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Abstract

Background: To determine the efficacy and safety of umbilical cord-derived mesenchymal stem cells (UC-MSCs) in
Chinese adults with type 2 diabetes mellitus (T2DM).

Methods: In this single-center, double-blinded, randomized, placebo-controlled phase Il trial, 91 patients were
randomly assigned to receive intravenous infusion of UC-MSCs (n=45) or placebo (n=46) three times with 4-week
intervals and followed up for 48 weeks from October 2015 to December 2018. The primary endpoint was the percent-
age of patients with glycated hemoglobin (HbA1c) levels of < 7.0% and daily insulin reduction of > 50% at 48 weeks.
Additional endpoints were changes of metabolic control, islet 3-cell function, insulin resistance, and safety.

Results: At 48 weeks, 20% of the patients in the UC-MSCs group and 4.55% in the placebo group reached the
primary endpoint (p <0.05, 95% confidence interval (Cl) 2.25-28.66%). The percentage of insulin reduction of the
UC-MSCs group was significantly higher than that of the placebo group (27.78% versus 15.62%, p < 0.05). The levels of
HbATc decreased 1.31% (9.024+1.27% to 7.52+1.07%, p <0.01) in the UC-MSCs group, and only 0.63% in the pla-
cebo group (8.89+1.11% t0 8.1941.02%, p>0.05; p=0.0081 between both groups). The glucose infusion rate (GIR)
increased significantly in the UC-MSCs group (from 3.12 to 4.76 mg/min/kg, p <0.01), whereas no significant change
was observed in the placebo group (from 3.26 to 3.60 mg/min/kg, p>0.05; p < 0.01 between both groups). There was
no improvement in islet 3-cell function in both groups. No major UC-MSCs transplantation-related adverse events
occurred.

Conclusions: UC-MSCs transplantation could be a potential therapeutic approach for Chinese adults with T2DM.
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Background
Type 2 diabetes mellitus (T2DM) is a heterogeneous
syndrome that is characterized by a progressive deterio-
ration in glycemic control caused by decreased insulin
sensitivity and diminished insulin secretion, which has
become a serious threat to human health worldwide due
to its high prevalence and severe morbidity. Diet control,
physical exercise, and glucose-lowering medications have
been shown to temporarily improve hyperglycemia but
cannot inhibit the pathogenesis or reduce the morbidity
of T2DM. Therefore, the development of more effective
approaches for the treatment of T2DM is required.
Mesenchymal stem cells (MSCs) are a type of adult
stem cells with profound anti-inflammatory and immu-
nomodulatory capacities by secreting a variety of
cytokines and immunosuppressive molecules [1, 2]. They
have been successfully applied in the treatment of dif-
ferent types of autoimmune diseases, such as stroke [3],
myocardial infarction [4], rheumatoid arthritis, systemic
lupus erythematosus [5, 6], and graft versus host disease
[7]. Chronic inflammatory responses and immune dis-
orders in insulin-sensitive tissues and pancreatic islets
contribute to insulin resistance, islet B-cell destruction,
and the onset of T2DM. Therefore, MSCs transplanta-
tion might be a therapeutic option for T2DM. Previous
animal studies have demonstrated that MSCs treatment
ameliorated hyperglycemia by promoting pancreatic islet
recovery and alleviating insulin resistance [8, 9]. Moreo-
ver, an increasing number of clinical trials have reported
the therapeutic effects and safety of MSCs transplan-
tation in patients with T2DM [10-20]. MSCs can be
derived from various tissues (e.g., bone marrow, adipose
tissues, and umbilical cord), and the procurement or use
of MSCs is deemed non-controversial. MSCs were first
isolated from bone marrow [21], which was considered
the most accessible source of MSCs for the treatment
of T2DM [22]. Several clinical trials have confirmed the
therapeutic potential of bone marrow-derived MSCs
(BM-MSCs) in T2DM [10, 12, 14—17]. Umbilical cord-
derived MSCs (UC-MSCs) share similar immunosup-
pressive properties as BM-MSCs and possess clinical
potential for T2DM owing to their low-cost, pain-free,
high-yield, rapid-collection, and non-immunogenicity
characteristics [19]. However, few clinical studies have
focused on the treatment of T2DM with UC-MSCs and
no clinical trials have reported the effect of UC-MSCs on
insulin resistance in patients with T2DM. Therefore, a

