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Abstract. triptolide, an active component extracted from 
the medicinal plant Tripterygium wilfordii Hook f., has been 
used to treat various diseases, including lupus, cancer, rheu-
matoid arthritis and nephritic syndrome. the present study 
investigated the effects of triptolide on multiple myeloma 
using western blotting and an electrophoretic mobility shift 
assay. triptolide was found to suppress the inducible and 
constitutive activation of signal transducer and activator of 
transcription 3 (Stat3), which is closely associated with 
inflammation and tumorigenesis. triptolide also inhib-
ited the dna binding of Stat3. this correlated with the 
downregulation of Src kinase and janus kinase 1 and 2, 
and with the upregulation of protein tyrosine phosphatase 
non-receptor type 6 (also known as SHP-1). in addition, trip-
tolide downregulated the expression of the Stat3-regulated 
antiapoptotic (Bcl-xl and myeloid cell leukemia-1), prolifera-
tive (cyclin d1), and angiogenic (vascular endothelial growth 
factor) genes, suggesting that triptolide can induce apoptosis 
of tumor cells. these results suggest that triptolide may be a 
potential therapeutic anticancer agent for the prevention and 
treatment of multiple myeloma; thus further in-depth investi-
gations into its efficacy and toxicity are warranted.

Introduction

multiple myeloma (mm), also known as plasma cell myeloma, 
myelomatosis or Kahler's disease (1), is a cancer of plasma cells 
(the white blood cells that produce antibodies), and is considered 

to be incurable (2). the incidence of mm is ~4/100,000 and 
it accounts for 10% of all hematological malignancies (3). the 
treatment of mm is complex due to rapid advances in stem 
cell transplantation, medications and supportive care, which 
have improved the survival times of mm patients over the past 
30 years (4). the principal treatments include stem cell (bone 
marrow) transplantation, non-chemotherapeutic drugs that 
target cancer cells, standard chemotherapeutic drugs, and corti-
costeroids (5). However, despite various treatment options for 
mm, advanced combination therapies with effective agents are 
required for the efficient treatment of the disease in the first‑line 
and relapsed settings, and this has resulted in the development 
of novel agents (6,7).

traditional chinese medicine (tcm) is considered to 
be an important source of therapies for various diseases. 
in 2015, a chinese scientist won the nobel Prize for her work 
in drug development from tcm; indeed, numerous drug 
candidate compounds from tcm are under investigation (8). 
triptolide is a diterpenoid epoxide that can be isolated from 
the traditional chinese medicinal herb Tripterygium wilfordii 
Hook f., which is used to treat inflammatory and autoim-
mune diseases (9). following the initial identification of 
triptolide in 1972, in vivo and in vitro experiments have 
revealed it to exhibit a variety of bioactivities, including 
immunosuppression and antiinflammatory effects (10,11). 
triptolide has a complex mechanism of action, which 
involves inhibition of transcription factor nuclear factor κB 
(nf-κB) activation (12,13), suppression of the production of 
prostaglandin e2, and reduction of cytokine levels (13,14).

in addition to the aforementioned activities, it was recently 
reported that triptolide has antitumor effects in pancreatic, 
gastric, breast, adrenal and thyroid cancer, as well as neuro-
blastoma (1,15-19). likewise, a number of studies on the effects 
of triptolide on various types of cancer cells, including mm, 
are currently underway. although there have been numerous 
attempts to explain the molecular mechanisms underlying the 
effect of triptolide, the mechanism in mm cells remains unclear. 
it has been proposed that triptolide induces epigenetic altera-
tions via the regulation of histone methylation (20), and induces 
apoptosis via the activation of caspases-8, -9 and -3 (cysteine 
proteases) in mm cells (21). However, a greater understanding 
of its mechanism of action in mm cells is necessary in order 
to develop novel anticancer drugs from triptolide, due to its 
potential multi-organ toxicity and narrow therapeutic window.
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notably, triptolide inhibits the janus kinase (jaK)2 pathway 
in myeloproliferative disorder cells, which is a similar disease 
to mm (22), and it inhibits the jaK1/signal transducer and acti-
vator of transcription 3 (Stat3) and jaK2/Stat3 pathways in 
colon cancer cells and in a rat neuropathic pain model, respec-
tively (23,24). Stats consist of a family of six transcription 
factors that regulate tumor development (25). ligand-induced 
activation of cell-surface cytokine receptors activates the 
jaK family, which phosphorylates and activates latent cyto-
plasmic Stat3 protein to form an active dimer (26). activated 
Stat3 translocates to the nucleus and induces transcription 
of Stat3-regulated genes (26). Several cytokines, including 
il-6 (27), transforming growth factor-α (28) and epidermal 
growth factor (egf) (27) have been shown to activate Stat3. 
numerous studies have proposed that the activation of Stat3 
can suppress apoptosis, and promote proliferation, angiogen-
esis, chemoresistance and inflammation (29-32). thus, the 
Stat3 pathway must be considered to gain an understanding 
of oncogenesis (25). therefore, in the present study, the effect 
of triptolide on mm cells via the jaK and jaK2/Stat3 path-
ways was investigated.

