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Danthron as a novel IL-6R
agonist promotes
thrombopoiesis via the
SRC/RAS/MAPK pathway
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and Jianming Wu2,5*
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Activity Screening and Druggability Evaluation for Chinese Materia Medica, School of Pharmacy,
Southwest Medical University, Luzhou, China, 2School of Basic Medical Sciences, Southwest Medical
University, Luzhou, Sichuan, China, 3Department of Pharmacy, The Second People’s Hospital of Yibin,
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Chengdu, China, 5Key Laboratory of Medical Electrophysiology, Ministry of Education and Medical
Electrophysiological Key Laboratory of Sichuan Province, (Collaborative Innovation Center for
Prevention of Cardiovascular Diseases), Institute of Cardiovascular Research, Southwest Medical
University, Luzhou, China
Background: This study aimed to investigate the effects of danthron on promoting
megakaryocyte (MK) differentiation and alleviating thrombocytopenia, as well as to
elucidate its underlying mechanisms.
Methods: Cell proliferation and apoptosis of Meg-01 and K562 cells were
evaluated by CCK-8, LDH release, and apoptosis assays. MK differentiation was
assessed by Giemsa staining, phalloidin staining, and �ow cytometry. A
thrombocytopenia mouse model was induced by 4 Gy irradiation and treated
intraperitoneally with danthron for 12 days, followed by hematological,
histopathological, MK differentiation, and tail bleeding analyses. Potential targets
and pathways were explored using network pharmacology, molecular docking,
GO/KEGG enrichment, Western blotting, and inhibitor validation.
Results: Danthron effectively promoted MK differentiation in vitro, inducing the
expression of MK differentiation– related transcription factors NF-E2, RUNX1,
MEIS1, and HIF-1b, without exhibiting signi�cant cytotoxicity. In addition,
danthron markedly accelerated the recovery of MK progenitors, MKs, and
platelet levels in thrombocytopenic mice, and shortened tail bleeding time.
These effects were associated with danthron directly targeting IL-6R and
activating the downstream SRC/RAS/MAPK signaling pathway, whereas
inhibition of IL-6R or ERK abrogated these effects.
Conclusion: This study uncovered danthron as a novel natural small-molecule
agonist of IL-6R and demonstrated its therapeutic potential in thrombocytopenia.
The effect of danthron is mediated by its capacity to promote MK differentiation
and induce platelet production through targeting of IL-6R and activation of the
downstream SRC/RAS/MAPK signaling pathway. These results highlight danthron
as a promising candidate for thrombocytopenia therapy and underscore the
therapeutic potential of targeting IL-6R signaling for hematopoietic regulation.
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1 Introduction

Thrombocytopenia is a prevalent complication among ca
patients undergoing radiotherapy and chemotherapy. I
accompanied by a decrease in platelet count and an increase
of bleeding, signi� cantly affecting treatment ef� cacy and patien
outcomes (1). Radiation-induced thrombocytopenia (RI
represents a critical hematopoietic concern in acute radia
syndromes, frequently leading to increased morbidity
mortality among affected patients (2, 3). Current therapeutic
options for thrombocytopenia, including glucocorticoid
thrombopoietin (TPO) receptor agonists (TPO-RAs), a
immunoglobulins, demonstrate limited ef� cacy and are associat
with various adverse effects. For instance, glucocorticoids
contribute to the development of diabetes mellitus a
osteoporosis (4, 5), whereas TPO-RAs, such as eltrombopag
romiplostim, can lead to complications including myelo� brosis,
elevated transaminases, and thromboembolism (6). Additionally,
the availability of immunoglobulins is often limited, and their u
can result in headaches and allergic reactions (6). Consequently, th
management of thrombocytopenia remains a signi� cant clinical
challenge, underscoring the urgent need for safer and more eff
therapeutic alternatives.

