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Abstract: Malignant pheochromocytoma is accurately diagnosed only at occurrence of metastatic foci. However,
at that time, patients are less likely to get many benefits from traditional chemotherapy. Over-expression of BCL-2
family proteins is tightly correlated with progression of pheochromocytoma. ApoG2, as the most potent gossypol
derivative, has exhibited anti-tumor activities in various tumors. In the present study, we found that the staining
degree of Bcl-2 being stronger than Bax was more frequently observed in pheochromocytoma than adrenocorticohy-
perplasia, which was possibly related to shorter overall survival. In addition, ApoG2 could induce apoptosis through
up-regulation of Bax and down-regulation of Bcl-2, increasing reactive oxygen species (ROS) levels, inducing cyto-
chrome C release and cleaving caspase proteins. Most importantly, those inhibition effects were blocked by caspase
activation inhibitor Z-VAD-fmk and antioxidant N-acetyl-L-cysteine. The above results were further confirmed in vivo.
Furthermore, ApoG2 could effectively inhibit tumor movement capabilities. Altogether, our results indicated that
ApoG2 was a potential effective target drug for pheochromocytoma.
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Introduction within five years [8]. Worse still, owing to the
absence of clinically and pathologically reliable
indices to allow the early differentiation of
malignant PHEO from the benign form, the

majority of patients are diagnosed with malig-

Although pheochromocytoma (PHEO) is a rare
catecholamine-secreting adrenal medullary
tumor, it is a relatively common cause of sec-

ondary hypertension, potentially leading to
severe or even fatal cardiovascular complica-
tions [1, 2]. The yearly incidence is approxi-
mately 2-8 per million population [3]. Among
patients with PHEO, up to 36% show malignan-
cy [4], even a higher-than-expected rate proved
by extensively evidences. Early radical surgical
resection was considered as the only curable
means until recently. Compared with the
84-96% five-year survival rate of the benign
form of PHEOQ, the five-year survival rate for the
malignant form is poor at less than 50% [5-7]
and recurrence rate post-operation is 65.4%

nant PHEO solely by the presence of metastatic
lesions. Hence, they are less likely to get many
benefits from traditional chemotherapy. There-
fore, discovering new and effective anti-tumor
drugs to improve prognosis is quite important
for benign or malignant PHEO.

Apoptosis or programmed cell death helps to
retain homeostasis of the internal environment
of an organism through orderly and effective
clearing of damaged cells. Once the process
becomes dysregulated, it is frequently related
to excessive proliferation, finally leading to
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Figure 1. Sketch map of BCL-2 family members. TM, transmembrane do-
main.

Gossypol, used as a male con-
traceptive for 35 years in Chi-
na [25], is a natural polyphe-
nolic compound extracted fr-
om cotton seed. Recently, sev-
eral studies have demonstrat-
ed that gossypol is a native
BH3-mimic capable of block-
ing protein-protein interactio-
ns between pro-apoptotic and
anti-apoptotic members, thus
freeing the pro-apoptotic eff-
ect. Two aldehyde groups in
gossypol are relevant to toxic-
ity and non-specific reaction
[26]. Therefore, a third-gener-
ation derivative of gossypol,
apogossypolone (ApoG2), with
the two aldehyde groups

