Figure 4: NgBR regulates p53 protein expression in Bel/SFU cells. (A) p53 protein was decreased in Bel/5FU cells. p53, p21,
cyclinD1, CDK6, and Phos-Rb protein levels in Bel7402 cells and Bel/SFU cells were determined using western blot analysis (left panel).
Band intensities were quantified using Image Lab 5.0 software and were normalized to B-actin (right panel). The data are presented as
the mean = SD of three separate experiments. (*P < 0.05, **P < 0.01). (B)Knockdown of NgBR increases p53 protein level in Bel/SFU
cells. The expression of p53, p21, cyclinD1, CDK6, and Phos-Rb in Bel/SFU cells were detected by western blot assay (left panel). The
quantitative measurement is shown in right panel. The mean and SD obtained from three independent experiments are plotted (*P < 0.05,
*¥*P < 0.01, ***P < 0.001). (C) Overexpression of NgBR rescued the p53 protein level change induced by NgBR siRNA in Bel/5FU
cells. The Bel/5FU cells were co-transfected with siNgBR or NS as well as pIRES-NgBR or pIRES empty vector. Expression of p53, p21,
cyclinD1, CDK6, and Phos-Rb proteins was then examined using western blot analysis (left panel). The quantitative measurement is shown
in right panel. The mean and SD obtained from three independent experiments are plotted (*P < 0.05, **P < 0.01, ***P < (.001).

www.impactjournals.com/oncotarget 8855 Oncotarget



studies have demonstrated Akt mediated phosphorylation
of MDM2, allowing ubiquitination and degradation
of p53 [26-29]. And It has been demonstrated that
phosphorylation of Akt increased the translocation of
MDM?2 from the cytoplasm to the nucleus [30]. Our
previous work has reported that NgBR regulates the Akt
phosphorylation [18, 20]. Therefore, we hypothesized
that NgBR regulates p53 protein stability via the
PI3K/Akt/MDM2 signaling pathway in HCC cells. To
test this hypothesis, we first used western blot analysis to
detect the phosphorylation levels of both Akt and MDM?2
in Bel7402 and Bel/5FU cells. The results showed that the
phos-Akt and phos-MDM2 levels in Bel/5FU cells were
higher than in the control Bel7402 cells, while the total Akt
and MDM2 remained unchanged (Figure 5C). Knockdown
of NgBR in Bel/SFU cells by siRNA significantly
decreased the phosphorylation of both Akt and MDM?2
levels while the total Akt and MDM?2 remained unchanged
(Figure 5D). In addition, NgBR knockdown decreases
the translocation of MDM?2 from the cytoplasm to the
nucleus in Bel/SFU cells (Figure 5E). Furthermore,
overexpression of NgBR by co-transfected pIRES-NgBR
plasmid together with siNgBR in Bel/5SFU cells can rescue
impaired phosphorylation of both Akt and MDM?2 levels
in NgBR knockdown Bel/SFU cells (Figure 5F). While
treatment with the PI3K inhibitor, LY294002, inhibits
the levels of p-Akt and p-MDM?2 in Bel/SFU cells highly
expressing NgBR (Figure SF). Meanwhile, a clonogenic
survival assay showed that LY294002 also inhibits
the rescue effects of NgBR overexpression in NgBR
knockdown Bel/5FU cells (Figure 5G). Collectively, our
results demonstrate that NgBR inhibits p53 expression by
activating the PI3K/Akt/MDM?2 pathway to promote the
degradation of p53 via ubiquitin proteasome pathway and
thus increases the chemoresistance of Bel/SFU cells.

Knockdown of NgBR decreases tumor
chemoresistance to 5-FU by increasing p53
protein leves in hepatocellular carcinoma in vivo

To further examine the in vivo role of NgBR in HCC
chemoresistance to 5-FU treatment, we formed tumor
xenografts by injecting Bel/S5FU cells into nude mice. As
shown in Figure 6A—6C, the growth of tumor xenografts
was slower in the NgBR siRNA injected group, and 5-FU
treatment further decreased the tumor size and weight
dramatically in NgBR siRNA injected tumor xenografts.
However, 5-FU treatment alone did not decrease tumor
size or weight in the NS siRNA injected tumor xenografts,
which confirms the chemoresistance of the Bel/5SFU
tumor xenografts in vivo. Further analysis of the tumor
samples by IHC (Figure 6D) confirmed that NgBR
reduction by injection of siNgBR significantly stabilized
pS3 expression in tumor xenografts. Collectively, our
data strongly suggest that NgBR knockdown reduces the
chemoresistance of human hepatocellular drug-resistant

tumors to 5-FU through stabilizing p53 protein levels
in vivo.

