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Abstract

BACKGROUND

Progressive pancreatic $-cell dysfunction is a fundamental part of the pathology of type
2 diabetes mellitus (T2DM). Cellular therapies offer novel opportunities for the

treatment of T2DM to improve the function of islet B-cells.

Al
To evaluate the effectiveness and safety of human umbilical cord-mesenchymal stem

cell (hUC-MSC) infusion in T2DM treatment.

METHODS

Sixteen patients were enrolled and received 1 x 10° cells/kg per week for 3 wk as
intravenous hUC-MSC infusion. The effectiveness was evaluated by assessing fasting
blood glucose, C-peptide, nﬁmal glycosylated hemoglobin Alc (HbAlc), insulin

resistance index (homeostatic model assessment for insulin resistance), and islet p-cell




2
function (homeostasis model assessment of [-cell functita). The dosage of
hypoglycemic agents and safety were evaluated by monitoring the occurrence of any

adverse events (AEs).

RESULTS
During the entire intervention period, the fasting plasma glucose level was significantly

reduced [baseline: 9.3400 (8.3575, 11.7725), day 14 + 3: 6.5200 (5.2200, 8.6900); P < 0.01].
The HbAlc level was significantly reduced on day 84 + 3 [baseline: 7.8000 (7.5250,
8.6750), day 84 + 3: 7.150 (6.600, 7.925); P < 0.01]. The patients’ islet B-cell function was
significantly improved on day 28 + 3 of intervention [baseline: 29.90 (16.43, 37.40), day
28 £ 3:40.97 (19.27, 56.36); P < 0.01]. The dosage of hypoglycemic agents was reduced in
all patients, of whom 6 (50%) had a decrement of more than 50% and 1 (6.25%)
discontinued the hypoglycemic agents. Four patients had transient fever, which
occurred within 24 h after the second or third infusion. One patient (2.08%) had
asymptomatic nocturnal hypoglycemia after infusion on day 28 + 3. No liver damage or

other side effects were reported.

@
CONCLUSION

e results of this study suggest that hUC-MSC infusion can improve glycemia, restore
islet B-cell function, and reduce the dosage of hypoglycemic agents without serious

AEs. Thus, hUC-MSC infusion may be a novel option for the treatment of T2DM.
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Core Tip: Our article focused on the effectiveness and safety of human umbilical cord
mesenchymal stem cell (hUC-MSC) infusion for treating type 2 diabetes. The results
suggest that hUC-MSC infusion can improve glycemia, restore islet p-cell function, and

reduce the dosage of hypoglycemic agents without serious adverse events.




INTRODUCTION

Diab has been a major public health problem worldwide in recent decades. Data
from the International Diabetes Federation show that the pﬁvalence of diabetes among
adults is 463 million globally. The estimated prevalence of diabetes and prediabetes
among adults in China is 10.9% and 35.7% respectivelylll, of which type 2 diabetes
mellitus (T2DM) accounts for more than 90% of cases. In China, only 5.6% of T2DM
patients achieved glycemic control in 2017121,

T2DM is regarded as a chronic, progressive disease that arises from an impairment in
the insulin-sensing mechanisms and culminates in insulin resistance (IR). Initially, the
IR is compensated by increased insulin production; however, as the T2DM progresses
over time, HE general pancreatic dysfunction leads to increasingly lower insulin
production. As glucose continues to accumulate in the bloodstream, chronic
hyperglycemia promotes a chronic vicious cycle of metabolic declinel3l. In the first 10
years of T2DM, the B-cell function reduces by ~10%, but this is followed by a period of
much more rapid decrease, of an additional ~10% every 2 years, until it eventually
results in insulin-dependent diabetesl4l.

Current treatments for diabetes include diet control, physical exercise, oral
antidiabetic agents, and insulin therapy. Although novel medications and diet therapies
continue to be developed, none has provided full protection against deterioration of {3-
cell functionl>¢l. Islet/pancreas transplantation is an efficient way to restore islet $-cell
function, but its clinical application is greatly restricted by the limited resource of donor
tissues or organs, the immune rejection response, and the high cost and side effects of
immunosuppressive drugsl’l. Therefore, the need for an effective and safe strategy to
restore -cell function in T2DM patients remains unmet.

