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Abstract

Purpose Umbilical cord-derived mesenchymal stem cells (UCMSCs) have garnered significant attention in the field of
regenerative medicine, specifically in inflammation-related diseases. Our team has previously demonstrated that a single
infusion of allogeneic UCMSCs by Cytopeutics® (CLV-100), at both low dose (65 million cells) and high dose (130 million
cells), in 11 healthy volunteers was safe up to 6 months with a dose-dependent immunomodulatory effect. In this present
follow-up study, we investigated the medium-term safety and efficacy of intravenous administration of CLV-100 in the same
healthy subjects.

Methods All 11 subjects were enrolled in this 5-year follow-up, and none dropped out (NMRR-13-1152-17400, 28/09/2016).
Clinicians conducted consultations to assess overall health indicators. Blood samples and serum were collected for laboratory
testing and biomarker analysis, respectively.

Results Five years after the CLV-100 infusion, all subjects remained healthy, with no reported side effects or major health
conditions. Levels of cancer markers also remained within normal ranges. The anti-inflammatory effect of CLV-100 remained
statistically significant in the high-dose group. Notably, major organ health parameters, including those subjects aged over
60 years, remained stable even after 5 years.

Conclusion The findings demonstrated the medium-term safety of a single CLV-100 infusion and persistent dose-dependent
immunomodulatory effects. CLV-100 may also confer protection against age- and inflammation-related frailty.

Lay Summary The current follow-up study provides insight into the safety and immunomodulatory effects of a single infusion
of allogeneic umbilical cord-derived mesenchymal stem cells (CLV-100) for up to 5 years in healthy subjects. The effects
on the inflammatory cytokines CLV-100 were more pronounced in the high-dose group. In addition, other biomarker levels
were comparable between the older and younger age groups. CLV-100 is therefore safe over the medium-term with sustained
anti-inflammatory effect in a dose-dependent manner.

Keywords Umbilical cord-derived mesenchymal stem cells - Immunomodulation - Inflammation - Medium-term safety -
Aging

Introduction

Mesenchymal stem cells (MSCs) present a promising
P4 Sze Piaw Chin approach for treating inflammation-related diseases [1].
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immunogenicity, reducing the likelihood of triggering
an immune response [2]. UCMSCs are well known for
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modulating the degree of injury and promoting effective
healing or repair. This process mainly involves paracrine
interactions with immune cells [3, 4]. Besides, UCMSCs
are isolated from medical waste, involve non-invasive
procedures, pose minimal ethical issues and are readily
available, making them more attractive to researchers in
translational medicine [5]. Particularly noteworthy is that
UCMSCs obtained from neonatal umbilical cord exhibit
greater activity and primitiveness than MSCs derived from
bone marrow or adipose tissue [6], while being more sta-
ble than embryonic stem cells due to their tissue specificity
[7].

Over the past few decades, comprehensive preclini-
cal studies in mice and rat models have demonstrated
the safety of UCMSC infusions at varying doses without
detecting any tumourigenic risk [8—10]. In clinical trial
settings, close follow-up was conducted in various dis-
eases, such as severe COVID-19 (2 years), type II diabetes
(3 years), and spinal cord injury (22.65 months), confirm-
ing that UCMSCs infusion is generally safe over the short
term [11-13]. Some studies have monitored patients over
longer periods to establish medium-term safety profiles in
diseased patients, for example, up to 6 years in systemic
lupus erythematosus among the Chinese population [14],
75 months in liver cirrhosis in the Chinese population [15]
and 5 years in ischemic stroke in a South Korean study
[16]. These results indicate that UCSMCs are potentially
safe over medium-term follow-up. While this is encourag-
ing, it is important to contribute further to this body of
evidence, especially considering that UCMSCs derived
and processed differently may not all be the same. Hence,
this 5-year follow-up study using allogeneic UCMSCs
specifically derived from the Malaysian population to
evaluate medium-term safety is an important prerequisite
before embarking on clinical trials for chronic medical
conditions.

We have previously reported that a single infusion of
allogeneic UCMSCs from Cytopeutics®, known as CLV-
100, was safe in healthy subjects for up to 6 months with no
apparent immediate or short-term reactions [17]. We further
demonstrated that the immunomodulatory effects of CLV-
100 were observed mainly in the high-dose group receiving
130 million cells [17]. This is likely due to the presence of a
large number of proteins in the secretome of our UCMSC:s,
more than half of which are involved in immunomodula-
tory and anti-inflammatory mechanisms [18]. We intended
to evaluate if the anti-inflammatory effects sustained up to
5 years by measuring the same cytokines during follow-up.
Therefore, the current 5-year follow-up study aims to investi-
gate the medium-term safety profile and immunomodulatory
effects. This study represents the longest safety follow-up
period of UCMSCs treatment in healthy subjects conducted
in Malaysia to date.
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Method
Study Design

