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MSCs derived from amniotic fluid and
umbilical cord require different
administration schemes and exert different
curative effects on different tissues in rats
with CLP-induced sepsis
Rui Chen1,2†, Yingjun Xie1,2†, Xuan Zhong3†, Fei Chen1,2, Yu Gong4, Na Wang5 and Ding Wang1,2*

Abstract

Background: Mesenchymal stem cells (MSCs) are derived from multiple tissues, including amniotic fluid (AF-MSCs)
and the umbilical cord (UC-MSCs). Although the therapeutic effect of MSCs on sepsis is already known, researchers
have not determined whether the cells from different sources require different therapeutic schedules or exert
different curative effects. We assessed the biofunction of the administration of AF-MSCs and UC-MSCs in rats with
caecal ligation and puncture (CLP)-induced sepsis.

Methods: CLP was used to establish a disease model of sepsis in rats, and intravenous tail vein administration of
AF-MSCs and UC-MSCs was performed to treat sepsis at 6 h after CLP. Two phases of animal experiments were
implemented using MSCs harvested in saline with or without filtration. The curative effect was measured by
determining the survival rate. Further effects were assessed by measuring proinflammatory cytokine levels, the
plasma coagulation index, tissue histology and the pathology of the lung, liver and kidney.
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Results: We generated rats with medium-grade sepsis with a 30–40% survival rate to study the curative effects of
AF-MSCs and UC-MSCs. MSCs reversed CLP-induced changes in proinflammatory cytokine levels and coagulation
activation. MSCs ameliorated CLP-induced histological and pathological changes in the lung, liver and kidney. AF-
MSCs and UC-MSCs functioned differently in different tissues; UC-MSCs performed well in reducing the
upregulation of inflammatory cytokine levels in the lungs and inhibiting the inflammatory cell infiltration into the
liver capsule, while AF-MSCs performed well in inhibiting cell death in the kidneys and reducing the plasma blood
urea nitrogen (BUN) level, an indicator of renal function.

Conclusions: Our studies suggest the safety and efficacy of AF-MSCs and UC-MSCs in the treatment of CLP-induced
sepsis in rats and show that the cells potentially exert different curative effects on the main sepsis-affected tissues.

Keywords: Mesenchymal stem cells, Sepsis, Amniotic fluid, Umbilical cord, Curative effect

Background
Sepsis is defined as a systemic inflammatory re-
sponse syndrome (SIRS) that is induced by an infec-
tion, leading to an imbalance in the adaptive and
innate immune systems in an individual. Sepsis is a
heterogeneous syndrome caused by different patho-
gens and different effect sites that collectively result
in sustained excessive inflammation and immune
suppression within individuals [1]. In the hyperin-
flammatory phase of sepsis, the innate and adaptive
immune systems are activated to eliminate the path-
ogens causing the disease [2]. Medical efforts such
as the Surviving Sepsis guidelines [3] have been im-
plemented to improve critical care, early detection
and rapid intervention, resulting in a reduction in
the mortality of sepsis in recent years, but the mor-
tality rate is still approximately 20% [4, 5]. Some
therapeutic strategies that target key events in the
immunopathology of sepsis have been successful in
reducing mortality and improving the clinical syn-
drome of sepsis in models and ongoing clinical trials,
including peptide [6], cytokine [7, 8], antibody [9]
and cell-based [10] therapies.
Mesenchymal stem cells (MSCs) are adult stem cells,

so named because they were first derived from bone
marrow [11]. Over the past decade, MSCs have become
a topic of increasing interest in the scientific community
because these cells are regarded as a potential tool in re-
generative medicine and cell therapy. They can be ex-
tracted from both healthy donors and patients and are
easily expanded in vitro to a therapeutic volume without
substantial ethical concern. MSCs not only have been
used as regeneration agents [12] but also can modulate
immune responses in different inflammatory microenvi-
ronments [13] and relieve cell death and tissue injury in
pathological and physiological states [14]. Clinical evi-
dence for the treatment of COVID-19 with MSCs sug-
gests that it might be considered for compassionate use
in critically ill patients to reduce morbidity and mortality
[15]. According to the literature, MSCs indeed reduce