In recent years, mesenchymal stem cell (MSC) therapy for diabetic patients has been
extensively studied($101 as a novel therapeutic option for diabetes. MSCs are a
population of multipotent stem cells from the mesoderm. Human umbilical cord-MSCs
(hUC-MSCs) have been an important resource in clinical applications with many

advantages including convenient material obtainability, less ethical controversy, great




differentiation potential, robust multiplication capacity, low immunogenicity, and less
chance of virus infection. The transplantation of bone marrow MSCs reduced fasting
blood glucose (FBG) and significantly increased serum C-peptide (CP) level in a
macaque model studyl!l. Liu et alll2l showed that injection of UC-MSCs with a 5-d
interval decreased glycosylated hemoglobin Alc (HbAlc) levels and required insulin
dose in patients with T2DM. In a relatively small T2DM patient study (n = 18), Kong et
all13l showed responsiveness to treatment of intravenous transfusion of UC-MSCs three
times with 2-wk intervals, administered over a 6-mo period. Finally, in another small-
size T2DM patient study (n = 6), Guan et all!4l showed that treatment with intravenous
transfusion of UC-MSCs two times with 2-wk intervals led to one-half of the patients
becoming insulin-free between treatment months 25 and 43.

We hypothesized that hUC-MSCs restore p-cell function by differentiating into b-
cells. Animal studies have previously shown that the hUC-MSCs are able to restore f3-
cell function and insulin secretion in diabetic rats by differentiating into islet-like
cellsl’516] Later studies showed that the transplanted hUC-MSCs were also able to
reduce IR by improving the microenvironment(!718], However, the effectiveness and
safety of hUC-MSCs in clinical application have not been fully assessed, especially in a
standardized clinical study for T2DM. To explore the therapeutic effectiveness and
mechanism of hUC-MSC infusion, we conducted the present study to evaluate the
effectiveness and safety of hUC-MSC infusion in treating T2DM. This is the first clinical
trial of hUC-MSC infusion for T2DM treatment approved by the China Medical Biotech

Association.

MATERIALS AND METHODS

Patients

The enrolled participants were patients admitted to Peking University Shenzhen
spital (Shenzhen, China) for T2DM, and all provided signed informed consent. The

study was conducted according to the Declaration of Helsinki and approved by the

institutional review board of Peking University Shenzhen Hospital (IRB Approval No.




[2018129th). The patient inclusion criteria were diagnosis with T2DM[9], age between 18
years and 70 years, and HbAlc level between 7% and 9.5% during the screening and
follow-up periods. There were no restrictions on treatment of the T2DM patients. The
exclusion criteria were: positivity for glutamic acid decarboxylase autoantibody;
treatment with thiazolidinediones within 3 mo; history of severe drug allergy;
neurological deficienqﬁnduced by severe brain injury; severe respiratory disease;
severe cardiovascular disease (systolic blood pressure 180 mmHg and/or diastolic
blood pressure 110 mmHg or refractory hypertension); severe hepatic dysfunction or
uremia; other complications of uncontrollable diabetes, such as stage V and VI diabetic
retinopathy and sustained hyperglycemia or catastrophic fluctuations; endocrine and
metabolic disease other than diabetes; severe hematologic disease; any acute or chronic
infection; any malignancies; human immunodeficiency virus infection; severe
psychiatric disease; pregnancy, planned pregnancy, or lactation; taking drugs that affect
glucose metabolism within 1 mo, such as glucocorticoid, thiazide diuretic, oral
contraceptive, and tricyclic antidepressant; alcohol and drug abuse; participants of any
other clinical trials within 3 mo; and, any other disease or status that may influence the

patient’s safety or adherence according to the investigators” assessment.

hUC-MSC preparation
The hUC-MSCs were provided by Beike Biotechnology (Shenzhen, China), and the
preparation was performed as previously reported20l. The prepared hUC-MSCs were
analyzed for quality according to the standards of the International Society for Cellular
erapy and stored at -196 °C[2!l, Briefly, the cells were adherent to plastic, positive for
cluster of differentiation (CD) 105, CD73, and CD90, and negative for CD45, CD34,
CD14 or CD11b, CD79alpha or CD19, and human leucocyte antigen DR. The hUC-
MSCs were processed according to the workflow of Peking University Shenzhen

Hospital.

