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Introduction

The Philadelphia chromosome is produced by a reciprocal trans-
location t(9;22) between chromosomes 9 and 22, which results in 
the generation of a bcr-abl fusion gene. Bcr-abl fusion gene is the 
primary cause of Philadelphia chromosome-positive (Ph+) leuke-
mia. Because of different breakpoint in the bcr locus, two alter-
nate products of BCR-ABL fusion proteins, P210 or P190, can 
be translated. P210 is found predominantly in chronic myelog-
enous leukemia (CML), whereas the P190 form is mainly associ-
ated with Ph+ acute lymphoblastic leukemia (ALL).1,2 BCR-ABL 
fusion protein has much greater tyrosine kinase activity com-
pared with ABL and results in the development of leukemia.3,4 

Philadelphia chromosome-positive acute lymphoblastic leukemia (Ph+ ALL) is triggered by constitutively activated BCR-
ABL and SRC family tyrosine kinases. They account for the activations of multiple growth-signaling pathways, including 
Raf/MEK/ERK, Akt/mTOR and STAT5 pathways. The BCR-ABL tyrosine kinase inhibitor imatinib is the standard treatment 
for Ph+ leukemia and plays efficacious role in CML. However, imatinib has few inhibitory effects on SRC tyrosine kinase 
with response rate of Ph+ ALL lower and relapse more frequent and quicker compared with CML. Previous studies showed 
that oridonin inhibits proliferation and induces apoptosis in many tumor cells. However, the anticancer activity and 
mechanism of oridonin in Ph+ ALL is unknown. To investigate the anticancer activity of oridonin, we examined its role in 
constitutively activated Akt/mTOR, Raf/MEK/ERK, STAT5 and SRC pathway, mRNA level of bcr/abl gene, cell viability and 
apoptosis in Ph+ ALL SUP-B15 cells. Furthermore, we detected synergetic effect of oridonin plus imatinib. Our results 
showed that oridonin inhibiting activations of LYN (one of SRC family kinases) and ABL and their downstream Akt/mTOR, 
Raf/MEK/ERK and STAT5 pathways, downregulated Bcl-2 but upregulated Bax protein and then induced apoptosis in Ph+ 
ALL cells. Oridonin plus imatinib exerted synergetic effects by overcoming imatinib defect of upregulating Akt/mTOR 
and LYN signaling. Additionally, we examined the effect of oridonin on the signaling pathways in the primary specimens 
from Ph+ ALL patients. Our data showed that oridonin remarkably suppressed activations of Akt/mTOR, Raf/MEK and 
STAT5 pathway in these primary specimens and oridonin with imatinib exerted synergetic suppressive effects on mTOR, 
STAT5 and LYN signaling in one imatinib resistant patient specimen. Additional evaluation of oridonin as a potential 
therapeutic agent for Ph+ ALL seems warranted.
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The Philadelphia chromosome is present in about 5% of child-
hood ALL and 20–30% of adult ALL and the chances of occur-
rence of this chromosome increases with age, approaching 50% 
in patients older than 50 years.5-7 Ph+ ALLL has a very poor prog-
nosis. In the pre-imatinib era, the treatment outcome of Ph+ ALL 
was dismal and 5-year overall survival rates with chemotherapy 
alone are 10–20%.8,9 Allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT) was virtually the sole curative modal-
ity, while it was limited by the availability of a matched donor, 
the risk of treatment-related mortality and disease resistance or 
relapse in many cases.

Growth-signaling pathways play vital important roles in 
tumorigenesis, proliferation, anti-apoptosis and drug resistance. 
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of Bcl-2. Furthermore, our results indicated that oridonin with 
imatinib exerted synergetic anti-leukemia effects by suppressing 
activated LYN and Akt/mTOR pathway. Otherwise, oridonin 
suppressed activations of Akt/mTOR, Raf/MEK, STAT5 and 
LYN pathway in Ph+ ALL patient samples.

Results

The anti-proliferative effects of oridonin, or its combination 
with imatinib on SUP-B15 cells. The results of MTT assay 
showed that oridonin inhibits cell growth in time- and dose- 
dependent manner in SUP-B15 cells (Fig. 1B). After 72 h of 
treatment, IC

50
 (the concentrations of oridonin which caused 

50% inhibition of cell growth) was 7.8 ± 1.1886 μM. The IC
50

 
of imatinib alone was 1.3 ± 0.14 μM and the cell viability was 
60.73 ± 2.66% after 1 μM imatinib treatment. When combined 
with 1, 2 and 3 μM oridonin, the IC

50
 of imatinib decreased to 

0.57 ± 0.11 μM, 0.45 ± 0.13 μM, 0.34 ± 0.16 μM and the cell 
viability declined to 39.51 ± 4.45%, 37.35 ± 2.6% and 31.02 ± 
3.21% respectively (Fig. 1C, D). The interaction index (I) for 
50% inhibition of cell growth was 0.57, 0.6 and 0.64 at the 1, 2 
and 3 μM oridonin, respectively. These results indicated there 
was a synergistic inhibitory effect of oridonin plus imatinib.

