Karimi et al., Biolmpacts, 2021, 11(3), 219-226
doi: 10.34172/bi.2021.31
http://bi.tbzmed.ac.ir/

CrossMark
click for updates

a
ccess

Therapeutic effects of bone marrow mesenchymal stem cells via
modulation of TLR2 and TLR4 on renal ischemia-reperfusion injury
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Introduction: Acute kidney injury (AKI) induced
by renal ischemia-reperfusion (I/R) injury is a
pro-inflammatory process that activates toll-
like receptors (TLRs). Stem cell therapy holds a
great promise for kidney repair. Therefore, we
investigated the immunomodulatory role of bone
marrow stromal cells (BMSCs) on TLR2 and
TLR4 expression in AKI in male Sprague-Dawley
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transplantation. Renal I/R was induced by 45 minutes bilateral ischemia followed by 24 hours
of reperfusion. Rats received intraperitoneal injections of BMSCs (1.5 x 10° cells, i.p, per rat)
immediately after termination of renal ischemia. Serum samples were collected pre-and post-stem
cells injection for assessment of blood urea nitrogen (BUN) and creatinine (Cr) levels. The kidneys
were harvested after 24 hours of reperfusion for structural and molecular analysis.

Results: Renal I/R caused severe tissue injuries and increased the level of BUN (166.5 + 12.9 vs.
18.25+1.75) and Cr (3.7£0.22 vs. 0.87 £0.06) compared to the sham group. In addition, mRNA
expression of TLR2 and TLR4 elevated in the renal I/R group. Administration of BMSCs improved
the functional and structural state of the kidney induced by I/R and down-regulated TLR2 and
TLR4 gene expression.

Conclusion: The results showed a highly significant renoprotection by BMSCs that indicates
their therapeutic potential in I/R injures. These effects are most likely associated with the TLR2/4

signaling pathway via modulation of the inflammatory response cascades.

Introduction

Renal ischemia-reperfusion (I/R) injury is one of the most
common causes of acute kidney injury (AKI) that can
increase acute rejection rates in kidney transplantation.'
Many studies have shown that strong inflammatory
responses are mediated by both innate and adaptive
immune systems in post-ischemic kidneys."** In ischemic
time, hypoxia directly damages the epithelial cell, and
releases dangerous molecules that act as a ligand for toll-
like receptors (TLRs), and activates signaling pathways
for release of inflammatory chemokines and cytokines.®
Therefore, inflammation begins during ischemia and

accelerates upon reperfusion with activation of the
complement system, endothelial activation, leukocytes
recruitment, and upregulation of TLRs on the epithelial
cells that result in renal tubular, endothelial, and interstitial
damages.

In fact, TLRs are a family of pattern recognition
receptors that are evolutionarily conserved from the
worm Caenorhabditis elegans to mammals.” Expression
of TLRs increased on the tubular epithelial cells in renal
I/R, detected specific endogenous danger molecules, and
activated pro-inflammatory pathways in the cells.” The
recent studies demonstrated that TLR2 and TLR4 are

permitted, provided the original work is properly cited.

*Corresponding author: Seydeh Sara Hashemi, Email: sara_hashemi@sums.ac.ir

@ OS o 2021 The Author(s). This work is published by BioImpacts as an open access article distributed under the terms of
S p Y p %
the Creative Commons Attribution License (http://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are


https://doi.org/10.34172/bi.2021.31
https://orcid.org/0000-0001-9558-099X
https://orcid.org/0000-0002-9395-9573
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.34172/bi.2021.31&domain=pdf&date_stamp=2020-07-08

Karimi et al

crucial regulators of inflammation in renal I/R, so that
TLR2 and TLR4 deficient mice were preserved from renal
dysfunction in the I/R model.** In this respect, the immune
system has a significant effect on the pathogenesis of renal
I/R; therefore, many medical researchers used treatments
which regulate the immune response.'’

The bone marrow has two types of stem cells,
hematopoietic stem cells (HSCs) and mesenchymal
stromal cells (MSCs). HSCs generate blood cells and
MSCs differentiate into chondrocytes, osteocytes, and
adipocytes."! MSCs are known as multipotent, non-
hematopoietic cells that can be found in approximately
all tissues such as the skeletal muscle, adipose tissue,
umbilical cord, amniotic fluid, peripheral blood, dental
pulp, lung, liver, and bone marrow."*** Moreover, MSCs
have differentiation and self-renewal potential and can
be utilized in tissue engineering and clinical trial."® In
clinical trials, bone marrow stem cells (BMSCs) have been
administrated for regenerative therapies because they are
easily harvested and are readily available.'® The massive
results of researchers suggest that the mechanism of action
of MSCs include fusion or trans-differentiation, paracrine
mechanism, and immunomodulation that lead to repair
of the injured tissues and organs.'”'® Therapeutic effects
of MSCs has been investigated in kidney disease of animal
models and patients.'*?!

