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The influence of inflammation e

on the characteristics of adipose-derived
mesenchymal stem cells (ADMSCs) and tissue
repair capability in a hepatic injury mouse
model
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Abstract

Background Mesenchymal stem cells (MSCs) are adult stem cells with self-renewal and multi-directional differentia-
tion potential and possess the functions of immunomodulation, regulation of cell growth, and repair of damage. Over
recent years, MSCs have been found to regulate the secretion of inflammatory factors and to exert regulatory effects
on various lymphocytes in inflammatory states, and on the subsequent repair of tissue damage caused by inflamma-
tion. In the present study, we analyzed the effects of tissue inflammation on the characteristics of MSCs.

Methods Human fat derived from the infrapatellar fat pad (IPFP) of knees with differing degrees of inflammation

was extracted from specimens derived from total knee arthroplasties. HE and immunohistochemical staining was per-
formed to directly observe the evidence and degree of inflammation in human infrapatellar fat pad tissue in order

to classify MSCs cells, by their origin, into highly inflamed and lowly inflamed groups, and to study the effect of tissue
inflammation on cell acquisition rates via cellular counting data. Flow cytometry assays were performed to investigate
the effect of tissue inflammation on MSC surface marker expression. Trilineage differentiation, including osteogenesis,
adipogenesis, and chondrogenesis, was performed to assess the effect of tissue inflammation on the ability of MSCs
to undergo directed differentiation. The effect of tissue inflammation on the ability of MSCs to proliferate was inves-
tigated via clone formation studies. RNA-sequencing was performed to evaluate the transcriptomes of MSCs derived
from different areas of inflammation. The effect of tissue inflammation on tissue repair capacity and safety of MSCs
was investigated via a murine model of acute liver injury.

Results The results of cell count data indicate that a high degree of tissue inflammation significantly decreases
the acquisition rate of MSCs, and the proportion of CD34* and CD146" cells. The results of our trilineage
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differentiation assay show that a higher degree of inflammation decreases osteogenic differentiation and enhances
adipogenic and chondrogenic differentiation of MSCs. However, these differences were not statistically significant.
Clone formation assays indicate that the degree of tissue inflammation at the MSC source does not significantly
affect the proliferative capacity of MSCs. The transcriptomes of MSCs remain relatively stable in fat pad tissues
derived from both highly and lowly inflamed samples. The results of acute liver injury investigations in mice indicate
that MSCs of high and low inflammatory tissue origin have no significant difference in their tissue repair capability.

Conclusions High tissue inflammation at the source of MSCs reduces the acquisition rate of MSCs and the percent-
age of CD34" and CD146™ cells acquisition. However, source tissue inflammation may not significantly affect triline-
age differentiation potential and proliferative capacity of MSCs. Also, MSCs obtained from differing source degrees
of inflammation retain stable and similar transcriptomic profile and are both safe and efficacious for tissue repair/
regeneration without detectable differences.

Keywords Human infrapatellar fat pad, Mesenchymal stem cells, Inflammation, Characteristics
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Background

Mesenchymal stem cells (MSCs) are derived from mes-
enchymal stroma, are adult stem cells with enhanced
proliferative capacity, and these cells possess multi-
directional differentiation potential. MSCs have been
widely used for tissue regeneration as an engineered stem
cell source with the potential to differentiate into osteo-
blasts, chondrocytes, adipocytes, bone marrow stroma,
liver cells, islet cells, myocardial cells, and phenotypically

neuron-like cells [1-5]. MSCs also possess immunomod-
ulatory capabilities and may exert immunomodulatory
functions through the secretion of soluble factors [such
as interleukin 1, interferon gamma, tumor necrosis fac-
tor alpha, indoleamine 2, 3-dioxygenase, prostaglandin
E2, inducible nitric oxide synthase, transforming growth
factor-p1 (TGF-B1), hepatocyte growth factor, vascular
endothelial growth factor, platelet-derived growth factor,
insulin-like growth factor 1, stromal cell-derived factor
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1, angiopoietin 1, interleukin 10, interleukin 6, and nitric
oxide], or induce repair of tissue damage through cell to
cell contact [6, 7].

Adipose tissue originates from the embryonic meso-
dermal germ layer; however, recent animal studies have
observed that adipose tissue present at different anatomi-
cal locations may be of differing embryonic origins, and
that individual fat deposits may not be functionally iden-
tical [8]. The presence of MSCs in adipose tissue was first
reported by Zuck et al, in 2001. Compared to umbili-
cal cord stem cells, adipose tissue-derived MSCs have
been shown to have a greater differentiation capacity in
preclinical studies [9-11]. Adipose-derived mesenchy-
mal stem cells (ADMSCs) have been considered as the
most promising candidates for stem cell therapy due to
their wide accessibility and high regenerative potential
[12-14].

The infrapatellar fat pad (IPFP) is a rich source of MSCs
[9]. The presence of IPFP-MSCs in the knee joint has
been recently reported and is now being actively studied
[15-19]. The IPFD, a yellowish intracapsular fatty struc-
ture within the knee joint, is a mass of fibrous adipose tis-
sue located within the capsule and outside the synovial
membrane of the knee joint. It lies between the patellar
tendon, the femoral condyle, and the tibial plateau of the
knee joint, consists mainly of synovial membrane and
subsynovial adipose tissue, and is an expansion of the
structure and function of the synovial area of the knee [4,
20-22]. The IPFP belongs to the subcutaneous adipose
tissue, is viewed as an endocrine and metabolic reservoir,
and contains fewer inflammatory cells compared to vis-
ceral adipose tissue [23, 24].

Specific markers are ideal for the accurate identification
of specific cells; however, surface markers associated with
MSCs have not, as yet, been fully defined. To date, many
surface markers have been proposed for MSCs, and the
accepted view is that MSCs express CD105, CD73, CD44,
CD90, CD71, Stro-1, and CD146, as well as the adhesion
molecules CD106, CD166, ICAM-1, and CD29; however,
MSCs do not express hematopoietic cell surface mark-
ers, such as CD45, CD34, and CD14, and do not express
CD80, CD86, CD40, CD31, CD18, CD19, CD11b, and
CD56 [9, 25-27].

There is growing evidence that MSC/progenitor cell-
derived stem cells extracted from the infrapatellar fat pad
exhibit unique specificity in terms of proliferative capac-
ity, multilineage differentiation potential, and availabil-
ity [4, 5, 28]. The ability of adult stem cells to proliferate
and directionally differentiate is the basis for therapeu-
tics related to tissue and organ regeneration and repair.
An increasing number of studies have taken advantage
of MSCs to conduct cell-based clinical trials on a vari-
ety of diseases, including liver diseases. Yan et al. have
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successfully isolated MSCs from human umbilical cords
and have demonstrated that the use of human umbilical
cord MSCs (huMSCs) may ameliorate liver injury and
acute renal failure in mice [29-34].

