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Matrine increases NKG2D ligand ULBP2 in K562 cells 
via inhibiting JAK/STAT3 pathway: a potential  
mechanism underlying the immunotherapy  
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Abstract: Purpose: The study aimed to investigate the role of the JAK/STAT3 pathway in the matrine induced ULBP2 
expression on the human chronic myelogenous leukemia K562 cells. Methods: K562 cells were cultured, and the 
relevant mRNA expressions were detected. Results: Matrine induced the expression of four NKG2D ligands on K562 
cells, of which ULBP2 had the highest increase. After treatment with 0.8 mg/mL matrine for 24 h, the mean fluores-
cence intensity (MFI) of ULBP2 increased. After matrine treatment, the sensitivity of K562 cells to NK cell-mediated 
killing increased significantly. After treatment with 0.2, 0.5 and 0.8 mg/ mL matrine, the percentage of K562 cells 
killed by NK cells was significantly higher than that of untreated cells (29.2%) (P<0.05). Matrine significantly inhibit 
the protein expression of phosphorylated STAT 3 and JAK2. Matrine markedly inhibited the IL-6 expression of K562 
cells, and antagonized the IL-6 mediated STAT3 and JAK2 phosphorylation. In addition, matrine enhanced the inhibi-
tory effect of STAT 3 inhibitor on STAT 3 activity. The silencing of STAT expression and inhibition of STAT3 activity sig-
nificantly up-regulated the ULPB2 expression. Matrine had no effect on the expression of IL-6R and gp130 on K562 
cells, the mRNA expression of IL-6R and gp130 increased slightly and the sgp 130 in cell supernatant significantly 
increased. Conclusions: Our findings reveal IL-6 and IL-6 receptor-mediated JAK/STAT3 pathway is involved in the 
matrine induced up-regulation of NKG2D ligands ULBP2 on K562 cells. Matrine might inhibit IL-6 expression and 
then suppress the activation of IL-6 receptor-mediated JAK/STAT3 pathway.
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Introduction

Leukemia is a malignancy of the hematopoietic 
system and one of the top ten malignancies in 
China, ranking the leading cause of cancer 
related death in the juvenile. In the past 
decades, investigators are engaged in develop-
ing new molecule-targeted drugs for the leuke-
mia treatment. Tumor biotherapies targeting 
the biological characteristics of leukemic cells 
have unique advantages on the clearance of 
residual leukemic cells, the leukemia relapse 
prevention and the improvement of survival 
rate, and have been a focus in the studies on 
the leukemia therapy [1, 2].

In the immunotherapy of cancers, human natu-
ral killer (NK) cells constitute the first line of 
anti-tumor immune defense because they has 
the advantages of non-MHC restricted killing of 
the tumor cells [3]. The cytotoxic activity of NK 
cells depends on the balance between inhibito-
ry receptors (inhibitory killer immunoglobulin-
like receptors, iKIRs) and activating receptors 
on them. The activating killer cell lectin-like 
receptor NKG2D is closely related to the recog-
nition and killing of NK cells against target cells, 
and plays a key role in the regulation of NK cells 
activity. NKG2D-mediated activating signals 
may antagonize the inhibitory signals produced 
by the binding of killer inhibitory receptors (KIR) 
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to MHC Class I molecules, leading to the activa-
tion of NK cells to kill tumor cells. Any decrease 
or loss of NKG2D function is able to activate 
the inhibitory signaling pathway in NK cells 
which makes NK cells unable to recognize or 
kill tumor cells, resulting in tumorigenesis [4-6].

