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Knockdown of WISP1 inhibit proliferation and induce
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Abstract: WISP1, a Wnt-induced secreted protein, has been found to have anticancer activity. ALL is a leading cause
of death. Here we investigate the WISP1 effects on ALL Jurkat cells. Cell viability was assessed by CCK-8. Cell cycle
and apoptosis were detected by flow cytometry. Mitochondrial membrane potential (MMP) was monitored using
TMRM. Generation of reactive oxygen species (ROS) was quantified using DCFH-DA. Western blot was used to de-
tect the expression of cell proliferation and apoptosis related genes. The results showed that knockdown of WISP1
significantly inhibited proliferation of Jurkat cells. Parallelly, cell cycle distribution was increased at G1 phase and
apoptotic rate was induced after WISP1 knockdown. Furthermore, knockdown of WISP1 induced apoptosis of Jurkat
cells was also associated with loss of MMP and generation of ROS. Western blot results showed that the protein
expression p-AKT, PCNA, CDK1, P-ERK, CDK2, VEGF, VEGFR2 and Bcl2 were decreased, while the expression of
Bax was up-regulated. In conclusion, WISP1 plays an important role in proliferation and apoptosis of Jurkat cells in
mitochondria dependent pathway, the specific mechanisms need further study.
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Introduction

Leukemia is a hematopoietic malignancy that
results from the clonal proliferation of bone
marrow cells with impaired differentiation, reg-
ulation, and cell death. There are four main
types of leukemia: acute lymphoblastic leuke-
mia (ALL), acute myeloid leukemia (AML), chro-
nic lymphocytic leukemia (CLL) and chronic
myeloid leukemia (CML) [1]. The acute leuke-
mia arise from neoplastic transformation of
hematopoietic stem cells or progenitors with
aberrant differentiation and proliferation [2].
These cells accumulate in the bone marrow
and cause suppression of the growth and dif-
ferentiation of normal blood cells. ALL is a
malignant disorder of lymphoid progenitor cells
that originated from B- and T-lymphoid cells,
affects both children and adults [3-5]. At pres-
ent, the therapy methods may involve chemo-
therapy, radiation therapy, targeted therapy
and bone marrow transplant. The ALL survival
rates vary by the age that 85% in children and
50% in adults [6]. Thus, it is important to search
for additional approaches to treat ALL.

CCN family is defined by the first three mem-
bers of the family including cysteine-rich pro-
tein 61/CCN1, Connective tissue growth factor/
CCN2 and nephroblastoma over-expressed
gene/CCN3 [7, 8]. The CCN family currently are
sixmembers alsoinclude WISP1/CCN4, WISP2/
CCN5 and WISP3/CCNG6 [9]. The CCN proteins
have been implicated in the pathogenesis of
diverse diseases involving skeletal develop-
ment, wound healing, fibrosis, and cancer [10].
WISP1 (Wnt induced secreted protein 1) is
a matricellular protein that allocated to the
CCN family, and mainly expressed during organ
development and under diseased conditions
[11]. WISP1 could regulate survival, prolifera-
tion, and migration of diverse cell types and
thus play a role in wound repair, angiogenesis,
and tumorigenesis [12-14]. WISP1 has been
found in a variety of cancers. In prostate can-
cer, the WISP1 investigated as a potential tar-
get for inhibiting growth and spread to bone
[15]. Induction of WISPlexpression also corre-
lates invasive with breast cancer oncogene-
sis [16]. Therefore WISP1 could serve as poten-
tial therapeutic targets for drug development
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against tumors. However, the role of WISP1 in
ALL has not been explored. Thus, in this re-
search, we determined the anti-cancer effects
of knockdown WISP1in ALL Jurkat cell line.