Due to its unique anatomical location, the IPFP is
sometimes involved in pathological states such as Hofta’s
disease, post-arthroscopy fibrosis, and limited nodular
synovitis [35]. It has been shown that inflammation may
influence the proliferation and differentiation of adult
stem cells, such as inhibition of the multidirectional dif-
ferentiation of bone marrow MSCs and periodontal stem
cells, and promotion of the proliferative potential of adi-
pose MSCs and neuron-like cells [36]. Thus, inflamma-
tion seems to have an appreciable influence on the ability
of adult stem cells to effect tissue regeneration and repair,
and the influence of inflammation on the proliferation
and differentiation of adult stem cells leads to variations
in the ability of adult stem cells to effectively repair tissue
and competently achieve complete tissue regeneration.

The fate of stem cells may depend on their location of
origin [37]. Some studies have shown that the biologi-
cal properties of inflammatory tissue-derived stem cells
are similar to those of healthy tissue-derived stem cells,
while other investigations have observed that some of the
properties of inflammatory tissue-derived stem cells are
significantly impaired relative to healthy tissue-derived
stem cells, especially their osteogenic differentiation
and immunomodulatory capacity, and are detrimental
to their tissue regenerative applications [38—40]. IPFPs
having varying degrees of inflammation are commonly
excised as surgical waste during knee arthroplasty, and
IPFP tissue removed during surgery has considerable
regenerative capacity (similar to synovium), has a lower
degree of invasiveness, and induces fewer complications
than bone marrow-derived MSCs. At the same time,
the clinical translation of IPFP-derived MSCs (IPFSCs)
is largely facilitated by the fact that the IPFP is derived
from clinically discarded inflamed tissue, and thus faces
relatively few ethical controversies, and is easily accept-
able to patients. Therefore, in regenerative medicine, it is
eminently feasible to obtain large amounts of IPFP tissue
without significant adverse effects [2, 22, 41]. However,
whether the degree of inflammation inherent in the IPFP
tissue materially affects the proliferation, differentiation,
and tissue repair capacity of its source MSCs has not, as
yet, been studied. Therefore, in this investigation, surgical
specimens from arthroscopic knee procedures were cho-
sen as the source of inflamed adipose tissue from which
to extract MSCs, to study the effect of tissue inflamma-
tion on the biological behavior of MSCs, thus providing
a theoretical background for the study of autologous tis-
sue repair via adipose-derived mesenchymal stem cells
(ADMSCs).
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Methods

Donor selection

Samples were obtained intraoperatively from total knee
arthroplasties in 96 patients enrolled at the First Affili-
ated Hospital of Army Medical University. Written
informed consent was obtained from the patients or their
guardians. This study was performed following the prin-
ciples of the Helsinki Declaration and was approved by
the Ethics Committee of the First Affiliated Hospital of
Army Medical University (KY2020044).

Animal maintenance and treatment

The study mice were purchased from the Center of Ani-
mals (Army Medical University, Chongqing, China). Ani-
mal experimentation for our investigation was approved
by the Institutional Animal Care and Use Committee of
Army Medical University, in accordance with guidelines
provided in the Guide for the Care and Use of Laboratory
Animals. All experiments were designed and reported
in accordance with the Animal Research: Reporting of
In Vivo Experiments (ARRIVE) guidelines. Age-matched
littermate mice were used in all the experiments. Six-
week-old female C57 BL/6 mice were used as the study
mice.

Cell isolation

This study was performed at the Pathology and South-
west Cancer Center, the First Affiliated Hospital, Army
Medical University, Chongqing, China. Samples were
obtained intraoperatively from total knee arthroplasties
in 96 patients (Male: 26, Female: 70, Age: 15-82), after
receiving approval from the hospital ethics committee
and obtaining informed consent from participants. For
the isolation of ADMSC s, infrapatellar fat pad specimens
(1.2-20.3 g) were obtained and washed three times in
phosphate-buffered saline (Origene) supplemented with
1% penicillin/streptomycin (P/S; Beyotime), and then cut
into pieces in cold PBS. After centrifugation, three lay-
ers were apparent, i.e., layer 1, settled at the bottom was
synovium and connective tissue, layer 2 was PBS, and
the topmost layer 3 was adipose tissue containing MSCs.
Layer 3 was then immediately transferred to a new cen-
trifuge tube (FALCON) and digested in digest medium
(type II collagenase: 50 mg/mL tissue, Sigma) for 50 min
at 37 °C with continuous shaking, and termination of
digestion was performed in Dulbecco’s modified Eagle’s
medium (DMEM, Gibco), supplemented with 10% fetal
bovine serum (FBS; Lonza). After centrifugation at 600g
for 10 min, the supernatant was discarded and the cell
pellets were combined in 20 mL DMEM (+10% FBS).
The resulting cell suspension was filtered through a
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100 uM cell strainer (BD Bioscience). The collected cells
were centrifuged at 600g for 5 min and resuspended in
Red Cell Lysis Buffer (Beyotime) at room temperature for
5 min. The cells were then centrifuged again and resus-
pended in DMEM/F-12 (Invitrogen) supplemented with
20% FBS and 1% P/S. Cells were then filtered through a
40 pm cell strainer, and the viability of cells was ascer-
tained by staining with Trypan Blue (Beyotime).

Cell culture

Freshly isolated cells were washed twice with PBS and
resuspended in FACs media (FBS with 2% FcR Block-
ing Reagent, human, Meltenyi Biotec). Pericyte and
adventitial cells were sorted out by incubation with flu-
orochrome-conjugated mouse anti-human antibodies,
i.e., FITC Mouse Anti-Human CD146 (BD Biosciences,
1:100), PE Mouse Anti-Human CD31 (BD Biosciences,
2:100), PE Mouse Anti-Human CD45 (BD Biosciences,
2:100), APC Mouse Anti-Human CD34 (BD Biosciences,
2:100), with immunoglobulin IgG1 isotype controls (BD
Biosciences, 2:100) at 4 °‘C for 20 min in the absence of
light, and running FACs following published proto-
cols[42—-44]. After washing in PBS, cells were screened
via flow cytometry (Beckman Coulter Moflo XDP) and
analyzed by Submit 5.2 software. IPESCs were cultured
in DMEM/F-12 supplemented with 1% PS and 20% FBS
and incubated at 38 °C in a 5% CO, humidified environ-
ment. Nonattached cells were washed off with PBS and
adherent cells were maintained in dishes after 24 h. For
all of the following experiments, IPFSCs from passages
4—6 were used in this study.

