Pre prints.org

Article Not peer-reviewed version

Membrane-Free Stem Cell Extract (MF-
STEM) Improves Clinical Outcomes and
Reduces Recurrence in Canine and
Feline Osteoarthritis: A Real-World
Controlled Study of 271 Cases

Miae Lee, Yongsoo Choi, Youngsil Kim i
Posted Date: 30 April 2026
doi: 10.20944/preprints202604.2135.v1

Keywords: osteoarthritis; membrane-free stem cell extract; MF-STEM,; cell-free therapy; intra-articular
injection; recurrence rate; regenerative medicine

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC, OpenAlex.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/5254961
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 April 2026 d0i:10.20944/preprints202604.2135.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Membrane-Free Stem Cell Extract (MF-STEM)
Improves Clinical Outcomes and Reduces Recurrence
in Canine and Feline Osteoarthritis: A Real-World
Controlled Study of 271 Cases

Miae Lee ?, Yongsoo Choi 2 and Youngsil Kim 3*

! The Prime Animal Hospital, Busan 48316, Republic of Korea
2 Yong Animal CT & MRI Medical Center, Changwon 51508, Republic of Korea
3 Tiara Clinic Stem Cell Institute, Changwon 51509, Republic of Korea

* Correspondence: sekeilu@gmail.com

Simple Summary

Osteoarthritis is a common and progressive disease in dogs and cats that leads to chronic pain and
reduced mobility. Current treatments, including intra-articular hyaluronic acid injections, mainly
provide symptomatic relief and have limited effects on slowing disease progression. Recently, cell-
free therapies have emerged as promising alternatives with potential advantages in safety and
practical clinical application. In this study, membrane-free stem cell extract (MF-STEM) was
evaluated in animals with osteoarthritis under real-world clinical conditions. Compared with
conventional treatment, MF-STEM showed improved clinical outcomes, including higher recovery
rates and markedly lower recurrence within one year. No treatment-related adverse events were
observed. These findings suggest that MF-STEM may provide sustained therapeutic benefits and may
have the potential to influence disease progression, representing a promising treatment option for
managing osteoarthritis in companion animals.

Abstract

Osteoarthritis (OA) in companion animals is a progressive and debilitating condition for which current
treatments primarily provide symptomatic relief without modifying disease progression. Cell-free
regenerative approaches have recently emerged as promising alternatives. This study evaluated the
clinical effectiveness of membrane-free stem cell extract (MF-STEM) in canine and feline osteoarthritis in
comparison with intra-articular hyaluronic acid in a real-world clinical setting. A total of 271 animals were
enrolled, including an MF-STEM group (n = 210) and a control group (n = 61), with treatment allocation
based on owner preference. Clinical outcomes were assessed using the Joint Evaluation Index (JEI), along
with recovery and recurrence rates. MF-STEM treatment resulted in a marked reduction in JEI scores (12.3
— 2.2), compared with a more limited decrease in the control group (11.3 — 7.0). The recovery rate was
significantly higher in the MF-STEM group (93.3% vs. 32.8%), while the recurrence rate within one year
was substantially lower (2.4% vs. 60.6%). No treatment-related adverse events were observed (0%).
Although the non-randomized design limits causal interpretation, key baseline characteristics were
generally comparable between groups, and consistent improvements were observed across multiple
outcome measures in a relatively large real-world cohort. In conclusion, MF-STEM demonstrated
clinically meaningful improvements in canine and feline osteoarthritis and may suggest a potential to
influence disease progression with sustained therapeutic benefits. Further randomized controlled and
mechanistic studies are required to confirm these findings.