In our previous phase I safety study of allogeneic infusion
of UCMSC:s from Cytopeutics® (CLV-100) in healthy vol-
unteers (NMRR-13-1152-17400), a total of 11 subjects
were enrolled between May 2017 and January 2018. The
recruited subjects were divided into low-dose (LD) or high-
dose (HD) groups and received a single infusion of CLV-
100 of 65 million cells (n=15) or 130 million cells (n=6),
respectively. These doses corresponded approximately with
1 million or 2 million cells per kilogram body weight (kg™
BW). Follow-up visits were conducted on days 2, 30, 90, and
180, with the results previously reported [17]. Due to the
coronavirus disease 2019 (COVID-19) pandemic in Malay-
sia, follow-up between 2019 and 2022 was not possible.
Despite this, all subjects maintained contact with the clinic
annually. Accordingly, a 5-year follow-up visit (March and
April 2023) was conducted at the outpatient clinic of CMH
Specialist Hospital (Seremban, Negeri Sembilan, Malaysia),
and all subjects were invited to participate in the follow-
up. Data were collected to evaluate the medium-term safety
and immunomodulatory effect of CLV-100 infusion in the
11 healthy subjects. All subjects provided consent before
participating in the follow-up study.

Outcome Measures

The primary outcomes were to determine the medium-term
safety (clinical and subclinical outcomes) of CLV-100 infu-
sion, with a focus on death, hospitalisation, related adverse
events and cancer. The secondary outcomes included immu-
nomodulatory effects based on sub-clinical serum assess-
ment of inflammatory cytokines.

Clinical and Subclinical Procedures

In the follow-up session, clinicians assessed the subjects
and gathered information on their medical history from
the preceding 5 years. Approximately 20 mL of peripheral
blood was collected from each subject. Several clinical and
subclinical assessments were performed, namely a) anthro-
pometry data, b) lung function tests, c) blood tests including
renal function tests, liver function tests, full blood count,
pro- and anti-inflammatory cytokines and growth factors.
To identify cytokines and growth factors, subject sera
were obtained through centrifugation and subsequently
stored at — 80 °C until the testing phase. Anti-inflammatory
interleukin IL-1 receptor antagonist (IL-1Ra) and two pro-
inflammatory cytokines namely IL-6 and tumour necrosis
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factor-alpha (TNF-a) were selected. For growth factor quan-
tification, transforming growth factor-beta (TGF-p), vascular
endothelial growth factor (VEGF) and hepatocyte growth
factor (HGF) were determined. IL-1Ra, IL-6, TNF-a,
VEGF, and HGF were quantified using multiplex array kits
(R&D System, Minneapolis, MN, USA), while TGF-p} was
tested with ELISA kits (R&D System, USA). All tests were
performed in triplicate following the manufacturer’s instruc-
tion, except for TGF-p which was performed in duplicate.

Statistical Analysis

The small number of recruited subjects was regarded as non-
normally distributed data. Therefore, the Friedman test was
performed to compare the blood test markers at different
time points: baseline, 6-month and 5-year follow-up, and
biomarkers quantification at two time points: baseline and
5-year follow-up in both LD and HD groups. Then, Wil-
coxon signed rank test was performed to test the pairwise
comparison. Meanwhile, Mann—Whitney test was conducted
to compare between two groups. All data were presented as
median + interquartile range (IQR). Statistical significance
was considered when p < 0.05. Data analysis was performed
using IBM SPSS Statistic v23.0 software (SPSS, Inc.,
Armonk, NY, USA) and graphs were plotted using Prism
v8.0 (GraphPad Software, Boston, MA, USA).

Fig. 1 Flow chart outlines the
process from subjects’ recruit-
ment to the 5-year follow-up

Result
Follow-up Characteristics of Subjects

All 11 healthy volunteers, comprising four men and seven
women, agreed to participate in the follow-up study. Among
them, five had previously received a low dose (LD) of CLV-
100 (65 million cells) and six had received a high dose (HD)
of CLV-100 (130 million cells) (Fig. 1). At this five-year
follow-up, the median age of the subjects was 56 + 20 years,
with a body mass index (BMI) of 22.40 +5.15 kg/m?
(Table 1). All subjects remained functionally independent,
physically active and healthy, as indicated by anthropometric
data (Table 1). Notably, only three subjects were slightly
overweight, with a BMI > 25 kg/m?, and two subjects had
shifted from a normal BMI to slightly underweight.

Primary Outcomes: Adverse Events and Biomarkers

There were no major health issues, major surgeries and
record of hospitalisations reported in either the LD or HD
groups. The medical histories of the patients are summarised
in Table 2. Subject 6 was diagnosed with hypercholesterol-
aemia and commenced on a lipid-lowering medication, sub-
ject 7 underwent surgery for her pre-existing benign uterine

Subjects were
assessed for eligibility

|

11 subjects were
enrolled in the study

4

11 subjects were assigned to CLV-100 infusion
Low dose (n=5); High dose (n=6)

4

Follow-ups were

conducted
COVID-19
[ —
2-day 1-month 3-month 6-month 5-year
n=11 n=11 n=11 n=11 n=11

-

No dropout
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Table 1 Anthropometry data of the low-dose (LD) and high-dose (HD) groups during the 5-year follow-up