Akt/mTOR, RAF/MEK/ERK and 
JAK/STAT signaling pathways are 
such three pathways. Because of 
BCR-ABL tyrosine kinase activ-
ity, many growth-signaling path-
ways, including Akt/mTOR, RAF/
MEK/ERK and JAK/STAT sig-
naling pathways, which play vital 
roles in development of leukemia 
are activated in Ph+ leukemia.10-13 
These pathways represent promis-
ing molecular targets of leukemia. 
Imatinib (STI 571, Gleevec) dereg-
ulates activity of BCR-ABL and it 
is widely used clinically for treating 
Ph+ leukemia.14,15 BCR-ABL alone 
is necessary and sufficient for the 
development of chronic myeloid 
leukemia, therefore, imatinib is a 
very effective therapy for chronic 
phase CML.16-18 Except BCR-ABL, 
other kinases are also involved in 
the development of Ph+ ALL, par-
ticularly SRC kinases,19,20 which are 
not blocked by imatinib. Thus, the 
response rate of imatinib alone is 
lower while, resistance and relapse 
is frequent in Ph+ ALL. Second-
generation tyrosine kinase inhibi-
tors, such as dasatinib and nilotinib, 
can overcome resistance of imatinib 
to some extent, as patients treated 
with them achieved complete remis-
sion quickly, with complete remis-
sion rates of approximately 90%; however, CR duration is short 
too.21-23 To further improve the clinical outcome and provide 
therapeutic options for Ph+ ALL patients, other investigational 
therapy should be developed.

Oridonin (Fig. 1A), an active diterpenoid compound isolated 
from Rabdosia Rubescens,24 has been traditionally used to treat 
various diseases. Oridonin serves various biological, pharma-
ceutical and physiological functions, such as anticancer, anti-
bacteria and anti-inflammation activity.25,26 Studies showed that 
oridonin has inhibitory effects on activated signaling pathways in 
some cancer cells27-29 and is a promising anticancer agent, which 
induces apoptosis in various cancer cells, including liver, prostate, 
breast, cervical, lung cancer and acute myelocytic leukemia, glio-
blastoma multiforme.30-33 However, whether oridonin can induce 
apoptosis by inhibiting constitutively activated growth-signaling 
pathways in Ph+ ALL cells remains obscure. Therefore, we set 
out to investigate the antileukemia activity of oridonin in Ph+ 
ALL. Here, we reported that oridonin inhibited proliferation and 
induced apoptosis in Ph+ ALL leukemia SUP-B15 cells by inhib-
iting activations of ABL and SRC kinases and their downstream 
Akt/mTOR, Raf/MEK/ERK and STAT5 pathways, upregu-
lating the expression of Bax but downregulating the expression 

Figure 1. Chemical structure of oridonin and cytotoxic effect of oridonin alone or in combination with 
imatinib on SUP-B15 cells. (A) Chemical structure of oridonin. (B) SUP-B15 cells were incubated with 0, 
5, 7.5, 10 and 12.5 μM oridonin for 1, 3 and 5 d. At the end of incubation, MTT methods determined the 
cell survival rates. Cell viability is expressed as the percentage of cell survival compared with the control. 
(B) SUP-B15 cells were incubated with imatinib alone or in combination with 1, 2 and 3 μM oridonin for 
72 h. At the end of incubation, MTT methods were used to determine the cell survival rates and the IC50 
of imatinib. (C) The cell viability treated with imatinib alone or in combination with indicated concentra-
tion of oridonin for 72 h. (D) The IC50 of imatinib alone or in combination with indicated concentration of 
oridonin for 72 h. Data were from three independent experiments. *p < 0.05 was used to compare the 
effects of compounds.
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appearances and marked condensation of the nuclei and apop-
totic bodies (Fig. 2A and B). As shown in Figure 2A and B, in 
the treatment of 3 μM oridonin, 1 μM imatinib showed little 
morphologic changes, similar to control cells. However, oridonin 
plus imatinib-treated cells showed bluffing and lobulate appear-
ances of membrane and marked blebbing of the nuclei and apop-
totic bodies. To further confirm the oridonin-related apoptosis in 
SUP-B15 cells, the cells apoptosis rate was performed by FCM. 
The results revealed that apoptotic rate of SUP-B15 cells with-
out drug was 5.1% and increased to 47.6 and 71.1% following 
treatment with 10 and 15 μM oridonin, respectively (Fig. 2C). 
Imatinib induced cytotoxic effects dilatorily and had no signifi-
cant effects on apoptotic rate at 24 h. However, treatment with 
1 μM imatinib plus 3 μM oridonin resulted in the increase of 
apoptotic rate from 6.9 to 25.8% (Fig. 2C). These results sug-
gested that oridonin suppresses the growth of SUP-B15 cells by 
inducing apoptosis and that oridonin exerts synergistic effect 
with imatinib on inducing apoptosis in Ph+ ALL cells.