mortality in different animal models of sepsis [10], and
several clinical trials administering allogeneic MSCs to
treat sepsis and septic shock have been registered at
clinicaltrials.gov. The safety and efficacy of MSCs should
be explicitly determined before their large-scale clinical
application, and the study of MSC biofunction in sepsis
pathology would benefit from acquiring an advanced ap-
plication scheme for the clinical setting.
In this study, we provide evidence that intravenous

tail vein injections of human amniotic fluid MSCs
(AF-MSCs) and UC-MSCs are both therapeutic pro-
grammes that reduce mortality in rat models of cae-
cal ligation and puncture (CLP)-induced sepsis.
Notably, we documented that the curative effects of
these MSCs included a reduction in the infection-
induced increase in inflammatory cytokine levels, re-
ductions in pathological tissue damage and cell
apoptosis and the prevention of the functional de-
terioration of the tissues. The cellular therapeutic ef-
fects of AF-MSCs and UC-MSCs on rats with sepsis
reported here provide a new perspective for the
study of the biological effects of these MSCs on dif-
ferent tissues in a sepsis model.

Methods
Study design
The study was approved by the Academic Committee of
the Third Affiliated Hospital of Guangzhou Medical
University. Animal experiments were approved by the
Institutional Animal Care and Use Committee of
Guangzhou Medical University. The rat CLP model was
used as the disease model of sepsis, and intravenous tail
vein administration of AF-MSCs and UC-MSCs was per-
formed to treat sepsis at 6 h after CLP. We established
two phases of animal experiments to determine the ef-
fects of MSCs with and without filtering through a 70-
μm filter on a rat model of CLP-induced sepsis. The
amounts of AF-MSCs and UC-MSCs administered were
1 × 106 cells in 150 μl.
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Phase 1
MSCs were harvested in saline without filtration. The
following four groups were established in this phase:
normal saline sham (n = 3), sepsis control (n = 7), sepsis
+ AF-MSCs (n = 7) and sepsis + UC-MSCs (n = 7)
groups. A statistical analysis of the mortality of the rats
in each group over a 72-h period was performed.

Phase 2
MSCs were harvested in saline and filtered. The groups
were established as in Phase 1. In this phase, the number
of rats in each group was increased, and physiological
and biochemical analyses, as well as statistical calcula-
tions of mortality, were conducted (9 rats in the sham
group, 21 rats in the sepsis group, 21 rats in the sepsis +
AF-MSC group and 16 rats in the sepsis + UC-MSC
group). Six surviving rats from each group were sacri-
ficed at 24 h after CLP for physiological and biochemical
analyses, and the remaining rats in each group were used
for the survival analysis at 72 h. The levels of oedema in
the lungs were analysed in 3 rats, leaving 3 rats for fur-
ther lung analyses. The liver and kidney tissues of 5 rats
were analysed.

Cell culture
The derivation, maintenance and expansion of MSCs
were performed using previously published protocols
[16]. Briefly, UC-MSCs and AF-MSCs were maintained
in low-glucose Dulbecco’s modified Eagle’s medium
(CORNING, Cat# 10014CVR, Virginia, USA) supple-
mented with 15% foetal bovine serum (FBS) (Gibco,
Thermo Fisher Scientific, Cat# 10099141, CA, USA),
100 U/ml penicillin and 100 μg/ml streptomycin (Gibco,
Cat# 15140122) at 37 °C and 5% CO2. The cells were
harvested and passaged with trypsin-EDTA (Gibco, Cat#
25300054) upon reaching 70–80% confluence.

Caecal ligation and puncture
Adult (8–10 weeks) male Sprague-Dawley rats (Animal
Experimental Center of Southern Medical University,
Guangzhou, China) were randomly assigned to the 4
study groups. Rats with medium-grade sepsis were pro-
duced by CLP using a protocol [17], with some modifi-
cations. Briefly, the rats were anaesthetized with an
intraperitoneal injection of 50 mg/kg pentobarbital, to
ensure that the rats did not wake up before the surgical
operation was complete. The abdomen of the anaesthe-
tized rats was shaved, and the skin disinfected prior to
performing a 2-cm-long midline laparotomy incision.
The caecum was identified, gently exteriorized, ligated at
approximately one third of its length using silk sutures,
and then punctured with a 21-gauge needle in three lo-
cations of the ligated section. Finally, the caecum was re-
placed in the abdominal cavity, and the abdominal

musculature and skin were stitched up. The rats in the
sham group received laparotomy and caecum
exteriorization without ligation or puncture. Antibiotics
and fluid resuscitation were not administered during the
study.