single-center, randomized, double-blinded, placebo-con-
trolled phase II trial was performed to explore the effi-
cacy and safety of intravenous infusion of UC-MSCs in
patients with T2DM.

Methods

Study design and participants

This prospective, single-center, randomized, double-
blinded, placebo-controlled phase II trial was performed
at the First Medical Center of Chinese PLA General
Hospital (PLAGH; Beijing, China) from October 2015
to December 2018. The study protocol was approved
by the Ethical Committee of the First Medical Center of
PLAGH (Approval No. 2013-107-01) and conformed to
the Declaration of Helsinki guidelines. All participants
provided written informed consent before recruitment.
This study was registered on ClinicalTrials.gov (identi-
fier: NCT02302599).

Patients who met the following inclusion criteria
were qualified for enrollment: (1) aged between 20 and
65 years; (2) diagnosed with T2DM for <20 years (HbAlc
levels between 7.0% and 12.0%, inclusive; (3) inadequately
controlled by stable insulin therapy (0.5-1.0 U/kg/day)
with metformin for >3 months; (4) with fasting C-pep-
tide levels of > 1 ng/mL; and (5) with a body mass index
(BMI) of 24—40 kg/m?. Patients were excluded from this
study if they had ketonuria, tumors, serum creatinine
levels <175 pmol/L, previously diagnosed with myocar-
dial infarction, current angina or heart failure, > 1 major
vascular event, retinopathy that required laser treatment,
malignant hypertension, an uncorrected endocrine dis-
order, occupations that precluded insulin therapy, severe
concurrent illness that limited life expectancy, inad-
equate understanding of the study protocol, drug abuse,
planning pregnancy, and an allergic constitution. The full
list of inclusion and exclusion criteria is provided in the
appendix.

Randomization and masking

The Interactive Web Response System was used to assign
eligible patients into the trial in a 1:1 ratio according to
age of the patients (<40 or>40 years), BMI (<28,> 28,
or > 32 kg/m?), duration of T2DM (< 5, > 5, or > 10 years),
and HbAlc levels (<7.5%,>7.5% or >9%). All patients
were assessed at baseline and pre-established follow-up
time points (at 9, 20, 32, and 48 weeks). All investigators
and participants were masked to treatment allocation.
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Procedures

Human umbilical cords were obtained from healthy
women who gave birth in the First Medical Center of
Chinese PLAGH. All subjects provided informed con-
sent. All procedures were performed according to the
Guidelines of the Ethics Committee of the First Medi-
cal Center of Chinese PLAGH. UC-MSCs were isolated
from the gelatinous tissues surrounding the vein and
artery and were characterized by phenotype analysis and
cell differentiation assay as previously described [23, 24].
Patients who met the eligibility criteria were randomly
assigned to receive intravenous infusion of UC-MSCs
(100 mL) or the same volume and appearance of placebo
(UC-MSCs suspension liquid composed of saline with 3%
human albumin and 0.5 mL multivitamins) at the elbow
joint three times with an interval of 4 weeks and then
discharged after 24 h of observation without any adverse
events. UC-MSCs at four passages were used in this
study, and the total number of UC-MSCs for each trans-
fusion was 1 x 10°%/kg.