Materials and methods
Cell culture, transfection and treatment

Human leukemia cells HL-90, U937, K562,
Jurkat, Raj and Molt4 were purchased from
American Type Culture Collection (ATCC) and
cultured in RPMI 1640 medium containing 10%
FBS and 1% penicillin/streptomycin solution
in a 37°C atmosphere of 5% CO,. Cells were
transfected with negative control siRNA or siR-
NA-WISP1 that knockdown of WISP1 were
performed with Lipofectamine (Invitrogen, CA,
USA). The transfected cells were then used in
the follow assays.

Quantitative reverse transcription (QRT)-PCR

Total RNA extracted with Trizol reagent (Invi-
trogen, CA, USA) and was reverse transcribed
to cDNA using reverse transcriptase (Thermo,
USA). A SYBR Green PCR kit (Thermo, USA) was
used for the amplification. The primers of
WISP1 and GAPDH were as follow: WISP1: F 5’
GAAGCAGTCAGCCCTTATG 3, R 5’ CTTGGGTGT-
AGTCCAGAAC 3’; GAPDH: F 5° CACCCACTCCT-
CCACCTTTG 3, R 5" CCACCACCCTGTTGCTGTAG
3’. The analysis of all samples were carried out
followed the instructions.

Cell viability assay (CCK-8)

Proliferation assays were performed using the
CCK-8 kit (Dojindo, Gaithersburg, MD, USA).
Cells were seeded in 96-well plates at 1x103
cells/well, and incubated for 24, 48 and 72
hours, respectively. 10 ul CCK-8 reagent was
added in each well, and then plates were incu-
bated at 37°C for 1 h before measuring the
absorbance at 450 nm using a microplate read-
er. Experiments were repeated at least three
times.

Cell cycle assay

For the cell cycle analysis, 5x10° of cells were
harvested after transfection at the indicated
time. Cells were fixed with 75% (v/v) cold etha-
nol, washed twice with PBS, and then stain-
ing with 50 pg/ml propidium iodide (PI) with
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0.1% RNase A for 30 min. The cells’ DNA con-
tent were performed with a a FACScan flow
cytometer (FACSCalibur, BD Biosciences).

Flow cytometric analysis of apoptosis and mi-
tochondria membrane potential (MMP)

After transfection for 48 hours, cells were
stained with Annexin V-fluorescein isothiocya-
nate/Pl and apoptosis rates were analyzed
using a flow cytometer (FACSCalibur, BD Bio-
sciences). Mitochondria Membrane Potential
(MMP) was determined by measuring TMRM
retention. Cells were adjusted to a density of
2x10%/ml and stained with TMRM for 20 min at
37°C. Cells were then washed twice with cold
PBS and analyzed by flow cytometer.

Reactive oxygen species (ROS)

The generation of ROS was assessed by flow
cytometry. In briefly, (2x10° cells/ml) were cul-
tured and washed with PBS and re-suspended
in complete medium followed by incubation
with 50 uM dihydrorhodamine DHE (Vigor-
ous Biotechnology, Beijing). ROS fluorescence
intensity was determined by flow cytometer.

Western blotting

Collecting cells and lysing cells completely in
lysis buffer at 4°C. After centrifugation, the pro-
tein content determined using a BCA Protein
Assay Kit (Thermo, USA). Total proteins were
separated by SDS-PAGE and then transferr-
ed onto polyvinylidene membranes (Millipore,
Bedford, Mass). The blotted membranes were
incubated with primary antibodies and then
with secondary antibody. All the primary anti-
bodies were purchased from Abcam (USA),
Santa (USA) or CST (USA). The dilutions of the
primary antibodies were as follows: P-AKT
(1:800, CST, USA); AKT (1:1000, CST, USA);
PCNA (1:5000, Abcam, USA); CDK1 (1:200,
Abcam, USA); p-ERK (1:12000, CST, USA); ERK
(1:1000, CST, USA); CDK2 (1:2000, Abcam,
USA); VEGF (1:1000, Abcam, USA); VEGFR2
(1:2000, Abacm, USA); Bcl2 (1:100, Santa,
USA); Bax (1:150, Santa, USA); WISP1 (1:500,
Abcam, USA). The secondary antibody: Goat
anti-rabbit 1gG (1:1000, Beyotime, China), Goat
anti-mouse IgG (1:1000, Beyotime, China).
GAPDH (1:1500, CST, USA) was used as the
loading control.
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Figure 1. Silence of WISP1 inhibits cell proliferation of leukemia Jurkat cell line. A. The protein expression of WISP1
in leukemia cell lines. B. The mRNA expression of WISP1 in leukemia cell lines. C. Western blot analysis of WISP1
protein expression after Jurkat cells was transfected with siRNA. D. Cell proliferation data were analyzed. The data

