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Objective: This study aimed to investigate the relationship between VCP expression and the 

prognosis of orbital B-cell lymphoma patients and the influence of downregulation of VCP on 

the apoptosis and invasion abilities of lymphoma cells.

Methods: We recruited 66 orbital B-cell lymphoma patients. VCP expression in 66 samples 

of orbital B-cell lymphoma was determined by immunohistochemistry using monoclonal 

VCP antibodies. Based on VCP-expression levels detected by immunohistochemistry, we 

chose ten cases of orbital tumor paraffin tissue from the patients. Total RNA was extracted 

and differences in VCP gene-expression levels compared among patients using quantitative 

reverse-transcription (qRT) PCR. We used siRNA to knock down VCP in the lymphoma cell 

lines Raji and SUDHL4. qRT-PCR and Western blot were applied to detect VCP mRNA and 

protein expression, respectively. SUDHL48 assays were applied to investigate cell proliferation. 

Hoechst 33258 staining and flow-cytometry analysis were applied to investigate cell apoptosis. 

Transwell assays were applied to investigate invasive ability. Survival analysis was used to 

evaluate prognostic values.

Results: Expression levels of VCP were correlated with the stage, tumor grade, and recurrence 

rate of patients. VCP mRNA-expression levels were consistent with VCP-expression levels in 

orbital B-cell lymphoma tissue. Moreover, survival analysis revealed that lower VCP-expression 

levels were correlated with longer overall survival of orbital B-cell lymphoma patients. Down-

regulation of VCP with siRNA did not inhibit cell proliferation. However, it dramatically 

increased apoptosis and suppressed the invasion of B-cell lymphoma cells.

Conclusion: VCP expression played an important role in the progression of orbital B-cell 

lymphoma. VCP could be a useful marker for predicting the prognosis of orbital B-cell 

lymphoma patients. VCP may be a potential therapeutic target for orbital B-cell lymphoma.

Keywords: VCP, orbital B-cell lymphoma, prognosis, invasion, apoptosis

Introduction
Non-Hodgkin lymphoma (NHL) of the orbit and ocular adnexa is the most common 

primary orbital malignancy.1,2 In recent years, the incidence of orbital and ocular 

adnexal NHL has been increasing.3 As we know, NHL constitutes a group of very 

heterogeneous neoplasms, deriving from a clonal proliferation of B or T lymphocytes. 

About 95%–100% of reported cases of orbital and ocular adnexa NHL are B-cell 

neoplasms,4 which are divided into two groups. Low-grade lymphoma includes extra-

nodal marginal-zone B-cell lymphoma (BCL) of mucosa-associated lymphoid-tissue 

(MALT) lymphoma, follicular lymphoma (FL; grades 1 and 2), small lymphocytic 

lymphoma, and lymphoplasmacytoid lymphoma. High-grade lymphoma includes 

correspondence: lihua Xiao
institute of Orbital Disease, general 
hospital of chinese People’s armed 
Police Forces, 69 Yongding road, 
haidian, Beijing 100039, china
Tel +86 137 9187 1258
email xlhwjyk@163.com 

Journal name: OncoTargets and Therapy
Article Designation: Original Research
Year: 2019
Volume: 12
Running head verso: Zhu et al
Running head recto: VCP upregulation in orbital B-cell lymphoma
DOI: 182118

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S182118
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:xlhwjyk@163.com


OncoTargets and Therapy 2019:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

244

Zhu et al

diffuse large BCL (DLBCL), mantle-cell lymphoma, FL 

grade 3, lymphoblastic lymphoma, and even Burkitt’s lym-

phoma. Moreover, it is remarkable that as a part of systemic 

disease, orbital BCL has the possibility of recurrence in the 

orbit and even distant organs after initial therapy. Besides 

that, as BCL is a malignant tumor, speculation on patient’ 

prognosis is very important for treatment and follow-up.

As we know, tumor recurrence is common, and some-

times existing treatment measures cannot effectively prevent 

local recurrence or central nervous system involvement.5 It is 

important to find effective predictors of tumor recurrence. 

