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ABSTRACT

Umbilical cord blood-derived mesenchymal stem cells (UCBMSCs) have been reported to
possess cardioprotective effects in diseases. However, its effects on cardiomyopathy remain
unclear. This study aimed to the therapeutic effects of UCBMSC transplantation on adriamy-
cin (ADR)-induced cardiomyopathy. UCBMSCs isolated from human UCB were identified by
detecting surface markers (CD29, CD90, CD34, and CD45) using flow cytometry. The effect of
UCBMSCs on left ventricular end-diastolic dimension (LVEDD), left ventricular systolic end-
diastolic diameter (LVESD), left ventricular ejection fraction (LVEF), and left ventricular frac-
tion shortening (LVFS) were determined by echocardiography. Histological changes were
observed by HE and Masson staining. The serum levels of collagen-I (Col-l), brain natriuretic
peptide (BNP), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), creatine
kinase (CK), CK-MB, interleukin (IL)-6, IL-10, and tumor necrosis factor alpha (TNF-a) were
measured by corresponding kits. The protein levels of IL-6, IL-10, and TNF-a were measured
by Western blotting. The isolated UCBMSCs manifested the positive expression of CD29 and
CD90, and the negative expression of CD34 and CD45. UCBMSC transplantation significantly
reduced LVEDD and LVESD, and increased LVEF and LVFS in ADR-induced cardiomyopathy
model rats. Cardiac injury and high collagen deposition in model rats were alleviated by
UCBMSC treatment. Moreover, UCBMSCs decreased the serum levels of Col-I, BNP, AST, LDH,
CK, CK-MB, IL-6, IL-10, and TNF-a in model rats. Overall, UCBMSCs exert the therapeutic
effects on ADR-induced cardiomyopathy through recovering the myocadiac function and
alleviating the inflammatory response.

Umbilical cord blood
2¢ +%° 0%

oo \
L

lymphocyte
separation fluid

0.9% saline
1 time/week
10 weeks

1 time/week
10 weeks

@ ADR 2. 5mg/kg

108 cells mL, 100 pL

MSCs /
ADR 2. 5mg/kg
Treat 1 time/week
10 weeks

<7
<=

cardiac function
HE
Masson
ELISA analysis

ARTICLE HISTORY
Received 26 January 2022
Revised 18 March 2022
Accepted 25 March 2022

KEYWORDS

Umbilical cord blood-
derived mesenchymal stem
cells; adriamycin;
cardiomyopathy; myocardial
function; transplantation

CONTACT Ling Liu @ theify@126.com e Department of Hematologic Oncology, Dalian Municipal Women and Children’s Medical Center, No. 13, Guihua

Road, Ganjingzi District, Dalian, Liaoning 116000, China
© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which

permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2022.2061145&domain=pdf&date_stamp=2022-04-06

1. Introduction

Cardiomyopathy is the common disease, which is
mixed in etiology [1]. Adriamycin (ADR) is
a favorable anti-tumor anthracycline antibiotic
widely used for the treatment of various cancers
[2]. However, the accumulation of ADR products
severe cardiotoxic effects, resulting in congestive
heart failure and degenerative cardiomyopathy
[3]. Once symptoms of cardiomyopathy appear,
treatment is difficult and has poor prognosis with
a mortality rate of up to 45% within a year [4].
Heart transplantation is the most effective way to
treat the patients with advanced cardiomyopathy,
but there are many problems in clinical practice,
including donor source and economic cost [1].
Therefore, it is of great significance to find novel
and effective therapeutic strategies.

Umbilical cord blood (UCB) is the blood left
in the umbilical cord and placenta after the
umbilical cord is broken [5]. Since the 1920s,
UCB has been used in hematopoietic stem cell
transplantation. Recent studies have found that
UCB-derived mesenchymal stem cells
(UCBMSCs) have the advantages of multidirec-
tional differentiation and strong self-renew
potential, which can be induced to differentiate
into a variety of seed cells for the treatment of
diverse diseases [6].

