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Abstract: Objective: To investigate whether diosgenin inhibits the proliferation, migration, and invasion of colorectal
cancer cells and to elucidate the underlying molecular mechanisms. Methods: CCK-8 assays were used to evalu-
ate the viability of HCT116 and SW480 cells and determine the half-maximal inhibitory concentration (IC,) values.
Transwell assays were performed to assess cell migration and invasion. Apoptosis and protein expression levels
were evaluated using flow cytometry and Western blotting (WB). The expression of AKT1/IL-6/STAT3 signaling path-
way-related molecules was analyzed using WB, ELISA, and qRT-PCR. Functional rescue experiments were performed
using the AKT1 inhibitor MK-2206, AKT1-specific siRNA, exogenous IL-6, and the STAT3 blocker Stattic. Nuclear
translocation of phosphorylated AKT1 (P-AKT1) and P-STAT3 was examined by immunofluorescence. Results:
Diosgenin decreased the viability of HCT116 and SW480 cells in a dose-dependent manner, suppressed cell mi-
gration and invasion, induced apoptosis, and modulated the Bax/Bcl-2 and Caspase-3/PARP apoptotic pathways.
Mechanistically, diosgenin suppressed AKT1 phosphorylation, thereby reducing IL-6 excretion and inhibiting STAT3
activation. AKT1 inhibitor or siRNA knockdown both enhanced the inhibitory effects of diosgenin on cell viability,
whereas exogenous IL-6 partially reversed these effects. In addition, the STAT3 inhibitor exhibited a synergistic ef-
fect with diosgenin. Immunofluorescence analysis demonstrated that diosgenin reduced the nuclear translocation
of P-AKT1 and P-STAT3. Conclusion: Diosgenin suppresses the proliferation, migration and invasion of colorectal
cancer cells and induces mitochondrial-mediated apoptosis by inhibiting the AKT1/1L-6/STAT3 signaling pathway.
These findings provide experimental evidence supporting the use of diosgenin in the treatment of colorectal cancer.
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Introduction AKT1, a key component of the PI3K/AKT signal-

ing pathway, is often overexpressed in CRC and

Colorectal cancer (CRC) remains a major global
health burden [1-3]. According to 2024 Global
Cancer Observatory (GLOBOCAN) data, approxi-
mately 1.926 million new cases and 0.904 mil-
lion deaths attributable to CRC occur annually
worldwide, and it has the highest lifetime risk
among gastrointestinal cancers, reaching app-
roximately 38.5% [3]. Despite the implementa-
tion of screening programs and advances in
surgical treatment, the 5-year survival rate for
metastatic colorectal cancer (MCRC) remains
limited, ranging from 10-25% [4, 5]. Therefore,
increasing efforts have been devoted to eluci-
dating the molecular mechanisms underlying
CRC progression and developing novel thera-
peutic strategies.

promotes tumor growth and metastasis by reg-
ulating cell proliferation and metabolism [6-8].
Previous studies have demonstrated that aber-
rant activation of the AKT1 pathway is closely
linked to CRC initiation, progression, and poor
outcomes [9, 10]. Additionally, IL.-6, a represen-
tative inflammatory cytokine, is significantly
elevated in both the serum and tumor microen-
vironment of CRC patients, where it promotes
cancer cell proliferation, migration, and inva-
sion through activation of the downstream
STAT3 signaling pathway [11, 12]. Persistent
activation of the IL-6/STAT3 axis has been
reported to facilitate CRC progression [9, 13].
AKT1 and the IL-6/STAT3 signaling network are
also closely interconnected; AKT1 can increase
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IL-6 production and secretion through multip-
le mechanisms, thereby activating STAT3 and
establishing a positive feedback loop [14-16].
Therefore, targeting the AKT1/IL-6/STAT3 sig-
naling pathways has recently attracted incre-
asing attention as a potential therapeutic strat-
egy for colorectal cancer.

Chinese herbal medicine, with diverse phar-
macologically active components and relatively
low toxicity, have been extensively investigated
in cancer treatment in recent years [17, 18].
Diosgenin is a naturally occurring steroidal sa-
pogenin, with Dioscorea zingiberensis and Dio-
scorea nipponica being its two major natural
sources. Dioscorea nipponica is used as the
primary raw material for the commercial me-
dicine “Di'ao Xinxuekang” [19-21]. Earlier
studies have demonstrated that diosgenin ex-
hibits numerous biological properties, includ-
ing anti-inflammatory, antioxidant, and anti-
cancer activities [22, 23]. Moreover, diosgenin
has been shown to inhibit CRC cell proliferation
and induce apoptosis [18, 24]. Nevertheless,
whether diosgenin exerts its anti-CRC effects
through regulation of the AKT1/IL-6/STAT3 sig-
naling pathway remains unclear.