Megakaryocyte (MK) production involves the proliferation a
differentiation of hematopoietic stem cells (HSCs), ultima
culminating in platelet generation (7). This process is predominant
regulated by TPO, a key modulator of platelet homeostasis (8), which
activates various signaling pathways, including RAS/MAPK and J
STATs, upon binding to its receptor, c-Mpl (9). However, studie
involving TPO-/- or c-Mpl-/- mice indicate that TPO alone does n
exclusively govern thrombopoiesis (10–12). Therefore, there is a
urgent need to identify a novel, highly effective, and low-tox
receptor agonist for the treatment of thrombocytopenia.
interleukin-6/interleukin-6 receptor (IL-6/IL-6R) pathway not only
plays a pivotal role in MK maturation and the regulation of blo
platelet counts (13), but also synergizes with TPO to promote
proliferation of TPO-dependent MK colony-forming units (CFU-Me
(14). These� ndings suggest that modulation of the IL-6/IL-6
pathway may confer therapeutic bene� ts for patients suffering
from thrombocytopenia.

Rhubarb is a classical herbal medicine in traditional Chin
medicine (TCM) and ethnomedicine. As early as in the clas
Chinese textJin Kui Yao Lue, rhubarb was documented for i
hemostatic properties, being prescribed to rapidly control blee
and restore platelet levels. For centuries, rhubarb has also
widely prescribed for centuries to“activate blood circulation,”
“remove blood stasis,” and “cool the blood to stop bleeding” (15,
16). These traditional indications are closely associated with bl
related disorders, including hematological imbalance and blee
syndromes (17). In the theory of TCM,“blood stasis” and “blood
de� ciency” are pathophysiological conditions that overlap w
impaired hematopoiesis, coagulation abnormalities,
thrombocytopenia in modern medicine (18, 19). Thus, rhubarb
has long been valued as a blood-regulat ing herb
ethnopharmacological practice. Phytochemical investigations
identi� ed anthraquinones, such as danthron, emodin, and rhei
Frontiers in Immunology 02
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the major active constituents of rhubarb (20). These compound
have various pharmacologicalproperties, including anti
in� ammatory, anti-atherosclerotic, metabolic regulation an
therapeutic activities forintracerebral hemorrhage (21, 22).
However, despite rhubarb’s traditional relevance to hematologic
disorders, studies addressing the role of its anthraquin
derivatives in hematopoieticregulation remain limited. In
particular, the effects of anthraquinones on MK differentiat
and platelet production have not been systematically elucidat

To address this gap, we investigated the hematopoietic ac
of danthron, a representative anthraquinone from rhubarb.
identi� ed danthron as a novel small-molecule agonist of IL-6R
the � rst time and elucidated its role in promoting M
differentiation and platelet production. By integratingin vitro
assays, anin vivo radiation-induced thrombocytopenia mod
and molecular mechanism studies, we demonstrate that dan
activates the IL-6R/SRC/RAS/MAPK pathway to restore pla
counts. This study not only provides pharmacological evid
supporting the ethnomedicinal use of rhubarb in hematolog
disorders but also proposes danthron as a promising
compound for developing novel IL-6R-targeted therapeu
for thrombocytopenia.
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2 Materials and methods

2.1 Chemicals

Danthron (1,8-dihydroxyanthraquinone, DST210708-018)
obtained from Chengdu Desite Biotechnology Co., Ltd. (Chen
China). The compound was veri� ed by HPLC with a purity o
99.3%. For experimental use, danthron was dissolved in DMS
prepare stock solutions and stored at� 20 °C until further use. PMA
was obtained from Macklin (Shanghai, China).

2.2 Cell culture

Meg-01 and K562 cells were obtained from the American T
Culture Collection (Bethesda, MD, United States), which w
cultured in RPMI-1640 complete medium (Gibco, Thermo Fis
Scienti� c, Waltham, MA, United States) supplemented with 1
fetal bovine serum (FBS, CAT: SP002030100, Spe
Biotechnology Co., LTD, Sichuan, China) and 1% (v:v) Penic
Streptomycin Solution (Sperikon Biotechnology Co., LTD,Sich
China). Cells were maintained in a humidi� ed incubator at 37 °C
with 5% CO2.

