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It has been known for some time that the Epstein-Barr virus (EBV) 
is associated with nasopharyngeal carcinoma (NPC). The tumor cells 
are known to harbor EBV in a latent state. Latently-infected B cells 
that have become growth transformed by EBV in vitro express some 

10 antigens, two of which (Epstein-Barr nuclear antigen 2 [EBNAP] 
and the latent membrane protein w]) are associated with cellular 
transformation. We evaluated the expression of these two EBV an- 
tigens in NPC by probing tissue sections with monoclonal antibod- 
ies. We found that EBNA2 was not expressed and that LMP was 
expressed in seven of nine biopsy specimens. It is therefore pos- 
tulated that either there are subsets of NPC or that LMP may be 
involved only in certain stages of tumor formation. HLIM PATHOL 
24:239-242. Copyright 0 1993 by W.B. Saunders Company 

The Epstein-Barr virus (EBV) is a member of the 
herpesvirus family and is ubiquitous in all human pop- 
ulations. Primary infection with EBV usually occurs at 
an early age, is clinically inapparent, and results in life- 
long virus persistence. ’ However, if infection with EBV 
is delayed, the self-limiting lymphoproliferative disorder 
known as infectious mononucleosis often ensues. The 
presence of EBV also has been associated with several 
human malignancies. The virus displays a tropism for B 
lymphocytes and epithelial cells*‘s and, in line with these 
tropisms, EBV has been associated with several tumors, 
including polyclonal B lymphoproliferations in immu- 
nosuppressed individuals4 Burkitt’s lymphoma,5 and 
nasopharyngeal carcinoma (NPC). 

Nasopharyngeal carcinoma is an epithelial cell tu- 
mor arising in the back of the postnasal space and is 
most prevalent in the southern Chinese, in whom it has 
an incidence of up to 25 per 100,000 individuals per 
year.6 Epstein-Barr virus is associated mainly with the 
poorly differentiated or undifferentiated forms of the 
tumor, 100% of which have been shown to harbor the 
virus genome. ‘JJ It has been shown subsequently that 
virus DNA is associated with the malignant epithelial 
cells in biopsy specimens and not with the lymphocytes 
that tend to infiltrate these tumors.g 

Resting B lymphocyes have the capacity to be im- 
mortalized by EBV in vitro and, as such, harbor the 
virus in a “latent” state, in which it expresses only a 
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restricted set of genes. When the first studies of EBV 
gene expression in NPC were performed, the only EBV 
protein known to be expressed in latently infected B 
cells was the Epstein-Barr nuclear antigen (EBNA). This 
antigen had been described by using EBV-seropositive 
human sera in an anti-complement immunofluorescence 
assay and, as such, was a poorly characterized phenom- 
enon.’ Thus, initially, in a way analogous to the case of 
in vitro immortalized B cells, it was found that NPC 
biopsy cells harbored EBV in a latent state and that the 
only EBV antigen expressed by them was “EBNA.“lo*ll 
More recently, it has been discovered that EBNA consists 
of a number of individual latent proteins identified as 
EBNAs 1, 2, 3a, 3b, 3c, and leader protein (for review, 
see ref 12). In addition to six nuclear proteins, three 
latent cycle membrane proteins termed “latent mem- 
brane protein” (LMP’s), “terminal protein 1,” and 
“terminal protein 2”14 also have been found. Little is 
known about the function of these proteins; however, 
both EBNAQ and LMP have been associated with aspects 
of the cellular transformation process.15-20 Since the 
dissection of EBV latent gene expression, only two stud- 
ies of EBV antigen expression in NPC biopsy specimens 
have been performed. These showed that the only an- 
tigens present were EBNAl and LMP, the former being 
present in 100% and the latter being present in only 
70% of biopsy specimens.*l*** Both studies, however, 
used Western blot analysis which, although sensitive, 
gives no information on expression at the single cell 
level. It is possible, therefore, that the LMP observed 
in these studies was expressed by lymphocytes that in- 
filtrate NPC biopsy specimens23 and not by the tumor 
cells. 

In this study we used monoclonal antisera to re- 
assess at a single-cell level whether EBV proteins that 
are involved in cellular transformation (that is, EBNA2 
and LMP) were expressed in NPC biopsy specimens. 
We found that LMP, but not EBNAS, was detected in 
the majority of the biopsy specimens and was expressed 
in the epithelial (tumor) cells present in the specimens. 