Flow cytometry for MSC surface marker expression

All samples were studied for the expression of MSC
surface markers by flow cytometry and a Human MSC
Analysis Kit (BD Biosciences). IPFSCs were identified
by the positive expression of CD105, CD73, CD44, and
CD90, and the negative expression of CD34, CD11b,
CD19, CD45, and HLA-DR. Passage 6 cells were washed
in PBS and digested by trypsin. The harvested cells were
resuspended at a concentration of 1x10° cells/mL in
FACS media and then incubated individually with FITE
Mouse Anti-Human CD90, PE Mouse Anti-Human
CD44, PerCP-Cy™5.5 Mouse Anti-Human CD105, APC
Mouse Anti-Human CD73, hMSC Positive Isotype Con-
trol Cocktail, hMSC Negative Isotype Control Cocktail,
hMSC Positive Cocktail, hMSC Negative Cocktail, and
nothing (100 pL per tube) at 4°C for 30 min in the absence
of light. The incubated cells were washed twice with PBS
and resuspended at 300 pL in PBS. Cells were then ana-
lyzed on a flow cytometer (BD FACS Calibur). Data were
analyzed using Flow]Jo software (Treestar).
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HE staining and IHC

Fresh tissues were embedded in OCT compound (Leica-
microsystems) and frozen. The specimen was sectioned
into 8 pum-thick sections and stained with hematoxylin
and eosin (HE). For immunohistochemistry, the speci-
men was fixed for 20 min in cold acetone. After wash-
ing with PBS three times and blocking with goat serum
(BOSTER) for 30 min, the specimen was individu-
ally incubated overnight with CD3, CD20, and CD68
(ZSGB-BIO) at 4 C in the absence of light. Specimens
were washed three times with PBS and incubated with
secondary immunofluorescent antibodies, i.e., Rabbit/
Mouse (DAKO). Nuclei were stained with 4,6-diamidino-
2-phenylindole (1:1000, Sigma-Aldrich) for one hour.
Slides were then washed with PBS three times and sealed
with neutral resin. Images were viewed, taken, and stored
using an Olympus microscope. For CD68 macrophage
counting, five representative areas (magnification x400)
were randomly selected on each slide and photographed
with a BX51 microscope (Olympus). The area of each
region and the corresponding number of CD68* mac-
rophages were measured using Image-Pro Plus 5.0 soft-
ware (Media Cybernetics). Data are expressed as cells/

mmZ.

Cell clone formation

MSCs were plated at 1000 cells/10 cm? dishes (In Vitro
Scientific). During colony growth, the culture medium
was replaced every 3 d. After 14 days of culture, the cells
were rinsed with PBS, fixed with 4% paraformaldehyde
(Solarbio) for 20 min, and then stained with 0.1% crys-
tal violet (Solarbio) for 20 min. Colonies containing more
than 50 cells were counted and data collated.

Trilineage differentiation of MSCs

MSCs were trypsinized and harvested from passage 6.
For adipogenic differentiation, MSCs were plated into
24-well plates at 30,000 cells/well and cultured in adipo-
genic induction medium (Lonza) at 37 °C and 5% CO,.
The medium was replaced every 2 days. After 21 days,
cells were fixed in 4% paraformaldehyde for 30 min and
stained by Oil Red O solution for 30 min. The cells were
washed three times with PBS and viewed on an Olympus
microscope. For osteogenic differentiation, MSCs were
plated into 24-well plates at 30,000 cells/well and cul-
tured in osteogenic induction medium (Lonza) at 37 °C
and 5% CO,. The medium was replaced every two days.
After 21 days, the cells were fixed with 4% paraformal-
dehyde for 30 min and stained with Alizarin Red S for
30 min. The cells were washed with PBS three times
and viewed on an Olympus microscope. For chondro-
genic differentiation, 1X 10° MSCs were resuspended in
DMEM/F-12 medium with 20% FBS and centrifuged at
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800 rpm for 5 min in a conical tube. The sediment was
cultured at 37 °C and 5% CO,. After 24 h the superna-
tant was removed and 1 mL of chondrogenic induction
medium was added to the tube. The bottom of the tube
was gently flicked to suspend the cell ball in the medium
and this system was maintained in an incubator. The
medium was replaced every 2 days. After 21 days, the
cell ball was fixed with 4% paraformaldehyde for 12 h and
then embedded in paraffin. The specimen was shaved
into 8 pum-thick sections and stained with Alcian blue.
Images were then viewed, taken, and stored using an
Olympus microscope.

mRNA isolation and RNA-sequencing

MSCs were cultured at 1x10° cells per well in
DMEM/F-12 supplemented with 20% FBS and 1% P/S,
and the medium was changed every 2 days. After 5 days,
the culture medium was removed and the cells were
rinsed with PBS. The total RNA was isolated with TRi-
zol reagent (Life Technologies). RNA-sequencing of the
MSCs was performed by BGI, China (http://www.genom
ics.cn/). Sangerbox (http://sangerbox.com/index.html)
and Dr.Tom (BGIL.Tech) software was utilized to analyze
and describe the gene expression characteristics of the
MSCs.

In vivo regeneration of CCl,-induced liver injury

The C57 BL/6 mice received intraperitoneal injections
of a 10% solution of CCl, (10 uL/g) dissolved in corn oil
once per day on two consecutive days. The mice were
subsequently injected with 1x10° MSCs in 100 pL PBS
or 100 pL of PBS (control) via the tail vein. The study
mice were euthanized two weeks after MSC transplanta-
tion by cervical cord dislocation and the livers were har-
vested and snap frozen in liquid nitrogen, and stored at
— 80 °C. The tissues were embedded in OCT compound
and frozen. The specimens were shaved into 6 pm sec-
tions and stained with hematoxylin and eosin (HE) for
assessment of in vivo toxicity and the regenerative capa-
bility of MSCs.

RNA isolation and qRT-PCR

Total RNA was extracted and purified from cells and tis-
sues using TRizol reagent (Life Technologies). cDNA was
synthesized with PrimeScript " RT Master Mix (TakaRa).
Quantitative real-time PCR (qRT-PCR) was used to ana-
lyze the gene expression of Trilineage Differentiation
markers. For analysis of the gene expression of adipogenic
markers, primers of CEBPA (CCAAT/enhancer bind-
ing protein, alpha), FABP4 (Fatty acid binding protein 4),
and PPAGR?2 (Peroxisome proliferator-activated receptor
gamma 2) were used. For osteogenic markers, primers
of ALPL (Alkaline phosphatase from liver/bone/kidney),
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Ocn (osteocalcin), and Runx2 (Runt-related transcription
factor 2) were used. For chondrogenic markers, primers
of ACAN (Aggrecan) and Sox 9 (Sex-determining region
Y-box 9) were used. GADPH was used as an endogenous
control. For determination of therapeutic effect for the
liver injury, primers of GST (Gamma glutamyl trans-
peptidase), ALB (Albumin), Nrf-2, Hmox-1, and CK19
were used. qRT-PCR was performed using the SYBR
Green PCR Master Mix (TakaRa). Primer sets are shown
in Table 1.