It has been reported that age .60 years, elevated LDH level, 

advanced stage at presentation, high-grade histological sub-

group, and presence of B symptoms have a negative impact 

on overall survival for the overall population.6 However, 

unlike visceral organ tumors, the position of orbital tumors 

is relatively shallow. We have found that the vast majority of 

orbital BCL patients were in stage I when patients visit for the 

first time and that International Prognostic Index values for 

most patients were 0–2. Histological subtyping of lymphoma 

is difficult for most pathology doctors. Studies have shown 

several clinicopathological factors to be prognosticators for 

orbital lymphoma. It has been reported that CD43,7 BCL10,8 

and TKTL19 are involved in the progression of ocular adnexal 

lymphoma, however so far there is no generally accepted 

effective predictor for orbital BCL.

VCP is a member of the AAA superfamily of proteins, 

which plays an important role in various cellular activities, 

including the ubiquitin–proteasome system, endoplasmic 

reticulum-associated degradation of proteins, cell cycle, 

and DNA repair.10 Several studies have found that VCP was 

associated with the prognosis of gastric cancer,11 pancreatic 

cancer,12 liver cancer,13,14 esophageal carcinoma,15 non-small-

cell lung cancer,16 prostate cancer,17 and breast carcinoma.18 

Our previous studies found that expression levels of VCP 

were associated with prognosis of primary orbital MALT 

lymphoma. VCP could be a useful marker for predicting the 

prognosis of primary orbital MALT lymphoma.19

Here, we firstly detected VCP expression in 66 samples 

from orbital BCL. Combining these with the clinical data, 

we analyzed the correlation between VCP expression and 

the prognosis of orbital BCL patients. Then, we explored 

the effect of suppressing VCP expression on lymphoma-cell 

proliferation, apoptosis, and invasion.

Methods
Patients
A total of 71 patients underwent operations for orbital 

BCL at the Institute of Orbital Disease, General Hospital 

of Chinese People’s Armed Police Forces (Beijing, China) 

from December 2008 to December 2012, with follow-up 

until January 2018. We received a documented review and 

approval from the ethics committee for all studies involv-

ing relevant human material. In addition, written informed 

consent was provided by the patients or the patient’s parent 

or legal guardian if under the age of 18 years. Five of these 

patients were excluded from the present study for loss of 

follow-up. The remaining 66 patients were included. All 

patients had been diagnosed with orbital BCL by senior 

pathologists: 47 (71%) with low-grade lymphoma and 

19 (29%) with high-grade lymphoma. There were 33 cases 

(50%) of MALT lymphoma, three (5%) of FL, 16 (24%) of 

DLBCL, eleven (17%) of lymphoplasmacytoid lymphoma, 

two (3%) of Burkitt’s lymphoma, and one (1%) of lympho-

blastic lymphoma. There were 45 males and 21 females, 

with ages 3–85 years (median 59 years). The stage of the 

disease was classified according to the Ann Arbor staging 

system. There were 51 patients at stage I, seven at stage II, 

four at stage III, and four at stage IV. Before surgery, patients 

received comprehensive examinations: physical examina-

tion, laboratory examinations, chest X-ray, abdominal ultra-

sonography and/or thoracoabdominal computed tomography 

scan, and bone-marrow biopsy. All patients were classified 

according to the Ann Arbor system. During each operation, 

the surgeon removed the tumor as much as possible. After 

the incision had healed, stage I patients received the radia-

tion therapy postoperatively. Stage II, III, and IV patients 

were treated by radiotherapy combined with chemotherapy. 

Regular follow-up was carried out for all postoperative 

patients, with face-to-face visits for at least 5 years. Through 

examination, recurrences in orbital or distant organs could 

be detected in timely fashion.

immunohistochemistry and evaluation of 
staining intensity
Samples from the surgery resections were fixed in 10% 

formalin and conventionally paraffin-embedded. Each 

sample was cut at 4 µm for two continuous sections, on 

which immunohistochemical staining was performed for 

monoclonal VCP antibodies (Abcam, Cambridge, UK). Vas-

cular endothelial staining was as the internal positive control. 