presented mean + SD from three separate experime

Statistical analysis

Statistical analysis was performed using Graph-
Pad Prism 5.0 software (GraphPad Software,
San Diego, CA). All the data were presented as
means + standard deviation of the number of
experiments indicated in the legends. P<0.05
was considered statistically significant.

Results

Silence of WISP1 inhibits Jurkat cell prolifera-
tion

To study the biological role of WISP1 in cell leu-
kemias. Six different leukemic cell lines HL-90,
U937, K562, Jurkat, Raj and Molt4 were used
to detect the mRNA and protein expression
level (Figure 1A, 1B). The results showed that
Jurkat cells had the highest WISP1 expression
level than that of other cell lines. Then we
selected Jurkat cells for further study. We used
siRNA to knockdown the expression of WISP1
in Jurkat cells (Figure 1C). CCK-8 assay was
performed to detect the cell proliferation. The
results indicated that silence of WISP1 signifi-
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cantly inhibited the cell proliferation (Figure
1D).

Silence of WISP1 promoted the G1 phase in
cell cycle distribution

The cell cycle distribution of Jurkat cells was
detected by flow cytometry. The results indicat-
ed that WISP1 knockdown could dramatically
increase G1 phase cell numbers when com-
pared to negative control (NC) (Figure 2).

Silence of WISP1 induces apoptosis in the
Jurkat cell line

We evaluated the apoptotic function of WISP1
in Jurkat cells by Annexin V-FITC/PI staining
assay. As shown in Figure 3, flow cytometry
analysis revealed that silence of WISP1 in
Jurkat cells significantly induced cell apoptosis
by 39.7% compared with NC.

Silence of WISP1 decreases the MMP in Jurkat
cells

The fluorescence intensity in the silence of
WISP1 Jurkat cells was significantly reduced
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compared to the control group (Figure 4A). This
data revealed that WISP1 could influence the
mitochondrial membrane potential in Jurkat
cells.

Silence of WISP1 increases the ROS level in
Jurkat cells

Fluorescence probe DCFH-DA was used to
determine the levels of ROS production in
Jurkat cells. As shown in Figure 4B, when
knockdown of WISP1 in Jurkat, the ROS level
was significant increase in the intracellular
than the control cells.

Western blot

To clarify the mechanism of Jurkat cells after
WISP1 knockdown, the proliferation and apop-
tosis related proteins were determined by
Western blot. As shown in Figure 5, knock-
down WISP1 could down-regulate the expres-
sion of p-AKT, PCNA, CDK1, P-ERK, CDK2,
VEGF, VEGFR2 and Bcl2 compared to the NC
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Figure 2. Silence of WISP1 arrests the
cell cycle ratios at G1 phase of Jurkat
cells. A. A data representative, cell cycle
was analyzed by Pl staining. B. Data
pooled from three independent experi-
ments show the percentage of cell cycle
number cells. "*P<0.01.

group, whereas Bax protein expression was
up-regulated.

Discussion

Recently, many studies have confirmed that
WISP1 is an important therapy target for cancer
treatment [11, 17, 18]. However, the correlation
between its expression and function of WISP1
in ALL currently remain unknown. Given the
accumulating evidence and information, we
hypothesized that WISP1 also plays an impor-
tant role in ALL carcinogenesis. To clarify this
hypothesis, the current study was performed to
investigate the expression and biological role of
WISP1 in ALL.