Statistical analyses

All data were analyzed by PASW Statistics for Windows,
Version 18 (SPSS Inc. IBM Corp., Chicago, IL, USA) or
GraphPad Prism (version 8.3.0; San Diego, CA, USA).
All quantified data were statistically analyzed. Paramet-
ric tests were used for normally distributed data, while
non-parametric tests were used to analyze data of small
samples (such as trilineage differentiation and clone for-
mation assay). A two-tailed p value of less than 0.05 was
considered statistically significant.

Results

Each IPFP tissue sample contains a fair number of human
perivascular stem cells (hPSCs) or human mesenchymal
stem cells (hMSCs), irrespective of donor age and gender
The IPFP was isolated from total knee arthroplasties in
96 patients and was digested by collagenase for stromal
vascular fraction (SVF) isolation. Demographic informa-
tion as well as sample statistics, cell yield, viability, and
subpopulation statistics have been summarized for 96
unique donor samples (Table 2), of which 70 were female
donors and 26 were male, and having a mean age of

Table 1 Primers used in the study
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Table 2 Demographic data of the 96 donors
Data
Sex Female=70

Male=26

Age (years) Mean=58 (range 15-82)
Volume (ml) Mean=4.1 (range 0.5-15)
Weight (g) Mean=7.1 (range 1.2-20.3)
BMI (Kg/m?) Mean =252 (range 18.1-36.7)
SVF (cellsx 109 Mean=2.6 (range 0.05-10.3)
Viability (%) Mean=85.2 (range 70.5-95.6)
Pericytes (%) Mean=4.5 (range 0.2-20.3)
Adventitial cells (%) Mean=47.1 (range 1.1-82.4)
MSCs total (%) Mean=51.6 (range 2.0-87.4)

MSCs yield (cells x 10°) Mean=1.5 (range 0.08-6.5)

BMI body mass index, SVF stromal vascular fraction, MSCs mesenchymal stem
cells

58 years (range 15—82) and a mean BMI of 25.16 (range
18.07-36.67). The mean yield of cells was 2.63x10°
per 7.08 g of human IPFP (range 0.05x10°-10.3x 105,
n=96). The mean viability of freshly isolated SVF cells
was 85.16% (range 70.5-95.6%). Perivascular stem cells
(PSCs) are cell populations that are comprised of peri-
cytes (CD31~ CD45- CD34~ CD146%) and adventi-
tial cells (CD31~ CD45~ CD34" CD1467), which are a
homogeneous MSC population purified by fluorescence
activated cell sorting (FACS) [42, 45—-47]. Pericytes and
adventitial cells have been reported to possess character-
istics of MSCs [45, 48]. MSC cells were purified from the
isolated SVF by FACS using the gating parameters shown
in Fig. 1. FSC-Height and SSC-Height were used first

Genes Forward (5'-3") Reverse (5'-3")

CEBPA CCTTGTGCCTTGGAAATGCAAAC CTGCTCCCCTCCTTCTCTCA
FABP4 TCAGTGTGAATGGGGATGTGAT TCTGCACATGTACCAGGACACC
PPAGR2 GCGATTCCTTCACTGATACACTG GAGTGGGAGTGGTCTTCCATTAC
ALPL CCAACGTGGCTAAGAATGTCATC TGGGCATTGGTGTTGTACGTC
QOcn CACTCCTCGCCCTATTGGC CCCTCCTGCTTGGACACAAAG
Runx2 TGGTTAATCTCCGCAGGTCAC ACTGTGCTGAAGAGGCTGTTTG
ACAN AGGAGCAGGAGTTTGTCAACAAC AGTTCTCAAATTGCATGGGGTGT
Sox 9 CTGGGCAAGCTCTGGAGA ATGTGCGTCTGCTCCGTG
Human GADPH TGCACCACCAACTGCTTAGC GGCATGGACTGTGGTCATGAG
GST GGCAGCCAAACCTAAGCTC CCCTGGTCTGTGTCAGCATC

ALB TCGCTACACCCAGAAAGCAC CAGCAGACACACACGGTTCAG
Nrf-2 TGGGTTCAGTGACTCGGAAA GACCAGGACTCACGGGAACT
Hmox-1 TACCTTCCCGAACATCGACA TCTGCAGGGGCAGTATCTTG
CK19 TGCTGAAGCCACCTACCTTG ATACTCCTGGTTCTGGCGCT

Mouse GADPH

GTCTTCTCCACCATGGAGAAGGCT

CATGCCAGTGAGCTTCCCGTTCA
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Fig. 1 Gating strategies for the isolation of Adipose-Derived Mesenchymal Stem Cells (ADMSCs) from the infrapatellar fat pad (IPFP). Gate 1 =cells,
Gate 2=single cells, Gate 3=CD31" cells, Gate 4=CD31", CD45- cells (to remove hematopoietic cells and endothelial cells), Gate 5= pericytes
(CD347,CD317, CD45-, CD146") and Gate 6 =adventitial cells (CD34%, CD317, CD45~, CD1467). FSC: forward scatter, SSC: side scatter

for gating debris-free cells from cell suspensions made
from IPFP. Then, SSC-Height and SSC-Width were used
for gating single cells. CD45~ hematopoietic cells and
CD31™ endothelial cells averaged 47.85% (range 14.69—
77.88%; n=52) of total live cells in the SVE. The primary
MSCs were purified by CD34 and CD146 according to
previously published methods [42, 48]. The mean pro-
portion of MSCs was 51.61% (range 1.99-87.4%; n=>52)
with a mean proportion of pericytes of 4.51% (CD317,
CD45~, CD34~, CD146*, range: 0.21-20.31%; n=52),
and adventitial cells of 47.1% (CD31~, CD45~, CD34*,
CD1467, range 1.07-82.44%; n=52). This represents a
mean yield of 1.52x 10° MSCs per 7.08 g of human IPFP
(range 7 x 10°~6.48 X 10°% n=52).

Once the adipose tissue-derived mesenchymal stem
cells are expanded in culture, the expression of their sur-
face markers gradually changes [49]. The purified MSCs
displayed a spindle-shaped morphology typical of MSCs
after culture at day 8 (Fig. 2A). Flow cytometry analysis
(Fig. 2B) showed that the cultured MSCs were positive
for the surface markers CD90 (96.89%), CD105 (86.61%),
CD73 (100%), and CD44 (100%), but negative for CD31
(4.31%) and CD45 (0.38%) at passage 6. Subsequent to

the cultures, the expression of CD34 (9.47%) and CD146
(1.21%) was decreased at passage 6.

