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Background: Type 2 diabetes mellitus (T2DM) is characterized by insulin resistance, leading to elevated blood glucose levels.
Cellular therapies offer promise for improving hyperglycemia in T2DM. This retrospective study aimed to assess the clinical
effectiveness of intravenous allogeneic umbilical cord-derived mesenchymal stem cells (UC-MSCs) infusion in T2DM patients
through various clinical evaluations, focusing on systemic inflammation, metabolic dysfunction, and insulin resistance.

Methods: The data from a total of 218 T2DM patients who attended for follow-up after 6 months, and 83 patients after 12 months
after receiving 50-100x10° allogeneic UC-MSCs were analyzed. Blood and urine samples were collected at baseline and follow-up.
Key evaluations included changes in anthropometry, diabetes indices, lipids, liver, renal, hormonal, and inflammatory markers.
Results: All patients demonstrated satisfactory outcomes, without adverse effects. Significant reductions in HbAlc levels were
observed at 6-months (p<0.001) and 12-months (p=0.016). Insulin (p=0.048) and HOMA-IR (p=0.007) levels significantly reduced
within 6-months, with same trend at 12-months. ALT and GGT levels significantly decreased (p<0.05), indicating a reduction in liver
inflammation. hs-CRP level among patients with higher inflammation were also reduced at 6-months (p=0.073) and significantly at 12-
months (p=0.016). Testosterone (p=0.050) and estradiol (p=0.043) levels increased in males and females, respectively, during 12-
month follow-up. Additionally, estimated glomerular filtration rate (¢GFR) and creatinine levels improved in stage 2 chronic kidney
disease (CKD) at 6- and 12-month (p<0.05), indicating recovered renal function for those in early stage of CKD.

Conclusion: Allogeneic UC-MSCs infusion is safe for patients with T2DM and is associated with overall health outcomes, with
sustained benefits up to 12 months. Notably, the treatment significantly improved metabolic indices including glycemic control, liver
and renal profile and systemic subclinical inflammation. These findings provide a basis for further exploration of UC-MSCs in
managing T2DM in proper randomized control trial, by addressing both metabolic dysregulation and inflammation.
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Introduction

Diabetes mellitus (DM) is a syndrome resulting from various causes, characterized by metabolic dysfunction and
alterations in insulin production, secretion, or its effectiveness to adequately exert its effects on energy sources.'
According to the International Diabetes Federation (IDF), the global prevalence of diabetes among adults was 9.3% in
2019, with projections indicating it will increase to 10.2% by 2030 and 10.9% by 2045 if effective preventive measures
are not implemented,” earning it a place among the foremost causes of elevated mortality and morbidity rates."

DM is typically classified into two main types: type 1 diabetes (TIDM) and type 2 diabetes (T2DM), with T2DM
accounting for approximately 90-95% of all types of diabetes.>” T2DM is an adult-onset condition that is characterized
by dysfunction in the body’s ability to sense insulin, leading to insulin resistance.” It can be influenced by various risk
factors, including lifestyle changes towards high-calorie diets and reduced physical activity, genetic predisposition, age,
smoking, stress, sleep disorders, abdominal obesity, and inflammation.>>® Previous studies have shown that inflamma-
tion is the main trigger of T2DM and activated by these risk factors and chronic pro-inflammatory cytokine pathways in
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insulin-sensitive tissues like adipose tissue, muscle, and liver.*'*!" Sustained hyperglycemia may lead to complications
affecting various organs, such as diabetic nephropathy, retinopathy, neuropathy, cardiovascular diseases, and diabetic foot
ulcers.'*™'* Moreover, previous studies have highlighted the negative impact of diabetes on patients’ quality of life."?

Consequently, effective treatment is crucial for maintaining healthy blood sugar levels and reducing the risk of diabetes-
related complications.'® This chronic condition requires continuous self-management of lifestyle and adaptation.'” Although
diet control, physical exercise and oral anti-diabetic drugs are effective in decreasing hyperglycemia, it is difficult for many
patients to achieve good glycemic control depending only on these options, and most of these patients will eventually require
insulin therapy."'® However, none of the current medicines that reduce hyperglycaemia also act directly on inflammation.
Therefore, new innovative therapeutic approaches are required for better management of this disease.

Recent advancements in stem cell research have showed the therapeutic potential in a wide array of challenging
diseases.'” Stem cells can be sourced from various part within the human body, with selection criteria typically based on
logistical, usable, and in vitro characteristics.”” Among the different types of stem cells, mesenchymal stem cells (MSCs)
have garnered considerable attention and are the focus of numerous clinical trials, with 1512 trials registered to date
(Mesenchymal Stem Cells search at www.clinicaltrials.gov on 08 November 2024). MSCs possess unique properties,

including self-renewal capabilities, the capacity to differentiate into diverse cell types, low immunogenicity, and the
ability to proliferate ex vivo for extended periods. Additionally, they release trophic factors known to facilitate the
regeneration of damaged cells and tissues.?'*> MSCs can be isolated from various adult tissues such as adipose tissue,
bone marrow, and peripheral blood, as well as from birth-associated tissues including the placenta, amnion, umbilical
cord (UC), and cord blood (CB).*