Compared with traditional therapies, a large
number of studies have shown that UCBMSCs
transplantation has shown great advantages in
the treatment of cardiovascular diseases. In recent
years, stem cell transplantation for myocardial dis-
eases achieves a series of commendable perfor-
mance in the both basic and clinical fields.
UCBMSCs for cardiac transplantation can pro-
mote myocardial regeneration and the recanaliza-
tion of myocardial infarction, thereby improving
left heart ejection fraction and body exercise tol-
erance [7]. Scientists selected 29 patients with
ischemic  cardiomyopathy and transplanted
UCBMSCs, which showed that transplanting
UCBMSCs through peripheral vein and coronary
artery can improve the left ventricular remodeling
during the treatment of ischemic cardiomyopathy
[8]. In addition, UCBMSCs can also reduce the
occurrence probability of hypoxia-induced cardio-
myocytes and vascular endothelial cell apoptosis,
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thereby restricting myocardial ischemic injury [9].
UCBMSCs shown the considerable clinical pro-
spects in the treatment of diseases, due to abun-
dant sources, easy collection, no harm to the
donor, free from ethical and legal restrictions,
stronger differentiation and lower immunogeni-
city, etc [6]. With further research on hematopoie-
tic stem cells in UCB, it is believed that the clinical
application of UCBMSCs will be more prevalent.

Based on the evidences mentioned above, we
speculated UCBMSCs have the ability for the
treatment of ADR-induced cardiomyopathy. The
aim of current study is to clarify the therapeutic
effects of UCBMSCs on ADR-induced cardiomyo-
pathy via in vivo evaluating the cardiac function,
histopathological changes, and inflammatory
response. Our findings may provide the potential
therapeutic strategy for ADR-induced cardiomyo-
pathy through UCBMSC transplantation.

2. Materials and methods
2.1 UCB collection

This study was approved by the Institutional
Review Board of Dalian Municipal Women and
Children’s Medical Center. UCB was collected
from healthy infants born naturally or cesarean
section under aseptic conditions, with maternal
informed consent. All UCB samples were sepa-
rated within 8 h using 20 U/mL heparin (antic-
oagulant). Obtained UCB was diluted with
D-hanks solution at a ratio of 1:1, and slowly
superadded to the lymphocyte separation fluid to
ensure clear liquid level. The column height ratio
of the diluted UCB and human lymphocyte
separation fluid was 2:1, which was centrifuged at
2,000 r/min for 20 min to extract UCBMSCs in the
white membrane layer. Then, UCBMSCs were col-
lected using d-hanks and centrifuged at 1,000 r/
min for 5 min. UCBMSCs were cultured in the
low-glucose Dulbecco’s Modified Eagle Medium
(DMEM-LG, pH 7.4).

2.2 UCBMSCs growth curve

The growth curve of UCBMSCs was plotted as
previously described [10]. UCBMSCs at primary
and second passage (P2) were digested with 0.25%
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trypsin-0.01% EDTA mixture, washed with PBS,
and then diluted into 1 x 10* cells/mL with fresh
medium changed every 2 days. Trypsinization and
cell counting for cells were conducted every day in
triplicates for 30 days. The growth curves of pri-
mary and P2 UCBMSCs from primary and P2
were plotted according to cell counting. In addi-
tion, UCBMSCs at primary inoculation within
48 h and P2 within 24 h were photographed
under an inverted LSM880 Airyscan microscope
(Carl Zeiss, Germany).

2.3 Flow cytometry (FACS) analysis

The determination of UCBMSC-positive (CD29
and CD90) and negative (CD34 and CD45) surface
biomarkers was conducted as previously described
[11]. P2 UCBMSCs were resuspended into 1 x 10°
cells/mL, and 100 pL samples were incubated with
specific fluorescence-conjugated markers (CD29,
CD90, CD34, and CD45) in darkness for 30 min.
Then, cells were washed with 1 mL phosphate
buffered saline (PBS) to remove non-bind antibo-
dies. Cells were transferred to flow cytometry
tubes and analyzed using a Cytomics FC 500
with Flow]Jo software (Beckman Coulter, USA).

2.4 Animals

Male Wistar-Kyoto virus-antibody-free rats
(n = 60, aged 8 weeks, weighed 200-250 g) were
housed individually in cages with a layer of saw-
dust. Rats had free access to sterile water and
pelleted food. Cages were placed in a room with
a relative humidity of 40%-70%, a circumambient
temperature of 23 + 1°C, a 12-h dark/light cycle
with a light intensity of 60-80 lux, and
a ventilation rate of 10-15 air changes per hour.
The experimental rats were purchased from the
experimental animal center of Chinese People’s
Liberation Army academy of military medical
sciences. Animal experiments were approved by
the Animal Care and Use Committee of Dalian
Municipal Women and Children’s Medical Center.

