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ABSTRACT

Adipose-derived stem cells (ADSCs), also called adipose stromal/stem cells, reside in the stromal vascular
fraction of white adipose tissue and are essential for adipose tissue plasticity, healthy expansion and
immunometabolic balance. In physiological states, ADSCs support adipocyte turnover, promote angiogenesis
and exert immunoregulatory and anti-inflammatory actions, allowing subcutaneous fat to buffer caloric excess
without provoking systemic insulin resistance.In obesity, however, chronic nutrient overload, hypoxia, oxidative
stress and low-grade inflammation converge on ADSCs, driving senescence, epigenetic reprogramming, loss of
proliferative capacity and skewed differentiation. Human and animal studies show that obesity and type 2
diabetes (T2D) are associated with early senescence and mitochondrial dysfunction in ADSCs, reduced
clonogenicity and adipogenic potential, pro-fibrotic and pro-inflammatory secretomes and altered crosstalk with
immune cells. These changes compromise adipose expandability, promote adipocyte hypertrophy, fibrosis and
adipose inflammation and favor ectopic lipid deposition in liver and muscle, thereby accelerating the transition
from obesity to insulin resistance and overt T2D. At the same time, ADSCs retain therapeutic potential:
exogenous or rejuvenated ADSCs can ameliorate insulin resistance and B-cell dysfunction in preclinical diabetes
models through anti-inflammatory and pro-regenerative mechanisms. This review synthesizes current evidence
on how ADSC dysfunction contributes mechanistically to the obesity—diabetes transition, and discusses
emerging strategies to preserve or restore ADSC function, including senescence-targeted interventions, niche
modulation and cell-based therapies.
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INTRODUCTION
Obesity does not inevitably lead to type 2 diabetes. Some individuals with substantial excess adiposity remain
relatively insulin sensitive, while others progress rapidly to glucose intolerance and T2D despite similar body
mass index[1-37. A key determinant of this divergence is adipose tissue quality, particularly the ability of white
adipose depots to remodel through hyperplasia rather than simple hypertrophy, to maintain adequate
vascularization and to avoid excessive fibrosis and inflammation[[4—7"]. Adipose-derived stem cells sit at the core
of this plasticity.
ADSCs are mesenchymal stromal cells resident in the stromal vascular fraction of adipose tissue. They display
self-renewal, multipotent differentiation into adipocytes and other mesenchymal lineages, and paracrine
capabilities that influence immune cells, endothelial cells and mature adipocytes[8—117. In healthy adipose
tissue, ADSCs replenish mature adipocytes, enabling controlled hyperplastic expansion in response to chronic
caloric excess. Lineage-tracing and single-cell studies indicate that distinct ADSC subpopulations in
subcutaneous and visceral depots give rise to depot-specific adipocytes and respond differentially to metabolic
and inflammatory cues[12, 137].
This capacity for de novo adipogenesis is metabolically important. When new, small adipocytes are generated
from progenitors, lipid storage is distributed across many cells with favorable surface area—to—volume ratios,
preserving insulin sensitivity and limiting local hypoxia. By contrast, when progenitor proliferation and
differentiation are constrained, existing adipocytes enlarge to accommodate excess lipid, predisposing to
hypoxia, oxidative stress, macrophage recruitment and fibrotic remodeling[[14, 157. The “adipose expandability”
concept posits that limited capacity of ADSCs to support healthy expansion is a tipping point at which obesity
begins to drive systemic insulin resistance.
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Beyond adipogenesis, ADSCs exert immunomodulatory and pro-regenerative effects. They secrete anti-
inflammatory cytokines, growth factors and extracellular vesicles that can polarize macrophages toward M2-
like phenotypes, support endothelial function and protect neighboring cells from oxidative and ER stress[167].
These properties underlie their appeal as a therapeutic cell source in regenerative medicine and, more recently,
in metabolic disease. Experimental delivery of ADSCs in obese or diabetic rodents improves insulin sensitivity,
reduces adipose and hepatic inflammation and can support B-cell survival and function[177].

However, obesity itself reshapes the biology of ADSCs in ways that undermine both their endogenous roles and
their therapeutic utility. Human studies comparing ADSCs from lean and obese donors show that obesity is
associated with reduced proliferative potential, early senescence, impaired differentiation capacity and altered
secretory profiles[187. Senescent ADSCs display cell-cycle arrest, DNA damage responses, mitochondrial
dysfunction and a senescence-associated secretory phenotype enriched in pro-inflammatory and pro-fibrotic
mediators[187]. These changes are driven by the obesogenic microenvironment, including chronic low-grade
inflammation, lipotoxicity, hypoxia, reactive oxygen species and altered extracellular matrix composition,
especially in visceral fat[187].