Unimmunized mouse IgG serum (Vector Laboratories, Burl-

ingame, CA, USA) was used as the primary antibody for the 

negative control (NC). Stained sections were evaluated by a 

senior pathologist without prior knowledge of the design of 

this experiment. The percentage of positive cells and intensity 

of VCP immunochemical staining were evaluated in ten ran-

domly selected areas (200×). The percentage of positive cells 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

245

VcP upregulation in orbital B-cell lymphoma

was categorized into four grades: 0 for ,5% positive cells, 

1 for 6%–25% positive cells, 2 for 26%–50% positive cells, 

3 for 51%–75% positive cells, and 4 for .75% positive 

cells. Staining intensity of cytoplasm and nuclei was cat-

egorized into three grades: 1 for weakly positive, 2 for 

moderately positive, and 3 for strongly positive. The final 

score was the multiplication of the percentage and intensity 

scores. Final scores ,6 were defined as low VCP expres-

sion. Final scores $6 were defined as high VCP expression.

cell-line cultures
The human Burkitt’s lymphoma cell line Raji was pur-

chased from the China Infrastructure of Cell Line Resources 

(Beijing, China). The human DLBCL cell line SUDHL4 was 

purchased from Jennio Biotech (Guangzhou, China). Cell 

lines were cultured in RPMI 1640 medium (Thermo Fisher 

Scientific, Waltham, MA, USA) supplemented with 10% 

FBS, 100 U/mL penicillin, and 100 U/mL streptomycin. 

Cells were cultured at 37°C in a humidified atmosphere 

containing 5% CO
2
.

sirna transfection
Transfection of siRNA was done using Lipofectamine 

2000 (Thermo Fisher Scientific) according to the manufac-

turer’s protocol. VCP-homo-siRNA (sense 5′-GGGCACAU 

GUGAUUGUUAUTT-3′ and antisense 5′-AUAACAAUC 

ACAUGUGCCCTT-3′) and NC siRNA (sense 5′-UUCUCC 

GAACGUGUCACGUTT-3′ and antisense 5′-ACGUGACA 

CGUUCGGAGAATT-3′) were designed and synthesized by 

GenePharma (Shanghai, China). The cells were seeded into 

six- or 24-well plates and transfected with VCP siRNA (to a 

final concentration of 100 nM) using Lipofectamine 2000 

for 48 hours. VCP silencing was confirmed by quantitative 

reverse-transcription (qRT) PCR for mRNA expression.

Quantitative reverse-transcription Pcr
Total RNA of the cells or tissue was extracted using RNeasy 

Plus animal RNA-isolation kit with spin column (Beyotime, 

Haimen, China) according to the manufacturer’s protocol. 

Then, cDNA was synthesized with a PrimeScript RT 

reagent kit with gDNA eraser (Perfect Real Time; Takara, 

Kusatsu, Japan) at 42°C for 2 minutes to remove gDNA, 

followed by 37°C for 15 minutes and 85°C for 5 seconds. 

qRT-PCR was carried out on an Mx3000p system (Agilent, 

Santa Clara, CA, USA) at 95°C for 10 minutes, followed 

by 40 cycles at 95°C for 30 seconds, 58°C for 30 seconds, 

and 72°C for 20 seconds, according to SYBR Premix Ex 

Taq (TLI RNase H Plus; Takara) instructions. Data were 

analyzed with the 2−ΔΔCt method. Specific primers were 

synthesized by Taihe Biotechnology (Beijing, China): 

VCP, forward 5′-CCCTGTGCCTGCTTCTTT-3′ and 

reverse 3′-GCTGCTCCCTTTCCACCA-5′; GAPDH, for-

ward 5′-AGAAGGCTGGGGCTCATTTG-3′ and reverse 

3′-AGGGGCCATCCACAGTCTTC-5′.

