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Abstract: Objective: To investigate the effects of lentivirus mediated STAT3 silencing on human chronic myeloid leu-
kemia cells (K562) and the growth of chronic myeloid leukemia mice as well as to explore the potential mechanisms. 
Methods: Unbtreated K562 cells (CON), blank lentivirus transfected K562 cells (NC) and K562 cells expressing 
STAT3 siRNA (STAT3 siRNA) were injected into SCID mice to establish the chronic myeloid leukemia model in mice. 
The growth, peripheral white blood cell count and spleen index in these mice were determined. Results: In vitro 
experiment showed, when compared with control group, the interference efficiency of STAT3 expression was as high 
as 97.5% in K562 cells. Western blot assay revealed that the expression of c-Myc, Bcl-xL and Cyclin D1 reduced 
by 17.01%, 7.3% and 6.82%, respectively, showing significant difference when compared with control group (P < 
0.01). These findings were consistent with those from fluorescence quantitative PCR. In vivo experiment showed the 
body weight of mice reduced progressively and the peripheral white blood cell count increased gradually in control 
group, accompanied by dragging hind limbs and progressive enlargement of the spleen. The body weight remained 
unchanged, peripheral white blood cell count reduced gradually and the spleen did not enlarge in mice treated 
with STAT3 siRNA expressing cells. Conclusion: Lentivirus mediated STAT3 silencing may inhibit the expression of 
its downstream genes (c-Myc, Bcl-xL and Cyclin D1) related to cell proliferation, apoptosis and cycle to suppress the 
malignant biological behaviors, and STAT3 silencing also inhibit the leukemogenic potency of K562 cells in mice. 
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Introduction 

Chronic myeloid leukemia (CML) is an acquired 
malignant myeloproliferative disorder of hema-
topoietic stem cells and has the annual inci-
dence of 1/100000. CML is the most common 
chronic leukemia in China. A majority of CML 
patients have the characteristic BCR-ABL 
fusion gene [1] which encodes P210 protein 
with tyrosinase activity. P210 protein can act 
on several signaling pathways such as Janus 
kinase/signal transduction and signal trans-
duction and activator of transcription (JAK/
STATs) signaling pathway and phospholipids 
phthalocyanine 3 kinase (PI3K)/protein kinase 
B signaling pathway [2-5] to influence the cell 
proliferation and apoptosis. In addition, it may 
also induce the deficiency of cell adhesion 
which is required for the regulation of growth 
and differentiation of hematopoietic stem cells, 

resulting in excessive proliferation and reduced 
apoptosis of bone marrow progenitor cells as 
well as decreased adhesion of bone marrow 
stromal cells, and thus a large amount of 
myeloid cells are released into circulation caus-
ing CML.

Among the downstream signaling pathways of 
BCR-ABL, the sustained STAT3 activation is 
closely associated with the malignant behav-
iors of cells (such as survival, abnormal prolif-
eration and anti-apoptosis), and has been an 
important molecular mechanism underlying the 
blocked differentiation of hematopoietic stem 
cells induced leukemia [6-8]. Bhardwaj et al 
found to inhibit the STAT3 activation in multiple 
myeloma cells could down-regulate the expres-
sion of Bcl-2, Bcl-xl and Cyclin D1 to promote 
cell apoptosis [9]. In our previous study, lentivi-
rus expressing STAT3 siRNA was prepared and 
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used to transfect K562 cells. Results showed 
the intracellular expression of STAT3 was sig-
nificantly inhibited, the in vitro proliferation of 
these cells was also markedly suppressed, cell 
cycle was arrested and early apoptosis was 
present [10]. However, the molecular mecha-
nisms of the inhibitory effects of STAT3 on the 
K562 cell growth and the influence of STAT3 on 
the leukemia cells (K562 cells) in vivo are still 
poorly understood.

In the present study, the protein and mRNA 
expressions of downstream factors of STAT3 
were detected, aiming to explore the molecular 
mechanisms underlying the effects of STAT3 
silencing on K562 cells. In addition, STAT3 
siRNA lentivirus was prepared and used to 
transfect K562 cells which were then injected 
into mice to establish CML animal model. The 
effects of STAT3 silencing on the in vivo tumori-
genicity of K562 cells were investigated in this 
model. Our findings may provide experimental 
evidence for the therapy of CML targeting 
STAT3. 

