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Abstract
We investigated whether the venom of the scorpion Buthus martensii Karsch (BmK) inhibited growth of human lymphoma
cells by inducing apoptosis, and studied possible signal pathways involved in this cell death. BmK venom selectively reduced
the viability of Raji and Jurkat cells, and had low toxicity to human peripheral blood lymphocytes. Flow cytometry showed
that BmK venom-induced apoptosis and G0/G1 cell cycle arrest in Raji and Jurkat cells. In Raji cells, BmK venom
upregulated the expression of PTEN accompanied by decreased levels of Akt and Bad phosphorylation. Treatment with
BmK venom and LY294002 (an inhibitor of Akt) synergistically enhanced apoptosis. The expression of p27 was increased in
both PTEN-positive Raji and PTEN-negative Jurkat cells exposed to BmK venom. The results indicate that key regulators in
BmK venom-induced apoptosis are PTEN, acting through downregulation of the PI3K/Akt signal pathway, in Raji cells and
p27 in Jurkat cells.

Keywords: Scorpion venom, apoptosis, PTEN, Akt, Bad, p27

Introduction

The scorpion Buthus martensii Karsch (BmK) had

been used as a Chinese traditional medicine for

thousands of years. In the first authoritative Chinese

pharmacopoeia ‘compendium of material medica’

edited by Li Shizhen in 1578, dried scorpion bodies

were used to treat a variety of diseases. Scorpion

venoms are complex mixtures of molecules, most of

which are peptides displaying various kinds of

biological activity. During the past two decades,

several of these compounds have been identified.

Toxins modulating Naþ, Kþ, Ca2þ and Cl7

currents across cell membranes have been described

[1]. Some enzymes like proteases and hyaluroni-

dases as well as chlorotoxin-like peptides from this

venom may have therapeutic potential, including

anticancer activity [2–4]. Recent studies have de-

monstrated that BmK venom can induce apoptotic

cell death [4–6] and possesses anti-tumor effects

[7,8]. However, the molecular mechanisms that

underlie the induction of apoptosis by BmK venom

are poorly understood, and require further

exploration.

Lymphoma is a cancer in the lymphatic system.

Despite recent advances in radiotherapy, chemother-

apy and stem cell transplantation, the severe mor-

bidity from lymphoma has not been alleviated [9,10].

Much effort has been focused on the discovery and

development of new chemopreventive agents, espe-

cially agents targeted at mechanisms known to be

involved in the process of carcinogenesis. Therefore,

we have sought to identify novel agents that can

effectively prevent lymphoma carcinogenesis but

have minimal toxicity to healthy cells. In this study,

we examined the effects of BmK venom on two

human lymphoma cell lines (Raji and Jurkat)

compared with peripheral blood lymphocytes
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(PBLs), and focused on changes in the PTEN and

the phosphoinositide 3-kinase (PI3K)/Akt signal

pathway.

Materials and methods

This study was performed in accordance with the

Declaration of Helsinki and with the approval of the

Shandong University Ethics Committee.

Chemicals

BmK venom was purchased from Seebio Biotech.

(reagent grade, protein content 490%, Shanghai,

China). RPMI-1640 medium and fetal bovine serum

(FBS) were purchased from Gibco, Invitrogen

Corporation (NY). MTT [3-(4,5-dimethylthiozol-2-

yl)- 2,5-2,5-diphenyltetrazolium bromide] and pro-

pidium iodide (PI) were from Sigma Aldrich Co.

(St Louis, MO). Annexin V–FITC (fluorescein

isothiocyanate) apoptosis detection kit was from

Jingmei Biotech. (Shenzhen, China). Antibodies

against Akt, phospho-Akt (p-Akt, phosphorylated at

serine 473), Bad, phospho-Bad (p-Bad, phosphory-

lated at serine 136), p27, PTEN and LY294002 were

from cell signalling technology (Danvers, MA). All

the other reagents were of analytical grade and

purchased locally.

Cell culture and drug addition

Raji and Jurkat cells were obtained from Shandong

Academy of Medical Sciences (Jinan, China). PBLs

were isolated from heparinised venous whole blood

(20 mL) using Ficoll-Paque Plus. Cells were cul-

tured in RPMI-1640 medium containing 10% FBS

in a 5% CO2 humidity incubator at 378C. BmK

venom was dissolved in RPMI-1640 medium and

then passed through a nitrocellulose filter (Millipore

0.2 mm). LY294002 was solubilised in dimethyl

sulfoxide and added to cultures 20 min before the

addition of BmK venom to give final concentrations

of 20 mM.