2.5 Model establishment and treatment

The Wistar-Kyoto rats were randomly divided into
three groups (n = 20 per group): control group,

model group, and treated group. Rats in the con-
trol group were provided with normal feed with-
out ADR and intraperitoneally injected with 0.9%
saline for 10 weeks (once a week). Rats in the
model group were intraperitoneally injected with
2.5 mg/kg ADR for 10 weeks (once a week) [12].
Rats in the treated group were intraperitoneally
injected with 2.5 mg/kg ADR for 10 weeks (once
a week), and then treated with 100 uL UCBMSCs
(1 x 10® cells/mL) by tail vein injection. Rats were
euthanized after anesthesia with 35 mg/kg pento-
barbital sodium solution for subsequent experi-
ments. ADR was purchased from Feed Research
Institute of Chinese Academy of Agricultural
Sciences.

2.6 Determination of cardiac function

Rats were anesthetized with an intraperitoneal
injection of 35 mg/kg pentobarbital sodium solu-
tion. Echocardiography was performed for the
determination of cardiac function according to
previously reported method [13]. The cardiac
function was determined by the measurement of
left ventricular end-diastolic dimension (LVEDD),
left ventricular systolic end-diastolic diameter
(LVESD), left ventricular ejection fraction
(LVEF), and left ventricular fraction shortening
(LVES).

2.7 Measurement of biochemical index

Serum samples were collected from rats and the
serum levels of collagen I (Col-I), brain natriuretic
peptide (BNP), interleukin (IL)-6, IL-10, and
tumor necrosis factor alpha (TNF-a) were mea-
sured using corresponding enzyme linked immu-
nosorbent assay (ELISA) kits. The levels of
aspartate aminotransferase (AST), lactate dehydro-
genase (LDH), creatine kinase (CK) and isozyme
(CK-MB) in serum were detected using the corre-
sponding kits purchased from the Jiancheng
Bioengineering Institute (Nanjing, China) accord-
ing to the provided instruction.

2.8 Histological staining

Rats were euthanized after anesthesia with
35 mg/kg pentobarbital sodium solution, and



the myocardial tissues were harvested for hema-
toxylin and eosin (H&E) and Masson’s tri-
chrome staining [14]. Myocardial tissues were
fixed in 4% paraformaldehyde and 48 h and
dehydrated with alcohol. Next, tissues were
embedded in paraffin and cut into 5 pm-thick-
ness sections. Staining of tissues was conducted
according to the manufacturer’s protocols of HE
and Masson staining kits (Bogoo, China).
Tissues were then sealed with neutral resin and
observed under a fluorescence
(Nikon 80i, Japan).

microscope

2.9 Western blotting

Western blot analysis was performed as previously
described [15].Total protein was extracted from
myocardial tissues using lysis buffer (Sigma-
Aldrich, MD, USA). Proteins were separated on
10% SDS-PAGE and then transferred onto poly-
vinylidene fluoride (PVDF) membranes. The
membranes were incubated with primary antibo-
dies (anti-IL-6, anti-IL-10, anti-TNF-a, and anti-
GAPDH; 1:500; ZSGB-BIO, China) at 4°C over-
night. Following that, membranes were incubated
with  corresponding horseradish  peroxidase-
conjugated secondary antibodies for 1 h. Protein
bands were images an Odyssey Infrared Imaging
System with Image] software. The relative protein
expression was calculated by normalizing to
GAPDH.

2.10 Statistical analysis

All data were presented as the mean + standard
error of mean. GraphPad Prism 7.0 was used for
statistical analysis. One-way ANOVA and stu-
dent’s two tailed unpaired t-test were used to
compare differenced among groups. In all cases,
statistical significance was concluded where the
P-value was < 0.05.

3. Results
3.1 Biological identification of UCBMSCs

UCBMSCs, as a novel seed cell for bioengineer-
ing, have been gradually accepted as public health
[16]. UCBMSCs were isolated from human UCB
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in this study and were identified. Under the
microscope, the newly isolated UCBMSCs showed
the round morphology with different sizes. After
7 days of primary culture, the round UCBMSCs
were tended to transform into spindle cells. With
the culture extension, adherent growth cells gra-
dually formed colonies and were arranged in
a vortex pattern with obvious orientation. After
4 weeks, UCBMSCs were fused into monolayer
and grew rapidly. In the P2 generation, cell mor-
phology was tended to be uniform spindle fibro-
blast-like cells (Figure 1a).