Although the interaction between NKG2D and 
its ligands can activate NKG2D and further initi-
ate the anti-tumor immune response of NK 
cells, tumor cells are able to escape from the 
immune surveillance of NK cells through a 
series of mechanisms. The abnormal or lack of 
NKG2D ligand expression on the target cells is 
a main cause of their immune escape [7, 8]. 
NKG2D ligands mainly include MHC class I 
chain-related proteins A and B (MICA/B) and 
UL16 binding protein family (ULBPs). NKG2D 
ligands on the target cells are important for the 
NK cell activation, which determines the conse-
quence of NK cell immunity. Down-regulated or 
loss of NKG2D ligand expression is frequently 
found in tumor cells, and thus they are unable 
to be easily recognized and killed by NK cells. 
Therefore, to increase the expression of NKG2D 
ligands on tumor cells and to promote the 
NKG2D-mediated anti-tumor immune response 
of NK cells may be promising for the leukemia 
biotherapy [9-11].

In recent years, it has been found that matrine, 
an extract of Chinese traditional medicine radix 
sophorae flavescentis, has favorable anti-
tumor activity in vivo and in vitro. Multiple stud-
ies have confirmed that matrine is able to 
induce the differentiation of leukemia cells, 
inhibit their proliferation, suppress DNA synthe-
sis in tumor cells and induce their apoptosis, 
and matrine in combination with commonly 
used chemotherapeutics can effectively 
reverse the drug resistance of leukemia cells 
[12, 13]. Our previous study revealed that 
matrine is able to increase the expression of 
NKG2D ligands on the human leukemia K562 
cells and enhance the killing activity of NK cells 
against K562 cells but the specific molecular 
mechanism remains unclear.

STAT3 is a member of intracellular signal trans-
ducer and activator of transcription family. 
Under normal conditions, it plays an important 
role in the cell survival, proliferation and differ-
entiation as well as the development and dif-
ferentiation of hematopoietic cells. Constitutive 
activation or over-expression of STAT3 is often 
found in tumors, and aberrant expression and 

activation of STAT3 are closely related to the 
occurrence of leukemia [14, 15]. Studies have 
found that STAT3, as a transcription factor, is 
able to participate in the regulation of MICA (a 
NKG2D ligand) expression in leukemia cells 
and plays a role in the negative regulation of 
MICA transcription and expression. Inhibition of 
STAT3 expression or activity can induce the up-
regulate MICA expression on cells, which pro-
mote recognition and killing of NK cells against 
tumor cells. Further studies confirm that there 
is a STAT3 binding site in the promoter region of 
MICA gene in the nucleus and STAT3 can spe-
cifically bind to it to inhibit the transcription and 
expression of MICA [16]. Our previous study 
indicated that matrine inhibited the phosphory-
lation of STAT3 and its upstream Janus protein 
tyrosine kinase (JAKs) in K562 cells, suggest-
ing that STAT3 and STAT3-mediated signaling 
pathway are involved in regulation of matrine 
induced expression of ULBP2.

STAT3 is activated mainly through the interleu-
kin 6 (IL-6) and its receptor (IL6-R)-mediated 
JAK/STAT3 pathway [17, 18]. After binding to 
IL-6R, the signals are transmitted via the gp130 
into cells, leading to the aggregation and sub-
sequent activation of JAK coupled to IL-6R due 
to autophosphorylation, which further catalyz-
es the phosphorylation of intracellular cytokine 
receptors. These phosphorylated molecules 
could act as “anchors” to recruit and phosphor-
ylate STAT3 downstream molecules, resulting 
in their activation. As an important factor for 
the growth and survival of leukemic cells, IL-6 
secreted by leukemiic cells via autocrine or 
paracrine can directly activate JAK/STAT3 path-
way, resulting in the occurrence of leukemia 
[19, 20].

In this study, the role of IL-6 and IL-6-mediated 
JAK/STAT3 pathway in the matrine induced 
expression of NKG2D ligands was investigated 
in K562 cells, which will provide a basis for the 
clinical leukemia therapy with matrine.