Western blot
Cells were collected and lysed with RIPA lysis buffer 

(Beyotime) supplemented with a protease-inhibitor cocktail 

(Hoffman-La Roche, Basel, Switzerland) and then centri-

fuged at 12,000 g, 4°C for 10 minutes to obtain the super-

natant. Cell lysates containing 15 µg protein were heated 

for 5 minutes at 100°C, separated by 12% SDS-PAGE, 

and transferred onto polyvinylidene difluoride membranes 

(Immobilon-P; Millipore, Billerica, MA, USA). After 

incubation in 5% BSA–0.1% Tween 20 in TBS (TBST) at 

room temperature for 2 hours to block aspecific binding, the 

membranes were incubated with primary antibodies (1:1,000) 

in 0.1% TBST at 4°C overnight. VCP and β-actin antibodies 

were purchased from CST Signaling Technology. Next, 

these membranes were washed three times with TBST and 

incubated with the secondary antibody (1:5,000) for 1 hour 

at room temperature. The membranes were washed three 

times with TBST and visualized by enhanced chemilumi-

nescence using a SuperSignal West Pico trial kit (Thermo 

Fisher Scientific).

sUDhl4–8 for proliferation assays
CCK8 was used to determine cell-proliferation ability accord-

ing to the manufacturer’s instructions. Cell suspensions were 

seeded into each well of 96-well culture plates. SUDHL4–8 

reagent (10 µL) was added to each well for 1 hour’s incu-

bation at 37°C, 5% CO
2
. Finally, the OD

450
 values of the 

96-well plates were measured with an EnSpire Multimode 

plate reader (PerkinElmer, Waltham, MA, USA).

Hoechst 33258 staining and flow 
cytometry for cell-apoptosis assays
Cells were stained with Hoechst 33258 for apoptotic cells. 

Cells were washed by PBS and stained with Hoechst 33258 

(5 µg/mL) for 30 minutes at room temperature. Apoptotic 

cells were counted under fluorescence microscopy. To ana-

lyze cell apoptosis, cells were collected and incubated with 

FITC–annexin V and PI for 15 minutes. Data acquisition 

and analysis were performed in flow cytometer (Becton 

Dickinson, San Jose, CA, USA). All experiments were 

repeated three times independently.
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Transwell assays for invasion ability
Transwell assays were performed in 24-well transwell inserts 

with a Corning Costar 8 µm-pore polycarbonate membrane 

(Corning, NY, USA). Cells (100 µL) were plated in RPMI 

1640 medium without FBS in the upper Matrigel-coated 

chamber and incubated for 10 minutes at 37°C and 5% CO
2
 to 

allow the cells to settle down. Then, RPMI 1640 medium con-

taining 20% FBS was added to the lower chamber for culture. 

After incubation for 24 hours at 37°C in 5% CO
2
, invasive 

cells in the lower chamber were stained with Hoechst 33258 

and counted under fluorescence microscopy. All experiments 

were repeated three times independently.

statistical analysis
Statistical analysis was performed with SPSS 17.0. Statistical 

differences among values were analyzed with independent 

t-tests. The relationship between VCP expression and clini-

copathological features was analyzed with χ2 tests. Univariate 

survival analysis was analyzed with the Kaplan–Meier method. 

Multivariate analysis was analyzed with the Cox regression 

model. P,0.05 was considered statistically significant.

Results
Patient outcomes
After follow-up for at least 5 years, we found that 24 of 

66 (36.4%) patients had suffered tumor recurrence and 20 of 

66 (30.3%) had died due to tumors. Median disease-free 

survival was 63.5 (2–105) months. Median overall survival 

time was 68 (2–109) months. Disease-free and overall sur-

vival rates were 63.6% and 69.7%, respectively.

