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Abstract Acute myelod leukemia (AML), as a
uncontrolled proliferation of cells, was arrested
differentiation of progenitor cells. The present study
aimed to explore Tanshinone IIA (TIIA) effects on
OCI-AML3 and the involvement of the MAPK
signaling pathway and miR-497 in TIIA-mediated
effects. Cell growth percentage was detected using a
cell counting kit. Expression of miR-497 was detected
by qPCR. Phosphorylated ERK1/2, JNK and p38 were
assessed using western blot. The growth percentage of
OCI-AML3 decreased and the effected time increased
with increasing TIIA concentration. The miR-497 was
upregulated and the p-ERK1/2 was decreased when
the TIIA added. TIIA cannot influence the p-ERK1/2.
Hence, the proliferation of OCI-AML3 cells was
raising. However, when the p-ERK1/2 was inhibited,
there no influence on the miR-497 expression after
TIIA added. TIIA upregulates miR-497, and decrease
the p-ERK1/2 expression, when TIIA simulated OCI-
AML3 cell in vitro. And in miR-497 might be
involved in the regulation of proliferation in this
process.
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Acute myeloid leukemia (AML), as a uncontrolled
proliferation of cells, was arrested differentiation of
progenitor cells (Huang et al. 2016). The AML
patients always do not obtain long-term survival. It
was always used the chemotherapy to cue it (Trnovsky
et al. 1993; Yu et al. 2010; Bachegowda et al. 2016).
However, the complete remission was induced by
chemotherapy. To improve the cure rates, the biology
and novel targeted therapeutic methods was used. And
other drug also was explored (Samanta et al. 2010;
Huang et al. 2016; Wang et al. 2018; Han et al. 2019).

MicroRNAs, non-coding small RNAs, play a
crucial role in regulating many genes (Zhang and
Cohen 2013; Tay et al. 2014). MiRNAs target the
3-UTR of mRNAs with imperfect base-pairing,
resulting in decreased translation or altered mRNA
degradation (Beckman 2007). microRNAs also asso-
ciated with AML. Abnormal expression of micro-
RNAs was occurred in the AML patients. And it can
help use to find the new treatment regimens. miR-497
can regulate the cell proliferation, apoptosis and other
activity (Zhang et al. 2016; Yang et al. 2017; Yin et al.
2018). In the leukemic cells, miRNAs expression
profiling revealed significant up-regulation of miR-
497 in CD19+ cells compared with the normal B-cell
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population in chronic lymphocytic leukemia (Yang
et al. 2016).

Tanshinone IIA (TIIA) is an important lipophilic
diterpene extracted from Danshen a Chinese tradi-
tional herbal medicine (Danshen) for the treatment of
many diseases, such as cardiovascular, cerebrovascu-
lar and postmenopausal syndromes (Jiao and Wen
2011; Kim et al. 2015). TIHA has many function such
as anti-oxidative, anti-inflammatory, anti- prolifera-
tion. The effect of TIIA on the AML cell was explored.
In addition, the involvement of MAPK and miR-497
was investigated.

Material and methods

The human AML cell line (OCI-AML3) (ScienCell,
Carlsbad, ca., USA) was cultured under standard
conditions (37 °C, 5% CO,, humidified air).

Cell growth

Cell viability and proliferation were evaluated using a
Cell Counting Kit 8 (CCK-8) (Dojindo Laboratories,
Kumamoto, Japan). Cells were added to 96-well plates
(3000 cells/well, four replicates) and treated with LPS
(0, 5, 10, and 20 ng/ml) for 12, 24, 36, and 48 h. After
LPS treatment, cells were incubated with media
containing CCK-8 (10 pl CCK-8 in 100 pl medium)
for 2 h. The absorbance was determined at 450 nm
(Bio-Tek Instruments, Winooski, VT, USA). Cell
growth rate was calculated using the following
equation: % growth rate = (mean experimental
absorbance/mean control absorbance) x 100.

