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Senolytic activity of alpha-Mangostin through  
in vitro TGF-b signaling inhibition

Abstract

Background and purpose: TGF-b is a multifunctional cytokine in-
volved in various cellular processes, including cell growth, differentiation, 
apoptosis and immune regulation. Depending on the cellular context, it 
plays an important role in aging, mostly through inducing and/or maintain-
ing cellular senescence. Senescent cells contribute to the pathogenesis and 
progression of various diseases by secreting pro-inflammatory factors and 
altering tissue environment, thereby accelerating aging and promoting age-
related disorders. TGF-b pathway suppression is considered a plausible 
strategy for senescent cell eradication. Small molecules, especially of natural 
origin, are gaining attention as effective modulators of senescence-associated 
pathways, including TGF-b.

Materials and methods: In search of TGF-b modulators with potential 
senolytic activity, we performed an initial screen of TGF-b modulation on 
480 naturally occurring compounds. Top inhibitors were re-tested for TGF-
b signaling inhibition and a-Mangostin was selected based on its safety and 
availability profile. We used the flow cytometry-based SA-b-gal activity 
assay to determine the ability of a-Mangostin to remove etoposide-induced 
senescent cells in vitro. Potential cytotoxicity was assessed by MTT test.

Results: In our model system, a-Mangostin at 10μM literally abolished 
the myostatin-induced TGF-b signaling in HEK-293 cells. Furthermore, 
the compound showed a substantial potential for clearance of senescent cells 
in three primary cell lines of different origin (Imr-90, HUVEC and hM-
SCs). At the same time, 10μM a-Mangostin did not affect cell viability in 
either cell line.

Conclusion: Our results suggest that a-Mangostin, as a naturally occur-
ring compound, is a potential TGF-b modulating senolytic, and encourages 
further research in formulation development and targeted in vivo studies.

INTRODUCTION

At the level of an organism, aging is the phenotypic outcome of a 
complex set of molecular events, leading to a time-dependent de-

crease in systemic functions. In 2013., nine ‘hallmarks’ of aging have 
been defined, with 3 more added in 2022 (1, 2). Some of those inter-
twined phenomena include genomic instability, telomere attrition, 
chronic inflammation and cell senescence. First described in 1961 by 
Hayflick and Moorhead (3), cellular senescence is the irreversible cell 
cycle arrest. Apart from replicative senescence due to telomere shorten-
ing, it can be induced by various stressors such as activation of onco-
genes, oxidative stress, viral infection and mitochondrial dysfunction (4, 
5). Senescent cells exhibit a specific secretory profile or SASP (senescence-
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associated secretory phenotype) which involves the pro-
duction of pro-inflammatory cytokines, chemokines, 
growth factors, and matrix metalloproteinases. SASP 
enables senescent cells to affect their environment by 
modulating the local inflammation status, immune regu-
lation, tissue remodeling and can also induce senescence 
in neighboring cells in paracrine manner. Senescent cells 
accumulate with age and contribute to tissue dysfunction, 
chronic inflammation, and the progression of age-related 
pathologies such as neurodegenerative and cardiovascular 
diseases, cancers, diabetes and kidney dysfunction (6–10). 
It is therefore not surprising that the search for senolytics 
(compounds or biomolecules that selectively remove se-
nescent cells) has been increasingly dynamic during the 
last 15 years. Transforming Growth Factor-beta (TGF-b) 
is a pleiotropic cytokine implicated in the regulation of 
many processes such as cell growth and differentiation, 
embryonic development, wound healing, inflammation, 
immune response modulation and tumorigenesis (11–14). 
Importantly, TGF-b activity has been linked to cellular 
senescence (15). Although the direction of this effect is 
context dependent, most studies have confirmed that 
TGF-b signaling positively correlates with senescence in 
various tissues and cell types, and that the activity of this 
pathway increases with age (16). While TGF-b can induce 
senescence in response to various stress signals, it also 
plays a crucial role in maintaining the senescent pheno-
type and modulating the senescence-associated secretory 
phenotype (SASP) (17). A potential TGF-b modulator 
with senolytic properties should preferably be a natural 
compound with an established and low-risk safety profile 
and a potential for feasible bioavailability optimization. 
Therefore, after a preliminary TGF-b inhibition screen of 
480 naturally occurring compounds, we re-tested the top 
compounds, and the most promising candidate meeting 
the above mentioned criteria was evaluated on the basis of 
its senolytic activity and cytotoxicity.