Lung wet and dry weights
Six rats from each group were sacrificed at 24 h, and
three were randomly selected for an analysis of the wet
and dry weights of the lung. The wet weight was deter-
mined by weighing the lung immediately following dis-
section, while the dry weight was determined by
weighing the lung after drying in a 65 °C incubator for 2
days.

Histology and tissue staining
Histological study and staining of organs from each
study group were conducted, including the right lung,
liver and kidney. The organs were fixed with 4% parafor-
maldehyde, dehydrated and embedded in paraffin. Speci-
mens were cut into paraffin sections for further assays.
Haematoxylin–eosin (HE) staining (Cat#G1121, Solar-
bio, Beijing, China) was performed to identify general
histology. Masson staining (Cat# G1345, Solarbio) was
carried out to label collagen in the connective tissue.
Periodic acid–Schiff (PAS) staining (Cat# G1281, Solar-
bio) was utilized to identify glycogen accumulation
within liver tissue. TdT-mediated dUTP Nick-End La-
belling (TUNEL) (Cat# G3250, Promega (Beijing)
Biotech Co., Beijing, China) was used to label dead cells,
according to the manufacturer’s instructions. All pic-
tures were recorded by a microscope (BK6000, CNOP-
TEC, Chongqing, China).

Biochemical assay
The concentration of immune cytokines in the serum
and bronchoalveolar lavage fluid (BALF) were deter-
mined by enzyme-linked immunosorbent assay (ELISA)
kits purchased from CUSABIO BIOTECH (Wuhan,
Hubei, China) according to the manufacturer’s instruc-
tions, including IL-1β (Cat# CSB-E08055r), IL-6 (Cat#
CSB-E04640r), IL-10 (Cat# CSB-E04595r) and TNF-α
(Cat# CSB-E11987r). Coagulation-related biochemistry
was assessed using commercial kits from the Instrumen-
tation Laboratory (Bedford, MA, USA) on an ACL-
TOP700 analyser (Werfen, Beijing, China) according to
the manufacturer’s instructions; the reported parameters
included prothrombin time (PT) (RecombiPlasTin 2G,
Cat# 0020003050), activated partial thromboplastin time
(APTT) (SynthASil kit, Cat# 0020006800) and plasma fi-
brinogen (FIB) (Fibrinogen-C XL, Cat# 0020003900).
Tissue function-associated biochemistry was assessed
using commercial kits from Roche (Mannheim,
Germany) on a COBAS C702 instrument according to
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the manufacturer’s instructions and included aspartate
aminotransferase (AST) (Cat# 05850819190), alanine
aminotransferase (ALT) (Cat# 05850797190), blood urea
nitrogen (BUN) (Cat# 05171873190) and creatinine
(Cat# 05168589190).

Statistical analysis
Quantitative results of experiments were expressed in a
scatter plot, unpaired Mann-Whitney test were applied
to compare the difference between two groups and
Tukey’s test was used for comparisons among multiple
groups. The statistical log-rank test (Mantel-Cox) was
used to compare the survival data of the different
groups. P values < 0.05 were considered statistically
significant.

Results
AF-MSCs and UC-MSCs rescue CLP-induced sepsis in adult
rats
Adult Sprague-Dawley rats that underwent CLP were
established as a sepsis model and treated with different
MSCs resuspended in saline or saline alone 6 h after
CLP surgery. Six surviving individuals from each group
were sacrificed for histological and biochemical analyses
at 24 h, and the survival rate of the remaining rats was
determined at 72 h and a statistical analysis was per-
formed (Fig. 1a). We generated rats with medium-grade
sepsis with 60–70% mortality (Fig. 1b). Two phases of
animal experiments were implemented with the

harvested MSCs in saline with or without filtration
through a 70-μm diameter filter. The administration of
AF-MSCs without filtration significantly increased the
survival rate, while sepsis rats treated with UC-MSCs ex-
hibited 100% mortality (Fig. 1c). The administration of
filtered MSCs significantly increased the survival rate,
and a significant difference was not observed between
the AF-MSC and UC-MSC treatments (Fig. 1d).

