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Matrine exerted an anti-tumor e�ect on acute myeloid leukemia via the 
lncRNA LINC01116/miR-592-mediated JAK/STAT pathway inactivation 
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As a malignant hematological cancer, acute myeloid leukemia (AML) in�uences the health of many people. �is study 
explored the anti-AML activity of matrine (a natural-derived alkaloid), as well as the internal molecular mechanism. In vitro, 
cell viability, apoptosis, and productions of in�ammatory cytokines including IL-1β, IL-6, and TNF-α were tested by MTT, 
Annexin V-FITC/PI staining, and ELISA, respectively. �e expression levels of LINC01116 and miR-592 were measured by 
qRT-PCR. Bcl-2 and PCNA expression, and JAK/STAT3 pathway activity were evaluated by western blotting. Besides, an 
AML mouse xenogra� model was established to further analyze the anti-AML activity of matrine. We found that matrine 
suppressed cell proliferation and levels of in�ammatory factors, induced cell apoptosis, reduced LINC01116 expression, and 
raised miR-592 expression in AML cells. LINC01116 directly bound to miR-592 and downregulated its expression. Both 
LINC01116 overexpression and miR-592 knockdown attenuated the e�ects of matrine on AML cells. Moreover, miR-592 
overexpression reversed the in�uences of LINC01116 overexpression on matrine-treated AML cells. Matrine inactivated 
the JAK/STAT3 pathway in AML cells via modulating LINC01116/miR-592. Additionally, matrine inhibited tumor growth 
via modulating LINC01116/miR-592 in vivo. To sum up, matrine exhibited the anti-AML activity through regulating the 
LINC01116/miR-592 axis, thereby inactivating the JAK/STAT3 pathway. 
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Acute myeloid leukemia (AML) is a common malignant 
hematological cancer caused by abnormal proliferation 
and di�erentiation of immature myeloid blasts in the bone 
marrow and peripheral blood [1]. In the United States, there 
are more than 20,000 people diagnosed with AML each 
year [2]. It is discovered that old people (age over 65) have 
a higher incidence of AML than people less than 65 [3]. 
Considering that the old people usually exert low tolerance 
to relevant treatment, the overall long-term survival rate of 
AML remains unsatisfactory [3]. Many factors are related to 
the pathogenesis of AML, such as chromosomal transloca-
tion, radionuclide, and chemical exposure, as well as genetic 
mutation [4–6]. Genetic mutations are veri�ed in over 97% 
of AML patients [2]. More e�orts are still needed to further 
explore the pathogenesis of AML and look for a new thera-
peutic strategy for this disease.

Matrine (C15H24N2O, CAS number: 519-02-8) is a natural 
alkaloid separated from the dried roots, plants, and fruits 
of the legume plant Sophora �avescens Ait (Kushen) [7]. 
Earlier studies reported that matrine exerted excellent anti-
cancer activity in multiple human cancers, including AML 

[8]. Zhang et al. [9] revealed that matrine showed an anti-
cancer e�ect in AML via inducing mitochondrial-related cell 
apoptosis. Hao et al. [10] indicated that matrine caused AML 
cell apoptosis by suppressing the PI3K/AKT/mTOR pathway. 
Wu et al. [11] discovered that matrine could promote AML 
cell autophagy. However, more investigations are demanded 
to study the molecular mechanism regarding the anti-cancer 
activity of matrine in AML.

In recent years, lots of non-coding RNAs (ncRNAs), 
especially long non-coding RNAs (lncRNAs) and microRNAs 
(miRNAs) are discovered to play indispensable regulatory 
roles in cell physiology and cellular functions [12]. More 
importantly, lncRNAs and miRNAs are found to participate 
in the occurrence and progression of multiple human cancers 
[13]. LncRNAs and miRNAs can regulate the expression of 
numerous genes in cancer cells at transcriptional and post-
transcriptional levels [14]. Some lncRNAs are demonstrated 
to serve as functional and structural chromatin regulators in 
AML [15]. Studies have found that lncRNAs are related to 
the regulation of cell proliferation, apoptosis, and di�erentia-
tion [16, 17], as well as therapeutic resistance in AML [18]. 
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Matrine has been found to regulate lncRNA expression [19]. 
LINC01116 is an oncogenic lncRNA and contributes to the 
tumorigenesis and development of multiple human cancers, 
such as lung squamous cell carcinoma [20], gastric cancer 
[21], and glioma [22]. Nevertheless, whether LINC01116 
takes part in the progression of AML is not clear. Especially, 
whether matrine can regulate LINC01116 expression in 
AML remains dim.

As a tumor-suppressive miRNA in human cancer cells, 
miR-592 was lowly expressed in the serum of AML patients 
and cells [23]. Overexpression of miR-592 inhibited the 
growth and induced apoptosis via targeting Rho-associated 
kinase 1 (ROCK1) in AML cells [23]. Earlier studies have 
reported that matrine could regulate miRNA expression, 
thus, playing anti-cancer activity [24]. �rough bioinfor-
matic analysis, we found that LINC01116 was associated with 
miR-592. In the current research, we further investigated the 
anti-cancer e�ect and mechanism of matrine in AML both 
in vitro and in vivo. About the molecular mechanism, we 
mainly focused on the LINC01116/miR-592 axis.