tumor occurrence and tumor drug resistance removed has shown greater performance and
[9, 10]. Accordingly, drugs targeted at apopto- less toxicity in various cancers, including pros-
sis signaling pathways could potentially induce tate cancer, nasopharyngeal carcinoma, lym-
cell apoptosis and restore sensitivity for che- phoma, pancreatic cancer, carcinoma and oth-
motherapy [11, 12]. B-cell lymphoma/leuke- ers [27-34]. However, the effect of ApoG2 on
mia-2 (BCL-2) family proteins are characterized PHEO remains unclear. In the present study, we
by the inclusion of at least one of four BCL-2 sought to investigate the effect of ApoG2 on
homology (BH) domains, which are regarded as PHEO in vitro and in vivo. The results indicated
one of the most vital regulators for the apopto- that ApoG2 is a potential effective target drug
sis process. Based on structure and function, for PHEO, by not only promoting apoptosis but
BCL-2 family proteins are divided into three also inhibiting invasiveness.
groups: anti-apoptotic proteins (including BH1
to BH4 structures) such as Bcl-2, Bcel-xl, and Materials and methods
Mcl-1; pro-apoptotic proteins (including BH1 to
BH3 structures) such as Bax and Bak; and Cell line and chemical reagents
BH3-only proteins such as Bim, Bid, and Bad
[13] (Figure 1). Remarkably, BH domains of The mouse PHEO cell line (PC12) was originally
anti-apoptotic proteins (Bcl-2 or Bel-xl) can form donated by the Institute of Neurology in Ruijin
a hydrophobic surface pocket which attaches Hospital affiliated to the Medical School of
to BH3 of pro-apoptotic proteins and then inhib- Shanghai Jiaotong University, China. Apogoss-
its pro-apoptotic activity [14]. ypolone (ApoG2) was purchased from ApexBio
(USA). On the day of experiment, ApoG2 powder
Research suggests that over-expression of was diluted to 20 mmol/L stock solution with
Bcl-2 protein is a universal phenomenon in pure dimethylsulfoxide (DMSO; Sigma, Ger-
more than half of all tumor tissues [15] and is many), and then subsequently diluted to the
also tightly correlative to tolerance of different appropriate working solution concentration
kinds of chemotherapeutics [16, 17]. Moreover, with culture medium. Primary antibodies (Bcl-2,
inhibition of autophagy is an alternative mecha- Bax, caspase, beta-actin) in this study were
nism for Bcl-2 protein to promote tumor pro- purchased from Cell Signaling Technology
gression [18, 19]. In other words, the Bcl-2 fam- (USA), and the Hoechst 33258 Staining Kit was
ily of proteins are closely associated with tumor provided from Beyotime Company.

formation and development. In PHEO, the
expression rate of Bcl-2 varies from 39.5% to Cell culture
86% [20-24]. Hence, we reasonably hypothe-

size that Bcl-2 protein may be a potential and PC12 cells were cultured in 60 cm? dishes in an
effective target for PHEO. incubator under conditions of 37°C, 5% CO,,
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Table 1. Clinical features of patients in our
study

Parameter PHEO AH
Total number 21 23
Gender

Male 7 6

Female 14 17
Age 47.3349.40 40.35+10.72
Tumor location

Left 8 8

Right 13 14

Bilateral 0 1
Mean tumor size 5.34+2.41 0.91+0.36
Follow-up (month, xts) 46.71+14.71 /

and 90% humidity. The medium for PC12 cells
was composed of 5% fetal bovine serum
(Invitrogen), 10% horse serum (Thermo Fisher
Scientific), and 85% DMEM. PC12 cells were
subcultured or the culture medium was
replaced every three days.

Tissue samples

Following approval by institutional ethics review
board, all tissue samples (demographic fea-
tures are summarized in Table 1) were collect-
ed between December 2005 and December
2015 from those patients who received an
adrenalectomy in the Department of Urology in
Ruijin Hospital affiliated to the Medical School
of Shanghai Jiaotong University in China.
Methods were carried out in accordance with
the relevant guidelines and regulations, and
informed consent was obtained from all
subjects.

Immunohistochemistry

After fixing in 10% neutral formalin and dehy-
drating in an alcohol concentration gradient,
samples were embedded in paraffin, then cut
into 3-um serial sections, which were dewaxed
twice in xylene, rehydrated in alcohol, and then
rinsed with phosphate buffered saline (PBS)
followed by treatment with 3% H,O, for 10 min
to inactivate endogenous peroxidase. After
antigen retrieval, the slides were incubated
with 10% goat serum for 10 min under constant
temperature to block non-specific reactions.
Subsequently, sections were treated with poly-
clonal rabbit anti-human Bcl-2 and Bax anti-
body for 12 h at 4°C. After washing with PBS
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three times, the slides were incubated with sec-
ondary antibody at 37°C for 30 min. Slides
were then washed again with PBS, developed
in diaminobenzidine (DAB) substrate, counter-
stained in hematoxylin, and dehydrated with
ethanol and xylene before being mounted. For
negative controls, the slides were incubated
with PBS instead of primary antibodies.