Human umbilical cord mesenchymal stem cells (UC-MSCs) have emerged as the preferred choice for MSC-based
therapies, largely due to their unique attributes. Compared with MSCs derived from more mature tissue sources, UC-MSCs
are believed to be more primitive and possess intermediate properties between those of embryonic and adult stem cells. They
exhibit a higher proliferation rate, enhanced self-renewal capacity and importantly, they possess paracrine effects that
significantly contribute to their therapeutic potential. These paracrine effects include the secretion of various growth factors,
anti-inflammatory cytokines, and extracellular vesicles, which play crucial roles in tissue repair, immunomodulation, and
regeneration.zz"25 Additionally, the umbilical cord, from which UC-MSCs are sourced, is considered medical waste and can be
collected through a non-invasive procedure, eliminating any ethical concerns associated with its acquisition.”**® These
favourable properties position UC-MSCs as a promising therapeutic approach for various diseases, including cardiovascular,
neurological, orthopaedic, autoimmune, and endocrine disorders.”” We have previously demonstrated Cytopeutics® UC-

28,29 and

MSC:s to be safe, possess superior immunomodulatory effects even at high doses in both animal and human studies
exhibit low immunogenicity, enabling their use in allogeneic transplantation without the risk of rejection.

Several clinical investigations have explored the use of UC-MSCs in treating T2DM.*>'” However, some studies have
focused solely on assessing the diabetes metabolic profile, while others have examined additional markers, such as
immunologic indices, without considering other clinical markers. Clinical markers, including physical measurement and
biochemical markers, play a critical role in monitoring disease progression and treatment effectiveness in diabetes.*® We have
previously demonstrated that UC-MSCs have an immunomodulatory and anti-inflammatory effect in a dose-dependent
manner in healthy volunteers.”® There has been limited clinical research evaluating these beneficial effects of MSCs in
T2DM. Therefore, we aimed to explore the effect of intravenous allogeneic UC-MSCs infusion in T2DM patients, specifically
focusing on glycemic control, metabolic dysfunction and systemic inflammation. This analysis provides guidance for a proper
randomised control clinical trial to be designed and enabling further exploration of the potential of UC-MSCs in diabetes
treatment.

Materials and Methods

Study Design

This retrospective registry included diabetes patients who had received UC-MSCs infusion from participating centers
between November 2014 and July 2022. A total of 301 patients with diabetes were selected, as they fulfilled the inclusion
and exclusion criteria, as detailed in Table 1. The data for this study were retrospectively obtained from the Malaysian
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Table | Inclusion and Exclusion Criteria for the Patients

Key inclusion criteria
i. Subject aged between 18 and older
ii. Subjects from both sexes with HbAlc levels 2 6.5%
iii. Subject with no serious comorbid illness or any medical condition
iv. Subject must understand patient information sheet and signed informed consent form prior to UC-MSCs infusion

v. Subject must have both medical reports at baseline (before UC-MSCs infusion) and follow-up (after UC-MSCs infusion) for HbAlc

Key exclusion criteria
i. Pregnant or nursing women
ii. Subject with known documented drug allergies
ii. Subjects diagnosed with serious autoimmune diseases
iv. Subjects currently diagnosed with malignancies
v. Subjects who have undergone organ transplantation
vi. Subject with any acute or chronic infections or communicable diseases including Human Immunodeficiency Virus (HIV), hepatitis B, hepatitis
C or syphilis infection
vii. Subject with any active or past history of neoplasia and primary hematological disease
viii. Subject with any liver impairment indicated by serum aspartate transaminase and alanine transaminase greater than 3 times upper limit normal

ix. Other conditions deemed unsuitable for inclusion in this study by the researchers

Cell Therapy Patient Registry, which has been registered in National Medical Research Register (NMRR-09-925-4820).
This registry serves as a centralized database for collecting and analyzing data on adverse events, side effects, and patient
outcomes associated with the use of stem cells. Patients were enrolled into this registry following completion of their
clinical trial for long term follow up, which is also part of our pharmacovigilance commitment.

Preparation of UC-MSCs

Umbilical cord samples were collected from full-term, healthy newborns, with written consent from both parents. Prior to
sample transfer to the laboratory, three generations (newborn, parents, and grandparents) were screened for chronic viral
infections, cancers, and inherited diseases. All cell processing procedures were carried out in a certified Good
Manufacturing Practice (GMP) laboratory in accordance with Malaysia Guidelines for Stem Cell Research and
Therapy as published previously.>** Isolation and culturing methodologies have been previously established and
documented.*' The umbilical cord tissue was enzymatically digested, and MSCs were isolated based on their adherence
to the surface of culture flasks. The cells were then expanded in a proprietary growth medium under controlled conditions
(37°C, 5% CO,) in an incubator. Non-adherent cells were discarded after three days and replaced with fresh growth
medium until reaching 80% confluence. Subsequently, UC-MSCs were passage to new flasks and cultured further until
reaching the desired cell count. Early passages of the cells were cryopreserved to serve as a seed for future use. In this
study, cells were thawed and expanded from the seed up to Passage 6. Throughout the process, UC-MSCs underwent
quality control testing, including immunophenotyping, differentiation assays, karyotyping, and screening for adventitious
agents such as viruses, bacteria, fungi, and mycoplasma contamination.