Based on the above findings, this study aimed
to investigate whether diosgenin inhibits CRC
cell proliferation, migration, and invasion and
induces apoptosis through suppression of
AKT1 phosphorylation, reduction of IL-6 se-
cretion, and inhibition of the IL-6/STAT3 auto-
crine loop.

Materials and methods
Drugs and reagents

Diosgenin (purity > 98%), temozolomide (TMZ),
MK-2206, Stattic, and recombinant human IL-6
protein were purchased from Selleck Chemi-
cals (USA). The CCK-8 kit was purchased from
Dojindo (Japan). SYBR Green gPCR Master Mix
was obtained from Takara (Japan). The human
IL-6 ELISA kit was purchased from R&D
Systems (USA).

The primary antibodies used in this study in-
cluded antibodies against cleaved Caspase-3,
P-AKT1 (Serd73), AKT1, Bax, P-STAT3 (Tyr705),
STAT3, cleaved PARP, Bcl-2, IL-6, and actin, all
of which were provided by Cell Signaling Tech-
nology (USA). HRP-labelled goat anti-rabbit and
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goat anti-mouse secondary reagents were ob-
tained from Jackson ImmunoResearch (USA).
Alexa Fluor 488- and 555-labelled fluorescent
secondary antibodies were purchased from
Invitrogen (USA).

Cell culture

The human CRC lines HCT116 and SW480
were procured from the ATCC(USA). HCT116
cells and SW480 cells were cultured in Dul-
becco’s modified Eagle’'s medium (DMEM) con-
taining high glucose supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin/
streptomycin (P/S). All cells were maintained
at 37°C in a humidified atmosphere contain-
ing 5% CO,,.

CCK-8 experiment

HCT116 and SW480 cells were seeded into
96-well plates at a density of 5x10° cells/well,
followed by the addition of 100 pL of complete
culture medium. Following overnight attach-
ment, cells were treated with increasing con-
centrations of diosgenin (0, 12.5, 25, 50, 75,
100, 150, 200 pM) for IC,, determination, or
with diosgenin at 20, 40, and 60 uM for subse-
quent functional assays. TMZ was used at con-
centrations of O, 50, 100, 200, 400, 600, 800,
and 1000 uM. Three technical replicates were
included for each concentration, and three
independent biological experiments were per-
formed. After 48 h of cultivation, cell viability
was assessed using CCK-8 kit according to the
manufacturer’s instructions. Absorbance was
measured at 450 nm using a microplate re-
ader. Dose-response curves were plotted, and
IC,, values were calculated using GraphPad
Prism 10 software.

Transwell migration and invasion assays

Migration analysis: Cells were starved in se-
rum-free medium for 12 h, trypsinized, and
resuspended at a density of 2x10° cells/mL.
Subsequently, 200 pL of cell suspension con-
taining HCT116 cells (4x10* cells) or SW480
cells (2x10* cells), along with diosgenin (0, 20,
40, 60 uM), was added to the upper chamber
of Transwell inserts. The lower chambers were
filled with 600 uL of complete medium contain-
ing 10% FBS and the corresponding concen-
trations of diosgenin. To directly evaluate the
effect of diosgenin on cell migratory ability rath-
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er than FBS-induced chemotaxis, diosgenin
was added to both the upper and lower cham-
bers at equal concentrations to eliminate the
drug-independent chemotactic gradient. After
24 h of incubation, non-migrating cells remain-
ing on the upper membrane were gently wiped
away, while migrating cells on the lower sur-
face were fixed, stained with crystal violet, and
counted in five randomly selected microscopic
fields per well.

Invasion analysis: Matrigel was diluted 1:6 with
serum-free liquid, and 50 pL of the diluted
solution was evenly applied onto the upper sur-
face of the Transwell membrane. The Matrigel
was polymerized at 37°C for 2 h before use.
Cells were seeded at density of 6x10* cells/
well for HCT116 cells and 3x10* cells/well for
SW480 cells. All subsequent procedures were
the same as in the migration assay, except that
the incubation period was extended to 48 h.

