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Epstein-Barr virus latent membrane protein 1 (LMP1)

regulates the aldehyde dehydrogenase (ALDH) positive cell population

in nasopharyngeal carcinoma cell lines
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Summary. - Nasopharyngeal carcinoma (NPC) is one of the severe head and neck carcinomas, which are
rare in western countries but with high incidence in Southern Asia especially South China. NPC is relatively
sensitive to radiotherapy, but the prognosis of patients in late stage is poor. The development of NPC is closely
related to genetic background, Epstein-Barr virus (EBV) infection and life style. EBV latent membrane protein
1 (LMP1) is an oncoprotein, which plays important roles in the tumorigenesis of NPC. LMP1 was reported to
be involved in the regulation of cancer stem cells (CSCs) by immunohistochemistry (IHC) and other surface
marker staining methods, but not shown by aldehyde dehydrogenase 1 (ALDH-1) functional assay yet. In this
study, we overexpressed LMP1 in two NPC cell lines and found elevated level of cytokeratin 19 (CK19) expres-
sion. CK19 is an undifferentiated keratin and a stem cell marker. We also have found an increased number
of ALDH positive cells along with LMP1 overexpression in both cell lines. Our data demonstrate that LMP1
regulates the maintenance of ALDH-1 positive NPC cancer stem cells, thus shedding light on target therapy
of NPC in clinical application.
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the most
common head and neck cancers in Southern Asia and
Northern Africa, with the incidence reaching 25 per 100,000
people, while in Europe and America, it is only 0.5-2 per
100,000 people (Thompson, 2006). The major etiologic fac-
tors for NPC are genetic susceptibility, endemic environment
factors, and EBV infection.

The Epstein-Barr virus (EBV) belongs to human gamma-
herpes virus family. EBV is known as an infectious agent
associated with several lymphoproliferative disorders,
including Burkitt's lymphoma, Hodgkin's disease and non-
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lymphoproliferative malignancies, such as NPC, natural
killer/T-cell (NKT) lymphoma, and gastric cancer (Lun et
al., 2014). EBV latent membrane protein 1 (LMP1) is a 66
kDa transmembrane protein containing transmembrane-
spanning loops (Dawson et al., 2012). LMP1 has two NF-«kB
activating domains in its intracellular carboxy terminus
(carboxy-terminal acribatin region 1/2, CTAR1/2). CTARL
is required for B-lymphocyte transformation (Edwards et
al., 2015).

Cancer stem cells (CSCs) have been considered as the ori-
gin of tumorigenesis, therapeutic resistance, recurrence and
distant metastasis (Reya et al., 2001; Visvader and Lindeman,
2008; Wang et al., 2007). The CSCs like side population of
cells in NPC were first defied by Zeng's group with Hoechst
33342 staining (Wang et al., 2007). Kondo et al. reported
that LMP1 induced the CD44 high CD24 low CSCs in
NPC cells (Kondo et al., 2011). Aldehyde dehydrogenase 1
(ALDH-1) is another functional marker for CSCs. Wu et al.
(Wu et al., 2013; Yu et al., 2013) found that ALDH positive
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NPC cells expressed high level of stem cells related proteins
like OCT4, Bmi-1, KLF4 and Sox2. These cells have high
proliferation rate and differentiation ability, strong colony/
sphere formation and migration ability compared with their
negative counterparts. Multivariate analysis indicated that
ALDH could be an independent prognostic marker for NPC.
Luo et al. (2013) detected the biomarker profile of CSCs and
epithelial-mesenchymal transition (EMT) by performing im-
munohistochemical staining (IHC) on tissue array of NPC
samples. However, the ALDH-1 staining for flow cytometry
analysis has not been reported in NPC yet.

In this study, LMP1 was overexpressed in two NPC cell
lines (CNE2 and Honel), the ALDH positive cells were de-
tected by flow cytometry and the molecular changes related
with CSC and EMT were analyzed by Western blot assay.
We found that overexpressed LMP1 led to enhancement
of ALDH positive CSC population in both NPC cell lines.

Material and Methods

Human cell lines. Human NPC cell lines CNE2 and Honel were
maintained in our lab. Both cell lines were maintained in RPMI1640
(Gibco Life Technologies, USA) with 10% fetal bovine serum (FBS,
Gibco Life Technologies). All cells were cultured in humidified
incubator at 37°C in 5% CO,. Investigation has been conducted in
accordance with the ethical standards and international guidelines.

Plasmid transfection. The control p-LXSN plasmid and LMP1
containing plasmid pLMP1 (Ke Lei Biological Technology, China)
were transfected to CNE2 and Honel cells separately by Lipo-
fectamine 2000 (Invitrogen, USA) following the manufacturer's
instructions. Then the cell lysates were collected at 48 and 72 h after
transfection and subjected to Western blot analysis.