NgBR is highly expressed in human HCC patient
tissues and associated with a poor prognosis of
HCC patients

To explore whether NgBR is an important factor
in determining clinical outcomes of HCC patients, we
examined the expression of NgBR in 89 primary HCC
patient tissues and their corresponding adjacent liver tissues
in a tissue microarray by IHC. Positive immunoreactivity
for NgBR was observed primarily in the cell membrane
and cytoplasm (Supplementary Figure S4A).
As shown in Table 1, NgBR was highly expressed in
HCC tissues compared with their corresponding adjacent
liver tissues (P = 0.002). Segregation of patients into
NgBR-positive and NgBR-negative groups did not
reveal NgBR expression significant correlations with
clinical pathological parameters of sex, gender, hepatitis
history, liver cirrhosis, maximal tumor size, tumor
number, vascular invasion, or TNM stage (Table 2).
Furthermore, the overall survival analysis indicated
patients with low NgBR expression owned significantly
higher survival rates compared to the patients with
high NgBR expression (P = 0.017) (Figure 6E). In
addition, multivariate analyses revealed that vascular
invasion and TNM stage, which are the established
prognostic predictors for HCC [31], are independent
prognostic factors for patient survival (Table 3).
Our results indicate that NgBR is an independent
prognostic factor for overall survival (hazard ratio, 2.255;
95% confidence interval, 1.209-4.206; P=0.011) (Table 3).
These results demonstrate that high NgBR expression
is important in tumor progression and serves as an
independent molecular marker for poor HCC prognosis.

DISCUSSION

The development of drug resistance is the major
obstacle in successful and effective chemotherapeutic
treatment of HCC [32]. HCC frequently and easily
acquires chemoresistance. Therefore, conventional
chemotherapy treatments achieve poor efficacy in patients
with advanced HCC and often do not show any benefit
to survival [33]. The mechanism by which HCC acquires
chemoresistance is still not well understood. In this study,
we demonstrate that NgBR expression is upregulated in
HCC cells with acquired chemoresistance and knockdown
of NgBR in the chemoresistant Bel/SFU cells reduces the
chemoresistance in HCC cells. These results indicate that
NgBR could play an important role in the development of
chemoresistance in HCC cells.