Materials and methods

Cells and reagents

Human chronic granulocytic leukemia (CML) 
cell line K562 cells were purchased from the 
Shanghai Institute for Biological Sciences, 
Chinese Academy of Sciences Institute of Cell 
Resource Center. Human cell line NK 92 cells 
were kindly provided by Professor Ji KH , Shin 
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Kong Wu Ho-Su Memorial Hospital, Taipei. 
Matrine with 99.5% purity was purchased from 
the Institute of Plant and Chemical De- 
velopment, Xi’an Botanical Garden, Shaanxi 
Provincial Academy of Sciences, and the con-
centration of matrine storage solution is 10 
mg/mL. Fetal bovine serum (FBS), RPMI 1640 
and α-MEM were purchased from the American 
Gibco Company. MICA/B-PE, ULBP1-PE, ULBP 
2-APC, ULBP3-PE fluorescently-labeled anti-
bodies and PE labeled isotype control IgG1 
were the products of R&D System Com- 
pany. IL-6R (FAB227F-025) and gp130-PerCP 
(FAB228C-100) fluorescently-labeled antibod-
ies were the products of R&D System Company. 
CellTrace™ CFSE Cell Proliferation Kit 
(Carboxyflurescein diacetate, Succinimidyl 
ester, hydroxyl fluorescein double acetate, car-
boxyfluorescein succinimide ester) was pur-
chased from the Hangzhou Lianke Bio- 
technology Co., Ltd. Annexin V-FITC Apoptosis 
Detection Kit was the product of American 
eBioscience Company. Reverse Transcription 
Kit (RevertAid™ First Strand cDNA Synthesis 
Kit, K1622) was the product of American 
Fermentas (MBI) Company. Marker DL2000 
(3427Q) and PCR system were products of 
TaKaRa Company. Trizol Reagent (15596-026) 
for total RNA extract was the product of 
Invitrogen Company. Forward and reverse prim-
ers for IL-6 and STAT3 upstream and down-
stream molecules were from Shanghai 
Shenggong Company. RIPA Cell Lysis buffer 
(PP1901) was purchased from Beijing Bioteke 
Corporation. The Protease Inhibitor Cocktail 
(ab65621) was the product of Abcam, UK. BCA 
Protein Quantitative Kit was purchased from 
the Shanghai KangChen Bio-tech. Antibodies 
against STAT3 (9132), phosphorylated STAT3 
(Tyr705) (9138), and STAT3 (Ser727) (9236) 
were the products of Cell Signaling Company, 
USA. STAT3 siRNA lentiviral (Lenti-STAT3 SiRNA) 
and negative control siRNA lentiviral (Lenti-NC) 
were prepared by the Invitrogen Shanghai. 
Human IL-6 (96-200-06-5) and STAT3 inhibi-
tors (573103 STAT3 inhibitor VII) were pur-
chased from the PeproTech Inc USA and 
Calbioche, Germany, respectively. IL-6 (70-E-
EK1062), IL-6R (ELH-IL06SR-1) and gp130 
(ELH-sgp130-1) ELISA kits were purchased 
from the MultiSciences Biotech Co., Ltd. China 
and Raybiotech Inc. USA, respectively. 
Chemiluminiscence Amersham ECL PlusTM Kit 
was purchased from the GE Healthcare USA. 
Reagents used for flow cytometry were the 
products of BD Company USA.

K562 cell processing

K562 cells in the logarithmic phase were col-
lected and trypan blue staining was performed 
to determine the viable cells. The percentage of 
viable cells was ≥95%. The cell density was 
adjusted to 0.5-1.0×105/ml and cells were re-
suspend it in PRMI 1640 containing 10% FBS, 
100 U/mL penicillin and 100 μg/mL reptomy-
cin. Cells were seeded into 6-well plates and 
incubated. Then, matrine was added to cells at 
a final concentration of 0.2, 0.5 or 0.8 mg/mL 
and incubation was performed at 37°C in a 
humidified environment with 5% CO2 for 24 h or 
48 h. In IL-6 inhibitor group and STAT3 inhibitor 
group, IL-6 inhibitor (50 ng/L) and STAT3 inhibi-
tor (5 μM) were added, respectively, followed by 
incubation for 6 h. The matrine was added, fol-
lowed by further incubation. In negative control 
group, cells were maintained in RPMI 1640 of 
equal volume; in blank control group, there was 
mediam alone in each well. Experiemnt was 
performed in quadruplicate. At pre-designed 
time points, cells were harvested, total RNA 
and protein were extracted for RT-PCR and 
Western blot assay, respectively. The superna-
tant was collected and frozen at -20°C for fur-
ther ELISA.