MSCs reverse CLP-induced changes in proinflammatory
cytokine levels and coagulation activation
Six rats from each group in the second round of the ani-
mal experiment were sacrificed for further biological
analyses. For blood pathology, we assessed changes in
the serum levels of proinflammatory cytokines and co-
agulation activation parameters. The serum concentra-
tions of four typical inflammatory cytokines were
measured, namely, IL-1β, IL-10, IL-6 and TNF-α
(Fig. 2a–d). Compared to the sham treatment, CLP in-
duced significant increases in the levels of these cyto-
kines, and compared with the sepsis control treatment,
both of the MSC treatments led to a significant decrease.
The activation of coagulation induced by sepsis and the
MSC treatments was measured by determining the pro-
thrombin time (PT), activated partial thromboplastin
time (APTT) and plasma fibrinogen level (Fig. 2e–g). A
significant increase in the PT and APTT was observed
in the sepsis group compared with the sham group, and
a significant decrease was detected in the MSC-treated

Fig. 1 The administration of MSCs improved mortality in adult rats with CLP-induced sepsis, and UC-MSCs must be filtered to exert beneficial
effects. Schematic representation of the time course of the rodent model of CLP-induced sepsis, MSC treatments and data collection (a).
Generation of the rat model with medium-grade sepsis using CLP (b). The survival curves of rats that underwent CLP and received different MSC
therapies without 70-μm filtration (c). n = 3 rats in the sham group and n = 7 rats in the other groups; #p < 0.05 compared with the sepsis group;
&p < 0.05, compared with sepsis+AF-MSC group. The survival curves of rats that underwent CLP and received different MSC therapies with 70-μm
filtration (d). n = 3 rats in the sham group and n = 10–15 rats in the other groups; #p < 0.05 compared with the sepsis group
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groups compared with the sepsis group. Additionally,
MSC treatments significantly reversed the CLP-induced
decrease in plasma fibrinogen levels. No definite trend
of reversal in the CLP-induced pathological changes in
the blood was observed in the comparison of the AF-
MSC and UC-MSC groups.

MSCs ameliorate CLP-induced histological changes,
oedema, cell death and proinflammatory cytokine levels
in the lung
CLP-induced sepsis involving the lung causes histo-
logical changes, induces oedema, increases cell death
and upregulates the levels of proinflammatory cytokines.
The administration of both types of MSCs attenuated
these changes, and UC-MSCs were much more success-
ful in reducing inflammatory cytokine expression than
AF-MSCs. Sepsis-induced histological changes and the
ability of MSCs to inhibit these changes in the lungs
were assessed using HE (Fig. 3a) and Masson’s trichrome
staining (Fig. 3b). The mean linear intercept (Fig. 3c)
and mean alveolar volume (Fig. 3d) were calculated to
quantitatively analyse the level of alveolar expansion ac-
cording to HE staining. CLP morphologically and quan-
titatively induced alveolar expansion, and MSCs relieved
these pathological changes (Fig. 3a, c and d). Several
other pathological changes induced by CLP were

observed morphologically, including irregular changes in
the bronchial tube and interstitial hyperplasia, and MSCs
partially reversed these histological changes (Fig. 3b).
CLP-induced lung oedema, as assessed by the wet to dry
weight ratio, was reduced by both MSC treatments (Fig.
3e). TUNEL staining was performed to label dead cells
in the lung (Fig. 3f). MSCs from both sources signifi-
cantly reduced the number of TUNEL-positive cells
compared with the sepsis group, and no significant dif-
ferences were observed between the AF-MSC- and UC-
MSC-treated groups (Fig. 3g). The levels of the proin-
flammatory cytokine IL-1β, IL-10 and TNF-α in the
BALF were assessed (Fig. 3h–j). MSC treatments re-
duced the CLP-induced increase in the levels of these
cytokines, and significantly lower levels of these three
cytokines were detected in the UC-MSC group than in
the AF-MSC group.