The staining intensity of Bcl-2 and Bax were
assessed by two pathologists blinded to each
other and clinical data. Yellowish-brown gran-
ules located in the cytoplasm or nucleus for
Bcl-2 and in the cytoplasm for Bax were consid-
ered as positive staining, otherwise the lack of
any evident yellowish-brown granules was
classed as negative.

Staining intensity was assessed as follows:
score O (no staining), score 1 (weak), score 2
(moderate), and score 3 (strong). Three random
high-power fields (x400 magnification) were
score O (0-5%), score 1 (6-25%), score 2 (26-
50%), score 3 (51-75%), and score 4 (76-100%).
The final score was determined according to
the combination of these two variables and
divided into: score O negative (-), otherwise pos-
itive including score 1-4 weakly positive (+),
score 5-8 moderately positive (++), score 9-12
strongly positive (+++).

Cell proliferation assay

Cells were seeded at a density of 3x10%/well in
200 L culture medium in a 96-well plate. After
incubation for 24 h, cells were treated with dif-
ferent concentrations of ApoG2. At the end of
each time point, the cell counting kit CCK8
reagent (YeaSen, China) was added to each
well and incubated at 37°C for 4 h according to
the manufacturer’'s instructions. The absor-
bance of each well was then measured at 450
nm by gen5 software (BioTek, USA), and cell
inhibition rates at every time point were calcu-
lated compared to the matched control group.

Apoptosis assay

ApoG2-induced-apoptosis was observed by
using the Hoechst 33258 nuclear staining kit.
Briefly, after treatment with ApoG2 at various
concentrations for 48 h in 6-well plates, cells
were stained with Hoechst 33258 for 15 min.
Cells were then washed twice with PBS buffer,
and slides were imaged with a fluorescence
microscope (Olympus, Japan).
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ApoG2-induced-apoptosis was also objectively
quantified by flow cytometry through double
staining with Annexin V and propidium iodide
(PI) (BD, USA). Briefly, at the end of every time
point, cells were harvested and centrifuged at
1000 rpm for 5 min. The cells were then re-
suspended with binding buffer and stained with
Annexin V-FITC for 10 min and PI for 5 min.
Finally, ApoG2-induced-apoptosis were detect-
ed by flow cytometry (Bioscience, USA).

Protein extraction and western blot

Cells were harvested, washed twice with PBS
and then lysed in ice-cold lysis buffer contain-
ing 1% phenylmethylsulfonyl fluoride (PMSF)
and 10% cocktail, for 30 min at 4°C. Cell lysates
were centrifuged to remove precipitate at
12000 rpm for 30 min, added with loading buf-
fer and stored at -20°C until use. Proteins were
separated by SDS-PAGE (10% or 12% gels) and
transferred to polyvinylidene fluoride (PVDF)
membranes (Millipore, Billerica, MA). 5% BSA
was used to block non-specific binding sites for
1 h at normal atmospheric temperature and
subsequently membranes were incubated
overnight at 4°C with primary antibodies
(1:2000) and pB-actin (1:2000). Membranes
were then washed three times with PBS-T (PBS
with 1%0 Tween 20) and incubated with corre-
sponding secondary antibodies at room tem-
perature for 40 min. After washing three times
with PBS-T, protein bands were detected using
the enhanced chemiluminescence method in
Image Lab software (Bio-Rad) through auto-or
manu-exposure.

Co-immunoprecipitation

Co-immunoprecipitation was performed to de-
tect whether ApoG2 potently binds to Bcl-2
affecting Bcl-2/Bax complex. Briefly, PC12 cells
were lysed with cell lysis buffer for Western and
IP (Beyotime, China) and were centrifuged at
12000 rpm for 30 min. The supernatants were
then incubated with corresponding antibodies
(1:50) overnight at 4°C. Protein G agarose
beads pre-washed with lysis buffer were used
to capture antibodies at room temperature for
90 min. Proteins bound to the beads were heat-
ed to denature compounds before separation
by western blot analysis.