the present study aimed to investigate the effects of trip-
tolide on the Stat3 activation pathway and the underlying 
mechanism in mm cells. the structure of triptolide is shown 
in fig. 1. the effect of triptolide on constitutive and il-6-induced 
Stat3 activation was evaluated. the effect of triptolide on 
Stat3-mediated gene products associated with cellular prolif-
eration, survival and apoptosis was also investigated. triptolide 
was found to suppress Stat3 activation by activating protein 
tyrosine phosphatase non-receptor type 6 (SHP-1), and down-
regulated the expression of Stat3-regulated antiapoptotic, 
proliferative and angiogenic proteins.

Materials and methods

Materials. a 50-mm solution of triptolide with purity >95% 
was kindly provided by dr aggarwal at md anderson cancer 
center (Houston, tX, uSa). Hoechst 33342, 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (mtt), tris, 
glycine, nacl, SdS, and bovine serum albumin (BSa) were 
purchased from Sigma-aldrich (merck millipore, darmstadt, 
germany). rPmi-1640 medium, fetal bovine serum (fBS), 
0.4% trypan blue vital stain, and antibiotic/antimycotic 
mixture were purchased from invitrogen (thermo fisher 
Scientific, Inc., Waltham, MA, USA). The rabbit polyclonal 
anti-Stat3 antibody (#sc-482) and mouse monoclonal anti-
bodies against phospho (p)-Stat3 (tyr-705; #sc-8059), Bcl-xl 
(#sc-8392), SHP-1 (#sc-7289), cyclin d1 (#sc-753), procas-
pase-3 (#sc-373730), jaK2 (#sc-278), Vegf (#sc-53462), 
mcl-1 (#sc-53951) and poly(adP-ribose) polymerase (ParP; 
#sc-7150) were purchased from Santa cruz Biotechnology, 
inc. (Santa cruz, ca, uSa). the horseradish peroxi-
dase (HrP)-conjugated goat anti-rabbit antibody (#1662408) 
was purchased from Bio-rad laboratories, inc. (Hercules, 
CA, USA). Antibodies against phospho‑specific Src (Tyr‑416; 
#2101S), Src (#2108), phospho‑specific JAK1 (Tyr‑1022/1023; 
#3331S), p-jaK2 (#3771S), and jaK1 (#3332) were obtained 
from cell Signaling technology, inc. (Beverly, ma, uSa). 
the HrP-conjugated goat anti-mouse antibody (#554002) 
was purchased from transduction laboratories (lexington, 

Ky, uSa). Bacteria-derived recombinant human il-6 was 
obtained from novartis Pharmaceuticals (east Hanover, nj, 
uSa).

Cell lines. the human mm cell lines u266 and dexametha-
sone-sensitive mm.1S were purchased from the american 
type culture collection (atcc; manassas, Va, uSa). 
cell lines were cultured in rPmi-1640 medium containing 
10% fBS and 1X antibiotic/antimycotic solution. cells were 
maintained at 37˚C in an atmosphere of 5% CO2, 95% air.