Intravenous Allogeneic Infusion of UC-MSCs

Administrations of UC-MSCs were performed on the designated day at the medical centers, with eligible subjects
registered as outpatients. Prior to the infusion, subjects underwent a routine physical examination, and their vital signs
were assessed to ensure their suitability for UC-MSCs administration. Once the patient was confirmed fit for the infusion,
a cannula was inserted into the subjects’ vein. Before the infusion, 100 mL of normal saline was administered
intravenously over 30 minutes. Following this, 20 mL of UC-MSCs was mixed with another 350 mL of normal saline
in the bag and infused over a period of 2 hours, with the saline bottle gently shaken every 15 minutes to ensure the stem
cells remained suspended and did not settle at the bottom. All standard precautions for intravenous procedures were
strictly adhered to in accordance with routine medical center practices. Subjects were closely monitored for vital signs
and adverse events (AEs) every 15 minutes during the infusion and subsequently on an hourly basis for a minimum of
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6 hours in the medical center. Adverse events were defined and categorized according to the Good Clinical Practice
(GCP) guidelines of the International Council for Harmonization (ICH). These include any unfavorable medical
occurrence in the subjects receiving UC-MSCs, irrespective of its potential association with the investigational product
(IP). Monitored adverse events encompassed a range of symptoms such as fever, headache, injection site swelling, or
pain. Subjects were discharged if no complications were observed after the designated monitoring period. The admin-
istration mainly involves the infusion of one or two doses of 50-100 x 10° allogeneic UC-MSCs cells. Most of the
patients received just one dose.

Patient Follow-up and Study Outcome Measures

The patients were monitored for one year following the first infusion to evaluate efficacy parameters. The patients who
returned to the hospitals between 1-6 months for follow-up were classified as 6-month follow-up, while those who
visited between 7-12 months were classified as 12-month follow-up. During the follow-up, 20 mL of blood was drawn
from each subject for blood analysis.

Study outcomes were assessed based on baseline data collected prior to UC-MSCs infusion, including demographic
information and medical history. This study evaluated separate groups of patients as baselines for the 6-month and 12-
month follow-up periods, as patient selection was based on existing data extracted from medical records. Basic
demographic data such as gender and age; anthropometry data such as body mass index (BMI), systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were collected. Several clinical assessments were conducted at baseline and
during follow-up visits 6- and 12-month post-infusion, encompassing routine blood tests.

Efficacy was defined as changes from baseline in parameters related to diabetes metabolic indices (fasting blood sugar
(FBS), serum glycated hemoglobin (HbAlc) levels, insulin levels, and Homeostatic Model Assessment of Insulin
Resistance (HOMA-IR)), lipid profile (total cholesterol, triglycerides, high-density lipoprotein (HDL), low-density
lipoprotein (LDL), and HDL ratio), liver profile (total protein, albumin, globulin, alkaline phosphatase (ALP), gamma-
glutamyl transferase (GGT), aspartate transaminase (AST), and alanine transaminase (ALT)), renal profile (creatinine,
estimated glomerular filtration rate (¢éGFR), uric acid and blood urea nitrogen (BUN)), hormonal profile (Testosterone,
luteinizing hormone (LH), Estradiol, insulin-like growth factor-1 (IGF-1), dehydroepiandrosterone sulfate (DHEAS),
Follicle-stimulating hormone (FSH), and inflammation profile (high-sensitivity C-reactive protein (hs-CRP)) to assess
changes in results for each subject.

Regarding hs-CRP measurement, we evaluated all patients and also the sub-group of patients with levels at 1.5 mg/L
or higher. This criterion is based on previous studies which reported the median of hs-CRP level of to be approximately
1.5 mg/L for both males and females.**** For the assessment of testosterone levels in hormonal profile, only male
patients were included in this study, as females do not typically exhibit significant levels of testosterone. In renal profile,
metrics including creatinine, eGFR, uric acid, and BUN were analyzed according to Chronic kidney disease (CKD)
stages as defined by KDOQI guidelines.*’ CKD is categorized into stages based on eGFR thresholds: stage 1 (e¢GFR >
90 mL/min/1.73 m?), stage 2 (eGFR 60-89 mL/min/1.73 m?), stage 3 (eGFR 30-59 mL/min/1.73 m?), stage 4 (eGFR
15-29 mL/min/1.73 m?), and stage 5 (eGFR < 15 mL/min/1.73 m?). Among 301 patients, 191 had eGFR values recorded
for CKD stage identification and subsequently underwent further renal profile assessments. This study focused on CKD
stages 2—5 only. The normal range of the parameters were referenced in the medical report.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics v23.0 software. To evaluate the difference between pre- and
post-UC-MSCs infusion, paired #-tests were utilized for the 6-month follow-up analysis, while the Wilcoxon signed-rank
test was used for the 12-month follow-up analysis due to the smaller patient sample size. For anthropometry and blood
test parameters, the result for 6-month follow-up presented as mean + standard error of the mean (SEM), while 12-month
follow-up analysis are presented as median [interquartile range (IQR)].

Statistical significance was defined as p<0.05. Only statistically significant results, parameters related to the diabetes
metabolic profile as they considered important markers for diabetes were included in the graphical representation.
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Results

Demographic for Diabetes Patients

Between November 2014 and July 2022, a total of 301 diabetes patients that received UC-MSCs were included in the
study. Of these, 167 were male and 51 were female patients during the 6-month follow-up period, while 72 were male
and 11 were female patients during the 12-month follow-up period. The mean age of the patients at the 6-month follow-
up was 61.5 years old, and at the 12-month follow-up, it was 60.8 years old. The baseline demographic characteristics of
the patients are presented in Table 2.

Anthropometry Measurement

There is no notable contrast observed in BMI and waist and hip ratio between the initial measurement and subsequent
follow-ups at 6- and 12-months (Table 3). However, there is a significant decrease in SBP at the 12-month follow-up
(Figure 1A) (p<0.05), as well as in DBP at both the 6-month and 12-month follow-ups (Figure 1B) (p<0.05) (Table 3).