Cell viability assay by MTT assay

Cells seeded in a 96-well plate were treated with

different concentrations (0–1000 mg/mL) of BmK

venom for 24–72 h. Then MTT was added for 4 h

and the absorbance value at 570 nm was measured

using a Bio-Rad microplate reader.

Analysis of apoptosis

Cells treated with BmK venom (0, 150 and

300 mg/mL) for 48 h were labelled using the Annexin

V–FITC kit according to the manufacturer’s instruc-

tions and analysed by flow cytometry.

Cell cycle analysis by flow cytometry

For cell cycle analysis, Raji and Jurkat cells were

treated with 0, 150 and 300 mg/mL of BmK venom.

After incubation for 48 h, cells were collected and

fixed in 70% ethanol at 48C until analysis. Subse-

quently, cells were stained with PI (PBS containing

200 mg/mL PI, 200 mg/mL RNase A) and analysed

using a BD FACScan (Beckman Coulter,

Miami, FL).

Western blot analysis

The cell extracts (50 mg of total protein) were

separated by 8–12% SDS polyacrylamide gel electro-

phoresis and transferred onto Hybond ECL nitrocel-

lulose membranes (Amersham, Piscataway, NJ).

After blocking with 5% skim milk, the membranes

were incubated with rabbit anti-PTEN (1:1000),

anti-Akt (1:1000), anti-p-Akt (1:1000), anti-Bad

(1:1000), anti-p-Bad (1:500) and anti-p27 (1:1000).

The membranes were then incubated with goat anti-

rabbit peroxidase-conjugated secondary antibody

(1:1000) for 1 h and developed using the ECL

Western-blotting analysis system (Amersham).

RT-PCR assay

Cells were harvested and the total RNA was isolated

using TRIzol reagent (Invitrogen Co. California)

according to the manufacturer’s recommendations.

cDNA was synthesised from 1 mg/mL of total RNA

using M-MLV reverse transcriptase (Invitrogen,

California) and oligo-dT. The primers were as

follows: PTEN, sense 50-AGT TTG TGG TCT

GCC AGC TA-30 and antisense 50-TCA GAG TCA

GTG GTG TCA GA-30 (470 bp), and b-actin, sense

50-GTG GAC ATC CGC AAA GAC-30, antisense

50-GAA AGG GTG TAA CGC AACT-30 (303 bp).

The PCR cycle was as follows: 948C for 30 s,

annealing at 558C for 30 s, extension at 728C for

1 min, repeated for 28 cycles. The amplified

product was identified by electrophoresis using

1.5% agarose gel.

Statistics

Results are shown either as representative examples

or as mean values (with SD) from the number of

experiments shown. Significant differences between

groups were determined using Student’s t-test.

P5 0.01 or50.05 was considered to be statistically

significant.
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L
eu

k 
L

ym
ph

om
a 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

Y
or

k 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
 o

n 
08

/1
3/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Results

Buthus martensii Karsch venom inhibited cellular

viability of Raji and Jurkat cells in a time- and

dose-dependent manner

To determine the effect of BmK venom on cell

viability, we used the MTT assay. The cells were

treated with various concentrations of BmK venom

and harvested at different time points. The results

presented in Figure 1 illustrate a significant time- and

dose-dependent loss of viability in Raji and Jurkat

cells compared with the untreated group and

PBLs. The effect was more evident after 48 h of

BmK venom exposure in Raji and Jurkat cells

[Figure 1(A)]. Consequently, we chose 48 h as the

treatment time for subsequent experiments. The

IC50 value was calculated to be 275 mg/mL for Raji

cells and 361 mg/mL for Jurkat cells [Figure 1(B)].

We chose 150 mg/mL, a value less than either IC50,

and 300 mg/mL, a value between the two IC50s, to

detect the venom’s apoptogenic effect during other

experiments. Figure 1 also shows the small effect of

BmK venom on the viability of PBLs.

Flow cytometric analysis of apoptosis

To determine whether the cell death was caused by

increased induction of apoptosis, Raji, Jurkat and

PBL cells treated with BmK venom were analysed

with Annexin V/PI staining on a flow cytometer.