VcP-expression level correlated with 
clinical and pathological characteristics of 
orbital Bcl
A total of 66 cases of orbital BCL specimens were investi-

gated. Immunohistochemistry assays found that VCP staining 

was located mainly in cytoplasm and nuclei (Figure 1). We 

investigated the correlation between VCP expression and 

clinical and pathological features (Table 1). Interestingly, we 

found VCP expression was higher in tumors of Ann Arbor 

stage II–IV than stage I (P=0.005). Notably, VCP expression 

of orbital high-grade lymphoma was higher than low-grade 

lymphoma (P=0.039). The recurrence rate of patients with 

low VCP expression was significantly lower than those with 

high VCP expression (P=0.000). In orbital tumor tissue of ten 

orbital BCL patients, VCP mRNA expression was consistent 

with VCP expression. According to the immunohistochem-

istry results, VCP mRNA expression in tumor tissue of the 

high-VCP-expression group was significantly higher than the 

low-VCP-expression group (P,0.05, Figure 2).

survival analysis
Surprisingly, univariate analysis found that disease-free and 

overall survival rates of patients were significantly correlated 

Figure 1 immunohistochemical staining of VcP in orbital B-cell lymphoma.
Notes: (A, B) Mucosa-associated lymphoid-tissue lymphoma, 200×; (C) lymphoplasmacytoid lymphoma, 200×; (D) lymphoblastic lymphoma, 200×; (E) diffuse large B-cell 
lymphoma, 200×. (F) Burkitt’s lymphoma, 200×.
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with VCP expression and Ann Arbor stage. Histological sub-

type was significant for overall survival, but not for disease-free 

survival. Compared with patients with high VCP expression, 

those with low VCP expression had better overall survival 

and disease-free survival (disease-free survival, 85.3% vs 

40.6%, P=0.000; overall survival, 88.2% vs 50%, P=0.001; 

Table 2 and Figure 3). Multivariate analysis showed that VCP 

expression and Ann Arbor stage were independent prog-

nostic factors for disease-free and overall survival (Table 3).

Downregulation of VcP expression 
induced apoptosis and suppressed 
invasion of Bcl cells
To investigate the effect of VCP on the proliferation, apopto-

sis and invasion of BCL cells, siRNA targeting VCP (siVCP) 

Table 1 VcP expression and its relationship with clinical pathological characteristics of 66 orbital B-cell lymphoma patients

n Low expression High expression P-value

n % n %

Age, years 0.611
#60 35 17 48.6 18 51.4

.60 31 17 54.8 14 45.2

Sex 0.665
Male
Female

45
21

24
10

53.3
47.6

21
11

46.7
52.4

Side of involvement 0.271
Monocular 55 30 54.5 25 45.5
Binocular 11 4 36.4 7 63.6
Tumor size (mm3) 0.811
,12 32 16 50 16 50

$12 34 18 52.9 16 47.1

LDH 0.156
#240 U/l 58 28 48.3 30 51.7

.240 U/l 8 6 75 2 25

ESR 0.938
normal 60 31 51.7 29 48.3
above normal 6 3 50 3 50
Serum albumin 0.628
#35 g/l 7 3 42.9 4 57.1

.35 g/l 59 31 52.5 28 47.5

B symptoms 0.507
absent 58 29 50 29 50
Present 8 5 62.5 3 37.5
Histological subtype 0.039
indolent 47 28 59.6 19 40.4
aggressive 19 6 31.6 13 68.4
Stage (Ann Arbor) 0.005
i 51 31 60.8 20 39.2
ii/iii 15 3 20 12 80
Recurrence 0.000
absent 42 29 69.0 13 31.0
Present 24 5 20.8 19 79.2

Abbreviation: esr, erythrocyte-sedimentation rate.

Figure 2 VCP mrna expression in the tumor tissue.
Note: VCP mrna expression in tumor tissue of the VcP-high-expression group 
was significantly higher than that of the VCP-low-expression group.
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Figure 3 survival analysis.
Note: (A) Disease-free survival of patients with low and high VcP expression in orbital B-cell lymphoma; (B) overall survival of patients with low and high VcP expression 
in orbital B-cell lymphoma.

