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Solamargine inhibited the progression of non-small cell lung cancer
in vitro by activating T cells
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Lung cancer is the leading cause of cancer-related death globally and the most common cancer type.
Solamargine is an extract from the traditional Chinese medicine, Long Kui, which exhibits antitumor effects in
a number of cancer types, including lung cancer. However, the possible association between solamargine and
the tumor microenvironment (TME) in non-small cell lung cancer (NSCLC) remains to be elucidated. In the
present study, Cell Counting Kit-8 and 5-Ethynyl-2'-deoxyuridine (EdU) assays were used to evaluate the via-
bility and proliferation of NSCLC cells, respectively. In addition, NSCLC cells were co-cultured with periph-
eral blood mononuclear cells with or without prior solamargine treatment to evaluate the possible association
between solamargine and the TME. The results indicated that solamargine can inhibit NSCLC cell proliferation
and migration directly. In addition, it was demonstrated that solamargine can prevent the progression of
NSCLC indirectly via activating the function of T cells. These findings may provide a novel theoretical basis
in drug discovery for the treatment of NSCLC.
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Introduction

Lung cancer is the leading cause of cancer-related death glob-
ally, and the most common type is non-small cell lung cancer
(NSCLC).'"* NSCLC originates from the alveolar epithelium and
bronchial mucosa. The pathogenesis of NSCLC is complex and
may be related to the interaction of the patients” own genetics and
external factors.> A previous study has shown that patients with
NSCLC have no typical early clinical symptoms, which may
include cough, dyspnea, hemoptysis and fever, all of which lack
specificity, leading to the development of middle and late stage
disease before diagnosis.* Thus, the early diagnosis and treatment
of NSCLC is essential to improve the long-term prognosis of
patients. In terms of the treatments available for patients with lung
cancer, surgery, radiotherapy, chemotherapy, targeted therapy and
immunotherapy are the main methods for NSCLC; however, the
therapeutic effect and prognosis of patients with advanced disease
harboring negative driver genes remains poor, and the 5-year sur-
vival rate is low.*

The tumor microenvironment (TME) refers to the local biolog-
ical environment of solid tumors, which includes cancerous cells,’
nearby stromal cells (such as immune cells and fibroblasts),
microvessels, cytokines and extracellular matrix.® The external
mechanism of tumor drug resistance is closely related to the TME,
which prevents the immune clearance of tumor cells, impedes drug
absorption, stimulates paracrine factors and sends signals for can-
cer cell growth; it also promotes drug resistance without causing
gene mutations and epigenetic changes.” Targeting the TME com-
pared with directly targeting cancer cells has a notable therapeutic
advantage as cancer cells can easily develop drug resistance due to
their genomic instability, whereas non-tumor cells in the TME are
genetically more stable and are thus more vulnerable.’

Traditional Chinese medicines can be used for tumor treat-
ments due to their immune-regulation functions, multiple targets
and fewer side effects.® Solamargine is an extract from the tradi-
tional Chinese medicine, Long Kui, which has been reported to
exhibit antitumor effects in a number of cancer types, including
cervical, renal and lung cancer.”!' For instance, solamargine has
been shown to inhibit growth and induce cell cycle arrest in
NSCLC cell lines.!? Zhou et al. reported that solamargine inhibits
the proliferation of lung cancer cells through the p38 MAPK-medi-
ated pathway.”® In addition, solamargine possess other bioactive
effects including anti-inflammatory effects.'* However, to the best
of our knowledge, the possible association between solamargine
and the TME in NSCLC remains to be elucidated. Therefore, the
present study aimed to explore the mechanism underlying the anti-
tumor effects of solamargine on NSCLC.

Materials and Methods

Cell culture

The NSCLC cell lines, A549 and NCI-H441, were provided by
the American Type Culture Collection. The A549 and NCI-H441
cells were cultured in F-12K medium and RPMI 1640 medium
(both from Thermo Fisher Scientific, Inc., Waltham, MA, USA),
respectively, in an incubator with 5% CO, at 37°C. All mediums
were supplemented with 10% FBS (Thermo Fisher Scientific,
Inc.), 100 pg/mL streptomycin and 100 pg/mL penicillin. To eval-
uate the effect of solamargine (MedChemExpress, Princeton, NJ,
USA) on NSCLC cells, the A549 and NCI-H441 cells were treated
with 2.5, 5 or 10 uM solamargine for 48 h at 37°C.