This assay divides apoptotic cells into two stages:

early (Annexin Vþ/PI7) and late apoptotic/necrotic

(Annexin Vþ/PIþ). With increasing doses of BmK

venom, both early and late apoptotic/necrotic cells

increased in Raji and Jurkat cell cultures (Figure 2)

The percentage of early apoptotic cells was signifi-

cantly greater than that of late apoptotic/necrotic cells

(P5 0.01). At a venom concentration of 300 mg/mL,

as shown in Figure 2(B), the proportions of early

apoptotic cells were significantly increased and the

percentage of apoptotic Raji cells (43+ 7%) was

more than that of Jurkat cells (24+ 5%)( P5 0.05).

In contrast, PBLs showed no significant increase of

either early apoptotic or late apoptotic/necrotic cell

populations after exposure to 150 or 300 mg/mL of

BmK venom.

Effects of Buthus martensii Karsch venom on the

expression of PTEN and downstream target proteins

Raji and Jurkat cells were incubated with BmK

venom for 48 h, and PTEN, Akt, Bad and p27 were

analysed by Western blot. As shown in Figure 3(A),

a dose-responsive increase of PTEN was observed

only in Raji cells. In Raji cells, the levels of p-Akt

and p-Bad clearly decreased in a dose-dependent

manner, whereas the levels of total Akt and Bad

protein were stable. PTEN expression was inversely

correlated with phosphorylation of Akt, indicating

that the PTEN was functional. However, BmK

Figure 1. Effect of BmK venom on cell viability by MTT assay. (A) Jurkat, Raji and PBL cells were treated with BmK venom at 0 (Open

bars), 250 (dotted bars) and 500 mg/mL (solid bars) for 24, 48 and 72 h. (B) Jurkat, Raji and PBL cells were treated with 0, 125, 250, 375,

500, 750 or 1000 mg/mL BmK venom for 48 h. Data (mean+SD, n¼6) are expressed as percentages of the control value (no BmK venom

treatments). *P50.05; **P5 0.01 versus control value.
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venom did not affect the expression of Akt, Bad,

p-Akt or p-Bad in Jurkat cells. The data illustrated

in this section demonstrate that PTEN upregulation

is concomitant with a decreased level of Akt

and Bad phosphorylation in Raji, the PTEN-

positive cell line, but not in Jurkat, the PTEN-

negative cell line.

Stimulation of PTEN mRNA expression by Buthus

martensii Karsch venom

We examined whether BmK venom regulated the

expression of PTEN mRNA by RT-PCR assay. As

shown in Figure 3(B), the expression of PTEN

mRNA was observed in both cell lines, but increased

Figure 2. Effects of BmK venom on apoptosis-induce. Jurkat, Raji and PBL cells were treated with 0, 150 or 300 mg/mL BmK venom for

48 h. (A) Apoptosis of Jurkat (upper panel), Raji (middle panel) and PBL (lower panel) cell assayed by Annexin-V/PI staining flow

cytometry. Representative of three similar experiments with triplicates. (B) The percentage of early apoptotic cells was determined as above.

Early (annexin Vþ/PI7) and late (annexin Vþ/PIþ) apoptotic cells were counted. Values are means+SD (n¼6). *P50.05 versus Raji cells.
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in a dose-dependently manner only in Raji cells

treated with BmK venom.

Inhibition of phosphoinositide 3-kinase/Akt signal

pathway is synergistic with Buthus martensii Karsch

venom treatment

We next sought to determine whether inhibition of

Akt activation by the specific PI3 kinase inhibitor

LY294002 resulted in enhanced BmK venom-

mediated cell death. As shown in Figure 4(A),

pretreatment of the cells with 20 mM LY294002

decreased the phosphorylation of Akt, but not the

level of total Akt. Interestingly, although the expres-

sion of p-Akt was markedly inhibited with BmK

venom treatment, it was further decreased by the

pretreatment with Akt inhibitors. LY294002 treat-

ment induced apoptosis of Raji cells and sensitised

them to BmK venom, resulting in a toxic synergy

with the venom [Figures 4(B) and 4(C)]. When the

Raji cells were incubated in a medium containing

20 mM LY294002 and 150–300 mg/mL BmK venom

for 48 h, the percentages of cell apoptosis increased

to (36+ 2)% and (70+ 7)%, respectively. These

results indicated that BmK venom-induced apoptosis

is significantly associated with downregulation of the

PI3K/Akt signal pathway.