We obtained mononuclear cell preparations from four Ph+ 
ALL patients. Patient 1 was newly diagnosed de novo Ph+ ALL, 
patient 2 relapsed after chemotherapy and patients 3 and 4 were 
progressing under imatinib therapy. The oridonin IC

50
 of the 

four patients was 8.71, 9.19, 9.56 and 10.18 μM, respectively.
Oridonin-mediated growth inhibition by induction of apop-

tosis in SUP-B15 cells. To determine whether oridonin-mediated 
growth inhibition is associated with apoptosis, cells were treated 
with 10 and 15 μM oridonin for 24 h and furthermore, to deter-
mine whether synergistic inhibitory effect of oridonin and ima-
tinib is associated with apoptosis, cells were treated with 3 μM 
oridonin, 1 μM imatinib and oridonin plus imatinib for 24 h. 
The morphologic changes were observed using a light micro-
scope. Hoechst 33258 staining was used to identify changes in 
the nuclei. The membrane of control cells (without drugs) was 
lubricious without losing integrity and the nuclei were round and 
homogeneously stained. Ten- and fifteen-micromolar oridonin-
treated cells changed significantly into the bluffing and lobulate 

Figure 2. Oridonin and imatinib induced apoptosis in SUP-B15 cells. (A) The SUP-B15 cells were treated with indicated oridonin, imatinib or com-
bination for 24 h, changes in cellular morphology were examined by a light microscope. The membrane of control cells was lubricious and intact, 
treatment of 3 μM oridonin, 1 μM imatinib showed little morphologic changes, but oridonin plus imatinib-treated cells showed bluffing and lobulate 
appearances of membrane (400×). (B) The cells were treated with indicated oridonin, imatinib or in combination for 24 h, then stained with Hoechst 
33258 fluorescent. Changes in cellular nuclei were observed under a fluorescence microscope. The nuclei of control cells were round and were 
homogeneously stained. Treatment of 3 μM oridonin, 1 μM imatinib showed little morphologic changes, similar to control cells, while oridonin plus 
imatinib-treated cells showed marked blebbing of the nuclei and apoptotic bodies (200×). (C) The cells were treated with indicated oridonin, imatinib 
or in combination for 24 h and apoptosis was examined using the AnnexinV-FITC /PI apoptosis detection kit.
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by oridonin in time- and dose-dependent manner, as shown in 
Figure 3D–G.

Oridonin inhibits imatinib-mediated activation of Akt/
mTOR signaling in SUP-B15 cells. Imatinib is an important 
therapeutic agent to Ph+ leukemia. Due to Abl and SRC kinases 
and their downstream signaling, Akt/mTOR, Raf/MEK/ERK 
and Stat5 were constitutively activated in SUP-B15 cells. Thus 
we examined the effect of imatinib on these signaling pathways. 
The results showed that 1 μM imatinib inhibited the phosphory-
lation of Abl, MEK, ERK (Fig. 4C) and Stat5 (Fig. 4E), but had 
no significant effects on LYN activation (Fig. 4E). Of interest, 
imatinib-treatment further upregulated activation of Akt/mTOR 
signaling (Fig. 4A). We wondered whether oridonin could inhibit 
the imatinib-mediated upregulation of Akt/mTOR signaling. 
Therefore, the effect of oridonin plus imatinib was examined. 
The results confirmed our speculation that oridonin inhibited the 
imatinib-mediated activation of Akt/mTOR signaling (Fig. 4B) 
and exerted siginificant inhibitory effect on phosphorylation of 

Oridonin inhibits activations of Abl and LYN kinases, and 
signaling pathways of Akt/mTOR, Raf/MEK /ERK, STAT5 
and in SUP-B15 cells. To study the mechanisms of anti-leukemia 
activity by oridonin, we examined activation levels of the Abl 
and LYN kinases and their downstream growth-signaling path-
ways of Akt/mTOR, Raf/MEK/ERK and STAT5 in SUP-B15 
cells. Western blot analysis showed that SUP-B15 cells without 
oridonin expressed constitutively the phosphorylated form of 
Abl(Tyr245), Akt(Ser473), mTOR (ser2448), p70S6K (Tyr389), 
4EBP1 (Thr37/46) proteins, Raf (ser338), MEK1/2 (ser217/221), 
ERK 1/2 (Thr202/Tyr204) proteins, Stat5 and Lyn (Fig. 3A), 
unlike K562 cells, a Ph+ leukemia cell line established from a 
patient with chronic myeloid leukemia in blast crisis. After ori-
donin treatment, the levels of the phosphorylated forms of Abl 
(Tyr245), Akt (Ser473), mTOR(ser2448), p70S6K(Tyr389) and 
4EBP1(Thr37/46) were downregulated in a time- and dose-
dependent manner (Fig. 3B and C). Raf/MEK/ERK signaling, 
phosphorylation of Stat5 and LYN were also downregulated 

Figure 3. Oridonin inhibited constitutive activation of growth-signaling pathway in SUP-B15 cells. Western blot analysis with indicated anti-
phosphotyrosine, phosphoserine and phosphothreonine antibodies showed Akt/mTOR and RAF/MEK/ERK signaling pathway, Abl, STAT5 and LYN 
protein kinase were constitutively active in SUP-B15 cells, compared with the expression in K562 cells (A). The cells were incubated with 7.5 μM orido-
nin for 6, 12 and 24 h or with 5, 10 and 15 μM doses of oridonin for 24 h. Cells were then harvested and total proteins were extracted. Equal amounts 
of protein from each sample were separated on SDS-PAGE and immunoblotted with indicated antibodies, GAPDH was used as a loading control. 
Oridonin inhibited constitutively activation of Abl, Akt/mTOR (B and C), Raf/MEK/ERK (D and E) and STAT5, LYN (F and G) signaling pathway in time- 
and dose-dependent manner. The results shown were representative of two independent experiments.
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LYN kinase (Fig. 4F), but had no synergistic inhibitory effects 
on Abl, MEK, ERK (Fig. 4D) and Stat5 (Fig. 4F).