Patients and methods

Cell culture and matrine treatment. THP-1 and HL-60 
cells were obtained from Procell Inc., (Wuhan, China). 
Bone marrow stromal HS-5 cells were purchased from the 
American Type Culture Collection (ATCC, VA, USA). 
THP-1 and HS-5 cells were cultured in RPMI-1640 (Sigma-
Aldrich, MO, USA) containing 10% (v/v) fetal bovine serum 
(FBS, Hyclone, UT, USA), 1% (v/v) penicillin-streptomycin 
solution (Sigma-Aldrich). HL-60 cells were cultured in 
Iscove’s Modi�ed Dulbecco Medium (IMDM, Procell Inc.,) 
with 20% FBS and 1% penicillin-streptomycin solution. Cells 
were placed in a humidity incubator at 37 °C with 5% CO2.

Matrine (purity 98.56%) was purchased from APExBIO 
(TX, USA) and dissolved into ultra-pure water with a storage 
concentration of 40 g/l. THP-1 and HL-60 cells were 
subjected to 0.5, 1, or 2 g/l (equal to 2, 4, or 8 nM) matrine 
for 72 h in this research.

Clinical samples. Fi�een AML patients and ��een health 
individuals were recruited in our research. �e AML samples 
and normal samples were collected. Informed consent was 
acquired from each subject. �is study was conducted in 

accordance with the Declaration of Helsinki (as revised in 
2013) and approved by the Ethics Committee of �e First 
A�liated Hospital of Bengbu Medical College [SYXK(Wan)-
2017-001].

Cell transfection. �e LINC01116 sequence was 
sub-cloned into pcDNA3.1 vector (Invitrogen, CA, USA) to 
form LINC01116 overexpressing vector (named LINC01116). 
Unloaded pcDNA3.1 vector was utilized as a negative control 
(NC). miR-592 mimics (named miR-592), anti-miR-592, 
and relative NC were supplied by Genechem Corporation 
(Shanghai, China). For cell transfection, Lipofectamine™ 
2000 Reagent (Invitrogen) was used in line with the manufac-
turer’s instructions. Transfection e�ciencies were tested by 
quantitative reverse transcription PCR (qRT-PCR).

qRT-PCR. Total RNAs in cells and tissues were isolated 
using an RNAiso Plus kit (Takara Biomedical Technology, 
Beijing, China). cDNA was synthesized using a High-
Capacity RNA-to-cDNA™ kit (Applied Biosystems, CA, 
USA). For LINC01116 expression, the TaqMan Non-coding 
RNA Assay (Applied Biosystems) was performed with the 
program as follows: 95 °C for 60 s, 40 cycles of 95 °C for 30 s, 
60 °C for 40 s, and 72 °C for 30 s. To detect miR-592 expres-
sion, the Mir-X miRNA qRT-PCR TB Green kit (Clontech, 
CA, USA) was used with the program as follows: 94 °C for 
3 min, 40 cycles of 90 °C for 30 s, 50 °C for 30 s, and 72 °C 
for 30 s. Primer information is shown in Table 1. �e relative 
expression was calculated using the 2–ΔΔCt method. GAPDH 
or U6 served as an internal control for LINC01116 and 
miR-592, respectively.

Cell viability assay. Viabilities of THP-1 and HL-60 cells 
were examined by MTT assay. Brie�y, 1×104 transfected 
or non-transfected cells were seeded in 96-well plates for 
12 h and subjected to matrine treatment. �en, 20 μl MTT 
solution (2.5 mg/ml, Sigma-Aldrich) was added to the culture 
medium for 4 h at 37 °C. A�er removing the culture medium, 
150 μl dimethyl sulfoxide (DMSO) was added to each well of 
the plate for 1 h. �e absorbance at 570 nm was measured 
using a microplate reader (Bio-Tek Instruments, VT, USA). 
Results were displayed as the percentage of control.

Cell apoptosis assay. Apoptosis of THP-1 and HL-60 cells 
was evaluated by the Annexin V-FITC/PI Apoptosis Detec-
tion kit (Yeasen Biotechnology, Shanghai, China). Brie�y, 
1×105 transfected or non-transfected THP-1 and HL-60 cells 
were seeded in 6-well plates for 12 h and treated with matrine. 
Following trypsin solution incubation, cells in each group 
were collected, washed with phosphate bu�er saline (PBS) 
solution, and mixed with 5 μl Annexin V-FITC and 10 μl PI 
solution for 20 min and 15 min, respectively, at 37 °C in the 
dark. Results were detected using a �ow cytometer (Beckman 
Coulter, CA, USA) and the percentage of apoptotic cells was 
recorded.

