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Background: Andrographolide (Andro) is reported to inhibit hepatoma tumor growth in our previous studies.
This study aims to further search the critical signals involved in such Andro-induced inhibition.
Methods: The anti-tumor effect of Andro was evaluated in vivo. Cancer PathwayFinder RT2 Profiler™ PCR array
was used to find the altered genes. Real-time PCR was used to detect the mRNA expression. Protein expression
was detected byWestern-blot analysis, enzyme-linked immunosorbent assay (ELISA) and immunohistochemical
staining. Activator protein-1 (AP-1) transcriptional activity was detected by luciferase reporter assay.
Results: Andro (10 mg/kg) inhibited hepatoma tumor growth in vivo. The expression of four genes decreased in
Andro-treated tumor tissues. Among which, vascular endothelial growth factor (VEGFD) was the highest de-
creased gene. The decreased VEGFD expression was further confirmed by real-time PCR and immunohistochem-
ical staining assay. Andro decreased VEGFD mRNA and protein expression in hepatoma Hep3B and HepG2 cells.
Andro also decreased VEGFD amount in Hep3B cell supernatant. Andro decreased cFos protein expression and its

translocation into nucleus, and also reduced AP-1 luciferase activity. Further results showed that Andro induced
polyubiquitination of cFos. Proteasome inhibitor MG132 reversed the decreased expression of cFos protein, and
the decreased mRNA and protein expression of VEGFD. SP600125, an inhibitor of c-Jun N-terminal kinase (JNK),
reversed the decreased expression of cFos and VEGFD induced by Andro.
Conclusions:Andro decreased VEGFD expression in hepatoma cancer cells via inducing c-fos protein degradation,
which will contribute to its anti-cancer activity, and JNK plays some roles in regulating this process.
© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Andrographolide (Andro), a natural diterpenoid lactone, is the main
compound isolated from traditional medicinal herb Andrographis
paniculataNees (Acanthaceae) [1]. Andro is reported to have various bi-
ological activities such as anti-inflammatory, antibacterial, antivirus,
and anti-cancer effects [1,2]. The anti-cancer effect of Andro attracts
more and more attention in the recent years, and Andro was reported
to have potential therapeutic function for liver cancer, non-small-cell
lung cancer, breast cancer, pancreatic cancer, etc. [3–7]. Our previous
studies have already demonstrated that Andro inhibited hepatoma
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tumor growth in vivo and in vitro. In addition, regulating cellular JNK ac-
tivation and glutathione homeostasis, and inhibiting VEGF-mediated
angiogenesis contribute greatly to Andro-induced inhibition on hepato-
ma tumor growth [8–11]. However, whether there are other signals
critically involved in the inhibition of Andro on hepatoma tumor growth
is not very clear.

Tumor angiogenesis provides oxygen and nutrients for the growth,
invasiveness and metastasis of tumor; and blocking angiogenesis has
been an effective strategy for the cancer therapy in the recent years
[12]. Our previous study has already shown that Andro can inhibit an-
giogenesis via inhibiting the activation of VEGF/VEGFR2-MAPK signal-
ing cascade [8]. Vascular endothelial growth factor (VEGFD), also
named cFos induced growth factor (FIGF), is a member of VEGF family
[13]. Except themajor pro-angiogenic factor VEGF, VEGFD is also report-
ed to induce angiogenesis in vivo and in vitro through binding with
VEGFR2 [14,15]. In addition, VEGFD can bind with VEGFR3, which is
expressed in lymphatic endothelial cells, and induce the formation of
new lymphatic vessels, which is called lymphangiogenesis [15,16]. Re-
cently, lymphangiogenesis is reported to be related with the lymph
node metastasis of tumor, which is commonly occurred in cancer, and
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has been a potent target for cancer therapy [17–20]. In the present
study, the results of Cancer PathwayFinder RT2 Profiler™ PCR array
first showed that the expression of VEGFD was highly decreased in
tumor tissues after Andro treatment. Further study was conducted to
observe the decreased expression of VEGFD induced by Andro in hepa-
toma cells and the engaged mechanisms.

