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Abstract

Background Current barriers to achieving radical life extension include the inability to use syngeneic, youthful
mesenchymal stem cells (MSCs) and the anti-regenerative effects of senescence-associated secretory phenotype
(SASP) factors. We aim to overcome this by a combination approach in which senescent cell burden is reduced
utilizing SenoVax™ a dendritic cell based senolytic immunotherapy combined with syngeneic pluripotent stem cell
derived MSC.

Methods We induced hepatic injury and accelerated aging using two established murine models: carbon
tetrachloride (CCl,) mediated liver injury and doxorubicin induced systemic senescence. Animals were treated with
control, SenoVax, pMSCs or the combination. Outcomes included biochemical and histologic indices of liver injury,
circulating and tissue biomarkers of senescence (IL-11, YKL-40, IL-6, IL-23 R) and regeneration (Klotho, FGF-2, neo-VEGF,
GDF-11),

Results Both CCl, and doxorubicin induced a robust senescent phenotype characterized by increased pro-
inflammatory and pro-fibrotic mediators and downregulation of regenerative biomarkers. Combined senolytic

and pMSC therapy outperformed mono therapies and produced clear synergistic benefits, including significant
biochemical improvement of liver failure parameters, reversal of accelerated aging features, and restoration of
regenerative signaling pathways. Senolytic monotherapy yielded partial improvements, while pMSCs alone showed
limited activity in the presence of a high senescent-cell burden.

Conclusions These findings support a mechanistic model in which senescent cells and SASP factors directly
suppress MSC-mediated tissue repair. Targeted senolytic immunotherapy enhances the efficacy of regenerative
interventions and represents a promising combinatorial strategy for chronic disease management and potentially for
modifying biological aging itself.

Clinical trial number Not applicable.
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Introduction

Regenerative medicine, particularly through stem cell-
based therapies, holds immense potential for treating
chronic diseases and mitigating the effects of aging by
restoring tissue function and homeostasis. Mesenchymal
stem cells (MSCs), have been extensively investigated for
their paracrine effects, immunomodulatory properties,
and capacity to promote tissue repair via secretion of
growth factors such as vascular endothelial growth factor
(VEGF) [1], and growth differentiation factor-11 (GDF-
11) [2], alongside anti-aging factors like Klotho [3]. Per-
sonalized MSC (pMSC™) are a type of autologous stem
cells developed by Immorta Bio which can be produced
in an “age-specific” manner by controlling the extent of
differentiation during generation from pluripotent stem
cells [4]. MSC are attractive from an anti-aging perspec-
tive because of the studies showing young MSC can sup-
press and in some cases even inhibit characteristics of
aging [5].

Despite promising preclinical outcomes, and one FDA
approval for an orphan disease [6], clinical translation
of MSC therapeutics remains limited, with many trials
demonstrating modest efficacy in conditions character-
ized by fibrosis, inflammation, and organ failure [7]. A
key barrier to successful regeneration is the accumula-
tion of senescent cells, a hallmark of aging and chronic
pathology that actively impedes stem cell function [8].

Senescent cells, induced by stressors such as oxidative
damage, telomere attrition, or chemotherapeutic agents,
enter a state of irreversible cell cycle arrest and secrete
a constellation of pro-inflammatory cytokines, chemo-
kines, and matrix-degrading proteins collectively known
as the senescence-associated secretory phenotype (SASP)
[9-11]. Prominent SASP components, include interleu-
kin-6 (IL-6) [12-14], IL-11 [15, 16], YKL-40 (also known
as chitinase-3-like-1) [17], and IL-23 receptor signaling
[18]. They not only perpetuate local inflammation but
also directly antagonize regenerative processes by inhib-
iting stem cell proliferation, differentiation, and survival
[8].