Enzyme linked immunosorbent assay (ELISA). 
ELISA was performed to test the concentrations of inter-
leukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α in 
THP-1 and HL-60 cells. In brief, a�er di�erent treatments, 

Table 1. Primers information for PCR.
Name Sequence (5’-3’)
LINC01116 F GTTCAAGTGCGTCCGGGTTT

R CGGACTTCTTTTCCAGGCGG
GAPDH F AGGAGCGAGATCCCGCCAACA

R CGGCCGTCACGCCACATCTT
miR-592 F TTGTGTCAATATGCGATGATGT

R GCGAGCACAGAATTAATAGCAC
U6 F CTCGCTTCGGCAGCACA

R AACGCTTCACGAATTTGCGT
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culture supernatants of cells were harvested. Human IL-1β 
(RAB0273), IL-6 (RAB0306), and TNF-α (RAB0459) ELISA 
kits, which were all from Sigma-Aldrich, were used in line 
with the manufacturer’s instructions.

Dual-luciferase reporter assay. A dual-luciferase 
reporter assay was conducted to analyze the binding relation-
ship between LINC01116 and miR-592. To establish the 
LINC01116-wild type (LINC01116-WT) report vector, the 
full-length sequence of LINC01116 was inserted into the 
psiCHECK-2 plasmid (Promega, WI, USA). To establish the 
LINC01116-mutated type (LINC01116-MUT) report vector, 
the full-length sequence of the LINC01116 containing the 
mutated miR-592 binding site was also sub-cloned into the 
psiCHECK-2 plasmid. Then, miR-592 and LINC01116-WT 
or LINC01116-MUT were co-transfected into THP-1 and 
HL-60 cells by using Lipofectamine™ 2000 Reagent. After 48 
h, the relative luciferase activity was detected by the Dual-
luciferase Reporter Assay System (Promega).

RNA immunoprecipitation (RIP) assay. The interaction 
between LINC01116 and miR-592 was confirmed using the 
EZ-Magna RIP RNA-binding protein immunoprecipitation 
kit (Millipore, MA, USA). Briefly, following trypsin solution 
incubation, THP-1 and HL-60 cells were harvested, respec-
tively. Then, cells were washed with PBS and mixed with PIPR 
Lysis Buffer (P0013B, Beyotime Biotechnology, Shanghai, 
China). The lysates of both cells were incubated with RIP 
buffer containing magnetic beads conjugated with anti-
Argonaute-2 (Ago2) antibody (ab57113) or negative control 
immunoglobulin G (IgG, ab181236, Abcam Biotechnology, 
MA, USA), respectively. The enrichments of LINC01116 and 
miR-592 in extracted RNAs were analyzed by qRT-PCR.

Western blotting. Total proteins in THP-1 and HL-60 
cells were extracted using xTractor™ Buffer (Clontech, CA, 
USA) supplemented with EDTA-Free Protease Inhibitor 
Cocktail (Clontech). A Bradford Protein Quantification kit 
(Yeasen Biotechnology) was used to test protein concentra-
tions. Then, proteins with equal concentration were separated 
by SDS-PAGE and transferred onto polyvinylidene fluoride 
(PVDF) membranes (Millipore). PVDF membranes were 
incubated with primary antibodies including anti-Prolifer-
ating cell nuclear antigen (PCNA) antibody (#13110, 1:1000), 
anti-Bcl-2 antibody (#15071, 1:1000), anti-p-JAK antibody 
(#66245, 1:1000), anti-JAK antibody (#50996, 1:1000), anti-
p-STAT3 antibody (#9145, 1:2000), anti-STAT3 antibody 
(#9139, 1:1000), and anti-GAPDH antibody (#2118, 1:1000), 
which were all obtained from Cell Signaling Technology 
(MA, USA), for 12 h at 4 °C, followed by incubated with 
secondary antibodies [HRP-labeled Goat anti-rabbit (or 
anti-mouse) IgG (H+L), A0208, A0216, Beyotime Biotech-
nology] for 1 h at room temperature. Signals of proteins were 
visualized via enhanced chemiluminescence technique.

In vivo mouse xenograft model. Fifteen BALB/c nude 
mice (male, 7–8-week-old) were purchased from Lebeiao 
Biotechnology Co., Ltd (Tongling, China). After being 
fed in our animal room for 1 week, mice were randomly 

divided into control, matrine, and matrine+LINC01116 
groups, with 5 mice in each group. Following anesthesia 
with 40 mg/kg pentobarbital (Sigma-Aldrich), 0.1 ml of 
THP-1 cells (1×107 cells/ml) were subcutaneously injected 
into the flank of mice in the control and matrine groups, 
while 0.1 ml of THP-1 cells with LINC01116 overexpressing 
(1×107 cells/ml) were subcutaneously injected into the flank 
of mice in the matrine+LINC01116 group. Mice in matrine 
and matrine+LINC01116 groups were treated with matrine 
(60 mg/kg/day) via gastric lavage. The long and short diame-
ters of tumors were measured every 4 days after day 7 to 
calculate tumor volume. After 27 days, mice were anesthe-
tized via intraperitoneal injection of 40 mg/kg pentobarbital 
and then were sacrificed by cervical dislocation [25]. Tumor 
specimens were isolated and weighted. Two tumor specimens 
of each group were placed at –80 °C to detect the expression 
of LINC01116 and miR-592 using qRT-PCR, other three 
tumor specimens were fixed in 10% formalin solution to test 
PCNA expression and cell apoptosis by immunocytochem-
istry (IHC) and TUNEL staining, respectively.