2. Materials and methods

2.1. Chemical compounds and reagents

Andrographolide (Andro) was purchased from Nanjing TCM Insti-
tute of ChineseMateriaMedica (Nanjing, China). The chemical structure
of Andro is shown in Fig. 1A. The purity of the compoundwas over 98.5%
as determined by high pressure liquid chromatography (HPLC) analysis.
RT2 Profiler™ PCR array was purchased from Qiagen (Hilden, German).
Trizol reagent was purchased from Life Technology (Carlsbad, CA).
PrimeScript® RT Master Mix and SYBR® Premix Ex Taq™ were pur-
chased from Takara (Shiga, Japan). The DAKO EnVision™ detection sys-
tem was purchased from DAKO Corporation (Carpinteria, CA). Whole
cell extraction kit, RIPA lysis buffer, enhanced chemiluminescence kit,
and Catch and Release® reversible immunoprecipitation system were
all obtained from Millipore (Darmstadt, Germany). NE-PER® nuclear
and cytoplasmic extraction reagents and Pierce® BCA Protein Assay
Kit were purchased from Thermo Scientific (Bremen, Germany).
VEGFD antibody and enzyme-linked immunosorbent assay (ELISA) kit
for VEGFD were purchased from R&D (Minneapolis, MN). Duan-Glo®
Luciferase Assay System and pGL4.44 (luc2P/AP1 RE/Hygro) vector
were purchased from Promega (Madison, WI). Histone H3, Ubiquitin,
cFos, and β-actin antibodies were purchased from Cell Signaling
Fig. 1. Andro inhibits hepatoma tumor growth in vivo. (A) The chemical structure of androgra
every 3 days and calculated as [(length × width2)/2]. (D) Tumors are weighted. Data are expre
Technology (Danvers, MA). cFos for immunoprecipitation assay was
purchased from Santa Cruz (Santa Cruz, CA). Peroxidase-conjugated
goat anti-Rabbit IgG (H + L) and peroxidase-conjugated goat anti-
Mouse IgG (H + L) were purchased from Jackson ImmunoResearch
(West Grove, PA). SP600125 was purchased from Alexis Biochemicals
(San Diego, CA). Other reagents unless indicated were purchased from
Sigma Chemical Co. (St. Louis, MO).

2.2. Cell lines and culture

Hepatoma-derived Hep3B and HepG2 cell lines were obtained from
the American Type Culture Collection (Manassas, VA). Cells were cul-
tured in MEM media supplemented with 10% [v/v] heat-inactivated
fetal bovine serum, 2 mM glutamine, 100 U/ml penicillin and 100 mg/
ml streptomycin.

2.3. In vivo tumor xenograft assay

Specific pathogen-free nudemale mice (6–8 weeks of age) were ob-
tained from Shanghai Experimental Animal Center of Chinese Academy
of Sciences (Shanghai, China). All animal experiments were performed
according to the protocol approved by the Experimental Animal Ethical
Committee of Shanghai University of Traditional Chinese Medicine.

Mice were subcutaneously injected of Hep3B cells (1 × 106 cells per
mouse) into the left front leg. After tumors had established (~30 mm3),
the mice were given daily intra-peritoneally injected of Andro at differ-
ent doses (0 mg/kg, 5 mg/kg, 10 mg/kg). The tumor sizes of all mice
were determined by Vernier caliper measurements and calculated as
[(length × width2)/2], and were recorded every 3 days. After 7 days,
four mice of each group were sacrificed and tumors were removed for
pholide (Andro). (B) Tumors are removed andphotographed. (C) Tumor sizes are recorded
ssed as means ± SEM (n = 6). ⁎⁎⁎P b 0.001 versus control.
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immunohistochemistry. All other mice were sacrificed 16 days after
Andro administration and tumors were removed, weighed and
photographed.

2.4. RNA isolation and cDNA synthesis

Total RNAwas isolated using Trizol reagent according to the instruc-
tion. The RNA contentwas determined bymeasuring the optical density
at 260 nm, and cDNA was synthesized according to the instruction de-
scribed in kits.

2.5. RT2 Profiler™ PCR array

Cancer PathwayFinder RT2 Profiler™ PCR array was performed for
quantitative PCR with the following cycling conditions: 10 min at
95 °C, 15 s at 95 °C, and 1 min 60 °C for 40 cycles with a final 4 °C
hold. Five endogenous control genes, namely, glucuronidase β, hypo-
xanthine guanine, heat-shock protein 90, glyceraldehyde phosphate
dehidrogenase, andβ-actin,were used for data normalization. Each rep-
licate cycle threshold (Ct)was normalized to the average Ct value of five
endogenous controls per plate. Resultswere calculated using the 2−ΔΔCt

method. Heat map was generated using the web-based program of RT2

Profiler™ PCR array data analysis. Variations in the tumor gene expres-
sion between control and Andro-treated animals are shown as a fold of
increase or decrease.