Keywords: osteoarthritis; membrane-free stem cell extract; ME-STEM; cell-free therapy;
intra-articular injection; recurrence rate; regenerative medicine
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1. Introduction

Osteoarthritis (OA) is a common and progressive joint disorder in companion animals,
characterized by chronic pain, inflammation, and functional impairment [4,9,11,20,22]. Despite its
high prevalence, current therapeutic strategies remain largely palliative, focusing on symptom
control rather than modification of disease progression [13,23,24]. Intra-articular hyaluronic acid is
widely used in veterinary practice; however, its effects are primarily transient and do not adequately
address the underlying pathological processes [21,29-31]. This limitation highlights the need for
novel therapeutic approaches that provide sustained clinical benefits and potentially alter disease
trajectory.

Recent advances in regenerative medicine have underscored the therapeutic potential of
mesenchymal stem cells (MSCs), largely mediated through paracrine signaling mechanisms [1,2,19].
In this context, cell-free approaches have gained increasing attention due to their improved safety,
stability, and regulatory advantages compared with cell-based therapies [15,17,19,25,27,28].
Membrane-free stem cell extract (MF-STEM) is a protein-based, cell-free therapeutic that retains key
bioactive components derived from stem cells while minimizing risks associated with live cell
administration [7,10,14]. The conceptual production process of MF-STEM is illustrated in Figure 1.
Preclinical and proteomic studies suggest that MF-STEM may modulate inflammatory pathways and
promote tissue regeneration [3,5,12].

The present study aimed to evaluate the clinical efficacy of MF-STEM in canine and feline
osteoarthritis using a large clinical cohort. Importantly, this study was designed to reflect real-world
clinical decision-making, thereby enhancing the practical applicability and translational relevance of
the findings.

Membrane Free Stem Cell Extract (MF-STEM)

MF-STEM = Stem cell removed cell membrane = Intracellular active ingredients

Cultured Stem Cell Removed Cell Membrane MF-STEM
(2™ generation) to eliminate immune rejection (3" generation)

Medium NS fid stemcell  JL MESTEM 4\ Cell membrane

Figure 1. Concept of membrane-free stem cell extract (MF-STEM). Schematic illustration of membrane removal

and isolation of intracellular bioactive components from stem cells.

2. Materials and Methods

2.1. Study Design

This study was conducted as an active-controlled clinical study involving n = 271 animals
diagnosed with osteoarthritis. Animals were allocated to an MF-STEM group (n = 210) or a control
group receiving hyaluronic acid (n = 61) based on owner preference following informed consent. The
overall study design is illustrated in Figure 2.
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Figure 2. Study design. Overall clinical workflow, including diagnosis, treatment allocation, and outcome

evaluation.

2.2. Study Population

Table 1 summarizes the study population, in which a total of n = 271 animals were assigned to
the ME-STEM group (n = 210) and the control group (n = 61) based on owner preference. The cohort
included n = 251 dogs and n = 20 cats. Joint involvement was distributed as follows: knee joints (n =
138), hip joints (n = 93), wrist joints (n = 24), and rheumatoid-type arthritis (n = 15).

Table 1. Distribution of species and joint involvement in the study population (n = 271).

Category Control (n=61) Test (n=210) Total (n=271)
Canine 59 192 251 (92.6%)
Feline 2 18 20 (7.4%)
Knee 44 94 138 (50.9%)
Hip 9 84 93 (34.3%)
Wrist 7 17 24 (8.9%)
Rheumatoid 4 11 15 (5.5%)

Table 2 presents the distribution of age and arthritis severity between groups. Both parameters
were comparably distributed, with no significant differences in mean age or disease severity between
groups (p > 0.05). The diagnosis of osteoarthritis was established based on clinical signs, orthopedic
examination, radiographic findings, and blood chemistry analysis.

Table 2. Baseline comparability between the study groups.

Distribution Control Test
Mean age 9.6x3.8 8.6x4.2
Arthritis Severity (total JEI score ) 11.3+1.8 12.3+1.9

Note: Key baseline characteristics were evenly distributed (p > 0.05).