Moreover, the proliferation ability of primary
and P2 UCBMSCs were identified by the estab-
lishment of growth curve. During the first 8 day
of primary UCBMSC culture, there was no sig-
nificant difference in the cell density. However,
from days 9 to 20, cell density presented
a remarkable increase. For P2 UCBMSCs, the
cell density exhibited a significant increase
from 1% to 10™ day (Figure 1b). Furthermore,
the cell surface antigen markers of UCBMSCs at
P2 was analyzed. As displayed in Figure Ic, the
extracted UCBMSCs showed the positive expres-
sion of CD29 and CD90, and the negative
expression of CD34 and CD45.

3.2 Cardiac function was decreased in
ADR-induced cardiomyopathy model rats

Cardiomyopathy rat model was established by
intraperitoneal injection with ADR. LVEDD,
LVESD, LVEF, and LVES are pre-load dependent
parameters indicating the contractility and func-
tion of left ventricular. As shown in Figure 2a-b,
the LVEDD and LVESD in ADR-induced cardio-
myopathy model rats were remarkably increased,
whereas LVEF and LVES were reduced as com-
pared with control rats (P < 0.001). In addition,
Col-I is an important component of the myocar-
dial interstitium, which affects cardiac function.
We found that Col-I level was significantly
increased in ADR-induced cardiomyopathy
model rats when compared with that in control
rats (P < 0.05) (Figure 3a). BNP is produced by
heart and blood vessels, the level of which will
increased when heart failure. In patients with car-
diomyopathy, increased ventricular wall stress and
increased filling pressure promote the release of
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Figure 1. The biological identification of umbilical cord blood-derived mesenchymal stem cells (UCBMSCs). (a) The morphology of
UCBMSCs. Scale bar = 500 pum. (b) The growth curves of the primary and second passage (P2) UCBMSCs. (c) The FACS analysis for

surface antibodies of UCBMSCs (CD29, CD90, CD34, and CD45).

BNP in the blood [17]. Consistently, the serum
BNP level in ADR-induced cardiomyopathy
model rats is significantly higher than that in con-
trol rats (P < 0.01) (Figure 3b). Moreover, the
histopathological changes in myocardial tissues
were detected by HE and Masson staining. HE
staining showed that there were many necrotic
and fibrotic areas of cardiomyocytes, interstitial
edema, inflammatory cell infiltration, and disor-
dered arrangement of cardiomyocytes in myocar-
dial tissues of model rats when compared with that
in control rats (Figure 3c). Masson staining is used
to stain cardiac collagen, which showed that car-
diac tissues from ADR-induced cardiomyopathy

model rats manifested higher collagen deposition
than that from control rats (Figure 3c).
Furthermore, AST, LDH, CK, and CK-MB are
myocardial injury markers, and the serum levels
of them in ADR-induced cardiomyopathy model
rats were significantly higher than those in control
rats (P < 0.05) (Figure 3d).

3.3 Inflammatory response was enhanced in
ADR-induced cardiomyopathy model rats

Inflammatory response is an important pathologi-
cal feature of cardiomyopathy. Pro-inflammatory
cytokines (IL-6 and TNF-a) and anti-
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Figure 2. The cardiac function determination of Adriamycin (ADR) induced-cardiomyopathy model rats. (a) The electrocardiograms
of control and model rats. (b) The detection of left ventricular end-diastolic dimension (LVEDD), left ventricular systolic end-diastolic
diameter (LVESD), left ventricular ejection fraction (LVEF), and left ventricular fraction shortening (LVFS) in control and model rats.
***P < 0.001 vs. the control group.
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Figure 3. The evaluation of cardiac function and inflammatory response in ADR-induced cardiomyopathy model rats. (a-b) The
contents of collagen-I (Col-l) and brain natriuretic peptide (BNP) in rats. (c) HE and Masson staining for the histopathological
evaluation of myocadiac tissues in rats. Scale bar = 50 um. (d-e) The serum levels of aspartate aminotransferase (AST), lactate
dehydrogenase (LDH), creatine kinase (CK), CK-MB, interleukin (IL)-6, IL-10, and tumor necrosis factor alpha (TNF-a) in rats. *P < 0.05,
**P < 0.01, and ***P < 0.001 vs. the control group.