MSCs attenuate CLP-induced pathological change of
capsule and glycogen consumption in liver
CLP-induced sepsis causes histological and biochemical
changes in the liver, which were equally attenuated by
AF-MSC and UC-MSC administration. In the sepsis
group, a few necrotic hepatocytes with an eosinophilic
cytoplasm and a pyknotic nucleus, degenerating cells
with considerably intact cell morphology and a

Fig. 2 The administration of MSCs reversed CLP-induced blood plasma changes in the septic rats. The plasma levels of the following
proinflammatory cytokines were measured: IL-1β (a), IL-10 (b), IL-6 (c) and TNF-α (d). Compared with the sham treatment, CLP induced the
upregulation of these cytokines, while compared with the sepsis treatment, MSC administration downregulated these cytokines. Coagulation
activation was assessed by determining PT (e), APTT (f) and fibrinogen levels (g). Compared with the sham treatment, CLP increased the PT and
APTT and decreased fibrinogen levels, and these changes were reversed by the administration of MSCs. PT, prothrombin time; APTT, activated
partial thromboplastin time. *p < 0.05; ns, no significant difference
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degenerative area of cytoplasm weakly stained with HE
were observed, while the histology of both of the MSC
groups was more homogeneous and similar to the sham
group, without any understained areas (Fig. 4a). Regard-
ing inflammation, sepsis caused inflammatory cell infil-
tration that affected the capsule and parenchyma of the
liver. Some inflammatory cell infiltration of the liver cap-
sule was evident in the AF-MSC group but was rarely
observed in the UC-MSC group, according to HE

staining (Fig. 4a). In terms of other histological changes,
the MSC groups showed improvements in the CLP-
induced swelling of the vascular endothelial cells, as de-
tected using HE and Masson’s trichrome staining, com-
pared with the sepsis group (Fig. 4a and b). Both MSC
treatments relieved the CLP-induced reduction in liver
glycogen levels (Fig. 4c). A significant difference in the
number of TUNEL-labelled dead cells in the liver was
not observed among the four groups (Fig. 4d and e).

Fig. 3 The administration of MSCs ameliorated CLP-induced pathological changes in the lungs of septic rats, while UC-MSCs were more effective
at reducing proinflammatory cytokine levels than AF-MSCs. The histological changes in the lung were identified using HE (a) and Masson’s
trichrome (b) staining. Both types of MSCs ameliorated CLP-induced alveolar expansion, according to the mean linear intercept (c) and mean
alveolar volume (d). Other histological changes included irregular changes in the bronchial tube (red arrow) and interstitial hyperplasia (black
arrow) in the sepsis group, and these changes were partially ameliorated in the MSC groups. Lung oedema, cell death and upregulation of the
inflammatory cytokines due to sepsis were ameliorated by treatment with MSCs from both sources, according to wet to dry weight ratio (e),
TUNEL staining (f and g) and IL-1β (h), IL-10 (i) and TNF-α (j) levels. For a and f, scale bar = 20 μm; for b, scale bar = 100 μm. *p < 0.05; ns, no
significant difference
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Fig. 4 (See legend on next page.)
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Sepsis induced a significant increase in the AST to ALT
ratio, which was significantly decreased by both MSC
treatments, but a significant difference was not observed
between the AF-MSC and UC-MSC groups (Fig. 4f).

MSCs improve sepsis-associated pathological changes
and cell death in the kidney
CLP-induced sepsis causes histological changes, cell
death and biochemical changes within the kidney. The
administration of MSCs attenuated the sepsis-associated
phenotype, and AF-MSCs were more effective than UC-
MSCs. Histology of the healthy kidney revealed normal
glomerular and tubular structures in the sham group. In
the sepsis model, pathological changes in the glomeruli
were not typically observed, but some histological
changes in tubular structures were evident, including
epithelial swelling, loss of the brush border of luminal
cells and the appearance of vacuolated areas. Prominent
improvements induced by MSC therapy included a re-
versal of the tubular swelling and the observation of a
normal morphology of the endothelial cells (Fig. 5a).
Both MSC therapies reduced the CLP-induced increase
in the tubular necrosis area (Fig. 5b) and TUNEL-
positive cells (Fig. 5c) in the kidney, and the AF-MSCs
resulted in a significantly larger tubular necrosis area
(Fig. 5d) and smaller TUNEL-positive cell ratio (Fig. 5e)
than the UC-MSCs. Serum BUN and creatinine levels
were measured as indicators of CLP-induced kidney
function damage. Compared with the sepsis group, the
AF-MSC group, but not the UC-MSC group, exhibited
significantly decreased BUN levels (Fig. 5d), but a signifi-
cant difference in creatinine levels was not observed
among the four groups (Fig. 5e).