2.3. Ethics/Animal Welfare

All animals included in this study were client-owned companion animals maintained under
routine home-care conditions by their owners. No experimental housing or laboratory confinement
was involved.
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Intra-articular injections were performed under standard clinical restraint and procedural
conditions in veterinary practice. All procedures were conducted in accordance with accepted
veterinary clinical guidelines, and animals were monitored for adverse events throughout the
treatment and follow-up periods.

No systemic concomitant medications were administered during the study period unless
clinically indicated.

2.4. Preparation of MF-STEM

ME-STEM was derived from adipose-derived mesenchymal stem cells under standardized
laboratory conditions. Cells were processed to remove cellular membranes while preserving
intracellular bioactive components (Figure 1).

The extraction process involved cell disruption, membrane removal, and purification of
intracellular soluble fractions, followed by freeze-drying. All batches were produced under
controlled conditions to ensure consistency, and sterility was confirmed prior to clinical use.

2.5. Treatment Protocol

All animals received intra-articular injections once weekly for four consecutive weeks. A

comparison of treatment regimens between the MF-STEM and control groups is summarized in Table
3.

Table 3. Comparison of treatment regimens between groups.

Treatment Control Test
Intra-articular injection Hyaluronic acid MF-STEM
Oral medication None None

The dosing strategy for MF-STEM according to body weight is presented in Table 4. Animals
weighing <10 kg received one vial per injection, those weighing 10-19 kg received 0.1 vial per kg
body weight, and animals weighing >20 kg received a maximum of two vials per injection. Each vial
contained 0.1 g of freeze-dried MF-STEM, which was reconstituted with 2 mL of sterile solvent prior
to administration.

Table 4. MF-STEM dosing according to body weight.

Body weight Dose
1-10 kg 1 vial/week (minimum)
11-19 kg 0.1 vial/kg/week
>20 kg 2 vials/week (maximum)

Note: injected once weekly for 4 weeks.

The control group received intra-articular injections of hyaluronic acid at comparable volumes.
No systemic medications were administered in either group. The anatomical intra-articular injection
technique is illustrated in Figure 3.
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Figure 3. Intra-articular injection technique. Anatomical approach used for joint injection.

2.6. Joint Evaluation Index (JEI)

Clinical outcomes were assessed using a composite Joint Evaluation Index (JEI), consisting of
four parameters: pain (JEI-1), limp (JEI-2), vitality (JEI-3), and X-ray findings (JEI-4). Each parameter
was scored on a scale from 0 to 4, yielding a total score ranging from 0 to 16. The JEI was developed
based on widely accepted clinical scoring systems in veterinary orthopedics, integrating both clinical
[32-34] and radiographic [35,36] assessments to enhance practical applicability.

Detailed scoring criteria for each parameter are provided in Tables 5-8. The classification of
osteoarthritis severity based on the total JEI score (JEI = JEI-1 + JEI-2 + JEI-3 + JEI-4) is summarized

[32,36] in Table 9.
Table 5. Joint Evaluation Index-1 (JEI-1): Pain score criteria.
Score Evaluation criteria
No swelling or redness around the joint;
0 (normal)

No signs of pain on palpation

No swelling or redness around the joint;

1 (minimal . . .
( ) Pain on palpation is reported less than once out of several times

Mild swelling or redness around the joint is observed;

2 (mild) A faint sound is heard or pain is complained of when palpated

Clear swelling and redness around the joint are confirmed;

