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Abstract

Introduction: The unilateral ureteral obstruction (UUQO) model is the most extensively used model

to investigate chronic renal fibrosis. Macrophages play a critical role in the UUO model. We aimed
to analyze the phenotype of macrophages from different sources activated in vitro and explore the role
of M1 macrophages from various sources in UUO.

Material and methods: C57BL/6 mice were randomly allocated to five different groups (n = 5 per
group): the sham-operated control group, PBS-treated (UUO + PBS) group, bone marrow-derived M1
macrophage-treated (UUO + BM1) group, peritoneal M1 macrophage-treated (UUO + PM1) group, and
splenic M1 macrophage-treated (UUO + SPM1) group. After M1 macrophages were injected into the tail
vein of UUO-treated mice, renal fibrosis indexes were determined using HE, Masson staining, and a-SMA.

Results: Compared to those in the UUO + PBS group, the pathological changes were much more se-
vere in the UUO + BM1, UUO + PM1, and UUO + SPM1 groups. Compared to that in the UUO + PBS
group, UUO + BM1 group, and UUO + SPM1 group, the collagen area in the UUO + PM1 group was
higher at post-UUO day 5 (p < 0.01). The expression of a-SMA in the UUO + PM1 group was higher

than that in the UUO + PBS group, UUO + BM1 group, and UUO + SPM1group (p < 0.001).
Conclusions: The M1 macrophages cultured in vitro were reinjected into mice and aggravated
kidney injury and fibrosis. Compared with BM1 and SPM1, PM1 demonstrated a stronger effect on

inducing renal injury and fibrosis.
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Introduction

Chronic kidney disease (CKD), a global public health
issue, affects 8% to 16% of the world’s population and
causes substantial morbidity and mortality [1]. Renal
fibrosis, which is characterized by fibroblast induction
and extracellular matrix (ECM) production, is the terminal
manifestation and the most prevalent irreversible mecha-
nism in the progression to end-stage CKD [2]. Obstructive
nephropathy is a vital factor in the pathogenesis of CKD in-
duced by urinary flow dysfunction, which can cause kidney
damage. The pathological process of renal injury can be
prevented by surgery to relieve the obstruction. The patho-
logical processes associated with renal obstruction are im-
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portant during the pathogenesis of CKD [3]. The unilateral
ureteral obstruction (UUQO) model is the most extensive-
ly used model to investigate the etiology of acute renal
inflammation and chronic renal fibrosis resulting from
human ureteral blockage [4]. UUO affects the left ureter
with high frequency. The kidney of the ligated ureter is
usually referred to as the deterred kidney, and is affected
by a series of critical processes, including the loss of renal
epithelial cells, inflammation, and macrophage infiltration,
all of which facilitate eventual fibrosis [5].

Macrophages pervade an extensive array of tissues,
and their ability to control a large percentage of infec-
tions during early development, as well as their capacity
to mount specific immune responses, attests to their im-
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portance. Macrophages are critical components of both
innate and adaptive immunity [6]. Macrophages con-
tribute to the preservation of homeostasis within renal
tissue through the initiation of immunological reactions.
Macrophages help maintain a stable environment in re-
nal tissue by activating immune responses. Macrophages
exhibit a variety of phenotypes under normal physiolog-
ical conditions. They can be divided into two functional
subcategories: classically activated macrophages (M1),
which are defined by their antimicrobial and cytotoxic
properties upon stimulation with endotoxin or interferon,
and alternatively activated macrophages (M2), which are
characterized by their anti-inflammatory and regulatory
properties upon stimulation with Th2 cytokines and must
be generated and function in balance to maintain homeo-
stasis of the renal microenvironment [7, 8]. Macrophages
play a critical role in UUO injury, and M1 macrophages
can generate tumor necrosis factor o (TNF-a), which
mediates proapoptotic signaling and renal tubular cell
apoptosis following UUO [9].