Flow cytometry analysis of apoptosis

HCT116 cells (5x10° per well) were cultured in
6-well plates and treated with vehicle (0.1%
DMSO0), diosgenin (20, 40, 60 uM), or TMZ (400
uM) for 48 h. Subsequently, cells were harvest-
ed and processed according to the manufac-
turer’s instructions for the Annexin V-FITC apop-
tosis detection kit. Flow cytometry was used to
evaluate the cell apoptosis status.

Western blot

Total cellular proteins were extracted from
treated cells and quantified using a BCA assay.
Equal amounts of protein samples were sepa-
rated by SDS-PAGE and transferred onto PVDF
membranes. The membranes were blocked
with 5% non-fat milk for 1 h and incubated over-
night at 4°C with primary antibodies, followed
by incubation with HRP-conjugated secondary
antibodies for 1 h. Protein bands were visual-
ized using an ECL detection systems, and band
intensities were quantified using ImageJ) soft-
ware.

ELISA

HCT116 cells were seeded into 6-well plates
at a density of 2x10° cells per well. After over-
night adhesion, the cells were exposed to dios-
genin (0, 20, 40, 60 uM) or MK-2206 (5 uM) for
24 h. The culture supernatants were collected
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and centrifuged at 3,000 r/min for 10 min to
remove cellular debris. IL-6 concentrations
were determined using a commercial human
IL-6 ELISA kit according to the manufacturer’s
instructions. Absorbance was measured at
450 nm, and IL-6 concentrations (pg/mL) were
determined according to the provided standard
curve.

qRT-PCR

Total RNA was extracted using TRIzol reagent
after 24 h of treatment. RNA quality and con-
centration were assessed, followed by cDNA
synthesis and gPCR with SYBR Green Master
Mix. The primer sequences used were as fol-
lows: IL-6 forward, 5-ACTCACCTCTTCAGAACG-
AATTG-3’, reverse, 5-CCATCTTTGGAAGGTTCA-
GGTTG-3’; GAPDH forward, 5-GGAGCGAGAT-
CCCTCCAAAAT-3’, reverse, 5-GGCTGTTGTCAT-
ACTTCTCATGG-3'. Relative IL-6 mRNA levels
were calculated using the 222 method, with
GAPDH used as the internal reference control.

AKT1 inhibitor (MK-2206) co-treatment experi-
ment

HCT116 cells were divided into four groups:
control group (0.1% DMSO), MK-2206 group (5
uM), diosgenin group (40 uM), and the com-
bination treatment group (MK-2206 5 uM +
diosgenin 40 uM). After 48 h of incubation,
cell viability was assessed using the CCK-8
assay, cell migration was evaluated using
Transwell assays, and the levels of P-AKT1,
AKT1, P-STAT3, STAT3, and IL-6 were deter-
mined by Western blot.

AKT1 siRNA knockdown experiment

The siRNA sequences used in this study were
as follows: si-AKT1#1 forward 5-GAGCGAC-
GUUGCCAUUGUATT-3’; si-AKT1#2 forward 5'-
CCUGAAAGCUGCAAGAAUATT-3’, negative con-
trol si-NC forward 5-UUCUCCGAACGUGUCA-
CGUdTdT-3..

Knockdown efficiency validation: HCT116 cells
were seeded into 6-well plates and then trans-
fected with at approximately 60-70% conflu-
ence with 50 nM siRNA using Lipofectamine
3000. After 48 h of transfection, cells were col-
lected, and AKT1 protein levels were assessed
by Western blotting.
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Functional assays: Cells were divided into four
groups: si-NC, si-AKT1#2, si-NC + diosgenin (40
uM), and si-AKT1 #2 + diosgenin (40 uM). After
24 h of transfection, the culture medium was
replaced with new fresh medium containing
diosgenin, and cells were incubated for an
additional 48 h. Subsequently, cell viability and
migration ability were evaluated using CCK-8
and Transwell assays, respectively.

Exogenous IL-6 rescue experiment

HCT116 cells were divided into four groups:
control group (0.1% DMSO), recombinant hu-
man IL-6 treatment group (20 ng/mL), diosgen-
in treatment group (40 uM), and combination
treatment group (diosgenin, 40 uM + IL-6, 20
ng/mL). After 48 hours of incubation, cell viabil-
ity was assessed using the CCK-8 assay, cell
migration was evaluated by Transwell assay,
and P-STAT3/STAT3 protein levels were deter-
mined by Western blot.