After discharge, patients were followed every 12 weeks
for 48 weeks and required to perform self-monitoring
of blood glucose (>15 times per week that included a
5-point profile) on different days during follow-up. Insu-
lin titration was based on peripheral blood glucose levels,
with target fasting plasma glucose levels between 4.4 and
7.0 mmol/L. Patients were recommended to maintain a
regular diabetic diet and healthy lifestyle during hospital-
ization and follow-up. If the total daily insulin dose of a
patient was <0.2 U/kg at any time during the study, they
discontinued the use of exogenous insulin and were given
an oral anti-diabetic agent to prevent hypoglycemia. If
a patient developed uncontrolled blood glucose with a
total daily insulin dose of >1.5 U/kg, they discontinued
the study, and the hypoglycemic strategy was adjusted
according to the condition of the patient to prevent dia-
betic complications. Insulin requirement and HbAlc lev-
els were assessed every 12 weeks. Islet B-cell function was
indicated by the levels of fasting C-peptide, fold change
in C-peptide levels stimulated by intravenous adminis-
tration of 1 mg glucagon, and the C-peptide area under
the curve (AUCC-pep) in the oral glucose tolerance test
(OGTT, 6 points) at baseline and 9, 20, and 48 weeks. The
AUCC-pep was calculated using the trapezoidal method.
The glucose infusion rate (GIR) measured by a hyperin-
sulinemic-euglycemic clamp (HEC) was used to indicate
insulin resistance at baseline, 9 and 48 weeks. The poten-
tial risk of UC-MSCs transplantation was observed dur-
ing treatment and follow-up.
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Endpoints

The primary endpoint was the percentage of patients
with HbAlc levels of<7.0% and daily insulin reduc-
tion of >50% from baseline to 48 weeks. The secondary
endpoints were changes in insulin requirement, HbAlc
levels, and percentage of patients with HbAlc levels
of <7.0% from baseline to 9, 20, 32, and 48 weeks; changes
in islet B-cell function (indicated by fasting C-peptide lev-
els, glucagon-stimulated C-peptide changes, and AUCC-
pep) from baseline to 9, 20, and 48 weeks; and changes of
insulin resistance (indicated by GIR) from baseline to 9
and 48 weeks.

The primary safety endpoints included immediate
adverse events following intravenous administration of
UC-MSCs or placebo, adverse events related to hyper-
sensitivity, injection site reactions, infection, tumor
formation, abnormal vital signs in electrocardiogram,
ultrasound scan, and laboratory tests, and occurrence of
hypoglycemia in the safety population (defined as all par-
ticipants who received > 1 dose of UC-MSCs or placebo).
More details and the review process are provided in the
appendix.

Statistical analysis

Data were analyzed using the SAS software (version
9.4). Normally distributed continuous variables were
presented as mean=+standard deviation (SD), while
non-normally distributed variables were expressed as
median (IQR). An independent two-sample t-test was
used to determine the differences of quantitative vari-
ables (e.g., fasting plasma glucose levels, HbAlc levels,
fasting C-peptide levels, insulin dose, and GIR) between
both groups. Non-normally distributed variables were
analyzed using the Wilcoxon rank-sum test. Categori-
cal variables were expressed as frequency and percentile.
A Chi-squared (x°) test or Fisher’s exact test was used
to determine statistical significances between the two
groups. The paired t-test or Wilcoxon matched-pairs
signed-rank test was used for within-group compari-
sons. The x* test was performed to analyze the differ-
ences in the percentage of patients with HbAlc levels
of<7.0% and daily insulin reduction of>50% between
both groups. The 95% confidence interval (CI) of the rate
difference was also determined. A p-value <0.05 was con-
sidered statistically significant.