Discussion
The CLP rodent model is the most commonly used ani-
mal model in sepsis studies [18]. After CLP surgery, the
intestinal pathogens, which initiate polymicrobial and
mainly bacterial infections, escape to the abdominal cav-
ity and trigger a systemic inflammatory response via the
blood circulation. The severity of CLP-induced sepsis is

predominantly increased at the puncture sites [17]. In
our study, we generated rats with medium-grade sepsis
and a 30–40% survival rate to study the curative effects
of AF-MSCs and UC-MSCs. Based on previously re-
ported research experience [19], we chose 6 h after CLP
to perform our analyses. As few GFP-labelled MSCs
were detected in the lung and brain, where the thera-
peutic effects of MSC were observed, this indicated that
prophylactic treatment with MSC could systematically
reduce the inflammatory damages in the whole body
[20–22]. Furthermore, because the circulatory system
and cellular microenvironment are the main battlefield
of the inflammatory response [19], after intravenous ad-
ministration of cells, most of these cells are dead and
consumed, mainly due to an acute immune response,
and few cells are located in the effector organs to exert
their effects. Therefore, our research mainly detects the
inflammatory response of cell therapy by biochemical
assay to determine the different curative effects of AF-
MSCs or UC-MSCs in different tissues, but not tracking
the location of the AF-MSCs or UC-MSCs in vivo by
fluorescent flag.
Safe administration of MSCs can be determined by

using certain therapeutic schedules. For the clinical
usage of cytotherapy, the first requirement is safety, and
some concerns have been noted regarding the adminis-
tration of MSCs. Reports of brachial vein [23] and pul-
monary [24] thromboembolism induced by MSC
infusion have been documented. Animal studies have
also shown that an overdose of MSCs is lethal [25] if
MSCs accumulate in the pulmonary circulation [26, 27],
leading to thromboembolism [25]. Notably, these reports
examined MSCs derived from adipose tissue and umbil-
ical cord. MSCs from these two sources are the most
widely used MSCs; however, some differences may exist
among MSCs derived from different tissues, including
cell size, cell surface markers and cellular biofunctions.
In our previous study, different culture method changing
MSC molecule marker but not affecting differentiation
ability or immune function, and AF-MSCs showed simi-
lar bio-function with UC-MSCs in vitro [16], so we

(See figure on previous page.)
Fig. 4 The administration of MSCs improved CLP-induced histological and functional changes in the liver of septic rats, while UC-MSCs
performed better in reducing inflammatory cell infiltration than AF-MSCs. The histological changes in the liver were identified by performing HE
(a), Masson’s trichrome (b) and PAS (c) staining. In a, a representative image of the liver CV is shown in the upper panel, and the capsule is
shown in the lower panel. Necrotic and degenerative hepatocytes were observed near the CV, and inflammatory cell infiltration into the capsule
(black arrow) was evident in the sepsis group. The administration of MSCs improved CLP-induced cell death (as determined by the morphology),
capsule inflammation, swelling of vascular endothelial cells and reduction in glycogen levels within hepatocytes, while inflammatory cell
infiltration was still present in the AF-MSC group. No difference in cell death in the liver was detected among the four groups, as assessed using
TUNEL staining (d and e). Other assessments of liver function included measurements of the AST/ALT ratio (f). Both types of MSCs relieved the
CLP-induced increase in this parameter. CV: central vein; n: necrotic hepatocytes with an eosinophilic cytoplasm and pyknotic nucleus; d1,
degenerating cells with a loss of the intact cell morphology; d2, degenerative area with understained cytoplasm. For images shown in the upper
panels of a, b and c, scale bar = 20 μm; for images shown in the lower panels of a, scale bar = 50 μm; for d, scale bar = 100 μm. *p < 0.05; ns, no
significant difference
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tested the bio-function of AF-MSCs and UC-MSCs in
CLP-induced rat sepsis in this study and found out that
removal of agglomerated UC-MSCs was very important

for its safety usage. Previous study had confirmed that
tissue factor [6] has a critical role in promoting MSC-
mediated coagulation in living animals and that its