Western blot assay. Cells were harvested and lysed by RIPA
lysis buffer (1% NP-40, 1% sodium deoxycholate, 0.1% SDS,
150 mM NacCl and 10 mM Na,HPO,, pH7.2; Beyotime Institute
of Biotechnology, Japan), supplemented with protease inhibitor
cocktail (Roche Diagnostics GmbH, Germany). Immunoblotting
was performed with standard protocols as previously described
(Wang et al., 2014). The following antibodies were used: mouse anti-
LMP1 (1:1000, Santa Cruz Biotechnology, USA), mouse anti-CK19
(1:1000, Cell Signaling Technology, USA), mouse anti-GAPDH
(1:10,000, Protein Tec Group, USA). The membranes were incu-
bated with primary antibodies at 4°C overnight and washed three
times with phosphate buffered saline containing Tween (PBST).
Horseradish peroxidase conjugated goat anti-mouse (Beyotime
Institute of Biotechnology) and goat anti-rabbit (Life Technolo-
gies, USA) secondary antibodies were applied for 30 min at room
temperature. The membranes were then washed three times with
PBST and incubated with enhanced chemiluminescence-reagent
(Millipore, USA) according to the manufacturer's instructions.
Next, the membranes were exposed to ECL sensitive films (Hy-
perfilm ECL; GE Healthcare Bio-Sciences, USA), and developed

using an OPTIMAX X-Ray film processor (Protec GmbH & Co.
KG, Germany). We used GAPDH as an internal loading control.

ALDH positive cell detection. The ALDH positive cells were iden-
tified using the ALDEFLUOR assay kit (Stem Cell Technologies,
Canada) following the manufacturer's instructions. The tested cells
were suspended in PBS with ALDH substrate precursor BodipyTM-
aminoacetaldehyde diethyl acetal (BAAA-DA), which is converted
into Bodipy-aminoacetaldehyde (BAAA) when exposed to acidic
environment. The negative control (NC) cells were suspended in
PBS with both BAAA-DA and ALDH inhibitor diethylamino-
benzaldehyde (DEAB). The cells were then incubated at 37°C for
40 min and re-suspended in ALDEFLUOR' assay buffer on ice.
Propidium iodide was added prior to flow cytometry analysis to ex-
clude dead cells. Then the positive cells were detected by a standard
flow cytometry in the green fluorescence channel (520-540 nm).
The detailed staining protocol refers to the website of Stem Cell
Technologies.

Statistical analysis. The data for in vitro study were expressed as
mean + standard error. Student's ¢ test was used to determine any
statistically significant differences. All p-values quoted were two
sided and p <0.05 was considered statistically significant. Statistical
analysis was performed with SPSS 16.0 (SPSS, Inc, USA).

Results

Expression of LMPI increased the level of CK19 in NPC
cell lines

In order to define the role of LMP1 in CSC regulation, we
transiently transfected LMP1 to cell lines, CNE2 and Honel,
both of which were poorly differentiated NPC cells. To con-
firm the transfection efficiency, we collected cell lysates at
48 h (passage 1) and 72 h (passage 2) after transfection, and
then performed Western blot assay. LMP1 was successfully
expressed in both CNE2 and Honel cell lines, while the
expression level was higher in passage 1 than that in passage
2 in both cell lines (Fig. 1). CK19 was detected as an undif-
ferentiated keratin and a normal stem cell marker (Kondo et
al., 2011). Upon overexpression of LMP1, level of CK19 in
CNE2 and Honel cells was elevated in both passage 1 and
2 (Fig. 1). Our data suggest that LMP1 affects the switch of
NPC cells into their undifferentiated state.

Expression of LMP1I increased ALDH positive CSC popu-
lation in NPC cell lines

To investigate whether LMP1 is involved in CSC regula-
tion of NPC, we detected the ALDH positive cells in CNE2
and Honel cell lines by flowcytometry. We found that the
number of ALDH positive cells increased in p-LMP1 CNE2
cells in comparison to p-LXSN in passage 1 (48 h after trans-
fection), (27.46% =+ 1.67 versus 18.23% =+ 2.27, p <0.005)
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LMP1 was successfully expressed in NPC cell lines
(a) In CNE2 cells, LMP1 expression was lower at 72 h (P2-L) than at 48 h after transfection (P1-L), while there was no LMP1 expression in vector control
(p-LXSN) cells after 48 h (P1-V) or 72 h (P2-V) after transfection. CK19 was increased upon the enhancement of LMP1 in both passage 1 (P1-L) and 2
(P2-L). (b) In Honel cells, LMP1 had higher expression at 48 h (P1-L) after transfection than at 72 h (P2-L) and also compared with vector control (p-
LXSN) after 48 h (P1-V) and 72 h (P2-V) after transfection. CK19 was elevated with the increase of LMP1 in both passages 1 and 2. GAPDH was used
as loading control. (P = passage, V = vector control, L = LMP1 overexpression.).
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Fig. 2

ALDH positive cell population was enhanced upon LMP1 overexpression in CNE2 cell line
(a) In CNE2 cells, ALDH positive cells were detected at 48 h after transfection (passage 1). (b) The ALDH positive cells were detected at 72 h after trans-
fection (passage 2). Upper panel indicates the flow-cytometry profiles and lower panel shows the statistical analysis results. There was a higher number
of ALDH positive cells in LMP1 transfected cells in both passages. NC = negative control, with DEAB; Tests = without DEAB.
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(Fig. 2a). While in passage 2 (72 h after transfection), the
number of ALDH positive cells was 58.37% + 0.67 in LMP1
overexpressed cells and 40.40% + 1.35 in vector control cells
(p <0.0001) (Fig. 2b). Comparing passage 1 and passage 2,
the ratio of ALDH positive cell levels in p-LMP1 cells versus
p-LXSN cells reduced from 1.51 to 1.44 which was in accord-
ance with the drop of LMP1 level.