Efficacy Assessment: Diabetes Metabolic Indices

After treatment, a small but significant decrease in HbAlc levels during the 6-month follow-up period was observed,
with the baseline level at 7.77+0.10% reducing to 7.524+0.10% at 6-months (p<0.001), and similarly for the 12-month
follow-up period, where the baseline level of 7.50 [1.40]% decreased to 7.30 [1.60]% (p=0.016) (Figure 2A and Table 3).
FBS exhibited a decreasing trend over 6-months, although this was not statistically significant (p=0.086) (Figure 2B).
However, it showed a significant reduction during the 12-month follow-up period (p=0.016) (Figure 2B). Treatment with
UC-MSC:s also reduced insulin levels at 6-months post-infusion (p=0.048) (Figure 2C). HOMA-IR, calculated based on
insulin and FBS levels before and after the treatment, demonstrated a significant reduction in insulin resistance at
6-months (p=0.007) (Figure 2D) but not at 12 months even though there is a reduction trend in insulin resistance from
5.86 [6.85] at baseline to 5.33 [4.71] (p=0.081).

Efficacy Assessment: Lipid Profile

No significant changes were observed between the initial measurement and subsequent follow-up at 6- and 12-months
regarding the total cholesterol, triglyceride, HDL, LDL and HDL ratio (Table 3). All these parameters remained within
the normal range throughout the study period (normal reference range: total cholesterol (3.40-5.20 mmol/L); triglyceride
(0.40-1.70 mmol/L); HDL (>1.04); LDL (<2.60); HDL ratio (3.0-5.0)).

Efficacy Assessment: Liver Profile

The liver transaminases GGT and ALT were significantly decreased at 6-months (GGT: p=0.004, Figure 3A; ALT:
p=0.015, Figure 3B). There were no substantial variations observed between the initial measurement and subsequent
follow-up at 6- and 12-months for total protein, albumin, globulin, ALP, and AST, all of which were maintained within
the normal range throughout the study period (Table 3) (normal reference range: total protein (65-83 g/L); albumin
(38-53 g/L); globulin (23-35 g/L); ALP (35-104 U/L); GGT (<50 U/L); AST (10-27 U/L); ALT (5-33 U/L)).

Table 2 Demographic for Diabetes Patients

Follow-up (6-month) | Follow-up (12-month)
Total 218 83
Female 51 Il
Male 167 72
Age range 24-92 28-83
Mean age 61.53 60.80
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Table 3 Parameter Measured at Baseline (Day 0) and the 6-Month Follow-up, as well as Baseline (Day 0) and the 12-Month Follow-up

Parameters Number of Patients | Baseline (Day 0) Follow-up p-value | Number of Patients | Baseline (Day 0) Follow-up (12- p-value
(6-Months) Months)
Anthropometry measurement
BMI 37 27.12 £ 0.72 26.96 £ 0.70 0.094 I5 29.30 [7.60] 30.10[7.00] 0.932
SBP (mm Hg) 42 146.12 + 2.55 145.88 + 2.66 0.927 21 146.50 [21.25] 139.00 [26.00] *0.027
DBP (mm Hg) 41 82.70 £ 1.93 78.80 £ 2.02 *0.034 21 86.00 [12.50] 80.00 [13.00] *0.016
Waist and hip ratio 5 0.94 £ 0.0l 0.94 £ 0.02 0.887 5 0.93 [0.12] 0.93 [0.10] 1.000
Blood sugar profile
HbAlc (%) 218 7.77£0.10 7.5240.10 *<0.001 83 7.50 [1.40] 7.30 [1.60] *0.016
FBS (mmol/L) 213 8.74%0.25 8.34+0.22 0.086 79 8.15 [3.40] 7.44 [3.50] *0.016
Insulin (MU/mL) 97 18.81+2.14 14.88+1.34 *0.048 32 15.50 [17.83] 14.95 [12.80] 0.399
HOMA-IR 95 7.06+0.82 4.91+0.45 *0.007 32 5.86 [6.85] 5.33 [4.71] 0.081
Lipid profile
Total cholesterol (mmol/L) 213 4.53+0.09 4.60+0.09 0.308 79 4.40 [1.55] 4.20 [1.62] 0.267
Triglyceride (mmol/L) 209 1.77+0.06 1.75+0.08 0.815 78 1.57 [1.05] 1.60 [1.27] 0.628
HDL (mmol/L) 213 1.25+0.03 1.25+0.02 0.920 79 1.12 [0.43] 1.18 [0.40] 0.612
LDL (mmol/L) 202 2.52+0.08 2.59+0.08 0.241 74 2.18 [1.23] 2.14 [1.34] 0.085
HDL ratio 206 3.86+0.09 3.87+0.09 0.938 78 3.61 [1.60] 3.53 [1.30] 0.086
Liver profile
Total protein (g/L) 214 72.55+0.40 72.49+0.38 0.874 80 73.00 [4.75] 72.50 [6.00] 0.444
Albumin (g/L) 214 43.43+0.25 43.42+0.24 0.949 82 45.00 [5.00] 44.00 [3.75] 0.170
Globulin (g/L) 213 29.13+0.35 28.94+0.36 0.495 83 29.00 [6.00] 29.00 [4.00] 0.880
ALP (U/L) 212 71.27+2.14 70.85+2.31 0.755 40 61.00 [30.75] 65.00 [34.00] 0.334
GGT (U/L) 202 33.49+1.50 31.06£1.32 *0.004 84 30.00 [24.50] 29.00 [27.00] 0.313
AST (U/L) 206 25.13+0.72 25.66+0.79 0.466 84 24.00 [13.00] 24.00 [11.00] 0.654
ALT (U/L) 209 30.82 £ 1.27 2871 £ 1.19 *0.015 83 27.00 [20.00] 29.00 [19.00] 0.561
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Hormonal profile
Testosterone(nmol/L) 131 M: 13.55+ 0.61 M: 16.26x1.81 0.142 58 M: 12.05 [5.80] M: 13.80 [9.08] 0.05
LH (IU/L) 52 15.74+ 2.06 15.50+2.15 0.766 19 10.90 [18.43] 8.38 [15.75] 0.198
Estradiol, (pmol/L) 28 M: 105.11+ 8.82 M: 110.63+ 7.66 0.383 13 M:84.30 [38.90] M: 111.60 [70.00] 0.239
33 F: 74.18% 13.60 F: 104.33+ 26.33 0.060 5 F: 18.40 [39.90] F: 60.80 [96.00] *0.043
IGF-1 (ng/mL) 171 137.10 + 4.05 133.51+ 4.05 0.243 66 139.00 [64.00] 146.35 [64.05] 0.822
DHEAS (umol/L) 160 3.03+0.19 2.99+0.17 0.741 6l 2.70 [2.50] 2.59 [2.31] 0.673
FSH (IU/mL) 31 M: 10.59+ 2.08 11.48+2.09 0.193 14 M: 11.19 [8.49] M: 11.52 [8.27] 0.975
21 F: 60.87+ 6.70 53.20+7.47 0.156 6 F: 51.73 [30.04] F: 48.28 [39.61] 0.753
Inflammation profile
Hs-CRP, mg/L 158 3.23£0.55 2.94+0.40 0.453 56 1.35 [1.97] 1.00 [1.40] 0.288
Hs-CRP, mg/L * 64 6.58%1.16 4.98+0.82 0.073 24 3.39 [441] 1.45 [3.16] *0.016