Dysfunctional ADSCs have at least three major consequences along the obesity—diabetes trajectory. First,
reduced progenitor proliferation and adipogenesis limit healthy hyperplastic expansion, promoting adipocyte
hypertrophy, adipose inflammation and insulin resistance at lower absolute fat masses[197. Second, senescent,
pro-inflammatory ADSCs reshape the adipose immune niche, supporting chronic macrophage activation and T-
cell dysfunction that further impair insulin signaling in adipocytes[207]. Third, systemic spread of dysfunctional
ADSC-derived extracellular vesicles and cytokines may influence liver, muscle and B-cells, contributing to
ectopic fat, insulin resistance and B-cell stress[207].

The transition from uncomplicated obesity to T2D can thus be viewed, in part, as a failure of the adipose stem
cell compartment. When ADSCs remain functionally robust, adipose tissue can expand and remodel in relatively
“metabolically healthy” ways. When ADSCs become senescent, depleted or skewed toward fibrotic and
inflammatory programs, adipose tissue loses its buffering capacity, and lipids and inflammatory signals spill over
into other organs[217].

This review examines ADSCs as both guardians and potential saboteurs of metabolic health. Section 2 outlines
ADSC biology in healthy adipose tissue. Section 8 describes obesity-induced ADSC dysfunction and senescence.
Section 4 links ADSC failure to adipose tissue dysfunction and systemic insulin resistance. Section 5 discusses
ADSC alterations in established T2D and their impact on regenerative and immunomodulatory potential.
Section 6 reviews attempt to therapeutically target ADSCs or their niche. Section 7 highlights biomarker and
research directions toward ADSC-focused strategies for preventing or delaying diabetes in obesity.

2. Biology of Adipose-Derived Stem Cells in Healthy Adipose Tissue

ADSCs are a major non-immune cell population within the stromal vascular fraction of white adipose tissue,
particularly in visceral depots where they may constitute a substantial fraction of resident stromal cells[217].
They express canonical mesenchymal markers and depot-specific surface profiles and occupy specialized niches
near vasculature, extracellular matrix and immune cells in what has been termed the adiponiche[227.

In homeostasis, ADSCs support adipocyte turnover. Mature adipocytes have limited proliferative capacity and
must be replaced from progenitors. ADSCs can differentiate into preadipocytes and then into insulin-sensitive
adipocytes that integrate into existing depots. This process is critical during growth, pregnancy and chronic
positive energy balance, when demand for storage increases[227]. ADSCs also modulate the adipose
microenvironment. They secrete vascular endothelial growth factor and other angiogenic factors that promote
adequate vascularization during tissue expansion. They produce extracellular matrix components and
remodeling enzymes that shape tissue architecture, enabling expansion without pathologic fibrosis. In addition,
ADSCs exert immunomodulatory effects on macrophages, T cells and other immune cells, often skewing toward
anti-inflammatory phenotypes under lean conditions[227].

Depot differences are important. Subcutaneous ADSCs generally favor adipogenic differentiation and are
associated with more benign metabolic outcomes, whereas visceral ADSCs display transcriptional programs that
predispose to pro-inflammatory and fibrotic remodeling[237. This heterogeneity helps explain why visceral
obesity is more tightly linked to T'2D risk than subcutaneous fat accumulation. At the systemic level, the capacity
of ADSCs to sustain hyperplastic adipose expansion underlies the concept of metabolically healthy obesity.
Individuals whose ADSCs readily proliferate and differentiate in response to overnutrition can distribute lipid
across many adipocytes, preserving insulin sensitivity and minimizing ectopic fat deposition[237]. Conversely,
low proliferative potential and limited adipogenesis are associated with adipocyte hypertrophy, inflammation
and insulin resistance at comparable degrees of obesity[[237. Thus, in healthy adipose tissue, ADSCs function as
rheostats of adipose plasticity and immunometabolic tone. Their integrity is critical for maintaining a buffer
between caloric excess and systemic metabolic deterioration.