Flow cytometry of NKG2D ligand

K562 cells were treated with matrine or trans-
fected with lentivirus. The cell density was 
adjusted to 1×106/ml and PE or APC conjugat-
ed anti-MICA/B, ULBP1, 2 or 3 were added. 
Incubation was done in dark for 30 min at 4°C. 
After washing twice with PBS, cells were re-sus-
pended in 100 μL of PBS, followed by flow 
cytometry. The isotype IgG1 served as a nega-
tive control. Experiment was repeated thrice.

Detection of NK cells cytotoxicity by CFSE/PI 
double staining

K562 cells were washed in serum-free RPMI 
1640 twice and the re-suspended in 500 μL of 
serum-free RPMI 1640. Then, 100 μL of CFSE 
fluorescent dye (50 μmol/L) was added, fol-
lowed by incubation at 37°C for 15-20 min. 
Cells were collected and washed in PBS thrice. 
The number of cells was determined. NK cells 
served as effector cells. After CFSE staining, 
K562 served as target cells. NK cells were 
mixed with K562 cells at different effector-to-
target ratios (5:1 and 10:1), followed by incuba-
tion for 4 h at 37°C. Cells were collected, cell 
density was adjusted to 5×105 cells/ml and 
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then, cells were mixed with 5 μl of Annexin 
V-FITC and 10 μl of PI (20 μlg/mL). After incuba-
tion at room temperature for 10 min, flow 
cytometry was performed to determined the 
number of K562 cells killed by NK cells to the 
number of total K562 cells. Untreated K562 
cells served as a control. Experiment was 
repeated thrice.

Detection of mRNA expression of IL-6, IL-6R, 
gp130 and STAT3 in K562 cells by RT-PCR

K562 cells were harvested and total RNA was 
extracted with TrIzol Reagent. cDNA was gener-
ated by using total RNA via reverse transcrip-
tion. Two-step qRealtime-PCR was the per-
formed to expand cDNA. 2-ΔΔCt method was 
employed to calculate the mRNA expression of 
targeted genes. GAPDH served as an loading 
reference. Conditions used for PCR were as fol-
lows: pre-degeneration at 95°C for 3 min, 40 
cycles of denaturation at 95°C for 25 s, anneal-
ing at 57°C for 25 s and extension at 72°C for 
50 s and a final extension at 72°C for 5 min. 
Primers were as follows: IL-6: forward, 
5’AAATTCGGTACATCCTCGACGG’, reverse, 5’GG- 
AAGGTTCAGGTTGTTTTCTGC’3, product length 
of 112 bp; gp130: forward 5’ACAACTCGTGT- 
GGAAGACA’3 reverse, 5’ATTTGCTCTCTGCTAA- 
GTTC’3 and product length of 215 bp; GAPDH: 
forward, 5’ACCACAGTCCATGCCATCAC’3, rever- 
se, 5’TCCACCACCCTGTTGCTGTA’3 and product 
length of 450 bp (Table 1). 

Lentivirus mediated transfection of STAT3 
siRNA in K562 cells

The density of K562 cells was adjusted to 
5.0×105/ml and cells were seeded into 12-well 
plates (1 ml per well). Lenti-STAT3 siRNA was 

ciency was determined by detecting NKG2D 
ligands expression via flow cytometry.