Since other studies suggested that MSCs have an
immunomodulatory effect. Moreover, TLRs are expressed
on tubular epithelial cells and regulate inflammatory
responses. Therefore, the present study was designed to
investigate the healing effect of allogenic BMSCs on renal
I/R through the effect on TLR2 and TLR4 expression in an
experimental rat model.

Materials and Methods

Isolation and characterization of BMSCs

BMSCs were provided from the rats femur and tibia
bone marrow. After three times washing with Hanks’
balanced salt solution (Invitrogen, USA), the mixture was
centrifuged and the viable cells were plated at a density of
1 million cells/cm* in 100 mm cell culture dishes adding
88% Dulbeccos Modified Eagle’s Medium (DMEM,
Invitrogen) supplemented with 10% FBS (Gibco, USA), 1%
L-glutamine (Invitrogen), and 1% penicillin/streptomycin
(Invitrogen). After 5 days, the medium was replaced and
subsequent culture media were changed every three days.
The cells were kept in a 5% CO, incubator at 37°C and
saturated humidity.”

BMSCs were evaluated morphologically for being
spindle shape. They were assessed for in vitro osteogenic
induction seeding 5x10* BMSCs in a 12-well plate
containing DMEM, supplemented with 10% FBS, and
osteogenic media of 200 uM L-ascorbic acid (Sigma, USA),
10 mM glycerol phosphate (Sigma, USA), and 100 nM
dexamethasone (Sigma, USA). The media were replaced
for three weeks every three days. The differentiation was

assessed by alizarin red staining (Sigma, USA) bound to
calcium mineralized deposits and revealing a red color.
Flow cytometry was undertaken on the third passage
of BMSCs to assess the expression of the mesenchymal
surface markers for CD105 and CD90 and hematopoietic
surface markers of CD34, (Dako, Denmark).

Experimental animals

Thirty male Sprague-Dawley 260-280 g rats were
purchased from Laboratory Animal Center of Shiraz
University of Medical Sciences, Shiraz, Iran. During the
study, the animals were kept single in cages at controlled
temperature (22.0 £ 2.0°C) and lighting (12 hours light/
dark cycles) and had free access to food and water.
Ketamine (50 mg/kg; Alfasan, Woerden, Netherlands) and
xylazine (10 mg/kg; Alfasan) were used intraperitoneally
to anesthetize the animals during all interventions.

Induction of renal ischemia-reperfusion model

The rats were randomly divided into three groups (n=10),
including (i) Sham group, (ii) I/R (renal ischemia-
reperfusion injury) group, and (iii) I/R+BMSCs (bone
marrow mesenchymal stromal cells) group. Renal I/R
injury induction has been described in our previous
study.” Briefly, a median abdominal incision was done
and kidney exposed; then, bilateral renal pedicles were
clamped using a micro-aneurysm vascular clamp for 45
minutes. After termination of ischemia, the clamps were
removed and verified for the adequate restoration of the
blood flow to the ischemic kidney. The abdominal wound
was then closed by 4/0 stitches in two layers. In the sham
group, the surgical procedure was performed without
pedicel clamping.** In the I/R+BMSCs group, rats received
intraperitoneal injections of BMSCs (1.5x10° cells, i.p, per
rat) immediately after termination of renal ischemia.>*

Experimental design

All animals were re-anesthetized 24 hours after
reperfusion. Blood samples were collected and
immediately centrifuged; plasma was preserved at -20°C
for the measurement of blood urea nitrogen (BUN) and
creatinine (Cr). The animals' kidneys were subsequently
harvested. The left kidney was stored at -80°C for mRNA
expression analysis (TLR2 and TLR4 genes) and the right
kidney was maintained in 10% formalin for hematoxylin-
eosin (H & E) staining.

Plasma variables assessment

The levels of BUN and Cr were analyzed by an auto-
analyzer (RA-1000 Technicon, America, Namazi Hospital
Laboratory, Shiraz, Iran).