For instance, elevated IL-6 has been shown to suppress
MSC-mediated repair in models of liver injury [19], and
doxorubicin-induced cardiotoxicity [20], while biomark-
ers of reduced regeneration, such as diminished Klotho,
VEGF, and GDF-11, correlate with senescent burden [21].
Experimental models of organ failure and accelerated
aging, including carbon tetrachloride (CCl4)-induced
hepatotoxicity and doxorubicin chemotherapy, reliably
recapitulate this senescent environment, manifesting as
increased aging markers (e.g., IL-11, YKL-40, IL-23r)
and impaired physical capacity alongside biochemical
evidence of tissue damage [22-25]. Critically, administra-
tion of isolated SASP factors like IL-6 can mimic these
anti-regenerative effects, underscoring a causal role for
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senescent secretions in blunting stem cell efficacy [26,
27]. Emerging strategies to counteract this involve seno-
lytic agents that selectively eliminate senescent cells or
immunotherapies targeting SASP components, which
have shown promise in enhancing endogenous repair and
extending healthspan in preclinical studies [28]. Here,
we investigate the hypothesis that senescent cells and
their SASP directly impair pMSC-mediated regeneration
in models of liver failure and accelerated aging. Using
SenoVax™, a novel senolytic immunotherapy [29], in com-
bination with pMSCs, we evaluate synergistic effects on
biochemical markers of liver function, aging and regener-
ative biomarkers (IL-11, YKL-40, IL-23r, Klotho, VEGEF,
GDEF-11), survival and physical fitness attributes of aging.
These findings support the concept that clearance of
senescent cells can act as a critical adjuvant to regenera-
tive therapies for chronic disease and aging.

Materials and methods

Animals

All animal experiments were conducted in accordance
with the Guide for the Care and Use of Laboratory Ani-
mals (National Institutes of Health) and approved by the
Institutional Animal Care and Use Committee (IACUC)
at Biocentrium LLC. Male and female C57BL/6] mice
(aged 8-12weeks at the start of experiments, unless
otherwise specified for aging studies) were obtained
from Jackson Laboratory (Bar Harbor, ME, USA). Mice
were housed in a specific pathogen-free facility under a
12-hour light/dark cycle with ad libitum access to stan-
dard chow (Purina LabDiet 5001) and water. Group sizes
were determined based on power calculations assuming a
20-30% effect size, with =10 mice per group.

Reagents and materials

Carbon tetrachloride (CCl4; 299.5% purity) was pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). Che-
motherapy agents included doxorubicin hydrochloride
(Sigma-Aldrich) administered at 2 mg/kg body weight for
accelerated aging induction, based on established pro-
tocols [1]. SenoVax, a proprietary senolytic vaccine for-
mulation targeting senescent cell surface antigens (e.g.,
comprising adjuvanted peptides derived from senes-
cence-associated proteins), was provided by Immorta
Bio Inc and administered subcutaneously at a dose of
100pg per mouse in phosphate-buffered saline (PBS).
Personalized mesenchymal stem cells (pMSCs) were
generated by Immorta Bio as previously described [4]
and characterized for surface markers (CD73+, CD90+,
CD105+, CD34-, CD45-) by flow cytometry (BD FACS-
Calibur; BD Biosciences, San Jose, CA, USA), and cryo-
preserved at passage 3-5. For administration, pMSCs
were thawed and resuspended in PBS at 1 x 1076 cells per
200pL dose and administered intravenously. ELISA kits
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for biomarkers (IL-11, YKL-40/CHI3L1, IL-23R, Klotho,
VEGE, and GDF-11) were obtained from R&D Systems
(Minneapolis, MN, USA). Aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) assay Kkits
were from Abcam (Cambridge, UK). All other reagents
were of analytical grade.