Subject Dose Gender Age Height (cm) Weight (kg) Baseline BMI (kg/m?) 5-year BMI (kg/m?)
1 LD F 50 157.0 42.0 18.69 17.04
2 LD F 82 157.0 45.0 19.50 18.26
3 LD F 52 166.1 59.5 19.84 21.60
4 LD M 46 165.0 54.0 20.56 19.83
5 LD M 61 167.2 73.2 23.66 26.20
6 HD M 82 169.0 70.0 24.85 24.51
7 HD F 47 169.0 59.9 18.55 21.01
8 HD F 70 154.0 61.0 24.87 25.72
9 HD F 65 156.0 64.0 24.65 26.30
10 HD F 56 169.0 60.0 22.40 21.01
11 HD M 56 176.0 75.0 23.56 24.21
Median +1QR 56.00+20.00 166.10+12.00 60.00+16.00 21.60+5.89 22.40+5.15
Tab!e 2 Medical history of all Subject  Medical history
subjects (n=11)
Pre-existing 5-year follow-up
1 Previous dilation and curettage (D&C) None
Occasional dizziness and imbalance
2 Palpitations None
Medication: Bisoprolol 2.5 mg
3 None None
4 None None
5 None None
6 None High cholesterol
Medication: started on atorvastatin 5 mg/day
7 Breast cyst, benign uterine fibroids, previous Operation on pre-existing benign uterine
gallbladder removal, heartburn, bloatedness fibroids in November 2021
Breast cyst, with no increase in size or
number
8 None None
9 Cervical spondylosis, left shoulder muscle tear ~ None
10 None None
11 None Cataract operation

fibroids in November 2021, while subject 11 underwent an
elective cataract operation. In short, no CLV-100 related
adverse events were reported at any time during the 5-year
follow-up period.

The laboratory test results at 5-year follow-up were
within the normal reference range for all subjects (Table 3).
Compared to baseline measurements, there were significant
increase in haemoglobin, haematocrit (HCT) and mean
corpuscular volume (MCV). There was also a significant
elevation in erythrocyte sedimentation rate (ESR) at 5-year
follow-up compared to 6 months. This increase is expected
as ESR typically rises with age, and the values remained
within the normal range (< 30 mm/h) for this cohort (median
age 56.0 years).
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Lipid indicators such as cholesterol, triglyceride levels,
cholesterol/high-density lipoprotein (HDL) ratio, and dia-
betes screening markers such as glucose and glycated hae-
moglobin (HbAlc), remained unchanged and within normal
ranges in all 11 subjects 5 years after CLV-100 infusion.
Fasting serum insulin levels showed an increase when com-
paring between 6 months and 5 years but remained within
the normal range (5—15 mIU/L).

Among the tumour markers, there were no significant
increase from baseline for total prostate-specific anti-
gen (PSA), cancer antigen (CA) 125, CA15.3, and alpha-
fetoprotein (AFP) in blood tests; these markers remained
within normal ranges. Serum CA19.9 and carcinoembry-
onic antigen (CEA) showed a significant increase at 5-year
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Table 3 Clinical assessments of

all subjects (n=11)

Parameters Baseline day 0 Follow-up period p-value
6 months 5 years
Full blood count
WBC (x 10°/L) 6.6+1.2 6.1+1.5 63+22 0.14
Haemoglobin (g/dL) 13.1+2.7° 13.5+2.8 13.6+1.7° 0.04
HCT (%) 40.0+6.0° 42.0+7.0 43.0+4.0* 0.01
MCV (fl) 86.8+5.0° 87.0+6.0° 90.0+5.0% <0.01
Platelet (x 10°/L) 279.0+103.0 286.0+101.0 293.0+87.0 0.34
ESR (mm/h) 10.0+31.0 12.0+15.0° 23.0+£20.0° 0.03
Lipid tests
Total cholesterol (mmol/L) 53+1.0 5.6+23 51+1.2 0.51
Triglyceride (mmol/L) 1.3+£0.6 1.3+1.0 12+0.3 0.76
HDL (mmol/L) 1.4+0.4 1.4+0.4 1.5+0.6 0.53
LDL (mmol/L) 34+1.2 39+1.7 33+13 0.76
Cholesterol/HDL ratio 42+14 43+1.7 3.7+0.8 0.91
Diabetes screening
Glucose (mmol/L) 4.6+04 47+04 49+0.3 0.70
HbAlc (%) 55+0.4 5.7+0.6 5.7+0.4 0.54
Insulin (mIU/L) 45+3.6 3.7+0.7° 6.1+4.6° 0.04
Allergy test
hs-CRP (mg/L) 0.7+1.0 1.0+1.8 05+14 0.15
IgE (IU/mL) 14.4+46.5 16.9+49.4 17.3+22.7 1.00
Tumour marker
Total PSA* (ng/mL) 19+1.4 1.3+1.5 1.6+2.7 0.28
CA125% (U/mL) 7.9+3.8 8.0+6.3 7.0+3.4 0.28
CA15.3% (U/mL) 7.9+8.6 9.5+7.3 9.3+8.0 0.07
CEA (ng/mL) 0.7+0.8 0.7+0.8° 1.6+1.4% 0.01
CA19.9 (U/mL) 17.6+17.2 16.3+16.7° 23.0+25.1° 0.01
AFP (ng/mL) 22+4.7 1.6+3.3 3.40+3.0 0.07
Liver function tests
Total protein (g/L) 74.0+5.0 73.0+5.0 72.0+7.0 0.18
Bilirubin (umol/L) 12.4+5.0 12.0+6.0 11.0+£5.0 0.18
Alkaline phosphate (U/L) 61.0+36.0 63.0+19.0 68.0+35.0 0.39
GGT (U/L) 21.0+10.0 21.0+13.0 19.0+14.0 0.16
AST (IU/L) 20.0+£6.0 22.0+7.0 20.0+7.0 0.15
ALT (IU/L) 17.0+£12.0 18.0+4.0 17.0+£15.0 0.64
Albumin (g/L) 43.0+54 43.0+£3.0 44.0+5.0 0.82
Globulin (g/L) 31.0+£3.0 29.0+4.0 29.0+4.0 0.16
A/G ratio 1.4+0.4 1.5+02 1.6+0.2 0.39
Lung function tests
FEV1 (L) 23+0.9° 23+0.4 1.89+1.1* 0.01
FVC (L) 29+0.8* 2.8+0.9 235+14% 0.02
FEV1/FVC (%) 87.0+13.6 82.9+14.0 72.64+13.7 0.08
Renal profile
Creatinine (umol/L) 65.0+32.0 68.0+26.0 70.0+17.0 0.16
eGFR (mL/min) 60.0+3.0 >60.0 >60.0 0.05
Urea (mmol/L) 42+1.5 43+1.9 46+24 0.41
Hormonal status
TSH (mU/L) 1.5+1.5 1.3+1.1 1.7+1.2 0.61
Free T3 (pmol/L) 50+1.3 49+14 5.1+0.8 0.47
Free T4 (pmol/L) 16.9+5.9 15.8+3.8 154+3.5 0.16
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Table 3 (continued)