MATERIALS AND METHODS

Compounds

GreenPharma Natural Compound Libraries (GPNCL 
v001 and v003) containing a total of 480 compounds 
were used for an initial TGF-b signaling screen (Green-
Pharma S.A.S., Orléans, France, unpublished). Com-
pounds showing at least 70% inhibition of luciferase 
signal were re-tested using the same protocol as described 
below. All compounds were supplied as DMSO stock so-
lutions.

Luciferase-based TGF-b assay

Hek293-(CAGA)12 cell line was a kind gift of Dr. 
Tom Thompson (Department of Molecular Genetics, 
Biochemistry and Microbiology, University of Cincin-
nati). This cell line contains a luciferase reporter gene 

under the control of a promoter containing a Smad bind-
ing element (SBE) (CAGA (12)), and robustly responds 
to signaling by activin and TGF-b class ligands. 1 day 
before treatment, cells were seeded into 96-well plates at 
20000 cells per well in DMEM (high glucose) supple-
mented with 10% FBS and 100 µg/ml G418. After 24h, 
media was aspirated and replaced with 150 µl fresh 
DMEM (no FBS) containing 20 ng/ml growth/differen-
tiation factor-8 (GDF-8, myostatin, Abcam ab269163) to 
activate the TGF-b cascade. At the same time, com-
pounds were added at final concentration of 10µM. All 
treatments were performed in triplicates, and the equiva-
lent volume of DMSO was used for controls. 24h after 
treatment, the medium was removed and 100 µl of 1:1 
(DMEM: OneGlo Luciferase substrate) mixture was 
added to lyse the cells. Plates were gently vortexed for 2 
minutes, and readings were taken on Tecan Infinite 
M200 microplate reader after 10 minutes.

Cell lines, flow cytometry and MTT test

Imr-90 (healthy fetal lung fibroblasts), HUVEC (hu-
man umbilical vein endothelial cells) and hMSC (bone-
marrow-derived mesenchymal stem cells) were purchased 
from ATCC (CCL-186, PCS-100-010 and PCS-500-
012, respectively) and were cultured following the sup-
plier’s instructions. Senescence was induced by 10 µM 
etoposide (Sigma Aldrich E1383) for 24 hours. 2 days 
after etoposide removal, cells were treated with selected 
compounds at 10 µM for 48 hours. Percentage of senes-
cent cells was measured using the CellEvent™ Senescence 
Green Flow Cytometry Assay Kit (Abcam C10840). 
Briefly, after treatment and trypsinization, cells were 
fixed with 2% paraformaldehyde in PBS for 10 minutes 
at room temperature and washed twice with PBS/1% 
BSA. Pellets were resuspended in 1:750 dilution of Cel-
lEvent Green Senescence Probe in the supplied buffer, 
incubated for 1h at 37°C without CO2, washed twice 
with PBS and analyzed on BD LSR II flow cytometer. 
At least 10000 cells were used for analyses. For cytotox-
icity assessment, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide; tetrazolium dye) assay 
was performed. Briefly, 5 × 103 cells were seeded in a 
96-well plate; 24 h later, cells were treated with different 
concentrations of a-Mangostin and further processed as 
described in (18).

RESULTS

Selection of TGF-b signaling inhibitors

After the initial screen, top 70 compounds were re-
tested on Hek293-(CAGA)12 cells. A total of 63 com-
pounds decreased the luciferase signal to less than 30% 
when compared to control. Complete list of compounds 
is available in Supplemental data. Out of 12 compounds 
that completely abolished luciferase induction, 11 were 
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discarded as antibiotics and known toxins, which was 
expected. For those compounds, the decrease in luciferase 
is due to their cytotoxicity and not the specific TGF-b 
signaling inhibition. Top 10 candidates, based on toxicity 
and general safety data, are listed in Table 1. The most 
potent compound is a-Mangostin, a xanthonoid isolat-
ed from Garcinia mangostana (mangosteen tree). a-Man-
gostin is commonly consumed as part of the fruit and has 
also been investigated for its potential health benefits in 
traditional medicine and scientific research. Based on 
this, we decided to proceed with cytotoxicity assays and 
assessment of a-Mangostin senolytic potential.

