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Abstract. In view of the previously demonstrated clinical 
role of the anti‑latent membrane protein 1 (LMP1) immu-
noconjugate HLEAFab‑MMC in the treatment of advanced 
nasopharyngeal carcinoma (NPC), reliable detection of 
LMP1 expression is of key importance. The aim of this study 
was to investigate LMP1 status in NPC. Tissue samples from 
36 cases were analyzed by immunohistochemistry (IHC) 
and in situ hybridization for LMP1 and BNLF1 (LMP1 gene) 
expression, respectively. The results showed LMP1 expres-
sion in 20/36 (55.6%) cases in the HLEAFab group compared 
with 22/36 (61.1%) cases in the S12 group (purified mouse 
anti-human latent membrane protein 1 monoclonal antibody). 
The positive staining for LMP1 in the tumor cell membranes 
exhibited uniformity between HLEAFab and S12. BNLF1 
was observed to be amplified in 19/36 NPC patients 
(52.8%). The sensitivities of HLEAFab‑IHC‑positivity and 
S12‑IHC‑positivity for amplification were 84.2 and 89.5%, 
respectively. Positive expression of LMP1 was present in 
a significant proportion of the NPC samples. The present 
findings provide an important strategy for molecular therapy 
targeting LMP1 in NPC patients. 

Introduction

Nasopharyngeal carcinoma (NPC) is particularly common in 
areas of China and South‑East Asia, and is highly associated 
with Epstein‑Barr virus (EBV) infection (1). EBV infection 
is present in all poorly and undifferentiated non‑keratinizing 
NPC regardless of geographic origin, and the viral antigens 
expressed by NPC provide potential targets for immunotherapy. 

HLEAFab is a human monoclonal antibody directed against 
latent membrane protein 1 (LMP1), which is considered to be 
the most important oncoprotein encoded by EBV. We have 
previously investigated the effects of an immunoconjugate 
(HLEAFab‑MMC) on proliferation and apoptosis in the NPC 
HNE2/LMP1 cell lines, as well as the inhibition of the growth 
of NPC xenografts in nude mice (1). The expression of LMP1 
varies in various types of NPC. LMP1 is expressed and detect-
able in only 20‑65% of NPC patients, using western blotting, 
immunohistochemistry (IHC) or other assays (2,3). Therefore, 
the biological efficacy of the Fab‑based immunoconjugate 
varies in EBV‑related carcinomas with various levels of LMP1 
expression. Patients with LMP1‑positive cancers were shown 
to benefit from the effect of the immunoconjugate on standard 
chemotherapy. 

Prior to initiation of the targeted therapy with 
HLEAFab‑MMC, the expression of LMP1 was evaluated with 
IHC and in situ hybridization (ISH) in samples from 36 NPC 
patients. The present study shows that the HLEAFab antibody 
fragment has an excellent correlation with S12 in IHC‑positive 
cases and ISH also yields identical results. S12 is a purified 
mouse anti-human latent membrane protein 1 monoclonal 
antibody from, which is used as the standard control as it 
has in other studies (4). HLEAFab may be an ideal candi-
date for NPC treatment using the novel immunoconjugate of 
HLEAFab‑MMC.

Patients and methods

Patients. A total of 36 cases of NPC were selected from the 
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Second Affiliated Hospital of Nanjing Medical University 
(Nanjing, China) between 2002 and 2010. The diagnosis of 
NPC was determined according to the latest WHO criteria (5). 
The study was approved by the Ethics Committee of The 
Second Affiliated Hospital of Nanjing Medical University, 
Nanjing, China. Written informed consent was obtained from 
the patient for publication of this study and any accompanying 
images.

IHC for LMP1 expression. The EnVision method was used 
for immunohistochemical analysis (6‑8). NPC tissues were 
excised and sent for paraffin wax‑embedding and processing. 
Sections (5‑µm thick) were deparaffinized with xylene, 
then dehydrated in decreasing concentrations of alcohol. 
Endogenous peroxidase activity was blocked by hydrogen 
peroxidase (3%) in Tris‑buffered saline (TBS) for 30 min. 
The sections were then boiled for 10 min under pressure 
in citrate buffer for antigen retrieval. Nonspecific binding 
was blocked with 5% goat serum in TBS for 15 min and 
the tissues were incubated with HLEAFab and S12 anti-
bodies (cat. 559898; Becton Dickinson Medical Devices 
Co. Ltd, Franklin Lakes, NJ, USA) in TBS containing 1% 
bovine serum albumin for 60 min. The sections were then 
washed with TBS and incubated with goat Anti‑Human 
IgG (Fab specific)‑peroxidase (Sigma, St. Louis, MO, USA; 
Cat. No. A0293; 1:100) and EnVision goat anti‑mouse IgG 
peroxidase antibody (EB‑2305, ZhongShan, Godbridge, 
China; 1:200) for 60  min. The color was developed in 
diaminobenzidine solution and counterstained with Mayer's 
hematoxylin. 