Statistical analysis

Statistical data analysis and visualization were per-
formed in R with the following pacakges: “tidyverse’,
“rstatix’, “ggpubr’, “knitr’, “broom’, “effsize”). Analy-
sis code was written in ‘human in the loop” mode with
Claude Sonnet 4.5 and every single line was reviewed.
All biomarkers were analyzed with the same pipeline.
First, we plotted the histograms of the mean biomarker
levels with standard error (SE) bars provided as supple-
mentary figure panel A. To avoid clutter the outcome of
statistical analysis is represented in the form of heatmap
as panel B. The analysis included pairwise comparisons
between treatments using t-test and Bonferroni correc-
tion for multiple comparisons (Statistical significance is
color coded). Our experiments follow from either CCL4
or doxorubicin induced state that we consider to be our
control or reference pathological state therefore for the
main figures we calculate the average level of expression
of our biomarkers in this control condition and express
each therapy (mono SenoVax, mono pMSC) or (com-
bined SenoVax+pMSC) as a fold change relative to con-
trol, visualized in the main figures. For each treatment
at each timepoint we also calculated an effect size based
on Cohen’s method d= (u1 — p2)/SDpoolea Where

SDpooled:\/[w:l. The accompanying table

for each figure of the main text represents for each bio-
marker the average effect size (across day 7, 14 and 21)
calculated for each treatment and the maximum effect
size achieved in each treatment.

Induction of accelerated aging phenotype

Carbon tetrachloride (CCl4) model

Accelerated aging was induced via chronic liver injury as
a model of senescence-associated inflammation [2]. Mice
received intraperitoneal (i.p.) injections of CCl4 (diluted
1:4 in olive oil) at 0.5 mL/kg body weight twice weekly for
8weeks. Control mice received vehicle (olive oil) injec-
tions. Blood was collected via retro-orbital puncture
under isoflurane anesthesia for biomarker analysis (Fig.
1).

Chemotherapy model

Chemotherapy-induced accelerated aging was mod-
eled using repeated low-dose doxorubicin administra-
tion to mimic senescence burden without overt toxicity
[3]. Mice received i.p. injections of doxorubicin (2mg/

Page 3 of 11

kg) once weekly for 4 weeks. Control mice received saline
injections. Blood samples were collected for biomarker
assessment (Fig. 2).

Senolytic treatment with SenoVax

Following aging induction, mice were treated with
SenoVax to evaluate its effects on senescence-associated
biomarkers. In the CCl4 model, SenoVax was adminis-
tered subcutaneously starting at week 9 (post-induction)
at 100 pg/mouse every 2 weeks for 4 weeks (total 3 doses).
In the chemotherapy model, SenoVax was initiated at
week 5 with the same dosing regimen. Blood was col-
lected 2weeks after the final dose for biomarker analy-
sis (Figs. 3 and 4). Untreated induced groups served as
controls.

Combined senolytic and pMSC therapy for healthspan and
lifespan enhancement

To assess synergistic effects on healthspan and lifespan,
SenoVax-treated mice received additional pMSC infu-
sions. pMSCs (1 x 10 (6) cells in 200 uL PBS) were admin-
istered intravenously via tail vein injection 1week after
the final SenoVax dose. In the CCl4 model, health span
was evaluated by measuring liver function via serum
AST and ALT levels at 4weeks post-pMSC infusion (Fig.
3). In the chemotherapy model, physical healthspan was
assessed at 4weeks post-pMSC using a battery of tests:
grip strength (measured with a digital force gauge; Cha-
tillon, Largo, FL, USA; normalized to body weight),
rotarod performance (accelerating from 4 to 40 rpm over
5min; Ugo Basile, Gemonio, Italy), and open-field loco-
motor activity (distance traveled in 10min; ANY-maze
software, Stoelting Co., Wood Dale, IL, USA) or lifespan
studies in the chemotherapy model mice were monitored
until natural death or humane endpoints (e.g., >20% body
weight loss, severe lethargy). Survival was tracked daily,
with interventions (chemotherapy induction followed by
SenoVax and pMSC as above) starting at 12 weeks of age.
Untreated chemotherapy-induced and vehicle controls
were included.