All animal experimental procedures were performed in 
line with the National Institutes of Health’s Guide for the 
Care and Use of Laboratory Animals and were approved 
by the Ethics Committee of The First Affiliated Hospital of 
Bengbu Medical College [SYXK(Wan)-2017-001].

IHC assay. After gradient dehydration and paraffin 
embedding, the tissues were cut into 7 μm thick sections. 
Then, the sections were de-paraffinized with xylene solution 
for twice (each for 20 min), placed in 100% ethanol solution 
twice (each for 10 min), and hydrated in 95%, 90%, 80%, 
70% ethanol, and distilled water (each for 5 min). After 
heat-mediated antigen retrieval using 10 mM citrate buffer 
(pH 6.0) for 15 min and incubating with 0.2% Triton X-100 
solution for 15 min, the endogenous peroxidase activity was 
eliminated by 3% H2O2 solution for 10 min. Then, the sections 
were incubated with 5% normal goat serum for 15 min, 
anti-PCNA antibody (#13110, Cell Signaling Technology) 
overnight and horseradish peroxidase-conjugated secondary 
antibody for 1 h. Then, tissues were incubated with diamino-
benzidine solution, stained with hematoxylin solution, and 
dehydrated with ethanol. Lastly, the sections were observed 
under a microscope (Nikon, Japan).

TUNEL assay. Click-iT™ TUNEL Colorimetric IHC 
Detection Kit (C10625, Invitrogen) was used to test cell 
apoptosis in line with the manufacturer’s instruction in 
vivo. Briefly, after de-paraffinizing and hydrating as above 
mentioned, the sections were incubated with proteinase K 
for 15 min, PBS for 5 min, TdT reaction buffer for 10 min at 
37 °C, 2× SCC solution for 15 min, PBS for 5 min, 3% H2O2 
solution for 5 min, Click-iT™ TUNEL Colorimetric Reaction 
cocktail for 30 min in the dark, PBS for 5 min, 1× Streptav-
idin-Peroxidase Conjugate for 30 min, PBS for 5 min, DAB 
Reaction Mixture for 3 min, hematoxylin solution for 2 min, 
and ethanol solution for 15 s. Results were observed under a 
microscope (Nikon).
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results of Figures 2C and 2D illustrated that compared to 
the matrine+vector group, the expression of LINC01116 
in THP-1 and HL-60 cells was notably increased in the 
matrine+LINC01116 group (p<0.05). Moreover, Figures 2E 
and 2F showed that overexpression of LINC01116 promoted 
the viabilities of THP-1 and HL-60 cells, and it also signi�-
cantly attenuated the loss of cell viabilities caused by the 
matrine treatment (p<0.05). Compared with the control 
group, LINC01116 upregulation declined the number 
of apoptotic cells, but without any signi�cant di�erence, 
which may be due to the very low apoptotic number in the 
control (Figures 2G, 2H). As expected, matrine treatment-
increased number of apoptotic THP-1 and HL-60 cells 
was reduced by LINC01116 overexpression (Figures 2G, 
2H, p<0.05). Furthermore, the protein expression levels of 
PCNA and Bcl-2 in THP-1 and HL-60 cells were raised in the 
matrine+LINC01116 group compared to the matrine+vector 
group (Figures 2I, 2J, p<0.05). Besides, LINC01116 overex-
pression also weakened the inhibitory activity of matrine 
on the expression of IL-1β, IL-6, and TNF-α in AML cells 
(Figures 2K–2M, p<0.05). �e above results suggested that 
matrine played an anti-tumor role in AML via downregu-
lating LINC01116.

LINC01116 bound to miR-592 and downregulated 
its expression in AML cells. �en, the targeted regulatory 
relationship of LINC01116 on miR-592 was explored. Bioin-
formatics analysis using LncBase Predicted v.2 revealed that 
partial nucleotide sequences of LINC01116 could bind to 
miR-592 through complementary base pairing (Figure 3A). 
�e results of the dual-luciferase reporter assay displayed that 
co-transfection of miR-592 and LINC01116-WT remark-
ably decreased the relative luciferase activities in THP-1 and 
HL-60 cells (p<0.05), while co-transfection of miR-592 and 
LINC01116-MUT had no signi�cant in�uence on the relative 
luciferase activities (Figures 3B, 3C). In addition, LINC01116 
gathered miR-592 in THP-1 and HL-60 cells, as evidenced 
by the increased relative enrichments of LINC01116 and 
miR-592 in Anti-Ago-2 complex when compared with IgG 
(Figures 3D, 3E, p<0.05). Furthermore, LINC01116 overex-
pression notably decreased miR-592 expression in AML 
cells (Figure 3F, p<0.05), while miR-592 upregulation did 
not a�ect LINC01116 expression in these cells (Supplemen-
tary Figure S1B, Figure 3G). Besides, matrine signi�cantly 
raised the expression of miR-592 in THP-1 and HL-60 cells 
(Figures 3H, 3I, p<0.05). �e above outcomes suggested 
that LINC01116 bound to miR-592 and downregulated its 
expression in AML cells. �ese data also hinted that matrine 
exerted an anti-tumor e�ect in AML via reducing LINC01116 
expression and thereby enhancing miR-592 expression.