OPEN 8 ACCESS

CCKS8 assay

AS549 or NCI-H441 cells were seeded into culture plates and
incubated at 37°C overnight. Following treatment with 2.5, 5 or 10
UM solamargine at 37°C for 48 h, the cells were further incubated
with 10 uL. CCKS8 reagent (Dojindo Laboratories, Inc., Rockville,
MD, USA) at room temperature for 4 h. Subsequently, the
absorbance of each well was measured at 450 nm using a
Multiskan MK3 microplate reader (Thermo Fisher Scientific,
Inc.).

Transwell assays

For cell migration analysis, A549 or NCI-H441 cells were
seeded into the upper chamber (with serum-free medium) of the
transwell insert (3 pm; Corning, Inc., Corning, NY, USA) without
Matrigel. Regarding as cell invasion analysis, the upper chamber
was pre-coated with Matrigel (1:20; Corning, Inc.) at 37°C for 30
min. After incubation for 12 h at 37°C, cells in the lower chamber
(with medium containing 10% FBS) were fixed with 100% anhy-
drous ethanol for 30 min at room temperature. Then, the cells were
stained with 1% crystal violet for 1 h at room temperature. The
migrated or invasive cells were subsequently counted on 200x
magnification under an inverted light microscope (IX51; Olympus
Corporation, Tokyo, Japan). A total of five randomly selected
fields of view were quantified.

EdU staining assay

A549 or NCI-H441 cells were incubated in a 24-well plate at
37°C for 48 h. The cells were then treated with EAU (Invitrogen,
Waltham, MA, USA; Thermo Fisher Scientific, Inc.) at room tem-
perature for 2 h. Subsequently, the cells were fixed with 4%
paraformaldehyde for 30 min at room temperature, permeabilized
in 1.0% Triton X-100 for 10 min and then blocked with a blocking
buffer for 1 h. DAPI solution (1:1000; Thermo Fisher Scientific,
Inc.) was used to stain the cell nuclei for 15 min at 37°C. The EdU-
positive cells were observed and counted on 200% magnification
under a fluorescence microscope (IX51; Olympus Corporation). A
total of five randomly selected fields of view were quantified.

Cell apoptosis assay

Cell apoptosis was investigated using the TUNEL (TdT-medi-
ated dUTP Nick End Labeling) staining kit (Beyotime Institute of
Biotechnology, Haimen, China). Briefly, the cells were incubated
with 4% paraformaldehyde for 30 min at room temperature, fol-
lowed by treatment with 0.5% Triton X-100. The cells were subse-
quently incubated with 50 uLL TUNEL reaction buffer for 1 h at
37°C, and then the nuclei were stained with DAPI (1:1000;
Thermo Fisher Scientific, Inc.) for 15 min at 37°C. The cells were
then blocked with anti-fade mounting medium (Beyotime Institute
of Biotechnology). The images from five randomly selected fields
were visualized and captured on 200x magnification using a fluo-
rescence microscope (IX51; Olympus Corporation). TUNEL posi-
tive cell rate = TUNEL positive cell number / DAPI positive cell
number x 100%.

Immunofluorescence staining

A549 or NCI-H441 cells were fixed with methanol for 30 min,
permeabilized with 0.1% Triton X-100 for 1 min and then blocked
with 10% goat serum (Thermo Fisher Scientific, Inc.) for 2 h at
room temperature. Next, the cells were incubated with anti-cleaved
caspase-3 primary antibody (1:1000; Abcam, Cambridge, UK)
overnight at 4°C. After washing with PBS, the cells were incubated
with goat anti-rabbit IgG (Immunoglobulin G) secondary antibody
(1:2000; Abcam) for 1 h. Omission of the primary antibody was
used for negative controls. After staining with DAPI for 15 min at
37°C, the cells were observed under 200x magnification a IX51
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fluorescence microscope (Olympus Corporation). The images
from five randomly selected fields were visualized and the
immunofluorescence intensity per microscope field was quantified
using ImageJ software (version 1.8.0; National Institutes of Health,
Bethesda, MD, USA).