3 (moderate) When palpated, there is a sound or pain is complained of

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Severe swelling and redness around the joint;
4 (severe) Severe pain when palpated, and attempts to bite or scream
Reference: [32].
Table 6. Joint Evaluation Index-2 (JEI-2): Limp score criteria.
Score Evaluation criteria
0 (normal) Normal, no limp
1 (minimal) A slight limp in gait
2 (mild) Walking with a slight limp
3 (moderate) Usually walks with a slight limp
4 (severe) Walking with a limp or lifting a leg
References: [33,34].
Table 7. Joint Evaluation Index-3 (JEI-3): Vitality score criteria.
Score Evaluation criteria
0 (normal) Looks comfortable
1 (minimal) It looks tense and relaxed at the same time
2 (mild) Looks tense and uncomfortable
3 (moderate) Panting or looking sick
4 (severe) It looks like it hurts a lot and its condition is very bad
Reference: [32].
Table 8. Joint Evaluation Index-4 (JEI-4): X-ray score criteria.
Score Evaluation criteria
0 (normal) No features of arthritis
1 (minimal) Mild loss of muscle mass, unclear joint swelling
2 (mild) Mild muscle mass loss, visible joint swelling
3 (moderate) Clear muscle mass loss, clear joint swelling
4 (severe) Severe muscle loss, severe joint swelling

References: [35,36].

Table 9. Classification of arthritis severity based on total JEI score.

Total JEI score

(= JEI-1 + JEL-2 + JEI-3 + JEI-4) Assessment
0-5 Normal or recovered
6-10 Mild arthritis
11-16 Moderate to severe arthritis

References: [32,36].
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2.7. Outcome Measures

Primary outcome measures included changes in total JEI score, recovery rate, and recurrence
rate. Recovery was defined as a post-treatment JEI score <5, while recurrence was defined as a JEI
score >6 occurring within one year after treatment.

Secondary outcome measures included radiographic findings.

2.8. Safety Evaluation

Safety was evaluated by monitoring clinical signs throughout the treatment and follow-up
periods, including local injection site reactions, systemic adverse events, and behavioral changes.
When available, physical examinations and laboratory assessments, including complete blood count
and serum biochemistry, were also performed.

2.9. Statistical Analysis

Continuous variables were expressed as mean + standard deviation, and normality was assessed
using the Shapiro-Wilk test. Between-group comparisons were performed using independent t-tests,
and within-group comparisons using paired t-tests. When normality assumptions were not met,
nonparametric tests (Mann-Whitney U test or Wilcoxon signed-rank test) were applied.

Ordinal variables were analyzed using nonparametric methods. Total JEI scores, treated as
ordinal variables, were evaluated for within-group changes before and after treatment using the
Wilcoxon signed-rank test. Categorical variables were expressed as frequencies and percentages, and
comparisons between groups—including recovery rate and recurrence rate —were performed using
the chi-square test or Fisher’s exact test, as appropriate.

A p-value < 0.05 was considered statistically significant.

3. Results

3.1. Improvement in Joint Evaluation Index (JEI)

The ME-STEM group showed a marked reduction in total JEI scores (12.3 — 2.2), whereas the
control group demonstrated a more limited decrease (11.3 — 7.0). Within-group improvements were
statistically significant in both groups (p < 0.01, Wilcoxon signed-rank test), and post-treatment
differences between groups were also significant. These results are illustrated in Figure 4.

Overall arthritis

16.0

14.0 113
12.0 133
*k

10.0
6.0 o
4.0
2|2
2.0
0.0
Control group Test group

I Before m After **:p <0.01

Figure 4. Changes in Joint Evaluation Index (JEI). Comparison of total JEI scores before and after treatment

between groups.
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3.2. Species-Specific Outcomes

Both canine and feline patients exhibited significant clinical improvement following MF-STEM
treatment (p < 0.01, Wilcoxon signed-rank test). Species-specific outcomes are presented in Figure 5.

Canine arthritis Feline arthritis
16.0 140
14.0 —n 174 12.0 19.8 =
120 - 10.0 *k
*k . r |

10.0 f 8.0

8.0 ' 5B o

*k

6.0 ‘ 6.0 :
4.0 40 2|4

’o ; 20

0.0 0.0

control test control test
A mbefore mafter  #%.5<(,0] B mbefore mafter  *. p<0.01

Figure 5. Species-specific outcomes. Treatment responses in canine (A) and feline (B) subgroups.