Cell cycle arrest and p27 expression

The ability of BmK venom to affect specific phases of

the cell cycle may provide clues to its mechanism of

action. As shown in Figures 5(A) and 5(B), with

increasing concentrations of BmK venom, the

number of Jurkat and Raji cells in the G0/G1 phase

increased significantly compared with control cells,

whereas the cells in S and G2/M phase decreased

accordingly. No detectable cell cycle changes were

noted in PBLs treated with BmK venom (150 and

300 mg/mL) for 48 h. PBLs were still viable with low

levels of apoptosing cells, and had normal cell cycle

histograms.

We also checked the expression level of p27, a G1

cyclin-dependent kinase (CDK) inhibitor that reg-

ulates G1-S progression. Consistent with cell cycle

arrest in the G0/G1 phase, BmK venom increased the

expression of p27 in both Raji and Jurkat cells

[Figure 5(C)].

Discussion

In the present study, we examined the effects of BmK

venom on two human lymphoma cell lines, Raji and

Jurkat, compared with human PBLs, as well as

possible mechanisms. It is well known that primary

cultured cells closely resemble normal cells in vivo.

Our results demonstrated that BmK venom has good

cytotoxicity against cancerous Raji and Jurkat cells in

a time- and dose-dependent manner, and has little

effects on PBLs.

Tumorigenesis is the manifestations of a delicate

balancing act gone awry [11]. Deregulated cell

growth and suppressed cell death together provide

the underlying platform for tumorous progression

[12]. Apoptosis and cell cycle arrest are important to

maintain homeostasis in healthy tissues.

Apoptosis is a form of cellular suicide charac-

terised by biochemical changes that are different

from necrosis. The apoptosis induced by BmK

venom in Jurkat and Raji cells was confirmed with

Annexin V/PI staining. This assay divides apoptotic

cells into two stages: early (Annexin Vþ/PI7) and

late apoptotic/necrotic (Annexin Vþ/PIþ). In Jurkat

and Raji cell cultures, there were more early

apoptotic cells than late apoptotic/necrotic cells,

suggesting that the majority of the cell death is due

to apoptosis rather than necrosis. The latest

research findings indicate that scorpion venom

can induce apoptosis in cells of other tumors such

as glioma and leukemia. These results suggested

that the cytotoxic effect of BmK venom is not

limited to the cancerous cells previously studied

[5–8]. At a venom concentration of 300 mg/mL, early

apoptotic cells significantly increased and the per-

centage of apoptotic Raji cells was larger than that of

Jurkat cells (P5 0.05). There was no evidence of

apoptosis induction in PBLs exposed to the same

venom concentrations. These results suggest that the

Figure 3. Expression of apoptosis-related proteins. Jurkat and Raji

cells were treated with 0, 150 or 300 mg/mL BmK venom for 48 h.

(A) Western blot analysis showing the effect of BmK venom on

PTEN, total Akt, p-Akt (ser-473), total Bad and p-Bad (ser-136)

protein expression. (B) The result of RT-PCR to detect the level of

PTEN mRNA. Results are representative of three independent

experiments.
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human lymphoma cell lines are far more sensitive to

BmK venom than the PBLs, and Raji cells are more

sensitive than Jurkat cells.

In our ongoing efforts to determine the mechanism

that mediates the apoptotic effects of BmK venom,

we have focused on specific proteins involved in

apoptosis. The phosphatase and tensin homologue

deleted on chromosome 10 gene (PTEN), located at

chromosome 10q23.3, is a critical tumor suppressor

gene [13–15]. PTEN controls at least two known

cellular proto-oncogenes, that for PI3K and that for

Akt. PTEN negatively regulates the PI3K/Akt path-

way, one of the most important pathways for cell

growth, proliferation and survival (Figure 6). PTEN

indirectly inactivates Akt kinase, the downstream

effector of PI3K, by dephosphorylation of phospha-

tidylinositol (3,4,5)-trisphosphate (PIP3) at the D3

position. By keeping levels of PIP3 low, PTEN

prevents activation of phosphoinositide-dependent

kinase-1, thereby preventing phosphorylation and

thus activation of Akt [16–18]. Activated Akt is likely

to send survival signals by phosphorylating multiple

targets, including the proapoptotic protein Bad and

the CDK inhibitor p27, and in this way protects cells

from death and inhibits apoptosis [19–21]. Previous

studies have detected inactivation of PTEN by its

loss, mutation, or low expression in lymphoma cells

[22,23] and there has been considerable interest in

identifying novel agents targeted at the expression of

PTEN.