Notes: Significant p-values were labeled as asterisks (*) and bold. # indicates that sub-group of patients with levels at 1.5 mg/L or higher.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, serum glycated hemoglobin; FBS, fasting blood sugar; HOMA-IR, homeostasis model assessment of insulin resistance; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; AST, aspartate transaminase; ALT, alanine transaminase; eGFR, estimated glomerular filtration rate; LH, luteinizing

hormone; IGFI, insulin-like growth factor-1; DHEAS, dehydroepiandrosterone sulfate; FSH, Follicle-stimulating hormone; hs-CRP, high-sensitivity C-reactive protein.
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Figure | Blood pressure level (A) Systolic Blood Pressure (SBP) at the 12-month follow-up (*p=0.027, N=21). (B) Diastolic Blood Pressure (DBP) at both the 6-month and
12-month follow-ups (6-month follow-up: *p=0.034, N=41; 12-month follow-up: *p=0.016, N=21). Paired t-tests were utilized and presented as mean + SEM for the
6-month follow-up analysis, while the Wilcoxon signed-rank test was used for the 12-month follow-up analysis and presented in median [(IQR)].
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Figure 2 Metabolic indices level at baseline, 6-month and 12-month follow-ups. (A) Glycated Hemoglobin (HbAlc) levels (6-month follow-up: **¥p<0.001, N=218; |2-
month follow-up: *p=0.016, N=83). (B) Fasting Blood Sugar (FBS) level (6-month follow-up: p=0.086, N=213; 12-month follow-up: *p=0.016, N=79). (C) Insulin level;
6-month follow-up: *p=0.048, N=97; |12-month follow-up: p=0.399, N=32). (D) Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) (6-month follow-up:
**p=0.007, N=95; 12-month follow-up: p=0.081, N=32). Paired t-tests were utilized and presented as mean = SEM for the 6-month follow-up analysis, while the Wilcoxon
signed-rank test was used for the |2-month follow-up analysis and presented in median [Interquartile Range (IQR)].
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Figure 3 Liver profile at baseline and 6-month follow-up. (A) Gamma-Glutamyl Transferase (GGT) levels (**p=0.004, N=202). (B) Alanine Aminotransferase (ALT) level
(*p=0.015, N=209). Paired t-tests were utilized and presented as mean = SEM for the 6-month follow-up analysis.

Efficacy Assessment: Renal Profile

CKD is categorized into different stages based on the KDOQI guidelines*’ using thresholds of eGFR. Table 4 presents eGFR
values for 191 patients, with 140 from the 6-month follow-up and 51 from the 12-month follow-up having their eGFR values
recorded for CKD stage identification. These patients with CKD stages 2—5 underwent further renal profile assessments, as
shown in Table 5. For CKD stage 2, there was a significant increase in €GFR and a corresponding decrease in creatinine levels
at both the 6-month and 12-month follow-ups (Table 5) (eGFR at 6 months: p=0.041, at 12 months: p=0.042; creatinine at 6
months: p=0.041, at 12 months: p=0.030). In contrast, no significant differences in eGFR or creatinine levels were observed
between the initial measurement and follow-ups at stages 3 to 5. Uric acid levels showed no significant changes at the 6-month
and 12-month follow-ups across all stages. Additionally, in CKD stage 2, BUN levels remained unchanged at both 6-month
and 12-month follow-ups (Table 5). Conversely, BUN levels decreased significantly to normal range reference of BUN
(2.9-8.2 mmol/L) at the 6-month follow-up in CKD stages 3, 4 and 5 (Table 5; stage 3: p=0.041; stage 4: p=0.032; stage 5:
p=0.021).