Results

Characterization of human UC-MSCs

Cultured human UC-MSCs had a bipolar spindle-
shaped and fibroblast-like morphology (Additional file 1:
Fig. S1A). Then, the immunophenotypic features and
multi-lineage differentiation potential of adherent cells
were examined. As shown in Additional file 1: Fig. 1B,
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cells expressed surface markers of UC-MSCs, including
CD90, CD73, and CD105, and negative surface markers
of UC-MSCs, including CD34, CD45, and HLA-DR, were
not detected. Moreover, UC-MSCs exhibited differentia-
tion potential to osteoblasts (Additional file 1: Fig. S1C)
and adipocytes (Additional file 1: Fig. S1D).
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Study population

Between October 2015 and December 2018, 183
patients were screened for eligibility and 91 were finally
recruited. Enrolled subjects were randomly assigned to
receive UC-MSCs transplantation (n=45) or placebo
(n=46). A total of 73 (86.8%) patients completed the
trial, with 37 (82.2%) patients in the UC-MSCs group
and 36 (78.3%) patients in the placebo group. Two
patients in the placebo group did not complete all treat-
ments. Two patients were withdrawn due to adverse

183 Patients were assessed for eligibility

Y

92 excluded

61 did not meet inclusion criteria
16 met exclusion criteria

11 withdrew

4 others

\ 4

91 underwent randomization

\4
\4 \4
45 were assigned to UC-MSCs 46 were assigned to placebo
R 2 had adverse events R 2 did not complete study
“] 6 were lost to follow-up >| 2 had adverse events
6 were lost to follow-up
A\ 4 Y

37 completed study

36 completed study

Fig. 1 Flowchart of the study. UC-MSCs, umbilical cord mesenchymal stem cells

Table 1 Baseline characteristics of patients

Characteristics UC-MSCS (N =45) Placebo (N=46) p-value
Age (years) 50.00+9.38 5045+8.03 0.8068
Gender (male) (n (%)) 28 (62.22%) 30 (68.18%) 0.5552
BMI (kg/m?) 28.69+335 28.13+3.04 04158
Duration of diabetes (years) 1144+478 11.70+£3.96 0.7808
Insulin requirement (U/day) 57.36+18.90 564141254 0.7819
Insulin requirement (U/kg/day) 0.7240.20 0.714+0.15 0.6992
Fasting plasma glucose (mmol/L) 8714216 8584193 0.7737
Glycated hemoglobin Alc (%) 9.02+1.27 889+1.11 06173
Fasting C-peptide (ng/mL) 20140.70 1.9340.65 0.5905
GIR (mg/min/kg) 3124146 326+1.16 06177

Data are shown as mean = SD or n (%). GIR, Glucose infusion rate
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events, and six patients were lost to follow-up in both
groups (Fig. 1). The demographic and clinical charac-
teristics of patients at baseline were balanced between
the two groups (Table 1).

Efficacy

Compared with the placebo group, more patients in the
UC-MSCs group achieved the primary endpoint. At
48 weeks following treatment, 20% of the patients in the
UC-MSCs group achieved the goal of HbAlc<7.0% and
daily insulin reduction>50%, compared with 4.55% in
the placebo group (p<0.05, Table 2). The 95% CI for rate
difference between both groups was 2.25-28.66%.

In both groups, the daily insulin requirement at 9,
20, 32, and 48 weeks progressively decreased com-
pared with their respective baseline values (p<0.01
versus baseline for both groups). However, insu-
lin requirement of patients in the UC-MSCs group
was still lower than that of the placebo group at 9,
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20, 32, and 48 weeks (0.50%£0.18 versus 0.63+£0.19
U/kg/day, p<0.01; 0.50£0.24 versus 0.58+0.24 U/
kg/day, p>0.05; 0.49+0.24 versus 0.59+0.27 U/kg/
day, p>0.05; 0.4540.25 versus 0.57+0.26 U/kg/day,
p<0.05, respectively) (Fig. 2A). Similar patterns were
observed in total insulin dose of the two groups at the
same time points (38.80+15.89 versus 49.75+ 14.92
U/day, p<0.01; 37.81£19.87 versus 45.56£19.14 U/
day, p>0.05; 37.324+19.63 versus 46.19+21.85 U/
day, p>0.05; 34.51 £20.19 versus 45.19+21.21 U/day,
p<0.05, respectively) (Fig. 2B). The percentage of insu-
lin reduction in the UC-MSCs group was significantly
higher than that of the placebo group at 9, 20, 32, and
48 weeks (30.00% versus 12.77%, p <0.01; 27.83% ver-
sus 15.25%, p<0.01; 24.44% versus 10.24%, p<0.05,
27.78% versus 15.62%, p <0.05, respectively) (Fig. 2C).
Overall, 13.5% (5/37) patients became insulin-free at
8-24 weeks (12+7.6 weeks) after UC-MSCs trans-
plantation and remained insulin-free without re-use