Colony formation assay

Cells at a density of 1x103%/well were seeded
into sterile 6-well plates with complete medium
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for 24 h. Varying concentrations of ApoG2 or
1% DMSO as a matched group were added to
the 6-well plate for 10 days and the medium
was replaced every 3 days to maintain cell gro-
wth. The colonies were then fixed with metha-
nol for 15 min and stained with crystal violet
(Sigma, USA) for 15 min at room temperature.
After washing three times with PBS and imag-
ing by digital camera, the colony formation rate
was calculated as: Colony formation rate = num-
ber of colonies/number of seeded cellsx100%.

Cell cycle analysis

Cells were re-suspended with 300 uL PBS and
fixed with 700 pyL absolute ethanol. Cellular
DNA was stained with PI (0.05 mg/mL) and
analyzed by flow cytometry.

Mouse xenograft model

Equivalent amounts of PC12 cells (20x106,
200 pL) were subcutaneously injected into the
left hind flank in female athymic nude mice
(Shanghai Institute of Material Medical, China)
at 4 weeks of age. After being left for a week to
form macroscopic tumors, mice were random-
ized to two groups: control and treatment. The
treatment group received ApoG2 continuously
by intraperitoneal injection at 100 mg/kg every
3 days for a total of 18 days. Tumor length and
width were measured every 3 days. Tumor
volume was calculated as: Volume (mm?) =
lengthxwidth?x0.5236.

Mice were humanely killed and tumors were
excised, weighed, and subsequently imaged by
digital photography.

Reactive oxygen species (ROS) assay

Intracellular reactive oxygen species (ROS)
level was measured by a DCFH-DA fluorescence
probe (Sigma). PC12 cells were treated with or
without ApoG2. Before harvesting, cells were
incubated with 10 umol/L DCFH-DA for 30 min
in an incubator-37C, 5% CO,. Cells were then
washed twice with PBS and analyzed with a
Microplate Reader (BioTek, USA) and fluore-
scence microscope (Olympus, Japan).

Cell migration and invasive assay
Tumor cell migration was assayed in transwell
chambers (Corning, USA) and membrane used

for the invasive assay was purchased from BD.
Briefly, PC12 cells at a density of 1x10%/well
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Results
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Figure 2. Kaplan-Meier curves showed overall survival distribution in patients
with different BCL-2 family proteins abundance. A: Expression of Bcl-2 (upper
row) and Bax (lower row) in the same samples from PHEOs (four pictures on
left) and AHs (four pictures on right). Sample one: Bcl-2<Bax; Sample two:
Bcl-2<Bax; Sample three: Bcl-2<Bax; Sample four: Bcl-2>Bax. All images are
at x400 magnification. B: Overall survival distribution in patients with PHEO.

were seeded into upper transwell chambers
with or without ApoG2 diluted by 200 uL DMEM,
and 10% FBS mediums were added to lower
transwell chambers. After incubation for 6 h in
a 37°C incubator, cells were fixed with metha-
nol for 15 min and then stained with crystal vio-
let for 15 min. Cells on the upper surface of the
filter were then carefully wiped away with a cot-
ton swab and the cells on the lower surface of
the filter were counted using an inverted micro-
scope (Olympus, Japan).

Statistical analysis

All data are presented as means * standard
deviation. Statistical analyses were performed
with SPSS 21.0 software (IBM) and correspond-
ing bar graph or line charts were drawn by
GraphPad Prism 7 software. Differences of
measurement data and enumeration data were
compared respectively with Student’s t-test,
chi-square test and analysis of variance. A
Kaplan-Meier survival plot was generated to
compare overall survival with the log-rank sta-
tistic. P values less than 0.05 were considered
to be statistically significant.
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Sample three Sample four

Expression of Bcl-2 and Bax
in PHEO and adrenocorticohy-
perplasia (AH)

As shown in Figure 2A, the fre-
quency of Bcl-2-positive ex-
pression in PHEOs and AHs
was respectively observed in
16/21 (76.19%) and 6/13
(37.5%) (P=0.05), while Bax-
positive expression was res-
pectively 14/21 (66.67%) and
10/13 (76.92%) (P=0.05). Of
note, the number of staining
intensity of Bcl-2 stronger
than Bax (Bcl-2>Bax) from the
same samples in PHEOs and
AHs was 13 and 3 (P<0.05),
respectively.