Histological analysis and injury scoring

Formalin (10%) fixed and paraftin-embedded renal tissue
samples were stained with H&E. Histopathological injury
scoring was performed by light microscopy in 10 non-
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overlapping fields (x400 magnification) at the cortex and
medullary area. Renal tissue lesions including shedding
of the brush border, tubular necrosis, exfoliation of the
epithelial cells, cast deposition, and vascular congestion
were classified from 0-5 according to the intensity of
damages, 0: no damage, 1: less than 20% damage, 2: 21-
40% damage, 3: 41-60% damage, 4: 61-80% damage, and
5: more than 81% damage.”

RNA extraction and cDNA synthesis

Total RNA was extracted from each rat’s kidney tissue
sample, using Trizol (YektaTajhiz, Tehran, Iran). Then,
RNA purity and concentration were measured by
NanoDrop™ (Thermo Scientific™, USA) at 260/280
nm. In the next step, extracted mRNAs were reversely
transcribed into first-strand ¢cDNA wusing a cDNA
synthesis kit (BioFact™ RT-PCR PreMix, Daejeon,
Korea) according to the manufacturer's instruction.
Briefly, this kit is a complete system for synthesis of
cDNA from RNA, which is using BioFact™ RTase, a
recombinant type of reverse transcriptase with greater
efficiency as inhibition of RNA's secondary structure by
its thermostable characteristic at 50°C for activation. After
mixture preparation, cDNA synthesis was performed
using thermal cycler (Eppendorf, Germany) as follows: 30
min in 50°C and 5 min in 95°C.

Quantitative real-time polymerase chain reaction (qQRT-
PCR)

The expression levels of TLR2 and TLR4 in experimental
groups were determined using an in-house SYBR green
real-time PCR protocol by Step One Real-Time Instrument
(Applied Biosystems, Step One Plus, Foster City, USA). In
this study, GAPDH gene was used as an internal control.

Table 1. The oligonucleotide sequences of primers used for the current
study

Genes Primer sequence 5'-3’

TLR2 Forward: 5" TGTTCCGGGCAAATGGATCA3’
Reverse: 5'GCCTGAAGTGGGAGAAGTCC3’

TLR4 Forward: 5 TATCCAGAGCCGTTGGTGTTAT3’
Reverse: 5'AATGAAGATGATGCCAGAGCG3’

GAPDH Forward: 5'AGTGCCAGCCTCGTCTCATA3’

Reverse: 5" GAGAAGGCAGCCCTGGTAAC3’

The primer sequences were designed for amplification of
GDPDH, TLR2, and TLR4 transcripts with the program
of primer design on the NCBI website (Table 1).

The real-time PCR mix was composed of PCR master
mix (BioFact™), forward and reverse primers (10 pmol),
and template cDNA. Melting curves of the target and
internal control genes were analyzed to confirm the
specificity of PCR reactions. All real-time tests were
performed in triplicate (Table 2).

Statistical analysis

Statistical analysis was performed using one-way analysis
of variance (ANOVA) followed by Duncan’s post-hoc test.
Data were analyzed using SPSS 24.0 software package. The
P value <0.05 was considered statistically significant.

Results

Characterization of BMSCs

Morphologically, BMSCs were adherent to the culture
flasks and were fibroblast-like cells morphology (Fig. 1A).
The osteogenic differentiation was confirmed by alizarin
red staining (Fig. 1B). In the flow cytometry, the cells were
positive for expression of mesenchymal markers including
CD105 and CD90, and were negative for expression
hematopoietic marker of CD34 (Fig. 1C).

BMSC:s attenuated renal dysfunction induced by I/R
Renal I/R increased significantly (both P<0.001) BUN
(166.5£12.9 vs. 18.25+1.75) and Cr (3.7£0.22 vs.
0.87£0.06) as compared with the sham group. Treatment
with BMSCs partially improved the renal dysfunction, so
that the levels of BUN and Cr in the I/R+BMSCs group
(99+14.7 and 1.79+0.14, respectively) were significantly
lower than the I/R group, but did not return to the level of
sham group (Fig. 2).

Effect of BMSCs on the gene expression of TLR2 and
TLR4 in the renal tissue

Renal I/R caused up-regulation of TLR4 (Fig. 3B).
However, expression levels of TLR2 (Fig. 3A) decreased
in the I/R group as compared to the sham group, but this
decrease was not statistically significant. Administration
of BMSCs immediately after renal ischemia down-
regulated the gene expression of both TLR2 and TLR4, as
compared with the I/R group.