Materials and methods

Cell line, lentivirus and animals

K562 cells were purchased from the Shanghai 
Cell Bank of Chinese Academy of Sciences. 
K562 cells were maintained in RPMI l640 con-
taining 10% fetal bovine serum (FBS) at 37°C in 
an environment with 5% CO2. FBS, RPMI 1640 
and α-MEM were purchased from Gibco 
Company. The primers for STAT3, Bcl-xL, Cyclin 
D1 and c-Myc were synthesized in Shanghai 
Sangon. Reverse transcription kit (RevertAidTM 
First Strand cDNA Synthesis Kit, K1622) was 
from Fermentas (MBI). Marker DL2000 (3427Q) 
and reagents used for PCR were from TaKaRa. 
Trizol for extraction of total RNA (15596-026; 
Invitrogen), RIPA cell lysis buffer (PP1901; 
Beijing BioTeke Corporation), Protease Inhibitor 
Cocktail (ab65621; Abcam, UK), BCA Protein 
Assay Kit (71285-3; merck-china), antibodies 

g) were purchased from the Experimental 
Animal Center of Nanjing Medical University.

Detection of mRNA expression of STAT3 and 
its downstream genes (Bcl-xL, Cyclin D1 and 
c-Myc) by RT-PCR

The concentration of K562 cells with good 
growth state was adjusted to 5 × 105/ml and 
these cells were seeded into a 6-well plate (1 
ml/well). Lentivirus expressing STAT3 shRNA 
(STAT3 siRNA) and negative control lentivirus 
(NC) were used to transfect K562 cells at the 
multiplicity of infection (MOI) of 50. Cells with-
out any treatment served as a blank control 
(CON). Cells in different groups were harvested 
and treated with Trizol reagent according to 
manufacturer’s instructions for extraction of 
total RNA which was then used to be reverse-
transcribed into cDNA. Subsequently, quantita-
tive real time PCR was done with the cDNA. 
2-ΔΔCt method was employed to calculate the 
relative expression of target genes. GAPDH 
served as an internal reference. PCR was done 
under following conditions: pre-denaturation at 
95°C for 3 min, a total of 40 cycles of denatur-
ation at 95°C for 25 s, annealing at 57°C for 25 
s (Bcl-2: 60°C for 45 s) and extension at 72°C 
for 50 s, and a final extension at 72°C for 5 
min. The primers for target genes and their 
sizes are shown in Table 1.

Detection of protein expression of STAT3 and 
its downstream genes (Bcl-xL, Cyclin D1 and 
c-Myc) by Western blot assay

The concentration of K562 cells with good 
growth state was adjusted to 5 × 105/ml and 
these cells were then transfected with lentivi-
rus as abovementioned. At 5 days after trans-
fection, cells were harvested and total protein 
was extracted. After determination of protein 
concentration with BCA method, 20 μg of total 
protein was subjected to 10% SDS-PAGE and 
electronically transferred onto PVDF membrane 
at 400 mA for 120 min. After blocking, the 

Table 1. Primers for Real-time RT-PCR
Forward Reverse

Bcl-xL CCCAGAAAGGATACAGCTGG GCGATCCGACTCACCAATAC
Cyclin D1 CTGGCCATGAACTACCTGGA GTCACACTTGATCACTCTGG
c-Myc CTCTCAACGACAGCAGCCCG CCAGTCTCAGACCTAGTGGA
STAT3 TGCGGAGAAGCATCGTGAGT CCTCCAATGCAGGCAATCTGT
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA

against STAT3 (9132), Bcl-xL (2762), 
Cyclin D1 (2922) and c-Myc (9402) 
(Cell Signaling Technology), Amer- 
sham ECL PlusTM Kit (GE Healthcare, 
USA), lentivirus expressing STAT3 
siRNA and negative control lentivirus 
(Shanghai Invitrogen) were used in 
the present study. Healthy male 
NOD/SCID mice (6-8 weeks; 18-20 
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membrane was treated with antibodies against 
Bcl-xL, Cyclin D1, c-Myc or GAPDH and then 
with HRP conjugated secondary antibody. Visua- 
lization was done with ECL, and protein bands 
were scanned into a computer, followed by 
detection of optical density by using Image J 
software. The protein expression of STAT3, Bcl-
xL, Cyclin D1 and c-Myc was detected in cells of 
different groups.