Efficacy Assessment: Hormonal Profile

Testosterone levels in male patients were observed to increase during the 12-month follow-up period (p=0.050;
Figure 4A). Estradiol levels in female patients significantly increased during the 12-month follow-up period (p=0.043;
Figure 4B). However, no significant differences were noted between baseline and follow-up (at 6- and 12-months) in
estradiol levels for males; LH, IGF-1, DHEAS, as well as FSH levels in both genders (Table 3).

Table 4 Number of Diabetes Patients with CKD at Different

Stages
CKD Stage | Follow-up (6-month) | Follow-up (12-month)
| 63 23
2 43 16
3 20 12
4 I 0
5 3 0
Total 140 51

Abbreviation: CKD, Chronic Kidney Disease.
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Table 5 The Category and Number of Patients for the eGFR at Baseline (Day 0) and the 6-Month Follow-up, as well as Baseline
(Day 0) and the 12-Month Follow-up are Summarized

Biomarker Stage Number of Baseline, Follow-up, p-value Number of Baseline, Follow-up, p-value
Patients N (Day 0) N (6-Months) Patients N (Day 0) N (12-Months)
eGFR (mL/min/ 2 38 73.66x1.44 76.74£1.91 *0.041 13 82.00 [10.00] 86.00 [13.00] *0.042
1.73 m?)
3 16 47.88+2.13 47.44+3.26 0.826 1 43.00 [9.00] 41.00 [7.00] 0.097
4 10 22.90+0.99 22.80+2.35 0.957
5 2 9.50+0.50 9.00+0.00 0.500
Creatinine 2 43 89.47+2.08 84.8412.39 *0.041 14 88.50 [9.25] 82.00 [21.75] *0.030
(umol/L)
3 19 123.21+5.84 126.21+8.76 0.826 12 141.00 [27.75] 146.50 [33.00] 0.056
4 il 277.73+32.14 281.55+31.37 0.957
5 2 459.00+£33.00 482.00+61.00 0.500
Uric Acid 2 41 0.36+0.01 0.35+0.01 0.598 16 0.37 [0.19] 0.33 [0.22] 0.551
(mmol/L)
3 19 0.45+0.03 0.48+0.04 0.281 I 0.47 [0.15] 0.41 [0.20] 0.760
4 10 0.54+0.06 0.54+0.04 0.980
5 2 0.53+0.04 0.41+0.10 0.532
BUN (mmol/L) 2 40 5.73+0.22 6.02+0.70 0.692 16 5.70 [2.33] 5.40 [2.30] 0.326
3 19 10.16+0.83 7.16£0.90 *0.041 I 9.60 [2.75] 8.90 [3.00] 0.328
4 10 15.82+3.79 6.13+0.80 *0.032
5 3 21.37+2.64 5.63+0.44 *0.021

Note: Significant p-values were labeled as asterisks (*) and bold. Chronic kidney disease (CKD) is classified into various stages based on eGFR as follows: CKD Stage 2
(CKD2): eGFR 60-89 mL/min/1.73 m? CKD Stage 3 (CKD3): eGFR 30-59 mL/min/1.73 m? CKD Stage 4 (CKD4): eGFR 15-29 mL/min/1.73 m? CKD Stage 5 (CKD5):

eGFR < |5 mL/min/1.73 m2.*

Abbreviations: eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen.

Efficacy Assessment: Inflammation Profile
Finally, both 6-month and 12-month follow-up results indicate a numerical reduction in hs-CRP levels, though the
decrease was not statistically significant (6-month follow-up: from 3.23%0.55 to 2.94+0.40 mg/L, p=0.45; 12-month
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Figure 4 Hormonal profile at baseline and 12-month follow-up. (A) Testosterone levels in male patients (p=0.05, N=58). (B) Estradiol levels in female patients (*p=0.043,
N=5). Wilcoxon signed-rank test was used for the 12-month follow-up analysis and presented in median [IQR].
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Figure 5 High-sensitivity C-Reactive Protein (hs-CRP) value at baseline, 6-month and 12-month follow-up (6-month follow-up: p=0.073, N=64; 12-month follow-up:
*p=0.016, N=24). Paired t-tests were utilized and presented as mean * SEM for the 6-month follow-up analysis, while Wilcoxon signed-rank test was used for the 12-month
follow-up analysis and presented in median [IQR].

follow-up: from 1.35 [1.97] to 1.00 [1.40] mg/L, p=0.29) (Table 3). However, among patients with higher inflammation
(hs-CRP >1.50 mg/L), hs-CRP showed a trend of decrease, going from 6.58+1.16 mg/L at baseline to 4.98+0.82 mg/L at
the 6-month follow-up (p=0.073), while a significant decrease from 3.39 [4.41] mg/L at baseline to 1.45 [3.16] mg/L at
the 12-month follow-up (p=0.016), falling within the normal range (reference range: <3.00 mg/L) (Table 3 and Figure 5).