MATERIALS AND METHODS 

Tissue Sections 

Nine tumor biopsy specimens that had been originally 
histologically diagnosed as undifferentiated NPCs were ob- 

tained fromJin-Quan Jiang, Shanghai Cancer Center (Shang- 
hai, People’s Republic of China) as snap-frozen tissue. Serial 

sections of 7 pm thickness were cut from each specimen, dried 
onto sialane-treated glass microscope slides, and fixed in ace- 
tone for 3 minutes. 
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Antibodies 

The monoclonal mouse anti-human cytokeratin antibody 
LP34 (Dakopatts, Copenhagen, Denmark) was obtained as cell 
culture supernate and was used at a dilution of 1:50. The 
mouse monoclonal anti-LMP antibody pool CS1-424 and the 
mouse monoclonal anti-EBNA2 antibody PE225 were both ob- 
tained as cell culture supernates from Drs M. Rowe and L. S. 
Young, University of Birmingham (Birmingham, UK) and were 
used at a dilution of I :2. 

Immunofluorescence 

All incubations were performed with a volume of 20 rL 
per section and all dilutions were made using phosphate-buf- 
fered saline (PBS) containing 0.05% Tween-20 (Sigma, St 
Louis, MO) and 5% normal rabbit serum (Dakopatts; PBST- 
NRS). Slides were washed three times (5 minutes each time) 
between incubations in PBS containing 0.05% Tween-20. Tis- 
sue sections were first preincubated with PBST-NRS for 30 
minutes. This and all subsequent incubations were performed 
at 37°C using a humidified box. Excess liquid was removed 
from the sides and diluted monoclonal antibody was added. 
The slides were then incubated for 1 hour before being washed. 

Biotinylated F(ab’)s fragment of rabbit anti-mouse im- 
munoglobulms (Dakopatts E4 13) diluted 1:200 was then added 
and the slides were incubated for 30 minutes. After washing, 
the slides were then incubated (30 minutes) with a I:200 di- 
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FIQURE 1. Fixed sections from NPC 54 were reacted with 
monoclonal antisera as described in the Materials and Methods 
section. After excitation with UV light, the Evans blue counter- 
stain shows up OS red, whereas the specific FITC fluorescence 
shows up as green/yellow. Monoclonal antibodies: top left. LP34: 
top right, CSI-4; bottom, PE2. (Magnification x51 1.) 

lution of FITC-conjugated streptavidin (Dakopatts F422). Af- 
ter washing, the sections were counterstained by incubation 
for 10 to 30 seconds with an aqueous solution containing 0.1% 
Evans blue. Excess stain was then washed off and the sections 
were mounted in PBS containing 50% glycerol and 2.5% 1,4- 
diazabicyclo[2,2,2Joctane (Sigma), which prevents fading. 
Fluorescence was produced and analyzed using a Leitz ortho- 
lux UV microscope. Photographs were taken using Ektachrome 
160 color slide film (Kodak, Kirkby, UK). 

Nine snap-frozen biopsy specimens (identified as 
NPCs 13, 15,16,18,23,35,40,54, and 55) were chosen 
at random from a collection of histologically diagnosed 
undifferentiated NPCs. Serial sections were cut from 
these specimens and were probed individually with 
monoclonal antibodies. The sections were counter- 
stained with Evans blue, which stains the cytoplasm of 
all cells and appears red when examined with a W mi- 
croscope. The tumor (epithelial) tissue present in the 
biopsy specimen was identified by using the monoclonal 
antibody LP34. This antibody reacts with a number of 
cytokeratins and can distinguish tumor cells that are of 
epitbelial origin.*“~*’ When stained with LP34, large 

240 



areas of epithelial tumor tissue were observed in all three 
biopsy specimens. An example of this is shown in Fig 1, 
top left, in which a nest of tumor cells in NPC 54 can 
be seen encapsulated by stromal cells. Due to the inten- 
sity of the fluorescence using LP34, Fig 1, top left, was 
underexposed relative to the other panels; hence, the 
red counterstain does not show up as well. 