3. Obesity-Induced ADSC Dysfunction: Senescence, Loss of Stemness and Niche Remodeling

Chronic obesity exposes ADSCs to a hostile milieu of elevated fatty acids and glucose, hypoxia, oxidative stress
and pro-inflammatory cytokines. Over time, these factors drive a shift from youthful, multipotent ADSCs toward
dysfunctional, senescent and pro-inflammatory states. Human and animal data indicate that obesity is associated
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with early senescence in ADSCs, marked by increased senescence-associated P-galactosidase activity,
p16"INK4a and p21 expression, DNA damage markers and shortened telomeres[247. Senescent ADSCs show
reduced proliferative and clonogenic capacity and impaired adipogenic differentiation, often with a bias toward
osteogenic or fibrogenic lineages[247].

The extracellular matrix and TGF-f signaling appear central in this process. Obesity-associated remodeling of
the visceral adipose matrix, with increased stiffness and altered composition, promotes TGF-B—driven
senescence and fibrotic programming in ADSCs. Pharmacologic blockade of TGF-f signaling in human visceral
ADSCs can partially reverse senescence markers and restore functional properties in vitro, highlighting the role
of the niche in dictating ADSC fate[24].

Inflammation further reprograms ADSCs. Exposure to obesity-associated cytokines and macrophage-derived
signals drives transcriptional changes toward a senescence-associated secretory phenotype enriched in IL-6, IL-
8, MCP-1 and matrix-remodeling enzymes[6, 25—277]. These secreted factors, in turn, reinforce local immune
activation, attract monocytes and promote fibrotic remodeling, creating a feed-forward loop that deepens
adipose dysfunction. Metabolic and mitochondrial alterations accompany these changes. Obese ADSCs exhibit
impaired mitochondrial respiration, increased reactive oxygen species and altered lipid handling, which further
fuel DNA damage and senescence pathways[287. Epigenetic remodeling, including DNA methylation and
histone modification changes linked to inflammatory and stress pathways, has also been documented and may
encode a form of “metabolic memory” that persists even after weight loss[28, 297.

Collectively, obesity transforms ADSCs from flexible, reparative progenitors into exhausted, pro-inflammatory
and pro-fibrotic cells with diminished adipogenic potential. This dysfunctional stem cell compartment reshapes
the trajectory of adipose remodeling and sets the stage for systemic insulin resistance.

4. How ADSC Failure Drives Adipose Tissue Dysfunction and Systemic Insulin Resistance

ADSC dysfunction links obesity to insulin resistance through interconnected mechanisms in adipose tissue.
When proliferative capacity and adipogenic potential decline, new adipocyte formation cannot keep pace with
energy surplus. Existing adipocytes enlarge, particularly in visceral depots, leading to local hypoxia, oxidative
stress and tissue stiffness[307].

Hypertrophic adipocytes are more insulin resistant and lipolytic, releasing greater amounts of free fatty acids
and adipokines into the circulation. Elevated fatty acid flux to liver and skeletal muscle promotes ectopic fat
accumulation and generation of lipotoxic intermediates such as diacylglycerols and ceramides that impair insulin
signaling[ 30, 317. At the same time, senescent ADSCs secrete pro-inflammatory cytokines and chemokines that
recruit and activate macrophages and other immune cells. These immune cells further produce TNF-a, IL-1f3
and IL-6, amplifying local inflammation and directly inhibiting insulin signaling in adipocytes[317]. The adipose
tissue becomes a chronic inflammatory organ, releasing deleterious signals systemically.

Fibrogenic skewing of ADSCs contributes to extracellular matrix deposition and fibrosis, particularly in visceral
fat, which constrains tissue expandability and impairs perfusion. Fibrotic adipose tissue shows reduced plasticity
and heightened vulnerability to lipotoxic and hypoxic injury, reinforcing the cycle of dysfunction[327. Because
ADSCs also regulate local immune balance, their dysfunction undermines the ability of adipose tissue to resolve
inflammation. Loss of ADSC-mediated M2 macrophage polarization and Treg support favors sustained M1-
dominant inflammation, which spills over into the systemic circulation via cytokines, adipokines and
extracellular vesicles[ 327.

Thus, ADSC failure simultaneously reduces the structural capacity for safe lipid storage and distorts the
immunometabolic environment of adipose tissue. The resulting hypertrophic, fibrotic and inflamed depots drive
hepatic and muscular insulin resistance, setting the stage for hyperglycemia and T2D.

5. ADSC Dysfunction in Established Type 2 Diabetes: Consequences for Regeneration and
Immunomodulation

T2D amplifies stress on ADSCs beyond that imposed by obesity alone. Chronic hyperglycemia, advanced
glycation end products and further oxidative and ER stress exacerbate senescence and functional decline['33,
347. Studies comparing ADSCs from obese individuals with and without T2D report additional impairments in
proliferation, differentiation and paracrine function in the diabetic group, including reduced angiogenic and anti-
inflammatory factor secretion[[857].