Fig. 5 The administration of MSCs improved CLP-induced pathological changes in the kidneys of septic rats, while AF-MSCs more effectively
reduced cell death and BUN levels than UC-MSCs. The histological changes in the kidney were identified by performing HE (a) and PAS (b)
staining, while cell death was determined by performing TUNEL staining (c). The administration of MSCs improved CLP-induced histological
changes (including vacuolization and oedema of the glomeruli and tubules) and cell death, while UC-MSCs more substantially reduced tubular
necrosis, as evidenced by PAS staining (d, red arrow for normal tubules and black arrow for tubular lumens with a loss of brush borders), and AF-
MSCs reduced cell death to a greater extent, as evidenced by TUNEL staining (e). Other assessment of biochemical parameters related to kidney
function included measurements of BUN (f) and creatinine (g) levels. CLP increased BUN levels, a change that was improved by AF-MSCs but not
by UC-MSCs; no significant difference in creatinine levels was observed among the four groups. a, scale bar = 200 μm; b, scale bar = 100 μm; c,
scale bar = 100 μm. G, glomerulus; T, tubule; V, vacuolization. *p < 0.05; ns, no significant difference
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expression is likely to lead to thromboembolism and
subsequent death of a patient treated with MSCs [25], as
TF is highly expressed at the level of mRNA and local-
ized to the cell surface of cultured MSCs, a triggering
factor in the procoagulative cascade activated by infused
MSCs [25]. In our study, the survival rate of unfiltered
AF-MSCs was significantly higher than that of unfiltered
UC-MSCs, indicating that unfiltered UC-MSCs may had
high dose of TF. Furthermore, the survival rate was not
significantly different between filtered AF-MSCs’ and fil-
tered UC-MSCs’ treatments in our study which also in-
dicated that filtered AF-MSCs and UC-MSCs produced
a similar curative effect in terms of CLP-induced sepsis,
but exerted different bioeffects on different tissues.
Based on criteria from the ISCT [28], MSCs can be de-

rived from nearly all types of postpartum and antenatal or-
gans, including adipose tissue, menstrual fluid, umbilical
cord (Wharton’s jelly), fat, placenta and muscle, and MSCs
from different sources possess similar but not identical
functions. The convenience of these sources has promoted
the usage of MSCs for cytotherapy. The umbilical cord is
discarded after most obstetric procedures, and therefore,
cytotherapy with UC-MSCs can be regarded as waste
utilization. Amniotic fluid is generated by the foetal circula-
tory system during foetal growth and development. Sepsis
is a life-threatening disorder of organ dysfunction that is
characterized by sustained excessive inflammation and im-
mune suppression, and the therapeutic effect of MSCs has
been attributed to its anti-inflammatory properties in vivo
and in vitro [1]. Although the biofunction mechanism of
MSCs from human and rodent was different, even human
MSCs were not activated by rat pro-inflammatory cyto-
kines in corneal allograft model [29], human MSCs’ thera-
peutic efficacy to rat CLP induced sepsis were confirmed
by other study [19], the most reasonable possibility was due
to inflammation affect tissue was different, so the MSCs’
biofunction in sepecific tissue has a high study value. In the
present study, both UC-MSCs and AF-MSCs improved the
survival rate of septic rats from 30 to 60%, reduced tissue
inflammation and attenuated damage to the lung, liver and
kidney, as determined by the biochemical and histological
analyses of the rats with CLP-induced sepsis, consistent
with the confirmed therapeutic effects of other MSCs [10].
The curative effects of AF-MSCs and UC-MSCs on