Preparation of DIG‑labeled probes and ISH. LMP1 
probes were prepared under the following conditions: 
i) DNA was extracted from a 3‑mm thick section based on 
published protocols for formalin‑fixed, paraffin‑embedded 
tissues  (9). Sections were digested with proteinase  K 
(Roche Molecular Biochemicals, Mannheim, Germany). 
The samples were then centrifuged to pellet the cell 
debris and the supernatant was used for PCR amplifica-
tion. The PCR template was performed with primers 1 and 
2 (primer 1, 5'‑AGAAACACGCGTTACT CTGACG‑3'; 
primer 2, 5'‑ACAATGCCTGTCCGTGCAAAT TCC‑3') 
using a PCR instrument (MJ Research Inc., St. Bruno, QC, 
Canada). Amplification was performed with 30 cycles at 
90˚C for 1 min, 55˚C for 1 min and 72˚C for 1 min and the 
final extension was at 72˚C for 15 min. The PCR product, 
which was the first exon of the LMP1 gene (BNLF1), was 
analyzed on an ethidium bromide‑stained 1.5% agarose gel. 
The positive control for the PCR reactions contained the 
fragment of the plasmid DNA BNLF1 in double distilled 
water for disinfection (10). ii) Digoxin‑labeled probe: The 
PCR‑positive product was used as a template for PCR DIG 
Labeling Mix (Roche Molecular Biochemicals; Cat. No. 
11585550910) and primers 1 and 2 were synthesized by 
PCR probes according to product instructions, followed by 
ultrafiltration unit (Millipore) centrifugation to remove free 
dNTP and the purified probe. iii) ISH was performed with 
the LMP1 gene in all cases. Sections (5‑µm) were deparaf-
finized prior to the RNA enzyme treatment to remove RNA 
and then placed in pretreatment solution at 95˚C for 10 min, 

followed by 15 min cooling at room temperature. Sections 
were then washed twice with wash buffer for 3 min. After 
being blocked with 3% H2O2 and methanol for 30  min 
and digested by proteinase  K for 20  min with thorough 
rinsing, the sections were post‑fixed in 4% cold PFA‑PBS 
for 15 min. The sections were then rinsed with PBS and 
distilled water, pre‑hybridized for 4 h and hybridized with 
100  µl of digoxigenin‑labelled LMP1 probe for 18  h at 
42˚C. Following thorough rinsing with SSC and incubation 
in blocking solution, the slides were processed with mouse 
anti‑digoxin‑biotin antibody, SABC‑POD and streptav-
idin‑HRP at 37˚C, in sequence. At each step, the slides were 
rinsed three times with PBS. Finally, the slides were colored 
with DAB and counterstained with hematoxylin  (11). 

Statistical analysis. SPSS 18.0 (SPSS, Inc.) was used for all 
statistical analyses. The Pearson χ2 test was used to compare 
discrete variables. P≤0.05 was considered to indicate statisti-
cally significant differences for all comparisons.

Results

Tumor characteristics. The 36 NPC samples were subjected 
to IHC and ISH analyses. Among the cases, there were 
16  females and 20  males. The mean age was 61.58 years 
(range, 42‑78 years). Of the 36 cases, 2 were squamous cell 
carcinoma (5.5%), 11 were non‑keratinizing tumors (30.6%) 
and the remaining 23 cases (64%) were undifferentiated. 

IHC. Positive staining with HLEAFab or S12 was observed 
in the NPC cell membranes and cytoplasm (Fig. 1). LMP1 
expression was observed in 20/36 (55.6%) cases in the 
HLEAFab group and 22/36 (61.1%) cases in the S12 group. 
Similarly, LMP1 expression was detected in 2  squamous 
cell carcinoma cases, 7/11 cases of non‑keratinizing tumors 
and 13/23 cases of undifferentiated tumors in the HLEAFab 
group, compared with the same 2 squamous cell carcinoma 
cases, 6/11 cases of non‑keratinizing tumors and 16/23 cases 
of undifferentiated tumors in the S12 group (Table I). Positive 
staining for LMP1 was not significantly different between the 
HLEAFab and S12 groups (P>0.05). Staining was entirely 
absent with the unrelated antibody Fab fragment as the nega-
tive control antibody.

ISH. The in situ detection of BNLF1 using an LMP1 probe 
in NPC sections is shown in Fig. 2. BNLF1 was observed 
in 19/36 NPC cases (52.8%). Among all the positive cases, 
16/20 (80%) were amplified with positive IHC staining in 
the HLEAFab group, while 3/16 (19%) were amplified with 
negative IHC staining. By comparison, 17/22 (77%) cases 
were amplified with positive IHC staining in the S12 group, 
while 2/14 (14%) were amplified with negative IHC staining. 
There was only 1 case with negative IHC staining in the 
HLEAFab group but positive IHC staining in the S12 group 
(Table II). The sensitivity of the amplification was 84.2% for 
the IHC‑positive cases in the HLEAFab group and 89.5% in 
the S12 group. The specificity was 76.5% for the IHC‑positive 
cases in the HLEAFab group and 70.6% in the S12 group. The 
ISH results of the 36 samples were consistent with the IHC 
data (P>0.05). 
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Table I. Comparison of LMP1 expression by IHC with HLEAFab and S12.