Western blot analysis. for the detection of p-Stat3 (tyr-705) 
and Stat3 proteins, triptolide-treated whole-cell extracts 
were lysed in lysis buffer [20 mm tris (pH 7.4), 250 mm nacl, 
2 mm edta (pH 8.0), 0.1% triton X-100, 0.01 mg/ml apro-
tinin, 0.005 mg/ml leupeptin, 0.4 mm phenylmethylsulfonyl 
fluoride, and 4 mM Na3Vo4]. lysates were then centrifuged 
at 16,025 x g for 10 min to remove insoluble material. the 
extracted proteins were resolved on a 7.5% SdS polyacryl-
amide gel. following electrophoresis, the proteins were 
electrotransferred to a nitrocellulose membrane, blocked with 
5% non-fat milk, and probed with anti-p-Stat3 antibodies 
(1:500) and anti-Stat3 antibodies (1:1,000) overnight at 4˚c. 
the blot was then washed, exposed to HrP-conjugated 
secondary antibodies (1:10,000) at room temperature for 
1 h, and finally examined by enhanced chemiluminescence 
(amersham Biosciences, Piscataway, nj, uSa).

to detect the expression of Stat3-regulated proteins and 
caspase-3, u266 cells (2x106/ml) were treated with 60 µm 
triptolide for the indicated times. the cells were then washed 
and proteins were extracted by incubation for 30 min on ice 
in 0.05 ml of buffer containing 20 mm HePeS (pH 7.4), 
2 mm edta, 250 mm nacl, 0.1% nonidet P-40, 2 µg/ml 
leupeptin, 2 µg/ml aprotinin, 1 mM phenylmethylsulfonyl fluo-
ride, 0.5 µg/ml benzamidine, 1 mm dtt, and 1 mm sodium 
orthovanadate. the lysate was centrifuged, and the supernatant 
was collected. whole-cell protein extract (50 µg) was resolved 
by 10% SdS-Page; electrotransferred onto a nitrocellulose 
membrane; blotted with antibodies against Bcl-xl (1:500), 
myeloid cell leukemia-1 (mcl-1; 1:500), cyclin d1 (1:1,000), 
VEGF (1:1,000), and caspase‑3 (1:1,000) overnight at 4˚C. The 
blots were washed, exposed to HrP-conjugated goat anti-mouse 
antibodies for 1 h at room temperature, and then detected by 
enhanced chemiluminescence.

Electrophoretic mobility shift assay (EMSA). dna binding of 
Stat3 was analyzed by emSa using a 32P‑labeled high‑affinity 

figure 1. chemical structure of triptolide (molecular weight, 360.4)
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sis-inducible element probe, as previously described (33). 
Briefly, nuclear extracts were prepared from γ-t3-treated 
cells and incubated with high‑affinity sis‑inducible element 
probes (5'-cttcatttcccgtaaatccctaaagct-3' 
and 5'-agctttagggatttacgggaaatga-3'). the 
dna-protein complexes that formed were separated from free 
oligonucleotides on 5% native polyacrylamide gels. the dried 
gels were visualized, and the radioactive bands were quan-
titated with a Storm 820 Phosphorimager and imageQuant 
tl 7.0 (both from amersham; ge Healthcare life Sciences, 
little chalfont, uK).

Western blot analysis of PARP degradation. triptolide-induced 
apoptosis was examined by proteolytic cleavage of ParP. 
Briefly, cells (2x106/ml) were treated with 60 µm triptolide 
for the indicated times at 37˚c. the cells were then washed 
and subjected to protein extraction by incubation for 30 min 
on ice in 0.05 ml buffer containing 20 mm HePeS (pH 7.4), 
2 mm edta, 250 mm nacl, 0.1% nonidet P-40, 2 ng/ml 
leupeptin, 2 ng/ml aprotinin, 1 mm phenylmethylsulfonyl 
fluoride, 0.5 ng/ml benzamidine, 1 mm dtt, and 1 mm 
sodium orthovanadate. the lysate was centrifuged, and the 
supernatant was collected. Protein extract (40 µg) was resolved 
by 10% SdS-Page, electrotransferred onto a nitrocellulose 
membrane, blotted with anti-ParP antibody, overnight 
at 4˚C. the blot was washed, exposed to HrP-conjugated goat 
anti-mouse antibody for 1 h at room temperature, and then 
detected by enhanced chemiluminescence.

Results

Triptolide downregulates constitutive STAT3 activation in 
a dose‑ and time‑dependent manner. whether triptolide 
regulates constitutive Stat3 activation in mm cells was 
examined by determination of Stat3 phosphorylation. 
whole-cell extracts were prepared from u266 cells pretreated 
for 6 h with various concentrations of triptolide and Stat3 
phosphorylation was examined by western blot analysis using 
an anti-p-Stat3 (tyr705) antibody. triptolide inhibited the 
constitutive activation of Stat3 in u266 cells, with maximum 
inhibition at 100 nm (fig. 2a). under these conditions, trip-
tolide had no effect on the Stat3 protein level (fig. 2a). the 
incubation time required for suppression of Stat3 activation 
by triptolide was also examined in u266 cells. triptolide 
inhibited the activation of Stat3 in a time-dependent manner, 
with maximum inhibition occurring at 24 h, again with no 
effect on the Stat3 protein level (fig. 2B).