Table 2 The percentage of patients with HbA1c levels of < 7.0% and daily insulin reduction of > 50% at 9-48 weeks of follow-up

UC-MSCS (% of patients) PLACEBO (% of patients) p-value
9 weeks 8.89 2.27 0.3607
20 weeks 15.56 9.09 0.3542
32 weeks 15.56 9.09 0.3542
48 weeks 20.00 455 0.0268
A mm UC-MSCs Placebo B. "
1.07 1001 == Uc-mscs & 2007 CucMscs =1 Placebo
"pﬂﬁ 0 'p:ﬂﬂ 6 Placebo s
5 0.8 -|- s 801 ~p=0.0012 *p=0.0308 S p<0.0001  *'p=0.0066 'p=0.0138  "p=0.0458
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Fig. 2 Insulin requirement and HbA1c levels after treatment with UC-MSCs or placebo. *p <0.05, **p <0.01, ***p <0.001 between both groups.
HbA1¢, glycated hemoglobin Alc
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for 37.2£15.2 weeks. No patient in the placebo group
became insulin-free.

The HbA1c levels declined after UC-MSCs transplan-
tation with a maximum decrease observed at 9 weeks
after treatment, and slightly increased at 20, 32, and
48 weeks of follow-up; however, they were still lower
than the values at baseline (9.02 +1.27%, 7.20 £ 0.92%,
7.34+£1.04%, 7.49+1.07%, and 7.52+£1.07% at base-
line and 9, 20, 32, and 48 weeks, respectively; p<0.01
compared with baseline). In addition, the HbAlc lev-
els of the placebo group underwent a slight decrease
at 9 weeks and then gradually increased to relatively
high levels (8.89+1.11%, 7.83+£1.18%, 7.96+1.21%,
8.00+1.18%, and 8.19+1.02% at baseline and 9, 20,
32, and 48 weeks, respectively; p <0.01 compared with
baseline). The HbAlc levels in the UC-MSCs group
were lower than those of the placebo group at the
same time points during follow-up (p<0.01 at 9 and
48 weeks, p<0.05 at 20 weeks, p>0.05 at 32 weeks
between both groups) (Fig. 2D). The HbAlc levels
decreased 1.31% in the UC-MSCs group but only 0.63%
in the control group at 48 weeks (p =0.0081). More par-
ticipants in the UC-MSCs achieved the target HbAlc
levels (<7.0%), compared with the placebo group at 9,
20, 32, and 48 weeks (55.56% versus 29.55%, p <0.05;
40.00% versus 25.00%, p>0.05; 42.22% versus 22.73%,
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p<0.05; and 40.00% versus 9.09%, p<0.01, respec-
tively) (Fig. 2E). These results suggested the therapeutic
potential of UC-MSCs transplantation in T2DM.