Effects of STAT3 silencing on CML in vivo in a 
mouse model

NOD/SCID mice aged 8-10 weeks were housed 
in a specific pathogen free room. Before study, 
peripheral blood was collected from the tail 
vein, followed by detection of peripheral white 
blood cell (WBC) count. Mice with peripheral 
WBC count of 10-12 × 109/L were used for the 
establishment of CML mouse model. One day 
before experiment, mice were systemically irra-
diated with a linear accelerator (300 cGy/

Figure 1. Detection of protein expression of c-Myc, 
Bcl-xL and Cyclin D1 in K562 cells after transfection 
with STAT3 siRNA expressing lentivirus by Western 
blot assay. When compared with cells without lenti-
virus transfection, the protein expression of c-Myc, 
Bcl-xL and Cyclin D1 reduced markedly in K562 cells 
after transfection with STAT3 siRNA expressing len-
tivirus.

mouse) to increase the success rate. Then, 
cells with good growth state of different groups 
(K562, K562/NS and K562/STAT3) were inject-
ed into these mice via the tail vein to establish 
the CML mouse model. These mice were 
housed routinely and the activities, hair and 
appetite were observed every day and the body 
weight was measured once every 2 days. At 3, 
5, 7 and 11 days and 15 d after preparation of 
animal model, mice in different groups were 
randomly selected, and blood was collected 
from the orbital venous plexus, followed by 
detection of peripheral WBC count. Then, these 
mice were sacrificed, and the spleen was col-
lected and weighed, followed by calculation of 
spleen index: spleen index = (spleen weight/
mouse body weight) × 10.

Statistical analysis

Statistical analysis was done with SPSS version 
15.0, and data were expressed as means ± 
standard deviation. Comparisons between 
experiment group and control group were done 
with t test and those among groups with analy-
sis of variance. A value of P < 0.05 was consid-
ered statistically significant.

Results

STAT3 silencing inhibits the protein expression 
of c-Myc, Bcl-xL and cyclin D1 in K562 cells

Lentivirus expressing STAT2 siRNA was used to 
transfect K562 cells, and results showed the 
interference efficiency was as high as 97.5%. 
Western blot assay revealed the protein expres-
sion of STAT3 and its downstream genes (c-Myc, 
Bcl-xL and cyclin D1) was significantly inhibited 
in these cells (Figure 1).

STAT3 silencing inhibits the mRNA expression 
of c-Myc, Bcl-xL and cyclin D1 in K562 cells

QRT-PCR showed the mRNA expression of 
c-Myc, Bcl-xL and cyclin D1 reduced markedly 
in K562 cells after transfection with STAT3 
siRNA expressing lentivirus. The mRNA expres-
sion of c-Myc, Bcl-xL and cyclin D1 in K562 cells 
transfected with STAT3 siRNA expressing lenti-
virus was 17.01%, 7.3% and 6.82% of that in 
control group, respectively (P < 0.01; Figure 2). 
These findings were consistent with those from 
Western blot assay. 
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Effects of STAT3 silencing on the growth of 
CML mice

In CON, mice showed gray hair, reduced appe-
tite and dragging hind limbs at about 7 days 
after injection and then presented hair loss. 
After cell injection, cells in CON group showed 
progressive reduction in body weight (emacia-

slightly and became dark, and hemorrhagic foci 
were observed in several mice. In NC group, the 
spleen enlarged significantly, but there were no 
obvious changes in other organs. When com-
pared with Con group and NC group, the spleen 
in STAT3 siRNA group did not enlarge, but 
became a little bit smaller, and other organs 
also had no enlargement and were light-red. 

Figure 2. Detection of mRNA expression of c-
Myc (A), Bcl-xL (B) and Cyclin D1 (C) in K562 
cells after transfection with STAT3 siRNA ex-
pressing lentivirus by Western blot assay. When 
compared with cells without lentivirus transfec-
tion, the mRNA expression of c-Myc, Bcl-xL and 
Cyclin D1 reduced dramatically in K562 cells 
after transfection with STAT3 siRNA expressing 
lentivirus.

Figure 3. Change in body weight of mice in different groups.

tion). In NC group, mice also 
showed weight loss, but the 
extent of weight loss was 
lower than that in CON group. 
In STAT siRNA group, the 
growth of mice was in a good 
state, the hair was bright, 
activities were free and there 
was no evident weight loss 
(Figure 3). 

Effect of STAT3 silencing on 
the spleen index of CML mice

At the end of study, mice were 
sacrificed, and the major 
organs were observed macro-
scopically. The liver size in 
CON group remained unch- 
anged, the spleen enlarged 
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Statistical analysis showed the spleen index in 
STAT3 siRNA group was significantly different 
from that in control group (P < 0.01) (Figure 4).