STAT3 inhibitor (Stattic) co-treatment experi-
ment

HCT116 cells were assigned to four groups:
control group (0.1% DMSO), Stattic treatment
group (5 uM), diosgenin treatment group (40
pM), and combination treatment group (Stattic,
5 uM + diosgenin, 40 uM). After 48 h of incu-
bation, cell viability was evaluated using the
CCK-8 assay, and apoptosis was analyzed by
Annexin V-FITC/PI flow cytometry.

Immunofluorescence assay

Immunofluorescence staining was performed
following standard procedures. Briefly, after
treatment with vehicle or 40 uM diosgenin for
48 h, HCT116 cells were fixed, permeabilized,
and blocked. Cells were then incubated with
primary antibodies against P-AKT1 and P-STAT3
overnight at 4°C, followed by incubation with
corresponding fluorescent secondary antibod-
ies. Nuclei were counterstained with DAPI.
Images were acquired using a confocal micro-
scope, and fluorescence intensity and the
nuclear/cytoplasmic ratio were quantified us-
ing ImageJ software. The nuclear/cytoplasmic
fluorescence intensity ratio of each treat-
ment group was normalized to that of the con-
trol group.

Statistical analysis

Statistical analyses were performed using
GraphPad Prism 10 software. All experiments
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were performed using three independent bio-
logical replicates, and data were presented as
mean * standard deviation (SD). Differences
between the two groups were assessed using
a two-tailed Student’s t-test. For comparisons
among multiple groups, one-way ANOVA fol-
lowed by Dunnett’s or Tukey’s post-hoc test
was performed, as appropriate. A two-sided
P-value < 0.05 was considered statistically
significant. Statistical significance in figures is
indicated as follows: “P < 0.05, "*P < 0.01, *"P
< 0.001, and "™"P < 0.0001.

Results

Diosgenin inhibits proliferation, migration and
invasion of colorectal cancer cells

To investigate the in vitro anti-cancer effects of
diosgenin on CRC cells, the CCK-8 assay was
initially used to determine its effect on the via-
bility of HCT116 and SW480 cells. As shown in
Figure 1A, 1B, after 48 h of treatment with 60
MM diosgenin, the viability of HCT116 and
SWA480 cells decreased to 38.5 + 4.5% and
58.2 + 5.0%, respectively. In contrast, TMZ at
the same dose, used as a reference drug, did
not significantly affect the viability of either cell
line (> 95%). Dose-response plots (Figure 1C,
1D) demonstrated that diosgenin inhibited cell
survival in a concentration-dependent manner,
with IC_  values of 51.81 + 2.5 yM and 73.53 +
3.2 uM for HCT116 cells and SW480 cells,
respectively. By comparison, the IC_ values of
TMZ in HCT116 and SW480 cells were approxi-
mately 706.9 + 35.1 uM and 432.9 + 24.3 uM,
respectively, indicating that diosgenin exhibited
stronger cytotoxic effects than TMZ under the
experimental conditions.

The effects of diosgenin on CRC cell migration
and invasion were also examined using Tran-
swell assays. As shown in Figure 1E-I, incu-
bation with diosgenin for 24 h (migration) and
48 h (invasion) significantly reduced the num-
bers of migrating and invading HCT116 and
SW480 cells in a dose-dependent manner com-
pared with the control group. At 60 uM, dios-
genin inhibited HCT116 cell migration and in-
vasion by 70.2 + 4.5% and 71.4 + 5.2%, re-
spectively (Figure 1F, 1H); the corresponding
inhibition rates for SW480 cells were approxi-
mately 55 + 4.8% and 57 + 5.0%, respectively
(Figure 1G, 1l). These findings demonstrate
that diosgenin effectively suppresses the mi-
gratory and invasive abilities of CRC cells.
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Figure 1. Diosgenin inhibits proliferation, migration and invasion in colorectal cancer cells. (A, B) Bar graphs of the
viability of HCT116 (A) and SW480 (B) cells after 48 h of exposure to diosgenin or TMZ. (C, D) Dose-response plots
for HCT116 (C) and SW480 (D) cells incubated with diosgenin for 48 h. (E) Typical crystal violet staining images
of Transwell migration and invasion assays; scale bar = 200 um. (F-I) Quantitative analysis of migrated (F, G) and
invaded (H, 1) cells. Notes: "P < 0.05, "P < 0.01, and ""P < 0.001.