The fasting C-peptide levels in the UC-MSCs group
did not significantly change after treatment (2.0140.70,
2.12+0.73, 2.101+0.61, and 2.07£0.70 ng/mL at base-
line and 9, 20, and 48 weeks, respectively; p>0.05 com-
pared with baseline), but decreased in the placebo group
(1.93£0.65, 1.93+0.68, 1.884+0.59, and 1.86+0.60 ng/
mL at baseline and 9, 20, and 48 weeks, respectively;
p>0.05) (p>0.05 between both groups) (Fig. 3A). The
glucagon-stimulated fold change in C-peptide levels in
the UC-MSCs group increased at 9 weeks and progres-
sively decreased at 20 and 48 weeks (1.94+0.61 ng/mL,
2.2240.63 ng/mL, 1.91+£0.53 ng/mL, 1.924+0.53 ng/mL
at baseline and 9, 20, and 48 weeks, respectively; p<0.01
at 9 weeks, p>0.05 at 20 and 48 weeks compared with
baseline). The fold change in C-peptide levels gradually
decreased in the placebo group (1.85+0.28, 1.78+0.30,
1.81+0.38, and 1.8 1+0.29 ng/mL at baseline and 9, 20,
and 48 weeks, respectively) (p<0.05 at 9 weeks, p>0.05
at 20 and 48 weeks between both groups) (Fig. 3B). The
AUCC-pep in the UC-MSCs group increased at 9 and
20 weeks and slightly decreased at 48 weeks (15.03 +4.9,
16.80+5.29, 16.84+3.97, and 16.23£5.14 ng/h/
mL at baseline and 9, 20, and 48 weeks, respectively;

A,

7 -e- UC-MSCs
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Fig. 3 Islet B-cell function and insulin resistance after treatment with UC-MSCs or placebo. *p < 0.05, **p <0.01, ***p <0.001 between both groups;
p<0.05; " p<0.071; "p <0.001 versus baseline values. GIR, glucose infusion rate
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»<0.01 at 9 and 20 weeks, p<0.05 at 48 weeks com-
pared with baseline), and in the placebo group gradually
decreased (15.10£3.30, 15.31£3.63, 14.79+4.27, and
14.79+3.67 ng/h/mL at baseline and 9, 20, and 48 weeks,
respectively, p>0.05) (p<0.05 at 20 weeks between both
groups) (Fig. 3C). These results indicated that UC-MSCs
did not significantly improve islet p-cell function in
patients with T2DM.

The HEC results showed that UC-MSCs transplanta-
tion effectively reduced insulin resistance in patients with
T2DM. The GIRs of the placebo group were 3.26, 3.26,
and 3.60 mg/min/kg at baseline and 9 and 48 weeks,
respectively (p>0.05 compared with baseline), and those
of the UC-MSCs group were 3.12, 3.97, and 4.76 mg/min/
kg, respectively (p<0.01 at 9 and 48 weeks compared
with baseline) (p<0.05 at 9 weeks, p<0.01 at 48 weeks
between both groups) (Fig. 3D).

Safety

All adverse events are summarized in Table 3. Two
patients in the UC-MSCs group were withdrawn from
the trial. One female patient had a history of hyperten-
sion and hyperlipidemia for 10 years and suffered from
cerebral infarction one month after the third UC-MSCs
infusion. She recovered two months after the treatment.
One male patient suffered from femoral neck fracture
caused by an accident 3 months after the third UC-MSCs
infusion. After discussion with an independent adjudica-
tion committee, these events were not considered to be
related to UC-MSCs treatment.

In the placebo group, one patient with positive insu-
lin autoantibody (IAA) and one patient with hyperplas-
tic anemia were withdrawn from the trial. One patient
was diagnosed with papillary thyroid carcinoma and
one patient was diagnosed with prostate cancer on the
final visit; therefore, they discontinued the study. No
treatment-associated deaths were reported during the
study. Other patients showed no positive tumor mark-
ers, and no tumor was detected by imaging examinations.
Physical examinations and laboratory tests revealed no
other UC-MSCs-related side effects within 48 weeks of

Table 3 Summary of adverse events
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follow-up. All patients (#=91) remain under follow-up
for potential late-onset side effects.

Discussion

This prospective, single-center, randomized, double-
blinded, placebo-controlled phase II trial showed that
intravenous infusion of UC-MSCs at the elbow joint
resulted in a higher percentage of patients achieving the
target HbAlc levels<7.0% and daily insulin reduction
of >50% at 48 weeks compared with the placebo group.
UC-MSCs treatment reduced daily insulin requirement,
decreased HbAlc levels, and ameliorated insulin resist-
ance in a time-dependent manner. No major UC-MSCs
transplantation-related adverse events occurred. These
results indicated the potential efficacy and safety of UC-
MSCs transplantation for the treatment of T2DM.