rats with CLP-induced sepsis differed. UC-MSCs are one
of the most widely used cell types in cytotherapy, and
their bioeffect on curing sepsis has been described in
several studies [19, 30–32], but few reports have assessed
sepsis cytotherapy utilizing AF-MSCs, except in a neo-
natal rat model of sepsis [33]. The ability of the AF-
MSC treatment to reduce local inflammation in rodent
models of perinatal diseases, such as hypoxic ischaemic
encephalopathy and foetal myelomeningocele, has been
reported [34, 35]. Thus, foetal stem cells produced

during pregnancy may be used for neonatal autologous
somatic therapy if needed immediately after birth or
during pregnancy [36]. According to previous studies,
bone marrow-derived mesenchymal stem cells (BMSCs)
are more effective than adipose-derived mesenchymal
stem cells (ADMSCs) as a treatment for experimental
sepsis in mice [37]. In vitro studies showed that umbil-
ical cord blood-derived mesenchymal stem cells were su-
perior to BMSCs and ADMSCs in reducing the
production of proinflammatory cytokines [38]. Add-
itional in vitro studies have shown that MSCs derived
from the umbilical cord matrix, known as Wharton’s
jelly-derived MSCs (WJ-MSCs), present characteristics
similar to or better than other MSCs and show promise
as a treatment for various diseases [39, 40]. AF-MSCs
are derived from multiple tissue sources and express
higher levels of lung- and kidney-specific markers, with
enhanced osteogenic and chrondrogenic differentiation
and a similar immunosuppression ability to UC-MSCs
[41]. In the present study, we described the different
bioeffects of AF-MSCs and UC-MSCs on different tis-
sues from rats with CLP-induced sepsis. UC-MSCs per-
formed better in immunosuppression following CLP
induction than AF-MSCs, including reducing the upreg-
ulation of proinflammatory cytokine levels in the lung
and inhibition of the inflammatory cell infiltration into
the liver capsule. In sepsis, an initial pro-inflammatory
phase is characterized by increased cytokine levels and a
CD4+ Th1 cell response. In the present study, UC-MSC
and AF-MSC treatments improved tissue inflammation
and attenuated LPS-induced damage to the lung, liver
and kidney, as determined by the histological analysis,
consistent with the reported therapeutic effects of other
MSCs [10, 19, 42, 43]. In our study, the animals with
sepsis developed proinflammatory profiles that were
characterized by increased expression of IL-1β, IL-10,
IL-6 and TNF-α. Treatment with UC-MSCs and AF-
MSCs decreased the expression of those cytokines. AF-
MSCs were the most effective treatment at rescuing kid-
ney biofunction, including the inhibition of cell death
and reduction of plasma BUN levels (an indicator of
renal function), potentially due to the ability of AF-
MSCs to accelerate the proliferation of partially dam-
aged epithelial tubular cells and prevent apoptosis [44].
The beneficial effect of AF-MSCs was probably related

to the paracrine action of secreted growth factors [45]. A
WJ-MSC treatment was reported to induce a pro-
nounced increase in VEGF expression and reversed the
sepsis-induced downregulation of eNOS expression [19].
Sepsis is a model of endothelial dysfunction, and eNOS
and VEGF protect against sepsis-induced endothelial
dysfunction [46, 47] and are effective at normalizing liver
enzymes, mainly AST [48]. MSCs have been suggested
to protect against sepsis-induced liver injury by
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decreasing leukocyte infiltration [49, 50], modulating the
immune response and decreasing apoptosis [51]. Thus,
the molecular mechanisms underlying the different cura-
tive effects of AF-MSCs and UC-MSCs are likely differ-
ent and require further study.

Conclusion
In summary, in addition to highlighting that different
cell production processes may lead to diverse physico-
chemical properties, biological characters and thera-
peutic effects of MSCs, our studies have identified the
safety and efficacy of AF-MSCs and UC-MSCs in the
healing of rats with CLP-induced sepsis and their poten-
tial differences in ameliorating the effects of sepsis on
different tissues. Further preclinical studies are needed
to define the molecular variations in MSCs derived from
different sources via different production schemes, to es-
tablish the relationship between the cell phenotype
in vitro and the cytotherapeutic biofunctions of MSCs
in vivo, to improve the curative effects of MSCs and to
obtain a better understanding of the differences in the
curative effects of MSCs from different tissue sources.
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