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ARTICLE INFO ABSTRACT

Keywords: Objectives: Acute myeloid leukemia (AML) is a malignant disease characterized by clonal proliferation of myeloid
Acute myeloid leukemia cells, and its treatment continues to be a challenge due to high morbidity and mortality. Ginsenoside compound K,
Ginsenoside a major active metabolite of the protopanaxadiol-type ginsenosides, exhibits biological activities in various cancer
iﬁtitumor cells and animal models. Here, we investigated the role of CK in anticancer potential in AML both in vitro and in

vivo.

Materials and methods: To investigate the inhibitory effects of CK in AML cells, in vitro experiments, including cell
viability assays, colony forming assays, and cell cycle and apoptosis assays were performed. AML animal
experiment was established and quantitative analysis of lung tumor growth nodules and spleen weight and H&E
staining were carried out to further determine the effects of CK on AML. In addition, the potential key genes
induced and influenced by CK during treatment was identification by RNA-seq and qRT-PCR.

Results: CK suppressed AML cell activity and induced apoptosis and G1 cell cycle arrest based on the experiment
results. Moreover, significantly down-regulated expression genes of BCL2, KIT, DNMT3A, MYC and CSF-1 and up-
regulated expression gene of TET2 in CK treatment AML cells were discovered.

Conclusion: Our results demonstrated that CK could be used as an anti-AML drug with significant therapeutic
efficacy and good biosafety.

1. Introduction by their serious side effects. Ginseng, a long-standing perennial herb

belongs to the Araliaceae family, is mainly distributed in East Asia and

Acute myeloid leukemia (AML) is a malignant disease characterized
by clonal proliferation of myeloid cells [1, 2, 3]. In recent years, treat-
ment of AML remains a challenge due to the significant disease incidence
and mortality problems [4]. According to the American Cancer Society's
2022 Forecast Report, it is estimated that in 2022, the number of deaths
due to cancer will reach 609,360, of which represents 24,000 patients
will die of leukemia, and 11,540 (48%) will die of AML [5], AML become
one of the most severe and heterogeneous blood cancers and is more
frequent happened in adults [6].

Natural drugs are natural products with pharmacological activity that
have various biological activities such as anti-cancer and anti-
inflammatory [7]. Although a series of natural antitumor drugs have
been used for clinical research and application, some of them are limited
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North America [8]. A “drug-weary” population consuming increasingly
toxic compounds has begun to find alternative medicines and conven-
tional drug forms, leading to a growing in interest in studying the active
ingredients of ginseng as a cancer treatment. Moreover, ginsenoside is
the main and effective active ingredient in the anti-tumor effect of
ginseng [9, 10, 11].

Ginsenosides are classified into dammarane type and oleanane type
according to the glycoside structure difference, of which dammarane
type is the most common type of ginsenoside [12]. CK, a non-natural
ginsenoside belonging to the tetracyclic triterpene dammarane type, is
the main metabolite of protopanaxadiol saponins in intestinal bacteria. It
has been reported that CK has a protective effect on hepatocytes [13] and
induces apoptosis of various cancer cells through different targets or
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signaling pathways [14, 15]. However, its therapeutic effect in AML is
rarely reported.

Here, we investigated the inhibitory ability of CK as an anti-tumor
agent against leukemia proliferation in vivo and in vitro. Therefore,
our results revealed that CK is a low-toxicity anti-AML drug with sig-
nificant therapeutic efficacy and good biosafety.

2. Materials and methods
2.1. Cells lines and culture

U937, THP-1, MV4-11 and C1498 were procured from American
Type Culture Collection (Manassas, VA, USA). MOLM-13 and NB4 cell
lines were obtained from FuHeng BioLogy (Shanghai, China) and
MOLM14 came from Yaji BioLogical (Shanghai, China). LO-2 was ob-
tained from the Institute of Basic Medical Sciences, Chinese Academy of
Medical Sciences (Beijing, China). All cells were cultured in the appro-
priate growth medium containing 10% fetal bovine serum (FBS: Life
Technology, Shanghai, China), penicillin (100 unit/mL, Life Technology,
Shanghai, China) and streptomycin (100 pg/mL, Life Technology,
Shanghai, China) at 37 °C in an incubator with 5% COs.

2.2. Cell viability assay

Cell activity of CK (Shanghai yuanye Bio-Technology, Shanghai,
China) was evaluated according to the cell counting kit-8 (CCK-8; BioSS,
Beijing, China). Finally, the absorbance (abs) at 450 nm was recorded on
a microplate reader (Thermo Scientific, Waltham, USA). The experiment
was repeated three times.