Table 2. The real-time PCR program and PCR mix content for TLR2 and TLR4 gene amplification

Stages Temperature (C’) Time Cycles PCR Mix
Holding 95 30s 1
Denaturation 95 5s
Annealing 58 20s 40 SYBR green Premix: (5 uL; 2xconcentration);
Extension 72 30s Forward primers: 0.4 uL and 10 pM;
95 15s Reverse primers:0.4 pL and 10 pM
Melting 58 1 min 1
95 15s
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Fig. 1. Morphology of isolated bone marrow derived stem cells (BMSCs). With time, fibroblast-like cells morphology can be seen by phase-contrast microscopy.
BMSCs in Passage 1 (Magnification: x200) (A), osteogenic differentiation (alizarin red staining) (B), and Markers of mesenchymal stem cells were isolated

from BMSCs to be negative for CD34 and positive for CD105 and CD90 (C).

BMSCs improved the histologic damages induced by
renal I/R

Histological study of the kidney tissues showed that
45 minutes of renal bilateral ischemia with 24 hours
reperfusion caused serious tubular and vascular damages.
Tissue injuries included the shedding of brush borders,
acute necrosis, and exfoliation of the epithelial cells of
both the proximal and the thick ascending limb. Since the
outer medulla area is sensitive to hypoxia, these damages
were more severe than in the cortex area. In addition, renal
I/R caused widened urinary space as well as the formation
of tubular casts and vascular congestion (Fig. 4B and 4E).
Injection of BMSCs attenuated the tubular epithelial cell
damages and decreased the vascular congestion (Fig. 4C
and 4F).

Discussion
Stem cells have the capacity of self-renewal and
differentiation into specialized cell types; for this reason,

stem cell therapy is a potential treatment for injured
tissues, for example, the kidneys.® Mesenchymal stem
cells (MSCs) are commonly defined as adherent cells,
which express MHC class II antigens; therefore, they
are appropriate for allogeneic applications.*** MSCs are
attractive applicants for renal injuries treatment. Previous
studies have revealed that administration of MSCs could
enhance the improvement of AKI induced by I/R in animal
models. In fact, nephrons have mesenchymal sources
and MSCs are of crucial importance for signaling, which
leads to the new tubular epithelial cells differentiation for
replacement of lost cells in the nephrons and collecting
ducts.>

In this study, the induction renal I/R model elevated
the levels of BUN and Cr. Moreover, renal I/R induced
pathological damage such as shedding of brush border,
acute tubular necrosis, and vascular congestion.
Intraperitoneal (i.p) injected rats with BMSCs revealed
that the kidney tissues improved in the functional
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Fig. 2. Effects of BMSCs on the renal function markers 24 h after reperfusion. The serum creatinine levels (A) and blood urea nitrogen (B). Data are
expressed as mean + SEM. *P<0.05, **P<0.01, ***P<0.001 represent significant difference with the sham group.*P<0.01, #*P<0.001 represent a

significant difference between I/R and I/R+BMSCs groups.
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Fig. 3. Effects of BMSCs on the gene expression of TLR2 and TLR4 24 h after reperfusion. The levels of mMRNA expression of TLR2 (A)
and TLR4 (B). Data are expressed as mean + SEM. *P < 0.05, ***P < 0.001 represent a significant difference with the sham group. *P <
0.05, %P < 0.01 represent a significant difference between I/R and I/R+BMSCs groups.

and histological parameters. Several previous studies
demonstrated that BMSCs have interactions with each
other as well as with injured kidney cells, and this effect
causes renoprotective and regenerative actions after
AKI and renal I/R, and it was revealed by checking the
functional and structural mechanisms in ischemic renal
animals that received BMSCs.*** Sadek et al showed that
intravenous injection of BMSCs into renal I/R of the male
rats improved the renal function both 24 hours and 72
hours after reperfusion. Periodic Acid-Schiff and H & E
staining showed a reduction in the tissue damage in the
treatment group.®® This result was in accordance with that
reported by Xie and colleagues.