Discussion

Diabetes has become a leading cause of mortality in individuals under the age of 60, with T2DM accounting for over
90% of cases.>® Several studies showed that MSCs may be effective in diabetes management.*® For instance, Zang et al
reported that patients receiving UC-MSCs showed significant reductions in insulin levels, HbAlc, and glucose infusion
rate (GIR).”>* Another study found that UC-MSCs significantly reduced fasting plasma glucose level, improved islet p-
cell function, and reduced the need for hypoglycemic agents without serious adverse events.* Building on these findings,
this retrospective analysis aimed to assess the effectiveness of intravenous allogeneic infusion of Cytopeutics® UC-MSCs
in T2DM patients in relation to T2DM, systemic inflammation, metabolic dysfunctions, and insulin resistance.

The IDF report in 2021 states that 17.7 million more men than women were living with diabetes in 2021.*” This aligns with
our findings, which also showed a higher prevalence of diabetes in men than in women. Another study found that the peak in
diabetes prevalence occurs earlier in men (aged 65—69 years) than in women (aged 70-79 years), with male predominance
being most evident in middle-aged populations (35-69 years).*® Our study’s average age of approximately 60 years aligns
with this trend, which explains the higher diabetes diagnosis rate in men at this age.

To determine the clinical efficacy of MSC therapy for DM, the assessment of HbA 1¢ reduction serves as a pivotal metric as
recommended by American Diabetes Association (ADA).*’ Unlike blood and urinary glucose measures, HbAlc levels offer
a comprehensive insight into long-term glycemic control, spanning over a period of 2 to 3 months.>® Consequently, HbAlc
level serve as a reliable indicator of treatment success or failure. In this study, a significant decrease in HbAlc levels was
observed during 6-month follow-up, and this reduction was also noted at the 12-month follow-up, indicating that UC-MSCs
effectively reduced HbA ¢ levels in T2DM patients for up to one year, which is consistent with previous findings.”’

Insulin, a peptide hormone secreted by pancreatic B cells, plays a crucial role in maintaining blood glucose levels by
promoting cellular glucose uptake and regulating the metabolism of carbohydrates, lipids, and proteins.’* In T2DM,
insulin resistance resulting in diminished insulin action on target tissues lead to uncontrolled hyperglycemia, which is
a hallmark characteristic of the condition.>® In our study, patients with T2DM exhibit elevated insulin levels at baseline,
which are associated with higher insulin resistance—a condition where the body fails to respond effectively to insulin,
necessitating increased insulin production by the pancreas to overcome resistance.’ The HOMA-IR strongly predicts the
development of T2DM, independent of obesity, body fat distribution, and glucose tolerance status. After the infusion of
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UC-MSCs, a significant decline in the HOMA-IR index was observed. This decrease indicates a reduction in insulin
resistance, leading to normal insulin secretion level during the 6-month follow-up period.

Low-grade systemic inflammation is increasingly recognized as a crucial factor in the development and progression of
T2DM and its complications, as evidenced in previous studies.”''>* Excess nutrients, such as glucose and free fatty
acids, stress pancreatic islets and insulin-sensitive tissues including adipose tissue, liver, and muscle, leading to local
production of cytokines and chemokines.”>> This response triggers the recruitment of immune cells, including macro-
phages, natural killer cells, as well as T- and B-cells, which further contribute to tissue inflammation. The release of
reactive oxygen species (ROS), cytokines, and chemokines from adipose tissue into the bloodstream exaggerates
inflammation in other regions, including the pancreatic islets, resulting in B-cell death and insulin resistance in peripheral
tissues.®> Studies have found elevated levels of inflammatory markers such as fibrinogen, C-reactive protein (CRP),
interleukin (IL)-6, plasminogen activator inhibitor-1, and white blood cells in adipose tissue, which are linked to obesity-
related insulin resistance and islet inflammation.”®

Among these markers, CRP is an acute-phase reactant that is synthesized by the liver and regulated by pro-inflammatory
cytokines like IL-6 and tumor necrosis factor alpha (TNF-0),”” and serves as a highly sensitive indicator of systemic
inflammation.>® Previous studies have established a link between chronic low-grade inflammation, indicated by elevated
levels of high-sensitivity CRP (hs-CRP), and T2DM.® Following UC-MSCs treatment, T2DM patients with higher hs-CRP
levels of 1.5 mg/L and above showed a decreasing trend at 6-months, with significant reductions at 12-months. These findings
support earlier research suggesting that elevated CRP levels may be linked to hyperglycemia.>® The concurrent reduction in
HbA ¢ over the same period suggests that UC-MSCs may mitigate inflammation and improve glycemic control.

There are also significant albeit small decreases in both SBP and DBP following UC-MSCs infusion. In T2DM,
hypertension is commonly associated with insulin resistance, which affects blood vessels and kidneys, leading to
increased sodium reabsorption, peripheral artery resistance, and elevated body fluid volume.®®®* The observed reduc-
tions in blood pressure suggest that UC-MSCs infusion may improve vascular function, reduce inflammation, and
alleviate metabolic dysfunction, potentially offering cardiovascular benefits in this patient population. In this study, we
did not observe any reduction in lipid profile. This is possibly because the patients were generally established on lipid-
lowering drugs, which rendered their baseline lipid profiles within the recommended range.