inflammatory effector IL-10 are important cell fac- and TNF-a in ADR-induced cardiomyopathy
tors participating in immune response [18]. Our ~ model rats were significantly increased in compar-
study found that the serum levels of IL-6, IL-10, ison to those in control rats (P < 0.05) (Figure 3e).
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3.4 UCBMSCs induced the cardiac function
recovery of ADR-induced cardiomyopathy model
rats

To explore the therapeutic effects of UCBMSCs on
ADR-induced cardiomyopathy, model rats were
transplanted with UCBMSCs by tail vein injection.
Compared to that of model rats, LVEDD and
LVESD were significantly decreased, while LVEF
and LVFS were significantly increased in rats after
UCBMSC treatment (P < 0.01) (Figure 4). In addi-
tion, the serum levels of Col-I, BNP, AST, LDH,
CK, and CK-MB all presented a decreasing ten-
dency in ADR-induced cardiomyopathy model
rats after UCBMSC treatment (P < 0.05)
(Figure 5a-b, d). Moreover, HE and Masson stain-
ing manifested the restored myocadiac injury and
reduced collagen deposition in ADR-induced car-
diomyopathy model rats treated with UCBMSCs
(Figure 5c¢).

3.5 UCBMSCs ameliorated the inflammatory
response in ADR-induced cardiomyopathy model
rats

Further, the inflammatory response of ADR-
induced cardiomyopathy model rats after
UCBMSCs treatment were determined. The
serum levels and protein expression of IL-6, IL-
10, and TNF-a in model rats were significantly
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transplantation

4. Discussion

Cardiomyopathy is characterized by myocardial
dysfunction, which can be caused by the usage of
the anti-tumor drug ADR [19]. Currently, treat-
ment for ADR-induced cardiomyopathy mainly
depends on antioxidant therapy; however, the
therapeutic effects are limited [20]. UCB is col-
lected from the umbilical cord and placenta after
childbirth, which is considered as a valuable
source of cells for disease treatment [21].
UCBMSCs from umbilical cord blood possess
powerful differentiation and immunoregulatory
potential, which is a promising source for thera-
peutic applications [22]. The present study con-
firmed the therapeutic effects of UCBMSC
transplantation on ADR-induced cardiomyopathy
via the establishment of rat model.

UCBMSCs possess multi-lineage differentiation
potential with high immunosuppressive activity
[22]. The typical morphology of UCBMSCs pre-
sents plastic adherent typical fibroblastic popula-
tion. El-Sherbiny et al. demonstrated that the
morphology of undifferentiated UCBMSCs trans-
forms from round to spindle fibroblast-like cells
during culture [23]. Consistently, in this study,

UCBMSCs were extracted from UCB and
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Figure 4. UCBMSCs treatment recovered the cardiac function of ADR-induced cardiomyopathy model rats. The detection of LVEDD,
LEVSD, LVEF and LVFS in rats. *P < 0.05, ***P < 0.001 vs. the control group; P < 0.01, *¥P < 0.001 vs. the model group.
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Figure 5. UCBMSCs treatment ameliorated the cardiac injury and inflammatory response of ADR-induced cardiomyopathy model
rats. (a-b) The levels of Col-I and BNP in rats. (c) HE and Masson staining for the histopathological evaluation of myocadiac tissues in
rats. Scale bar = 50 um. (d-e) The serum levels of AST, LDH, CK, CK-MB, IL-6, IL-10, and TNF-a in rats. (f) The protein expression of IL-
6, IL-10, and TNF-a in rats. *P < 0.05, **P < 0.01, and ***P < 0.001 vs. the control group; *P < 0.05, *P < 0.01 vs. the model group.

presented round morphology. After 14-day culture
(P2), the morphology of UCBMSCs transformed
to spindle fibroblast-like cells. In addition, CD29
and CD90 are positive biomarkers, while CD34
and CD45 are lacking hematopoietic markers in
UCBMSCs [24]. Our study confirmed the positive
expression of CD29 and CD90, and the negative
expression of CD34 and CD45 in UCBMSCs.
These results indicated that UCBMSCs were suc-
cessfully isolated and cultured, which can be used
for the treatment of ADR-induced cardiomyopa-
thy in the subsequent experiments.