Knockdown of miR-592 weakened the e�ects of 
matrine in AML cells. Anti-miR-592 was transfected into 
THP-1 and HL-60 cells to knock down the miR-592 expres-
sion. �e transfection e�ciency is shown in Supplementary 
Figure S1C. �e anti-miR-592 transfection partially reversed 
the increase of miR-592 expression by matrine in AML cells 

Statistical analysis. GraphPad 6.0 so�ware was used for 
statistical analysis. Results are shown as mean ± standard 
deviation (SD) from three independent experiments. 
p-values were calculated using Student’s t-test or one-way 
ANOVA with Tukey’s post hoc test. A p-value <0.05 was 
considered as statistically signi�cant.

Results

Matrine suppressed AML cell proliferation and in�am-
matory factor expression, but induced cell apoptosis. 
Firstly, the anti-tumor e�ect of matrine in AML was inves-
tigated. Base on the results of the pre-test (data not shown), 
0.5, 1, or 2 g/l matrine exposure for 72 h was selected. Figure 
1A showed that 1 or 2 g/ matrine obviously inhibited the 
viabilities of THP-1 and HL-60 cells (p<0.05). �e e�ect of 
matrine on a non-AML cell line HS-5 was also analyzed and 
the results of Figure 1B displayed that these concentrations 
of matrine had no signi�cant e�ect on the viability of HS-5 
cells. �e percentage of apoptotic THP-1 and HL-60 cells 
was signi�cantly increased a�er 1 or 2 g/l matrine treatment 
(Figures 1C, 1D, p<0.05). However, matrine treatment did 
not change the apoptosis of HS-5 cells (Figure 1E). Moreover, 
the results of western blotting displayed that matrine treat-
ment notably reduced the protein expression levels of PCNA 
and Bcl-2 both in THP-1 and HL-60 cells (Figures 1F, 1G, 
p<0.05). Pro-in�ammatory cytokines are widely detected in 
AML patients [26]. Hence, we further analyzed the e�ect of 
matrine on the levels of IL-1β, IL-6, and TNF-α in AML cells. 
Figures 1I-1K illustrated that the concentrations of IL-1β, 
IL-6, and TNF-α in the culture supernatants of THP-1 and 
HL-60 cells were remarkably decreased a�er matrine treat-
ment (p<0.05). Whereas matrine treatment did not a�ect 
the levels of PCNA, Bcl-2, and cytokine productions in HS-5 
cells (Figures 1H–1K). �ese above outcomes suggested that 
matrine exerted anti-cancer activity in AML cells, but did not 
in�uence the non-AML cells.

Matrine functioned via reducing LINC01116 expres-
sion in AML cells. Studies have shown that LINC01116 
played an oncogenic role in many cancers, and matrine 
could regulate lncRNA expression [19, 27, 28]. Hence, we 
analyzed the relationship between matrine and LINC01116 
in AML. Analyzing LINC01116 expression in AML and 
normal samples, we found that compared with normal 
samples, LINC01116 was highly expressed in AML 
samples (Figure 2A, p<0.05). Matrine treatment decreased 
LINC01116 expression both in THP-1 and HL-60 cells 
(p<0.05; Figure 2B). �ese outcomes suggested that matrine 
inhibited LINC01116 expression in AML cells and implied 
that matrine might exert an anti-tumor e�ect in AML via 
reducing LINC01116 expression.