Diosgenin induces apoptosis in colorectal can-
cer cells

To investigate the mechanism underlying dios-
genin-induced reduction in cell viability, apop-
tosis was analyzed using Annexin V-FITC/PI
double staining flow cytometry. Diosgenin tre-
atment for 48 h increased the proportion of
apoptotic HCT116 cells in a dose-dependent
manner (Figure 2A, 2B). The apoptosis rates
were 9.9 £ 1.6%, 22.7 + 2.8% and 38.4 + 3.5%
in the 20, 40 and 60 uM diosgenin groups,
respectively, compared with 3.2 + 0.7% in the
control group. TMZ (400 pM) as a reference
drug induced a total apoptosis rate of 16.0 +
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2.2%. WB analysis (Figure 2C-G) further showed
that diosgenin treatment increased the expres-
sion levels of cleaved Caspase-3, cleaved PARP
and Bax, while decreasing Bcl-2 expression.

Diosgenin inhibits the AKT1/IL-6/STAT3 signal-
ing pathway

WB analysis (Figure 3A-C) showed that diosg-
enin treatment for 48 h decreased the P-AKT1/
AKT1 and P-STAT3/STAT3 ratios in HCT116
cells in a concentration-dependent manner. In
addition, the specific AKT1 inhibitor MK-2206
significantly suppressed the phosphorylation
of AKT1 and STAT3. ELISA results (Figure 3D)

Am J Transl Res 2026;18(9):8314-8327
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Figure 2. Diosgenin induces apoptosis in HCT116 cells. A. Representative dot plots obtained from Annexin V-FITC/
Pl flow cytometry analysis. B. Quantification of the total apoptotic cell population. C. Representative Western blot-
ting images showing the protein expression levels of cleaved Caspase-3, cleaved PARP, Bax, Bcl-2 and actin. D-G.
Quantitative analysis of normalized protein levels. Notes: "P < 0.05, “"P < 0.01, and P < 0.001.
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Figure 3. Diosgenin inhibits the AKT1/IL-6/STAT3 signaling pathway in
HCT116 cells. A. Western blot analysis of P-AKT1, AKT1, P-STAT3, STAT3,
and actin. B, C. Bar graphs of the ratios P-AKT1/AKT1 and P-STAT3/STAT3.
D. ELISA experiments to quantify IL-6 in cell culture medium. E. qRT-PCR re-
sults of I-6 mMRNA relative expression. Notes: ns, not significant, “P < 0.05,

P <0.01, and "P < 0.001.

showed that diosgenin decreased IL-6 secre-
tion in a concentration-dependent manner. The
IL-6 concentration in the control group (0 uM)
was 282.5 + 25.5 pg/mL, and the concentra-
tions in the 20, 40 and 60 yM diosgenin treat-
ment groups were 208.2 £ 18.5, 151.0 + 15.5,
and 97.0 £ 12.5 pg/mL, respectively. MK-2206
(5 uM) also significantly reduced IL-6 secre-
tion to 165.2 + 14.5 pg/mL. qRT-PCR analysis
(Figure 3E) further demonstrated that diosgen-

8320

in inhibited IL-6 MRNA expres-
sion, suggesting regulation at
the transcriptional level. Co-
llectively, these findings indi-
cate that diosgenin inhibits
AKT1 phosphorylation, reduc-
es IL-6 production, and conse-
quently suppresses STAT3 ac-
tivation.

AKT1 is a key target of dios-
genin in suppressing colorec-
tal cancer

control
= Diosgenin-20uM
m= Diosgenin-40pM
Diosgenin-60pM
. MK-2206

To determine whether AKT1
mediates the anticancer ef-
fects of diosgenin, functional
rescue experiments were per-
formed using the AKT1 inhibi-
tor MK-2206 and AKT1-speci-
fic siRNA. As shown in Figure
4A-C, MK-2206 alone reduced
cell viability to 70.8 + 3.7% and
decreased the number of mi-
grating cells to 185 + 18 cells/
field. Diosgenin alone reduc-
ed cell viability to 77.1 + 4.1%
and migration counts to 147 +
11 cells/field. Combined treat-
ment with MK-2206 and dios-
genin further decreased cell
viability to 46.2 + 3.6% and
migration counts to 83 + 10
cells/field, indicating an en-
hanced inhibitory effect com-
pared with either treatment
alone. WB analysis (Figure 4D-
G) showed that the P-AKT1/
AKT1 and P-STAT3/STAT3 ra-
tios, as well as IL-6 protein levels, were all sig-
nificantly lower in the combination group com-
pared to the single-agent group.