Cytotoxicity assay

Using the MTT test, we assessed the cytotoxicity of 
different a-Mangostin concentrations after 24h treat-
ment. Hek293-(CAGA)12 cells were the most resistant to 
a-Mangostin treatment. Furthermore, no significant ef-
fect of cell viability was detected at 10µM for either cell 
line. This suggests that the decrease in myostatin-induced 
TGF-b signaling is a specific effect of Mangostin and not 
its cytotoxicity. The results are in line with previous stud-
ies (19– 21) which were, however, focused on cancer cell 
lines. Here we show that, in different non-cancer cell 

Table 1. Top 10 TGF-beta signaling inhibitors selected after the re-evaluation of 70-compound GPNCL library screen. Known toxins and an-
tibiotics are excluded. Luciferase signal indicates the percent of remaining TGF-beta signaling activity.

Compound Description Luciferase signal (% control)

a-Mangostin Xanthonoid (Garcinia mangostana) 0

piplartine amide alkaloid from long pepper plant (Piper longum) 0.8

menadione provitamin K3, vitamin K2 precursor 6.25

wedelolactone coumestan (Eclipta alba) 8.1

valtrate iridoid (Valeriana jatamansi) 13.8

primin quinone(Primula obconica) 15.97

corilagin ellagitannin (various plant species) 19.03

tanshinone IIA diterpenoid (Salvia miltiorrhiza) 20.19

humulone a-lupulic acid (Humulus lupulus) 20.47

reynosin sesquiterpene lactone (Magnolia grandiflora) 20.64

Figure 1. The results of cell viability (MTT) assay on different cell lines after treatment with 10μM Mangostin for 24h. Imr-90, human lung 
fibroblasts; Hek293-(CAGA)12, model cell line for TGF-b signaling assay; HUVEC, human umbilical vein endothelial cells; hMSCs, human 
bone-marrow-derived mesenchymal stem cells.
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lines, a-Mangostin does not significantly reduce cell vi-
ability at a concentration sufficient to completely abolish 
TGF-b signaling. 

a-Mangostin effectively removes 
etoposide-induced senescent Imr-90, 
HUVEC and hMS cells

Compared to classical immunohistochemistry, flow 
cytometry–adapted fluorescent beta-galactosidase sub-
strates offer higher sensitivity, dynamic range and single 
cell resolution. Therefore, we chose this approach to esti-
mate the ability of a-Mangostin to reduce the senescent 
cell burden in culture. In all four cell lines, 24h etoposide 
treatment resulted in a significant increase in the percent-
age of SA-b-gal positive cells after a 48h recovery period. 
a-Mangostin significantly reduced the proportion of se-
nescent cells in Imr-90 and HUVEC lines (Figure 2).

After setting an arbitrary threshold of FL1 intensity at 
10-2, we could estimate and compare the percentage of 
SA-b-gal positive cells (Table 2). Due to differences in cell 

size/morphology, staining efficiency and sensitivity to 
topoisomerase inhibition by etoposide, the comparison of 
absolute values between cell lines is not applicable. How-
ever, relative values point to the same direction. Imr-90 
cells are more sensitive to senescence induction by etopo-
side than HUVEC, but also a greater proportion of Imr-
90 fibroblasts are removed by a-Mangostin. 

Table 2. Effect of 10 μM a-Mangostin treatment (24h) on Imr-90 
and HUVEC senescent cell burden in vitro.

% of SA-b-gal positive cells

Imr-90 HUVEC

Control 7.25 7.54

Etoposide 29.7 19.5

a-Mangostin 10.8 12.4

In hMSCs, the senolytic effect of a-Mangostin was 
even more pronounced (Figure 3). 

Figure 2. SA-b-gal activity (FL1 intensity) distribution in HUVEC (A) and Imr-90 (B) cell lines. Blue, control; black, etoposide-treated cells; 
purple, etoposide treatment followed by 24h of 10μM a-Mangostin. 

Figure 3. Flow cytometry profiles of untreated hMSCs (A), etoposide-treated hMSCs (B) and etoposide-treated hMSCs after 24h of a-Mangostin 
treatment (C). Q2 quadrant corresponds to SA-b-gal positive cells. Percentages of cells are shown for each quadrant.
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In hMSCs, a-Mangostin reduced the senescent cell 
content to approx. 25% in 24 hours, with no apparent 
cytotoxicity (Figure 4).