3.3. Recovery Rate

The recovery rate was significantly higher in the MF-STEM group compared with the control
group (93.3% vs. 32.8%, p < 0.01, chi-square test). Recovery was defined as achieving a JEI score <5
after treatment. These results are shown in Figure 6.

Recovery rates in overall arthritis

100.0% 93.3%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0% 32.8%
30.0%
20.0%
10.0%
0.0%

* %

Recovery rate

**:p<0.01

m Control group M Test group

Figure 6. Recovery rate comparison between groups. Recovery was defined as achieving a JEI score <5 after

treatment.
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3.4. Subtype Recovery Rate

High recovery rates were consistently observed across all joint subtypes in the MF-STEM group.
Subtype-specific recovery rates are presented in Figure 7.

Recovery rates in subtype arthritis
(test group)
102%
100% 100%
100%
98%
Recovery rate in subtype arthritis 96%
(control group) - 94%
32%

40% o 92%
0% 88%

knee wrist rheumatoid B knee wrist rheumatoid

Figure 7. Subtype recovery rate. Recovery outcomes across different osteoarthritis subtypes.

3.5. Recurrence Rate

The recurrence rate within one year was significantly lower in the MF-STEM group compared
with the control group (2.4% vs. 60.6%, p < 0.01, Fisher’s exact test). Recurrence was defined as a JEI
score 26 during the follow-up period. These findings are illustrated in Figure 8.

Recurrence rate in overall arthritis

70.0%

60.6%

60.0%
50.0%
40.0%
30.0% *
20.0%

0
10.0% 2.4%

0.0%
Recurrence rate

% p < 0.01

m Control group mTest group

Figure 8. Recurrence rate comparison between groups. Recurrence was defined as a JEI score 26 within one

year after treatment.
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3.6. Subtype Recurrence Rate

Low recurrence rates were consistently observed across all joint subtypes in the MF-STEM
group. Subtype-specific recurrence rates are shown in Figure 9.

Recurrence rate in subtype arthritis

(control group)
Q 67% e
S0%
30%
20
10%
%
hip wrist

Figure 9. Subtype recurrence rate. Recurrence rates across different osteoarthritis subtypes.
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. 0% 0%
0'.’ e

hit e s heumato
rheumatoid B p knee wrist rheumatoid

3.7. Radiographic Findings

Radiographic evaluation demonstrated reduced joint swelling and smoother articular surfaces
following MF-STEM treatment. In some cases, decreased osteophyte formation and increased joint

space were also observed. Representative images of knee and hip joints are presented in Figure 10.

Figure 10. Radiographic changes in knee and hip joints. Representative radiographic images before (A) and
after (B) MF-STEM treatment.

3.8. Safety Evaluation

No local or systemic adverse events were observed in animals treated with MF-STEM, including
injection site reactions or behavioral abnormalities (0% incidence).

4. Discussion

The present study evaluated the clinical effectiveness of MF-STEM in canine and feline
osteoarthritis in a real-world veterinary setting, in comparison with intra-articular hyaluronic acid.
Across multiple outcome measures, including Joint Evaluation Index (JEI) scores, recovery rates, and
recurrence rates, MF-STEM demonstrated superior clinical outcomes. These findings suggest that
MEF-STEM may provide benefits beyond symptomatic relief. Notably, the sustained reduction in
recurrence rates over a one-year follow-up period supports the possibility of longer-lasting
therapeutic effects compared with conventional intra-articular treatments [4,13].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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From a mechanistic perspective, although molecular pathways were not directly investigated in
this study, the observed outcomes are consistent with previously reported effects of stem cell-derived,
cell-free therapeutics. Prior studies have demonstrated modulation of key inflammatory signaling
pathways, including NF-kB and MAPK, as well as activation of regenerative pathways such as TGF-
[ signaling [3,5,6,12,26]. Proteomic analyses have also identified functional components, including
integrin f1 and annexin Al, which are associated with extracellular matrix stabilization and
resolution of inflammation [8,14,16,18]. These integrated mechanisms are summarized in Figure 11
and provide biological plausibility for the observed clinical effects.