Triptolide inhibits DNA binding of STAT3. it was investigated 
whether triptolide reduces the dna-binding activity of Stat3 
based on the fact that phosphorylation of Stat3 regulates gene 
transcription via its dimerization, nuclear translocation and 
dna binding. an emSa using nuclear extracts of u266 cells 
was performed; the results indicated that triptolide decreased 
the dna-binding activity of Stat3 in a dose-dependent 
(fig. 2c) and time-dependent (fig. 2d) manner. thus, triptolide 
is capable of eliminating the dna-binding ability of Stat3.

figure 2. triptolide inhibits constitutively active Stat3 in u266 cells. (a) triptolide suppresses p-Stat3 levels in a dose-dependent manner. u266 cells 
(2x106/ml) were treated with the indicated concentrations of triptolide for 24 h, after which whole-cell extracts were prepared, and 30 µg of protein was 
resolved on 7.5% SdS-Page gel, electrotransferred onto nitrocellulose membranes and probed for p-Stat3. (B) triptolide suppresses p-Stat3 levels in a 
time-dependent manner. u266 cells (2x106/ml) were treated with 100 nm triptolide for the indicated durations and analyzed for p-Stat3 levels. (c) triptolide 
suppresses Stat3 dna binding in a dose-dependent manner. u266 cells (2x106/ml) were treated with the indicated concentrations of triptolide for 24 h and 
analyzed for nuclear Stat3 levels by emSa. (d) u266 cells (2x106/ml) were treated with 100 nm triptolide for the indicated durations and analyzed for 
nuclear Stat3 levels by emSa. Stat3, signal transducer and activator of transcription 3; p-, phospho-; emSa, electrophoretic mobility shift assay.



Kim  and  ParK:  triPtolide inHiBitS tHe jaK/Stat3 Signaling PatHway in multiPle myeloma 1569

Triptolide suppresses constitutive activation of Src, JAK1, 
and JAK2. Stat3 may be constitutively activated by soluble 
tyrosine kinases of the Src kinase (34) and jaK (35) fami-
lies. therefore, the effects of triptolide on the constitutive 
activation of Src kinase, jaK1 and jaK2 in u266 cells were 
investigated. triptolide was found to suppress the constitu-
tive phosphorylation of jaK1 (fig. 3a) and jaK2 (fig. 3B) 
in a dose-dependent manner, while the total levels of jaK1 
and jaK2 remained unchanged under the same conditions 
(fig. 3a and B). as shown in fig. 3c, triptolide suppressed the 
constitutive phosphorylation of Src kinase in a dose-dependent 
manner, while the total Src kinase protein levels remained 
unchanged (fig. 3c).

Triptolide inhibits inducible STAT3 phosphorylation in 
MM cells. Because Stat3 is also activated by phosphoryl ation 
at tyrosine residues in response to il-6 (27), it was investigated 
whether triptolide could inhibit il-6-induced Stat3 phosphor-
ylation in mm.1S cells, which lack constitutively active Stat3. 
as shown in fig. 4a, il-6 induced phosphorylation of Stat3 
in a dose-dependent manner. il-6-induced Stat3 phosphory-
lation was suppressed by triptolide in a dose-dependent manner 
(Fig. 4B). A triptolide concentration >50 nM was sufficient to 
suppress il-6-induced Stat3 phosphorylation.

Triptolide induces the expression of SHP‑1. SHP-1, a 
non-receptor-type protein tyrosine phosphatase, is known 
to negatively regulate the Stat3 signaling pathway (36,37). 
therefore, it was examined whether the inhibition of Stat3 
phosphorylation by triptolide was due to the increased expres-
sion of SHP-1. as shown in fig. 5a, triptolide upregulated 
SHP-1 expression in a time-dependent manner.