2.6. Real-time PCR analysis

Real-time PCR was performed using a SYBR green premix according
to the instruction. Relative expression of target geneswas normalized to
Actin, analyzed by 2−ΔΔCt method and given as ratio comparedwith the
control. The primer sequences used in this study are shown in Supple-
mentary Table 1.

2.7. Immunohistochemical analysis of VEGFD

Paraffin-embedded tumor sections (5 μm) were deparaffinized in
xylene, and then rehydrated in a gradient of ethanol to distilled water.
After quenching endogenousperoxidase activity, sectionswere incubat-
edwith 5% bovine serum albumin tominimize nonspecific binding. Sec-
tions were further incubated with VEGFD antibody at 4 °C overnight,
and then the antigen–antibody reactions on sections were detected
using DAKO EnVision™ detection kits. All sections were counterstained
with hematoxylin. Images were taken under an inverted microscope
(Nikon, Japan).

2.8. Protein extraction

After treatment, cellular proteinswere extracted by usingwhole cell
extraction kit according to the manufacturer's instruction. In addition,
cytosolic and nuclear proteins were isolated as described in NE-PER®
nuclear and cytoplasmic extraction kits.

2.9. Western-blot analysis

Proteins were separated by SDS-PAGE and blots were probed with
appropriate combination of primary and horseradish peroxidase-
conjugated secondary antibodies. Proteinswere visualized by enhanced
chemiluminescence kits. For repeated immunoblotting, membranes
were stripped in 62.5 mM Tris (pH 6.7), 20% SDS and 0.1 M 2-
mercaptoethanol for 30min at 50 °C. The protein bandswere quantified
by the average ratios of integral optic density followingnormalisation to
the expression of internal control β-actin, and the results were further
normalized to control.
2.10. ELISA analysis

Hep3B cells were incubated with Andro (25, 50 μM) for 24 h, and
VEGFD amounts in the supernatants were detected according to the
manufacturer's descriptions. VEGFD concentration in the respective
samples were determined on the basis of standard curves prepared
using recombinant VEGFD of known concentrations.

2.11. AP-1 luciferase reporter gene assay

Hep3B cells were co-transfected with AP-1 luc vector (1 μg) and the
control vector pGL4.50 (luc2/CMV/Hygro) by using Lipofectamine 3000
reagent according to the manufacturer's instructions. At 18 h after the
transient transfection, cells were incubated with or without Andro
(25, 50 μM) for the indicated time. Luciferase activity was measured
using the Duan-Glo® Luciferase Assay System. Results were expressed
as the ratio of normalized luciferase activities between Andro-treated
and Andro-untreated cells.

2.12. Immunoprecipitation assay

To identify polyubiquitinated c-fos, cells were pretreated with the
proteasome specific inhibitor MG132 (20 μM) for 2 h and then incubat-
ed with Andro (25, 50 μM) for another 24 h. Cells were lysed in RIPA
lysis buffer and protein concentrations were determined, and then
equal amounts of protein were subjected to immunoprecipitation
with anti-cFos antibody as described in kits. The immunoprecipitate
was separated via SDS-PAGE and the conjugates were detected with
anti-ubiquitin antibody. As a control for expression of c-fos protein,
Western-blot analysis was also performed with an anti-cFos antibody.

2.13. Statistical analysis

Data were expressed as means ± standard error of the mean. The
significance of differences between groups was evaluated by one-way
ANOVA with LSD post hoc test, and P b 0.05was considered as statisti-
cally significant differences.

3. Results

3.1. Andro inhibited the tumor growth in athymic mice in vivo

First, we observed the inhibition induced by Andro on the tumor
growth in athymic mice bearing hepatoma Hep3B cells. From the pic-
tures of Fig. 1B,we can see that Andro (5mg/kg and 10mg/kg) obvious-
ly decreased the tumor size as compared with control group. In
addition, the statistical results of daily measurement of tumor size also
evidenced the inhibition of Andro (5 mg/kg and 10 mg/kg) on hepato-
ma tumor growth (P b 0.001) (Fig. 1C). Meanwhile, the results of
tumorweight (Fig. 1D) showed that Andro (5mg/kg and 10mg/kg) de-
creased the tumor weight as compared with control (P b 0.001). The
chemotherapy drug 5-fluorouracil (5-Fu) also decreased tumor weight
and size in this experiment (P b 0.001) (Fig. 1B–D).