Higher yields of hMSCs from IPFP harvests having
significant inflammation

To understand whether inflammatory severity inherent
in IPFPs has any impact on production of MSCs, small
portions of tissue samples from extracted MSCs were
fixed with 4% paraformaldehyde and then dehydrated,
embedded, and sectioned for immunohistochemical and
HE staining for CD3, CD20, and CD68. Notably, lym-
phocytes and macrophages were the predominant cells
of inflammation. T-cells and B-cells express CD3 and
CD20 [50, 51], respectively, and macrophages express
CD68 [52]. Inflammatory cells have large nuclei and
large nucleoplasmic ratios. The nuclei are distinctly blue
after HE staining, and the cytoplasm is pink to peachy in
color. Tissues with a high degree of inflammation highly
expressed CD3, CD20, and CD68, and there were many
inflammatory cells seen on HE staining (Fig. 3A). Based
on semi-quantitative analysis, we determined that the
tissues with more than 20 CD68-positive macrophages/

mm? of tissue as the high inflammation group, and
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Fig. 2 The microscopic appearance and surface markers of ADMSCs isolated from the infrapatellar fat pad (IPFP). A ADMSCs isolated from the IPFP
gradually showed a typical spindle-shaped morphology. Scale bar: 100 um. B ADMSCs isolated from the IPFP were positive for mesenchymal stem
cell markers (CD44, CD73, CD90, and CD105) and negative for hematopoietic marker (CD45) or endothelial marker (CD31)

tissues with less than 20 CD68-positive macrophages/
mm? of tissue as the low inflammation group (Additional
file 1: Fig. S1). Thus, MSCs derived from highly inflamed
tissues were defined as High-MSCs, and MSCs derived
from lowly inflamed tissues were defined as Low-MSCs.
After statistical comparison, the percentage of CD34™"
and CD146" expression levels and total cell acquisi-
tion rates were found to be statistically significantly dif-
ferent between cells of highly and lowly inflamed tissue
origin (p <0.05*). The percentage of CD34% and CD146"
cell acquisition was higher in the lowly inflamed tissue-
derived cells (High group: CD34": 32.67-82.44%, mean
51.3%; CD146": 0-20.31%, mean 4.23%. Low group:
CD34": 44.32-73.28%, mean 61.19%; CD146™: 0.62—
13.13%, mean: 5.79%). Total cell acquisition rate was also
higher in the lowly inflamed tissue-derived cells (High
group: 0.04x 10°-1.34x 10%, mean 0.38 x 10%; Low group:
0.046 X 10°~0.87 x 10°, mean 0.42x10°) (Fig. 3B). This
suggests that source tissue inflammatory status influ-
ences the acquisition rate of MSCs, and the expression of
CD34 and CD146.

Trilineage differentiation potential of MSCs may

not affected by IPFP inflammation

Under appropriate stimulation and culture conditions,
MSCs have the capacity to differentiate into adipocytes,
chondrocytes, and osteoblasts. Our results were obtained
via directional staining and qRT-PCR. For adipogenic
differentiation, Oil red O staining showed that a large
number of round lipid droplets were visible in cells after
14 days of MSC-induced adipogenic differentiation. For
osteogenic differentiation, Alizarin Red Staining showed
that MSC-induced osteogenic differentiation formed
obvious mineralized nodes, which stained orange. For
chondrogenic differentiation, Alcian blue binding assay
showed that MSC-induced chondrogenic differentiation
formed chondrospheres after 21 days (Fig. 4A). Statistical
analysis of the staining results showed that MSCs derived
from highly inflamed tissue were more capable of chon-
drogenic and adipogenic differentiation, while MSCs
derived from lowly inflamed tissue were more capable of
osteogenic differentiation (Fig. 4B). In addition, we exam-
ined the expression of the chondrogenic genes, ALPL,
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Fig. 3 Effect of degree of inflammation on SVF/PSC yields. A HE staining and immunohistochemical staining of CD3 (T-cells), CD20 (B-cells)

and CD68 (macrophages) were performed on infrapatellar fat pad tissue samples (n=31; male =20, female=11). High: the IPFP tissues with high
inflammation level (positive in CD3, CD20, and CD68 staining). Low: the IPFP tissues with low inflammation level (negative in CD3, CD20, and CD68
staining). Scale bar: 100 um. B Bar chart showing the mean + standard deviation for the CD34" cells, CD146" cells, and total number of ADMSCs
isolated from the IPFP tissues with high and low inflammation levels. Statistically significant differences are indicated (*p <0.05)
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Fig. 4 Effect of degree of inflammation on trilineage differentiation potential of ADMSCs. High: ADMSCs isolated from IPFP with high inflammation
level; Low: ADMSCs isolated from IPFP with low inflammation level. A Representative images of adipocyte, chondrocyte, and osteocyte
differentiation of ADMSCs isolated from the high (n=3; male=2, female=1) and low inflammation IPFP tissues (n=3; male=1, female=2).
Adipogenic differentiation was assessed by Oil Red O staining, osteogenic differentiation was assessed by Alizarin Red staining, and chondrogenic
differentiation was assessed by Alcian blue staining. Scale bar: 200 um. B Quantitative analysis of the stained areas with Oil Red O, Alizarin Red,

and Alcian blue. C The expression levels of chondrogenic marker genes (ALPL, Ocn, Runx2), adipogenic marker genes (CEBPA, FABP4, PPARG2),

and chondrogenic marker genes (ACAN, Sox9) measured by gRT-PCR
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Ocn, and Runx2, the adipogenic genes, CEBPA, FABP4,
and PPARG2, and the chondrogenic genes, Acan and
Sox9 (Fig. 4C). The MSCs from high-inflammation tis-
sue have higher adipogenic and chondrogenic and lower
osteogenic gene expressions, while the in vitro cell differ-
entiation data exhibited the same trend. However, neither
of them shows statistical significance. This indicates that
source tissue inflammatory status may have minimal or
no impact on the differentiation capacity of MSCs.

Clonogenic capacity of MSCs is independent

of the inflammation status of the IPFP

To examine the effect of tissue inflammation on the pro-
liferative capacity of MSCs, 200 MSCs each of highly
inflammatory tissue origin and of lowly inflamed tissue
origin were inoculated into culture dishes. Clones were
formed in both groups of MSCs after 14 days of cul-
ture. After paraformaldehyde fixation, single cell-formed
clones were observed by crystal violet staining (Fig. 5A).
By counting the number of clones formed, it was
observed that the clonogenic capacity of MSCs of highly
inflamed tissue origin was higher than that of MSCs of
lowly inflamed tissue origin; however, this difference
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in clonogenic capacity was calculated to not be statisti-
cally significant (number of clones formed in the highly
inflamed group: 107-185, mean 135; number of clones
formed in the lowly inflamed group: 110-115, mean 112)
(Fig. 5B). This indicates that the intensity of source tissue
inflammation in the IPFP does not significantly impact
on the proliferative capacity of MSCs.