Table 2 Univariate analysis of clinicopathological factors for disease-free and overall survival of 66 orbital B-cell lymphoma patients

n Recurrences Disease-free 
survival rate

P-value Deaths Overall 
survival rate

P-value

VCP expression 0 0.001
low level 34 5 85.3% 4 88.2%
high level 32 19 40.6% 16 50.0%
Age, years 0.758 0.558
#60 35 12 65.7% 9 74.3%
.60 31 12 61.3% 11 64.5%
Sex 0.414 0.074
Male 45 15 66.7% 11 75.6%
Female 21 9 57.1% 9 57.1%
Side of involvement 0.442 0.115
Monocular 55 19 65.5% 15 72.7%
Binocular 11 5 54.5% 5 54.5%
Tumor size (mm3) 0.080 0.160
,12 32 8 75.0% 7 78.1%
$12 34 16 52.9% 13 61.8%
LDH 0.928 0.187
#240 U/l 58 21 63.8% 19 67.2%
.240 U/l 8 3 62.5% 1 87.5%
ESR 0.505 0.230
normal 60 21 65.0% 17 71.7%
above normal 6 3 50.0% 3 50.0%
Serum albumin 0.730 0.556
#35 g/l 7 2 71.4% 1 85.7%
.35 g/l 59 22 62.7% 19 67.8%
B symptoms 0.452 0.259
absent 58 22 62.1% 19 67.2%
Present 8 2 75.0% 1 87.5%
Histological subtype 0.072 0.034
indolent 47 14 70.2% 11 76.6%
aggressive 19 10 47.4% 9 52.6%
Ann Arbor stage 0 0.000
i 51 13 74.5% 10 80.4%
ii/iii 15 11 26.7% 10 33.3%

Abbreviation: esr, erythrocyte-sedimentation rate.
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Table 3 Multivariate analysis of clinicopathological factors for 
disease-free and overall survival of 66 orbital B-cell lymphoma 
patients

Category Relative 
risk

P-value

Disease-free survival
VcP expression

ann arbor stage

Overall survival
VcP expression

ann arbor stage

high level
low level
i
ii/iii

high level
low level
i
ii/iii

4.91

2.39

3.97

3.038

0.003

0.045

0.020

0.030

was transfected in Raji cells and SUDHL4 cells. qRT-PCR 

results showed that the mRNA level of VCP in siVCP cells 

was knocked down significantly compared with the NC group 

(Figure 4). VCP expression was also significantly decreased 

after cells had been treated with siVCP (Figure 5). We 

checked if VCP could influence the proliferation, apoptosis, 

and invasion of BCL cells at 72 hours. Cell proliferation was 

measured by SUDHL4–8 assay. Cell apoptosis was evaluated 

by Hoechst 33258 staining and flow cytometry. Cell-invasion 

ability was measured by transwell assay. There was no 

significant difference in proliferative capacity after cells 

had been treated with siVCP. Silencing of the VCP gene by 

siVCP did not inhibit cell proliferation (Figure 6); however, 

interestingly, downregulation of VCP by siVCP produced a 

higher percentage of apoptotic cells compared with the NC 

group (Figure 7). Hoechst 33258 staining showed the apop-

tosis rate of the siVCP group was nearly three times that of 

Figure 4 siVcP reduced the expression of VcP mrna in raji and sUDhl4 cells.
Note: The expression level of VCP mRNA was significantly decreased in Raji 
(A) and sUDhl4 (B) cells after transfection with siVcP by quantitative Pcr.
Abbreviations: nc, negative control; siVcP, sirna targeting VcP.

Figure 5 siVcP reduces the expression of VcP in raji and sUDhl4 cells.
Notes: The expression level of VcP was decreased in raji and sUDhl4 cells after 
transfection with siVcP by Western blot. gaPDh served as the internal control.
Abbreviations: nc, negative control; siVcP, sirna targeting VcP.