The effect of oridonin on the protein levels of Bcl-2 and Bax 
in SUP-B15 cells. Defect in apoptosis may contribute to leuke-
mia progression and treatment resistance. Deregulated expres-
sion of anti-apoptotic or pro-apoptotic molecules may disrupt 
apoptosis signaling of leukemia cells. Bcl-2 family members are 
important regulators of apoptosis which include anti-apoptotic 
(Bcl-2, Bcl-XL and Mcl-1), pro-apoptotic (Bax and Bak) and 
the BH-3 domain-only (Bim, Bid and Bik) proteins. To explore 
the possible mechanism by which oridonin induced apoptosis in 
SUP-B15 cells, we analyzed the expression of Bcl-2 and Bax by 
western blot analysis. The results as depicted in Figure 5 A and B 
exhibited alteration in the expression of both Bcl-2 and Bax pro-
teins. Oridonin treatment resulted in decrease of Bcl-2, whereas 
Bax level increased in time- and dose-dependent manner.

The effect of oridonin on mRNA levels of bcr-abl gene in 
SUP-B15 cells. bcr-abl gene is the root cause of Ph+ leukemia, 
therefore, to investigate the anti-leukemia mechanism of oridonin, 
we evaluated the effects of oridonin on bcr-abl gene by perform-
ing semi-quantitative RT-PCR. As shown in Figure 6A and B, 

Figure 4. Effects of imatinib alone or in combination with oridonin on growth-signaling pathways in SUP-B15 cells. The SUP-B15 cells were incubated 
with 1 μM imtinib for 6, 12 and 24 h, or with 1 μM imatinib plus 3 μM oridonin for 24 h. They were then harvested and total proteins were extracted. 
Equal amounts of protein from each sample were separated on SDS-PAGE and immunoblotted with indicated antibodies, GAPDH was used as a load-
ing control. Imatinib upregulated Akt/mTOR signaling pathway (A), inhibited constitutively activation of MEK, ERK signaling proteins (C) and STAT5 
signaling (E) and had no significant effect on RAF and LYN signaling proteins (C and E). Oridonin overcame the upregulation of Akt/mTOR signaling 
pathway by imatinib. (B) Oridonin plus imatinib had no synergetic inhibitory effects on activation of MEK, ERK (D) and STAT5 (F) signaling proteins. The 
combination of oridonin and imatinib exerted significant inhibitory effect on activation of LYN tyrosine kinase (F). The results shown were representa-
tive of two independent experiments.

Figure 5. Oridonin modulated the expression of pro-apoptotic protein 
Bax and anti-apoptotic protein Bcl-2 in SUP-B15 cells. The cells were 
incubated with 7.5 μM oridonin for 6, 12 and 24 h (A), or with 5, 10 and 
15 μM doses of oridonin for 24 h (B). Equal amounts of protein from 
each sample were separated on SDS-PAGE and immunoblotted with 
antibodies against Bcl2 and Bax. GAPDH was used as a loading control. 
The results shown were representative of two independent experi-
ments. Oridonin upregulated the expression of pro-apoptotic protein 
Bax and downregulated the expression of anti-apoptotic protein Bcl-2 
in SUP-B15 cells.



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com	 Cancer Biology & Therapy	 1249

MEK/ERK and SATA5 signaling pathways, downregulating the 
expression of anti-apoptosis protein Bcl-2 and upregulating the 
expression of pro-apoptosis protein Bax. Synergetic effects of ori-
donin and imatinib were derived from the inhibition of LYN/
Akt/mTOR signaling pathway. In Ph+ ALL patient primary cells, 
oridonin also exhibited predominant suppressive effects on acti-
vations of Akt/mTOR, Raf/MEK, STAT5 and LYN signaling, 
upregulateed markedly the level of Bax and downregulated the 
level of Bcl2. Oridonin with imatinib exerted synergetic inhibi-
tory effect on mTOR signaling, STAT5 and LYN signaling.

Unlike normal cells, tumor cells often express constitutively 
active growth-signaling pathways such as Akt/mTOR, RAF/
MEK/ERK, JAK/STAT and NF-κB signaling pathways owing 
to genic mutations, rearrangements and chromosomal translo-
cations. These growth-signaling pathways play vital important 
roles in tumorigenesis, proliferation, anti-apoptosis and drug 
resistance.35-38 More constitutively active growth-signaling path-
ways in leukemia indicate poorer the prognosis.39 Thus, these 
pathways may represent promising molecular targets of leukemia. 
BCR-ABL tyrosine kinase triggers Ph+ leukemia. Otherwise, 
the Src-family kinases (SFKs) are required for the development 
and progression of Ph+ ALL. Furthermore, SFKs cooperate with 
BCR-ABL resulting in the activation of certain downstream sig-
naling pathways involved in Ph+ ALL transformation, includ-
ing Akt/mTOR, Raf/MEK/ERK, STAT5 and NFκB signaling 
pathways.10,13,40-43

oridonin, imatinib or in combination treatment 
had no significant effects on mRNA levels of 
bcr-abl gene.