2.3 Cell proliferation assay

The proliferation of Meg-01 and K562 cells was assessed u
Cell Counting Kit-8 (CCK-8) assay kit (Dojindo, Kumamo
Japan). Cells were seeded in 96-well plates at a density of3

per well and treated with different concentrations of danthron (
and 8 mM) for 1, 3 and 5 days. When the intervention w
completed, 20mL of CCK-8 assay reagent was added to each
and incubated at 37 °C for 2 hours. Subsequently, absorbanc
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measured using an Epoch Multi-Volume Spectrophotom
System (BioTek, Winooski, VT, USA) at a wavelength of 450
Each experimental group included more than 3 wells.
absorbance values were normalized to those of the correspo
control group at each time point. First, the mean absorbance v
of the control group at each time point (Day 1, 3, and 5) w
calculated. Then, the absorbance values of each danthron-tr
well at each time point were divided by the mean absorbance
of the corresponding time-matched control group. The resul
ratio was multiplied by 100 to be presented as“Cell proliferation (%
of time-matched control)”.

2.4 Lactate dehydrogenase assay

Lactate dehydrogenase (LDH) release was measured u
LDH assay kit (CAT: C0017, Beyotime, Shanghai, China). Me
and K562 cells were cultured at the same density in 96-well p
and treated with different concentrations of danthron. LDH rele
was measured on days 1, 3, and 5 after danthron treatment
maximum LDH release control group was also established. A
speci� ed time points, cells in the maximum LDH release con
group were� rst treated with lysis solution cells at 37 °C for 1 ho
to ensure complete LDH release. Subsequently, a series of
detection reagents were added to each well and allowed to rea
30 minutes. Finally, absorbance was measured at 490 nm.

2.5 Cell apoptosis assay

Cell apoptosis was assessed using an Annexin V-FITC apo
detection kit (CAT: C1062M, Beyotime, Shanghai, China). Me
and K562 cells were cultured in 6-well plates at a density of 14

cells per well with and without the intervention of danthron (2
and 8mM). After � ve days of treatment, cells were collected
centrifuged at 1500 rpm for 5 minutes, then washed once with
and centrifuged again at the same speed for 5 minutes.
supernatant was removed and 195mL Annexin V-FITC binding
buffer was added to gently suspend the cells. Next, 5mL of FITC-
conjugated Annexin V and 10mL of PE-conjugated PI stainin
solution were added to each group and mixed thoroughly. The
were incubated in the dark at room temperature (20-25 °C) for–
20 minutes. The apoptosis of cells was detected by BD FACS
II � ow cytometer (BD Biosciences, San Jose, CA, USA). FlowJ
used to analyze the results.

2.6 Cell morphology observation

K562 and Meg-01 cells were cultured at the same density in
plates with intervention of danthron (2, 4, and 8mM) and PMA
(1.25 nM) for 5 days. Using a microscope (NIKON, Japan), at
three random� elds were selected to observe the differ
morphologies of cells at 20× magni� cation.

2.7 Giemsa staining

After 5 days of drug intervention, K562 and Meg-01 cells w
collected, centrifuged, and washed once with PBS before
Frontiers in Immunology 03
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centrifuged again. The cells were then swollen with KCl for abo
seconds,� xed in a mixture of methanol and acetic acid (3:1) fo
minutes, and centrifuged at 1500 rpm for 3 minutes. A 30mL
aliquot was drawn onto a pre-washed glass slide. Giemsa
Solution (concentrate: diluent = 1:9, Solarbio, CAT: G1010)
added and allowed to stain for 8 minutes. After that, the glass
was rinsed with distilled water for 30 seconds. After drying, nuc
morphology was observed using a microscope.