Parameters Baseline day 0 Follow-up period p-value
6 months 5 years
FSH* (IU/L) 9.1+32.6 6.2+63.0 61.4+43.4 0.16
LH* (IU/L) 5.8+102 3.8+26.9 28.4+25.4 0.37
IGF-1(ng/mL) 169.5+111.3% 133.5+98.2° 105.0+48.3%® 0.01
DHEAS (umol/L) 25+38 1.85+2.6 1.90+2.3 0.79
Estradiol™ (pg/mL) 222+128.1 87.4+141.2 16.3+90.0 0.74
Progesterone® (ng/mL) 02+3.4 02+17.8 0.3+9.2 0.10
Testosterone® 3.8+2.1 4.1+2.1 4.0+0.4 1.00

Friedman test was conducted, and the p-value was indicated in the column. Post hoc testing was conducted
using the Wilcoxon signed-rank test. *Significant difference between baseline and 5 years. °Significant dif-
ference between 6 months and 5 years; *Only for male subjects (n=4); * Only for female subjects (n=7).
WBC, white blood cells; HCT, haematocrit; MCV, mean corpuscular volume; ESR, erythrocyte sedimen-
tation rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HbAIc, glycated haemoglobin;
hs-CRP, high-sensitivity C-reactive protein; IgE, immunoglobulin E; IGF-I, insulin growth factor-1;
PSA, prostate-specific antigen, AFP, alpha fetoprotein; GGT, gamma-glutamyl transferase; AST, aspar-
tate transferase; ALT, alanine transaminase; A/G ratio, albumin/globulin ratio; FEVI, forced expiratory
volume; FVC, forced vital capacity; eGFR, estimated glomerular filtration rate; 7SH, thyroid-stimulating
hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; DHEAS, dehydroepiandrosterone

sulfate. Boldfaced entries are to emphasized the significant changes (p <0.05) for the parameters

mark compared to values at 6 months, but these levels also
remained well within the normal range.

Several important markers representing liver function,
namely total protein, bilirubin, alkaline phosphate, gamma-
glutamyl transferase (GGT), aspartate aminotransferase
(AST), and alanine transaminase (ALT), as well as markers
for renal function such as creatinine, estimated glomerular
filtration rate (eGFR) and urea, were all within normal ranges
and showed no significant differences from baseline values.

The lung function tests, represented by forced expira-
tory volume in 1 s (FEV1) and forced vital capacity (FVC),
decreased significantly when comparing baseline measure-
ments to those at 5 years. However, the FEV1/FVC ratio
remained stable. Other indicators of allergy and inflamma-
tion, such as high-sensitivity C reactive protein (hs-CRP)
and immunoglobulin E (IgE) levels, remained low and
within the normal range for both groups.

Despite some subjects being over 60 years old, hormone
levels such as dehydroepiandrosterone sulfate (DHEAS),

Q

Fig.2 The levels of inflamma-

estradiol, progesterone and testosterone remained compara-
ble to baseline levels. However, insulin-like growth factor-1
(IGF-1) significantly decreased over the 5-year period.