We subsequently analyzed
overall survival (OS) in PHEOs
alone, including Bcl-2>Bax
group and Bcl-2<Bax group
(staining intensity of Bcl-2 not
stronger than Bax). Although
there was no significant differ-
ence (P =0.1694), Kaplan-Meier survival analy-
sis showed that the median OS in the Bcl-2>Bax
group was 53.82 months (95% confidence
interval (Cl), 44.02-63.62 months) compar-
ed with 73.50 months (95% ClI, 64.49-82.51
months) in the Bcl-2<Bax group (Figure 2B).

ApoG2 could inhibit viability of PC12 cell line

To attest the anti-tumor effect of ApoG2, a
CCK8 assay was firstly applied to examine the
viability of PC12 cells treated with various con-
centrations of ApoG2. The results (Figure 3A)
showed that ApoG2 could effectively inhibit cell
viability by a dose- and time-dependent man-
ner, with an IC50 value of 64.39, 34.89 and
31.60 umol/L at 24, 48, and 72 h, respectively.
Under treatment with 50 ymol/L ApoG2, the
percentages of dead cells were 45.1+1.07,
80.4+£0.60 and 89.4+0.43% at 24, 48 and 72
h, respectively.

ApoG2 affected cell viability by inducing apop-
tosis but not inhibiting cell proliferation

We observed morphological characteristics of
apoptosis in treatment groups compared to the

Am J Transl Res 2017;9(9):3990-4002
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Figure 3. ApoG2 could induce cell apoptosis. A: Growth inhibition rate, as measured by CCK8 assay, of cells treated
with varying concentrations of ApoG2. B: Morphological characteristics of apoptosis such as becoming shrunken,
rounded and decrease of synaptic structures were observed by microscopy in cells treated with ApoG2. C: Apoptosis
cell nucleus presented bright blue in Hoechst 33258 assay. D: Apoptosis was determined with Annexin-V/Pl labeling
by flow cytometry. E: Statistical analysis of the number of apoptotic cells following treatment with varying concentra-
tions of ApoG2, including early apoptosis (Annexin V+/Pl-), late apoptosis (Annexin V+/Pl+) and necrosis (Annexin
V-/Pl+). ns, P>0.05; *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.

matched group (Figure 3B), including cells
becoming shrunken, rounded and decreased of
synaptic structure. Therefore, Hoechst 33258
nuclear staining and flow cytometry were per-
formed to objectively evaluate whether apopto-
sis occurred in the cells. As shown in Figure 3C
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and 3D, ApoG2 primarily induced early apo-
ptosis in cells as time and concentration
increased. The early apoptosis percentages of
the group treated with 50 umol/L ApoG2 were
2.4941.66% vs. 0.99+0.32% for the control
group, 4.57+£0.90% vs. 0.84+0.39% and 6.89+

Am J Transl Res 2017;9(9):3990-4002
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Figure 4. Effects of ApoG2 on apoptotic pathway in
PC12 cells. A: Cells were treated with or without in-
dicated concentrations of ApoG2 for 24 h. Proteins
were then extracted from those cells and subjected
to western blot analysis. B: Cell lysates buffer (lane
1) served as a positive control; supernatant buffer
(lane 2) served as a negative control. Control group
(lane 3) and ApoG2-treated group (lane 4) were im-
munoprecipitated by primary anti-Bax or anti-Bcl-2
antibodies. Western blots were used to identify
whether ApoG2 affected Bcl-2/Bax compound.

3.07% vs. 0.83+0.62%, respectively, at 24, 48,
and 72 h (P<0.05, Figure 3E).