Co-culture system

The peripheral blood mononuclear cells (PBMCs) purchased
from Shanghai Saili Biopharmaceutical Co., Ltd. (Shanghai,
China) were stimulated with 2 pg/mL CD3/CD28 (Thermo Fisher
Scientific, Inc.) or 2.5 uM solamargine. Then, A549 or NCI-H441
cells were co-cultured with the stimulated PBMCs (at a 1:10 ratio)
for 6 h at 37°C. The viability of the A549 or NCI-H441 cells was
subsequently detected with the CCK8 assay and the CD3 and
CD69 expression levels in the PBMCs were evaluated by flow
cytometry analysis (see below).

Flow cytometry analysis

A549 or NCI-H441 cells were collected and diluted to 1x10°
cells/100 pl. Then, the cells were incubated with anti-CD3 and
anti-CD69 antibodies (both from BioLegend, Inc., San Diego, CA,
USA) at 4°C for 20 min. After washing with PBS, the cells were
stained with Live/Death (BioLegend, Inc.) for 15 min to exclude
any dead cells from the analysis. Stained cells were analyzed using
a flow cytometer (CytoFLEX; Beckman Coulter, Inc., Brea, CA,
USA) and FlowJo 7.6 software (FlowJo LLC).

Statistical analysis

The quantitative data generated in the present study were ana-
lyzed using GraphPad Prism software (version 8.0; Dotmatics). All
experiments were replicated three times to ensure reliability. Data are

press

N

presented as the mean + SD. For multiple group comparisons, one-
way ANOVA followed by Tukey’s post-hoc test was used. A p-value
<0.05 was considered to indicate a statistically significant difference.

Results

Solamargine dose-dependently inhibited the
proliferation of NSCLC cells

The effect of solamargine on the proliferation of NSCLC cells
was evaluated using CCK8 and EdU staining assays. As indicated
in Figure 1A, solamargine dose-dependently decreased the viabil-
ity of A549 and NCI-H441 cells. In addition, 5 uM solamargine
significantly prevented the proliferation of NSCLC cells (Figure 1
B,C). These results suggested that solamargine dose-dependently
inhibited the proliferation of NSCLC cells.

Solamargine dose-dependently induced the apop-
tosis of NSCLC cells

Next, to explore the mechanism underlying the antitumor
effects of solamargine on NSCLC cells, TUNEL and immunofluo-
rescence staining were conducted. As shown in Figure 2 A,B, 5 uM
solamargine notably induced the apoptosis of NSCLC cells. In
addition, solamargine dose-dependently upregulated the expres-
sion of cleaved caspase-3 in NSCLC cells (Figure 2 C,D).
Caspase-3 is an essential executor in apoptosis and its activation
has been regarded as a biomarker of cell apoptosis. These results
suggested that solamargine dose-dependently induced the apopto-
sis of NSCLC cells.
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Figure 1. Solamargine dose-dependently inhibited the cell proliferation of NSCLCs. A549 or NCI-H441 cells were treated with 2.5 uM,
5 uM or 10 uM solamargine for 48 h. A,B) Cell viability was evaluated using with CCKS8 assay. C) Cell proliferation was detected with

EdU staining. **p<0.01, comparing with control group, n=3.
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Solamargine inhibited the migration and invasion
of NSCLC cells

The effects of solamargine on the migration and invasion of
NSCLC cells were explored using the transwell assay. The results
of the transwell assay suggested that 5 pM solamargine notably
inhibited the migration of NSCLC cells (Figure 3 A,B). The
inhibitory rate on cell migration and invasion in the 5 uM solamar-
gine group was >50% (Figure 3 A,B).

Solamargine enhanced the T cell killing effect on
NSCLC cells

To explore the effect of solamargine on the TME of NSCLC in
vitro, A549 or NCI-H441 cells were co-cultured with stimulated
PBMCs. As indicated in Figure 4A, PBMCs alone slightly inhibit-
ed the viability of A549 cells, while solamargine significantly
enhanced the T cell killing effect on NSCLC cells. In addition,
TUNEL staining suggested that the pro-apoptotic effect of PBMCs
was notably enhanced when stimulated with CD3/CD28 or with
solamargine (Figure 4B). Similar results were observed in NCI-
H441 cells (Figure 4 C,D). These results suggested that solamar-
gine enhanced the killing effect of T cells on NSCLC cells.