2.8 Phalloidin staining

Two types of cells were treated with danthron (2, 4 and 8mM)
and PMA (1.25 nM) for 5 days. The cell washing steps w
performed as described for Giemsa staining. The washed cells
then � xed with 4% paraformaldehyde (Biosharp, China) for
minutes. After that, the cell suspension was centrifuged at 600
3 min, and the cells were� xed on a glass plate washed with pure w
in advance. The cells were washed 2–3 times with PBS and the
permeabilized with a 0.5% Triton X-100 solution for 5 minutes.
cytoskeleton was stained with 0.5% TRITC phalloidin work
solution (Solarbio, Beijing, China) in the dark for 1 hour. Fina
the nucleus was stained with 100 nM DAPI (Solarbio, Beijing, Ch
for 30 seconds. The images of each sample were observed u
� uorescence inverted microscope (Leica, Wetzlar, Germany).

2.9 Analysis of CD41 and CD42b
expression

K562 and Meg-01 cells were cultured at the same density i
culture plates and treated with danthron (2, 4, and 8mM), PMA
(1.25 nM) and SCH772984 (ERK inhibitor) (Topscience, Shan
China) or Tocilizumab (IL-6R inhibitor) (MedChemExpress, US
for 5 days. Following the cleaning protocol outlined previously
cells were incubated with FITC-conjugated anti-CD41 and
conjugated anti-CD42b (4A Biotech Co., Lta, China) in the dar
room temperature for 30 minutes. Staining was then halted
adding 300mL of cold PBS solution. The ratio of CD41+/CD42b+

cells was assessed using a BD FACSCanto II� ow cytometer (BD
Biosciences, San Jose, CA, USA), and the results were analyz
FlowJo software.

2.10 Cell ploidy analysis

Cells were collected and washed with cold PBS, then� xed
overnight at 4 °C with 70% pre-cooled ethanol solution. Before
experiment, the cells were centrifuged to remove ethanol
washed once with cold PBS. After the PBS was removed, PI
solution (BD Biosciences, CAT:550825, USA) was used fo
temperature staining in the dark for 20 minutes. The ploidy of e
group of cells was assessed using a BD FACSCanto II� ow
cytometer, and the results were analyzed with FlowJo softwa

2.11 Animals

Speci� c pathogen-free Kunming (KM) mice (8–10 weeks old)
male and female mice with equal body weight distribution (20.0 ±
frontiersin.org
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were acquired from Dashuo Biotechnology Co., Ltd. (Chengdu, Ch
The experimental mice were housed on a standard diet and sub
to a 12-hour light/dark cycle. The temperature in the housing fac
maintained between 20 and 26 °C, with humidity levels at 50 to
All animal experiments were conducted in accordance with
regulations set forth by the Experimental Animal Ethics Committe
of Southwest Medical University (License NO. 20220825-011). A
days of acclimatization feeding, the mice were assigned to the foll
groups: control, model (RIT), model + rhTPO (3000 U/kg, posi
control) and model + danthron (2.5, 5 and 10mg/kg). Each gr
consisted of 4 female and 4 male mice, totaling 8 mice per grou
experimental groups, except the control group, received 4 Gy X-ra
irradiation to induce thrombocytopenia in mice.

2.12 Peripheral blood routine analysis

After radiation modeling, mice in each group received d
intraperitoneal injections of physiological saline (0.1 mL/10 m
rhTPO and danthron. Peripheral blood samples of 40mL were
collected from the posterior orbital venous plexus of mice on da
(baseline), 1, 3, 7, 10, and 12. These samples were mixed
160 mL of anticoagulant solution. The hematological parame
were measured using a blood cell analyzer (Sysmex XT-1
2000IV; Kobe, Japan).