To investigated the therapeutic effects of
UCBMSC transplantation on ADR-induced cardi-
omyopathy, the ADR-induced cardiomyopathy rat
model was established. Echocardiography aids can
contribute to evaluating and determining the car-
diac dysfunctional severity of cardiomyopathy.
LVEDD, LVESD, LVEF, and LVEFS, derived from

echocardiography, are critical parameters for the
assessment of cardiac function [25]. Higher
LVEDD and LVESD values represents more severe
cardiac dysfunction, which are negatively corre-
lated with LVEF and LVFS [13]. We found that
LVEDD and LVESD were increased in rats with
ADR-induced cardiomyopathy, while LVEF and
LVES were decreased. This result is congruent
with previous studies, indicating that cardiac func-
tion is disordered in ADR-induced cardiomyopa-
thy [26,27]. Col-I and BNP are also two pivotal
parameters used to indicate the myocardial func-
tion and stretch [12,28,29]. Pang et al. found that
the levels of Col-I and BNP were increased in
dilated cardiomyopathy [12]. Our study also
showed the increased Col-I and BNP levels in
ADR-induced cardiomyopathy rats, indicating
that myocardial function was disordered. AST,
LDH, CK, and CK-MB are essential serum cardiac
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biomarkers evaluating myocardial injury [30]. It
has been reported that the serum levels of AST,
LDH, CK, and CK-MB raise in ADR-induced car-
diomyopathy, which is in line with our results
[31]. HE and Masson staining also showed severe
cardiac injury and collagen deposition in myoca-
diac tissues of ADR-induced cardiomyopathy rats.
Furthermore, inflammatory response is also
a important pathological feature of cardiomyopa-
thy [32]. Pro-inflammatory cytokines IL-6 and
TNF-a appear to make a significant contribution
to the pathophysiology of cardiomyopathy and
heart failure [33]. In contrast to pro-
inflammatory mediators, anti-inflammatory cyto-
kine IL-10 influences the inflammatory activation
of monocytes [34]. Our results presented that the
serum levels of IL-6, IL-10, and TNF-a were
increased in ADR-induced cardiomyopathy rats,
proving the severe inflammatory response in
ADR-induced cardiomyopathy.

UCBMSCs have a promising application pro-
spect due to their lower immunogenicity, higher
proliferation factors, and higher transfection effi-
ciency [9]. Accumulating evidence indicated that
UCBMSCs have cardioprotective effects in var-
ious diseases. Song et al. demonstrated that
UCBMSCs inhibit ferroptosis and attenuate myo-
cardial injury in acute myocardial infarction mice
[9]. Lee et al. proved the therapeutic potency of
UCBMSCs on myocardial infarction, which is
evidenced by decreasing LVEDD and LVESD,
and increasing LVEF and LVSF [35]. Zhao et al.
indicated that transplantation of UCB-derived
cellular fraction improves left ventricular func-
tion and remodeling after myocardial ischemia
or reperfusion [36]. In the present study, we
found that UCBMSCs decreased the LVEDD
and LVESD, and increased the LVEF and LVSF
in ADR-induced cardiomyopathy rats, indicating
UCBMSCs can ameliorate cardiac function in
ADR-induced cardiomyopathy. In addition,
UCBMSC transplantation reduced the levels of
Col-I, BNP, AST, LDH, CK, CK-MB in ADR-
induced cardiomyopathy rats. Histopathological
staining showed UCBMSCs alleviated cardiac
injury and collagen deposition in myocadiac tis-
sues of ADR-induced cardiomyopathy rats. These
results indicate that UCBMSCs can recover myo-
cadiac function in ADR-induced cardio-

myopathy.  Furthermore, we found that
UCBMSCs downregulated the serum levels of
IL-6, IL-10, and TNF-a in ADR-induced cardio-
myopathy rats, indicating that UCBMSCs exerts
an anti-inflammatory effect in ADR-induced
cardiomyopathy.

5. Conclusion

This study finds that UCBMSCs recovers the myo-
cadiac function and ameliorates the inflammatory
response of ADR-induced cardiomyopathy rats.
Our findings open the precedent of UCBMSC
therapy for ADR-induced cardiomyopathy, and
provide the theoretical basis and clinical possibility
for UCBMSC therapy.
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