Solamargine promoted the proliferation and
activation of T cells

Finally, to explore the mechanism underlying the effect of
solamargine on the TME of NSCLC, the expression levels of CD3
and CD69 (T cell activation markers) in PBMCs were detected by
flow cytometry. The results of the flow cytometry analysis indicat-
ed that solamargine promoted the expression of CD3 and CD69 in
PBMC:s (Figure 5 A,B), suggesting that solamargine may promote
the proliferation and activation of T cells.

T 20 A549
o *%
2
- [
w —}
z 3 20
= 3
2
=2 *
g 10
T o
o
g 5
=] - 0
> R
& &3
. [ &
) &@ &
o 4\0‘ 'D&Q
= X
60\'0 60
H A549
g 5
0
] -
° o 4
2 3 2
o
8 o 3
o 8
Q
& 2 .
b4
o
2
1
5
g0
> N N
PO
[S ©
Y <&
& A
& &
S &
&
o &

Discussion

Previous research has demonstrated that the incidence and
motility rates of lung cancer have been continuously increasing.!
Despite advancements in the treatments for lung cancer, less
progress has been made in improving the survival of patients with
advanced NSCLC.!¢ Therefore, developing more effective adjunc-
tive therapeutics with maximized efficacy and minimized adverse
effects are urgently needed.

The natural compound, solamargine, an extract and glycoalka-
loid of Solanum lycocarpum, has exhibited antitumor properties in
a number of cancer types.'>!7!% A previous study reported that sola-
margine inhibits the growth of lung cancer cells via inactivation of
the PI3K/Akt pathway."” In addition, Tang et al. found that sola-
margine inhibits NSCLC cell growth through downregulating the
HOTAIR, miR-214-3p and 3-phosphoinositide-dependent protein
kinase-1 axis.?’ Fu et al. reported that solamargine inhibits gastric
cancer progression by regulating the expression of IncNEAT1 2
via the MAPK signaling pathway.?! Consistent with these findings,
the present study demonstrated that solamargine directly inhibits
the progression of NSCLC by inducing cell apoptosis.

As is well known, T cell immunity maintains body homeosta-
sis by selectively clearing pathogens and abnormal cells; neverthe-
less, the uncontrolled hyperactivation of T cells can injure normal
cells.?? Cytotoxic T lymphocytes are effector T cells that can
specifically lyse target cells via secreting cytokines.?> However,
upon prolonged antigenic stimulation, T cells may lose their effec-
tor functions even in the presence of the antigens that they target.?*
Programmed cell death protein 1 (PD-1) and programmed cell
death ligand 1 (PD-L1) can regulate the activation of T cells under
normal conditions, with the aim of preventing autoimmune reac-
tions.? The present study explored the mechanism underlying the
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Figure 2. Solamargine dose-dependently induced the cell apoptosis of NSCLCs. A549 or NCI-H441 cells were treated with 2.5 uM or 5
uM solamargine for 48 h. A,B) Cell apoptosis was detected using with TUNEL assay. C,D) The expression of cleaved caspase 3 in
NSCLCs was evaluated with immunofluorescence staining. *p<0.05, **p<0.01, comparing with control group, n=3.
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Figure 3. Solamargine inhibited the cell migration and invasion of NSCLCs. A549 or NCI-H441 cells were treated with 2.5 uM or 5 uM
solamargine for 24 h. A,B) Cell migration and invasion were detected using with transwell assay. *p<0.05, **p<0.01, comparing with con-
trol group, n=3.
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Figure 4. Solamargine enhanced T cell killing effect on NSCLCs. A549 cells were co-cultured with the stimulated PBMC (1:10 ratio) for
6 h at 37°C. A) Cell viability was detected with CCK8. B) Cell apoptosis was evaluated with TUNEL staining; NCI-H441 cells were co-
cultured with the stimulated PBMC (1:10 ratio) for 6 h at 37°C. C) Cell viability was detected with CCK8. D) Cell apoptosis was evaluated
with TUNEL staining. *p<0.05, **p<0.01, comparing with control group, n=3.
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effect of solamargine on the TME of NSCLC. It was found that
solamargine promoted the expression of CD3 and CD69 in
PBMCs, suggesting that solamargine may promote the prolifera-
tion and activation of T cells. These data suggested that solamar-
gine not only inhibited the progression of NSCLC cells directly but
also activated T cell immunity. This finding was confirmed by a
previous study in which it was reported that solamargine inhibits
gastric cancer progression via inactivation of STAT3/PDIIL1 sig-
naling, suggesting an interaction between solamargine and the
TME.?! The novelty of the present study is that, to the best of our
knowledge, it is the first to discover that solamargine can inhibit
the proliferation of NSCLC cells by regulating the TME.