Determination of miRNA levels with qRT-PCR

Total miRNA, isolated with Tiangen reagent, was
used as a template for complementary DNA (cDNA)
synthesis using M-MLV reverse transcriptase. The
Rotor-Gene 6000 system with SYBR Premix Ex Taq
(Mansoori et al. 2016) was used for quantitative
reverse transcriptase polymerase chain reaction (qRT-
PCR). The following primers were used in the qRT-
PCR reactions: miR-497 (sense, 5'-CCT TCA GCA
GCA CAC TGT GG-3'; antisense, 5'-CAG TGC AGG
GTC CGA GGT AT -3'); for U6: (sense, 5'-CTC GCT
TCG GCA GCACA-3'; antisense, 5'-TGG TGT CGT
GGA GTCG-3)).
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Western blotting

HSF lysates were separated using a 12% SDS-PAGE
followed by transfer to a nitrocellulose membranes.
After blocking, primary antibodies were added (over-
night at 4 °C). The membranes were washed (3 x with
PBS) and species-compatible peroxidase-conjugated
secondary antibodies were added. ECL (Pierce,
Rockford, IL, USA) was used to detect membrane-
bound antibodies.

Cell transfection

The miR-497 inhibitor were obtained from Gene-
Pharma (Shanghai, China). Lipofectamine 2000 was
used to transfect plasmids or oligonucleotides into
cells according to the protocols.

Statistical analysis

Comparisons between groups were made using
GraphPad Prism version 5 software (GraphPad Soft-
ware, La Jolla, ca., USA). One-way analysis of
variance (ANOV A) with Newman—Keuls posthoc test
was used to determine differences in gene expression
levels. Replicates were included in the statistical
model. A 95% confidence level (p < 0.05) was
deemed statistically significant. Data are shown as
mean + S.D.

Results

The best concentration of TIIA effect
on the proliferation of OCI-AML3 cells

To obtain the best concentration of TIIA effect on the
proliferation of OCI-AML3 cells, the CCK-8 was
used. The results showed that there is no significantly
influence with the 5 ng/ml of TIIA. And when the TITA
concentration was reach 15 ng/ml at 36 h, the cell
growth percentage was no significantly difference
with the 20 ng/ml at 36, and no difference with 48 h.
Therefore, the best concentration of TIIA is 15 ng/ml
to inhibit the growth of OCI-AML3 cells (Fig. 1).
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Fig. 1 The growth percentage of OCI-AMLS3 cells effected by
TIIA with5, 10, 15 and 20 ng/ml al2, 24, 36, 48 h

The influence of miR-497 expression by TIIA

To detect the expression of miR-497, the gPCR was
used. The OCI-AMLS3 cells was effect by TIIA with 15
ng/ml at 0, 4, 8 and 12 h. The miR-497 was detected
(Fig. 2). The results showed the expression of miR-497
at 8 and 12 h was higher than 0 and 4 h. However, there
is no different between the 8 and 12 h. Hence, the
expression of miR-497 was low at 8 h after the TIIA
with 15 ng/ml added.

The influence of MAPK pathway by TIIA

The OCI-AMLS3 cells were effect by TIIA with 15 ng/
ml at 0, 4, 8 and 12 h. The phosphorylation status of
ERK1/2, JNK, p38 (main parts of MAPK) was
detected (Fig. 3). The phosphorylation of ERK1/2 at
8 and 12 h was lower than 0 and 4 h. However, the
phosphorylation status of JNK and p38 was no
changes with the time increasing.

miR-497 expression level in mRNA

0 4 8 12

Fig. 2 The expression of miR-497 in OCI-AML3 cells effected
by TIIA with15 ng/ml at 0, 4, 8 and 12 h

The influence of miR-497 inhibited

Further, to show the function of miR-497, the miR-497
was silenced by cas9 in OCI-AML3 cells. Then the
OCI-AMLS3 cells were effect by TIIA with 15 ng/ml at
0, 4, 8 and 12 h (Fig. 4a). The phosphorylation of
ERK1/2 was no changes with the time increasing
(Fig. 4b). And other protein phosphorylation status
was also no changes (Fig. 4c, d). The growth
percentage of OCI-AML3 cells in miR-497 inhib-
ited + THA with 15 ng/ml at 12, 24, 36, 48 h was
higher than the TIIA only group. And there is no
difference between the TIIA group and miR-497
inhibited group, but higher than blank group (Fig. 4e).