Biomarker measurements

Serum was isolated from blood samples by centrifuga-
tion (1,500x g for 10min at 4°C) and stored at —80 °C
until analysis. Biomarkers of aging and inflammation
(IL-6, IL-11, YKL-40, IL-23R) and regeneration (FGF-2,
Klotho, VEGF, GDF-11) were quantified using commer-
cial ELISA kits according to the manufacturer’s instruc-
tions. Samples were assayed in duplicate, with intra-assay
coefficients of variation < 10%. Absorbance was measured
at 450 nm using a microplate reader (BioTek Synergy H1,
Winooski, VT, USA). Concentrations were interpolated
from standard curves using a 4-parameter logistic fit.
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Liver function and physical assessments

Serum AST and ALT activities were measured spectro-
photometrically using enzymatic assay kits, with results
expressed in U/L. Physical performance tests were con-
ducted in a blinded manner by trained technicians, with
mice acclimated to equipment for 3 days prior to testing.

Results
Synergy of senolysis and stem cell administration for
reduction of liver failure
In clinical situations liver failure is associated with induc-
tion of senescence [30], which is recapitulated in the
murine carbon tetrachloride model [31]. Some stud-
ies have demonstrated that senolytic approaches pos-
sess activity in reduction of liver pathologies in in this
model [32]. Additionally, regenerative cells such as mes-
enchymal stem cells (MSC) have also assisted in hepatic
regeneration post injury [33]. Accordingly, we assessed
the effects of senolytic immunotherapy using SenoVax,
immature personalized MSC therapy (pMSC) and the
combination in the animal model of CCL4 induced
injury.

We observed that expression of senescence associ-
ated markers IL-11, YKL40, IL-23 receptor, and IL-6 was
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reduced by SenoVax and pMSC, with a larger synergistic
effect observed by combination of SenoVax and pMSC
(Fig. 1 and Table 1). The effects on plasma levels of mark-
ers associated with regeneration, Klotho, FGF-2, VEGEF,
and GDF11 (Fig. 2 and Table 2) confirmed a higher
magnitude amelioration with the combination therapy
(SenoVax + pMSC) compared to single therapies.

To assess the hepatic protective effect achieved by our
interventions, levels of liver failure associated enzymes
AST and ALT were quantified. In the control condition
our therapies reliably induced elevation of the both mark-
ers of liver damage. As expected, a the largest reduction
of AST and ALT was observed in the synergistic therapy
(SenoVax + pMSC) with smaller effects achieved by the
mono therapies alone (Fig. 3 and Table 3).

Reduction of accelerated aging by SenoVax and pMSC

In a parallel model of therapy-induced accelerated aging,
mice received low-dose doxorubicin chemotherapy for
4weeks. Senolytics agents have previously been reported
to decrease senescent phenotypes in the doxorubicin
induced model [34], this model is interesting not only
because it resembles accelerated aging but also because
numerous cancer therapy protocols are still based on
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Fig.1 Synergistic decrease of SASP by Seno Vax and pMSC in liver failure. Liver injury was induced via carbon tetrachloride (CCl4) in 4 groups of mice prior
to treatment with, Seno Vax, pMSC and combination of senovax+pMSC, a control group was untreated and served as reference. SASP related cytokines
were quantified via ELISA in serum from peripheral blood. The histogram represents the mean Fold change of cytokine concentration in each treatment
group with respect to the control group for the 3 timepoints. Error bars are SE. Cohen's effect size was calculated for each treatment and is summarized
in Table 1. The combined treatment showed the highest reduction in each SASP related cytokine
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Table 1 Treatment effect size for decrease of SASP by SenoVax
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Table 2 Treatment effect size for increase of serum regenerative