Serial sections obtained from the biopsy specimens 
were then probed with monoclonal antibodies that are 
specific for the EBV latent proteins EBNA2 and LMP. 
In our previous experience both the anti-EBNAS 
monoclonal antibody PE2 and the anti-LMP monoclonal 
antibody pool CSl-4 have been shown to react in a spe- 
cific fashion with fixed B cells containing EBV or with 
epithelial cells infected with recombinant vaccinia viruses 
expressing the relevant antigens.****’ In studies con- 
ducted by other investigators both reagents have reacted 
in a specific fashion with the respective antigens in tumor 
sections.25 When the tissue sections were probed with 
PE2, none of the biopsy specimens displayed any stain- 
ing, showing that EBNA2 was not expressed in these 
tumors. Figure 1, bottom, which represents the same 
area of NPC 54 as shown in Fig 1, top left, is an example 
of this. When the sections were probed with CSl-4, 
seven biopsy specimens showed specific staining, 
whereas the two NPCs (40 and 55) were entirely nega- 
tive. At low power, it could be seen that areas of LMP 
expression in NPC 54 were identical to the areas where 
LP34 staining had been observed in the serial section. 
At high power, as can be seen in Fig 1, top right, staining 
of cells with CSl-4 matched the LP34 staining of the 
nest of tumor cells seen in Fig 1, top left. The three 
arrows indicate individual cells that are present in both 
serial sections and that stain with both LP34 and CSl- 
4. These results indicate that LMP was expressed in the 
tumor cells present in the NPC 54 biopsy specimen. 
Figure 1, top right, also shows that LMP has a distinctive 
pattern of staining. Thus, the protein is localized to the 
plasma membrane of the tumor cells in discrete patches 
and caps. This pattern of staining is similar to that dis- 
played by LMP in B cells that have been immortalized 
by EBV in vitro24 and by epithelial cells that have been 
infected with a vaccinia virus expressing LMP.****’ 

DISCUSSION 

The association between EBV and NPC has been 
known for some time. Previous studies of EBV antigen 
expression in NPC showed that EBNA was expressed 
by the epithelial tumor cells and not by the lymphocytes 
present in these biopsy specimens.‘O~ll To demonstrate 
this, these biopsy specimens were dissagregated before 
analysis. With the realization that EBNA was a complex 
of antigens and that some of these were associated with 
cellular transformation came further analyses of EBV 
antigen expression in NPC. Two published reports an- 
alyze protein expression by Western blot analysis.21*22 
Some of the lymphocytes that infiltrate NPCs, albeit a 
minority, are B cells and could potentially contain 
EBV.30 The aim of the study presented here was to con- 
firm earlier observations that LMP, but not EBNA2, 
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was expressed in NPC, to show that this expression was 
localized to the tumor cells within the biopsy specimen, 
and, hence, to assess whether LMP could have a role in 
the development of the tumor. 

Our results show that LMP was expressed in the 
tumor cells of seven of nine biopsy specimens analyzed. 
This result is in concordance with the Western blot 
analysis results obtained by Fahraeus et al*’ and Young 
et al,** who found that LMP was found in only a pro- 
portion (70%) of the biopsy specimens tested. This sug- 
gests that either there are subsets of NPC that cannot 
be distinguished by using convential histopathologic 
techniques or that LMP is expressed at different stages 
during tumor development. The only other EBV antigen 
found to be expressed in NPC is EBNAl, which has 
been shown to be present in all biopsy specimens.21*22 
This agrees with our finding that EBNA2 was not ex- 
pressed in any of the NPCs tested. 

It is not clear what precise role EBV plays in the 
development of NPC. The virus does, however, have an 
extremely close association with tumor tissue, and rising 
antibody titers to EBV antigens are of diagnostic and 
prognostic significance, 31 both of which argue for a 
causal rather than a casual role in the tumor. When 
EBV immortalizes B cells in vitro, a restricted set of 
latent genes is expressed. In NPC the expression of 
genes also is restricted, but in a different fashion. This 
indicates a different association of the virus with the 
epithelial tumor cell as compared with that with im- 
mortalized B cells. Little is known about the functions 
of EBV latent genes. By binding to the origin of repli- 
cation (Or&P), EBNAl has been shown to be essential 
for virus maintenance as an episome within cells.‘* Thus, 
the function of EBNAl within tumor cells probably is 
to maintain the virus. Expression of LMP in rodent fi- 
broblast cells has been shown to drive these cells toward 
a more transformed phenotype,“-*’ and expression of 
LMP has been shown to block the terminal differentia- 
tion of human keratinocyte lines in vitro.” Thus, it can 
be easily envisaged how expression of LMP by EBV in 
oropharyngeal epithelia could have a role in tumori- 
genesis. The results presented here clearly show that 
only a proportion of NPCs express LMP. It is conceiv- 
able, therefore, that LMP may be required only at cer- 
tain stages in the development of NPC. In future studies 
it would be of interest to determine whether LMP 
expression correlates with tumor progression and, 
hence, to further assess the role of EBV in this malig- 
nancy. 
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