The transcriptomics of MSCs remains relatively stable

in both highly and lowly inflamed IPFP tissues

MSCs have been recognized as promising candidates
for cellular therapy and are broadly used in clinical trials
[28]. A large number of bioactive compounds (cytokines,
growth factors, antiapoptotic and antioxidative factors,
extracellular matrix components, extracellular vesicles)
secreted by MSCs are activated in response to tissue
injury to promote regeneration and restore physiological
homeostasis. These compounds are major components
in the coordination of regenerative processes associated
with tissue healing [53, 54]. In order to improve the ther-
apeutic potential and safety of MSC use in clinical treat-
ment, we analyzed the gene expression profiles of MSCs
derived from varying degrees of source tissue inflamma-
tion. We selected three primary MSCs each from highly
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Fig. 5 Effect of inflammation on the clonogenic capacity of ADMSCs. A Colony formation of ADMSCs isolated from the high (n=3; male=2,
female=1) and low inflammation IPFP tissues (n=3; male=1, female =2). Individual colonies are shown in the lower panel. Scale bar=1 mm. B The

quantitative analysis of the number of colonies
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inflamed tissue origin and lowly inflamed tissue origin
as independent replicates from the sample (n=3). RNA-
sequencing identified global changes in gene expression
in MSCs from different source levels of tissue inflamma-
tion. A total of six primary MSCs were measured using
the DNBSEQ platform, and each sample yielded an aver-
age of 6.65 gigabytes of data. The target genomes were
matched at 95.22%, and the average gene set was 83.59%,
with a total of 16,652 genes being detected. To reflect
the correlation of gene expression between samples, the
Pearson correlation coefficients of all gene expressions
between each of two different samples were calculated,
and these coefficients were reflected in the form of heat
maps. The correlation coefficients reflect the similar-
ity of overall gene expression between the individual
samples, and the higher the correlation coefficient, the
more similar the gene expression levels are. Our corre-
lation analysis showed that our calculated Pearson cor-
relation coefficients were all greater than 0.95, and close
to 1, suggesting that the six primary MSCs were highly
correlated, with very little variability (Fig. 6A). The box-
plot shows the distribution of gene expression levels in
each sample, and it can be observed that the dispersion
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of the data distribution is also quite uniform (Addi-
tional file 2: Fig. S2A). Just one differentially expressed
gene was found to be upregulated in MSCs derived from
highly inflamed IPFPs (Additional file 2: Fig. S2B), as
determined by |log2(fold-change)|>1 and p<0.05. The
Wayne diagram showed that highly inflamed tissue-
derived MSCs and lowly inflamed tissue-derived MSCs
co-expressed a total of 15,607 genes, of which 514 genes
were specifically expressed in highly inflamed tissue-
derived MSCs and 531 genes were specifically expressed
in lowly inflamed tissue-derived MSCs (Fig. 6B). We ana-
lyzed the transcriptome sequencing results online using
Dr. Tom, and a total of one hundred and six differentially
expressed genes (fold change>2.0 and p<0.05) were
screened out between the populations of highly inflamed
tissue-derived MSCs and lowly inflamed tissue-derived
MSCs, and there were 45 upregulated and 61 downreg-
ulated genes in the lowly inflamed tissue-derived MSCs
(Additional file 3: Tables S1, S2). Figure 6C shows the
expression heat map of these differentially expressed
genes in every sample. To further analyze the potential
mechanism of the effect of degree of tissue inflamma-
tion on the trilineage differentiation potential of MSCs,
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Fig. 6 Effect of inflammation on Gene Expression of ADMSCs. A Correlation of expression patterns in ADMSCs between high (n=3; male=2,
female=1) and low (n=3; male=1, female =2) inflammation level. Correlation matrix of the entire dataset. The analysis was performed
by comparing the values of the entire transcriptome in all six samples. Correlation analysis was performed using R software. B Venn chart
for gene expression comparisons between High (blue) and Low (green) inflammation level. C Heat map of 106 differentially expressed genes
in ADMSCs from High versus Low inflammation level. Each row represents a gene. Expression values for each gene are scaled across each row
as z-scores. n=3 for each group. D KEGG pathway database was used for analyzing differentially expressed genes. Seven signaling pathways were
significantly enriched in ADMSCs from the high inflammation tissue, and two of the pathways (red box) were involved in regulating the adipogenic
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we performed GO and KEGG pathway enrichment
analysis on differentially expressed genes from RNA-
sequencing data. The enrichment analysis was performed
using the ‘phyper’ function in R software according to
the KEGG pathway annotation classification. The p val-
ues were calculated, and the g-value was subsequently
obtained by FDR correction of the p values, and a func-
tion with p <0.05 was considered significantly enriched.
The KEGG enrichment results showed that MSC cells of
highly inflamed tissue origin were significantly enriched
in seven signaling pathways, among which the TNF sign-
aling pathway and the chemokine signaling pathway (red
box), which are related to adipogenic differentiation of
MSC cells, were more significantly altered (Fig. 6D). The
results of GO analysis also showed that adipogenic differ-
entiation-related pathways (calcium channel activity and
chemokine activity) were significantly enriched in the
highly inflamed tissue-derived MSC group of cells (blue
box) (Fig. 6E). The GIPR, AGT, and PLACS8 genes are
related to the positive regulation of adipogenic differen-
tiation; they indeed show significantly higher expression
in MSCs of highly inflamed tissue origin. In comparison,
the GREM1 and ITM2A genes that play a role in chon-
drogenic differentiation and the SSPP1, ANGPT1, CCL5,
MMP3, and TRPC6 genes that play a role in osteogenic
differentiation were found to be upregulated in MSCs
derived from lowly inflamed tissue (Fig. 6G). Biological
processes related to the differentially expressed genes
were also identified. The optic vesicle morphogenesis
pathway, the cytokine-mediated signaling pathway, the
neuroblast differentiation pathway, and the neutro-
phil chemotaxis pathway are the most activated path-
ways in highly inflamed tissue-derived MSCs (Fig. 6F).
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These observations indicate that MSCs of lowly and
highly inflamed tissue origin have a distinct transcrip-
tional regulation at basal levels. Highly inflamed tissue-
derived MSCs are characterized by the upregulation of
adipogenic differentiation processes, and the cytokine-
mediated signaling pathway was enriched, which may be
involved in the regulation of cell growth and differentia-
tion, immune functions, and in processes such as inflam-
mation development and damage repair.