TGF-B 1
Collagen 1
" .~ "MMPs | 3
‘0 s . o® ‘v
B .~ Anabolic factor promotion
Pain eyt Catabolic factor inhibition
w X W N 300
R yemwason Cartilage regeneration
PV Yy 7L MF-STEM
=P Sen > -
inflammation Anti-inflammatory
NF-xB pathway inhibition
MAPKs pathway inhibition’
A
. Cytokine | ’
*+.NOI|
PGE; 1~
COox-2
. :‘;:o::;lw,w- 7 wihante MF-STEM Anti-infarmmatory factor O Catiage cots

Figure 11. Therapeutic mechanism of MF-STEM. MF-STEM suppresses inflammatory pathways (NF-kB and
MAPK) and promotes tissue regeneration through activation of regenerative signaling pathways, including
TGEF-B.

Several important limitations should be considered.

First, this was a non-randomized observational study, and treatment allocation was based on
owner preference, which may introduce selection bias and unmeasured confounding. However, key
baseline characteristics, including age and osteoarthritis severity (JEI scores), were generally well
balanced between groups (Table 2), suggesting that the impact of selection bias may be limited.

Second, blinding was not implemented due to the nature of real-world clinical practice. While
this may introduce observer bias in subjective outcome measures, it also reflects routine veterinary
clinical decision-making and enhances the practical applicability of the findings.

Third, the Joint Evaluation Index (JEI), although designed to integrate clinical and radiographic
assessments, has not yet been formally validated as a standardized scoring system. Nevertheless,
given the current lack of comprehensive evaluation tools in veterinary medicine that simultaneously
incorporate clinical and imaging-based findings, the development and application of such an
integrative index based on real-world clinical data may represent a meaningful step forward. Further
studies are required to establish its reproducibility, inter-observer reliability, and external validity.

Fourth, the observational nature of the study limits causal inference, and the relatively large
effect size observed should be interpreted with caution.

Despite these limitations, the present study provides several important contributions.

First, this study was conducted in a relatively large cohort under real-world veterinary clinical
conditions, reflecting routine practice rather than controlled experimental settings. This enhances the
external validity and clinical applicability of the findings.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Second, consistent improvements were repeatedly observed across multiple independent
outcome measures, including JEI scores, recovery rates, and recurrence rates. This convergence across
diverse clinical endpoints strengthens the reliability of the findings beyond reliance on a single
measure.

Third, the sustained reduction in recurrence rates over a one-year follow-up period suggests the
potential for longer-term therapeutic effects beyond short-term symptomatic relief, highlighting a
key distinction from conventional treatments.

Fourth, this study represents one of the larger clinical datasets evaluating a cell-free stem cell-
derived therapy in veterinary osteoarthritis, providing valuable groundwork for the design of future
randomized controlled and mechanistic studies [15,17,19].

Taken together, these results suggest that MF-STEM may represent a clinically meaningful
treatment option for veterinary osteoarthritis. Further randomized controlled trials, double-blind
studies, and mechanistic investigations are warranted to confirm these findings and to better define
its potential role in influencing disease progression [13,23,24].

5. Conclusion

MF-STEM demonstrated consistent and clinically meaningful improvements in canine and
feline osteoarthritis, including reduced JEI scores, higher recovery rates, and lower recurrence
compared with intra-articular hyaluronic acid. These findings suggest the potential for sustained
therapeutic effects beyond short-term symptom relief.

Although the observational study design limits causal interpretation, the consistent outcomes
observed in a relatively large real-world cohort support its clinical relevance. Further randomized
controlled and mechanistic studies are required to validate these findings.
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