Diabetes

Baishideng Publishing Group Inc



Jaishideng®

Z Diabetes
Contents Monthly Volume 13 Number 10 October 15, 2022
EDITORIAL
802 Considerations for management of patients with diabetes mellitus and acute COVID-19
Mougakou E, Kyziroglou M, Tsankof A, Cholongitas E, Tziomalos K
REVIEW
809 Growing importance of urogenital candidiasis in individuals with diabetes: A narrative review
Talapko J, Mestrovi¢ T, Skrlec I
822 Everything real about unreal artificial intelligence in diabetic retinopathy and in ocular pathologies
Morya AK, Janti SS, Sisodiya P, Tejaswini A, Prasad R, Mali KR, Gurnani B
MINIREVIEWS
835 New therapeutic approaches for type 1 diabetes: Disease-modifying therapies
Nagy G, Szekely TE, Somogyi A, Herold M, Herold Z
851 Advances in traditional Chinese medicine as adjuvant therapy for diabetic foot
Liu FS, Li Y, Guo XS, Liu RC, Zhang HY, Li Z
ORIGINAL ARTICLE
Basic Study
861 Correlation between gut microbiota and glucagon-like peptide-1 in patients with gestational diabetes
mellitus
Liang YY, Liu LY, Jia Y, Li Y, Cai JN, Shu Y, Tan JY, Chen PY, Li HW, Cai HH, Cai XS
Clinical Trials Study
877 Effectiveness and safety of human umbilical cord-mesenchymal stem cells for treating type 2 diabetes
mellitus
Lian XF, Lu DH, Liu HL, Liu YJ, Han XQ, Yang Y, Lin Y, Zeng QX, Huang ZJ, Xie F, Huang CH, Wu HM, Long AM, Deng
LP, Zhang F
888 Metabonomics fingerprint of volatile organic compounds in serum and urine of pregnant women with
gestational diabetes mellitus
Sana SRGL, Chen GM, Lv Y, Guo L, Li EY
WJD | https://www.wjgnet.com I October 15,2022 | Volume13 | Issuel0 |



World Journal of Diabetes

Contents
Monthly Volume 13 Number 10 October 15, 2022

ABOUT COVER

Editorial Board Member of World Journal of Diabetes, Debmalya Sanyal, MD, DM, MRCP, FRCP, SCE, FACE,
Professor, Department of Endocrinology, KPC Medical College, Jadavpur, Kolkata, West Bengal 700032, India.
drdebmalyasanyal@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Diabetes (W]D, World | Diabetes) is to provide scholars and readers from various
fields of diabetes with a platform to publish high-quality basic and clinical research articles and communicate their
research findings online.

WJD mainly publishes articles reporting research results and findings obtained in the field of diabetes and
covering a wide range of topics including risk factors for diabetes, diabetes complications, experimental diabetes
mellitus, type 1 diabetes mellitus, type 2 diabetes mellitus, gestational diabetes, diabetic angiopathies, diabetic
cardiomyopathies, diabetic coma, diabetic ketoacidosis, diabetic nephropathies, diabetic neuropathies, Donohue
syndrome, fetal macrosomia, and prediabetic state.

INDEXING/ABSTRACTING

The WJD is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central,
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal
Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021 impact
factor (IF) for WID as 4.560; IF without journal self cites: 4.450; 5-year IF: 5.370; Journal Citation Indicator: 0.62;
Ranking: 62 among 146 journals in endocrinology and metabolism; and Quartile category: Q2.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y#-Xi Chen; Production Department Director: X# Guo; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Diabetes https:/ /www.wijgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-9358 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
June 15, 2010 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Lu Cai, Md. Shahidul Islam, Jian-Bo Xiao, Michael Horowitz https:/ /www.wignet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-9358 /editorialboard.htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
October 15, 2022 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJD | https://www.wjgnet.com I October 15,2022 | Volume13 | Issuel0 |



https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9358/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

%

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4239/wjd.v13.i110.877

World Journal of
Diabetes

World | Diabetes 2022 October 15; 13(10): 877-887

ISSN 1948-9358 (online)

Clinical Trials Study

ORIGINAL ARTICLE

Effectiveness and safety of human umbilical cord-mesenchymal
stem cells for treating type 2 diabetes mellitus

Xiao-Fen Lian, Dong-Hui Lu, Hong-Li Liu, Yan-Jing Liu, Xiu-Qun Han, Yang Yang, Yuan Lin, Qing-Xiang Zeng,
Zheng-Jie Huang, Feng Xie, Cai-Hao Huang, Hong-Mei Wu, Ai-Mei Long, Ling-Ping Deng, Fan Zhang

Specialty type: Endocrinology and
metabolism

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C, C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Bayoumi RAL, United
Arab Emirates; Salim A, Pakistan