2.3. Colony forming assays

Colony forming assay was carried out using the MethoCult mixture
(Stem Cell Technologies, Vancouver, Canada). Colony counts were
completed within 9-14 and photographed.

2.4. Cell cycle and apoptosis assays

The cell cycle and apoptosis analysis kit (Bestbio, Shanghai, China) is
used to perform cell cycle assay. The cells were gently washed two times
using pre-cooled PBS and then fixed with 70% ethanol in PBS at -20 °C
for 12 h. Subsequently simple centrifugation, the cells were continued to
be washed using pre-cooled PBS. Cells were resuspended with 200-500
pL of cold PBS, add 20 pL of RNase A solution, and 30 min in a 37 °C
water bath. Then, discard the supernatant and add 400 pL PI staining
solution. The mix was gently mixed and incubated at 4 °C for 1 h in dark.
Using Annexin V-FITC/PI Apoptosis Detection Kit (BestBio, Shanghai,
China) according to the manufacturer's instruction to detect cell
apoptosis assays. The final analysis was carried out using a BD LSR flow
cytometer (BD Biosciences, Shanghai, China). The experiment was
repeated three times.

2.5. RNA-seq

RNA-seq was carried out according to previous reports [16]. In short,
total RNA samples were extracted with miRNeasy Kit (PR1202, BIO-
TEKE, Beijing, China) in CK treated for 48 h or untreated MOLM13 cells.
Libraries were built on the Illumina Hiseq system. Differential gene
expression was analyzed according to the standard Illumina sequence
analysis pipeline.

2.6. qRT-PCR
Total RNA was extracted from MOLM13, MOLM14, THP-1 and U937

cells using miRNAeasy Kit (PR1202, BIOTEKE, Beijing, China), and the
Super RT Kit First-Strand Synthesis System (PR6601, BIOTEKE, Beijing,
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China) was used to synthesize cDNA. The qRT-PCR was implemented
with SYBR-Green master (4309155 Applied Biosystems, Shanghai,
China) mix on an ABI Prism 7000 sequence detection system (Applied
Biosystems, Shanghai, China). Relative gene expression levels were
quantified using 2 AACT method [17]. Supplementary Table S7 is the
sequence of gene specific primers.

2.7. Animal experiments

Animal study was performed according to previous reports [18, 19].
C57BL/6N mice (male, 4-6 weeks old) were purchased from Beijing
Charles River Company. All animals were managed as per the Guide for
the Care and Use of Laboratory Animals. All animal experiments were
approved by the Animal Care and Use Committee of Changchun Uni-
versity of Chinese Medicine. Briefly, cells were seeded in 6-well plates for
24 h before transfection. FLT3 plasmids were transferred into cells by
using Lipofectamine™ 2000 Reagent (Life Technologies, Carlsbad, CA).
Two leukemia models were successfully established on the seventh day
after 0.5 x 10° C1498 cells and FLT3+ cells were injected into C57BL/6N
mice through the tail vein. The mice used in the experiment were inbred
and immunocompetent. The cell lines used for injection are from the
same inbred mice, and the bone marrow cells were transfected with the
FLT3 plasmid (n = 8). Leukemia onset was confirmed based on white
blood cell (WBC) counts, and the mice were intraperitoneally injected
with 1 mg/kg or 5 mg/kg of CK every 2 days for 30 consecutive days. For
the WBC count, 2 pL of blood was taken from the tail vein of mice, and
mixed with 38 pL of Turk blood diluent (Ricca Chemical), then 10 pL
mixture was taken out for WBCs counting under a microscope. At the end
of the experiment, mice were euthanized, the spleen weight and the
number of lung metastatic nodules were measured, then subsequently
hematoxylin and eosin staining (H&E) experiments were performed.

2.8. Histopathological staining

The histopathological staining was described previously [20]. In
simple terms, the collected spleen and lungs were immersed in 10%
neutral buffer formalin and then a paraffin tissue embedding experiment
was performed. Cut into 5 pM thin slices and stain with hematoxylin
(Beyotime Biotechnology, Shanghai, China) and eosin (Beyotime
Biotechnology, Shanghai, China). The stained slides were observed and
photographed with a Nikon confocal fluorescence microscope and
analyzed with Image-Pro Plus software.