Inflammation levels of tissue of origin influences
regenerative efficiency of MSCs in a CCl -induced liver
injury model
MSCs have potential for tissue repair and regeneration.
Subsequent to being expanded, cultured, and trans-
planted into damaged tissues, they modulate inflam-
matory responses by synergistically down-regulating
pro-inflammatory cytokines and up-regulating anti-
inflammatory cytokines [55]. However, safety of MSCs in
regenerative therapy needs to be well evaluated. To exam-
ine the effect of the degree of inflammation of the source
tissue on the tissue repair ability and safety of MSCs, we
transplanted MSCs sourced from IPFP tissue having dif-
ferent degrees of inflammation and PBS (control group),
by tail vein injection into mice with acute liver injury
induced by two consecutive days of CCl, injection. Mice
were euthanized after 14 days and their livers were har-
vested. Morphological changes in injured liver tissue in
each group were observed by HE staining of tissue sec-
tions (Fig. 7A) and qRT-PCR was performed to detect the
expression of genes related to liver function (Fig. 7B).

The normal liver is lobular with a clear structure, and
consisting of uniformly sized hepatocytes arranged in
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Fig. 7 Effect of the inflammation on the regenerative ability of ADMSCs by using a CCl,-induced liver injury murine model. A HE staining

of liver tissue sections. Control: transplanted with PBS; High: transplanted with ADMSCs from high inflammation IPFP tissue; Low: transplanted
with ADMSCs from low inflammation IPFP tissue. The hepatic necrosis around the vessels are shown by arrows. Scale bar=100 um. B Expression
levels of liver function-related regulatory genes (ALB, Nrf, GST, Hmox-1, CK19) were measured by gRT-PCR
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patches, with a central vein in each lobule and hepato-
cytic plates radiating from the vein to the periphery. In
livers of mice after injection with CCl,, there was damage
to hepatocytes in the periportal and central regions, with
marked cellular edema and diffuse inflammatory cell
infiltration of the liver tissue. As shown in Fig. 7A, after
transplantation of MSCs both groups (lowly inflamed
tissue-derived MSCs and highly inflamed tissue-derived
MSCs) showed restoration of hepatic lobular structures
and reduction of paracentral necrosis, compared to the
control group (PBS). Albumin (ALB) is synthesized by
the liver and is an important indicator of the synthetic
functioning of the liver. Nrf-2, GST, and Hmox-1 are
cytoprotective molecules and play an important role in
detoxification. qRT-PCR results on liver tissues showed
that the expression of ALB, Nrf-2, GST, and Hmox-1 was
higher in the treated group, compared with the control
group. This indicates partial restoration of liver function
after MSC treatment, with significant changes related to
ALB, Nrf-2, and GST. However, we observed no math-
ematically significant difference between the lowly and
highly inflamed tissue-derived MSC groups.

Discussion

Inflammation is an important factor which affects the
functions of adult stem cells in vivo and can affect the
proliferative and differentiation capability of adult stem
cells. Studying the effects of inflammation on the pro-
liferation and differentiation ability of adipose-derived
MSCs may establish a theoretical foundation for autolo-
gous tissue repair. The cellular microenvironment sur-
rounding MSCs, especially inflammatory factors, play a
crucial role in their self-renewal, proliferation and dif-
ferentiation, and dysfunction of microenvironmental fac-
tors can cause enhanced or diminished MSC function
[56, 57]. Alongi et al. selected four markers, i.e.,, STRO-1,
CD90, CD105, and CD146 to identify MSCs. Immuno-
fluorescence staining revealed that the density of the four
markers was significantly higher in inflamed pulp than in
normal pulp, which may be due to increased angiogenesis
in the inflamed tissue, as the preceding markers are asso-
ciated with blood vessels [58]. However, it has also been
shown that the inflamed microenvironment does not
affect the surface markers of stem cell [59]. The results of
our study observed that tissue inflammation status does
not affect the expression of surface markers of MSCs.

It has been suggested that excessive proliferation of
inflammatory cells is both a pathological feature of
chronic inflammation and an initiating factor in its
pathogenesis. Stem cell proliferation is in a relatively
quiescent state under normal conditions, and when
stimulated by inflammatory factors, stem cells enter a
transient expansion state. In the present study, MSCs
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were obtained from different inflammatory fat pad sam-
ples, and the primary cells were found to grow adhering
to the cell culture dish, with spindle-shaped morphology
and large nuclei. The cells were analyzed by flow cytom-
etry analysis using surface molecular markers of MSCs
and showed high expression of CD44, CD73, CD105, and
CD90.

Inflammation is a complex process, and depending
on the degree of inflammatory stimulation, different
stimulators may cross react with each other to regulate
certain properties of MSCs. Many studies have shown
that the Wnt pathway is closely related to the stemness
of stem cells [60, 61]. A large number of LEF-p-catenin
complexes are formed to activate the target gene Cyclin
D1 when the Wnt/B-catenin pathway is activated. This
regulates the cell growth cycle to promote stem cell pro-
liferation, which may explain the increased proliferative
capacity of MSCs in inflamed environments [62]. The
ability of colony formation may reflect the proliferative
capacity of MSCs. However, our results have shown that
the baseline inflammatory level of the tissue of origin
does not affect colony formation of MSCs (Fig. 5A, B).
This indicates that the proliferative capacity of MSCs may
likely be influenced by other factors.

It has been demonstrated that inflammatory fac-
tors such as tumor necrosis factor-alpha (TNF-a) in the
inflamed microenvironment may activate the Wnt path-
way and cause a decrease in the differentiation capac-
ity of MSCs, while inhibition of the Wnt pathway could
modulate the effect of inflammation on osteogenic and
lipogenic differentiation capacity. Periodontal liga-
ment stem cells in an inflamed environment may have
their osteogenic capacity influenced by inhibition of the
non-classical Wnt/Ca*t signaling pathway [58]. TNF-«
production, induced by lipopolysaccharide release in
periodontitis, significantly inhibits osteogenic differ-
entiation of periodontal ligament stem cells, resulting
in the loss of periodontal tissue regenerative capacity.
TNF-a plays an important role in bone pathophysiol-
ogy by inhibition of transcriptional regulation of Runx2
expression [58, 63—65], and it has also been shown that
TNEF-a inhibits osteogenic differentiation and the for-
mation of mineralized nodules [66]. These facts suggest
that the secretion of inflammatory factors may affect the
biological characteristics of stem cells through a variety
of complex signaling mechanisms [67, 68]. In the present
study, MSCs differentiated toward adipocytes, osteo-
blasts, and chondrocytes under specific conditions, when
comparing the effects of different degrees of inflamma-
tion on the multidirectional differentiation capability of
source MSCs. Our results indicated that although there
was no significant difference between the two groups,
but there are more lipid droplets were stained with Oil
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red O in MSCs sourced from IPFPs with higher degrees
of inflammation than in MSCs sourced from IPFPs with
lower degrees of inflammation, and the cartilage ball
formed by MSCs sourced from IPFPs with higher degrees
of inflammation were larger than in MSCs sourced from
IPFPs with lower degrees of inflammation, indicating that
inflammation may promote the differentiation of MSCs
toward adipocyte and chondrocyte cells. Fewer mineral
nodules were stained red in MSCs sourced from IPFPs
with a higher degree of inflammation than in MSCs
sourced from IPFPs with a lower degree of inflammation,
indicating that inflammation inhibits the osteogenic dif-
ferentiation of MSCs. This suggests that tissue inflamma-
tion may affect the differentiation capacity of MSCs to
some extent, which may be due to the presence of various
inflammatory transmitters in the inflammatory micro-
environment, such as inflammatory cells, inflammatory
factors, and leukocyte metabolites inducing continuous
stimulation of MSCs, thus altering their proliferation and
differentiation capacity.