3.2. Andro decreased VEGFD expression in tumor tissue

Tofindout the critical signals involved in the inhibition on hepatoma
tumor growth induced by Andro, we used Cancer PathwayFinder RT2

Profiler™ PCR array to detect the altered gene expression. The layout
of the genes in PCR array is shown in Fig. 2A, and Fig. 2B is a heat map
that shows the fold regulation expression data between Andro (10
mg/kg) and the control group. As shown in Fig. 2B, some genes became
green, which indicates the expression of those genes are decreased;
whereas someother genes becamepurple red,whichmeans the expres-
sion of those genes are increased. The differentially expressed genes
over three-folds between control and Andro-treated group were listed



Fig. 2. Andro decreases VEGFD expression in tumor in vivo. (A) The expression profiles of 84 genes included in the Cancer PathwayFinder PCR array in control and Andro-treatedmice.
The layout of the genes included in the Cancer PathwayFinder PCR array. (B)Heat map of the variations in the expression of 84 genes between control and Andro-treatedmice are shown
as a fold increase or decrease. (C)Real-time PCR is used to detect VEGFD,MTA1, EGFR andMMP2mRNA expression in tumor in vivo. Data are expressed asmeans±SEM(n=6). ⁎P b 0.05,
⁎⁎⁎P b 0.001 versus control. (D) Representative pictures of tumor immunohistochemical staining of VEGFD. a, Control, b, Andro (5 mg/kg), c, Andro (10 mg/kg) (Original
magnification × 200).
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in Table 1. From the results, we can see that the alternation of four genes
is over three-folds between control and Andro-treated group; including
VEGFD, metastasis associated 1(MTA1), matrix metallopeptidase 2
(MMP2), and epidermal growth factor receptor (EGFR). Of which, the
alternation of VEGFD was the highest.

Next, we used real-time PCR assay to further confirm the alternation
of those above four genes found in Cancer PathwayFinder RT2 Profiler™
PCR array. The results showed that the mRNA expression of VEGFD,
MTA1, and EGFR was decreased in tumor tissues of Andro (10 mg/kg)-
treated group (P b 0.05, P b 0.001) (Fig. 2C). In addition, the results of
immunohistochemical analysis of VEGFD in tumor tissues further con-
firmed the decreased expression of VEGFD in Andro-treated group
(Fig. 2D).

3.3. Andro decreased VEGFD expression in hepatoma cancer cells

As shown in Fig. 3A, Andro (50 μM) decreased mRNA expression of
VEGFD in hepatoma Hep3B and HepG2 cells (P b 0.05). The results of
Western-blot demonstrated that Andro (50 μM) decreased the protein
expression of VEGFD in a time-dependent manner in Hep3B cells
(Fig. 3B). The results of calculating the density of protein bands further
evidenced the decreased expression of VEGFD induced by Andro
(50 μM) in Hep3B cells (P b 0.05, P b 0.01) (Fig. 3C). In addition, the
ELISA results showed that Andro (25 and 50 μM) decreased VEGFD
amount in Hep3B cell supernatants (P b 0.05, P b 0.05) (Fig. 3D).

3.4. Andro decreased cFos expression in hepatoma cancer cells

Next, we observed the mRNA expression of cFos, and the results
showed that Andro (50 μM) had no effect on cFos mRNA expression
(Fig. 4A). Further results showed that Andro (50 μM) decreased cFos
protein expression in a time-dependent manner in Hep3B cells
(Fig. 4B and C). In addition, Andro (50 μM) also decreased the transloca-
tion of cFos from cytoplasm to nucleus in Hep3B cells (Fig. 4D and E). As
cFos is an important member of transcription factor activator protein-1
(AP-1). Next, the transcriptional activity of AP-1 was determined. The
results showed that Andro (50 μM) decreased the transcriptional activ-
ity of AP-1 after incubated with cells for 12 h and 24 h (Fig. 4F).



Table 1
The genes that expressed differently between Andrographolide (ANDRO) and control (CONT) (fold change N 3.0).