In this study, first, we detected WISP1 expres-
sion in leukemia cells. Our data revealed that
both mRNA and protein levels of WISP1 were
highly elevated in Jurkat cells compared with
levels in the corresponding cells. As so we used
Jurkat cells in this research. According with pre-
vious reports, our study confirmed that knock-
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down of WISP1 significantly inhibited prolifera-
tion of Jurkat cells. While, cell cycle distribution
at G1 phase was promoted and apoptotic rates
was induced, which suggested that induction of
apoptosis might be the main mechanism of
anti-proliferative effect of WISP1 in Jurkat cells.

Apoptosis, a process of programmed cell death
(PCD), is the common mechanism for target
chemotherapies that induce cancer cells to die
or sensitize them to established therapy [19].
There are two established pathways that result
in apoptosis: cell death receptor pathway and
the mitochondria initiated pathway. By our
data, the loss of MMP causes an increase in
the permeability of the mitochondrial mem-
brane. ROS production and consequent oxida-
tive stress have long been implicated in cell
apoptosis, previous study has found that mito-
chondria are the major organelle where ROS
was generated [20]. As expected, the intracel-
lular ROS was significantly increased when
Jurkat cell knockdown WISP1. Therefore, mito-
chondria dependent pathway plays important
roles in knockdown WISP1 promoted apoptosis
in Jurkat cells. Moreover, western blot assay
was performed to determine the proteins ex-
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Figure 3. Silence of WISP1 induces
apoptosis in acute leukemia cells. A.
Jurkat cells transfected and stained
with Annexin V and PIl. B. The data
are representative of three separate
experiments. “*P<0.01.

pression of P-AKT, PCNA, CDK1, P-ERK, CDK2,
VEGF, VEGFR2, Bcl2 and Bax. Cell proliferation
related proteins PCNA, CDK1 and CDK2 are
increased. Bcl2 family play important role in
mitochondria-mediated apoptosis. Bax is a pro-
apoptotic protein and Bcl2 is anti-apoptotic
protein [21, 22]. In our study, Knockdown of
WISP1 can down-regulate Bcl2, whereas up-
regulate the Bax. Vascular endothelial growth
factor (VEGF) is a key regulator of physiologi-
cal angiogenesis, while VEGFR2 is one of the
receptor to mediate the biological effects of
VEGF [23]. In our results, the VEGF and VEGFR2
expression were down-regulated when the
WISP1 knockdown in Jurkat cells. Moreover,
our result showed that knockdown of WISP1
can down-regulate both expression of P-AKT
and P-ERK, which indicated that WISP1 can
inhibit the proliferation of Jurkat cells via P13K/
AKT and ERK signaling pathways.

In conclusion, knockdown of WISP1 inhibit pro-
liferation and induce apoptosis of Jurkat cells
in mitochondria dependent pathway, which
may provide new safe and effective options for
the treatment of ALL in the future.

Int J Clin Exp Pathol 2015;8(11):15489-15496
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Figure 4. Silence of WISP1 decreases mitochondria membrane potential and increases the intracellular ROS in Jurkat cells. A. Cells were transfected with WISP1,

then incubated with TMRM and analyzed by flow cytometry, data pooled from three independent experiments show the fluorescence intensity. B. Data pooled from
three independent experiments show the ROS level. "*P<0.01.
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Figure 5. Effects of knockdown WISP1 on the activation of related proteins in Jurkat cells. A, B. Representative
western blot results. C. The related proteins p-AKT, PCNA, CDK1, P-ERK, CDK2, VEGF, VEGFR2 and Bcl2 expression
in Jurkat cells after PYGB knockdown was down-regulated compared to the NC group. Protein expression of Bax was
up-regulated. “*P<0.01.
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