Triptolide downregulates the expression of genes associ‑
ated with cell survival, proliferation, and angiogenesis. the 
expression of the antiapoptotic proteins mcl-1 and Bcl-xl, 
the cell cycle regulator protein cyclin d1, and the angiogenic 
protein Vegf, all of which have been reported to be regulated 
by Stat3 (25,38), were downregulated by triptolide treat-
ment (fig. 5B). tript olide downregulated the expression of 
these proteins in a time-dependent manner, with maximum 
suppression at 24 h after the beginning of treatment (fig. 5B).

Triptolide causes caspase‑3 activation and PARP cleavage. as 
caspase-3 is critically involved in the regulation of antiapop-
totic proteins (39) and Vegf (40), it was determined whether 
triptolide could activate caspase-3. treatment of u266 cells 
with 100 nm triptolide induced caspase-3-dependent cleavage 
of a 118-kda ParP protein into an 87-kda fragment in a 
time-dependent manner (fig. 5c).

Discussion

the chinese herb T. wilfordii has been used for centuries as 
a traditional medicine for treating fever, chills and edema. 
triptolide, a component extracted from T. wilfordii, has been 
intensively researched in recent years as it exhibits potent 
antitumor activity in various cancerous cells, such as human 
promyelocytic leukemia, t cell lymphoma, human hepa-
tocellular carcinoma, cervical adenocarcinoma, pancreatic 
carcinoma, oral cancer cell and cholangiocarcinoma (41-43). 
However, triptolide has a serious drawback as an antitumor 
agent: its toxicity (44). for this reason, the mechanism of action 
of triptolide in cancerous cells must be determined, as this would 
allow its toxicity to be reduced through chemical modification.

Stat3 is an important signaling pathway that has 
been associated with inflammation, survival, proliferation, 
chemoresistance, and angiogenesis (26). the results of the present 
study indicated that triptolide suppressed the phosphorylation of 
jaK1 and jaK2, which are upstream regulators of Stat3. two 
Stat3 activa tion pathways were considered: i) il-6-induced 

figure 3. triptolide downregulates constitutively active jaK1, jaK2 and 
Src. triptolide downregulates (a) p-jaK1 expression, (B) p-jaK2 expres-
sion, and (c) p-Src levels in a dose-dependent manner. in all experiments, 
u266 cells (2x106/ml) were treated with the indicated doses of triptolide 
for 24 h, after which whole-cell extracts were prepared, and 40 µg of those 
extracts were resolved by SdS-Page, electrotransferred onto nitrocellulose 
membranes, and probed with p-jaK1, p-jaK2 and p-Src, respectively. jaK, 
janus kinase; p-, phospho-.

figure 4. triptolide downregulates il-6-induced p-Stat3. (a) il-6 induces 
p-Stat3 levels in a dose-dependent manner. mm.1S cells (2x106/ml) were 
treated with the indicated doses of il-6 for 30 min. (B) triptolide down-
regulates il-6-induced p-Stat3 levels in a dose-dependent manner. mm.1S 
cells (2x106/ml) were treated with the indicated doses of triptolide for 24 h 
and then stimulated with il-6 (10 ng/ml) for 30 min. whole cells were then 
prepared and analyzed for p-Stat3 by western blotting. il-6, interleukin 
6; p-, phospho-; Stat3, signal transducer and activator of transcription 3.
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Stat3 activation via the il-6/jaK/Stat3 cell signaling 
pathway, in which il-6 binding to its receptor leads to 
phosphorylation of jaK, and phosphorylated jaK sequentially 
induces Stat3 phosph orylation; and ii) constitutive Stat3 
activation involving various protein kinases (26,45,46). the 
il-6/jaK/Stat3 signaling pathway serves a critical role in 
the growth, invasion and metastasis of cancerous cells (47). 
constitutively active Stat3 is also important in the survival 
and proliferation of myeloma, as ~48% of mm patients have 

a constitutively active form of Stat3 (48). regarding the 
mechanisms of Stat3 inhibition, it was observed in the present 
study that triptolide inhibited il-6-induced and constitutive 
Stat3 activation in mm cells. it was also demonstrated 
that the mechanism of action of triptolide involves inhibition 
of induction of SHP-1, as well as activation of jaK1, jaK2 
and c-Src. this is closely associated with the inhibition of 
the expression of various Stat3-regulated proteins and the 
induction of apoptosis in mm cells.

