gastrin treatment. (F) RAW264.7 cells were infected with lenti-shPPAR-a or lentiviral
particles vehicle (scramble shRNA transfected with lentiviral particles used as vehicle
control) for 72 h, prior to gastrin (10~7 mol/l) treatment for 24 h. Efferocytosis-related
mRNA was quantified by gRT-PCR. 7=5; *P<0.05 vs. Vehicle treatment; #/<0.05 vs.
Gastrin treatment. (G) Western blots of cleaved caspase 3 (marker of apoptosis) in RPT
cells. RPT cells were infected with lenti-shPPAR-a or lentiviral particles vehicle (scramble
shRNA transfected with lentiviral particles used as vehicle control), and then treated with
Ang 11 (1078 mol/l), alone or with gastrin (107 mol/l) for 24 h prior to Western blotting.
n=5; *P<0.05 vs. Ang Il treatment; #£<0.05 vs. Ang |1+Gastrin treatment.
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Figure 7. CCKBR translocates into the nucleus and facilitates the activation of PPAR-a after
gastrin treatment

(A) Bioinformatics analysis of NLS motifs in CCKBR showing the location and
composition of NLS matifs. (B) Bioinformatics analysis of DNA binding domains in
CCKBR, and the locations of DNA binding domains (red frame). (C) RAW264.7 cells
and RPT cells were treated with gastrin (10~7 mol/l) for 0, 5, 15, 30, and 60 min,

prior to Western blot analyses of nuclear and cytoplasmic distribution of CCKBR. PCNA
is a gene marker; 7=4. (D) RAW264.7 cells and RPT cells were treated with gastrin
(10~ mol/) for 0 and 30 min prior to the immunofluorescence analyses of nuclear and
cytoplasmic distribution of CCKBR. CCKBR was stained with CCKBR antibody (red);
chromatin was stained with DAPI (blue); 7=4. (E) RAW264.7 cells were treated with
saline vehicle (control, 25 ul) or gastrin (10~/ mol/I) for 30 min, prior to quantifying the
percent enrichment of CCKBR at the PPAR-a gene, using Cut&tag-qPCR; r=4; */<0.05
vs. Vehicle treatment with CCKBR antibody (Ab). (F) RPT cells were treated with saline
vehicle (control, 25 pl) or gastrin (107 mol/l) for 30 min, prior to quantifying the percent
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enrichment of CCKBR at the PPAR-a gene. using Cut&tag-qPCR; m=4; *F<0.05 vs. Vehicle
treatment with CCKBR antibody (Ab). (G) HEK?293 cells, co-transfected with CCKBR-
FLAG, PPAR-a promoter-pGL3, and pRL-TK, were treated with saline vehicle (control, 10
ul) or gastrin (10~ mol/l) for 24 h, prior to measuring PPAR-a promoter luciferase reporter
activity; n7=5; *P<0.05 vs. Vehicle treatment.
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