Secondary Outcomes: Inflammatory Cytokines
and Growth Factors

The same inflammatory markers and growth factors were
measured to understand the effect of CLV-100 on biomark-
ers at different time points. All data from the LD and HD
groups were computed, and baseline and 5-year values were
plotted (Fig. 2). Yet, within the LD group, data from two
samples at the baseline time point became unusable due to
sample degradation. Data showed that the pro-inflamma-
tory TNF-a (89.6+48.0 pg/mL vs<7.4 pg/mL; p<0.01)
and IL-6 (14.0+7.7 pg/mL vs 1.52+5.7 pg/mL; p <0.01)
decreased significantly, while the anti-inflammatory IL-1Ra
(477.3+186.5 pg/mL vs 651.7+862.2 pg/mL; p=0.021)
increased significantly from baseline to 5 years. Note

o

All groups All groups
tory markers (a) and growth N o
fi inall (n=11 1500 ) 60000 -
actors (b) in all (n )groups -y B Baseline - = Baseline

comparing between baseline £ £ 50000- iL
and 5-year follow-up. Wilcoxon \g ggg' = S year \g 3 5 year
signed-rank test was conducted =1 300: o - =y 40000+ i
to compare the two time points. o = © 30000 ¥
#p <0.05, #p <0.01 ® 30 - ® 1500 ) **

E ‘E * %

8 20 | 8 1000+

§ 104 § 500+

(3] (3]

0- 0- Ll
TNF-o IL-6 IL-1Ra HGF  VEGF TGF-p

@ Springer

Inflammatory markers Growth factors



Regenerative Engineering and Translational Medicine

that for subjects with values falling outside the standard
curve, the lowest detection concentrations were reported,
which are 7.4 pg/mL for TNF-a and 1.5 pg/mL for IL-6.
On the other hand, levels of HGF (900.0+489.2 pg/mL vs
195.6+176.0 pg/mL; p<0.01) and VEGF (420.9 +£466.3 pg/
mL vs 119.9 +50.5 pg/mL; p <0.01) reduced, whereas
TGF-B (37,296.6 +9941.0 pg/mL vs 50,280.0 + 10,940.0 pg/
mL; p <0.01) increased during the 5-year follow-up.

When the biomarkers of the subjects were analysed sepa-
rately for LD and HD groups, as shown in Figs. 3 and 4,
significant differences were observed only in the HD groups.
In the HD groups, the level of IL-1Ra increased after CLV-
100 infusion and remained elevated at the 5-year follow-up
(478.3+196.5 pg/mL vs 1248.9+796.7 pg/mL; p=0.028).
High levels of IL-1Ra were concordant with low levels of
IL-6 (14.0+5.2 pg/mL vs 3.3+6.6 pg/mL; p=0.028) and
TNF-a (85.9+£43.0 pg/mL vs <7.4+2.12 pg/mL; p=0.028)
(Fig. 3a). Additionally, changes in serum growth factors
were monitored. In the HD group, VEGF (440.7 + 588.2 pg/
mL vs 126.0+97.5 pg/mL; p=0.028) and HGF

High dose (HD) group

*

i

Hm Baseline
= 5 year

Concentration (pg/ml)

T
IL-1Ra

TNF-o.

IL-6

Inflammatory markers

—_—

Concentration (pg/m

(938.3 +640.8 pg/mL vs 268.5 +145.2 pg/mL; p=0.028)
were significantly reduced, while TGF-f levels significantly
increased at 5-year follow-up compared to baseline values
(37,496.6 + 8331.8 pg/mL vs 52,380.0 +12,022.5 pg/mL;
p=0.028) (Fig. 3b). In contrast, none of these inflamma-
tory biomarkers and growth factors in the LD group showed
statistically significant differences between baseline and the
5-year follow-up (Fig. 4).

Indeed, when comparing the biomarkers between the
HD and LD groups, IL-1Ra (1248.9 +796.7 pg/mL vs
501.1+233.0 pg/mL, p=0.028) and HGF (268.5 +145.2 pg/
mL vs 123.24+59.9 pg/mL, p=0.045) showed a significantly
higher value in the HD group compared to the LD group at
the 5-year follow-up (Fig. 5).

Age plays a vital role in influencing the level of biomark-
ers. Further subgroup analyses were performed to investi-
gate the impact of CLV-100 infusion in different age groups,
namely the young group (< 60 years old) and the older group
(> 60 years old), categorised according to the Malaysian
government’s classification of elderly/senior citizens [19].
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Hl Baseline
[ 5 year
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Fig.3 The levels of inflammatory markers (a) and growth factors (b) in the high-dose (HD; n=6) group comparing between baseline and 5-year
follow-up. Wilcoxon signed-rank test was conducted to compare the two time points. *p <0.05
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Fig.4 The levels of inflammatory markers (a) and growth factors (b) in the low-dose (LD; n=3 in baseline, n=5 in 5 years) group comparing
between baseline and 5-year follow-up data. Wilcoxon signed-rank test was conducted to compare between two time points
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Fig.5 The levels of inflammatory markers (a) and growth factors (b) in the low-dose (LD; n=5) and high-dose (HD; n=6) groups during the
5-year follow-up. Mann—Whitney test was conducted to compare significant differences between LD and HD groups. *p <0.05

During the 5-year follow-up, six subjects were younger than
60 years old, while five subjects were 60 years old or older.
Both the LD and the HD groups consisted of three young
subjects; the LD group included two older subjects, and the
HD group had three older subjects. It was observed that
there was no significant difference in biomarkers between
younger and older subjects 5 years after CLV-100 infusion
(Fig. 6).