As previously described, ApoG2 is a BH3 mimic,
and BCL-2 family proteins regulate homeosta-
sis between survival and death. Hence, west-
ern blot analysis was employed to examine the
expression levels of Bcl-2 and Bax proteins to
further probe into molecular mechanisms of
ApoG2-induced apoptosis activity. It was de-
pendent on up-regulation of Bax protein and
down-regulation of Bcl-2 protein (Figure 4A). To
our knowledge, regardless of extracellular and
intracellular apoptosis signals, caspase family
members are quite crucial in the process of
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apoptosis transduction. Additionally, caspase
family proteins initiate a cascade reaction fol-
lowed by release of cytochrome C from mito-
chondria. Therefore, we next detected the
expression levels of cytochrome C, initiator cas-
pase-9, executor caspase-7, and caspase-3
and its target effector PARP. ApoG2 could eff-
ectively promote release of cytochrome C and
subsequently cleave caspases-9, 7, and 3,
finally leading to inactivation of PARP to trigger
apoptosis (Figure 4A).

As ApoG2 is a BH3 mimic, we speculated that
interaction between Bcl-2 and Bax was possi-
bly blocked by ApoG2. However, our co-immu-
noprecipitation results suggested that Bcl-2/
Bax compound did not participant in the ApoG2-
induced-apoptosis process (Figure 4B).

Cell cycle arrest is another aspect affecting cell
viability so a colony formation assay and cell
cycle analysis by flow cytometry were per-
formed to detect changes in the cell cycle.
There were significantly fewer colonies formed
in ApoG2-treated groups compared to the con-
trol group (Figure 5A and 5B). Although the G2
phase of the cell cycle was slightly blocked as
ApoG2 dose increased in the low dose interval
(control group versus 30 umol/L group, 15.59+
4.44% vs. 23.18+6.38%) (Figure 5C and 5D),
cell cycle arrests were not significantly statisti-
cally different. Similarly, expression of protein
CDKA4 related to G2 phase arrest did not signifi-
cantly decrease with increased concentrations
of ApoG2 (Figure 5E).

In vivo, we found tumor volumes in experimen-
tal groups treated with ApoG2 were significant-
ly smaller than matched groups (Figure 5F and
5G, 82.38454.78 mm3vs. 301.68+48.77 mm?,
P<0.0001).

ApoG2-reduced-cell-viability capacity was reli-
ant on caspase activation and ROS increase

From the above results, we questioned whether
caspase activation in the PC12 cell line was a
required process for ApoG2-induced apoptosis.
To investigate this, we firstly determined the
expression level of apoptosis inducing factor
(AIF) involved in the caspase-independent
apoptosis pathway. However, the AIF expres-
sion level was constant with or without ApoG2
(Figure 6A). Next, cells were treated without or

Am J Transl Res 2017;9(9):3990-4002



Apogossypolone induces apoptosis and reduces invasiveness of PC12 cells

Control

500
HG1:5069% Bo15197%
HG22557%
Osi22.46%

HG22212%
Dsi27.19%

400
2 300
3 200

100

1000 2000 3000 4000

20pM

1000 2000 3000 4000

Control 10uM

1000 2000 3000 4000 1000 2000 3000 4000 1000 2000 3000 4000

30uM 40pM 50uM
E 34KD CDK4
44KD B-actin
> & & & »
& N
(,°& \QQ ,19‘2 Q’QQ @Q S

B 2o0.15-
1] *
- T 1
c
(]
= 0.10+
©
€
S
Y= 0.05+
> {
: \
S
8 0.00-— r T T T T
&-‘o \§ q,Q\‘ aX b‘§ g§
00
0.8- H GO0/G1
] G2
Ins S
0.6+

300 = :[ - Treatment

iL —e- Control

200 =

100 =

Tumor volumes(mm?®)