5-Fluorouracil (5-FU) is widely used in the treatment
of a variety of tumors. It interferes with nucleoside
metabolism and results in DNA synthesis disorders and
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Figure 5: NgBR inhibits p53 expression by activating the PI3K/Akt/MDM2 mediated ubiquitin proteasome pathway.
(A) The mRNA level of p53 is not changed in Bel/5SFU cells. The mRNA level of p53 in Bel7402 cells and Bel/5SFU cells was analyzed using
real-time RT-PCR (left panel). Bel/5FU cells were transfected with the indicated siRNA and then the mRNA level of p53 was analyzed by
real-time RT-PCR (right panel). The relative amount of p53 mRNA level was normalized to the f-actin. (B) NgBR negatively regulates p53
expression in a proteasome dependent manner. Bel7402 cells were transfected with pIRES-NgBR or pIRES empty vector plasmid DNA
for 48 h and then incubated with or without MG132 (20 uM) for an additional 4 h. Whole-cell lysates were analyzed by western blotting.
(C) Phos-Akt and phos-MDM2 levels are increased in Bel/SFU cells. The phos-Akt and phos-MDM?2 levels were assessed by western
blotting. Total Akt and total MDM2 protein levels were used as a loading control (left panel). Band intensities were quantified using
Image Lab 5.0 software(right panel). Results are shown as the mean + SD of three independent experiments (*P < 0.05, **P < 0.01). (D)
Knockdown of NgBR decreases the phos-Akt and phos-MDM2 level in Bel/SFU cells. Phos-Akt and phos-MDM?2 levels were detected by
western blot assay (left panel). The expression of each protein was quantified as the densitometry value analyzed by Image Lab 5.0 software
and is normalized to total Akt and total MDM2 (right panel). The data are presented as the mean + SD of three separate experiments.
(*P<0.05, **P <0.01). (E) NgBR knockdown decreases the translocation of MDM2 from the cytoplasm to the nucleus. Localization of
total MDM2 and phos-MDM2 proteins in nuclear (N) and cytoplasmic (C) cell fractions from Bel/SFU NS and Bel/SFU siNgBR cells was
examined by western blot assay. Histone H3 and B-tublin were used as internal markers for the nucleus and cytoplasm, respectively. (F)
NgBR regulates phos-MDM?2 via Akt pathway. The Bel/SFU cells were co-transfected with siNgBR or NS with pIRES-NgBR plasmid
or pIRES empty vector for 24 h and then incubated with or without LY294002 (25 uM) for an additional 48 h. The levels of phos-Akt,
phos-MDM2, and p53 were detected by western blot assay. Total Akt, total MDM2, and B-actin protein levels were used as loading control.
(G) NgBR regulates chemoresistance of Bel/SFU cells via Akt pathway. Clonogenic formation assay was used for measuring clonogenicity
of Bel/SFU cells. The number of untreated cells is set as 100 % and the results show the average percentage of surviving colonies. The data
are presented as the mean + SD of three independent experiments. (**P < 0.01, ***P < 0.001).
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Figure 6: NgBR deficiency reverses the chemoresistance of human hepatocellular drug-resistant tumor to 5-FU
through regulating p53 expression in vivo. (A) Knockdown of NgBR decreases the tumor size. The representative images of Bel/SFU
xenograft tumors injected intratumorally with non-silencing control siRNA (NS) or NgBR siRNA (siNgBR) and treated with vehicle or
5-FU for 3 weeks. (B) Knockdown of NgBR decreases the tumor volumes. Tumor volumes of different tumor and treatment groups were
calculated as described in methods. The data are presented as the mean + SD of three independent experiments. (¥**P <0.01, ***P <0.001).
(C) Knockdown of NgBR decreases the tumor weights. The data are presented as the mean + SD of three independent experiments.
(**P <0.01, ***P < 0.001). (D) Knockdown of NgBR increases p53 protein level in vivo. Representative immunohistochemical staining
images showing the staining of NgBR and p53 in tumors tissue samples obtained from treatment groups at the end point. Scale bars, 50 um.
(E) NgBR expression is negatively associated with overall survival of human HCC patients. Kaplan-Meier analysis of overall survival with
high or low NgBR expression of 89 primary human HCC patients (P = 0.017, log-rank test).
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Table 1: NgBR expression in tumor and adjacent tissues of liver cancer

Adjacent tissues

n P
Low High
. Low 21 12 33 0.002*
Tumor tissues -
High 16 40 56
n 37 52 89

Table 2: Correlation between NgBR expression determined by immunohistochemical staining and
clinicopathological parameters in patients with liver cancer

. . NgBR expression
clinicopathological parameters n - P
Low High

Age (¥)
<54 47 22 25 0.051
> 54 42 11 31

Gender
Male 80 29 51 0.906
Female 9 4 5

Hepatitis history
No 27 8 19 0.474
Yes 62 25 37

Cirrhosis
No 27 8 19 0.474
Yes 62 25 37

Tumor size
<5cm 38 13 25 0.306
>5cm 51 20 31

Tumor number
Single 46 15 31 0.389
Multiple 43 18 25

Vascular invation
No 78 30 48 0.700
Yes 11 3 8

TNM stage
I+1I 46 19 27 0.511
mr+1v 43 14 29

Table 3: Multiple analysis of factors associated with overall survival

Variable Hazard Ratio 95% CI P
NgBR expression 2.255 1.209 to 4.206 0.011*
Age 0.993 0.967 to 1.019 0.580
Gender 1.184 0.455 t0 3.079 0.730
Hepatitis history 2.025 0.944 to 4.345 0.070
Cirrhosis 2.025 0.944 to 4.345 0.070
Tumor size 1.010 0.944 to 1.080 0.775
Tumor number 0.719 0.359 to 1.437 0.350
Vascular invation 3.117 1.385t0 7.018 0.006*
TNM stage 2.145 1.323 t0 3.479 0.002*
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