Discussion
CLV-100 Infusion is Safe in Medium-term

Our previous study demonstrated the safety and beneficial
immunomodulatory and anti-inflammatory effects of both
65 million cells and 130 million cells of CLV-100 infusions
in healthy subjects for up to 6 months [17]. In the current
study, the medium-term safety and potential efficacy of
CLV-100 infusion were evaluated over a 5-year follow-up
period. There were no complications, hypersensitivity or
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adverse events reported. Based on the assessments, clinical
parameters including full blood count, lipid tests, allergy
tests, liver function tests, lung function tests, renal profile,
and hormonal status remained within normal ranges. These
results indicate that administration of CLV-100 does not lead
to medium-term toxicity in major organs such as the lungs,
liver and kidneys. Importantly, none of the subjects were
diagnosed with cancer during the 5-year follow-up period.
Over the past 20 years, UCMSC therapy has been widely
regarded as safe and well-tolerated in clinical studies. How-
ever, concerns persist regarding potential long-term side
effects, including the risk of tumour formation. Circulating
tumour markers are common screening tools for early detec-
tion of cancers [20]. In our 5-year follow-up investigation,
there was no indication of underlying cancer in any of our
patients, as indicated by clinical examinations and serum
tumour marker levels, including total PSA, CA125, CA15.3,
and AFP, which remained consistent with their respective
baseline values. This outcome aligns with findings summa-
rised by Xie et al. (2020), indicating that UCMSCs do not

promote tumour formation but instead exhibit anti-tumour
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Fig.6 The levels of inflammatory markers (a) and growth factors (b) in the young (<60 years old; n=6) and older subjects (> 60 years old;
n=>5) during the 5-year follow-up. Mann—Whitney test was conducted to compare significant difference between young and older subjects
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properties (1). Although CA19.9 values in the HD group
increased significantly at 5 years compared to 6 months,
these values still remained within the normal range (<37
U/mL) as defined by Ballehaninna and Chamberlain [21].
Similarly, CEA, an important protein involved in endothe-
lial cell adhesion, proliferation, and migration, showed an
increase in the LD group at 5 years compared with base-
line and 6 months but remained within the normal range
(<3.0 pg/L) [22]. It is worth noting that CEA levels can be
influenced by the age of subjects, with healthy older sub-
jects typically exhibiting higher values than younger subjects
[23]. In general, all subjects appeared healthy with no signs
or symptoms suggestive of tumour development five years
post-CLV-100 infusion.

In summary, clinician consultations, examinations, over-
all blood test reports, and biomarker testing consistently
indicated the continued good health of all subjects. These
findings are consistent with previous studies demonstrat-
ing the safety of UCMSCs treatment in patients with severe
COVID-19 (2 years), type II diabetes (3 years), and systemic
lupus erythematosus (6 years) [11, 12, 14]. However, it is
important to acknowledge that diseased patients and healthy
subjects may respond differently to UCMSCs infusion, espe-
cially to varying doses and infusion regimens, leading to
diverse safety and efficacy outcomes. Moreover, factors such
as donor variations, culture conditions, isolation techniques,
cryopreservation methods, and thawing protocols can con-
tribute to the heterogeneity of UCMSCs, affecting their sta-
bility, biological functions and properties [24]. Therefore,
ongoing long-term monitoring of our participants following
CLV-100 infusion is essential to comprehensively assess its
safety and efficacy over time.

CLV-100 Infusion Sustained the Inmunomodulatory
Effects for Up to 5 Years

UCMSCs are widely recognised for their immunomodula-
tory properties, which help maintain immune homeostasis
in the host. They demonstrate pro-inflammatory effects
in response to insufficient immune system activation and
anti-inflammatory effects during excessive inflammatory
activities [25]. In our study, CLV-100 infusion appeared to
exert prolonged anti-inflammatory effects in healthy indi-
viduals, starting as early as day 2 after infusion, continuing
through day seven, one month later [17], and persisting up
to the 5-year follow-up, as indicated by high levels of IL-
1Ra. IL-1Ra acts as an antagonist of IL-1, regulating and
inhibiting the excessive systemic inflammatory effects of
IL-1 [26]. Previous research has demonstrated that MSCs
are effective in reducing damage and apoptosis of beta cells
in diabetes mellitus in vivo models through the induction
of IL-1Ra, which alleviates inflammation-induced injuries
caused by IL-1 [27]. In contrast, reduced levels of IL-1Ra

are associated with conditions such as cardiovascular dis-
ease, rheumatoid arthritis, and metabolic disorders [28, 29].
Interestingly, IL-1Ra levels differed significantly between
the HD and LD groups (Fig. 5), suggesting that the higher
dose of CLV-100 (130 million) exerts more pronounced
anti-inflammatory properties. Nevertheless, it is important
to note that elevated IL-1Ra levels have also been linked
to an increase risk of developing metabolic syndrome. In
healthy subjects aged 50-85 years, men typically exhibit
IL-1Ralevel of 133—137 pg/mL, while women exhibit levels
of 117-144 pg/mL [30]. A threshold of over 408 pg/mL for
IL-1Ra is suggested as indicative of prediabetes [29]. During
our baseline screening and follow-ups, the healthy subjects
showed high levels of IL-1Ra (>400 pg/mL). However, no
clinical manifestations such as abnormal glucose screening
tests, lipid profiles or BMI were observed in the majority of
subjects. There was an exception noted with increased insu-
lin levels at the 5-year follow-up, but it remained within the
normal range (3—15 mIU/L) [31]. Only one subject devel-
oped high cholesterol within this 5-year period.