R B @ &b ‘fp
Time after treatment
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analysis of cell cycle. ns, Not significant. E: CDK4 expression level assayed by western blot. F, G: Xenograft tumors
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with increasing concentrations of ApoG2 com-
bined with 30 umol/L caspase inhibitor Z-VAD-
fmk (fmk). The results suggested that Z
VAD-fmk could significantly block the ApoG2-
induced apoptosis effect (Figure 6D). The inhi-
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bition rates of 30 umol/L ApoG2 without and
with Z-VAD-fmk were 28.41+2.54% vs. 9.26+
21.61%, 65.80+1.02% vs. 54.02+5.23% and
78.96+0.54% vs. 69.70+11.23% at 24, 48 and
72 h, respectively.
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pathway. B: ROS level measured by Microplate Reader. C: ROS level increased in apoptosis cells (red arrows) as seen
through fluorescence microscope (x200 magnification). D: Cells were treated without or with indicated concentra-
tion ApoG2 combined with caspase inhibitor fmk or NAC. Cell viability was then measured with the CCK8 assay

through Microplate Reader.

Reactive oxygen species (ROS) not only induce
apoptosis, but are also closely related to cell
necrosis. Some studies have previously demon-
strated that ApoG2 could significantly incr-
ease ROS production [35, 36]. Consequently,
ROS levels were detected using a DCFH-DA
fluorescence probe in our study. ROS levels in
the experimental groups markedly increased

3998

compared with the control group as dose, but
not time, increased (Figure 6B). Increased ROS
generation in the cytoplasm of apoptotic cells
was detected by fluorescence microscopy (indi-
cated by red arrows in Figure 6C. Next, cells
were treated with antioxidant N-acetyl-L-cystei-
ne (NAC) combined with or without ApoG2 to
prove whether the ApoG2-mediated cell death
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Figure 7. ApoG2 could inhibit migration and invasion in PC12 cells.

effect depends on ROS production. As expect-
ed, NAC significantly protected PC12 cells from
damage by ApoG2. The inhibition rates in cells
treated with 50 umol/L ApoG2 without and with
NAC were 45.06+1.07% vs. 30.19+29.86%,
80.44+0.60% vs. -30.84+46.48% and 89.41+
0.43% vs. -20.48+8.25% at 24, 48 and 72 h,
respectively (Figure 6D).

ApoG2 could inhibit PC12 cell-line migration
and invasion

Metastasis is relevant to the prognosis of
tumors. Therefore, it would be very useful if
ApoG2 could inhibit the aggressive properties
of tumors. To investigate this, we performed
migration and invasion detection using tran-
swell chambers. After treatment with ApoG2 for
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Invasion 6 h, migration and invasion

o characters of PC12 cells were
significantly inhibited (Figure
7). To avoid the effects of
apoptosis factors, cells were
tentatively treated by fmk or
NAC combined with or without
ApoG2. As expected, fmk or
NAC did not reverse the abo-
ve phenomena. This indicates
that ApoG2 could actually de-
crease the movement capaci-
ty of PC12 cells.

Discussion

More than half of all tumor tis-
sues over-express anti-apop-
totic protein Bcl-2 [15]. Con-
sequently, in the field of oncol-
ogy, researchers have paid
more attention to role of anti-
apoptotic proteins in treat-
ment of various tumors, and
also in the aspects of resis-
tance to chemotherapy [16,
17]. As a BH3 mimic, ApoG2
has been confirmed to have
greater anti-tumor effects and
less side effects in multiple
cancers.

Currently, there is an absence
of clinically reliable indexes to
allow early diagnosis of malig-
nant PHEO, with exception of
the gold standard that chro-
maffin tissue presents at the side where chro-
maffin tissue is normally absent. However once
metastasis occurs, tho-se patients have regret-
tably missed the optimal treatment opportunity
and only benefit partially from conventional
chemotherapy. The anti-PHEO effect of ApoG2
is still poorly understood until now. In this
research, we chiefly proved that ApoG2 could
induce apoptosis and inhibit progression of
PHEO.