Effect of STAT3 interfering on the peripheral 
WBC count in CML mice

In CON group, the peripheral WBC count 
increased markedly at 5 days after injection 
and reached 50-55 × 106/mL. The peripheral 
WBC count was 1000-1100 × 106/mL in CON 
group at 15 days. In NC group, the peripheral 
WBC count increased progressively. In STAT3 
siRNA group, the peripheral WBC count 
remained unchanged and was significantly dif-
ferent from that in CON group and NC group (P 
< 0.01) (Figure 5).

Discussion

As an important member of downstream signal-
ing pathway of BCR-ABL in CMl, STAT3 plays a 

In previous studies, lentivirus expressing 
human STAT3 siRNA was constructed and 
transfected into CML cells to knock-down 
STAT3 expression. Results showed it could sig-
nificantly inhibit the cell growth and arrest 
these cells in G1-S phase, and these cells also 
showed early apoptosis [10]. Preliminary stud-
ies confirm that lentivirus mediated STAT3 
silencing can inhibit the growth of leukemia 
cells. To further explore the mechanisms under-
lying the influence of STAT3 siRNA on CML cells, 
the expression of downstream molecules of 
STAT3 were detected in K562 cells undergoing 
STAT3 silencing. Results showed the mRNA and 
protein expressions of c-Myc, Bcl-xL and Cyclin 
D1 (3 downstream molecules of STAT3) were 
inhibited significantly after STAT3 silencing, 
suggesting that lentivirus expressing STAT3 
siRNA may inhibit the expression of genes relat-
ed to regulation of cell proliferation, apoptosis 
and cell cycle (such as c-Myc, Bcl-xL and Cyclin 
D1) in K562 cells, which may reverse the malig-
nant phenotype of K562 cells. These findings 
were consistent with those reported by Zhang 
et al [7, 12, 13]. 

To further confirm the influence of lentivirus 
expressing STAT3 siRNA on K562 cells in vivo, 
K562 cells were employed to establish CML 
mouse model and the influence of STAT3 silenc-
ing on the growth of CML mice and the tumori-
genicity of K562 cells were investigated. Our 
results showed CML mice in CON group had 
poor spirit, poor appetite and weight loss soon 
after injection and thereafter developed slow 
movement and hind limb paralysis. In NC group, 
there were also weight loss, enlargement of the 
spleen and increase in peripheral WBC count. 

Figure 4. Change in the spleen index of different groups of mice.

Figure 5. Peripheral WBC count of mice in different 
groups.

crucial role in the malignant 
proliferation and differentia-
tion of leukemia cells. STAT3 
mainly promote the expres-
sion of pro-survival genes 
(such as Cyclin D1) or anti-
apoptotic genes (such as Bcl-
XL and survivin) to facilitate 
the malignant proliferation 
and inhibit the cell apoptosis 
[11]. Thus, to block the STAT3 
and its downstream signal 
transduction has been a new 
strategy in the anti-tumor 
therapy.
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In STAT3 siRNA group, mice had good spirit and 
had no weight loss and spleen enlargement 
and the increase in peripheral WBC count was 
not obvious. These findings indicate that STAT3 
silencing may inhibit the in vivo proliferation of 
K562 cells and delay the occurrence of leuke-
mia, exerting an inhibitory effect on in vivo 
tumorigenicity of K562 cells to a certain extent. 

In addition, although the peripheral WBC count 
in NC group did not increase significantly when 
compared with CON group, the spleen index in 
NC group was significantly higher than that in 
CON group, which seem to be conflicting. We 
speculate that this discrepancy might be 
ascribed to the use of lentivirus. The spleen is a 
major organ related to immune response and 
has a large amount of lymphocytes. After lenti-
virus infection, the virus may enter the cells and 
intergrade into cell genome. The encoded pro-
teins may serve as antigens to induce immune 
response, resulting in spleen enlargement and 
hyperplasia. This also reminds us that, as in 
other gene therapy, the safety of lentivirus 
mediated anti-tumor therapy is required to be 
further studied. 

In the present study, results confirm that STAT3 
silencing may influence the expression of its 
downstream genes related to cell proliferation, 
growth and apoptosis, to reverse the malignant 
phenotype of leukemia cells. This strategy may 
be promising in the target therapy of CML. 
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