Cortex

Medulla

Kidney Total Histopathological Score
n
1

The mechanisms of stem cell therapy are unclear
in different damages. One prevailing opinion about
a therapeutic approach to BMSCs is an improvement
of tissue injury, due to replacing the lost kidney cells
with physically transdifferentiated stem cells. However,
paracrine mechanisms that might be primarily responsible
for the organ protective actions of the administered
stem cells have not been fully identified.””* MSCs can
interact with each of the immune systems isolated cells
and probably play a role as an active component in
inflammation modulation, tolerance induction, and
reduction of transplantation complications. Abdel Aziz et
al found that MSCs with hepatocyte growth factors can

I/R + BMSCs

Ll

ok

T
Sham

T
/R I/R+BMSCs

Fig. 4. Effect of BMSCs on the renal histopathological damages 24 h after reperfusion in the Sham (A, D), IR (B, E) and IR+BMSCs (C, F) groups stained with
H & E (Magnification: x 400). Administration of BMSCs (C and F) decreased the shedding of brush border (black arrow), acute necrosis and exfoliation of the
epithelial cells (yellow arrow), vascular congestion (black bent arrow), and cast deposition (yellow bent arrow) in the cortex and medulla area, as compared
to the I/R group (B and E). The total histopathological score in the renal tissue (G). ***P <0.001 represents a significant difference with the sham group.
%P < 0.001 represents a significant difference between I/R and I/R+BMSCs groups.
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exert their effect by paracrine mechanisms through down-
regulation of pro-inflammatory cytokine TNF-a and up-
regulation of anti-inflammatory IL-10 and VEGE®

On the other hand, during ischemia, hypoxia directly
damages the tubular epithelial cells through increased
levels of reactive oxygen species and NO with iNOS origin,
and the products released from damaged epithelial cells
act as aligand for TLRs, due to the release of cytokines and
chemokines. Thus, the inflammation that begins following
ischemia is exacerbated by reperfusion, all of them trigger
and exaggerate inflammation response through the innate
and adaptive immune systems.>**!

Our findings demonstrated that MSCs treatment
decreased gene expression in both TLRs 2 and 4. In this
regard, the TLR2 and TLR4 are the innate immunity
receptors on cell surfaces and the key regulator of
signaling pathway inflammatory cascade after I/R. These
results are further supported by the fact that improved
renal function in I/R, mediated by immunomodulatory
and their anti-apoptotic effects of MSCs, results in renal
down-regulation of TLR2/4 activation.*

MSCs secretes various growth factors and cytokines
that result in the inhibition or modulation of the T-cell
response.”” Therefore, the finding of the current study with
respect to other researches suggests that organ protective
and repair mechanisms that are activated by MSCs
resemble those that can be induced by individual growth
factors and anti-inflammatory cytokines in experimental
I/R. The expression of inflammatory cytokines was
significantly increased after I/R, an increase positively
related to the activation of TLR2 and TLR4 and nuclear
factor-kB (NF-kB) signaling.*

Indeed, Leemans et al already showed that renal-
associated TLR2 plays a proinflammatory and subsequent
detrimental role during I/R injury in the kidney of mice.*!
However, TLR4 can exert different immunological effects
as demonstrated by studies showing different effects of
TLR2 and TLR4 in infection®* and models of tissue
injury.*** This could be because TLR4 detects different
endogenous danger ligands compared to TLR2 and used
an alternative signaling cascade. In addition, TLR4 unlike
TLR2 does not hybridize with other TLRs. The specific
role of TLR4 in I/R injury remains therefore unknown.*

In the present study, it was found that the expression of
TLR2 and TLR4 is regulated by different pathways during
renal I/R injury. However, treatment with BMSCs down-
regulated both receptors. The definition of the specific
roles of various pathways in TLR signaling might offer
new potentials for the selective blockade of pathways
downstream of TLRs.

Conclusion

In conclusion, the present study demonstrated for the
first time that the decrement of TLR2 and TLR4 gene
expression is involved in the therapeutic effect of BMSCs
in a rat model of renal I/R. Furthermore, our results show

Research Highlights

What is the current knowledge?

v Renal ischemia/reperfusion injury is one of the most
common causes of AKIL

v BMSCs have a potential protective effect on renal ischemia/
reperfusion damages.

What is new here?

v BMSCs decreased the gene expression of TLR2 and TLR4
and the renoprotective effects of BMSCs may be related to the
cell signaling pathway of TLR2 and TLR4.

that TLR4 seems to be a cellular sensor for acute renal
injuries that control innate immunity and tissue integrity.
Hence, selective targeting of TLR4 may be more effective
for the development of therapeutic strategies to prevent
I/R injury. These results are advantageous in knowing the
mechanism of potential therapeutic effects of cell therapy
in renal ischemic states in clinics.
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