Liver function also improved post-UC-MSCs infusion, as reflected by significant reductions in GGT and ALT levels at the
6-month follow-up. T2DM is associated with various liver abnormalities, collectively termed as non-alcoholic fatty liver
disease (NAFLD). The development of fatty liver is driven by insulin resistance, which triggers lipolysis and leads to the
accumulation of non-esterified fatty acids, ultimately harming hepatocytes.®® Elevated ALT and GGT levels are the indicators
of hepatocellular damage and are often observed in diabetic patients.** Specifically, ALT was found to be elevated in 40.4% of
the diabetic population,® and numerous studies over the past four decades have reported high rates of elevated GGT levels
among diabetic patients.°® Elevated GGT levels have been linked to increased oxidative stress, which may lead to p-cell
dysfunction and impaired insulin action.®® The improvements in liver function markers following UC-MSCs treatment
suggest that addressing inflammation and metabolic dysregulation can significantly benefit liver health in T2DM patients.

Diabetic kidney disease (DKD) is a major cause of chronic kidney disease (CKD),’ affecting 5-7% of the global
population, with diabetes and hypertension being primary risk factors.®® People with diabetes are nearly twice as likely to
develop CKD, and about 20-50% of those with type 2 diabetes have DKD.®**° Thus, slowing DKD progression and
delaying end-stage kidney disease (ESKD) are crucial. In this study, around 24% of T2DM patients had an eGFR
<60 mL/min/1.73 m* (Stage 3—5), which represent significant loss of kidney function.”® The majority of DKD patients in
this cohort are in stage 2 CKD, accounting for around 31%. UC-MSCs infusion significantly improved eGFR and
reduced creatinine levels in stage 2 CKD patients, suggesting that MSC therapy may restore kidney tissue function and
delay the progression of DKD in line with prior research.”’-’*> Mechanistically, systemic inflammation plays a critical role
in the pathogenesis of DKD.”*"* Hyperglycemia-induced oxidative stress and inflammatory cytokines activate pathways
such as NF-kB and JAK/STAT, contributing to kidney tissue damage and fibrosis.”* The reduction in hs-CRP and blood
pressure observed in this study may help reduce inflammation in early-stage DKD, thereby promoting kidney repair and

improving filtration capacity.
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Interestingly, uric acid levels remained unchanged across CKD stages, indicating that MSC treatment may primarily
target kidney function and inflammation rather than directly affecting uric acid metabolism. The unchanged BUN level at
stage 2 indicates that the kidneys may still process nitrogenous waste similar to before,”” with BUN levels remaining
within the normal range. However, the decrease in BUN during advanced stages (stages 3, 4, and 5) from elevated to
normal levels suggests improved waste excretion’> and may indicate enhanced kidney function or a positive response to
MSC treatment, as elevated BUN is typically associated with kidney dysfunction.’® This decline supports the effective-
ness of MSC treatment in improving renal function in more advanced stages of CKD. Overall, these results align with the
known benefits of MSCs in promoting renal repair and function, indicating that MSC therapy is advantageous in
enhancing kidney function and managing CKD.

Testosterone levels in male patients were significantly increased during the 12-month follow-up. Low serum
testosterone levels are commonly observed in men with T2DM’’ and are associated with reduced insulin sensitivity
and fatty liver infiltration.”® This phenomenon is attributed to the role of testosterone in modulating the expression of
crucial genes involved in insulin signalling and glucose uptake, such as glucose transporter-4 (GLUT4). Consequently,
diminished testosterone levels can lead to reduced GLUT4 expression in muscle cells and adipocytes, resulting in
decreased glucose transport and insulin responsiveness.’”” Therefore, the increase in testosterone levels after UC-MSCs
therapy may enhance glucose transport and reduce insulin resistance in T2DM patients or may indicate improvement in
liver function. Similarly, the significant increase in estradiol levels in female patients at the 12-month follow-up may
contribute to improved insulin sensitivity, as estradiol has been shown to exert anti-diabetic effects through various

mechanisms, affecting adipose tissue, skeletal muscle, liver, and pancreatic B—cells.go*82

Limitation

This study has several limitations. First, patient selection relied on existing data from medical records, which may be
incomplete or contain missing information as we encouraged patients to attend follow-up visits but could not compel
them to comply. This limitation constrained our ability to conduct comprehensive analyses using the same patients for
both the 6-month and 12-month follow-ups. Consequently, different sets of patients were used as the baseline for the two
follow-up periods (6-month and 12-month follow-ups). One notable limitation inherent in this registry was the absence of
a control or placebo arm, which would have provided a basis for comparison with the group under investigation. This
limitation underscores the importance of prospective designs or randomized controlled trials in future research to address
this gap and to enhance the robustness of the findings. Additionally, the retrospective nature of this study presents
challenges in controlling confounding variables that could influence the outcomes of interest. Factors such as comorbid-
ities, concurrent medications, lifestyle factors, and changes in clinical practices over time could potentially confound the
observed associations with the clinical outcomes of diabetes. Furthermore, the findings of retrospective studies may have
limited generalizability to a broader patient population. Our study was specifically conducted among diabetes patients in
Selangor, Kuala Lumpur, and Negeri Sembilan, Malaysia. Thus, further investigations are warranted to ascertain whether
the observed results can be extrapolated to populations in other states in Malaysia and globally.

Conclusion

In summary, all patients showed satisfactory outcomes without any adverse effects. Our findings support the association
of MSC infusion with significant reductions in HbAlc levels and insulin resistance in patient with T2DM. UC-MSCs
treatment also resulted in a significant decrease in hs-CRP levels, suggesting a reduction in systemic inflammation with
concurrent improved glycemic control. Additionally, improvements in liver and kidney function along with hormonal
changes that may enhance insulin sensitivity, further support the multifaceted benefits of this therapy. These findings
provide guidance for a well-designed randomized clinical trial to confirm the efficacy of UC-MSCs infusion in T2DM.
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