control
= Diosgenin-20uM
= Diosgenin-40uM
Diosgenin-60uM
e MK-2206

To further validate the role of AKT1, two siRNAs
were used to silence AKT1 expression. si-
AKT1#2 achieved a higher knockdown efficien-
cy (around 75%; Figure 4H, 41) and was select-
ed for subsequent experiments. AKT1 knock-
down alone partially reduced cell viability and
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photos (B) and quantitative analysis (C) of Transwell migration assays after MK-2206 co-treatment; scale bar = 200
um. (D-G) Representative Western blot images (D) and quantitative analysis (E-G) of P-AKT1, AKT1, P-STAT3, STAT3,
IL-6 and actin expression after MK-2206 co-treatment. (H, 1) Representative Western blot images (H) and quantita-
tive analysis (l) of AKT1 silencing efficiency. (J) Quantification of cell viability after AKT1 siRNA transfection using
the CCK-8 assay. (K, L) Representative crystal violet staining photos (K) and quantitative analysis (L) of Transwell
migration assays after AKT1 siRNA silencing; scale bar = 200 um. Notes: ns, not significant, P < 0.05, P < 0.01

and "*P < 0.001.

migration; In the presence of si-NC, diosgenin
treatment decreased cell viability to 75.5 +
4.1% and reduced migration to 139 + 12 cells/
field. Notably, combined treatment of si-AKT
and diosgenin synergistically decreased cell
viability and migration (Figure 4J-L). These find-
ings suggest that AKT1 is involved in, and may
contribute to, the anticancer effects of diosgen-
in in colorectal cancer cells.

Diosgenin exerts anti-tumor effects via the
IL-6/STAT3 axis

To further validate the involvement of the IL-6/
STAT3 axis in the anti-tumor effects of dios-
genin, rescue experiments with exogenous IL-6
supplementation and co-treatment with the
STAT3 inhibitor Stattic were performed. As sh-
own in Figure 5A-E, recombinant human IL-6
treatment alone increased cell viability, migra-
tion and P-STAT3 expression, whereas diosgen-
in treatment significantly reduced these indica-
tors. Importantly, exogenous IL-6 partially res-
tored the inhibitory effects of diosgenin on cell
viability, migration, and STAT3 activation.

Moreover, co-treatment of Stattic with diosgen-
in exhibited a synergistic effect. As shown in
Figure 5F-H, the combined treatment further
decreased cell viability to 42.2 + 3.2% and
increased total apoptotic rate to 47.5 + 4.0%,
both of which were substantially better than in
the single-drug treatment group. These findings
indicate that the IL-6/STAT3 signaling pathway
contributes to the inhibitory effects of diosgen-
in on colorectal cancer cells.

Diosgenin reduces nuclear translocation of
P-AKT1 and P-STAT3

Immunofluorescence staining was perform-
ed to further examine the effects of diosgenin
on the subcellular localization of P-AKT1 and
P-STAT3. As shown in Figure 6A, in the control
group, P-AKT1 (green) and P-STAT3 (red) fluo-
rescent signals were strongly detected in both
the cytoplasm and the nucleus, with evident
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nuclear accumulation. The merged images sh-
owed extensive yellow fluorescence.

After diosgenin treatment for 48 h, the fluores-
cence intensity of P-AKT1 and P-STAT3 was sig-
nificantly reduced (Figure 6B), nearly all nuclear
staining disappeared, and only faint diffuse sig-
nals remained in the cytosol. Quantitative an-
alysis of the nuclear/cytoplasmic fluorescence
intensity ratio (Figure 6C) showed that diosgen-
in treatment reduced the nuclear/cytoplasmic
ratio of P-AKT1 and P-STAT3 from 1.00 + 0.10
to 0.45 + 0.06 and 0.50 + 0.07, respectively.
These findings suggest that diosgenin sup-
presses the nuclear translocation of P-AKT1
and P-STAT3. Consistent with the WB results,
these data indicate that diosgenin effectively
inhibits both the activation and nuclear translo-
cation of AKT1 and STAT3 signaling.