Oridonin suppresses activation of growth-
signaling pathways in Ph+ ALL patient speci-
mens. Different from SUP-B15 cells, we found 
ERK was scarcely activated in the four Ph+ 
ALL clinical specimens and we did not detect 
the effect of oridonin on it. Since we obtained 
only few specimens, these cells were incubated 
only with oridonin (10 μM) for 24 h to mea-
sure changes in activation levels of signaling 
pathways. Synergetic effects of oridonin and 
imatinib were examined only in one imatinib 
resistant patient. As shown in Figure 7, orido-
nin markedly downregulated activation levels of 
Akt/mTOR, Raf/MEK, STAT5 and LYN sig-
nalings in the four patient specimens. In patient 
4 who progressed under imatinib therapy, 5 μM 
imatinib had little inhibitory effects on activa-
tions of Akt/mTOR, Raf/MEK, STAT5 and 
LYN signalings, however, 5 μM imatinib plus 
5 μM oridonin significantly inhibited the acti-
vation of mTOR, LYN and STAT5 signaling, 
but had no synergetic inhibitory effects on Raf/
MEK.

As a control, we examined the effects of ori-
donin on non-BCR/ABL positive leukemia cell 
line CEM cells (human acute T-lymphoblastic 
leukemia cell line) and normal human peripheral 
blood mononuclear cells. Our data suggested that the cytotoxic 
effects of oridonin were not cell or BCR/ABL kinase dependent. 
Oridonin also inhibited proliferation of CEM cells in a time- and 
dose-dependent manner (Fig. S1) and induced apotosis of CEM 
cells (Fig. S2A and B) via downregulating signaling m-TOR and 
Raf/ERK signaling pathways (Fig. S3). Oridonin had minimal 
cytotoxic effect on normal human peripheral blood mononuclear 
cells under these conditions (Fig. S4). We found that PBMCs 
from healthy donors were negative for ABL/AKT/mTOR, RAF/
MEK/ERK and STAT5 signaling activation (Fig. S5); therefore 
we did not examined the effects on them.

Discussion

In this study, oridonin exhibited a strong anti-leukemia effect 
in Ph+ ALL in vitro. Our results showed that oridonin inhib-
ited the spontaneous growth of SUP-B15 cells in time- and dose-
dependent manner and exerted synergetic anti-leukemia effects 
in combination with imatinib. To further understand the mecha-
nisms in the anti-leukemia activity of oridonin, we analyzed the 
effect of oridonin on apoptosis and activations of Abl and LYN 
kinases, and their downstream Akt/mTOR, Raf/MEK/ERK, 
and SATA5 signaling pathways which were constitutively acti-
vated in SUP-B15 leukemia cells. Our results showed that orido-
nin induced apoptosis by inhibiting simultaneously activations of 
Abl and LYN kinases and their downstream Akt/mTOR, Raf/

Figure 6. Analysis of mRNA expression of bcr-abl gene in SUP-B15 cells. The cells were 
treated with indicated oridonin, imatinib, or in combination for 24 h. Total RNA was isolated 
and RT-PCR was performed with β-actin primers as a control with the same amount of RNA. 
Oridonin, imatinib alone, or thier combination had no effects on the mRNA expression of 
bcr-abl gene in SUP-B15 cells. (A) Lane 1: control; lane 2: oridonin 5 μM; lane 3: oridonin 
10 μM; lane 4: oridonin 15μM; lane 5: β-actin of conrtol; lane 6: β-actin of oridonin 5μM; 
lane 7: β-actin of oridonin 10μM; lane 8: β-actin of oridonin 15 μM. (B) Lane 1: control; 
lane 2: oridonin 3μM; lane 3: imatinib 1μM; lane 4: oridonin 3μM and imtinib 1μM; lane 5: 
β-actin of control; lane 6: β-actin of oridonin 3 μM; lane 7: β-actin of imatinib 1μM; lane 8: 
β-actin of oridonin 3 μM and imatinib 1 μM.
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effective in SUP-B15 cells. Oridonin is an active diterpenoid 
compound isolated from Rabdosia Rubescens. Previous studies 
showed that oridonin had suppressive effect on Akt and RAF/
ERK signaling pathways in some tumor cells. Song et al. showed 
oridonin induced apoptosis in human osteosarcoma cells through 
Akt and MAPKs signaling pathways.44 Dan et al. reported that 
oridonin induced the apoptosis of human epidermoid carcinoma 
A431 cells through blockage of the Ras/RAF/ERK signal path-
way.45 Our study showed oridonin simultaneously inhibited acti-
vations of Akt/mTOR, Raf/MEK/ERK and STAT5 signaling 
pathways, downregulated Bcl-2 level and upregulated Bax expres-
sion and then induced apoptosis in SUP-B15 cells. Oridonin is a 
promising anti-leukemia agent for Ph+ ALL.