Symbol Accession no. Description ANDRO/CONT Pathway/function

FIGF (VEGFD) NM_010216 C-fos induced growth factor 0.14 Angiogenesis
MTA1 NM_054081 Metastasis associated 1 0.26 Invasion and metastasis
MMP2 NM_008610 Matrix metallopeptidase 2 0.30 Invasion and metastasis
EGFR NM_007912 Epidermal growth factor receptor 0.31 Angiogenesis
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3.5. Andro induced cFos protein degradation in Hep3B cells

MG132 is a specific inhibitor of proteasome and can prevent protein
degradation mediated by ubiquitin/proteasome. If the decreased ex-
pression of cFos is due to the degradation via ubiquitin/proteasome
pathway, inhibiting the activity of proteasome shall accumulate
polyubiquitinated cFos. The results showed that Andro (25 μM and
50 μM) induced polyubiquitination of cFos protein in Hep3B cells
(Fig. 5A) after cells were pretreated with MG132 (20 μM) for 2 h,
which indicates the presence of ubiquitin/proteasome-mediated cFos
protein degradation. Furthermore, the application of MG132 reversed
the decreased expression of cFos protein after cells were incubated
with Andro (50 μM) for 24 h (P b 0.05) (Fig. 5B and C). In addition,
the decreased mRNA and protein expressions of VEGFD induced by
Andro in Hep3B cells were both reversed by MG132 (20 μM) after
cells were incubated with Andro (50 μM) for 24 h (P b 0.05, P b 0.01)
(Fig. 5D–F).

3.6. SP600125 reversed Andro-induced the deceased expression of cFos and
VEGFD

Previous study has already shown the activation of JNK induced by
Andro in Hep3B cells; and further results demonstrated the important
roles of the crosstalk between JNK activation and glutathione
Fig. 3. Andro decreases VEGFD expression in hepatoma cells. (A) Hep3B or HepG2 cells are
detected by real-time PCR. Data are expressed asmeans± SEM (n=4). ⁎P b 0.05 versus contro
sion is detected by immunoblotting using specific antibody, and β-actin is used as loading contr
ysis of VEGFDprotein. Data are expressed asmeans±SEM (n=3). ⁎P b 0.05, ⁎⁎P b 0.01 versus c
of VEGFD into the supernatant was determined by ELISA. Data are expressed as means ± SEM
homeostasis in Andro-induced hepatoma tumor growth inhibition [9,
10]. Next, whether JNK has some effect on the Andro-induced decreased
expression of VEGFD or cFos is observed. As shown in Fig. 6A and B,
Andro (50 μM) decreased cFos protein expression in Hep3B cells after
being incubated with cells for 24 h (P b 0.01). Whereas, JNK inhibitor
SP600125 (20 μM) reversed this decreased expression of cFos protein
induced by Andro in Hep3B cells (P b 0.05). In addition, SP600125 also
reversed thedecreasedmRNAandprotein expression of VEGFD induced
by Andro in Hep3B cells after cells were incubated with Andro (50 μM)
for 24 h (P b 0.05) (Fig. 6C–E)

4. Discussion

Hepatocellular carcinoma (HCC) is oneof themost common solid tu-
morsworldwide, and it is the 2ndmost frequent cause of cancer-related
death in men and the 6th in women [21]. According to the statistical
analysis in 2012, HCC is the third most fatal cancer in the world [22].
At the early stage of HCC, the most effective therapeutic strategy is sur-
gical resection; however it suffers fromahigh recurrence rate exceeding
50% in 2 years [23,24]. Another choice is liver transplantation [23], but it
is hampered by the lack of organ availability. Since 2008, systemic ther-
apywith sorafenib, which is a multikinase inhibitor targeting angiogen-
esis, has become the standard care for un-resectable or advanced-stage
HCC, but its improvement on overall survival is not much surprising
incubated with Andro (50 μM) for the indicated time. The mRNA expression of VEGFD is
l. (B)Hep3B cells are incubatedwith Andro (50 μM) for the indicated time. VEGFD expres-
ol. Results represent three repeated experiments. (C) The quantitative densitometric anal-
ontrol. (D)Hep3B cellswere incubatedwith Andro (25 and 50 μM) for 24h, and the release
(n = 4). ⁎P b 0.05 versus control.