2.13 Assay of serum ALT, AST and CK levels
in mice

24 hours after the� nal administration, blood samples we
collected via retro-orbital bleeding and allowed to clot at ro
temperature. Serum was obtained by centrifugation at 3,000 ×
10 minutes and stored at� 80 °C until analysis. Serum levels of alan
aminotransferase (ALT), aspartate aminotransferase (AST),
creatine kinase (CK) were measured using a fully automated c
chemistry analyzer (Beckman Coulter AU680 clinical chem
analyzer, USA) in the Clinical Laboratory of the Af� liated Hospital
of Southwest Medical University. All assays were performed accord
to the manufacturer’s instructions and quality control procedures.

2.14 Flow cytometry analysis of bone
marrow and spleen cells

Each group received intraperitoneal injections consecutive
12 days. According to the guidelines of the Animal Eth
Committee of Southwest Medical University, mice w
anesthetized with inhaled iso� urane using a calibrated precisi
vaporizer connected to an oxygen source. Anesthesia was in
in a closed induction chamber with 3–5% iso� urane (v/v) at an
oxygen � ow rate of approximately 0.5–1.0 L/min, and then
maintained at 1.0–2.0% (v/v) during the surgical procedure. T
depth of anesthesia was monitored by assessing pedal� ex,
respiratory rate, and mucosal coloration. Following anesth
the spleen and femur were excised, and the femur was� ushed
with 1 mL of sterile normal saline to isolate bone marrow cells. O
third of the spleens were processed into single-cell suspen
Frontiers in Immunology 04
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which were� ltered with 200 mesh nylon mesh and 1 mL norm
saline to obtain spleen cells. Red blood cells from both the
marrow and spleen cells were removed using red blood cell lys
low temperature. Subsequently, the cells were washed twice
PBS and 1×106 cells were resuspended in 100mL PBS. The sample
were then incubated in the dark at room temperature with FIT
conjugated anti-CD41, PE-conjugated anti-CD61, and
conjugated anti-c-Kit for 20 minutes. The percentages of CD+,
CD61+, and c-Kit+ cells were analyzed using� ow cytometry, with
FlowJo software being used for data analysis.

2.15 Peripheral blood platelet � ow
cytometry

From the orbital venous plexus of each mouse, 50 µL of b
was collected into an EP tube containing 1 mL of sodium cit
After centrifugation and addition of 500 µL of red blood cell ly
buffer, the cells were washed once with PBS. Each sample wa
adjusted to a cell density of 1 × 106 cells. Subsequently, samples w
incubated with PE-conjugated anti-CD61 and FITC-conjuga
anti-CD41 for 20 minutes. Flow cytometric analysis was t
performed to determine the percentage of CD41+/CD61+ cells.

2.16 Immuno� uorescence

Meg-01 cells were treated with danthron for 5 days. On da
the cells were collected and washed twice with PBS. The sa
were then� xed with 1 mL of 4% paraformaldehyde for 15 minut
Following � xation, the samples were permeabilized with 0
Triton X-100 for 15 minutes and blocked with 5% BSA for
minutes. NF-E2 and RUNX1 antibodies were incubated overn
at 4 °C. The following day, the antibodies were removed, an
cells were washed three times with PBS. The cells were
incubated with Rhodamine-labeled rabbit anti-goat IgG (H
(ZSGB-BIO, ZF-0317) for 1.5 hours at room temperature
washed three times with PBS. DAPI staining was performed
30 seconds. Finally, the samples were observed using a� uorescence
inverted microscope (Leica, Wetzlar, Germany) with a random� eld
of view.