2.9. Statistical analysis

In vitro quantitative experiments were carried out at least three
replicates and independent experiments, and expressed as mean =+
standard deviation (SD). The statistical analysis was carried out using
student's t-test. Survival curves were estimated using the Kaplan-Meier
method, and the Log-rank test was carried out to assess significant dif-
ferences between survival curves. All analyses were conducted using
GraphPad Prism 7 software. P < 0.05 was considered on statistically
significant.

3. Results
3.1. Invitro cytotoxicity and anti-proliferation effect of CK

To elucidate the inhibitory effect of CK on AML cells, using 6 human
leukemia cell lines (MOLM13, MOLM14, U937, THP-1, NB4, MV4-11).
The chemical structure of CK has been shown in Figure la [21]. Six
human leukemia cell lines were treated with CK respectively, to detect
the cytotoxicity of CK on these cells using CCK-8 assay. The results
showed that CK inhibited AML cell viability (Figure 1b). The results
showed that CK inhibited AML cell viability (Figure 1b). In addition, the
effect of the CK on normal cells LO2 was tested, the results in Figure 1b
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Figure 1. CK exhibits anti-proliferation activity. (a) The chemical structure of CK. (b) CCK-8 assay after 48 h of treatment with a series of concentrations of CK in AML
cells and LO2 cell. (c) Cell colony formation assay of MOLM13, MOLM14, U937, and THP-1 cells treated with CK. (d) Pictures of representative colony formation

experiment clones (scale bars, 50 pm).

showed that CK exhibited no toxic side or small effects on normal cells
compared to leukaemia cell lines. See Supplementary Table S1 for the
half-maximal inhibitory concentration (IC50) in AML cells treated with
different CK concentrations. Colony formation assays were explored to
further test the anti-proliferation effect of CK on AML cells. The results
are shown in Figure 1c and d. The number and size of colonies were
significantly reduced with the CK concentration increased. The number
and size of clones were also quantified (Figures S1-S2). In summary, CK
inhibits the growth of AML cells and has anti-proliferative effects at
relatively low CK concentrations of 20-40 pM.

3.2. CK induces apoptosis and cell cycle arrest of AML cell

We further analyzed the effects of CK on apoptosis and cycle arrest of
AML cells. According to the results of cell apoptosis detection, the
apoptosis rates after the treatment of CK were significantly increased
(Figure 2a and Figure S3). Next, the cell-cycle distribution was assessed.
We found that CK induced cell-cycle arrest at G1 stage in AML cells, as
shown in Figure 2b and Figure S4. Consequently, these results further
suggest that the inhibition viability of AML cells may be caused by cell
cycle arrest in G1 phase and induced apoptosis.

3.3. Identification of CK response-associated genes and pathways

We further identified potential genes and pathways that may be
involved in CK promoting leukemia cell death by RNA sequencing (RNA-
seq) of MOLM13 cell lines treated with CK. 737 upregulated genes and
1216 downregulated genes were identified by the volcano map
(Figure 3a and See Supplementary Table S2). KEGG analysis revealed
that the IL-17 signaling pathway, ferrotosis, pathway in cancer, and
signaling pathways regulating pluriotenc had the highest proportion of

genes (Figure 3b and see Supplementary Table S3). Then, GO enrichment
analysis (biological process) indicated that differentially expressed genes
play a biological role through transcription factor complex in this title
(Figure 3c and see Supplementary Table S4). The different genes clus-
tering in the heat map were further analyzed, and the expression of
different genes is shown by color (Figure 3d and see Supplementary
Table S5). More importantly, the up-regulation or down-regulation genes
of CK in the treatment of leukemia were further mapped (Figure 3e and
see Supplementary Table S6). We analyzed the RNA expression levels of
these genes in MOLM 13, MOLM 14, U937 and THP-1 cells treated with
CK by qRT-PCR assay (Figure 3f). As anticipated, gene expression of TET2
was significantly up-regulated, and gene expression of BCL2, KIT,
DNMT3A, MYC and CSF-1 was significantly down-regulated with the
increase of CK concentration. These findings suggest that CK effectively
inhibits the activity and interferes with the growth of AML cells through
the efficient expression of these genes.