Among the cohort of 96 donors, the majority lacked
documented comorbidities in their medical records.
Three donors exhibited hypertension, while two others
had diabetes. It is known that hypertension can trigger
a systemic pro-inflammatory state. Exploring whether
this state could further impact MSC performance holds
promise for future investigations. Concerns have been
raised about potential MSC dysfunction in donors with
comorbidities. However, recent research has demon-
strated that donor demographics and the presence of
comorbidities like diabetes mellitus, coronary artery
disease, rheumatoid arthritis, and systemic immuno-
suppression exert limited influence on MSC osteogenic
potential [69]. Undoubtedly, to ensure the safety profile
of MSCs derived from patients with comorbidities, a
more comprehensive inquiry into tri-lineage differentia-
tion attributes, reparative capabilities, and other perti-
nent factors is imperative.

Two clinical trials have been performed in patients
with liver cirrhosis and acute or chronic liver failure,
and results from these trials indicate that huMSCs have
good clinical efficacy, and induces improved liver func-
tion and an increased survival rate [70, 71]. In recent
years, it has been shown that the mechanism of action
of MSCs in tissue repair may involve secretion of solu-
ble factors that alter the tissue microenvironment [72].
Acute tissue injury is usually accompanied by inflamma-
tion and cellular necrosis. Cytokines are released from
cells, and microvascular damage leads to increased vas-
cular permeability, macrophage and neutrophil infiltra-
tion, and the phagocytosis of necrotic cells results in the
release of proinflammatory mediators such as interferon
Y, tumor necrosis factor a, interleukin 1, chemokines,
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leukotrienes, and free radicals. MSCs are able to resist
damage signals and potency to be specifically activated
in response to tissue injury to promote tissue regenera-
tion through different mechanisms. In addition, MSCs
may recruit functional cells into a stem cell niche or dif-
ferentiate into the missing cell components, and the stem
cell niche in turn regulates the fate of stem cells [73].
CCl,-treated mice are often used as an experimental
model for studying hepatic fibrosis. After two consecu-
tive days of once per day injection of CCl,, we success-
fully established a mouse model of acute liver injury. Our
data indicate that MSCs obtained from differing source
degrees of inflammation can restore some liver functions
and morphology in mice. Changes in the tissue micro-
environment during the pathogenesis and regression of
liver disease are multifarious, and it is therefore neces-
sary to explore mechanisms whereby underlying tissue
inflammation exerts differing regenerative effects on
MSCs in liver injury development and healing.
Anatomical location, relative accessibility, and minimal
risk of complications make the IPFP a high quality source
of stem cells for regenerative medicine [74]. Several
limitations exist, however, to discourage further study
of potential clinical applications for IPFP. Studies have
traditionally used IPFP tissue from patients undergoing
knee surgery, which may have severe disease and thus
differ from IPFP tissue from healthy patients. Stem cell
quantity and quality may also vary with age, which may
potentially limit the autologous use of stem cells in older
patients. Additionally, different types of inflammation
induced by either infection, degenerative disease, neo-
plastic disease, or trauma in the source IPFP may result
in variations in the IPFP derived stem cell population.
Thus, inflammation may limit the clinical application of
stem cells. Further studies are needed to confirm differ-
ences in IPFP mesenchymal stem cells between healthy
and injured/diseased tissues, and among donors of dif-
ferent ages. The present study provides a knowledge base
for the effect of source tissue inflammation on the prolif-
eration, differentiation, and tissue regenerative capability
of IPFP MSCs and lays a foundation for future study into
autologous tissue repair mechanisms and techniques.

Conclusions

In conclusion, our results reveal that high IPFP tissue
inflammation reduces the acquisition rate of MSCs and
the percentage of CD34" and CD146" cells acquisition.
However, tissue inflammation seems to not significantly
influence trilineage differentiation potential and prolif-
erative capacity of MSCs. And MSCs obtained from dif-
fering source degrees of inflammation retain stable and
similar transcriptomic profile and are both safe and effi-
cacious for tissue repair/regeneration without detectable
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differences. These findings provide a reference for the
future clinical applications of IPFP-derived MSCs.

Abbreviation

MSCs Mesenchymal stem cells

hPSCs Human perivascular stem cells

hMSCs Human mesenchymal stem cells

SVF Stromal vascular fraction

IPFP Human infrapatellar fat pad

IPFSCs IPFP-derived MSCs

TGF-B1 Transforming growth factor-B1

ADMSCs  Adipose-derived mesenchymal stem cells
P/S Penicillin/streptomycin

DMEM Dulbecco’s modified Eagle’s medium

FBS Fetal bovine serum

HE Hematoxylin and eosin

CEBPA CCAAT/enhancer binding protein, alpha
FABP4 Fatty acid binding protein 4

PPAGR2  Peroxisome proliferator-activated receptor gamma 2
ALPL Alkaline phosphatase from liver/bone/kidney
Ocn Osteocalcin

Runx2 Runt-related transcription factor 2

ACAN Aggrecan

Sox 9 Sex-determining region Y-box 9

GST Gamma glutamyl transpeptidase

ALB Albumin

PSCs Perivascular stem cells

FACS Fluorescence activated cell sorting

TNF-a Tumor necrosis factor alpha
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Additional file 1. Fig S1. The macrophage marker CD68 is differentially
expressed in IPFP tissue with high and low inflammation levels. Dot plot
diagrams showed the number of CD68+ macrophage cells in the infrapa-
tellar fat pad tissue with different (High and Low) inflammation levels.

Additional file 2. Fig S2. Gene expression patterns in ADMSCs from [PFP
tissue with high and low inflammation levels. A The boxplot shows the
distribution of gene expression levels for each sample, with the Y-axis for
log10. The boxplot for each region corresponds to five statistics (top to
down, upper limit, upper quartile, median, lower quartile and lower limit,
where upper and lower limits do not consider outliers). B Volcano plots of
differentially expressed genes.

Additional file 3. Table S1. The differentially upregulated genes (45) in
MSCs of lowly inflamed tissue origin. Table S2. The differentially downregu-
lated genes (61) in MSCs of lowly inflamed tissue origin.
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