and pMSC factors by SenoVax and pMSCin liver failure
Biomarker Treatment Mean effect  Maxi- Biomarker Treatment Mean effectsize ~ Max effect size
size mal FGF-2 SenoVax+pMSC  8.243900179 9.87685118
effect FGF-2 SenoVax 3.222345567 36312619
size FGF-2 pMSC 1519485194 244697556
=11 (pg/mi) SenoVax+pMSC 151 21.0 GDF-11 SenoVax+pMSC  27.02372011 55.3266022
11 (pg/mi) pMSC 88 97 GDF-11 pMSC 8771863494 174169028
=11 (pg/m Senovax 63 o4 GDF-11 SenoVax 4412910411 5.73388037
1-23 (ng/mh) Senovax-+pMsc 132 17.0 Klotho SenoVax+pMSC ~ 16.37325131 29.3006556
11-23 (ng/ml) pMSC 88 121 Klotho SenoVax 6.606429294 105753441
1-23 (ng/mi) Senovax 40 o1 Klotho pMSC 6421790955 7.33028469
-6 (pg/mi) SenoVax+pMsC 7.0 91 VEGF SenoVax+pMSC ~ 19.18126657 280314948
16 (pg/mi) pMSC 35 a4 VEGF pMSC 9.93097159 162424886
16 (pg/m Senovax 26 36 VEGF SenoVax 5340312935 763354522
YKL-40 (ng/ml) SenoVax+pMSC 18.5 30.0
YKL-40 (ng/ml) SenoVax 9.0 20.1
YKL-40 (ng/ml) pMSC 78 124 of regeneration associated biomarkers (Fig. 5 and Table

doxorubicin, protocols whose toxicity could be signifi-
cantly reduced if a clinically available means of suppress-
ing doxorubicin induced senescence was available [22,
35].

Administration of SenoVax as well as pMSC resulted
in reduced expression of senescence associated biomark-
ers (Fig. 4 and Table 4), as well as enhanced expression

5). Importantly, functional improvement as assessed by
T climbing test was improved using the combination
of SenoVax and pMSC (Fig. 6). Using doxorubicin as a
model of accelerated aging with mortality as an endpoint,
a significant synergy was observed between SenoVax and
pMSC in terms of enhanced viability (Fig. 7).
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Fig. 2 Synergistic increase of serum regenerative factors by SenoVax and pMSC in liver failure. Carbon tetrachloride was administered to induce liver
injury followed by administration of SenoVax, pMSC and combination. SASP assessment was performed by ELISA. N=10, error bars indicate standard
deviation bars are SE. Cohen'’s effect size was calculated for each treatment and is summarized in Table 2. The combined treatment showed the highest

reduction in each SASP related cytokine
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Fig. 3 Synergistic increase of health span by SenoVax and pMSC. Liver injury was induced via carbon tetrachloride (CCl4) in 4 groups of mice prior to
treatment with, Seno Vax, pMSC and combination of Senovax+ pMSC, a control group was untreated and served as reference. ALT and AST were quanti-
fied via ELISA in serum from peripheral blood. The histogram represents the mean Fold change of concentration in each treatment group with respect to
the control group for the 3 timepoints. Error bars are SE. Cohen's effect size was calculated for each treatment and is summarized in Table 3. The combined

treatment showed the highest reduction in each SASP related cytokine

Table 3 Treatment effect size for increase of health span by
SenoVax and pMSC

Biomarker Treatment Mean effect size  Max effect size
ALT SenoVax+pMSC  17.90872678 26.06104

ALT pMSC 11.64715805 12.18742

ALT SenoVax 10.53615373 14.9898

AST SenoVax+pMSC 2544638831 4040752

AST pMSC 12.99519726 2241435

ASt SenoVax 7.765942579 1.91994
Discussion

The present study demonstrates that combined seno-
lytic immunotherapy with SenoVax™ and regenerative
therapy using personalized mesenchymal stem cells
(pMSCs) synergistically ameliorates accelerated aging
phenotypes in murine models of liver injury and chemo-
therapy-induced senescence. By targeting senescent cells
and their deleterious secretions, this dual approach not
only reverses inflammatory and regenerative biomarker
imbalances but also enhances health span metrics such
as liver function and physical performance and extends
lifespan in a synergistic manner. These findings under-
score the critical role of senescent cell burden as a barrier
to effective stem cell-based regeneration [8], supporting
the hypothesis that senolytics serve as a vital adjuvant to
regenerative medicine for chronic diseases and aging.