To explore whether LINC01116 took part in the anti-
tumor e�ect of matrine on AML, LINC01116 was overex-
pressed in THP-1 and HL-60 cells. �e transfection e�ciency 
of LINC01116 is shown in Supplementary Figure S1A. �e 
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Figure 1. Matrine suppressed AML cell proliferation and in�ammatory factor expression but induced cell apoptosis. Following 0, 0.5, 1, or 2 g/l matrine 
exposure for 72 h. A, B) �e viabilities of THP-1, HL-60, and HS-5 cells were tested via MTT assay. C–E) Apoptosis of THP-1, HL-60, and HS-5 cells 
was examined by Annexin V-FITC/PI Apoptosis Detection kit. F–H) �e protein expression levels of PCNA and Bcl-2 in THP-1, HL-60, and HS-5 cells 
were evaluated by western blotting. I–K) �e concentrations of IL-1β, IL-6, and TNF-α in the culture supernatants of THP-1, HL-60, and HS-5 cells 
were measured by ELISA. N=3, #p<0.05 vs. 0 g/l matrine treatment group.
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Figure 2. Matrine decreased LINC01116 expression and overexpression of LINC01116 attenuated the e�ects of matrine in AML cells. A) LINC01116 
expression in AML and normal samples was tested by qRT-PCR. B) THP-1 and HL-60 cells were treated with 0, 0.5, 1, or 2 g/l matrine for 72 h. �e 
expression of LINC01116 in cells was tested via qRT-PCR assay. A�er transfection with vector or LINC01116, THP-1 and HL-60 cells were treated with 
or without 2 g/l matrine for 72 h. C, D) LINC01116 expression in cells were detected by qRT-PCR assay. E, F) Cell viabilities were analyzed by MTT 
assay. G, H) Cell apoptosis was examined by Annexin V-FITC/PI Apoptosis Detection kit. I, J) �e protein expression levels of PCNA and Bcl-2 in cells 
were evaluated by western blotting. K–M) IL-1β, IL-6, and TNF-α concentrations in cell culture supernatants were measured by ELISA. N=3, #p<0.05 
vs. normal samples, control group, or matrine+vector group.
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(Figures 4A, 4B, p<0.05). miR-592 knockdown enhanced the 
viabilities of THP-1 and HL-60 cells and weakened the loss 
of cell viabilities induced by matrine treatment (Figures 4C, 
4D, p<0.05). Moreover, miR-592 downregulation relieved 
cell apoptosis induced by matrine treatment, although it 
did not signi�cantly decrease the apoptosis of THP-1 and 
HL-60 cells alone (Figures 4E, 4F, p<0.05). Compared to 
the matrine+miR-NC group, the protein expression levels 
of PCNA and Bcl-2 in THP-1 and HL-60 cells were notably 
increased in the matrine+miR-592 group (Figures  4G, 4H, 
p<0.05). Besides, miR-592 knockdown remarkably weakened 
the decreases of IL-1β, IL-6, and TNF-α caused by matrine 
in AML cells (Figures 4I–4K, p<0.05). �e above outcomes 
suggested that the increase of miR-592 expression played a 
key role in the anti-tumor e�ect of matrine in AML.

miR-592 overexpression weakened the in�uences of 
LINC01116 overexpression on matrine-treated AML cells. 
A�er LINC01116 and miR-592 overexpression, THP-1 and 
HL-60 cells were subjected to matrine treatment, and the 
viabilities, apoptosis, and in�ammatory factor expression of 
cells were tested. Results in Figures 5A and 5B showed that 
compared with the matrine+LINC01116+miR-NC group, 
the relative expression of miR-592 in THP-1 and HL-60 cells 
was notably raised in the matrine+LINC01116+miR-592 
group (p<0.05). miR-592 overexpression signi�cantly 

decreased the viability and induced the apoptosis of 
THP-1 and HL-60 cells. Also, its overexpression remark-
ably weakened the in�uences of LINC01116 overexpres-
sion on the viability and apoptosis in matrine-treated AML 
cells (Figures 5C–5F, p<0.05). Moreover, results of western 
blotting illustrated that the protein expression levels of 
PCNA and Bcl-2 in THP-1 and HL-60 cells were decreased 
in the matrine+LINC01116+miR-592 group in comparison 
to the matrine+LINC01116+miR-NC group (Figures 5G, 
5H, p<0.05). Additionally, Figures 5I–5K show that miR-592 
overexpression attenuated the in�uences of LINC01116 
overexpression on matrine-induced decreases of IL-1β, IL-6, 
and TNF-α in AML cells (p<0.05). �e above results further 
con�rmed that matrine exerted an anti-tumor e�ect in AML 
via regulating the LINC01116/miR-592 axis.

Matrine inhibited tumor growth in an AML mouse 
xenogra� model via modulating LINC01116/miR-592. 
An AML mouse xenogra� model was established to 
further evaluate the anti-AML activity of matrine in vivo. 
Figures  6A–6C showed that matrine treatment notably 
reduced tumor volume and weight (p<0.05), which were 
weakened by the LINC01116 overexpression (p<0.05). 
Moreover, matrine lowered the LINC01116 expression, but 
raised the miR-592 expression in tumor samples (p<0.05), 
and LINC01116 overexpression increased LINC01116 

Figure 3. LINC01116 bound to miR-592 and downregulated expression in AML cells. A) �e predicated binding sequences between LINC01116 and 
miR-592, as well as the sequence of LINC01116-MUT. B, C) A�er co-transfection with miR-592 and LINC01116-WT (or LINC01116-MUT), the rela-
tive luciferase activities in THP-1 and HL-60 cells were measured via the dual-luciferase reporter assay. D, E) �e enrichments of LINC01116 and 
miR-592 were analyzed by the RIP assay using the anti-Ago2 antibody. F) A�er transfection with LINC01116, miR-592 expression in THP-1 and HL-60 
cells was determined by qRT-PCR. G) �e expression of LINC01116 was assayed in THP-1 and HL-60 cells a�er transfection with miR-592 mimic. H, 
I) THP-1 and HL-60 cells were treated with 0, 0.5, 1, or 2 g/l matrine for 72 h. �e expression of miR-592 in THP-1 and HL-60 cells was detected by 
qRT-PCR. N=3, #p<0.05 vs. miR-NC group, anti-IgG group, vector group, or 0 g/l matrine treatment group.
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Figure 4. Knockdown of miR-592 weakened the e�ects of matrine in AML cells. A�er transfection with miR-NC or miR-592, THP-1 and HL-60 cells 
were treated with 2 g/l matrine for 72 h. A, B) miR-592 expression in cells was tested by qRT-PCR. C, D) Cell viabilities were detected by MTT assay. 
E, F) Cells apoptosis was examined by Annexin V-FITC/PI Apoptosis Detection kit. G, H) �e protein expression levels of PCNA and Bcl-2 in cells 
were evaluated by western blotting. I–K) IL-1β, IL-6, and TNF-α concentrations in cell culture supernatants were measured by ELISA. N=3, #p<0.05 
vs. control group or matrine+miR-NC group.
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expression but reduced miR-592 expression (Figures 6D, 
6E, p<0.05). Additionally, matrine inhibited tumor cell 
proliferation, but promoted cell apoptosis, as evidenced by 
the decreased expression of PCNA and increased TUNEL 
positive cells. Compared with the matrine group, tumor 