This compounded dysfunction has two main implications. First, the endogenous capacity of adipose tissue to
remodel toward a healthier phenotype is further compromised, making reversal of insulin resistance via weight
loss alone more difficult and slower. Although substantial weight loss can reduce senescent cell burden in
subcutaneous fat and partially rejuvenate adipose metabolism, residual inflammatory and fibrotic changes often
persist, especially in visceral depots[367. Second, ADSC dysfunction complicates the use of autologous ADSCs
as a therapeutic modality in patients with obesity and T2D. While exogenous ADSC administration from
healthy sources improves insulin sensitivity and B-cell function in animal models, ADSCs harvested from obese
or diabetic donors show reduced stemness, altered secretomes and sometimes pro-inflammatory tendencies,
raising concerns about their efficacy and safety in autologous transplantation[87].

Despite these challenges, carefully characterized and possibly preconditioned ADSCs from diabetic subjects may
retain therapeutic potential. In vitro conditioning, genetic modification or senolytic treatment to reduce
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senescent cell content are being explored to restore more youthful phenotypes[877]. Understanding how T2D
alters ADSC biology is therefore essential both for interpreting endogenous adipose behavior and for designing
safe and effective cell-based interventions.
6. Therapeutic Strategies Targeting ADSCs and Their Niche
Given their central role in adipose plasticity and immunometabolism, ADSCs are attractive therapeutic targets
in obesity-related diabetes, both as cells to protect and as tools to deploy.
Lifestyle and surgical interventions that induce weight loss are the most fundamental means of improving ADSC
health. Bariatric surgery and intensive lifestyle programs reduce adipose inflammation and senescent cell burden Page | 44
and can reprogram adipose transcriptomes toward more youthful states, likely including ADSCs, although direct
single-cell data on ADSCs are only beginning to emerge[387]. Pharmacologic modulation of the ADSC niche is
another avenue. Targeting TGF-8 signaling, which drives obesity-induced ADSC senescence and fibrogenic
skewing, has shown promise in restoring proliferative and adipogenic capacity in human visceral ADSCs ex
vivo[(887]. More broadly, anti-inflammatory and anti-fibrotic agents that improve adipose tissue quality may
secondarily rejuvenate ADSCs. GLP-1 receptor agonists, SGLT2 inhibitors and thiazolidinediones all remodel
adipose tissue and reduce inflammation; whether they directly benefit ADSCs remains an active area of
investigation.
Direct ADSC-based therapies have shown efficacy in experimental T2D. Systemic or local delivery of ADSCs
in diabetic rodents improves insulin sensitivity, reduces adipose and hepatic inflammation, supports B-cell
survival and improves microvascular complications, largely via paracrine mechanisms that modulate
macrophage polarization and inflammasome activation[897. Allogeneic ADSCs from healthy donors may
circumvent some limitations of autologous ADSCs from obese or diabetic patients, but raise immunologic and
regulatory questions. Senescence-targeted strategies are emerging as a promising adjunct. Senolytic drugs that
selectively eliminate senescent cells, or senomorphic agents that blunt the senescence-associated secretory
phenotype, have the potential to reduce the burden of dysfunctional ADSCs and restore niche function[407].
However, preserving beneficial progenitors while removing harmful senescent cells will require precise
targeting.
Finally, exosomes and other extracellular vesicles derived from healthy ADSCs are being explored as cell-free
therapies, delivering regenerative and immunomodulatory cargo without the risks associated with live-cell
transplantation. Early studies suggest that ADSC-derived vesicles can improve insulin sensitivity and reduce
inflammation in preclinical models, although their interaction with endogenous, obesity-altered EV networks
must be carefully considered[407].
7. Biomarkers, Open Questions and Future Directions
Despite rapid progress, many questions remain about how ADSC dysfunction shapes the obesity—diabetes
transition and how best to exploit this knowledge clinically. On the biomarker front, there is interest in
identifying circulating or tissue markers that reflect ADSC health, such as senescence-associated transcripts in
adipose biopsies, ADSC-derived extracellular vesicle signatures or depot-specific progenitor cell profiles from
single-cell RNA sequencing[417. Such markers could help identify individuals whose adipose stem cell
compartment is failing, and who may be at particularly high risk of progressing from obesity to T2D, even at
moderate BMI[427].
Mechanistically, disentangling cause and effect remains challenging. Obesity-induced ADSC senescence clearly
correlates with adipose dysfunction and insulin resistance, but the precise contribution of ADSC decline relative
to changes in mature adipocytes, immune cells, and vasculature is still being defined. New models that allow
selective manipulation of ADSC function, senescence, and fate in vivo will be critical to establish causality[417].
Therapeutically, the feasibility of targeting ADSCs in humans will depend on balancing benefits and risks.
Strategies that broadly stimulate ADSC proliferation or adipogenesis could, in theory, exacerbate weight gain
or promote tumorigenesis if not carefully controlled. Conversely, aggressive senolytic approaches might deplete
essential progenitor pools if specificity is insufficient[437.
Future directions include integrating ADSC-focused metrics into clinical trials of obesity and T2D therapies to
determine how various interventions influence the stem cell compartment and whether such changes predict
long-term metabolic outcomes. Precision approaches might eventually stratify patients by ADSC health and
adipose plasticity, guiding decisions about the intensity and type of intervention needed to prevent diabetes[4:37].
CONCLUSION
In summary, adipose-derived stem cells are central architects of adipose tissue structure and function. Their
dysfunction in obesity through senescence, loss of stemness, and pro-inflammatory reprogramming undermines
adipose plasticity and accelerates the spillover of lipids and inflammatory signals that drive systemic insulin
resistance and type 2 diabetes. Understanding, monitoring, and ultimately correcting ADSC dysfunction offers
a promising, mechanistically grounded path to interrupt the transition from obesity to diabetes, shifting care
from late-stage glycemic control to earlier preservation of adipose health.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited



10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

REFERENCES
Acevedo-Romin, A., Pagén-Zayas, N., Velazquez-Rivera, L.I., Torres-Ventura, A.C., Godoy-Vitorino, F.:
Insights into Gut Dysbiosis: Inflammatory Diseases, Obesity, and Restoration Approaches. Int. J. Mol.
Sci. 25,9715 (2024). https://doi.org/10.8390/1jms25179715
Ahluwalia, M.K.: Chrononutrition—When We Eat Is of the Essence in Tackling Obesity. Nutrients. 14,
5080 (2022). https://doi.org/10.3390/nu14235080
Alloccea, S., Monda, A., Messina, A., Casillo, M., Sapuppo, W., Monda, V., Polito, R., Di Maio, G., Monda,
M., La Marra, M.: Endocrine and Metabolic Mechanisms Linking Obesity to Type 2 Diabetes:
Implications for Targeted Therapy. Healthcare. 13, 1437 (2025).
https://doi.org/10.3390/healthcare131214:37
Uti, D.E., Atangwho, [.J.,, Omang, W.A., Alum, E.U., Obeten, UN., Udeozor, P.A., Agada, S.A., Bawa, L.,
Ogbu, C.O.: Cytokines as key players in obesity low grade inflammation and related complications. Obes.
Med. 54, 100585 (2025). https://doi.org/10.1016/j.obmed.2025.100585
Balistreri, C.R., Caruso, C., Candore, G.: The Role of Adipose Tissue and Adipokines in Obesity-Related
Inflammatory Diseases. Mediators Inflamm. 2010, 802078 (2010). https://doi.org/10.1155/2010/802078
Bensussen, A., Torres-Magallanes, J.A., Roces De A’lvareZ—Buylla, E.: Molecular tracking of insulin
resistance and inflammation development on visceral adipose tissue. Front. Immunol. 14, 1014778 (2023).
https://doi.org/10.3389/fimmu.2023.1014778
[zah, S.C,, Betiang, P.A., Paul-Chima Ugwu, O., Ainebyoona, C., Uti, D.E., Echegu, D.A.: The Ketogenic
Diet in  Obesity Management: Friend or Foe? Cell Biochem. Biophys. (2025).
https://doi.org/10.1007/512013-025-01878-0

Abdillah, AM., Yun, J.W.: Capsaicin induces ATP-dependent thermogenesis via the activation of

TRPV1/B3-AR/a1-AR in 8T3-L1 adipocytes and mouse model. Arch. Biochem. Biophys. 755, 109975
(2024). https://doi.org/10.1016/).abb.2024.109975

Colson, C., Batrow, P.-L., Gautier, N., Rochet, N., Ailhaud, G., Peiretti, F., Amri, E.-Z.: The Rosmarinus
Bioactive Compound Carnosic Acid Is a Novel PPAR Antagonist That Inhibits the Browning of White
Adipocytes. Cells. 9, 2433 (2020). https://doi.org/10.8390/cells9112433