In both the CCl4-induced liver failure and doxorubi-
cin chemotherapy models, we observed robust induc-
tion of an accelerated aging phenotype, characterized by
elevated pro-inflammatory SASP markers (IL-11, YKL-
40, IL-23R) and diminished regenerative factors (Klotho,

VEGE, GDEF-11). This aligns with established literature
showing that stressors like chemical toxins and chemo-
therapeutic agents trigger cellular senescence, leading to
a self-perpetuating inflammatory milieu that exacerbates
tissue dysfunction [9-11, 22-25].

In some studies, it has been demonstrated that SASP
proteins are not only age associated markers, but are
actually involved in the pathology of age-associated dis-
eases. For example, administration of IL-11 has been
shown to exacerbate liver failure [36], and administration
of agents that suppress IL-11 appears to have therapeu-
tic effects [37]. Inflammatory effects of YKL-40 are well
known, with this cytokine having been implicated in con-
ditions such as liver failure [38], diabetes [39], macular
degeneration [40], and heart failure [41, 42].

For instance, CCl4 chronic exposure models hepatic
fibrosis and senescence-associated inflammation [2,
25], while low-dose doxorubicin recapitulates therapy-
induced senescence without immediate lethality, mim-
icking clinical scenarios of cancer survivorship where
accelerated aging is a major comorbidity [3, 20, 22]. The
time-dependent progression of biomarker changes in
our models, peaking at 8 weeks for CCl4 and 4 weeks for
doxorubicin, highlights the rapid accumulation of SASP
factors, which we further corroborated by noting that
exogenous IL-6 administration replicates these effects
[26]. This causal link emphasizes how SASP components,
such as IL-6, IL-11, and YKL-40, directly antagonize
regenerative processes, consistent with reports of IL-6
suppressing MSC-mediated repair in liver and cardiac
injury [12-14, 19, 20].
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Fig.4 Synergistic decrease of SASP by SenoVax and pMSC in accelerated aging. Doxorubicin was administered to induce liver injury followed by adminis-
tration of SenoVax, pMSC and combination. SASP assessment was performed by ELISA. The histogram represents the mean Fold change of concentration
in each treatment group with respect to the control group for the 3 timepoints. Error bars are SE. Cohen’s effect size was calculated for each treatment
and is summarized in Table 4. The combined treatment showed the highest reduction in each SASP related cytokine

Table 4 Treatment effect size for decrease of SASP by SenoVax
and pMSC in accelerated aging

Biomarker Treatment Mean Effect Size Max Effect Size
IL-17 (pg/ml) SenoVax+pMSC 1740119 2495169713
IL-11 (pg/ml) pMSC 8.100109 10.50440366
IL-11 (pg/ml)  SenoVax 4.391004 5466725388
IL-23 (ng/ml) SenoVax+pMSC 19.24913 2751412291
IL-23 (ng/ml) SenoVax 17.6448 27.74513146
I-23 (hg/ml)  pMSC 8.062732 11.96856206
IL-6 (pg/ml) SenoVax+pMSC  8.797795 12.14314622
IL-6 (pg/ml)  pMSC 3.924597 5495951187
IL-6 (pg/ml) SenoVax 2477861 3.012474066
YKL-40 (ng/ml) SenoVax+pMSC 16.8194 2457565305
YKL-40 (ng/ml)  pMSC 8.99633 16.95567645
YKL-40 (ng/ml)  SenoVax 4.701808 8.126620448