cell proliferation was increased, while its apoptosis was 
decreased in the matrine+LINC01116 group (Figure 6F, 
p<0.05). �e results indicated that matrine inhibited tumor 
growth via modulating LINC01116/miR-592 in the AML 
mouse xenogra� model.

Figure 5. miR-592 weakened the in�uences of LINC01116 overexpression on matrine-treated AML cells. A�er transfection with LINC01116 and/or 
miR-592, THP-1 and HL-60 cells were treated with 2 g/l matrine for 72 h. A, B) miR-592 expression in cells was tested by qRT-PCR. C, D) Cell viabilities 
were measured by MTT assay. E, F) Cell apoptosis was examined by Annexin V-FITC/PI Apoptosis Detection kit. G, H) �e protein expression levels 
of PCNA and Bcl-2 in cells were evaluated by western blotting. I–K) IL-1β, IL-6, and TNF-α concentrations in cell culture supernatants were detected 
by ELISA. N=3, #p<0.05 vs. control group, matrine+vector group, or matrine+LINC01116+miR-NC group.
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Figure 6. Matrine inhibited tumor growth via modulating LINC01116/miR-592-mediated inactivation of the JAK/STAT3 pathway. An AML mouse 
xenogra� model was established and treated with matrine. A) Tumor volume was calculated on days 7, 11, 15, 19, 23, and 27. B) Tumor samples of each 
group. C) Tumor weight was measured. D, E) �e expression levels of LINC01116 and miR-592 in tumor samples were detected by qRT-PCR. F) PCNA 
level in tumor samples was tested by IHC and tumor cell apoptosis was evaluated by TUNEL assay. G) �e protein expression levels of p-JAK, JAK, p-
STAT3, and STAT3 in THP-1 and HL-60 cells were detected by western blotting. N=3, #p<0.05
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Matrine inactivated the JAK/STAT3 pathway in AML 
cells via modulating LINC01116/miR-592. Ma et al. have 
found that matrine inhibited the growth of chronic myeloid 
leukemia cells via suppressing the activation of the JAK/
STAT3 signaling pathway [29]. Hence, we further evalu-
ated the activity of the JAK/STAT3 pathway in THP-1 and 
HL-60 cells after relevant treatment and/or transfection. 
Results in Figure 6G show that both miR-592 overexpres-
sion and matrine treatment significantly reduced the levels 
of p-JAK/JAK and p-STAT3/STAT3 in these cells (p<0.05). 
LINC01116 overexpression notably attenuated the effects 
of matrine on the levels of p-JAK/JAK and p-STAT3/
STAT3 in these cells (p<0.05). Moreover, compared with the 
matrine+LINC01116+miR-NC group, the levels of p-JAK/
JAK and p-STAT3/STAT3 in AML cells were both decreased 
in the matrine+LINC01116+miR-592 group (p<0.05). The 
above results suggested that matrine inactivated the JAK/
STAT3 pathway in AML cells via modulating the LINC01116/
miR-592 axis.

Discussion

In recent years, more and more attention was given to the 
anti-cancer activity of plant-derived compounds, due to their 
high effectiveness and low side effects [30, 31]. Some plant-
derived compounds have been used clinically for cancer 
treatment. For example, taxol, a natural secondary metabo-
lite separated from the bark of gymnosperm Taxus chinensis, 
has been widely used to treat multiple human cancers, 
including breast cancer, ovarian cancer, and lung cancer [32]. 
As an alkaloid isolated from the legume plant Sophora flave-
scens Ait, matrine exerts outstanding anti-cancer activity in 
multiple human cancers [8]. AML affects the health of many 
people and threatens their lives [1]. Induction of AML cell 
apoptosis plays a key role in anti-AML therapy [33]. Earlier 
researches have demonstrated that matrine could induce 
AML cell apoptosis [9, 10]. Consistent with previous liter-
ature, we also confirmed that matrine promoted AML cell 
apoptosis, which was accompanied by the decreased protein 
levels of Bcl-2, a key anti-apoptotic molecule in cells. PCNA 
is closely related to DNA synthesis in cells, and it plays an 
important role in the initiation of cell proliferation [34]. In 
this research, we discovered that matrine also reduced PCNA 
protein level in AML cells. The overproduction of pro-inflam-
matory cytokines is widely detected in AML patients and 
decreased pro-inflammatory cytokines usually indicate a 
favorable phenomenon for the survival of AML patients [26]. 
We found that matrine notably suppressed the expression 
levels of pro-inflammatory cytokines, including IL-1β, IL-6, 
and TNF-α in AML cells. These findings represented that the 
anti-AML activity of matrine could be achieved via inducing 
AML cell apoptosis, reducing AML cell proliferation, and 
inhibiting pro-inflammatory cytokine expression.