Received: June 6, 2022
Peer-review started: June 6, 2022
First decision: August 7, 2022
Revised: August 19, 2022
Accepted: September 8, 2022
Article in press: September 8, 2022
Published online: October 15, 2022

Jaishideng®

WJD | https://www.wjgnet.com 877

Xiao-Fen Lian, Dong-Hui Lu, Hong-Li Liu, Yan-Jing Liu, Yuan Lin, Qing-Xiang Zeng, Zheng-Jie
Huang, Feng Xie, Cai-Hao Huang, Fan Zhang, Department of Endocrinology, Peking University
Shenzhen Hospital, Shenzhen 518000, Guangdong Province, China

Xiu-Qun Han, Department of Research & Development, Zhejiang MaiDa Gene Tech Co. Ltd,
Zhoushan 316000, Zhejiang Province, China

Yang Yang, Department of Endocrinology, Huizhou Central People's Hospital, Huizhou 516000,
Guangdong Province, China

Hong-Mei Wu, Ai-Mei Long, Ling-Ping Deng, Department of Endocrinology, Longgang District
Central Hospital of Shenzhen, Shenzhen 518000, Guangdong Province, China

Corresponding author: Fan Zhang, MD, Doctor, Department of Endocrinology, Peking
University Shenzhen Hospital, No. 1120 Lianhua Road, Futian District, Shenzhen 518000,
Guangdong Province, China. bjdxszyynfm@163.com

Abstract

BACKGROUND

Progressive pancreatic B-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 p-cells.

AIM
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, normal glycosylated hemoglobin Alc (HbAlc),
insulin resistance index (homeostatic model assessment for insulin resistance),
and islet B-cell function (homeostasis model assessment of p-cell function). The
dosage of hypoglycemic agents and safety were evaluated by monitoring the
occurrence of any adverse events (AEs).

RESULTS
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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 p-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

The results of this study suggest that hUC-MSC infusion can improve glycemia, restore islet p-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.

Key Words: Type 2 diabetes; Human umbilical cord mesenchymal stem cells; Blood glucose; Homeostasis
model assessment of B-cell function; Hypoglycemic agents

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

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 Bcell function, and reduce the dosage of hypoglycemic agents without
serious adverse events.
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INTRODUCTION

Diabetes has been a major public health problem worldwide in recent decades. Data from the Interna-
tional Diabetes Federation shows that the prevalence 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%
respectively[1], 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 2017[2].

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, the 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 decline[3]. 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
diabetes[4].

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 B-cell function[5,6]. Islet/ pancreas transplantation is an
efficient way to restore islet B-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 drugs[7]. Therefore, the need for an effective and safe strategy to restore p-cell
function in T2DM patients remains unmet.

In recent years, mesenchymal stem cell (MSC) therapy for diabetic patients has been extensively
studied[8-10] 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
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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 study[11]. Liu et al
[12] 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 al[13] 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 (1 = 6), Guan et al[14] 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 B-cell function by differentiating into B-cells. Animal studies
have previously shown that the hUC-MSCs are able to restore p-cell function and insulin secretion in
diabetic rats by differentiating into islet-like cells[15,16]. Later studies showed that the transplanted
hUC-MSCs were also able to reduce IR by improving the microenvironment[17,18]. However, the effect-
iveness 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 Hospital (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. [2018] 29*). The patient inclusion criteria were diagnosis with T2DM[19],
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 deficiency induced 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 reported[20]. The prepared hUC-MSCs were analyzed for quality according to
the standards of the International Society for Cellular Therapy and stored at -196 °C[21]. 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 enrollment, 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 were 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 followup 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).

During the follow-up period, the participants performed self-monitoring of their fasting plasma
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
level 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
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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 of the 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 day 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
[homeostatic model assessment for IR (HOMA-IR)] (by CP) = 1.5 + FCP “ FBG/2800, islet p-cell function
[HOMA of B-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 (6.600, 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 B-cell function

The patients’ islet -cell function was significantly improved on day 28 + 3 [baseline: 29.90 (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 compared with baseline.
The leukocyte level remained stable in the following period. There were no significant alterations in
serum levels of alanine aminotransferase and creatinine (Figure 3).
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Table 1 Baseline clinical characteristics of the patients

Characteristic n=16

Age (yr) 52.5+7.91
Male 12

Female 4

Duration of diabetes (yr) 10.06 £ 5.74
BMI (kg/m?) 24.47 +2.76
Glucose (mmol/L)

FPG 9.66 + 2.65
P2PG 16.32 + 4.64
HbAlc (%) 8.01 +0.63

C peptide (pmol/L)