Discussion

Colorectal cancer is a major digestive system
malignancy with high incidence and mortality
rates worldwide [1, 25, 26]. Although compre-
hensive treatment strategies have continuous-
ly advanced, the prognosis of patients with ad-
vanced and metastatic CRC remains poor [27,
28]. In the present study, we demonstrated
that diosgenin inhibited CRC cell viability, migra-
tion and invasion in a concentration-dependent
manner, induced mitochondrial apoptosis, and
decreased the nuclear translocation of P-AKT1
and P-STAT3 by suppressing the AKT1/IL-6/
STAT3 signaling axis.

The AKT signaling pathway plays an important
role in CRC progression, and its aberrant ac-
tivation promotes tumor growth, metastasis,
and resistance to chemotherapy [29]. In this
study, diosgenin significantly reduced AKT1 ph-
osphorylation, and pharmacological inhibition
of AKT1 with MK-2206 or genetic AKT1 knock-
down further enhanced the inhibitory effects
of diosgenin on CRC cell viability and migra-
tion. These findings are consistent with previ-
ous studies reporting that natural products can

Am J Transl Res 2026;18(9):8314-8327
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Figure 5. Diosgenin exerts anti-cancer effects through modulation of the IL-6/STAT3 signaling pathway. (A) Quantifi-
cation of cell viability assessed by the CCK-8 assay in the exogenous IL-6 rescue experiment. (B, C) Representative
crystal violet staining images (B) and quantitative analysis (C) of Transwell migration assays following exogenous
IL-6 supplementation; scale bar = 200 uym. (D, E) Representative Western blot images (D) and semi-quantitative
analysis (E) of P-STAT3, STAT3, and actin expression in the exogenous IL-6 rescue study. (F) Quantification of cell
viability assessed by CCK-8 assay in the Stattic co-treatment experiment. (G, H) Representative dot plots (G) and
quantitative analysis (H) of total apoptotic cell populations detected by Annexin V-FITC/PI flow cytometry following
Stattic co-treatment. Notes: “P < 0.05, **P < 0.01 and "*P < 0.001.
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effects of diosgenin, support-
ing the involvement of the IL-6/
STAT3 pathway in the antican-
cer activity of diosgenin. These
results are consistent with pre-
vious studies reporting that
AKT signaling can promote tu-
mor progression by regulating
the IL-6 autocrine cycle in glio-
mas and non-small cell lung
cancers [35, 36]. Similarly, in-
hibition of the IL-6/STAT3 path-
way has been shown to sup-
press malignant cell growth in
prostate cancer and other so-
lid tumors [37]. However, the
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Figure 6. Diosgenin inhibits the nuclear translocation of P-AKT1 and P-
STAT3. A. Representative immunofluorescence images: DAPI (blue), P-AKT1
(green), P-STAT3 (red) and combined, scale bar = 50 ym. B. Quantitative
analysis of the average fluorescence intensity of P-AKT1 and P-STAT3. C.
Quantitative analysis of the nuclear/cytoplasmic fluorescence intensity ra-
tios of P-AKT1 and P-STAT3. The nuclear/cytoplasmic ratios were normal-

ized to the control group. Note: P < 0.001.

inhibit CRC progression by regulating the AKT
signaling pathway [30]. In addition, AKT signal-
ing has been reported to contribute to cancer
stem cell self-renewal and chemoresistance
in hepatocellular carcinoma and glioblastoma
[31]. As a natural steroidal sapogenin, diosgen-
in may possess advantages over conventional
AKT inhibitors due to its multiple biological
activities and potentially lower toxicity. Similar
advantages have been observed in other bioac-
tive materials derived from traditional Chinese
medicine, such as tanshinone [32, 33].

Persistent activation of the IL-6/STAT3 signal-
ing axis is a major driver of malighant pheno-
types in CRC [34]. Our findings showed that
diosgenin inhibited the expression of IL-6 at
both the mRNA and protein levels and sup-
pressed STAT3 activation. External IL-6 supp-
lementation partially reversed the anti-tumor
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T
control

novelty of our work lies in dem-
onstrating that diosgenin regu-
lates the AKT1/IL-6/STAT3 sig-
naling network in CRC cells,
affecting both upstream AKT1
activation and downstream ST-
AT3 signaling.