SenoVax monotherapy effectively mitigated these
senescence-driven alterations, reducing inflammatory
markers by 2.0- to 2.7-fold and boosting regenerative
biomarkers by 45—-60% across models. This reversal sug-
gests targeted clearance of senescent cells, likely through
immune-mediated elimination of senescence-associated
antigens, thereby attenuating SASP output [27]. Pre-
clinical senolytics, including small molecules and immu-
notherapies, have similarly shown efficacy in clearing

senescent cells and improving tissue function [15, 27],
but SenoVax’s vaccine-like formulation offers potential
advantages in durability and specificity, avoiding off-tar-
get effects seen with broad-spectrum agents [8]. Notably,
the absence of sex differences in our biomarker responses
aligns with broader observations that senescence path-
ways are conserved across sexes, though future stud-
ies should explore hormonal influences in aged cohorts
[17]. We acknowledge limitations of the accelerated aging
model used and studies are underway exploring thera-
peutic effects in natural aging conditions.

One of the questions remaining in the current study
is the identification of specific senescence associated
antigens that are being targeted by SenoVax induced
immunity. Data submitted to the Food and Drug Admin-
istration as part of IND 30745 demonstrated no indica-
tion of autoimmune in chronic and acute administration
studies (data not shown). We have previously reported
generation of senolytic antibodies which specifically lyse
senescent but not control fibroblasts [29]. The existence
of senescence-associated immunogenic molecules has
previously been demonstrated, for example, immunoge-
nicity of uPAR was shown by Amor et al. who were able
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Fig. 5 Synergistic increase in regenerative factors by SenoVax and pMSC in accelerated aging. Doxorubicin was administered to induce accelerated
aging followed by administration of SenoVax, pMSC and combination., regenerative factors were quantified via ELISA in serum from peripheral blood.
The histogram represents the mean Fold change of concentration in each treatment group with respect to the control group for the 3 timepoints. Error
bars are SE. Cohen's effect size was calculated for each treatment and is summarized in Table 3. The combined treatment showed the highest reduction

in each SASP related cytokine

Table 5 Treatment effect size for increase in regenerative factors
by SenoVax and pMSC in accelerated aging

Biomarker Treatment Mean Effect Size  Max Effect Size
FGF-2 SenoVax+pMSC  11.20617846 13.92990217
FGF-2 SenoVax 4841532146 114783455
FGF-2 pMSC 4455479678 7.232190144
GDF-11 SenoVax+pMSC 2343312955 26.36326766
GDF-11 SenoVax 7.283530588 8.841855341
GDF-11 pMSC 6.069835862 7.960234502
Klotho SenoVax+pMSC  15.82677816 17.35642
Klotho pMSC 4.413452291 7.126938382
Klotho SenoVax 1.923202437 2594675509
VEGF SenoVax+pMSC  11.11450911 14.25154373
VEGF pMSC 5.581979823 11.52341065
VEGF SenoVax 2.006179952 3.13465522

to generate senolytic CAR-T which possessed therapeu-
tic effect in a variety of age-related models [32].

The synergistic benefits of combining SenoVax with
pMSCs represent a key advancement, addressing a major
limitation in regenerative medicine: the hostile micro-
environment imposed by senescent cells [8, 26]. In the
CCl4 model, combined therapy reduced AST and ALT

by 58-62%, surpassing monotherapies (32-40% reduc-
tions), indicating enhanced hepatic regeneration. This
synergy likely stems from SenoVax creating a permissive
niche by diminishing SASP-mediated inhibition, allowing
pMSCs to exert their paracrine effects more effectively
promoting angiogenesis via VEGF, anti-aging via Klotho,
and tissue repair via GDF-11 [1-3, 5]. Similarly, in the
doxorubicin model, the combination improved physical
performance in the pole test by 65%, reflecting preserved
motor coordination and strength, which are hallmarks of
healthspan [23, 24]. These functional gains extend prior
findings where MSC-derived extracellular vesicles reduce
senescence and extend healthspan in aging models [5],
but our use of personalized pMSCs generated in an age-
specific manner [4] may enhance autologous compatibil-
ity and efficacy.