Fig. 4. Andro decreases cFos expression in hepatoma cells.Hep3B cells are incubatedwith Andro (50 μM) for the indicated time. (A) ThemRNA expression of cFos. Data are expressed as
means± SEM (n= 4). (B) cFos expression is detected by immunoblotting using specific antibody, and β-actin is used as loading control. Results represent at least three repeated exper-
iments. (C) The quantitative densitometric analysis of cFos protein. Data are expressed asmeans±SEM (n=4). ⁎P b 0.05 versus control. (D) The translocation of cFos from cytoplasm into
nucleus is detected by immunoblotting using specific antibody. β-actin and histone H3 are used as loading control for cytoplasm or nucleus, respectively. Results represent at least three
repeated experiments. (E) The quantitative densitometric analysis of cFos protein. Data are expressed asmeans± SEM (n= 4). ⁎P b 0.05, ⁎⁎P b 0.01 versus control. (F)Hep3B cells were
transfectedwith pGL4.32 (luc2P/AP-1/Hygo). At 24 h after transfection, cells were treatedwith orwithout Andro for 12 h and 24 h. Luciferase activity wasmeasured using the Duan-Glo®
Luciferase Assay System. Results were expressed as the percentage (%) of normalized luciferase activities between Andro-treated and Andro-untreated cells. Data are expressedmeans ±
SEM (n = 6). ⁎⁎P b 0.01, ⁎⁎⁎P b 0.001 versus control.
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[25]. Therefore, the development of more effective drug for HCC treat-
ment is urgently needed.

Natural product Andro is the main compound in Andrographis
paniculata, our previous studies and results of other groups showed
that Andro was reported to have anti-tumor effect on hepatoma cancer
in vivo and in vitro [3,8–11,26]. In the present study, Cancer
PathwayFinder RT2 Profiler™ PCR array was used to find out the poten-
tially involved signals in Andro-induced inhibition on hepatoma tumor
growth. The results demonstrated that themRNA expression of VEGFD,
MTA1, EGFR, andMMP2was obviously decreased in tumorswith Andro
treatment. Further real-time PCR result confirmed that the mRNA ex-
pression of VEGFD, MTA1 and EGFR was decreased in Andro-treated
group. VEGFD is an important pro-angiogenic factor, and the decreased
expression of VEGFD mRNA is the highest of all those changed genes in
Andro-treated group. In addition, after stainingwith VEGFD antibody in
tumor tissue, we can see that the expression of VEGFD is obviously de-
creased in Andro-treated group. Further results in hepatomaHep3B and
HepG2 cells, we also observed the decreased expression of VEGD.
VEGFD was isolated as a cFos oncogene-inducible mitogen [27], and it
is primarily found in skeletal muscle, heart, lung, and intestine [28].
More and more evidences proved that high VEGFD expression was
related with tumor growth and metastasis [16–19,29–31]. In addition,
there are some reports about the promotion of VEGFD on the tumor
growth and metastasis of hepatocellular carcinoma [32,33]. Thus, the
decreased expression of VEGFD will contribute to the inhibition of
Andro on hepatoma cancer growth.

As VEGFD is a cFos-inducible gene, so we observed the expression of
cFos in hepatoma cancer cells. Our results showed that Andro decreased
cFos protein expression and its nuclear translocation. Transcriptional
factor AP-1 is a heterodimeric protein composed of proteins including
cFos, c-Jun, JunD, etc. [34]. Further results showed that Andro decreased
the transcriptional activity of AP-1, which may be attributed to the de-
creased expression of cFos. However, further results showed that
Andro had no effect on cFos mRNA expression. As the Andro-induced
decreased expression of cFos is not due to the inhibition on its mRNA
expression, we further observed the protein degradation of cFos in-
duced by Andro in the following experiments. The results showed that
Andro induced the polyubiquitination of cFos protein at the presence
of MG132. In addition, MG132 reversed the decreased expression of
cFos protein, and further reversed the decreased expression of VEGFD
mRNA and protein induced by Andro. Our present study indicates that
Andro may induce the ubiquitin/proteasome-mediated cFos protein