Although, BCR-ABL tyrosine kinase induces both Ph+ ALL 
and CML, activation status of downstream signaling pathways 
in them is different. Our studies showed that Akt/mTOR, Raf/
MEK/ERK and STAT5 signaling were constitutively activated 
prominently and coequally in SUP-B15 cells. In K562 cells, the 
main activated pathway was Raf/MEK/ERK signaling. The acti-
vation levels of Akt/mTOR and STAT5 in K562 cells were mark-
edly lower than in SUP-B15 cells. These may be one of the reasons 
that Ph+ ALL is more aggressive than CML and account for the 
poor prognosis of Ph+ ALL. Therefore, we speculate that agents 
inhibiting activation of Akt/mTOR, Raf/MEK/ERK or STAT5 
would create anti-leukemia effects, especially since the inhibitors 
suppressing the three pathways simultaneously may prove more 

Figure 7. Oridonin downregulates signaling pathways in Ph+ ALL patient primary cells. The mononuclear cells from Ph+ ALL patients were treated 
with 5 μM oridonin, 10 μM oridonin and 5 μM imatinib, or 5 μM oridonin with 5 μM imatinib for 24 h. Total proteins were extracted and equal 
amounts of protein from each sample were separated on SDS-PAGE and immunoblotted with indicated antibodies. GAPDH was used as a loading 
control. Oridonin significantly suppressed Akt/mTOR, Raf/MEK, STAT5 and LYN signaling pathways in all four clinical specimens. In patient 4 who pro-
gressed under imatinib therapy, 5 μM imatinib had little inhibitory effects on Akt/mTOR, Raf/MEK, STAT5 and LYN signaling while, 5 μM imatinib with 5 
μM oridonin significantly inhibited the activation of mTOR, LYN and STAT5 signalings, but had no synergetic inhibitory effects on Raf/MEK.
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oridonin might overcome the defect of imatinib and that syn-
ergetic anti-leukemia effects might be elicited when combining 
the two compounds. Consistent with our prediction, combina-
tion of oridonin and imatinib overcame the defect of imatinib 
alone and elicited inhibitory effect on activation of Akt/mTOR 
signaling and LYN signaling. No synergetic effects on Abl/Raf/
MEK/ERK, STAT5 pathway and mRNA level of bcr-abl gene 
were observed. Therefore, we deduced that oridonin with ima-
tinib exerts synergetic anti-leukemia effects on SUP-B15 cells 
by inhibiting activations of Akt/mTORsignaling pathway and 
LYN signaling. We are tempting to speculate that combination 
of imatinib and oridonin is a promising therapy strategy which 
may increase anti-leukemia potency of imatinib and retard 
development of imatinib resistance.

Taken together, oridonin simultaneously inhibits activations 
of Abl and LYN kinases and their downstream Akt/mTOR, 
Raf/MEK/ERK and STAT5 panthways which are constitutively 
activated in Ph+ ALL SUP-B15 cells and in Ph+ ALL patient 
specimens. It then induces apoptosis and inhibits proliferation. 
Moreover, oridonin with imatinib exert synergetic anti-leukemia 
effects by overcoming imatinib’s drawback of activation of Akt/
mTOR signaling and its effects on LYN. Oridonin is a promising 
therapeutic agent for Ph+ ALL.

Materials and Methods

Cell culture, patient specimens and materials. Ph+ acute B 
lymphoblastic leukemia cell SUP-B15 expressing P190 fusion 
protein was purchased from American Type Culture Collection 
(ATCC,). The cells were cultured in IMDM medium containing 
10% FBs, 100 U/ml penicillin and 100 g/ml streptomycin and 
in 5% CO

2
 incubator at 37°C. Primary leukemia samples (blood 

or bone marrow) were obtained from four Ph+ ALL patients diag-
nosed at the Department of hematology at Sichuan University in 
West China, after acquiring written informed consent and the 
approval from the local ethics committees. The mononuclear 
cells were isolated by density centrifugation (Ficoll-Hypaque), 
re-suspended in cell culture media (RPMI-1640 with 10% fetal 
bovine serum, 100 U/ml penicillin and 100 g/ml streptomycin) 
and incubated at 37°C in a 5% CO

2
 incubator. The normal 

human peripheral blood mononuclear cells were isolated from 
blood of blood donor.

The rabbit monoclonal antibodies to phosphor-Abl(Tyr245), 
phospho-mTOR (ser2448), mTOR, phospho-Akt (ser473), Akt, 
phospho-P70S6 (Thr389), P70S6, phospho-4EBP1 (Thr37/46), 
4EBP1, phospho-cRaf (ser338), phospho-MEK1/2 (ser217/221), 
MEK1/2, phospho-ERK1/2 (Thr202/Tyr204), GAPDH, Bax, 
Bcl-2 and goat anti-rabbit horseradish peroxidase (HRP) conju-
gate were purchased from the Cell Signaling Technology. The 
rabbit monoclonal antibody to phospho-Lyn (Tyr396) was pur-
chased from Abcam. The rabbit monoclonal antibody phospho-
STAT5a (Thr694) was purchased from Beijing Biosynthesis 
Biotechnology Co., Ltd. AnnexinV-FITC/PI appotosis detec-
tion kit was purchased from KeyGen Biotech. Co., Ltd. 3-(4, 
5-dimethylthiazol-2-yl)-2 and 5-diphenyl-2H-tetrazolium bro-
mide (MTT) was purchased from Sigma Chemical Co. Oridonin 