Detection of STAT3 and JAK2 expression by 
western blot assay

Cells were harvested at pre-designed time 
points and lysed with RIPA lysis buffer. Total 
protein was extracted, and protein concentra-
tion was determined by BCA protein assay. For 
the detection of total proteins and phosphory-
lated proteins, 20 µg and 50 µg of total proteins 
were subjected to 12.5% SDS-PAGE, respec-
tively. Proteins were then transferred onto PVDF 
membrane which was then incubated at 4°C 
overnight. The membrane was treated with 5% 
non-fat milk and then incubated with monoclo-
nal antibodies (1:500 or 1:2000) at 4°C incu-
bation overnight. β-actin served as an internal 
control. After washing in TBST thrice, the mem-
brane was treated with HRP-labeled secondary 
antibody (1:5000) at 37°C for 4 h. Protein 
bands were scanned and analyzed with Image J 
software after visualization with chemiluminis-
cence ECL kit.

ELISA

Contents of IL-6, soluble IL-6R and gp130 in the 
cell supernatant were determined by double-
antibody sandwich ELISA according to the man-
ufacturer’s instructions.

Statistical analysis

Statistical analysis was performed with SPSS 
version 13.0. Data are expressed as mean ± 
standard deviation (SD; x±s). The comparisons 
of NKG2D ligands expression in K562 cells 
before and after treatments were performed 

Table 1. Primers used in RT-PCR

Gene Primer sequence Product  
length (bp)

IL-6 Forward AAATTCGGTACATCCTCGACGG 112
Reverse GGAAGGTTCAGGTTGTTTTCTGC

STAT3 Forward GTCAGATGC CAAATGC 409
Reverse CCTGGAGGCTTAGTGC

IL-6R Forward AAATTCGGTACATCCTCGACGG 112
Reverse GGAAGGTTCAGGTTGTTTTCTGC

gp130 Forward ACAACTCGTGTGGAAGACA 215
Reverse ATTTGCTCTCTGCTAAGTTC

GAPDH Forward ACCACAGTCCATGCCATCAC 450
Reverse TCCACCACCCTGTTGCTGTA

suspended in RPMI 1640 containing 5% 
FBS at pre-designed concentrations. Cells 
were transfected with Lenti-STAT3 siRNA) 
at a multiplicity of infection of 50. Cells in 
control group were treated with negative 
control lentivirus (Lenti-NC). At the same 
time, polyamide was added at a final con-
centration of 8 μg/ml followed by incuba-
tion overnight at 37°C. Untransfected 
K562 cells served as a blank control. The 
cell state was observed on the second 
day after transfection, and cells were fur-
ther grown for 24 h if there were no signifi-
cant changes. Then, the medium was 
refreshed. Cells were collected after 
5-day transfection. The transfection effi-
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with paired t test. A value of P<0.05 was con-
sidered statistically significant. 

Results

NKG2D ligands expression increases in 
NKG2D following matrine treatment in K562 
cells

The human CML cell line K562 cells were sub-
jected to flow cytometry, and results showed 

K562 cells had MICA/B and ULBP1-3 expres-
sion. ULBPs expression was significantly higher 
than MICA/B expression. Matrine significantly 
increased the expression of ULBP1 and ULBP2, 
and the increase in ULBP2 expression was the 
highest. After matrine treatment for 24 h, no 
significant difference was observed in the 
mean fluorescence intensity (MFI) of MICA/B 
and ULBP3 on K562 cells as compared to that 
before treatment. ULBP1 and ULBP2 expres-
sion was significantly higher than in untreated 

Figure 1. Expression of NKG2D 
ligands in K562 cells after ma-
trine treatment (A). Detection of 
NKG2DLs expression in K562 
cells by FCM (B). (

_
x±s, n=3). 
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Figure 2. Matrine increases the cytotoxicity of NK cells against K562 cells (FCM).
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groups (1.95 and 2.65 times increase as com-
pared to those before treatment), and this 
increase was dependent on matrine concentra-
tion (Figure 1).