Earlier studies have reported that matrine could regulate 
the expression of lncRNAs [19, 35]. As a tumor-promoting 

lncRNA, LINC01116 was highly expressed in many human 
cancers [20, 22]. Fang et al. [27] indicated that the overex-
pression of LINC01116 promoted the progression of epithe-
lial ovarian cancer through increasing cell proliferation and 
suppressing cell apoptosis. Chen et al. [28] demonstrated 
that LINC01116 overexpression promoted the proliferation 
but inhibited the apoptosis of gastric cancer cells. Besides, 
previous researches pointed out that LINC01116 could be 
induced in hypoxic vascular endothelial cells to regulate 
inflammatory reaction, and it also could modulate IL-1β 
expression in glioma cells [22]. In the present study, we 
discovered that LINC01116 was highly expressed in AML 
samples and matrine could reduce LINC01116 expression 
in AML cells. Overexpression of LINC01116 remarkably 
attenuated the anti-AML activity of matrine in AML both 
in vitro and in vivo. These findings represented that matrine 
exerted an anti-cancer effect in AML at least via regulating 
LINC01116.

Apart from lncRNAs, more and more miRNAs are also 
discovered to participate in the tumorigenesis and progres-
sion of human cancers. The mature miRNA forms a complex 
with the RNA induced silencing complex (RISC), which 
directs the complex to target mRNAs. miRNAs function 
via different regulatory networks in different cancers [36]. 
LncRNAs can modulate miRNA expression in cells through 
binding to it [13]. miR-592 is a tumor suppression-related 
miRNA, which is usually decreased in cancers [37]. Xu et al. 
[23] demonstrated that miR-592 was lowly expressed in the 
serum of AML patients and cells. It took part in regulating 
the growth and apoptosis of AML cells. In this research, 
we revealed that LINC01116 could bind to miR-592 and 
downregulate its expression in AML cells. Besides, matrine 
raised miR-592 expression in AML cells. Knockdown of 
miR-592 weakened the influences of matrine in AML cells. 
miR-592 overexpression attenuated the effects of LINC01116 
overexpression on matrine-treated AML cells. Besides, 
we discovered that matrine inhibited tumor growth in an 
AML mouse xenograft model via regulating LINC01116/
miR-592. These findings represented that matrine might play 
anti-AML activity through decreasing LINC01116 expres-
sion and thereby raising the miR-592 level. Considering that 
one lncRNA usually can regulate multiple miRNAs, while one 
miRNA is usually regulated by many lncRNAs, we proposed 
that other ncRNAs might be also involved in the anti-AML 
effect of matrine. Hence, more investigations are still needed.

The JAK/STAT3 pathway is one of the most important 
signaling pathways in cells, which plays a key role in regulating 
cell proliferation and apoptosis via affecting the activation of 
various downstream effector molecules [38]. Senga et al. [39] 
indicated that the JAK/STAT3 pathway was activated in M1 
mouse myeloid leukemia cells. Han et al. [40] reported that 
the JAK/STAT3 pathway participated in the production of 
IL-17A, a cytokine secreted by Th17 cells, and IL-17A could 
promote the proliferation of IL-17 receptor (IL-17R)-positive 
AML cells. Ma et al. [41] found that matrine inhibited human 
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chronic myeloid leukemia cell growth by inactivating the 
JAK/STAT3 pathway. Besides, Zhang et al. [42] discovered 
that LINC01116 promoted osteosarcoma cell proliferation 
and migration via regulating the JAK/STAT3 pathway. In this 
study, we revealed that matrine inactivated the JAK/STAT3 
pathway in AML cells. LINC01116 overexpression attenu-
ated the inactivation of the JAK/STAT3 pathway in AML 
cells caused by matrine. Moreover, we found that miR-592 
overexpression reversed the in�uence of LINC01116 overex-
pression on matrine-caused inactivation of the JAK/STAT3 
pathway. �ese �ndings represented that matrine inacti-
vated the JAK/STAT3 pathway in AML cells via modulating 
LINC01116 and miR-592.

Taken together, this research a�rmed that matrine exhib-
ited an anti-AML activity via regulating the LINC01116/
miR-592 axis and thereby inactivating the JAK/STAT3 
pathway. Chen et al. [43] reported that Kushen-based tradi-
tional Chinese medicine formulations exhibited good e�cacy 
and low incidence of adverse events in the treatment of ulcer-
ative colitis. Rong et al. [44] discovered that matrine could 
promote the e�cacy and safety of platinum-based doublet 
chemotherapy for advanced non-small cell lung cancer. In 
this study, we found that matrine did not show any cytotox-
icity to non-AML cells. However, more in vitro and in vivo 
studies are still needed to further test the e�cacy and safety 
of matrine in AML in the future.

Supplementary information is available in the online version 
of the paper.
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