T
Diosgenin

The combined treatment with

the STAT3 inhibitor Stattic and
diosgenin further enhanced the inhibitory ef-
fects, highlighting the potential therapeutic
relevance of targeting the IL-6/STAT3 pathway
in CRC treatment. Combination therapy sig-
nificantly reduced cell viability and increased
apoptosis compared with either treatment al-
one; suggesting that co-inhibition of AKT1 and
STAT3 may provide enhanced anti-tumor effect.
This concept is in line with the emerging the-
rapeutic strategy of “dual-target” or “multi-tar-
get” intervention [38]. Within the tumor micro-
environment, IL-6 is produced not only by can-
cer cells but also by cancer-associated fibro-
blasts and macrophages [39]. Therefore, dios-
genin-mediated reduction of IL-6 secretion may
potentially influence the inflammatory charac-
teristics of the tumor microenvironment, which
warrants further investigation.

Several limitations of this study need to be
acknowledged. First, all experiments were per-
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formed using in vitro cell systems, and in vivo
validation in animal models was not perform-
ed. Although our findings demonstrate that
diosgenin modulates the AKT1/IL-6/STAT3 sig-
naling pathway in CRC cells, whether these
molecular effects translate into therapeutic
benefits within the complex tumor microenvi-
ronment in vivo remains unclear. Second, the
use of temozolomide (TMZ) as a reference drug
is a limitation of this study. TMZ is primarily
used for the treatment of glioma and is not a
standard chemotherapeutic agent for CRC. The
observed relatively limited inhibitory effect of
TMZ on HCT116 and SW480 cells is consistent
with previous studies reporting its limited ac-
tivity in CRC models, potentially due to MGMT
expression and mismatch repair (MMR) status.
Although TMZ was included as a comparator
to evaluate the relative anticancer activity of
diosgenin, clinically relevant CRC therapeutic
agents, such as 5-fluorouracil, oxaliplatin, or iri-
notecan, would provide more appropriate re-
ference controls. Future studies will employ
these drugs to further validate the anti-CRC
activity of diosgenin.

Third, although both pharmacological inhibi-
tion (MK-2206) and genetic knockdown (siRNA)
approaches were used to investigate the in-
volvement of AKT1, an AKT1 overexpression
rescue experiment-such as transfection with
constitutively active AKT1-would further streng-
then the causal relationship between AKT1 in-
hibition and diosgenin-mediated regulation of
the IL-6/STAT3 pathway. Fourth, the Transwell
experimental design, in which diosgenin was
added to both the upper and lower chambers,
does not fully distinguish between effects on
chemotaxis and intrinsic cell motility. There-
fore, our conclusion is limited to the observa-
tion that diosgenin suppresses overall migra-
tion through modulation of the AKT1/IL-6/
STAT3 signaling pathway. Future studies em-
ploying a modified Transwell system (with drug
only in the upper chamber) are required to se-
parately evaluate the effects of diosgenin on
chemotactic responses and cell motility.

Fifth, the current monoculture cell model only
addresses the autocrine IL-6/STAT3 loop and
doesn’t account for paracrine IL-6 production
from components of the tumor microenviron-
ment, such as cancer-associated fibroblasts
and macrophages. Future investigations using
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co-culture systems or stromal cell-derived con-
ditioned media are needed to evaluate the
contribution of paracrine IL-6/STAT3 axis to
CRC progression. Finally, the poor water solu-
bility and limited pharmacokinetic properties
of diosgenin may restrict its in vivo bioavailabil-
ity and therapeutic application. Although re-
search on nanocarriers has shown potential for
improving diosgenin absorption, further phar-
macokinetic/pharmacodynamic (PK/PD) stud-
ies are required. In addition, this study did not
investigate upstream regulators of AKT1, such
as PI3K and PTEN, nor did it determine whe-
ther diosgenin directly interacts with AKT1 pro-
tein. Future studies incorporating molecular
docking, surface plasmon resonance, and CRC
xenograft models are warranted.

Conclusion

This study provides evidence that diosgenin
inhibits CRC cell proliferation, migration and
invasion and induces apoptosis by modulating
the AKT1/IL-6/STAT3 signaling axis. These find-
ings suggest that diosgenin represents a poten-
tial bioactive component. Further in vivo stud-
ies using animal models are warranted to vali-
date its therapeutic efficacy, clarify its pharma-
cological mechanisms, and evaluate its poten-
tial for future clinical translation.
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