Matrine increases the cytotoxicity of NK cells 
against K562 cells

At the effector-target ratio of 5:1, the percent-
age of K562 cells killed by NK cells after treat-
ment with 0.2, 0.5 and 0.8 mg/mL matrine was 
32.8%, 38.1% and 40.5% respectively, which 
were higher than that before treatment (29.2%). 
At the effector-target ratio of 10:1, this percent-
age increased from 24.1% to 34.5%, 39.2% 
and 40.2%, respectively. However, there was 
no significant difference in this percentage at a 
specific matrine concentration at two effector-
target ratios (p>0.05) (Figure 2).

STAT3 participates in the regulation of NKG2D 
ligands ULBP2 expression

Western blot assay was employed to detect the 
STAT3 and p-STAT3 expression in K562 cells 
after matrine treatment. Following treatment 
with 0.5 and 0.8 mg/ml matrine for 48 h, the 
total STAT3 expression in the K562 cells 
remained unchanged as compared to that in 
untreated cells, but p-STAT3 (Tyr705 and 
Ser727) expression decreased significantly. 
The relative p-STAT3 expression in cells treated 
with 0.5 and 0.8 mg/ml matrine (0.18 and 
0.23, respectively), was significantly lower than 
in control group (0.69). In addition, shows that 
the expression of p-JAK2, an upstream kinase 

Matrine inhibits IL-6 expression in K562 cells

Our results showed matrine significantly 
decreased the mRNA expression of IL-6 in 
K562 cells and IL-6 protein in the supernatant. 
Moreover, it also up-regulated NKG2D expres-
sion in K562 cells and inhibited IL-6 expression 
significantly. RT-PCR showed that, after treat-
ment with 0.5 mg/mL matrine for 24 h, the IL-6 
mRNA expression decreased significantly and 
the longer the matrine treatment or the higher 
the matrine concentration, the lower the IL-6 
mRNA expression was (Figure 5A). ELISA fur-
ther conformed that after treatment with 0.5 
mg/mL matrine for 48 h, the IL-6 protein con-
tent decreased significantly in the cell superna-
tant as compared to that in control group 
(P<0.05) (Figure 5B).

Effect of matrine on the IL-6 receptor expres-
sion

Flow cytometry and ELISA were performed to 
investigate the effect of matrine on the expres-
sion of IL-6R and gp130 on cells and sIL-6R and 
sgp130 in cell supernatant. Results showed, 
after treatment with low concentration of 
matrine (0.5 mg/mL) for 48 hr, the IL-6R expres-
sion on cells remained unchanged, and after 
treatment with high concentration of matrine 
(0.8 mg/mL), the expression of IL-6R on cells 
changed significantly (P<0.05). After treatment 
with matrine for 24 or 48 h, the sIL-6R in the 
supernatant remained unchanged. Matrine had 
no effect on the gp130 expression on K562 
cells, but it increased the sgp130 in the cell 

Figure 3. Matrine suppressed JAK/STAT3 pathway in K562 cells.

of STAT, was also significantly 
inhibited (Figure 3).

K562 cells were transfected 
with lentivirus carrying STAT3 
siRNA or K562 cells were treat-
ed with an STAT3-specific inhibi-
tor (STAT3 inhibitor VII). The 
expression of ULPB2 significant-
ly increased, and the MFI of 
K562 cells transfected with 
STAT3 siRNA increased by 8.2 
times as compared to non-trans-
fected cells. These findings con-
firm that the effect of matrine on 
the NKG2D ligands ULBP2 
expression is related to the 
STAT3 inhibition (Figure 4).
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supernatant (P<0.01) and the higher the 
matrine concentration (0.8 mg/mL), the higher 
the sgp130 expression was. Total RNA was 
extracted And RT-PCR was used to detect the 
mRNA expression of IL-6R and gp130. Results 
showed IL-6R increased significantly (P<0.05) 
but gp130 mRNA expression increased slightly 
in K562 cells treated with matrine (Figure 6). 
These results suggest that the interaction 
between IL-6 and its receptor may be involved 
in the matrine-mediated regulation of JAK/
STAT3 signaling pathway.