Ikeda, K., Yamada, T..: UCP1 Dependent and Independent Thermogenesis in Brown and Beige
Adipocytes. Front. Endocrinol. 11, (2020). https://doi.org/10.8389/fendo.2020.00498
Schachner-Nedherer, A.-L., Fuchs, J., Vidakovic, 1., Holler, O., Schratter, G., Almer, G., Frohlich, E.,
Zimmer, A., Wabitsch, M., Kornmueller, K., Prassl, R.: Lipid Nanoparticles as a Shuttle for Anti-
Adipogenic  miRNAs  to  Human  Adipocytes.  Pharmaceutics. 15, 1983  (2023).
https://doi.org/10.8390/pharmaceutics 15071983

Hill, A.A., Anderson-Baucum, E.K., Kennedy, A.J., Webb, C.D., Yull, F.E., Hasty, A.H.: Activation of NF-
kB drives the enhanced survival of adipose tissue macrophages in an obesogenic environment. Mol. Metab.
4, 665—677 (2015). https://doi.org/10.1016/j.molmet.2015.07.005

Hsu, C.-Y., Liao, C.-C,, Lin, Z.-C., Alalaiwe, A., Hwang, E., Lin, T.-W_, Fang, J.-Y .: Facile adipocyte uptake
and liver/adipose tissue delivery of conjugated linoleic acid-loaded tocol nanocarriers for a synergistic
anti-adipogenesis effect. J. Nanobiotechnology. 22, 50 (2024). https://doi.org/10.1186/512951-024-
02316-8

Auger, C,, Kajimura, S.: Adipose Tissue Remodeling in Pathophysiology. Annu. Rev. Pathol. Mech. Dis.
18, 71-93 (2023). https://doi.org/10.1146/annurev-pathol-042220-023633

Lu, Q., Kou, D,, Lou, S., Ashrafizadeh, M., Aref, A.R., Canadas, I., Tian, Y., Niu, X., Wang, Y., Torabian,
P, Wang, L. Sethi, G., Tergaonkar, V., Tay, F., Yuan, Z., Han, P.. Nanoparticles in tumor
microenvironment remodeling and cancer immunotherapy. J. Hematol. Oncol.J Hematol Oncol. 17, 16
(2024). https://doi.org/10.1186/513045-024-01535-8

Wang, L., Jiang, X., Zhao, I, Duan, P., Li, Z., Luo, Y.: A review of adipose-derived mesenchymal stem
cells’ impacts and challenges: metabolic regulation, tumor modulation, immunomodulation, regenerative
medicine and genetic engineering therapies. Front. Endocrinol. 16, 1606847 (2025).
https://doi.org/10.3389/fendo.2025.1606847

Tajali, R., Eidi, A., Tafti, H.A., Pazouki, A., Kamarul, T, Sharifi, A.M.: Transplantation of adipose derived
stem cells in diabetes mellitus; limitations and achievements. J. Diabetes Metab. Disord. 22, 1039—1052
(2023). https://doi.org/10.1007/540200-023-01280-8

Yang, H,, Li, C, Li, Y., Tai, R., Sun, C.: Adipose-derived stem cells and obesity: The spear and shield
relationship. Genes Dis. 10, 175—186 (2021). https://doi.org/10.1016/j.gendis.2021.09.004

De Fano, M., Bartolini, D., Tortoioli, C., Vermigli, C., Malara, M., Galli, F., Murdolo, G.: Adipose Tissue
Plasticity in Response to Pathophysiological Cues: A Connecting Link between Obesity and Its Associated
Comorbidities. Int. J. Mol. Sci. 23, 5511 (2022). https://doi.org/10.3390/ijms23105511

Grun, LK., Maurmann, R.M,, Scholl, J.N., Fogaga, M.E., Schmitz, CR.R., Dias, CK., Gasparotto, J.,
Padoin, A.V., Mottin, C.C,, Klamt, I, Figueiré, I, Jones, M.H,, Filippi-Chiela, E.C., Guma, F.C.R., Barbé-
Tuana, F.M.: Obesity drives adipose-derived stem cells into a senescent and dysfunctional phenotype

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited

Page | 45



21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

associated with P3ssSMAPK/NF-KB axis. Immun. Ageing A. 20, 51 (2023).
https://doi.org/10.1186/512979-023-00378-0