SHP-1, a negative regulator of the jaK/Stat signaling 
pathway, is hypermethylated in 79% of mm patients (46), and 
demethylation of SHP-1 decreases Stat3 activation (49). in 
the present study, it was demonstrated that triptolide could 
induce SHP-1 expression, suggesting that the induction of 
SHP-1 may have inhibited Stat3 activation. abnormal meth-
ylation of suppressor of cytokine signaling 1, another regulator 
of the jaK/Stat3 signaling pathway, has also been observed 
in mm patients (50). However, this was not considered in the 
present study, as methylation of this gene is not strongly corre-
lated with the clinical outcome of mm patients (50).

the present study also demonstrated that triptolide 
can suppress the activation of Src. Phosphorylation of Src 
serves a critical role in tumor cell survival. the majority of 
Src-transformed cell lines have persistently activated Stat3 
and dominant-negative Stat3 blocks transformation (51). 
furthermore, constitutive Stat3 activation has been 
implicated in the increased resist ance to apoptosis, which leads 
to radiation resistance and chemoresistance (51). this may 
be mediated by the expression of the Stat3-regulated gene 
products including Bcl-xl, mcl-1, and cyclin d1. antiapoptotic 
proteins such as Bcl-xl and mcl-1 inhibit the induction of 
cell death by various chemotherapeutic drugs, in parallel 
with an increase in chemoresistance (52). the present study 
demonstrated that triptolide downregulated Bcl-xl, mcl-1 
and cyclin d1, which implies that the suppression of Stat3 
activation by triptolide may facilitate the apoptosis of mm cells. 
it was also found that triptolide downregulated the expression 
of Vegf, which is involved in angiogenesis of cancer cells, 
suggesting that triptolide may exert an antiangiogenic effect by 
downregulating Vegf.

triptolide was previously reported to inhibit the tran-
scription factor, nf-κB (21). However, it is unclear whether 
the inhibition of nf-κB activation is linked to the inhibition 
of Stat3 activation by triptolide. nf-κB and Stat3 are 
activated by different cytokines; for example, tumor necrosis 
factor is a major activator of nf-κB, whereas il-6 activates 
Stat3. However, notably, jaK activation has been reported 
to regulate both Stat3 and nf-κB activation (53). therefore, 
triptolide is a potent chemotherapeutic agent targeting jaK 
regulation, which regulates nf-κB and Stat3 activation.

triptolide has been widely used in east asia for centuries 
for the treatment of inflammatory and autoimmune diseases, 
and the antitumor activity of triptolide has been investigated 
in various cancer cell types. the present study demonstrated 
that triptolide inhibits both inducible and constitutive Stat3 
activation in mm cells, suggesting that it suppresses tumor 
cell survival, proliferation and angiogenesis. although several 
barriers to the clinical use of triptolide remain to be overcome, 
further development of triptolide derivatives and clinical studies 
may result in the development of novel anticancer agents.

figure 5. triptolide upregulates SHP-1 and downregulates Stat3-regulated 
antiapoptotic proteins. (a) triptolide induces the expression of SHP-1 
protein in u266 cells. u266 cells (2X106/ml) were treated with triptolide 
(100 nm) for the indicated times. whole-cell extracts were prepared, and 
40 µg of those extracts were resolved by 10% SdS-Page, electrotransferred 
onto nitrocellulose membranes, and probed with anti-SHP-1 antibody. 
(B) triptolide suppresses Stat3-regulated gene products. u266 cells 
(2x106/ml) were treated with 100 nm triptolide for the indicated time inter-
vals. whole cell extracts were prepared, 40 µg of those extracts were resolved 
by 10% SdS-Page and probed against mcl-1, cyclin d1, Vegf and Bcl-xl 
antibodies. (c) triptolide induces caspase-3-dependent ParP cleavage. 
u266 cells were treated with 100 nm triptolide for the indicated times, and 
whole cell extracts were prepared, separated by SdS-Page and subjected to 
western blot analysis with anti-caspase-3 and anti-ParP antibodies. in all 
experiments, the same blots were stripped and reprobed with anti-β-actin 
antibody to verify equal protein loading. SHP-1, protein tyrosine phosphatase 
non-receptor type 6; Stat3, signal transducer and activator of transcrip-
tion 3; mcl-1, myeloid cell leukemia-1; Vegf, vascular endothelial growth 
factor; ParP, poly(adP-ribose) polymerase.
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