2.17 Network pharmacology, molecular
docking, GO and KEGG enrichment
analysis

The potential targets of drug action were identi� ed using
the SwissTargetPrediction and GeneCards databases,
thrombocytopenia-related targets were sourced from the DisGeNE
and GeneCards databases. Subsequently, Venn diagrams
generated to identify common targets between the drugs
thrombocytopenia. The STRING_v12.0 database was emp
to construct the protein-protein interaction (PPI) network
Cytoscape_v3.9.0 software was utilized to perform network analys
and identify core targets. The results of the Gene Ontology (GO
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrich
analyses were presented as bar charts and bubble charts, resp
frontiersin.org
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using the OmicShare Tools website. The docking process of drug a
protein structures was carried out using Sybyl-X 2.0 software. F
Pymol_v2.5.2 was employed to visualize the molecular docking resul

2.18 Western blot

Meg-01 cells were seeded in 12-well plates at a density of4

cells per well and treated with or without danthron (2, 4 and 8mM)
for 5 days. On the 5th day, the cells were collected and washed
with PBS. After removing the PBS, an appropriate volume of
RIPA lysis buffer (CST Lot: 26, Boston, MA, USA), suppleme
with a phosphatase inhibitor (CAT No: C0002, TargetMol, US
was added according to the number of cells in each group to
cells. The samples were placed at� 80 °C overnight. Protein
concentrations were determined using the Quick Start Brad
1× Dye Reagent (Bio-Rad, CAT: 5000205, USA), with absorb
measured at 595 nm. Following this, 1/5 loading buffer (Epiz
Biomedical Technology Co., Ltd, CAT: LT101S, Shanghai, C
was added to each protein sample, which were then heated
metal bath for 10 minutes and subsequently cooled at� 20 °C. The
protein samples were subjected to SDS-PAGE, followed by tra
to PVDF membranes. The PVDF membranes were blocked w
protein-free rapid blocking buffer (Epizyme Biomedical Techno
Co., Ltd, LOT: 03792800, Shanghai, China) for 20 minutes
washed three times with PBST (PBS with 2% Tween-20). Nex
primary antibody was incubated at 4 °C overnight, and the PV
membranes were washed three times with PBST. Following
the secondary antibody was incubated at room temperature
1 hour. Protein band imaging was performed using an E
chemiluminescence detection kit (Proteintech, LOT: 20032
Wuhan, China). The gray values of each group of protein b
were analyzed using ImageJ software, with each protein tes
least three times. The following antibodies were used in the s
anti-IL6 (Lot: 66146-1-Ig), anti-NF-E2 (Lot: 66436-1-Ig), an
RUNX1 (Lot: 25315-1-AP), and anti-GAPDH (Lot: 60004-1-A
from Proteintech (Wuhan, China); anti-IL-6R (Lot: TD6466
anti-RAS (Lot: T56672S), and anti-p-ERK (Lot: TA1015) fr
Abmart (Shanghai, China); anti-MEK (Lot: D1A5), anti-p-ME
(Lot: Ser217/221), anti-HIF-1b (Lot: D28F3), and anti-rabbit IgG
(Lot: 4414) from Cell Signaling Technology (Boston, MA, US
anti-MEISI (Lot: DF8102948) from Af� nity (Melbourne Australia)
anti-mouse IgG (Lot: DP04DF2Z7424) from Elabscie
(Wuhan, China).

2.19 Statistical analysis

All experiments were performed in triplicate or more. Data
presented as mean ± standard deviation (SD) and analyzed
GraphPad Prism 8.0 (San Diego, CA, USA). The normality of
distribution was assessed using the Shapiro-Wilk test. Fo
comparisons between two groups, Student’s t-test or the Mann-
Whitney test was used, as appropriate. For comparisons am
multiple groups, either one-way or two-way analysis of varia
(ANOVA) was performed, followed by Tukey’s post hoctest for
multiple comparisons. Statistical signi� cance was set atP < 0.05.
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3 Results