In 2009, Bhansali et al. first showed that BM-MSCs
transplantation significantly reduced insulin require-
ment and improved stimulated C-peptide levels in 10
patients with T2DM [10]. Then, a number of studies have
confirmed the efficacy and safety of BM-MSCs and pla-
centa-derived MSCs in the treatment of T2DM [11-17],
including three prospective, randomized, single-blinded
placebo-controlled studies [14, 15, 17]. UC-MSCs are
immune-privileged, immune-suppressive cells that are
readily available with few ethical issues [25]. Therefore,
they might be a novel source of cell therapy for diabe-
tes. Three studies used UC-MSCs transplantation for the
treatment of T2DM in humans. One study showed that
combined intravenous and intrapancreatic endovascular
injection of UC-MSCs with a 5 day interval decreased
HbAlc levels and insulin dose in patients with T2DM
at 6 months post-treatment (41% of the patients became
insulin-independent; 29% of the patients showed reduced
insulin requirement by>50%). However, these indi-
ces deteriorated in the following 3-6 months [18]. In
another study, 18 patients with T2DM received intrave-
nous transfusion of UC-MSCs three times with 2-week
intervals for 6 months. The results showed that 8 out of
18 patients were responsive to the treatment, manifested
by reduced fasting and postprandial blood glucose levels;

Treatment emergent adverse events

UC-MSCS (N=45)

Placebo (N=46)

Cerebral infarction 1
Femoral neck fracture caused by accident 1
Positive IAA 0
Hyperplastic anemia 0
Papillary thyroid carcinoma 0
Prostate cancer 0

2.27%
2.27%
2.27%

0
0
1
1
1
1(227%,

( )
( )
( )
( )
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however, no significant difference was observed in insu-
lin dose before and after treatment [19]. In another trial,
six patients with T2DM were treated with intravenous
transfusion of UC-MSCs two times with 2-week intervals
and followed for >24 months. Three out of six patients
became insulin-free between 25 and 43 months. The
remaining patients continued to require insulin injec-
tions, although with a reduced dose [20]. These studies
preliminarily confirmed the efficacy of UC-MSCs for
the treatment of T2DM. However, the results of insulin
requirement following treatment were not consistent.
In this double-blinded, randomized, placebo-controlled
study, more patients in the UC-MSCs group achieved
the primary endpoint at 48 weeks following treatment
compared with the placebo group, and insulin require-
ment decreased following UC-MSCs treatment in a
time-dependent manner, which suggested the efficacy of
UC-MSCs treatment for T2DM. However, the percentage
of insulin reduction and the proportion of patients with
insulin-free in our UC-MSCs group was lower than those
reported in other studies, which might be explained by
the heterogeneity of enrolled subjects.

Previous studies showed that the HbAlc levels of
patients with T2DM progressively declined by 1.2% after
UC-MSCs transplantation, with a maximum decrease
observed at 3 and 6 months following treatment, and
slightly increased at 12-month [18]. In the present study,
the HbAlc levels of the UC-MSCs group decreased
1.31% and the percentage of patients achieved the target
HbA1lc levels (<7%) was the highest (55.56%) at 9 weeks
and was maintained at approximately 40% during follow-
up. The trend of HbAlc changes in our UC-MSCs group
was similar to that published in other studies using UC-
MSCs transplantation for patients with T2DM. In addi-
tion, our UC-MSCs infusion achieved a similar reduction
in HbAlc levels compared with other common hypogly-
cemic agents to treat T2DM, which confirmed the high
efficacy of UC-MSC:s for the treatment of T2DM.