DISCUSSION

Aging can be considered as a biological process impli-
cated in the progressive decline of physiological function 
and increased disease susceptibility of an organism with 
advancing age. At the tissue level, cellular senescence con-
tributes variably to the aging phenotype and chronic dis-
ease development (22, 23). Senescent cells, while ceasing 
to proliferate, adopt a Senescence-Associated Secretory 
Phenotype (SASP), secreting a cocktail of pro-inflamma-
tory cytokines, chemokines, growth factors, and prote-
ases that modulate the tissue microenvironment. This 
state contributes to aging and the progression of age-re-
lated diseases by promoting inflammation and tissue dys-
function. On the other hand, it simultaneously benefits 
the organism by suppressing potential tumor formation 
and aiding in wound healing. However, senescence is also 
considered as one of the hallmarks of cancer, as SASP and 
‘transitory senescence’ can promote tumor development 
and resistance to therapy (24). Thus, the secretion of fac-
tors by senescent cells can enhance immune surveillance 
against precancerous cells, reducing cancer risk, and pro-
mote tissue repair processes, facilitating the healing of 
wounds but their role in carcinogenesis is of dual nature 
(25, 26). Transforming Growth Factor-beta (TGF-b) is a 
pleiotropic cytokine implicated in a myriad of cellular 
processes, including cell growth, differentiation, apopto-
sis, and the immune response (27). In context of cellular 
senescence, TGF-b signaling exerts context-dependent 
effects on cellular fate. TGF-b can both induce senes-
cence in response to various stressors and also maintain 

the senescent phenotype and modulate SASP. This dual 
role makes TGF-b a target of interest for modulating se-
nescence and, by extension, aging and related pathologies 
(28, 29). 

The search for agents that can remove senescent cells 
through TGF-b signaling inhibition, we have identified 
a-Mangostin, a natural xanthone compound found in the 
mangosteen fruit, as a promising candidate. a-Mangostin 
has been shown to have antioxidant, anti-inflammatory, 
and anticancer properties, making it relevant for targeting 
aging and cellular senescence (30). Here we show that 
a-Mangostin abolishes GDF-8-induced TGF-b signaling 
in 3 different cell lines: IMR-90 (fetal), HUVEC (new-
born) and hMSCs (adult donor). Also, we have demon-
strated a-Mangostin's capability to reduce the burden of 
senescent cells in these cell lines through flow cytometry. 
Finally, and importantly, we confirmed that in our ex-
perimental model, the compound is not toxic to cells at 
effective concentration. Different cell lines used in this 
study point to different implications of a-Mangostin ac-
tion in aging and disease research. Thus, the effect of a-
Mangostin on senescent IMR-90 cell lines points towards 
potential applications in addressing pulmonary diseases. 
Lung fibroblasts becoming senescent contribute to pa-
thologies like fibrosis and chronic obstructive pulmonary 
disease (COPD) (31, 32), where the removal of such cells 
could mitigate tissue dysfunction and inflammation, sug-
gesting a therapeutic pathway for improving lung health. 
In this experimental setup HUVEC cell line represents 
the vascular system, where the accumulation of senescent 
endothelial cells leads to cardiovascular diseases (33). a-
Mangostin's capacity to clear these cells may offer strate-
gies to prevent or ameliorate conditions such as atheroscle-
rosis and hypertension, thereby preserving cardiovascular 
health. Similarly, the impact of a-Mangostin on hMSCs 
highlights its potential in regenerative medicine. The se-
nescence of mesenchymal stem cells impairs tissue repair 
and regeneration, crucial in conditions like osteoporosis 
and arthritis (34, 35). By reducing senescence in these 
cells, a-Mangostin could enhance tissue regeneration and 
function, offering new therapeutic avenues.

Taken together, our data show that a-Mangostin, a 
readily available and basically a safe compound, is a fea-
sible candidate for future in vivo and mechanistic studies 
of senescent cell removal from various tissues. The poten-
tial of its application spans from pulmonary and cardio-
vascular diseases to regenerative medicine.

Supplementary material is available on-line at https://
hrcak.srce.hr/pb
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