Macrophages are frequently isolated from the bone
marrow, spleen, and peritoneal cavity for research pur-
poses [10]. It has been determined that the heterogeneity
of macrophage populations accounts for distinct morpho-
logical differences among them. For macrophages to play
diverse and adaptable roles in immune responses, they
must exhibit diverse phenotypes. Consequently, there is
a critical need to determine the phenotypic and practical
variations among macrophages from distinct sources [6].
The aims of this study were to ascertain whether M1 mac-
rophages derived from the bone marrow, spleen, and peri-
toneal cavity exacerbate renal injury and fibrosis in UUO
mice, and to determine whether there are any differences
in the extent of kidney damage caused by UUO among
these sources. Macrophages were isolated from the bone
marrow, spleen, and peritoneal cavity of mice. Macro-
phages were activated to form bone marrow-derived M1
macrophages (BM1), spleen-derived M1 macrophages
(SPM1), and peritoneal M1 macrophages (PM1) by lipo-
polysaccharide and interferon y, and we aimed to observe
the outcomes of M1 macrophages from different sources
in immunocompetent mice with UUO.

Material and methods

This study protocol was approved by the Experimen-
tal Animal Ethics Committee of Nanjing Hospital affili-
ated with Nanjing Medical University, approval number
DWSY-22129258.

Animals

Adult male C57BL/6 mice, aged five weeks and weigh-
ing 20 g, were acquired from Nanjing Medical University
(production license number: SYXK (Su2018-0008)) and
kept in the Nanjing Drum Tower Experimental Animal Cen-

ter (license number: SYXK (Su2019-0059)). All animal ex-
periments were performed in accordance with the National
Institutes of Health Guide for the Care and Use of Labora-
tory Animals, with the approval of the Experimental Animal
Ethics Committee of Nanjing Medical University Affili-
ated Nanjing Hospital. All animals were housed in a con-
trolled laboratory environment with a constant temperature
of 22 +2°C, a humidity level of 45 +5%, a 12-hour day-night
cycle, and free access to food and clean water. The animals
were allowed to adapt for one week before surgery.

Experimental equipment

Jiangsu Zhenjiang Yihua Optical Instrument Co. of-
fered the surgical microscope (Zhenjiang, China). The fol-
lowing items were purchased from Shanghai Pudong Jin-
huan Medical Supplies Co.: microtweezers, microshears,
and needle sutures (model 4-0, 7-0 round needle).

Methods

Mouse unilateral ureteral obstruction surgery

The mouse was placed supine on the operating table
after being anesthetized intraperitoneally with 10% chloral
hydrate (0.4 ml/100 g) (Bogiao Biotechnology Co., Nanjing,
China). The hair was cut from the incision area with scissors.
The surgical incision was made along the median of the low-
er abdomen. The peritoneal cavity was entered, the skin was
cut, a midline laparotomy was performed, and the white line
devoid of blood vessels was opened with tissue separation
scissors. To expose the left ureter, the intestines were shifted
to the right side of the abdomen using tweezers. The ureter
was separated and ligated with forceps at two points with
7-0 silk thread (Shanghai Pudong Jinhuan Medical Supplies
Co., Shanghai, China) and then cut between the two ligation
points. The control mice that underwent a sham operation
were subjected to abdominal laparotomy; however, the left
ureter was not removed. The abdominal cavity was sutured
layer by layer with a 4/0 black woven silk thread (Shanghai
Pudong Jinhuan Medical Supplies Co., Shanghai, China)
after washing with normal saline.