3.4. In vivo suppression of leukemic growth by CK

To further explore the therapeutic effect of CK in vivo, C1498 and
FLT3+ leukemia mouse models were established to evaluate the thera-
peutic effect of CK (Figure 4a). Two different concentrations of CK (1 mg/
kg and 5 mg/kg) and PBS were injected into mice of AML model every
two days as two treatment groups and control group respectively. WBC
counts experiments were explored to specify the inhibitory effect of CK
on WBC. The C1498 WBC result of the control group was 250 + 33x10°%/
L, while the C1498 WBC result of 1 mg/kg CK treatment group was 163 +
20x10°%/L and 5 mg/kg CK treatment group was 158 + 28x10°/L; the
FLT3+ WBC result of control group was 242 + 18x10°/L, while the
FLT3+ WBC results of 1 mg/kg and 5 mg/kg CK treatment groups were
116 + 26x10°/L and 116 + 20x10°/L respectively (Figure 4b). In
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Figure 2. CK promotes cell cycle arrest and apoptosis in AML cells. (a) The effect of CK on apoptosis in MOLM14, MOLM13, THP-1, and U937 cells after 48 h of

treatment was analyzed. (b) The cell cycle phase was analyzed.

addition, the numbers of lung metastatic nodules in the two mice models
were also significantly lower in the CK treatment groups (Figure 4c, 1
mg/kg: 8.5 + 3.0 for C1498 mice, 9.2 + 2.7 for FLT3+; 5 mg/kg: 3.4 +
1.7 for C1498 mice, 4.8 + 2.3 for FLT3+ mice) versus the control groups
(13.6 & 2.1 for C1498 mice, 13.2 £ 3.4 for FLT3+ mice).

Importantly, mice treated with CK exhibited a significant reduction in
leukemic burden than the control group, and these results were validated
by a significantly decreased number of metastatic leukemic cells in the
spleen and reversed splenomegaly (Figure 4d, e, C1498 mice: control,
346 + 34 mg; 1 mg/kg, 256 + 52 mg; 5 mg/kg, 211 + 17 mg; FLT3+
mice: control, 363 + 57 mg; 1 mg/kg, 278 + 53 mg; 5 mg/kg, 213 + 59
mg). The extended overall survival and increased body weight (Figure 4f,
g) after mice modulated by CK indicated that they showed fewer signs of
distress. In summary, CK significantly inhibited leukemia progression in
the treatment group mice, as indicated by lower WBC counts, reduced
splenomegaly, and lead to a lack of lung metastasis, which corresponded
to prolonged survival, indicating that CK has a significant inhibitory ef-
fect on AML in vivo.

4. Discussion
Acute myeloid leukemia (AML) is a malignancy of the bone marrow

caused by normal hematopoietic failure in which abnormal myeloid cell
over-proliferation occurs [22]. Although some achievements have been

made in the treatment of AML, novel treatments are urgently needed
[23]. Ginsenoside CK is a non-natural ginsenoside, which can be con-
verted from other protopanaxadiol-type ginsenosides. CK has been
shown a promising anti-tumor effect on all kinds of cancers, such as CK
synergized with TRAIL to inhibit colon cancer at a concentration of 25
uM [24]. Nanogels loaded with CK enhanced the inhibition of lung
cancer cells at range of 20-60 pg/mL [25]. CK induced apoptosis in
prostate cancer cells by activating miR193a-5p and inhibiting PD-L1 and
STAT3 signaling pathways at a concentration of 10 pM [26], and we
found through cellular experiments that CK had a significant inhibitory
effect on AML at lower concentrations of 20-40 uM [27].

To discuss the influence of related genes of CK's anti-leukemia ac-
tivity, we analyzed MOLM13 cells treated with CK using RNA-seq.
However, in this paper, only changes in gene expression of CK during
treatment were analyzed. We found different expression levels of related
genes after CK treatment according to the volcano map. KEGG is a
comprehensive database that integrates genomic, chemical, and system
function information for systematic analysis of gene functions and link-
ing genomic information generated by genome sequencing with higher
order functional in formation [28, 29]. Here, KEGG pathway enrichment
analysis was employed to identify significant signal transduction path-
ways in differentially expressed genes. And the results of KEGG analysis
indicated the upregulated genes were closely related to IL-7 signaling
pathway, Toll-like receptor signaling pathway, MAPK signaling pathway
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Figure 3. Identification of related genes and pathways in the treatment of CK. (a) Scatter plots of differentially expressed genes in control and k-treated MOLM13
cells, red and blue representing up-regulation and down-regulation, respectively. (b) KEGG pathway analysis was carried out for the above differentially expressed
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down-regulation genes. (f) The expression of BCL2, KIT, TET2, DNMT3A, MYC and CSF1 genes were analyzed by qRT-PCR.