The influence of p-ERK1/2 inhibited

To show the function of p-ERK1/2, the p-ERK1/2 was
inhibited. Then the OCI-AML3 cells were effect by
TIIA with 15 ng/ml at 0, 4, 8 and 12 h. The
phosphorylation status of ERK1/2, JNK, p38 was
detected (Fig. 5a). The phosphorylation of ERK1/2
was very low in all time (Fig. 5b). However, the other
protein phosphorylation status was no changes
(Fig. 5c, d). And the miR-497 expression was showed
(Fig. 5e). In TIIA group, ERK1/2 inhibited group and
ERK1/2 inhibited with TIIA group, the miR-497 at 8
and 12 h was higher than 0 and 4 h. The miR-497 was
also higher in these three groups than blank at 8 and 12
h (Fig. 5e). The growth percentage was also detected (
Fig. 5f). In THHA group, ERK1/2 inhibited group and
ERK1/2 inhibited with TIIA group, the OCI-AML3
cells growth percentage was higher than blank.

Discussion

AML always have short survival. As a global disease,
AML is a survival immature progenitors. In AML,
many signal pathways were activated constitutive. In
this study, we found the ERKI1/2 pathway was
activated. ERK1/2 pathway are involved in many
important physiological processes, such as cell
growth, apoptosis, differentiation et al (Hao and Fan
2017; Pedini et al. 2019).

When the TIIA effected on the OCI-AMLS3 cells,
the p-ERK1/2 was down. TIIA a kind of traditional
Chinese Medicine, is one of the main fat-soluble
ingredients of Danshen, and a proverbial flavonoid
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Fig. 5 Influence of p-ERK1/2 inhibited in OCI-AMLS3 cells
effected by THA with 15 ng/ml at 0, 4, 8 and 12 h.
a Representative western blots showing ERK1/2, INK, p38,
p-ERK1/2, p-JNK, p-p38 and GAPDH protein detection. b—
d Histograms summarizing results from a for ERK1/2, INK,
p38, respectively. e The expression of miR-497 in OCI-AML3

that has demonstrated a valid antioxidant for protect-
ing against atherosclerosis. Previous reports show that
THA inhibits the atherosclerotic lesion in rat and
rabbit through suppressing the oxidative stress and
inflammation. In this study, the TIIA can inhibit the
growth of OCI-AML3 cells.

Recently, the significance of miRNAs in cartilage
function has been demonstrated. Multiple miRNAs are
differentially expressed in normal skin versus infected
skin. These miRNAs influence cellular processes, such
as tumorigenesis and endoplasmic reticulum stress
(Chen et al. 2019; Faranda et al. 2019). Several studies
have reported that increasing miR-497 expression via
pre-miR-497 transfection suppresses proliferation and
increases apoptosis in adrenocortical carcinoma and
pancreatic cancer and inhibits migration and invasion
in bladder cancer and nasopharyngeal carcinoma.
Additionally, miR-497 over-expression was found to
block GO/G1 phase transition in MCF-7 breast cancer
cells and induce G1/S arrest in SGC-7901 gastric
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effected by TIHHA with15 ng/ml al2, 24, 36, 48 h after miR-497
inhibited

cancer cells. miR-497 up-regulation by lentivirus LV-
miR-497 transfection also significantly represses
tumor angiogenesis in hepatocellular carcinoma and
ovarian cancer. Conversely, the inhibition of miR-497
expression by an miR-497 inhibitor increased the
growth and colony formation ability of breast cancer
cells but reduced their apoptosis. miR-497 has also
been proven to be relevant in many tumours (Liu et al.
2016; Yang et al. 2016; Chen et al. 2017). In this study,
miR-497 can inhibit the growth of OCI-AML3 cells,
through ERK1/2. When the miR-497 was inhibited,
THA cannot influence the p-ERK1/2. Hence, the
proliferation of OCI-AML3 cells was raising. How-
ever, when the p-ERK1/2 was inhibited, there no
influence on the miR-497 expression after TIIA added.

Conclusionly, TIIA upregulates miR-497, and
decrease the p-ERK1/2 expression, when TIIA simu-
lated OCI-AMLS3 cell in vitro. And in miR-497 might
be involved in the regulation of proliferation in this
proccess. Suppression of miR-497 could active effect
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on MAPK/ERK1/2 signaling pathway activation.
Summy, the TIIA inhibited the proliferation of OCI-
AML3 cell by miR-497-p-ERK1/2 signaling pathway.
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