Figure 4. Apoptosis induction in Raji cells by LY294002 in combination with BmK venom. Raji cells were left untreated or treated with BmK

venom (BV) and/or LY294002 (LY) for 48 h. (A) The expression of Akt and p-Akt was determined by Western blot. (B) Cells were assessed

for apoptosis using Annexin V/PI staining followed by FACS analysis. Results are representative of three independent experiments. (C) The

percentage of early apoptotic cells was determined as above. Values are means+SD (n¼ 6). *P50.05; **P5 0.01 versus control value.
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In this study, PTEN was used for the first time to

investigate the effect of scorpion venom on Jurkat

and Raji cell lines. The Jurkat T-cell line (an acute

T-cell leukemia/lymphoma) has been shown to be

PTEN-negative and the Raji B-cell line (a Burkitt

lymphoma) is PTEN-positive [22,24]. In agreement

with previous reports, we found that PTEN was

expressed in the Raji cells but not in the Jurkat cells.

In Raji cells, PTEN expression was inversely

correlated with phosphorylation of Akt and Bad,

indicating that PTEN plays a major role in the

initiation of apoptosis as an activator of Akt. BmK

venom exposure caused downregulation of Akt, and

a combined treatment with LY294002 (an inhibitor

of Akt) increased BmK venom-induced apoptosis.

These results indicate that inactivation of the PI3K/

Akt signal pathway via the tumor suppressor PTEN

may be one of the important underlying anticancer

mechanisms. BmK venom appears to stimulate this

mechanism in Raji cells. Expression of PTEN mRNA

was observed in both cell lines but dose-dependently

increased only in Raji cells treated by BmK venom,

suggesting that BmK venom regulates PTEN in Raji

cells at the transcriptional level. It is noteworthy that

Jurkat cells, a PTEN-negative cell line, expressed

PTEN mRNA. A recent report showed that appro-

priately sized PCR products could be amplified from

a Jurkat cDNA library with PTEN exonic

primers, and that the translated PTEN protein was

unstable [25].

Cell cycle analysis showed that BmK venom

induced a dose-dependent G0/G1 phase arrest in

Raji and Jurkat cells. This is a hallmark of cells

undergoing apoptosis [26]. The cell cycle is a

sequence of events that is tightly regulated by a

number of cyclins, CDK and CDK inhibitors

Figure 5. Effects of BmK venom on cell cycle distribution and the expression of p27. Jurkat cells, Raji cells and PBL cells were treated with 0,

150 or 300 mg/mL BmK venom for 48 h. (A) DNA content of Jurkat (upper panel), Raji (middle panel) and PBL (lower panel) cells was

analysed by flow cytometry as described in Methods. Representative of three similar experiments with triplicates. (B) The percentage of cells

in G1 phase was determined as above. Values are means+SD (n¼6). *P5 0.05; **P5 0.01 versus control value. (C) Western blot analysis

showing the expression of p27 during BmK venom-induced apoptosis. Results are representative of three independent experiments.
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(CDKI)[27]. p27 is a CDKI that acts as a key

regulator of G0/G1 accumulation. In our studies, the

expression of p27 was increased in Raji and Jurkat

cells by BmK venom, consistent with the delayed

progression through the G1 phase. In previous

studies, p27 has also been reported to be elevated

upon expression of PTEN in PTEN-negative tumor

lines, and is responsible for delayed progression and

arrest in G1 in these cells [22,28]. The results

indicate that the venom’s antiproliferative effect

cannot depend completely on PTEN function.

BmK venom could also slow cell cycle progression

through PTEN-independent pathways linked to the

expression of p27, which might play a critical role in

BmK venom-induced apoptosis in Jurkat cells.

In summary, we have demonstrated that BmK

venom can induce apoptosis and arrest Raji and

Jurkat cells in the G0/G1 phase, but does not poison

normal cells. The possible molecular mechanism

may be suppression of the PI3K/Akt signal pathway

via PTEN and upregulation of p27 with affecting

auxiliary pathways. BmK venom may have potential

as a chemopreventive agent against lymphoma. In the

future, the techniques of RNA interference or gene

knockout could be used to further elucidate the

molecular mechanism through which BmK venom

elicits its apoptosis reaction in cancer cells. Further

studies are required to analyse, identify and enrich

the active components in BmK venom to set up

quality control and increase efficiency.
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