However, the present study has several limitations. The inter-
action between solamargine and PD-1 requires further investiga-
tion. In addition, the detailed mechanisms underlying the activat-
ing effect of solamargine on T cells should be investigated in the
future. Moreover, the TME contains diverse immune cell popula-
tions, including T cells, macrophages and natural killer cells, and
the potential effects of solamargine on other immune subsets
remain unexplored.

In summary, the present study confirmed that solamargine can
inhibit NSCLC cell proliferation and migration directly. In addi-
tion, it was found that solamargine could prevent the progression
of NSCLC indirectly via activating the function of T cells. These
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findings may provide a novel theoretical basis in drug discovery
for the treatment of NSCLC.

References

1. Abu Rous F, Singhi EK, Sridhar A, Faisal MS, Desai A. Lung
Cancer treatment advances in 2022. Cancer Invest 2023;41:12-
24.

2. Bade BC, Dela Cruz CS. Lung cancer 2020: epidemiology, eti-
ology, and prevention. Clin Chest Med 2020;41:1-24.

3. Nasim F, Sabath BF, Eapen GA. Lung cancer. Med Clin North

Am 2019;103:463-73.

. LiY, Wu X, Yang P, Jiang G, Luo Y. Machine learning for lung
cancer diagnosis, treatment, and prognosis. Genomics
Proteomics Bioinformatics 2022;20:850-66.

5. Rybak-Wolf A, Stottmeister C, Glazar P, Jens M, Pino N,
Giusti S, et al. Circular RNAs in the mammalian brain are
highly abundant, conserved, and dynamically expressed. Mol
Cell 2015;58:870-85.

6. Arneth B. Tumor microenvironment. Medicina (Kaunas)
2019;56:15.

7. Xiao Y, Yu D. Tumor microenvironment as a therapeutic target
in cancer. Pharmacol Ther 2021;221:107753.

PBMC co-cultured with A549

80 * * 50
- X -
60 g 40 2
T 304
>
40 2
S 20
3]
Cas 10-
c 1 1 1 0 1 1 1
O N & O N &
& & & & & &
Q 0"-‘ 2 R o“-’ 2
K9 \,,& K \6‘
é(; xgo O x°
NG O NG O
¢ QQé ¢ Qé‘

PBMC co-cultured with NCI-H441

50
* *
80 oy *k
—~ 40 =
2
60 =
e 30
)
407 3 204
]
20+ 10
0 T T T 0 T T T
] S e O o @
L Q &
& & 8 & & ¢
Q & &
xo 2 ox o\'b
S S
> O O
L ‘xs; < N
L 2

Figure 5. Solamargine promoted the proliferation and activation of T cells. A) A549 cells were co-cultured with the stimulated PBMC
(1:10 ratio) for 6 h at 37°C; the expressions of CD3 and CD69 in PBMC were detected with flow cytometric. B) NCI-H441 cells were co-
cultured with the stimulated PBMC (1:10 ratio) for 6 h at 37°C; the expressions of CD3 and CD69 in PBMC were detected with flow cyto-

metric. ¥p<0.05, **p<0.01, comparing with control group, n=3.

OPEN 8 ACCESS

[European Journal of Histochemistry 2025; 69:4217]



8.

10.
11.

12.

13.

14.

15.

16.

Pei H, Yang J, Li W, Luo X, Xu Y, Sun X, et al. Solanum
nigrum Linn.: advances in anti-cancer activity and mechanism
in digestive system tumors. Med Oncol 2023;40:311.

. Qu X, Xie J, Zhang Y, Wang Z. Solamargine alleviates prolif-

eration and metastasis of cervical cancer cells by blocking the
CXCL3-mediated Erk signaling pathway. Evid Based
Complement Alternat Med 2022;2022:7634754.