Grun, LK., Maurmann, RM., Scholl, J.N., Fogaca, M.E., Schmitz, C.R.R., Dias, C.K., Gasparotto, J.,
Padoin, A.V., Mottin, C.C,, Klamt, I, Figueir¢, I, Jones, M.H., Filippi-Chiela, E.C., Guma, F.C.R., Barbé-
Tuana, F.M.: Obesity drives adipose-derived stem cells into a senescent and dysfunctional phenotype
associated with P3SMAPK/NF-KB axis. Immun. Ageing A. 20, 51 (2023).
https://doi.org/10.1186/512979-023-00378-0

Zhang, J., Liu, Y., Chen, Y., Yuan, L., Liu, H., Wang, J., Liu, Q., Zhang, Y.: Adipose-Derived Stem Cells:
Current Applications and Future Directions in the Regeneration of Multiple Tissues. Stem Cells Int. 2020,
8810813 (2020). https://doi.org/10.1155/2020/8810813

Mathur, N, Severinsen, M.C.K,, Jensen, M.E., Naver, L., Schrélkamp, M., Laye, M.J., Watt, M.J., Nielsen,
S., Krogh-Madsen, R., Pedersen, B.K., Scheele, C.: Human visceral and subcutaneous adipose stem and
progenitor cells retain depot-specific adipogenic properties during obesity. Front. Cell Dev. Biol. 10,
983899 (2022). https://doi.org/10.3389/fcell.2022.983899

Foti, R,, Storti, G., Palmesano, M., Scioli, M.G., Fiorelli, E., Terriaca, S., Cervelli, G., Kim, B.S., Orlandi,
A., Cervelli, V.: Senescence in Adipose-Derived Stem Cells: Biological Mechanisms and Therapeutic
Challenges. Int. J. Mol. Sci. 25, 8390 (2024). https://doi.org/10.8390/ijms25158390

Bhat, A.A,, Uppada, S., Achkar, L W, Hashem, S., Yadav, S.K., Shanmugakonar, M., Al-Naemi, H.A., Haris,
M., Uddin, S.: Tight Junction Proteins and Signaling Pathways in Cancer and Inflammation: A Functional
Crosstalk. Front. Physiol. 9, 1942 (2019). https://doi.org/10.3389/fphys.2018.01942

Ahechu, P., Zozaya, G., Marti, P., Hernandez-Lizodin, J.L., Baixauli, J., Unamuno, X., Friihbeck, G,
Cataldn, V.: NLRP3 Inflammasome: A Possible Link Between Obesity-Associated Low-Grade Chronic
Inflammation ~ and  Colorectal ~ Cancer  Development.  Front.  Immunol. 9, (2018).
https://doi.org/10.3389/fimmu.2018.02918

Annett, S., Moore, G., Robson, T.: FK506 binding proteins and inflammation related signalling pathways;
basic biology, current status and future prospects for pharmacological intervention. Pharmacol. Ther. 215,
107628 (2020). https://doi.org/10.1016/j.pharmthera.2020.107623

Grun, LK., Maurmann, R M., Scholl, J.N., Fogaga, M.E., Schmitz, C.R.R., Dias, C.K., Gasparotto, J.,
Padoin, A.V., Mottin, C.C,, Klamt, F., Figueir¢, I, Jones, M.H., Filippi-Chiela, E.C., Guma, F.C.R., Barbé-
Tuana, F.M.: Obesity drives adipose-derived stem cells into a senescent and dysfunctional phenotype
associated with P3SMAPK/NF-KB axis. Immun. Ageing  A. 20, 51 (2023).
https://doi.org/10.1186/512979-023-00378-0

Alum, E.U.: Metabolic memory in obesity: Can early-life interventions reverse lifelong risks? Obes. Med.
55, 100610 (2025). https://doi.org/10.1016/j.0bmed.2025.100610

Weijie, Z., Meng, Z., Chunxiao, W., Lingjie, M., Anguo, Z., Yan, Z., Xinran, C., Yanjiao, X., Li, S.: Obesity-
induced chronic low-grade inflammation in adipose tissue: A pathway to Alzheimer’s disease. Ageing Res.
Rev. 99, 102402 (2024). https://doi.org/10.1016/].arr.2024.102402

Ahmed, B., Sultana, R., Greene, M.W.: Adipose tissue and insulin resistance in obese. Biomed.
Pharmacother. 187, 111315 (2021). https://doi.org/10.1016/j.biopha.2021.111315

Frommer, M.L,, Langridge, B.J., Beedie, A., Jasionowska, S., Awad, L., Denton, C.P., Abraham, D.J., Abu-
Hanna, J.,, Butler, P.E.M.: Exploring Anti-Fibrotic Effects of Adipose-Derived Stem Cells: Transcriptome
Analysis upon Fibrotic, Inflammatory, and Hypoxic Conditioning. Cells. 13, 693 (2024).
https://doi.org/10.8390/cells 13080693