FCP 741.56 + 464.50
P2CP 1596.70 + 989.65
HOMA-IR 422+191
HOMA-B (%) 35.01 +£24.35

BMI: Body mass index; FPG: Fasting plasma glucose; P2PG: 2-h postprandial plasma glucose; HbAlc: Glycosylated hemoglobin; FCP: Fasting c-peptide;
P2CP: 2-h postprandial c-peptide; HOMA-IR: Homeostasis model assessment of insulin resistance; HOMA-B: Homeostasis model assessment of p-cell

function.
Last dose
Screening EY E,,r EY Follow- up visits
T T T T T T 1

Schedule SMT VO Vi V2 V3 v4 V5

(Day + timewindow) d-112 do+£3 d7+3 di4+3 d21+3 d28+3 dg84£3
Speclific requirements

Informed consent v

Medical history v v v v v v

Vital signs v v v v v v

Physical exam v v v v v v

Laboratory exam v v v v v v

ECG v v v v v v
Intervention

Diet education v v v v v v

Exercise education v v v v v v

Hu-MSCs v v

DOI: 10.4239/wjd.v13.i10.877 Copyright ©The Author(s) 2022.

Figure 1 Flow chart for the study procedure. The patients enrolled in the present study received three infusions on days 7 + 3, 14 + 3, and 21 + 3. There
were three visits, on days 0 + 3, 28 + 3, and 84 + 3. ECG: Electrocardiogram; hUC-MSCs: Human umbilical cord blood-mesenchymal stem cells.

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

Previous studies have demonstrated that hUC-MSCs are capable of decreasing the levels of FPG and
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HOMA-B %

Figure 2 Assessment of the effectiveness of human umbilical cord blood-mesenchymal stem cell treatment. A: Fasting plasma glucose tested
onday 0+ 3, day 14 + 3, day 21 £ 3, day 28 + 3, and day 84 + 3; B-D: 2-h postprandial blood glucose, fasting C-peptide, and 2-h postprandial C-peptide tested on
day 0 + 3, day 28 + 3, and day 84 + 3; E: Glycosylated hemoglobin A1c levels tested on day 0 + 3, day 28 + 3, and day 84 + 3; F and G: Homeostasis model
assessment of insulin resistance and homeostasis model assessment of B-cell function calculated on day 0 + 3, day 28 + 3, and day 84 + 3. 2P < 0.05, °P < 0.01.
FPG: Fasting plasma glucose; P2BG: 2-h postprandial blood glucose; FCP: Fasting C-peptide; P2CP: 2-h postprandial C-peptide; HbA1c: Glycosylated hemoglobin
A1c; HOMA-IR: Homeostasis model assessment of insulin resistance; HOMA-B: Homeostasis model assessment of -cell function.
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Figure 3 Assessment of the safety of human umbilical cord blood-mesenchymal stem cell treatment. A-C: Leukocytes, hepatic and renal
function; D-F: Antigen associated with tumor. 2P < 0.05.
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HbAlc and reducing the dosage of hypoglycemic agents[13,22-24]. FBG was decreased and islet B-cell
function was significantly improved after treatment with hUC-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 FPPG and HbAlc and reducing the
dosage of hypoglycemic agents. It also improved islet B-cell function. Bell et al[25] 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 strepto-
zotocin-treated mice promoted the proliferation of endogenous islet cells and increased the amount of
islet p-cells and insulin secretion[26]. Si ef al[27] showed that the “increased” pancreatic islets and islet -
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 et al[28] 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 et al[12] reported
that Wharton's jelly-derived MSC transplantation increased the HOMA- from 65.99 + 23.49 % to 98.86 +
43.91%. The clinical trial results of Hu et al[22] also showed that the HOMA-B 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 B-cells.

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[27]. Chen et al[24] showed that hUC-MSC treatment
could increase the area under curve of the CP and decrease the HOMA-IR. Hu et al[22] showed that
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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 p-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[29].
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 transformation[30,31]. Guan et al[14] observed no
immediate or delayed toxicity associated with MSC administration (within the followup 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 results of our study suggest that hUC-MSC treatment can improve glycemia, restore islet pecell
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

Research 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.

Research 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 B-cell function by differentiating into p-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 x 10°cells/kg per week for 3 wk of intravenous hUC-MSC
infusion. The effectiveness was assessed by fasting blood glucose, C-peptide, normal glycosylated
hemoglobin Alc level (HbA1c), insulin resistance (IR) index (homeostasis model assessment of insulin
resistance), islet B-cell function (homeostasis model assessment of p-cell function), and dosage of
hypoglycemic agents, and the safety was evaluated by monitoring the occurrence of any adverse events.

Research results

During the entire intervention period, the fasting plasma glucose level and HbAlc were significantly
reduced. The patients’ islet 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 p-cell function by differentiating into p-cells. Our study
suggests that hUC-MSC treatment can improve glycemia, restore islet Becell function, and safely reduce
the dosage of hypoglycemic agents.

Research 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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