Both Ph+ ALL and CML are triggered by constitutively acti-
vated BCR-ABL tyrosine kinase while they clearly differ in their 
aggressiveness and response to target therapy. The BCR-ABL 
tyrosine kinase inhibitor imatinib mesylate is the standard treat-
ment for CML; however, the response rate for Ph+ ALL is lower, 
response duration is shorter than that of CML and relapse is fre-
quent when used as a single agent.46 Although the reason for the 
poor response of Ph+ ALL to imatinib therapy remains unclear, 
previous studies indicated that imatinib resistance exists even 
in imatinib-naive BCR-ABL positive cells. How do BCR-ABL 
positive cells escape from imatinib inhibition? In Ph+ leukemia, 
the activation level of STAT5 is a parameter that determines the 
sensitivity of BCR-ABL+ cells against tyrosine kinase inhibi-
tors (TKIs) and it is associated with resistance against TKIs.47 
Higher level of STAT5 is associated with lower level of TKI sen-
sitivity. Our data showed that the activation level of STAT5 was 
higher in SUP-B15 than in K562. This may be one reason for 
lower response of Ph+ ALL to imatinib. Burchert et al. demon-
strated that Akt/mTOR signaling was activated in response to 
IM-treatment in BCR-ABL+ cells.48 Furthermore, they indicated 
that IM-naive BCR-ABL+ cells employed the compensatory 
Akt/mTOR-signal activation to escape BCR-ABL inhibition of 
IM. Finally, the researchers found that imatinib-induced Akt/
mTOR-signaling activation was involved in mediating early 
IM-resistance and they stated that inhibition activation of this 
signaling pathway prevented imatinib resistance development. 
Chu et al. reported that IM treatment of primary CML-cells 
unexpectedly did not inhibit the Akt-activity and that com-
pensatory activation of the Ras/MAPK-signaling contributed 
to survival of BCR-ABL positive cells under IM selection pres-
sure.49 Our studies showed that imatinib treatment notably 
inhibited the activation of Abl, MEK, ERK and STAT5, but 
further activated Akt/mTOR sigaling pathway in SUP-B15 cells. 
Otherwise, unlike CML, three SRC-family kinases, LYN, HCK 
and FGR, are required for the development of B-ALL and acti-
vation of these SRC kinases is independent of BCR-ABL kinase 
activity. Thus inactivation of BCR-ABL kinase activity alone is 
insufficient to control the disease.20 In SUP-B15 cells, imatinib 
treatment had no significant inhibitory effect on activity of LYN 
kinase. At the same time, our data showed imatinib induced 
cytotoxic effects in SUP-B15 cells dilatorily and had no signifi-
cant effects on apoptosis at 24 h; therefor these leukemia cells 
had adequate time to employ markedly activated Akt/mTOR 
survival pathway to escape imatinib treatment. These may par-
ticularly account for the poor response of imatinib-naive Ph+ 
ALL cells and may be one of the mechanisms of imatinib pri-
mary resistance. According to our data, we supposed that Akt/
mTOR signaling is not the intimate downstream of BCR-ABL 
kinase in SUP-B15 cells, as its activation is independent of BCR-
ABL kinase activity. When we combined imatinib with mTOR 
inhibitor rapamycin, anti-leukemia efficacy of imatinib in SUP-
B15 cells rose and unfortunately, the employment of rapamycin 
caused the upregulation of Akt because of the feedback which 
may be the base of new resistance (data not shown). Considering 
the striking inhibitory effects of oridonin on activation of Akt/
mTOR signaling pathway and LYN kinase, we anticipated that 
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Western blot analysis. Whole-cell extracts (2 × 106 cells) were 
prepared from control, oridonin, imatinib and oridonin plus ima-
tinib in RAPI lysis buffer (20 mM Tris, pH 7.4; 250 mM NaCl; 2 
mM EDTA, pH 8.0; 0.1% Triton-X100; 0.01 mg/mL aprotinin; 
0.005 mg/mL leupeptin; 0.4 mM PMSF; 4 mM NaVO4), protein 
extracts were quantitated loading on 6 to 15% sodium dodecyl 
sulfate-polyacrylamide gel. After electrophoresis, proteins were 
electro-transferred to nitrocellulose membrane. The membrane 
was incubated overnight with specific primary antibody at 4°C, 
then washed and incubated with horseradish peroxidase (HRP)-
conjugated secondary antibody for 1 h at room temperature and 
finally detected by enhanced chemiluminescence (ECL) detec-
tion system and film (Bio-Rad Laboratories, Inc.) according to 
manufacturer’s instruction. GAPDH was used as an endogenous 
control to standardize the amount of the sample proteins.