Correspondingly, our study demonstrated a progressive
decrease in IL-6 and TNF-« levels starting from day two
after CLV-100 infusion, continuing through day 7, 1 month,
6 months [17], and remaining low at 5 years. These find-
ings are consistent with previous publications indicat-
ing that UCMSC infusion reduced the expression of pro-
inflammatory markers, including IL-1, IL-6, IL-8, TNF-a,
and CRP in conditions such as arthritis (1) and sepsis [32].
The decline in pro-inflammatory markers can be attributed
to the inverse relationship between IL-1Ra and IL-6/TNF-a,
where an increase in IL-1Ra subsequently leads to decreased
IL-6 and TNF-a levels. High levels of IL-6 and TNF-a are
associated with an increased risk of coronary artery disease
and metabolic syndrome. Hence, persistent low expres-
sion of these markers is beneficial for overall health [33,
34]. It is noteworthy that the decreased levels of IL-6 and
TNF-a in our study did not indicate an immunosuppressed
state in healthy subjects. In fact, their baseline IL-6 (LD:
18.6 £11.54 pg/mL; HD: 14.0+5.2 pg/mL) and TNF-«
(LD: 113.4+15.3 pg/mL; HD: 85.9+43.0 pg/mL) levels
were higher than the reference range (TNF-a: 0.65-0.80 pg/
mL and IL-6: 1.23-9.38 pg/mL) [35, 36], indicating a sub-
clinical state of high inflammation before CLV-100 infu-
sion, although the absence of clinical disease manifestations.
This observation is consistent with the report by Tylutka
et al. (2023), where high levels of IL-6 (41.0+26.3 pg/mL)
and TNF-a (72.3 +28.5 pg/mL) were detected in patients
without metabolic syndrome, suggesting these markers as
potential prediagnostic indicators for metabolic syndrome
[37]. In our study, 5 years after CLV-100 infusion, the levels
of IL-6 and TNF-a fell within the normal range. The normal
reference range of each cytokine marker in healthy subjects
is presented in Supplementary Table S1.
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In this study, we also assessed the levels of HGF, VEGF,
and TGF-p, the key growth factors and cytokines involved
in inflammation-associated diseases. These factors regulate
cellular proliferation, angiogenesis, tissue remodelling, and
immune responses [38—46]. During the 5-year follow-up,
the levels of HGF and VEGF in the subjects were lower,
falling within the normal range for healthy subjects in this
cohort (median age: 56.0 years) (HGF: 319-1475 pg/mL,;
VEGF: 46-983 pg/mL) [47, 48]. Under certain conditions,
HGEF can drive pro-inflammatory effects that contribute to
the progression of diseases associated with persistent inflam-
mation. HGF is recognised as an independent predictor of
coronary heart disease, heart failure, stroke, and atheroscle-
rosis progression [39, 49-52], and elevated serum levels of
HGF have been observed in individuals with cardiovascular
disease (CVD) risk factors such as smoking, obesity, hyper-
tension, and diabetes [40, 52-55]. Therefore, the generally
low HGF levels observed in both dose groups of healthy sub-
jects may indicate the absence of underlying diseases linked
to chronic inflammation. The VEGF levels were also low
in all subjects in this study, which was consistent with the
serum tumour marker levels aforementioned. While VEGF
is crucial for angiogenesis and tissue repair after ischemic
events, its dysregulation can contribute to chronic inflam-
mation and tumour formation [56, 57]. Recent data demon-
strated a strong link between chronic inflammation, angio-
genesis, and the development of cancer. It is reported that
the vascular changes associated with angiogenesis not only
occur in cancer but also in other diseases in which chronic
inflammation plays a major role, including cardiovascu-
lar disease, rheumatoid arthritis, diabetic retinopathy and
asthma [42, 43]. Given that none of the subjects have cancer
and other chronic inflammation related diseases, we are reas-
sured that UCMSC:s infusion does not induce pro-angiogenic
effect in patients without ischemic conditions. The third
growth factor assessed was TGF-, a pleiotropic cytokine
involved in both suppressive and inflammatory immune
responses. Despite the significant increase in TGF-p levels
compared to baseline, these values remained within the nor-
mal range. Okamoto et al. (2005) reported a mean TGF-
level of 40,300+ 17,700 pg/mL in Japanese subjects aged
21 to 67 years old [58], further supporting the normalcy of
our findings. Maintaining TGF-f level within normal range
is critical as inadequate TGF-f signalling can result in dys-
regulation of naive T cell proliferation, leading to an over-
active immune system and impaired immune homeostasis,
potentially contributing to autoimmune diseases, chronic
inflammation, or excessive immune responses [44—46, 59].

Our results suggest that UCMSCs have the potential to
modulate key pro-inflammatory cytokines and growth fac-
tors, though their effects may vary depending on factors
such as the inflammatory environment, physiological con-
ditions, and type of diseases. These findings highlight the
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complexity of UCMSC therapy and emphasise the need for
further research to fully understand the mechanisms underly-
ing their immunomodulatory and regenerative properties.