Figure 6 Proliferation of cells detected by sUDhl48.
Notes: There was no significant difference in proliferative capacity between siRNA 
targeting siVcP, nc, and mock groups. (A) raji cells. (B) sUDhl4 cells. The 
experiment was repeated three times independently.
Abbreviations: nc, negative control; siVcP, sirna targeting VcP.
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Figure 7 Effects of VCP on cell apoptosis by Hoechst 33258 staining and flow-cytometry assays.
Notes: The apoptosis rate of the siVcP group was more than the nc and mock groups (P,0.05). (A) cells containing bright-blue particles (apoptosis-positive cells) 
were visualized under fluorescence microscopy. (B) apoptosis rates of nc, mock, and siVcP groups in raji cells. apoptosis rates shown as mean ± sD. *P,0.05 vs nc 
or mock group. (C) apoptosis rates of nc, mock, and siVcP groups in sUDhl4 cells. apoptosis rates shown as mean ± sD. *P,0.05 vs nc or mock group. (D) Flow-
cytometry assays showed cell apoptosis enhanced obviously after the VCP gene had been silenced by siVcP in raji cells (P,0.05). The experiment was repeated three times 
independently.
Abbreviations: nc, negative control; siVcP, sirna targeting VcP.

the NC group (P,0.05). Flow cytometry showed that cell 

apoptosis was enhanced obviously after the VCP gene had 

been silenced by siVCP in Raji cells (P,0.05). Downregu-

lation of VCP promoted the apoptosis of cells. It was also 

found that VCP knockdown by siVCP decreased the invasion 

ability of BCL cells compared with the NC group (P,0.05). 

Therefore, downregulation of VCP was able to suppress the 

invasion of BCL cells (Figure 8).
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Figure 8 effects of VcP on cell invasion.
Notes: (A) invasion ability was suppressed by downregulation of VcP; (B) comparisons of invasion in raji cells; (C) comparisons of invasion in sUDhl4 cells. invasion rates 
shown as mean ± sD. *P,0.05 vs nc or mock group. The experiment was repeated three times independently.
Abbreviations: nc, negative control; siVcP, sirna targeting VcP.

Discussion
In this study, we found that VCP-expression levels in orbital 

BCL were different. VCP expression was associated with 

Ann Arbor stage, histological subtype, and the recurrence 

rate in patients. Furthermore, survival analysis revealed that 

higher expression VCP was associated with unfavorable over-

all and disease-free survival of orbital BCL patients. As such, 

VCP could be a potential marker for prognosis of orbital BCL 

patients. Then, we found that VCP had no significant effect 

on lymphoma-cell proliferation, but downregulation of VCP 
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expression could promote lymphoma-cell apoptosis and sup-

press invasion ability. Therefore, VCP may play an important 

role in promoting lymphoma-cell progression and invasion. 

VCP may be a potential target for new drugs in the future.

It has been reported that CB5083 is a potent, selective, 

and orally bioavailable inhibitor of VCP.20 Gugliotta et al 

found that CB5083 induced a significant reduction in viability 

in human B-ALL cell lines. Early and strong induction of 

apoptosis was also demonstrated in human B-ALL cell lines 

treated with CB5083.21 We will explore the effect of CB5083 

on human BCL cells and its therapeutic effect on BCL in 

an animal model.

The Burkitt lymphoma cell line Raji and DLBCL cell 

line SUDHL4 cell were high-grade lymphoma cells, the 

VCP expression of which was high. Here, we used Raji and 

SUDHL4 cells for VCP gene silencing. Whether VCP gene 

silencing can affect apoptosis and invasion abilities in pri-

mary orbital lymphoma cells needs to be determined.

Univariate analysis found that histological subtype was 

associated with overall survival, but not disease-free survival. 

Multivariate analysis found that histological subtype was not 

associated with overall or disease-free survival. As such, 

in this study the histological subtype of orbital BCL did 

not influence survival as much as we thought. Perhaps it is 

important to employ standardized and effective treatment for 

improving the survival of high-grade orbital BCL patients.

We investigate only correlations between VCP expression 

and prognosis of orbital BCL. Whether VCP is associated 

with other types of lymphoma in orbit and BCL in other 

organs still needs to be researched. 

Conclusion
Our results identified that VCP could be a potential marker 

for prognosis of orbital BCL patients. VCP may be a potential 

target for new drugs in the future.
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