RT-PCR assay. SUP-15 cells were treated with indicated con-
centration of ordonin, imatinib and ordonin plus imatinib for 
24 h. Total RNA was isolated from 2 × 106 cells according to 
the manufacturer’s instructions (Tiangen Biotech Co., Ltd.). 
Two micrograms of RNA was converted to cDNA by Superscript 
reverse transcriptase (Takara Biotechnology Co., Ltd.). The rela-
tive expression of bcr-abl was analyzed using semi-quantitative 
RT-PCR with β-actin as an internal control. The RT-PCR reac-
tion mixture contained 10 μl Taq mixture, 3 μl of cDNA, 1 μl 
of sense and anti-sense primer and 5 μl RNA-free water in a final 
volume of 20 μl. The primer sequences for bcr-abl were (sense) 
5'-CCG GAG TTT TGA GGA TTG CGG A-3'; (anti-sense) 
5'-TTG GAG TTC CAA CGA GCG GC-3'. For β-actin the 
primer sequences were as follows (sense) 5'-CCA AGG CCA 
ACC GCG AGA AGA TGA C-3'; (anti-sense 5'AGG GTA CAT 
GGT GGT GCC GCC AGA C-3'. The reaction was performed 
at 94°C for 2 min, 94°C for 30 cycles of 30 sec each, 56°C for 
30 sec, 72°C for 35 s and a final extension at 72°C for 10 min. 
The PCR products (10 μl) were analyzed by electrophoresis on 
2% (w/v) agarose gel, photographed and quantified by densito-
metric scanning.

Statistical analysis. The IC
50

 and viability were analyzed 
with one-way ANOVA and independent sample t-test. P values 
less than 0.05 were considered statistically significant and were 
derived from two-sided statistical tests. All statistical analyses 
were performed using the software SPSS 13.0 for Windows.
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was purchased from Suzhou Baozetang Bio-Pharm Co., Ltd. 
and was prepared at a 20-mM solution in dimethyl sulfoxide 
and diluted in cell culture medium before use. Imatinib from 
Novartis was dissolved in dimethyl sulfoxide and stored in -20°C 
with the concentration of 10 mM. RPMI 1640, fetal bovine 
serum (FBS) and penicillin/streptomycin were obtained from 
Hyclo Company.

MTT assay. The cytotoxic effect of oridonin on SUP-B15 
cells and mononuclear cells from Ph+ ALL patients was deter-
mined by MTT assay. Briefly, the cells (4 × 104 cells/well in 
SUP-B15 cells and 5 × 105 cells/well in patient specimens) were 
incubated for 72 h at 37°C in triplicate in a 96-well plate in 
the presence or absence of indicated concentrations of oridonin 
in a final volume of 100 μL. Thereafter, 20 μL MTT solution 
(5 mg/mL in PBS) was added to each well. After 4-h incuba-
tion at 37°C, 100 μL SDS-isobutanol-HCl solution was added 
and incubation was continued overnight at room temperature. 
Subsequently, the optical density (OD) was measured using 
μQuant MQX200 Microplate Spectrophotometer (Biotek) 
at a wavelength of 570 nm. The cell viability was displayed 
as a percentage: OD(oridonin) − OD(blank)/[OD (control) 
− OD(blank)] × 100%. The percentage of cell growth inhibi-
tion was calculated as follows: Cell growth inhibition (%) = 
OD(control) − OD(oridonin)/[ OD(control) − OD(blank)] × 
100. Synergistic cytotoxicity was determined by calculating the 
interaction index (I) according to the classic isobologram equa-
tion 34: I = (D)1/(Dx)1 + (D)2/(Dx)2, where Dx is the concen-
tration of one compound alone required to produce the effect 
(in this case 50% inhibition of cell growth) and (D)1 and (D)2 
are the concentration of both compounds that produce the same 
effect. I = 1 indicates an additive effect, I < 1 indicates synergy, 
I > 1 means antagonism between two drugs.

Light microscopy. SUP-B15 cells (2 × 106) were seeded into 
6-well culture plates and cultured with indicated concentration 
of oridonin, imatinib and oridonin plus imatinib for 24 h. The 
cellular morphologic changes were observed using a light micro-
scope (Olympus).

Fluorescence microscopy. Apoptotic morphology was stud-
ied by staining the cells with Hoechst 33258 fluorescent. Cells 
(2 × 106) were seeded into a 6-well plate with indicated orido-
nin, imatinib and oridonin plus imatinib. After 24 h incubation, 
the cells were harvested and washed three times with PBS and 
stained with 20 mg/ml of Hoechst 33258 for 10 min. Thereafter, 
the cells were washed in PBS and observed under a fluorescence 
microscope (Olympus).

Flow cytometric analysis. Cell apoptosis of the treated cells 
was analyzed using a ñow cytometer. After the treatment with 
different concentrations of oridonin, imatinib and imatinib plus 
oridonin for 24 h, SUP-B15 cells were harvested by centrifuga-
tion at 300 × g for 5 min and then washed in phosphate-buffered 
saline (PBS) once. The cells were resuspended in 100 μL binding 
buffer. Fuorescein isothiocyanate (FITC)-conjugated annexin V 
was added to the samples and kept in the dark for 10 min, subse-
quently, PI was added and analyzed by ñow cytometry. For each 
determination, 10,000 cells were counted.
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