Experimental protocol for grouping
and administration

Weight-matched mice were randomly assigned to
five groups, as follows: (i) sham-operation group (sham,
n =5); (i1) UUO + PBS (phosphate-buffered saline) group
(n =5); (iii) BM1-treated group (n = 5); (iv) PM1-treated
group (n =5); (v) SPM1-treated group (n = 8). After being
sorted, 1.0 x 10° BM1, PM1, and SPM1 cells were injected
into the tail vein of each C57BL/6 J mouse in the UUO
+ BM1 group, UUO + PM1 group, and UUO + SPM1
group after UUO surgery. Mice in the UUO + PBS groups
were treated with phosphate-buffered saline by the same
method. Kidney samples were obtained from mice in each
group on the 5" day after UUO.
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Histology and morphometric evaluation

After 24 hours of fixation in 10% formalin solution,
the kidney tissue was sliced into 3 pm paraffin sections.
Staining with HE and Masson’s trichrome was implemented
based on conventional methods. Images were used to per-
form quantitative analysis of kidney tissue sections. The re-
nal tubular injury score was measured by HE staining, with
the observer blinded to the identity of the slides. The per-
centage of renal histological changes was calculated using
the following semiquantitative scale to determine the degree
of renal tubular necrosis: O represents normal, 1 represents
mild damage (25% cortex), 2 represents moderate damage
(25-50%), 3 represents severe damage (50-75%), and 4 rep-
resents damage to a considerable area (> 75%) [2]. Semi-
quantitative analysis of Masson’s trichrome staining was
performed using the proportion of collagen-positive regions.
Collagen fibers (Masson trichrome, blue) were scored, and
their positive area was calculated using a microscope eye-
piece in ten bright visual fields (200x). The microscope
(Nikon Eclipse E100) and digital camera (NIKON DS-U3)
were purchased from Japan.

Kidney immunohistochemistry

Paraffin-embedded kidney sections (4 mm thick) were
used to determine the expression level of a-smooth muscle
actin (a-SMA) in the kidney. The dewaxed tissue sections
were incubated with 3% hydrogen peroxide in water to
eliminate endogenous peroxidase. After overnight incu-
bation at 4°C with the primary antibody, the slides were
incubated for 30 minutes at 37°C with the biotinylated
secondary antibody. Following DAB staining, the sections
were restrained with hematoxylin and dehydrated, and cov-
er slides were applied to seal them [5]. A Nikon Eclipse
E100 microscope was used in conjunction with a Nikon
DS-U3 digital camera to capture high-resolution images
of the stained tissue samples. The results were assessed
quantitatively using the ImageJ system, and ten high-pow-
er fields (400x magnification) were analyzed separately for
each immunohistochemical reaction in renal tissue.

Isolation and polarization of macrophages
from bone marrow, spleen and peritoneal cavity

Bone marrow macrophages were isolated and purified as
described previously [11]. The bone marrow from mouse fe-
murs was flushed and washed through a 70 pm nylon mesh,
and the erythrocytes were lysed in lysis buffer. The obtained
cells were cultured under 5% CO, at 37°C. The adherent cells
were rinsed and immersed in fresh culture medium after
2 to 3 days. For MO macrophages (BMO), adherent cells
were washed and cultured for 7 days [12]. These cells were
then cultured for 48 hours with 100 ng/ml lipopolysaccharide
(Sigma), and 50 ng/ml interferon y (R&D). We obtained M 1
macrophages (BM1) [13]. Trypsin (0.25%) was applied to
harvest the cells.

Spleen MO macrophages (SPMO0) were isolated and
purified as described previously [14]. The spleen was re-
moved from the peritoneal cavity and filtered with a 40-mi-
crometer nylon filter. For elimination of red blood cells, red
cell lysis buffer was utilized. The cells were cultured under
5% CO, at 37°C. After 40 min, the culture supernatant was
discarded, and the adherent cells were rinsed three times.
The adherent spleen-derived macrophages were cultured
for 48 h with normal medium for MO cells, with 100 ng/ml
LPS (Sigma)/IFN-y 50 ng/ml (R&D) for M1 cells (SPM1).
Trypsin (0.25%) was used to harvest the cells.