Study design




Upon study eﬁ'ollment, all participants were assessed for diabetes, complications, diet,
and exercise in the Diabetic Out-Patient Clinic over a period of 16 wk prior to the
initiation of intervention. The participants Wﬁe recommended a daily diet that did not
exceed 25-30 kcal/kg body weight and an exercise routine composed of walking or
similar exercise for 30 min three times per week; these recommendations were provided
throughout the study and follow-up periods. By the time of initiation of hUC-MSC
therapy, all patients had already accepted treatments based upon diet, exercise, and
prescribed medication (oral hypoglycemic agents and insulin injections); the latter had
been administered as a baseline, at stable doses for at least 2 mo (day -56 + 3 to day 0 +
3).

uring the follow-up period, the participants performed self-monitoring of their
fastingdﬂasma glucose (FPG) and 2-h postprandial plasma glucose (P2PG) 7 times per
week. The dosages of oral hypoglycemic agents and insulin were adjusted according to
the patient's blood glucose to keep the lexel stable, at FPG range of 79.2-126 mg/dL and
P2PG range of 79.2-180 mg/dL. If the total daily insulin dose was < 0.2 U/kg at any
time during the study period, the administration of exogenous insulin was withdrawn;
if the level of blood glucose was stable with the lowest dose of a single oral
hypoglycemic drug, the oral hypoglycemic drug was withdrawn.

All patients were assessed again after 16 wk and were administered hUC-MSC
infusions. The infusion was administered at a dosage of 1 x 10¢ cells/kg per week for 3
wk. Considering the possible accidental episodes in the real-life that may interrupt the
patients’ follow-up visits plan in due time, we set a flexible time range (+ 3 d) at the
patient’s discretion but which would not affect the safety and effectiveness Oﬁ'le study.
This flexible schedule was structured for in-clinic evaluations to occur on day 14 * 3,

day 21 + 3, day 28 + 3 and day 84 + 3 after the first dosage (Figure 1).

Effectiveness assessment
The effectiveness assessments were performed on days 14 + 3, 21 + 3,28 + 3, and 84 + 3,
including FBG, 2-h postprandial blood glucose, HbAlc, fasting CP (FCP), 2-h




postprandial CP (P2CP), IR index [hgmeostatic model assessment for IR (HOMA-IR)]

(by CP) =1.5 + FCP “ FBG/2800, islet B-cell function [HOMA of p-cell function (HOMA-
B)] (by CP) = 0.27 * FCP/(FBG - 3.5), and hypoglycemic agent dosage. These dosages
were adjusted by the treating physician according to standard clinical practice, based on

blood glucose and Alc results.

Safety assessment

Any adverse event after receiving the hUC-MSC infusions would be reported and
recorded. Routine safety assessment was conducted according to the visit schedule,
including blood routine examination, hepatic function test, electrocardiogram, chest

radiography, and tumor-associated antigen test.

Statistical analyses
All statistical analyses were analyzed with SPSS® 25.0 software (IBM Corp, Armonk,
NY, United States). Quantitative data were analyzed with the two-samples Wilcoxon

test. Differences in proportions were analyzed by the two-tailed test. P < 0.05 was

considered statistically significant.

RESULTS
Patient characteristics

A total of 16 T2DM patients were enrolled. The clinical characteristics are shown in

Table 1.