Animal studies showed that MSCs transplantation
increased the levels of insulin and C-peptide in type 1
diabetes mellitus and T2DM by promoting the replica-
tion of residual B-cells, improving the autophagy func-
tion of islets, promoting the phenotypic dedifferentiation
of islet B-cells and the polarization repair of macrophages
in the local microenvironment of islets [26, 27]. In addi-
tion, some clinical studies have explored the effects of
UC-MSCs on islet B-cell function of patients with T2DM.
They found that fasting serum C-peptide levels progres-
sively increased to the peak value at 6 months following
UC-MSCs transplantation and then slightly decreased at
12 months, while no significant difference was observed
in OGTT 2 h postprandial C-peptide levels at baseline
and 12-month post-treatment [18]. Likewise, another
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study found no significant changes in plasma C-peptide
levels at four time points (OGTT 0, 1, 2, and 3 h) after
UC-MSCs infusion [19]. Consistently, no significant
improvement in fasting plasma C-peptide levels in the
UC-MSCs group was observed. Glucagon-stimulated
C-peptide levels and AUCC-pep temporarily increased
and then gradually decreased to the baseline levels after
UC-MSCs infusion. Animal studies revealed that B-cell
dedifferentiation rather than apoptosis was the pre-
dominant contributor to T2DM. UC-MSCs therapy was
a promising strategy for reversing p-cell dedifferentia-
tion in T2DM. Because the reversal effect of UC-MSCs
was more robust at the early stages of -cell differentia-
tion [28], the improvement in islet B-cell function was
not obvious in the patients that had the disease for a long
time.

MSCs infusion has been shown to reduce insulin
resistance in animal T2DM models. BM-MSCs infu-
sion ameliorated insulin resistance of rats with T2DM
by activating the insulin receptor substrate 1/protein
kinase B signaling pathways [9]. UC-MSCs reduced insu-
lin resistance in type 2 diabetic rats by eliciting adipose
tissue macrophages into an anti-inflammatory pheno-
type [29]. In addition, adipose-derived MSCs improved
hyperglycemia in type 2 diabetic rats by regulating
hepatic glucose metabolism [30]. It has been reported
that UC-MSCs improved insulin resistance in the liver
and adipose tissues of rats with T2DM by suppressing
NLRP3 inflammasome-mediated inflammation [31]. Few
clinical studies have focused on the effect of UC-MSCs
on insulin resistance in T2DM. In the present study, we
demonstrated that UC-MSCs infusion significantly alle-
viated insulin resistance in a time-dependent manner,
which indicated that UC-MSCs treatment was effective
at improving insulin resistance in T2DM.

The therapeutic effects of UC-MSCs have been
reported in a variety of diseases and no obvious adverse
effects were reported [32, 33]. In our study, one patient
suffered from cerebral infarction due to a long history of
uncontrolled hypertension and hyperlipidemia, which
was not related to UC-MSCs infusion, and no cell-related
immunological reactions or tumor formation was iden-
tified. The safety assessment indicated that the admin-
istration of UC-MSCs via intravenous infusion was well
tolerated in patients with T2DM. Further observations of
possible transplant complications are required.

This study was a single-center trial that recruited a
small number of Chinese patients. The age, course of
T2DM, condition of islet B-cell function, and insulin
resistance of the enrolled subjects were highly heteroge-
neous. Therefore, the results could not be extended to all
patients with T2DM. Since our patients were followed for
a short period, long-term follow-up is needed to validate
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the current findings. Future well-controlled studies with
an increased number of cases are required to clarify the
efficacy and safety of intravenous infusion of UC-MSCs
for the treatment of T2DM.

Conclusions

This prospective, single-center, randomized, double-
blinded, placebo-controlled trial suggests that UC-MSCs
administration via intravenous infusion is a safe and
effective approach that could reduce exogenous insu-
lin requirement and could alleviate insulin resistance in
patients with T2DM. UC-MSCs transplantation could be
a potential therapeutic option for T2DM.
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