Peritoneal macrophages isolated from C57BL/6 mice
(PMO) were polarized to the M1 phenotype using a previously
described method [15]. Peritoneal MO macrophages were po-
larized to the M1 phenotype (PM1) after treatment with 100 ng/
ml LPS (Sigma) in the presence of 50 ng/ml IFN-y (R&D) for
48 h. Trypsin (0.25%) was applied to harvest the cells.

Macrophage labeling and adoptive transfer
to C57BL/6 mice

Bone marrow, spleen, and peritoneal macrophages
were extracted from 4-week-old male C57BL/6 mice and
stimulated with LPS and IFN-y to promote M1 differentia-
tion. The resulting bone marrow-derived M1 macrophages,
spleen-derived M1 macrophages, and peritoneal M1 macro-
phages were labeled with 3,3'-dioctadecyloxacarbocyanine
perchlorate (DIO; Beyotime) for in vivo studies. The labeled
macrophages were washed three times with PBS. Kidneys
were collected on the five days following macrophage in-
fusion to examine the phenotypes of the injected macro-
phages. Separation of kidney mononuclear cells by sucrose
gradient separation and staining with PE-conjugated an-
ti-mouse CD11b were performed. Flow cytometry analysis
of exogenous renal macrophages (CD11b*DiO") and trans-
planted macrophages (CD11b"DiO*) was performed.

Flow cytometry analysis

We resuspended the macrophages in auto MACS
Rinsing Solution. Nonspecific Ab binding was blocked
using an Fc blocking Ab, and the purity of isolated mac-
rophages was determined by staining with APC-conjugat-
ed anti-mouse F4/80 (BioLegend). The surface markers
of macrophages were evaluated using PE/CY7-conjugated
anti-mouse CD86 (Thermo). To stain CD206 intracellular-
ly, macrophages were fixed and incubated with PE-conju-
gated anti-mouse CD206. Flow cytometry was performed
using a FACSCalibur cytometer (BD Biosciences) and
analyzed with FlowJo software.

Real-time PCR analysis
RNA was extracted using RNAiso Plus (TaKaRa,
Japan) as directed by the manufacturer; the first strand

of cDNA was synthesized from total RNA using the Prime
Script RT kit and gDNA Eraser (Perfect Real Time)
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(TaKaRa, Japan) as directed by the manufacturer. Then,
real-time PCR was performed using TB Green Premix
Ex Taq II (Tli RNaseH Plus) (TaKaRa, Japan). The PCR
mixture, which included primers, cDNA, and SYBR
green master mix, was run in real time on a Corbett
Rotorgene 6000 real-time Thermocycler. The follow-
ing primers (forward and reverse) were applied: 1L-12,
5'-CAATCACGCTACCTCCTCTTTT-3' and 5'-CAG-
CAGTGCAGGAATAATGTTTC-3'; TNF-a, 5'-CCT-
GTAGCCCACGTCGTAG-3" and 5'-GGGAGTAG-
ACAAGGTACAACCC-3'; inducible nitric oxide synthase
(INOS), 5'-CTTGGAGCGAGTTGTGGATTGTC-3'
and 5'-ATTGTACTCTGAGGGCTGACACA-3';
IL-10, 5'-AGCCGGGAAGACAATAACTGC-3’
and 5'-AACCCAAGTAACCCTTAAAGTCCTG-3;
CD206, 5'-CTCTGTTCAGCTATTGGACGC-3' and
5'-TGGCACTCCCAAACATAATTTGA-3'; and glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH),
5'-CAAGGTCATCCATGACAACTTTG-3' and 5'-GTC-
CACCACCCTGTTGCTGTAG-3'. GraphPad Prism 8.0
was used for statistical analysis.