Intravenous infusion of hUC-MSCs significantly improved FG

FPG was significantly reduced on day 14 + 3 without any alteration of hypoglycemic
drug dosage, achieving the lowest level during the entire intervention period [baseline:
9.3400 (8.3575, 11.7725), day 14 * 3: 6.5200 (5.2200, 8.6900); P < 0.01]. The FBG had a
sustained decrease during the follow-up visit period, with a reduction of hypoglycemic

agents for all patients. HbAlc level was significantly reduced on day 84 + 3 [baseline:




7.8000 (7.5250, 8.6750), day 84 + 3: 7.150 &600, 7.925); P < 0.01] (Figure 2). There was no

significant difference in postprandial blood glucose level in the 75-g oral glucose

tolerance test without hypoglycemic agents.

Intravenous infusion of hUC-MSCs improved islet f-cell function

The patients” islet B-cell function was significantly improved on day 28 + 3 [baseline:
2990 (16.43, 37.40), day 28 + 3: 40.97 (19.27, 56.36); P < 0.01]. Islet B-cell function
(HOMA-B) improvement was stably sustained during the following intervention
period, with a reduction in hypoglycemic agents in all patients. The HOMA-IR

decreased but not to a level that was statistically significant (Figure 2).

Intravenous infusion of hUC-MSCs decreased the dosage of hypoglycemic agents

After intravenous infusion of hUC-MSCs, the dosage of hypoglycemic agent was
reduced in all patients on day 28 + 3, of whom 12 (75%) had a decrement of 10%-50%
and 4 (25%) had a decrement of 50%. On day 84 * 3, the dosage was reduced in all
patients, of whom 6 (50%) had a decrement of more than 50% and 1 (6.25%)

discontinued the hypoglycemic agents (Figure 2).

Safety assessment

Four patients had transient fever (5 times in total), which occurred within 24 h after the
second or third infusion. One patient (2.08%) had asymptomatic nocturnal
hypoglycemia after infusion on day 28 + 3. It did not recur after reducing the dosage of
insulin in the following period. No patient had acute diabetic complications during the
intervention period.

The leukocytes transiently increased significantly on day 14 + 3 after the first dosage
of hUC-MSCs, but there was no significant difference in leukocytes after the second
dosage pared with baseline. The leukocyte level remained stable in the following
period. g:l

re were no significant alterations in serum levels of alanine aminotransferase

and creatinine (Figure 3).




After three doses of hUC-MSCs, carbohydrate antigen 199 and alpha fetoprotein
decreased on day 28 + 3. There was no significant alteration in carcinoembryonic
antigen (Figure 3) or pancreatic autoantibody in the patients. All patients were negative
for islet autoantibodies, with the exception of 1 who was positive for anti-islet cell

antibody before and after the intervention.

DISCUSSION
Previoys studies ave demonstrated that hUC-MSCs are capable of decreasing the
levels of FPG HbA1lc and reducing the dosage of hypoglycemic agents'32-24l, FBG
was decreased and islet B-cell function was significantly improved after treatment with
UC-MSCs in our preliminary study in a diabetic rat model (data not shown). The
purpose of this study was to evaluate the effectiveness and safety of hUC-MSC
intravenous infusion in the short term for T2DM patients. The results demonstrated that
hUC-MSCs could ameliorate hyperglycemia by decreasing FPG and HbAlc and
reducing the dosage of hypoglycemic agents. It also improved islet $-cell function. Bell
et al?®l observed the expression of pancreatic and duodenal homeobox 1 and islet cell
differentiation gradually increased after hUC-MSC treatment of streptozotocin-treated
NOD-SCID mice. MSC transplantation in streptozotocin-treated mice promoted the
proliferation of endogenous islet cells and increased the amount of islet B-cells and
insulin secretionl?¢l. Si et all27] showed that the “increased” pancreatic islets and islet j3-
cells were not due to cell proliferation but to tissue repair and a decrease in apoptosis
and damage in a rat model of T2D. Caplan ef all®l demonstrated that MSCs could
ameliorate B-cell damage and restore islet B-cell function in a murine model in the early
stage (7 d) of MSC treatment. Liu ef all'?l reported that Wharton's jelly-derived MSC
transplantation increased the HOMA-f from 65.99 + 2349 % to 98.%1 43.91%. The
clinical trial results of Hu et all?2l also showed that the HOMA-P was_significantly
increased 1 mo after hUC-MSC treatment and was maintained for 18 mo. The results of

the current study were consistent with these findings, indicating that improvement in




glycemia in T2DM patients after hUC-MSC treatment was related to the repair of islet
p-cell