3.1 Danthron promotes MK differentiation
of Meg-01 and K562 cells in vitro

We initially employed the well-established Meg-01 and K
cell lines to investigate the capacity of danthron to promote
differentiation and maturationin vitro, as these cell lines are wide
recognized as standard models for studying MK differentiation23,
24). Initially, we assessed the cytotoxicity and proliferative act
of Meg-01 and K562 cells treated with danthron over spec� ed
durations. The evaluation of the cytotoxic effect revealed n
signi� cant differences among the 2, 4, and 8mM danthron-treated
groups compared to the control group for K562 cells (Figure 1B). In
the case of Meg-01 cells, toxicity did not differ among the 2, 4,
8 mM danthron treatment groups on days 1 and 3. Howeve
notable inhibition of cellular LDH release was observed on d
(Figure 1A). Notably, treatment with 10mM danthron exhibited
signi� cant toxicity in both cell lines (Figures 1A, B). Furthermore,
there was no signi� cant effect on the proliferation viability of K56
cells following treatment with 2, 4 and 8mM danthron (Figure 1D).
In contrast, the proliferation of Meg-01 cells was inhibited on d
of danthron treatment (Figure 1C), which may be attributed t
enhanced differentiation of MK. However, additional analyses
required to establish a causal relationship between red
proliferation and megakaryocytic differentiation. Additionally,
indications of apoptosis were observed in the danthron-tre
group (Figures 1E, F). Based on the absence of overt cytotoxicit
apoptosis, concentrations of 2, 4, and 8mM danthron were selecte
for subsequentin vitro experiments. To preliminarily ascerta
whether 2, 4 and 8mM danthron induced MK differentiation, w
utilized phorbol 12-myristate 13-acetate (PMA, 1.25 nM)
compound previously reported to promote MK differentiation,
an in vitro positive control (25). After 5 days of treatment,
signi� cant population of MK-like large cells was noted in
danthron-treated group, analogous to the PMA-treated gro
while only a limited number were present in the control gro
(Figure 1G). Based on these� ndings, we selected the concentratio
of 2, 4, and 8mM danthron for further experimental investigation

To further elucidate the potential of danthron in promoting M
differentiation and maturationin vitro, we conducted a series
comprehensive experiments. MK maturation is characterize
distinctive features, including increased cell size, the formatio
nuclear polyploidy, the development of demarcation memb
systems and cytoskeletal reorganization (26). Following a 5-day
treatment of Meg-01 and K562 cells with danthron, we obse
signi� cant enhancements in cell size, nuclear polyploidy, an
elevated expression levels of� lamentous actin (F-actin) in MK
(Figures 2A, B). Furthermore,� ow cytometry analysis of ploid
demonstrated a signi� cant increase in the proportion of cells w
4N and� 8N DNA content compared to the control group in bo
cell lines (Figure 2C). CD41 serves as a speci� c surface antigen o
MKs, while CD42b is recognized as a marker of MK matura
(27). Treatment with danthron and PMA for 5 days resulted i
marked enhancement of the expression levels of both ma
frontiersin.org
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FIGURE 1

Danthron demonstrates no signi�cant toxicity to Meg-01 and K562 cells in vitro. (A-B) LDH assays were conducted on days 1, 3, and 5 during
danthron (2, 4, 8 and 10 mM) intervention in Meg01 and K562 cells. Ctrl (max) is the LDH maximum release control group. (C-D) The proliferation
results of Meg-01 and K562 cells treated with danthron (2, 4 and 8 mM) for 1, 3 and 5 Days. The absorbance values were normalized to the
corresponding control group at each time point (see Materials and Methods 2.3 for the speci�c normalization procedure). From day 1 to day 5, the
number of viable cells in the Meg-01 and K562 control groups increased by 3.1-fold and 2.89-fold, respectively. (E-F) Cell apoptosis was analyzed by
�ow cytometry in Meg-01 and K562 cells treated with danthron (2, 4 and 8 mM). (G) The representative images of each group with different
concentrations of danthron (2, 4 and 8 mM) on the 5th day. A preliminary quantitative assessment of megakaryocyte-like large cells based on
morphological observations. PMA (1.25 nM) is positive control. Scar bar: 100 µm. All data are expressed as mean ± SD. n = 3 per group. *P < 0.05,
**P < 0.01, and ***P < 0.001, vs. the Ctrl group.
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