The role of IL-6 in the matrine induced regula-
tion of JAK/STAT3 signaling pathway: STAT3 
activation is dependent on the extracellular 
inflammatory mediator (IL-6)-mediated signal 
transduction. To investigate whether the inhibi-
tory effects of matrine on JAK2 and STAT3 

expression are related to IL-6, RT-PCR and 
ELISA were performed in K562 cells and results 
showed matrine could antagonize IL-6-induced 
STAT3 expression and JAK phosphorylation and 
enhance the inhibitory effect of STAT3 inhibitor 
on STAT3 and its upstream JAK2 (Figure 7).

Discussion

Studies have confirmed that tumor cells 
expressing NKG2D ligands can activate NK 
cells via NKG2D-mediated signal transduction, 
leading to the killing of target cells. The cytotox-
icity of NK cells is closely related to the NKG2D 
ligands expression on the target cells [9, 11]. 
The specific receptors of human NKG2D include 
MICA/B and ULBPs [4, 21]. Cells with malignant 
transformation undergoing rapid proliferation 
and some “stress-induced” cells (such as cells 

Figure 4. ULBP2 expression is significantly up-regulated in K562 cells after transfection with STAT3-siRNA lentivirus 
(A) or after treatment with 2.0 μΜ STAT3 inhibitor for 24 hr or 48 hr (B).
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undergoing ionizing radiation, heat shock, viral 
infection and stimulation of other factors) often 
have a high NKG2D ligand expression. Most of 
cells in normal tissues have no or a low NKG2D 
ligand expression [22, 23]. The NKG2D ligand 
expression reduces in tumor cells, which pre-
vents the recognition and killing by NK cells, 
and thus tumor cells can escape from the 
immune surveillance [24, 25]. However, many 
drugs and small molecules, such as valproic 
acid (VPA), a histone deacetylase (HDAC) inhibi-
tor, can induce the NKG2D ligand expression 
on tumor cells and enhance killing activity of 
NK cells against tumor cells [10, 26, 27].

Although there is no or low NKG2D ligand 
expression on cells in normal tissues, the tran-
scription of NKG2D ligand genes is still present. 
However, NKG2D ligand at a low level is unable 
to activate NK cells. Therefore, it is hypothe-
sized that there is a regulatory mechanism for 
the transcriptional or post-translational modifi-
cation of NKG2D ligand, which plays an impor-
tant role in the regulation of NKG2D ligand on 
cells, but the specific molecular mechanism is 
needed to be further studied.

In this study, our results showed that matrine 
significantly increased the expression of 
NKG2D ligands ULBP2 on CML K562 cells and 
enhanced killing activity of human NK cells 
against leukemia cells, which was related to 
the inhibition of STAT3 activity in cells. Both 
transfection of K562 cells with lentivirus 
expressing STAT3 siRNA and treatment of K562 
cells with STAT3 inhibitor were able to increase 
the ULBP2 expression on these cells. It further 
confirms that STAT3 participates in the regula-

tion of matrine induced NKG2D ligand expres-
sion. Studies have revealed that the inhibitory 
effect of matrine on the K562 cell proliferation 
is associated with a wide range of protein tyro-
sine kinases and tyrosine phosphatases, sug-
gesting that matrine can affect intracellular 
protein tyrosine kinases [28]. Matrine has sig-
nificant inhibitory effects on the expression of 
phosphorylated STAT3 and JAK2, key molecules 
in the JAK/STAT3 signaling pathway, but it has 
no significant effect on the total protein expres-
sion of STAT3 and JAK2, confirming that matrine 
plays a role via regulating the expression of 
phosphorylated STAT3 and JAK2. In addition, 
our results also showed that matrine signifi-
cantly up-regulated the expression of ULBP1 
and ULBP2, two ULBP family members, but had 
no significant effect on the MICA/B expression. 
ULBPs and MICA/B are encoded by different 
genes and have quite differences in the genetic 
composition, structure and tissue distribution. 
That matrine has different effects on different 
NKG2D ligands suggests that matrine has dif-
ferent biological effects on tumor cells of differ-
ent sources.