Potential Effect of CLV-100 Infusion on Aging
and Frailty

Another intriguing finding from our data is the potential of
CLV-100 to mitigate the ageing process in elderly individu-
als. Ageing is characterised by the progressive deterioration
of biological, physiological and psychological functions in
the human body, often related to underlying inflammatory
causes [60]. Ageing individuals typically exhibit high lev-
els of pro-inflammatory cytokines such as TNF-a and IL-6
[61], which are associated with an increased risk of age-
related diseases [62]. Additionally, declines in liver and
kidney function, sex hormones, metabolic function, and
increased prevalence of obesity are commonly observed
with ageing [63, 64]. During the 5-year follow-up, it was
observed that two subjects experienced a drop in BMI from
normal to underweight, and most subjects showed a mild
reduction in lung function, which remained within normal
parameters. These occurrences are common manifestations
of ageing, where physiological changes such as alterations
in body composition, reductions in muscle mass index and
bone density, are observed [63, 64]. Ageing also affects the
respiratory system, leading to a loss of elasticity in both
the airways and lung parenchyma, thinning of bones, and
changes in the shape of the ribcage [65, 66], which conse-
quently affect spirometric parameters. These changes corre-
spond with elevated TGF-f levels observed at 5 years, which
are involved in the regeneration of bone, cartilage, and skin
during ageing [67].

Nevertheless, our study demonstrated that after 5 years,
levels of the major organ parameters remained compara-
ble, and the levels of pro-inflammatory cytokines reduced
markedly compared to baseline in both dose groups, sug-
gesting a potential protective outcome of CLV-100 against
the effects of ageing. Specifically, serum testosterone lev-
els were maintained in the subjects despite the expected
decrease with age [68]. The IGF-1 levels declined to
within the normal range (95-168 ng/mL) [69] at 5 years,
indicating healthy ageing, as prolonged elevation of IGF-1
levels is generally undesirable due to their potential con-
tribution to tumourigenesis [70]. Although ESR showed
a significant elevation, the level remained within the nor-
mal range (< 30 mm/h) for individuals > 50 years old [71].
Importantly, all subjects, regardless of age, maintained a
low inflammatory state (hs-CRP and ESR) and consist-
ent levels of renal, liver, metabolic and hormonal markers
over the five years. This effect may be partly attributed to
the potential ability of UCMSCs to reduce local reactive
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oxygen species and support regeneration through paracrine
effects [72], which could help delay the cellular ageing
process and maintain cellular homeostasis [73].

Previous reports have indicated that IL-1Ra levels
decrease with age, rendering the elderly more susceptible
to inflammation-related diseases [74]. Surprisingly, in this
study, IL-1Ra levels did not decrease with age and were
even higher than baseline in older subjects. None of the
biomarkers in older subjects were significantly different
from younger subjects (< 60 years old), suggesting a lack
of age-related manifestation after 5 years. Taken together,
our findings suggest that CLV-100 infusion may contrib-
ute to health maintenance in older subjects. However, it
is important to note that as this study does not include a
control arm, the observed effects are not definitively attrib-
uted solely to the CLV-100 infusion. The results may also
be influenced by other factors, such as lifestyle choices,
physical activity, nutrition, social engagement, and men-
tal health strategies. It is possible that the subjects in this
study are engaging in a combination of positive behaviours
and lifestyle choices that might contribute to their overall
physical and mental well-being.

Limitation

Despite the promising outcomes of this 5-year follow-up
study, several limitations warrant consideration. Firstly,
due to limited serum availability, a multiplex array kit
was utilised to quantify the levels of IL-6, TNF-a, IL-
1Ra, VEGF, and HGF instead of the ELISA kits used in
our previous study. Moreover, IL-10 and prostaglandin
E2 were excluded from analysis because previous data on
these biomarkers were extrapolated and inappropriate for
direct comparison with the current study, and there was
insufficient remaining blood serum for additional testing.
This study also lacked a parallel placebo group as a con-
trol. The primary focus of our investigation was to confirm
the medium-term safety and examine potential side effects
of CLV-100 in healthy subjects. As such, the absence of a
control group may limit the ability to make direct compari-
sons and draw definitive conclusions about the observed
effects whether they are directly attributable to CLV-100
or due to other factors including changes in lifestyles, diet,
psychological adaptation and other environmental fac-
tors. Lastly, no follow-up was conducted between 2019
and 2022 due to the COVID-19 pandemic and movement
control orders in Malaysia, resulting in a missing gap in
the data for the 1-year and 2-year follow-up periods. Con-
sidering these limitations, a larger, randomised controlled
trial is believed to be necessary to confirm these findings
and to better isolate the impact of CLV-100 infusion from
other potential contributing factors.

Conclusion

This 5-year follow-up study represents the first investi-
gation to demonstrate the medium-term safety profile of
CLV-100, a single administration of low or high doses of
human umbilical cord-derived MSCs, in healthy subjects.
Notably, no treatment-related adverse events, major health
conditions or risk of tumour formation were reported
throughout the study period, highlighting the safety of
CLV-100 in this cohort. Significant immunomodulatory
and anti-inflammatory effects of CLV-100 were observed,
persisting for up to 5 years in both dose groups, with a
more pronounced effect noted in the high-dose group.
Interestingly, parameters of organ health remained stable
after 5 years, even in subjects over 60 years of age, sug-
gesting that the long-term effects of CLV-100 may have
potential protective benefits against age-related health
decline. This study represents a pioneering effort in
exploring the possible applications of UCMSC:s for frailty
in clinical settings. Further research is warranted to fully
explore the therapeutic potential of UCMSCs in aging and
inflammation-related diseases.
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