and apoptosis, whereas the down-regulated genes were related to acute
myeloid leukemia, mTOR signaling pathway, PI3K-Akt signaling
pathway, etc. Gene Ontology (GO) is a controlled vocabulary of terms to
represent biology in a structured way. The terms are subdivided into
three distinct ontologies that represent different biological aspects: mo-
lecular function, biological process, and cellular component [30]. GO
enrichment was determined by submitting differentially expressed genes
to the GO database to achieve classification [31]. GO term enrichment
analysis was employed in this study to gain how the functional genes
were enriched or related to the specific biological processes. A heat map
is a data matrix that visualizes the values in cells by using color gradients.
This provides a good overview of the maximum and minimum values in
the matrix [32]. Finally, total of 7 up-regulated and 7 down-regulated
genes of CK in the treatment of AML were shown by heat map. In
conclusion, these datas is used to study the expression of genes of CK in
the treatment of AML, which will further provide a theoretical basis for
our subsequent studies on the molecular mechanism or therapeutic target
of CK in the treatment of AML, and contribute to promote the diagnosis of
AML.

Again, we analyzed by qRT-PCR the genes related to AML cells that
affect their proliferation, apoptosis or prognosis. CSF can induce differ-
entiation of leukemia cells, it also plays a strong role in promoting cell
proliferation [33]. TET2 is frequently mutated in AML [34]. BCL-2, a key
protein regulator of cell apoptosis, over-expression occurs frequently in
AML with the result of defective apoptosis that causes enhanced cell
survival and drug resistance [35]. DNMT3A mutation contributes to AML
pathogenesis [36], leading to a worse prognosis in AML [37]. MYC is an
important transcription factor that is aberrantly overexpressed in AML
[38]. KIT mutations (KIT +) are common in core binding factor AML and
have been associated with prognostic significance [39]. As indicated
above, all these mutated genes are associated with the development and
prognosis of AML and their changes can reflect the therapeutic effect of
CK on AML. Therefore, these genes were selected for further investiga-
tion. The results showed that qRT-PCR was consistent with RNA-seq
results.

Finally, we established animal models of AML to study the thera-
peutic effect of CK in vivo. The typical AML model is C1498. It has been
reported that FLT3 internal tandem duplication (FLT3/ITD) is relevant to
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Figure 4. Effect of CK on leukemia in vivo. (a) The mouse model of C1498 and FLT3+ leukemia was established. Subsequently, CK with different concentrations was

injected as the treatment group and PBS as the control group. (b) White blood cell count in mice with leukemia (n = 8). (¢) Quantitative analysis of lung tumor growth
nodules and display of a representative external view of the lung (Scale bars, 1 cm). (d) Quantitative analysis of spleen weight and display of a representative external
view of the spleen (Scale bars, 1 cm). (e) H&E staining for spleen and lung tissue sections (Scale bars, 1 cm, lower). (f) Percent survival of leukemic mice (n = 8). (g)

Body weight. Data are mean + SD; *P < 0.05, **P < 0.01, ***P < 0.001.

poor prognosis and increased risk of recurrence in AML patients and a
common mutation in AML [40]. Therefore, we also established the
FLT3+ mouse model to further study the therapeutic effect of CK in vivo.
Fortunately, it is known from the results of in vivo experiments that CK
inhibits the further growth of WBCs, reduces pulmonary metastatic
nodules and successfully reverses splenomegaly. CK also prolongs the
survival rate of mice. Thus, we found that CK has significant therapeutic
effects. Taken together, in vivo experiments further proved that CK has
obvious efficient anti-tumor therapeutic effect on AML, and also
demonstrated that CK has good biological safety.

As indicated above, CK has been confirmed to inhibit the activity of
AML cells, induce apoptosis and AML cell proliferation arrest, and it in
vivo inhibitory effect has also been proved through animal experiments,
thus successfully revealing that CK has a good therapeutic effect on AML

and is an anticancer drug with low toxicity and few side effects. More-
over, CK treatment down-regulated gene expression of BCL2, KIT,
DNMT3A, MYC and CSF-1, and up-regulated gene expression of TET2. It
is worth emphasizing that our work demonstrates the therapeutic effect
of CK on AML, paving the way for further exploration of its molecular
mechanism in AML therapy, opening a new window for the low-toxicity
drug- CK to become a therapeutic agent for AML.
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