IL-6 receptor plays an important role in the IL-6-
mediated JAK/STAT3 pathway activation. IL-6 
receptor system consists of IL-6 receptor bind-
ing protein (IL-6 binding receptor protein, IL-6R) 
and signal transduction proteins (signal-trans-
duction protein) gp130 components.

Under physiological conditions, the binding of 
IL-6 to IL-6R changes the IL-6R conformation 
rapidly and this complex binds to two gp130 
molecules promptly, which transduces cytokine 
signals to the cytoplasm through the gp130 
subunits. Both IL-6R and gp130 have two 

Figure 5. Detection of IL-6 expression in K562 cells by RT-PCR and ELISA after matrine treatment. A. Matrine de-
creases IL-6 mRNA expression in K562 cells. B. Matrine detection IL-6 content of K562 cells supernatant.
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forms: a membrane-bound form and a soluble 
form. sIL-6R is mainly derived from the mem-
brane IL-6R and can bind to gp130 on cells as 
the binding of membrane-bound IL-6R, mediat-
ing the IL-6R signals. sgp130 acts in a different 
way It inhibits the formation of IL-6R/IL-6 com-
plexes and blocks IL-6 signal transmission in 
cells [29, 30].

To further investigate the roles of IL-6 and its 
receptors in the regulation of STAT activity, the 
effect of matrine on the expressions of IL-6 and 
IL-6R was investigated in K562 cells. Results 
showed that matrine significantly inhibited the 
expression and secretion of IL-6 in K562 cells, 
and slightly increase the expression of IL-6R 
and IL-6R on cells. Matrine has no significant 

Figure 6. Detection of IL-6 receptor IL-6R and gp130 expression in K562 cells after matrine treatment. A, B. Detec-
tion of IL-6R and gp130 expression in K562 by FCM. After treatment with 0.5 mg/mL matrine for 48 hr, the gp130 
expression on cells remained unchanged, while the expression of IL-6R significantly increased after treated with 
high concentration of matrine (0.8 mg/mL) (P<0.05). C, D. Detection of IL-6R and gp130 mRNA expression by RT-
PCR. The IL-6R mRNA expression increased significantly (P<0.05) and gp130 mRNA expression increased slightly in 
K562 cells treated with matrine. E, F. Detection of soluble IL-6R and gp130 expression in the supernatant of K562 
cells by ELISA. After treatment with different concentration of matrine for 24 or 48 h, the sIL-6R in the supernatant 
remained unchanged, while the expression level of sgp130 in the cell supernatant increased (P<0.05). 
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effect on the expression of gp130 mRNA and 
gp130 on cells. However, matrine increased 
the sgp130 in the cell supernatant. These 
results suggest that IL-6 and its receptor play a 
role in the matrine mediated regulation of JAK/
STAT3 activity.

Our results indicate that matrine can induce 
the expression of ULBP2, a NKG2D ligand, in 
CML K562 cells and enhance the cytotoxicity of 
NK cells, which is related to the inhibition of 
IL-6 expression, inhibition of IL-6 mediated 
JAK/STAT3 signaling pathway activation, the 
up-regulation of ULBP2 expression and the 
increased cytotoxicity of NK cells. Our results 
provide useful evidence for further elucidation 
of mechanism underlying the therapeutic effect 
of matrine on leukemia and present a basis for 
the clinical leukemia treatment.
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