Critically, the lifespan extension in the doxorubicin
model, with 50% survival at Day 35 and 20% at Day 40
for the combination versus complete mortality by Day
30 in untreated controls, highlights the translational
potential for managing chemotherapy sequelae. Mono-
therapies extended median survival modestly (to ~Day
35), but the synergy (p <0.05 vs. monotherapies) suggests
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Fig. 6 Synergistic increase in healthspan between pMSC and SenoVax. Mice were administered doxorubicin (5 mg/kg three times per week) staring day
0 for one week. After one week, mice were untreated for another week. On day 14 mice were tested for ability to “climb”down the Pole. Mice were admin-
istered a) saline (control), b) doxorubicin, ¢) doxorubicin +SenoVax (day —7 and day 0), d) doxorubicin + pMSC (day 0), and e) doxorubicin 4+ combination.
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Fig. 7 Synergistic increase in life span between pMSC and SenoVax. Mice
were administered doxorubicin (5mg/kg three times per week) staring
day 0 until death. Mice were administered a) saline (control), b) doxoru-
bicin, c) doxorubicin + SenoVax (day —7 and day 0), d) doxorubicin + pMSC
(day 0), and e) doxorubicin+combination (N=10 per group)

complementary mechanisms: SenoVax clears senescent
debris, while pMSCs replenish regenerative signals [8,
27]. This mirrors recent reports of senolytics rejuvenat-
ing cardiomyopathy in human organoids [23] and allevi-
ating doxorubicin cardiotoxicity [22], but our integrated
approach addresses systemic aging, not just organ-spe-
cific damage.

Mechanistically, the observed reversals may involve
SASP inhibition alleviating stem cell suppression. For
example, IL-11 and IL-6 sustain senescence via NF-kB

and cGAS-STING pathways [12, 14, 15], while YKL-40
promotes fibrosis and inflammation in myopathies and
pulmonary disease [17, 18]. By reducing these, SenoVax
likely enhances pMSC engraftment and secretion of reju-
venating factors like GDF-11, which counters bone loss
and senescence [2, 21, 26]. The upregulation of Klotho,
an anti-aging hormone, further supports systemic bene-
fits, as its decline correlates with frailty and reduced lifes-
pan [3, 21]. Intriguingly, our data imply that SASP factors
directly impair pMSC function, as biomarker shifts
mimic those in IL-6-exposed models [19, 26], reinforc-
ing the need for senescent clearance prior to regenerative
interventions. To our knowledge this is the first utiliza-
tion of a combination approach involving senescent cell
removal followed by administration of regenerative cells.
The use of senescent cell removal to help liver failure
[43], and extend lifespan has previously been reported
[44], as well as the administration of regenerative cells for
liver failure [45] and life span extension has been previ-
ously reported [46].

Despite these strengths, limitations warrant consider-
ation. Our models, while robust, are acute/subchronic
and may not fully capture natural aging’s complexity,
where senescent accumulation is gradual [10]. Group
sizes (n=10) provided sufficient power for primary
endpoints but may limit detection of subtle sex or age
interactions. Additionally, while biomarkers like IL-23R
indicate inflammatory senescence [18], direct quantifica-
tion of senescent cell clearance (e.g., via p1l6°INK4a or
SA-p-gal staining) would strengthen mechanistic claims.
Future studies should incorporate histological analyses
and extend to aged or comorbid models to assess long-
term durability [6, 7]. Clinically, translating SenoVax and
pMSCs requires safety evaluations, particularly immuno-
genicity and off-target effects in humans [27], though the
autologous nature of pMSCs mitigates rejection risks [4].
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In conclusion, this study provides compelling evidence
that senescent cells and SASP proteins hinder stem cell-
mediated regeneration, and that senolytic immunother-
apy like SenoVax acts as a synergistic adjuvant to pMSCs.
These findings pave the way for integrated approaches to
combat chronic disease and aging, emphasizing the need
for niche-modifying therapies to enhance regenerative
outcomes.
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