Fig. 5. Andro induces ubiquitin-dependent proteasomal degradation of cFos protein. (A)Hep3B cells are pretreated with MG132 (20 μM) for 2 h, and then are incubated with Andro
(25 and 50 μM) for another 24 h. Cell extracts are subjected to immunoprecipitationwith anti-cFos antibody and the conjugates are detectedwith anti-ubiquitin and anti-cFos antibodies.
Each blot represents one of three independent experiments. (B)Hep3B cells are pretreatedwithMG132 (20 μM) for 2 h, and then are incubatedwith Andro (50 μM) for another 24 h. cFos
expression is detected by immunoblotting using specific antibody, and β-actin is used as loading control. Results represent at least three repeated experiments. (C) The quantitative den-
sitometric analysis of cFos protein. Data are expressed asmeans± SEM (n= 4). ⁎P b 0.05 versus control; #P b 0.05 versus Andro. (D)Hep3B cells are pretreated withMG132 (20 μM) for
2 h, and then are incubated with Andro (50 μM) for another 24 h. VEGFD expression is detected by immunoblotting using specific antibody, and β-actin is used as loading control. Results
represent at least three repeated experiments. (E) The quantitative densitometric analysis of VEGFD protein. Data are expressed as means ± SEM (n = 3). ⁎P b 0.05 versus control;
##P b 0.01 versus Andro. (F)Hep3B cells are pretreatedwithMG132 (20 μM) for 2 h, and then are incubatedwith Andro (50 μM) for another 24h.mRNA expression of VEGFD are analyzed.
Data are expressed as means ± SEM (n= 5). ⁎⁎P b 0.01 versus control; #P b 0.05 versus Andro.
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degradation, and thus lead to the decreased expression of VEGFD in
hepatoma cancer cells. There are already reports that demonstrate the
ubiquitin-dependent proteasomal degradation of cFos protein [35,36];
however, the molecular mechanisms and concrete molecules involved
in the degradation system of cFos protein are still not known at all.
The E3 ubiquitin ligase UBR1 and a novel species of E3 ubiquitin ligase
have been reported to be involved in regulating cFos protein degrada-
tion [37,38], and these two E3 ubiquitin ligases may also be involved
in Andro-induced cFos protein degradation, which needs further
investigation.

JNK belongs to the family of mitogen-activated protein kinase
(MAPK). Our previous studies have demonstrated that Andro induced
the phosphorylated activation of JNK in hepatoma cancer cells, and
which plays important roles in regulating hepatoma cancer cell growth
[9,10]. Next, we observed the effect of Andro-induced JNK activation on
the decreased expression of cFos and VEGFD. Our results showed that
JNK inhibitor SP600125 reversed Andro-induced the decreased expres-
sion of cFos and VEGFD in hepatoma cancer cells. There are already re-
ports evidenced that other members of MAPK family such as ERK1/2
and ERK5 play important roles in regulating the transcriptional activa-
tion of cFos via stabilizing cFos protein [39–41]. Our present study indi-
cates that JNK may promote ubiquitin-dependent proteasomal
degradation of cFos protein, and thus lead to the decreased expression
of cFos and its regulated downstream gene VEGFD. However, the con-
cretemechanismunder Andro-induced cFos degradation via JNK activa-
tion needs further investigation.
5. Conclusions

Ourfindings demonstrate that Andro decreases VEGFD expression in
hepatoma cancer cells via inducing ubiquitin-dependent proteasomal
degradation of cFos protein, which will contribute to the inhibition of
Andro on hepatoma tumor growth. In addition, the Andro-induced acti-
vation of JNK plays some role in regulating Andro-decreased cFos and
VEGFD expression.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.bbagen.2015.01.005.
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Fig. 6. Effects of SP600125 on the Andro-induced decreased expression of cFos and VEGFD. (A)Hep3B cells are pretreated with SP600125 (20 μM) for 15min, and then are incubated
with Andro (50 μM) for another 24 h. cFos expression is detected by immunoblotting using specific antibody, and β-actin is used as loading control. Results represent at least three repeat-
ed experiments. (B) The quantitative densitometric analysis of cFos protein. Data are expressed asmeans± SEM (n=5). ⁎⁎P b 0.01 versus control; #P b 0.05 versus Andro. (C)Hep3B cells
are pretreatedwith SP600125 (20 μM) for 15min, and then are incubatedwith Andro (50 μM) for another 24 h. VEGFD expression is detected by immunoblotting using specific antibody,
and β-actin is used as loading control. Results represent at least three repeated experiments. (D) The quantitative densitometric analysis of VEGFD protein. Data are expressed asmeans±
SEM (n= 3). ⁎P b 0.05 versus control; #P b 0.05 versus Andro. (E)Hep3B cells are pretreated with SP600125 (20 μM) for 15min, and then are incubatedwith Andro (50 μM) for another
24 h. The mRNA expression of VEGFD is analyzed. Data are expressed as means ± SEM (n= 5). ⁎P b 0.05 versus control; #P b 0.05 versus Andro.
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