IR plays a critical role in the development of T2DM. It has been reported that MSC
treatment in the early stage improved IR in animal experiments(7l. Chen et all24l showed
that hUC-MSC treatment could increase the area under curve of the CP and decrease
the HOMA-IR. Hu et all??l showed that hUC-MSC treatment decreased the FCP and
improved the HOMA-IR. However, the present study found no significant
improvement of IR and no significant decrease in FCP and P2CP during the follow-up
period. The islet B-cell function and IR state of patients in this study will be extensively
followed for further analysis to elucidate the mechanisms underlying glycemia
improvement.

Embryonic stem cells have the risk of teratoma formation, which limits their clinical
application?l, While the MSCs have been documented as having therapeutic efficacy
for inflammation-related diseases, the concerns of possible tumorigenic effects are
undeniable; although some studies have shown that MSCs do not undergo malignant
transformation3%311. Guan ef all*#l observed no immediate or delayed toxicity associated
with MSC administration (within the follow-up period). In the present study, we
observed no significant alterations in tumor-associated antigens (alpha-fetoprotein,
carcinoembryonic antigen, carbohydrate antigen 199) within the follow-up period.
Because the follow-up time was short, we plan to follow up the participants for 3 years
for further observations of possible transplant complications.

As this was a preliminary exploratory study, our sample size was limited; we plan to
recruit more participants and include a healthy control group in our future study to

evaluate the clinical utility of this therapy for T2DM.

CONCLUSION

The resylts of our study suggest that hUC-MSC treatment can improve glycemia,
restore islet pB-cell function, and safely reduce the dosage of hypoglycemic agents

required by the patient. Thus, hUC-MSC treatment could be a novel therapy for T2DM.




ARTICLE HIGHLIGHTS

esearch background
Cellular therapies offer novel opportunities for the treatment of type 2 diabetes mellitus
(T2DM) to improve the function of islet p-cells. However, the effectiveness and safety of
human umbilical cord-mesenchymal stem cell (hUC-MSCs) in clinical application have

not been fully assessed.

esearch motivation
We conducted the present trial to explore the therapeutic effectiveness and mechanism

of hUC-MSC infusion for treating T2DM.

Research objectives

We hypothesized that hUC-MSCs restore (-cell function by differentiating into b-cells.
We conducted the present trial to treat T2DM with hUC-MSC infusion and evaluated
the effectiveness and safety of hUC-MSC therapy.

Research methods

Patients were enrolled and received 1 % 10° cells/ kg per week for 3 wk of intravenous

hUC-MSC infusion. The effectiveness was assessed by fasting blood glucose, C-peptide,
rmal glycosylated hemoglobin Alc level (HbAlc), insulin resistance (IR) index

(homeostasis model assessment of insulin resistance), islet f-cell function (homeostasis

model assessment of (-cell functioa), and dosage of hypoglycemic agents, and the

safety was evaluated by monitoring the occurrence of any adverse events.

Research results @
13
During the entire intervention periaﬂ the fasting plasma glucose level and HbAlc were

significantly reduced. The patients

et p-cell function was significantly improved, and




the dosage of hypoglycemic agents was reduced in all patients without serious adverse

events.

Research conclusions
We hypothesize that hUC-MSCs restore [-cell function by differentiating ilﬁo b-cells.
Our study suggests that hUC-MSC treatment can improve glycemia, restore islet B-cell

function, and safely reduce the dosage of hypoglycemic agents.

esearch perspectives
Islet B-cell function and IR state of the patients in this study will be extensively followed

for further analysis to elucidate the mechanisms underlying glycemia improvement.
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