Han'Y, Shi J, Xu Z, Zhang Y, Cao X, Yu J, et al. Identification
of solamargine as a cisplatin sensitizer through phenotypical
screening in cisplatin-resistant NSCLC organoids. Front
Pharmacol 2022;13:802168.

Huang S, Sun M, Ren Y, Luo T, Wang X, Weng G, Cen D.
Solamargine induces apoptosis of human renal carcinoma cells
via downregulating phosphorylated STAT3 expression. Oncol
Lett 2023;26:493.

Tang Q, Zheng F, Wu J, Xiao Q, Li L, Hann SS. Combination
of solamargine and metformin strengthens IGFBP1 gene
expression through inactivation of Stat3 and reciprocal interac-
tion between FOXO3a and SP1. Cell Physiol Biochem
2017;43:2310-26.

Zhou Y, Tang Q, Zhao S, Zhang F, Li L, Wu W, et al. Targeting
signal transducer and activator of transcription 3 contributes to
the solamargine-inhibited growth and -induced apoptosis of
human lung cancer cells. Tumour Biol 2014;35:8169-78.
Zhao Z, Jia Q, Wu MS, Xie X, Wang Y, Song G, et al.
Degalactotigonin, a natural compound from Solanum nigrum
L., Inhibits growth and metastasis of osteosarcoma through
GSK3p  inactivation-mediated  repression  of  the
Hedgehog/Glil pathway. Clin Cancer Res 2018;24:130-44.
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA
Cancer J Clin 2015;65:5-29.

Di Maio M, De Marinis F, Hirsch FR, Gridelli C. Diagnostic
and therapeutic issues for patients with advanced non-small

17.

18.

19.

20.

21.

22.

23.
24.

25.

press

N

cell lung cancer harboring anaplastic lymphoma kinase
rearrangement: European vs. US perspective (review). Int J
Oncol 2014;45:509-15.

Martins GZ, Moreira RR, Planeta CS, Almeida AE, Bastos JK,
Salgueiro L, et al. Effects of the extract and glycoalkaloids of
Solanum lycocarpum St. Hill on Giardia lamblia trophozoites.
Pharmacogn Mag 2015;11:S161-5.

Sani IK, Marashi SH, Kalalinia F. Solamargine inhibits migra-
tion and invasion of human hepatocellular carcinoma cells
through down-regulation of matrix metalloproteinases 2 and 9
expression and activity. Toxicol In Vitro 2015;29:893-900.
Chen Y, Tang Q, Wu J, Zheng F, Yang L, Hann SS. Inactivation
of PI3-K/Akt and reduction of SP1 and p65 expression
increase the effect of solamargine on suppressing EP4 expres-
sion in human lung cancer cells. J Exp Clin Cancer Res
2015;34:154.

Tang Q, Zheng F, Liu Z, Wu J, Chai X, He C, et al. Novel
reciprocal interaction of IncRNA HOTAIR and miR-214-3p
contribute to the solamargine-inhibited PDPK1 gene expres-
sion in human lung cancer. J Cell Mol Med 2019;23:7749-61.
Fu R, Wang X, Hu Y, Du H, Dong B, Ao S, et al. Solamargine
inhibits gastric cancer progression by regulating the expression
of IncNEAT1 2 via the MAPK signaling pathway. Int J Oncol
2019;54:1545-54.

Cha JH, Chan LC, Li CW, Hsu JL, Hung MC. Mechanisms
controlling PD-L1 expression in cancer. Mol Cell
2019;76:359-70.

Wherry EJ. T cell exhaustion. Nat Immunol 2011;12:492-9.
Nguyen LT, Ohashi PS. Clinical blockade of PD1 and LAG3--
potential mechanisms of action. Nat Rev Immunol
2015;15:45-56.

Ai L, Xu A, Xu J. Roles of PD-1/PD-L1 pathway: signaling,
cancer, and beyond. Adv Exp Med Biol 2020;1248:33-59.

Received: 31 March 2025. Accepted: 11 June 2025.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).
©Copyright: the Author(s), 2025

Licensee PAGEPress, Italy

European Journal of Histochemistry 2025, 69:4217
doi:10.4081/ejh.2025.4217

Publisher's note: all claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those
of the publisher; the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manufacturer is not guaranteed
or endorsed by the publisher.

[European Journal of Histochemistry 2025; 69:4217]

OPEN aACCESS