Phagocytic capacity assay of spleen-derived
M1 macrophages, bone marrow-derived M1
macrophages, and peritoneal M1 macrophages

The pinocytic activity of macrophages was ascertained
using the neutral red uptake assay. For 48 hours, macro-
phages (5 x 10° cells/well) were treated with lipopoly-
saccharide (LPS; 100 ng/ml; Sigma) and interferon (IFN;
50 ng/ml; R&D). The cell culture medium was removed,
and 100 pl/well of 0.075% neutral red was added. Cells,
which were kept for 30 minutes at 37°C, were washed with
PBS three times. Each well was cultured at 4°C for another
30 minutes with a cell lysate (150 pl/well) containing ace-
tic acid and ethanol (volume ratio of 1 : 1). The absorbance
was determined at 570 nm using a Bio-Rad model 680
Microplate Reader (Pennsylvania, USA).

Statistical analysis

The statistical analysis software SPSS 22.0 and Graph-
Pad Instant 8.0 were used. Nonparametric tests were used
for comparisons between two groups, and for comparisons
among multiple groups. One-way analysis of variance
(ANOVA) followed by Tukey’s multiple comparison test
was used as appropriate. Statistical significance was defined
as a p value less than 0.05. Data are expressed as the median.

Results

Morphological differences between spleen-derived
M1 macrophages, bone marrow-derived M1
macrophages, and peritoneal M1 macrophages

The morphology of macrophages stimulated with lipo-
polysaccharide (LPS; 100 ng/ml; Sigma) and interferon y

(IFN-y; 50 ng/ml; R&D) varied. We found that BM1 mac-
rophages were fusiform, and their pseudopods gradually
became shorter and rounder than those of BM0 macro-
phages. Most PM1 macrophages were round in compari-
son to PMO macrophages. BM1 macrophages had a longer
spindle profile than SPM1 and PM1 macrophages (Fig. 1).

Phagocytic capacity of spleen-derived M1
macrophages, bone marrow-derived M1
macrophages, and peritoneal M1 macrophages

The phagocytic capacity of these three groups of macro-
phages was assessed. Macrophages derived from the three
different sources absorbed a significant amount of neutral
red. Compared to MO macrophages (resting macrophages),
M1 macrophages absorbed less neutral red. We found that
BM1 and PM1 macrophages had a greater capacity for
phagocytosis than SPM1 macrophages (Fig. 1).

Macrophages isolated from the bone marrow,
spleen and peritoneal cavity can differentiate
into the M1 phenotype

Macrophages exist in a variety of activation states to
fulfill their various physiological functions. We compared
the activation states of M1 macrophages based on the ex-
pression and secretion of markers and related factors.
The expression of F4/80, CD206, and CD86 was examined
by flow cytometry analysis. More than 90% of these three
types of M1 macrophages were F4/80+, and they were all
CD86*CD206™ (Fig. 2). We assessed the relative mRNA
levels of TNF-a., inducible nitric oxide synthase (INOS),
CD206, IL-12, IL-10, and Arg-1 when the macrophages
were stimulated with IFN-y and LPS for 48 h to differen-
tiate the M1 state. In comparison with BMO, SPMO, and
PMO macrophages, SPM1, BM1, and PM1 macrophages
expressed high levels of INOS, TNF-a, and IL-12. There-
fore, the three distinct subtypes of macrophages are capa-
ble of polarizing into the M1 phenotypic state according to
our findings. The three different sources were analyzed to
determine the differences between the M1 states. The com-
parative data showed that BM1 and PM1 macrophages
expressed higher mRNA levels of INOS under the M1
condition (p < 0.0001). Compared to BM1 macrophages
and SPM1, PM1 macrophages expressed higher mRNA
levels of IL-10. PM1 macrophages also expressed higher
levels of IL-12 and TNF than BM1 and SPM1 macrophages
(p < 0.0001). There were no differences in the ability
of the three macrophages to express CD206 mRNA (Fig. 2).

M1 macrophage reperfusion aggravates renal
injury in UUQO-treated mice
HE staining showed that the intratubular space in-

creased substantially, tubulointerstitial cells infiltrated,
renal tubular epithelial cells were partially exfoliated,
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and the tubular lumen dilated. The tubular necrosis score
of kidneys in the UUO + PM1 groups was higher than that
in the UUO + BM1 and UUO + SPM1 groups (Fig. 3).