In the present study, we initially corroborated
that the expression intensity of Bcl-2 was stron-
ger than Bax in PHEOs, suggesting critical roles
of Bcl-2 in PHEO pathogenesis. Additionally,
when the staining intensity of Bcl-2 was stron-
ger than Bax in the same patient, the median
overall survival may be shorter, though this was
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not observed to be a statistically significant dif-
ference. Subsequently, we showed that ApoG2
exactly inhibited viability of PC12 cell lines
through inducing apoptosis rather than cell
cycle arrest. These results were further verified
by western blotting, which demonstrated up-
regulation of pro-apoptotic proteins like Bakx,
cleaved caspase proteins and cleaved PARP,
and down-regulation of anti-apoptotic proteins
like Bcl-2, precursor caspase proteins and
PARP. ApoG2 could impede colony formation
while cell cycle arrest and expression level of
CDK4 did not show any significant difference.
We hypothesized that the significant colony for-
mation results were owing to apoptosis-induced
effects caused by prolonged exposure to
ApoG2 at low concentration. Finally, the mouse
xenograft model experiment indicated that
ApoG2 inhibited growth of tumors in vivo.
Therefore, based on the above study, we con-
firmed that ApoG2 possessed anti-PEHO
effects and show for the first time that this is
primarily through pro-apoptotic effects but not
blocking of proliferation.

Unfortunately, our co-immunoprecipitation res-
ults suggested that ApoG2 did not affect Bcl-2/
Bax complex to induce apoptosis, which was
different to results from other studies [27]. This
could be explained in that ApoG2 did not aff-
ect Bcl-2/Bax compounds, but could affect
other compounds such as Bcl-xl/Bak or Bcl-2/
Beclin-1, etc. A limitation of our study was that
we only concentrated on Bcl-2/Bax compound,
but ignored other related compounds. The
other limitation was that we did not clearly elu-
cidate the cause of ROS production. The pro-
duction of ROS might be because ApoG2 react-
ed with Bcl-2 to damage mitochondria and fur-
ther increase its permeability, subsequently
resulting in an increase in ROS generation. On
the other hand, two para-quinone moieties in
ApoG2 are strong electrophilic groups easily
attaching to nucleophiles so that the cells could
not scavenge ROS and experienced oxidative
stress at a high level of ROS.

However notwithstanding the limitations, this
study clearly indicated that ApoG2 could con-
tribute to an increase in ROS levels just like
other studies [37], and most importantly, the
antioxidant NAC could almost totally take a turn
for ApoG2-apoptosis-induced effects. In addi-
tion, a broad spectrum caspase activation
inhibitor z-VAD-fmk was the same as NAC,
capable of partially reversing ApoG2-induced-
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apoptosis. Therefore, we believe that ApoG2-
induced-apoptosis is involved in, but not totally
dependent on, the caspase cascade reaction.
Unfortunately, we do not know the role of other
molecules such as autophagy-related proteins
in the process of ApoG2-induced effects.

Another failure of therapy of tumors is attribut-
ed to the occurrence of metastasis. Accordingly,
it would be best if the target drugs inhibited the
movement character of tumors. Encouragingly,
our results indicated that ApoG2 could impede
the migration and aggressive nature of PC12
cells compared with the control group. It is
noteworthy that fmk or NAC did not intervene in
ApoG2-decreased movement of PC12 cells,
suggesting that ApoG2 exactly inhibited move-
ment of PC12 cells independent of ROS- or
caspase-mediated cell death. Regrettably, our
study did not refer to further mechanisms such
as expression level of genes or proteins related
to the epithelial-mesenchymal transition (EMT)
process.

In conclusion, our study showed that Bcl-2>Bax
was more frequently found in PHEO and possi-
bly related to poor prognosis, although the lat-
ter needs to be further verified in a large num-
ber samples. In addition, ApoG2 is a potential
target drug with significant anti-tumor activity
through up-regulation of Bax and down-regula-
tion of Bcl-2 in PHEO. ApoG2 could induce
apoptosis dependent on the activation of cas-
pase proteins and ROS increase. Furthermore,
it could effectively inhibit migration and inva-
sion of PC12 cells. More attention should there-
fore be paid to ApoG2 in the treatment of PHEO.

Additional files: All original western images
were showed in Supplementary Figure 1.
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Supplementary Figure 1. Generally, the bands distribute symmetrically, which are blank, 10 uM, 20 uM, 30 uM, 40
UM and 50 uM group from the outside to the inside; Content marked by Blue Pen stands for Marker size.