The number of ALDH positive cells in Honel passage
1 cells was 58.30% + 3.42 in p-LMP1 and 34.43% + 7.43 in
p-LXSN (48 h after transfection, p <0.01) (Fig. 3a). How-
ever, there was only 43.57%+0.81 of ALDH positive cells in
p-LMP1 while 45.56% =+ 1.26 in p-LXSN of passage 2 (72 h
after transfection, p >0.05) (Fig. 3b). The ratio of ALDH posi-
tive cells in p-LMP1 versus p-LXSN decreased dramatically
in passage 2 compared with passage 1 (from 1.69 to 0.96),
which was possibly due to the reduction of LMP1 expression

level after passage. Therefore, our data demonstrate that in
NPC the LMP1 is involved in the regulation of ALDH posi-
tive CSC cells.

Discussion

Cell surface marker staining is a reliable method for
CSC isolation. CD44 is a cell surface proteoglycan and
glycoprotein related to body immune reaction (Janisiewicz
et al.; 2012; Su et al., 2011). Stem cell markers OCT4 and
Bmi-1 were highly expressed in CD44 positive NPC cells
which are resistant to radiotherapy and cisplatin/docetaxel
treatment (Lun et al., 2012). CD133, another cell surface
glycoprotein, is originally reported as a specific marker of
normal stem cells. CD133 positive NPC cells exhibited strong
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ALDH positive cell population was enhanced upon LMP1 overexpression in Honel cell line
(a) In Honel cells, ALDH positive cells were detected at 48 h after transfection (passage 1). (b) The ALDH positive cells were detected at 72 h after trans-
fection (passage 2). Upper panel indicates the flow-cytometry profiles and lower panel shows the statistical analysis results. There was a higher number
of ALDH positive cells in LMP1 transfected cells after 48 h, however there was comparable number of ALDH positive cells after 72 h in both transfected
and non-transfected cells. NC = negative control, with DEAB; Tests = without DEAB.
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self-renewal, proliferation and differentiation ability, as well
as the remarkable tumor formation ability in vivo (Zhuang
et al., 2013). Several studies have reported that EBV LMP1
is involved in the modulation of CSC of NPC with different
detection methods, such as flow cytometry and IHC. How-
ever, investigating the CSC population with ALDEFLUOR®
kit has not been reported in NPC.

Cytokeratin 19 (CK19) found in many epithelial malig-
nant tumors, is a member of 20-member cytokeratin family
that encompasses the intermediate filaments of epithelial
cells. In lung cancer, CK19 expressed in non-stratified or
pseudostratified epithelium lining of the bronchial tree, and
was reported to be overexpressed in cancer specimens (Xu et
al., 2015). Serum cytokeratin fraction 21-1 (CYFRA 21-1),
a soluble cytoplasmic fragment of CK19, is released to the
circulatory system after tumor cell death, and its level may
reflect the extent of tumor necrosis (Wei et al., 2014). CK19
was found in 53.3% pancreatic neuroendocrine tumors and
correlated with larger tumor, increased distant metastasis,
and lymphovascular and/or perineural spread (Son et al.,
2015).

EBV LMP1 is an important oncogenic protein during
the tumorigenesis of NPC. Wu et al. (2015) described the
immunogenicity of LMP1 and its induction of anti-vascular
immune response in a transplantable tumor model in im-
munocompetent BALB/c mice. They found that the CD4 T
cells play an important role in the LMP1 specific immunity
in vivo. Furthermore, LMP1 induced upregulation of inter-
leukin-32 (IL-32, a recently discovered pro-inflammatory
cytokine) at both mRNA and protein levels through NF-xB
pathway (Lai et al., 2015).

Chimeric antigen receptor T-cell therapy (CAR-T)
therapy is one of the hottest areas in cancer therapy right
now (Flemming, 2014). Chen et al. (2012) identified a hu-
man Fab fragment HELA-Fab that specifically recognized a
polypeptide in the extra-membrane domain of LMP1. Based
on this, Tang et al. (2014) constructed another chimeric
antigen receptor (Carter et al., 2002), HELA/CAR, which
consists of the anti-LMP1 scFv, [gG1 CH2CH3, and a CD28/
CD3 expression cassette. In this way, a novel approach using
CAR-T targeting the LMP1 protein may improve EBV-target
T cell therapy in the future.
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