The sham-operated group had no obvious blue-stained
area after Masson staining, whereas there were obvious
blue areas in the UUO + PBS group and the UUO + BM1,
UUO + PM1, UUO + SPM1 groups, which were main-
ly distributed in the renal interstitium. The UUO + PM1
group had more blue areas than the UUO + PBS group.
The collagen area ratios in the UUO + PM1 group were
higher than those in the UUO + PBS group. The propor-
tion of the collagen area in the kidneys in the sham, UUO
+ PBS, UUO + BM1, UUO + PM1, and UUO + SPM1
groups was 14.49 +4.26%, 29.46 +1.35%, 28.87 +2.91%,
50.30 £9.83%, and 32.93 +5.87%, respectively (Fig. 3).

Immunohistochemical staining demonstrated that
the expression of a-SMA was lower in the sham opera-
tion group, particularly in the walls of small blood vessels
and around glomeruli and renal tubules. The expression
of a-SMA in the UUO + PM1 groups was higher than
that in the UUO + PBS group and was mainly distributed
in renal tubulointerstitial areas. The average absorbance
of a-SMA in the UUO + PM1 and UUO + SPM1 groups
was higher than that in the UUO + PBS group. The expres-
sion of a-SMA in the kidneys of the sham, UUO + PBS,
UUO + BM1, UUO + PM1, and UUO + SPM1 groups
was 0.1873 +0.018, 0.2813 +0.023, 0.3647 +0.032, 0.4323
+0.022, and 0.344 +0.025, respectively (Fig. 3).

Discussion

Macrophages play an important role in the genesis
and progression of renal inflammation and fibrosis [16].
Macrophage populations are considerably diverse among
tissues. The functional differences of macrophages in dif-
ferent tissues still need to be explored. In the present study,
we investigated the effects of three different sources of M1
macrophages on kidney injury. We found that although
macrophages from bone marrow, spleen, and the peritoneal
cavity could all differentiate into the M1 phenotype, their
morphology, phenotype, and function were slightly differ-
ent. PM1 macrophages expressed higher levels of TNF-a
than BM1 and SPM1 macrophages. Therefore, the effects
of BM1, SPM 1 and PM1 on UUO renal injury and fibrosis
are not completely consistent. Compared with BM1 and
SPM1, PM1 has a stronger effect on inducing renal injury
and fibrosis.

Macrophage subsets include typical activated or in-
flammatory (M 1) macrophages and alternately activated or
anti-inflammatory (M2) macrophages. M1 macrophages
produce interleukin 12 (IL-12) and inducible nitric oxide
synthase (INOS), which can promote inflammation and
chemotaxis, and induce matrix decomposition [17]. Mac-
rophage populations are diverse, and they are considerably
diverse among tissues. Even with the same phenotype,
the effects of macrophages from different sources may be

different [18]. This study compared the morphology, phago-
cytic ability, and phenotypes of M1 macrophages from three
different sources. It was found that BM1 macrophages had
a more elongated spindle shape than SPM1 and PM1 mac-
rophages. In addition to morphology, the phagocytic abil-
ity of macrophages was evaluated. BM1 and PM1 macro-
phages have been proven to have high phagocytic ability.

The macrophage lines RAW264.7, P388D1, and U937
can be applied to research macrophages [19, 20]; constant
culture of these cell lines, however, may lead to gene loss
and a reduction in macrophage immune function. As a re-
sult, primary culture bone marrow macrophages, spleen
macrophages, and peritoneal macrophages have been used
in the majority of experimental research. In the bone mar-
row, monocytes from macrophage and dendritic cell pro-
genitor-derived pro-monocyte precursors infiltrate to form
tissue macrophages, and the precursors can be differen-
tiated into macrophages in vitro. The spleen is the main
immune organ and contains a large number of immune
cells, which can be obtained as a single cell suspension,
and macrophages can be acquired by adhesion and puri-
fication. The peritoneal cavity typically contains primary
macrophages from mice. Macrophages accounted for 35%
of the cells in the peritoneal cavity [21]. Peritoneal macro-
phages are more readily available than bone marrow and
spleen macrophages. At present, most macrophages used
in cell therapy are derived from bone marrow [22] and
spleen [23], and macrophages from the peritoneal cavity
are rarely used in cell therapy. Our research demonstrated
that the isolated macrophages are all capable of polarizing
into M1 phenotypes, implying that macrophage plasticity
may aid in disease control and therapy.