	 HLEAFab	 S12
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 Negative	 Positive	 Total	 Negative	 Positive	 Total

Squamous cell carcinoma	   2	   0	   2	   2	   0	   2
Non‑keratinizing	   4	   7	 11	   5	   6	 11
Undifferentiated	 10	 13	 23	   7	 16	 23
Total	 16	 20	 36	 14	 22	 36

LMP1, latent membrane protein 1; IHC, immunohistochemistry.

Table II. Comparison of LMP1 expression by ISH with HLEAFab and S12.

	 Negative	 Positive	 Total

HLEAFab (‑)	 13 (81%)	   3 (19%)	 16
HLEAFab (+)	   4 (20%)	 16 (80%)	 20
S12 (‑)	 12 (86%)	   2 (14%)	 14
S12 (+)	   5 (23%)	 17 (77%)	 22
Total	 17	 19	 36

LMP1, latent membrane protein 1; ISH, in situ hybridization.

Figure 1. Formalin-fixed, paraffin wax‑embedded tissue sections of NPC tissue with cell membranes stained using (A) HLEAFab or (B) S12. Positive staining 
was observed in the NPC cell membrane and cytoplasm. Visualization using DAB/H2O2 (light gray). Magnification, x200. NPC, nasopharyngeal carcinoma.

  A   B

Figure 2. In situ hybridization using (A) positive or (B) negative LMP1 probes (visualization of NPC tissue cell nuclei, black). Magnification, x100. LMP1, 
latent membrane protein; NPC, nasopharyngeal carcinoma.

  A   B
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Discussion

LMP1, which is encoded by EBV, is significantly expressed in 
several EBV‑associated malignancies, particularly NPC. LMP1 
is an oncoprotein which acts by constitutive activation of various 
signaling pathways and induces the promotion of cell growth 
and inhibition of apoptosis in a variety of cell types in vitro (12). 
In addition, LMP1 has been demonstrated to contribute to 
B cell and epithelial cell tumourigenesis in vivo in 4 transgenic 
mice (13‑15). These unique characteristics of LMP1 lead to 
the suggestion that LMP1 may be a good therapeutic target 
in the treatment of EBV‑associated carcinomas. Numerous 
studies have shown that certain antibodies are able to target 
LMP1 successfully by binding to its intracellular activating 
regions (16‑18). In our previous study, HLEAFab was a human-
ized antibody fragment Fab directed against LMP1, targeting 
the extramembrane domains (EMD) of the polypeptide.

In the present study, IHC was used for detection of LMP1 
with HLEAFab and S12 antibodies. Positive staining of LMP1 
was observed in the membrane and cytoplasm of NPC cells. 
LMP1 staining was detected in 55.6% cases in the HLEAFab 
group compared with 61.1% cases in the S12 group. LMP1 
staining was not significantly different between the HLEAFab 
and S12 groups (P>0.05). BNLF1 was observed in 19/36 NPC 
cases (52.8%). The sensitivity for amplification was 84.2% for 
the HLEAFab group and 89.5% for the S12 group with positive 
IHC cases. The specificity was 76.5% for HLEAFab‑positive 
IHC and 70.6% for S12‑positive IHC. The results showed that 
the antibody fragment HLEAFab had an excellent correlation 
with S12 in IHC‑positive cases and ISH analysis yielded iden-
tical results in 36 samples. 

This poor immunogenicity, particularly due to the short 
extracellular structure of LMP1, may explain why IHC 
exhibited different results for EBV‑LMP1 with regard to the 
reactivity of HLEAFab and S12. HLEAFab, a humanized 
anti‑LMP1 EMD Fab fragment, is able to bind to the extra-
cellular domains of LMP1. LMP‑specific mAb S12 and other 
monoclonal antibodies are known to recognize large intracel-
lular regions of LMP1 for ligand binding. Consequently, LMP1 
expression in the present study was shown to be identical when 
using HLEAFab or S12 in the IHC method.

The lack of detectable BNLF amplification in 4 cases of 
IHC‑positive staining in the HLEAFab group and 5 cases in 
the S12 group, as well as BNLF amplification in 3 cases of 
negative staining in the HLEAFab group and 3 cases in the S12 
group, indicates that LMP1 expression is not required for the 
maintenance or regulation of latent EBV infection in epithe-
lial cells and thus BNLF1 fragments may be lost following 
EBV‑induced cell transformation in the cell differentiation 
and proliferation process. Modulation of LMP1 expression is 
affected by a number of regulatory gene factors, as well as the 
heterogeneity of host cells (19,20). These lead to the positive 
expression of BNLF1 fragment without LMP1 expression in 
certain cases, as observed in the present study. 

The search for targeted therapies for NPC has been 
continuing. As the number of studies is growing, standardiza-
tion of all steps of the testing process from tissue fixation to 
final interpretation is likely to ensure accurate identification of 
patients who may benefit from specific therapies. Preclinical 
trials with the antibody Fab fragments are ongoing to broaden 

the spectrum of possibilities of targeted approaches to the 
personalized treatment of NPC. 
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