Durrani, I.A., Bhatti, A., John, P.: The prognostic outcome of ‘type 2 diabetes mellitus and breast cancer’
association pivots on hypoxia-hyperglycemia axis. Cancer Cell Int. 21, 3851 (2021).
https://doi.org/10.1186/512985-021-02040-5

Ejemot-Nwadiaro, R.I., Betiang, P.A., Basajja, M., Uti, D.E.: Obesity and Climate Change: A Two-way
Street with Global Health Implications. Obes. Med. 100623 (2025).
https://doi.org/10.1016/j.0bmed.2025.100623

Lourie, J., Goraltchouk, A., Fujishiro, A., Berger, N., Rosen, H.G., Hollander, J., Luppino, F., Seregin, A.,
Zou, K.: 792-P: A Novel Gene Therapy Platform Using GLP1 and EX4 Attenuates Hyperglycemia in a
Preclinical Model of Type 2 Diabetes. Diabetes. 73, 792-P (2024). https://doi.org/10.2837/db24-792-P

Ryu, T.Y., Park, J,, Scherer, P.E.: Hyperglycemia as a Risk Factor for Cancer Progression. Diabetes
Metab. J. 38, 330—-336 (2014). https://doi.org/10.4093/dmj.2014.38.5.330

Guan, Y., Wen, J,, Niu, H,, Zhai, J., Dang, Y., Guan, J.: Targeted delivery of engineered adipose-derived
stem cell secretome to promote cardiac repair after myocardial infarction. J. Controlled Release. 383,
113765 (2025). https://doi.org/10.1016/).jconrel.2025.113765

Arias, C., Alvarez-Indo, J., Cifuentes, M., Morselli, E., Kerr, B., Burgos, P.V.: Enhancing adipose tissue
functionality in obesity: senotherapeutics, autophagy and cellular senescence as a target. Biol. Res. 57, 51
(2024). https://doi.org/10.1186/540659-024-00531-z

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited

Page | 46



39.

40.

41.

42.

43.

Liao,N., Zheng, Y., Xie, H., Zhao, B., Zeng, Y., Liu, X,, Liu, J.: Adipose tissue-derived stem cells ameliorate
hyperglycemia, insulin resistance and liver fibrosis in the type 2 diabetic rats. Stem Cell Res. Ther. 8, 286
(2017). https://doi.org/10.1186/513287-017-0743-7

Robbins, P.D., Jurk, D., Khosla, S., Kirkland, J.L., LeBrasseur, N.K., Miller, J.D., Passos, J.FF., Pignolo, R.J.,
Tchkonia, T., Niedernhofer, L.J.: Senolytic Drugs: Reducing Senescent Cell Viability to Extend Health
Span. Annu. Rev. Pharmacol. Toxicol. 61, 779 (2020). https://doi.org/10.1146/annurev-pharmtox-
050120-105018

Grun, LK., Maurmann, R.M., Scholl, J.N,, Fogaga, M.E., Schmitz, C.R.R., Dias, C.K., Gasparotto, J.,
Padoin, A.V., Mottin, C.C,, Klamt, F., Figueir¢, F., Jones, M.H., Filippi-Chiela, E.C., Guma, F.C.R., Barbé-
Tuana, F.M.: Obesity drives adipose-derived stem cells into a senescent and dysfunctional phenotype
associated with P3SMAPK/NF-KB axis. Immun. Ageing. 20, 51 (2023).
https://doi.org/10.1186/512979-023-00878-0

Ikpozu, E.N., Offor, C.E., Igwenyi, 1.O., Obaroh, 1.O., Ibiam, U.A., Ukaidi, C.U.A.: RNA-based diagnostic
innovations: A new frontier in diabetes diagnosis and management. Diab. Vasc. Dis. Res. 22,
14791641251334726 (2025). https://doi.org/10.1177/14791641251334726

Jorge-Galarza, E., Medina-Urrutia, A., Reyes-Barrera, J., Torres-Tamayo, M., Montano-Estrada, L.F.,
Péez-Arenas, A., Mass6-Rojas, F., Judrez-Rojas, J.G.: Adipose tissue dysfunction serum markers are
associated with high density lipoprotein size and glycation in the early stages of type 2 diabetes. Lipids
Health Dis. 22, 89 (2023). https://doi.org/10.1186/512944-023-01847-7

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited

Page | 47



https://doi.org/10.59298/ROJBAS/2026/614147