Obstructive nephropathy is a prevalent clinical con-
dition with irreversible long-term consequences, such as
renal fibrosis. UUO is an excellent model for the study
of obstructive nephropathy [24]. Macrophages were re-
cruited into the renal interstitium in the UUO model. This
migration begins on the first day of UUO and continues
throughout the course of progression. As the first line
of defense, M1 macrophages enter the UUO renal cortex
[25]. MO macrophages can be polarized to M1 macro-
phages by pathogen-related molecular patterns (PAMPs),
such as lipopolysaccharides (LPS). These cells secrete
a series of proinflammatory factors (including IL-6,
IL-12, and TNF-a), activated oxygen species, and nitric
oxide (NO), which promote inflammation [16]. The results
showed that adoptive transfer of BM1, PM1 and SPM1
macrophages could significantly increase renal inflamma-
tory cell infiltration, partial exfoliation of renal tubular ep-
ithelial cells and lumen dilatation in UUO. In the late stage
of UUO, M2 macrophages are predominant in UUO-treat-
ed kidneys, which promote renal fibrosis [26]. According
to Jiong Cui’s study, complement C3 exacerbates renal in-
terstitial fibrosis by facilitating macrophage M1 polariza-
tion, promoting proinflammatory cytokine expression [27].
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However, the role of BM1, PM1 and SPM1 in fibrosis in
the mouse UUO model is still unclear. We found that many
pathological markers of renal fibrosis, including the colla-
gen content, and o-SMA expression in the kidneys, were
considerably higher in the UUO + PM1 and UUO + SPM1
groups compared with the UUO + PBS group.

Tumor necrosis factor a can modulate the progression
of acute kidney disease and CKD and alter the severity
of renal injury [28]. According to Jian Ping Sheng’s study,
TNF-a is indispensable for the development of fibrosis
[29]. Our research demonstrated that PM1 macrophages ex-
pressed higher levels of TNF-o than BM1 and SPM1 mac-
rophages. This result may be the reason why the renal tu-
bular injury score, o-SMA integrated optical density (IOD)
value and fibrosis score of the UUO + PM1 group are higher
than those of the UUO + BM1 and UUO + SPM1 groups.

Although our study demonstrates that different sources
of M1 have different effects on UUO 5-day renal interstitial
inflammation and fibrosis, there are limitations. First, we
only observed the effect of M1 on the early stage of UUO.
We should further observe the effect of three different
sources of M1 macrophages on the UUO model for 7 days
and 14 days and whether they will aggravate UUO fibrosis
as in the early stage. Second, according to Bing Shen’s
research, in the late stage of UUO, M2 macrophages are
mainly found [26]. In future studies, M2 macrophages can
be reinfused to observe their impact on the UUO model.
Finally, studies have shown that JAK/STAT1 is involved in
liver fibrosis caused by M1 macrophages [30], and whether
M1 macrophages play a fibrotic role in the kidney through
JAK/STAT]1 needs further study.

Conclusions

In conclusion, we provide evidence that M1 macro-
phages can aggravate renal structural and functional dam-
age in UUO. In a comparison of macrophages from three
different sources, peritoneal macrophages had stronger
inflammatory effects to some extent. The mechanism by
which interstitial inflammation is greatly enhanced by M1
macrophages obtained from the peritoneum needs to be
further explored.
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