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To investigate the relationsbip between Epstein-
Barr virus (EBV) and nasopbaryngeal carci-
noma (NPC) cells, we examined the pathway of
EBYV infection in NPC cell lines. We used immuno-
localization to investigate the EBV receptor
(C3d-R) and polymeric immunoglobulin receptor
[secretory component (SC) protein]. We incu-
bated IgA anti-EBV and EBV particles with NPC
cells and observed the EBV DNA signal by in situ
polymerase chain reaction bybridization and
polymerase chain reaction plus Southern blot-
ting. We also colocalized SC protein and EBV RNA
in NPC biopsy specimens. Results showed that: 1)
NPC cells did not express the EBV receptor but
did express SC protein in each line; 2) SC protein
was also expressed in some tumor cells but not in
untransformed squamous metaplastic epithbelia
in NPC biopsy specimens; 3) EBV could infect
NPC cells tbrough an EBV-IgA and SC complex
and retained an EBV viral genome in their nuclei;
SC expression could be down-regulated by EBV
proteins; and 4) in biopsy specimens, a fraction
of tumor cells showed SC protein expression;
only a portion of tumor cells contained EBV, and
of these cells only a few expressed SC protein.
These findings indicate that EBV cannot infect
untransformed nasopbaryngeal squamous meta-
Pplastic epitbelia but can enter NPC cells tbrough
IgA-mediated endocytosis. (Am J Patbol 1997,
150:1745-1756)

Nasopharyngeal carcinoma (NPC) is one of the most
common cancers in Chinese living in South China,

Hong Kong, Singapore, and Taiwan but is uncom-
mon in Western countries."2 The etiological factors
of NPC have not yet been totally elucidated, but this
carcinoma has a close association with Epstein-Barr
virus (EBV).27'® To identify the actual relationship
between EBV and NPC, we have established nine
NPC cell lines in the last several years.'”~'® Qur
observations on these cell lines and their original
biopsy specimens'® showed that: 1) only five of nine
cell lines contained EBV; 2) only a small fraction of
tumor cells in each positive cell line contained EBV;
3) the EBV DNA sequence in each positive cell line
was an episomal form, not an integrated form; 4) the
untransformed squamous metaplastic epithelia of
the nasopharynx did not contain EBV; 5) NPC cells
that did not contain EBV appeared in every original
biopsy specimen [this conclusion was obtained by in
situ nucleic acid hybridization to localize latent mem-
brane protein mRNA, EBER-1 small nuclear RNA,
and BamH| W fragment DNA and by in situ polymer-
ase chain reaction (PCR) hybridization'®]; and 6)
EBV was present not only in certain tumor cells but
also in some lymphocytes. These results promptly
led us to ask how EBV infects NPC tumor cells. We
therefore attempted to demonstrate the pathway for
EBV entry into these NPC cells.

EBV is a ubiquitous human herpes virus that per-
sists in the human body, usually in lymphocytes,
after primary infection.2® The association of EBV with
NPC as mentioned above is supported by findings
that patients with NPC generally have high titers of
IgA against EBV-specific antigens, such as viral cap-
sid antigen,2'~2% and a large proportion of NPC bi-
opsy specimens contain an EBV genome.>%1° Be-
cause most laboratory data so far suggest that EBV
is a lymphotropic virus, it is unclear how the virus
becomes associated with NPC. One possible expla-
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nation is that NPC cells in all patients may also
express EBV receptors (C3d-R).23-2% Another possi-
ble pathway might be in association with IgA trans-
port through the mucosal epithelia, because the
EBV-specific IgA level seems to be highly related to
the clinical course of NPC patients.?”-28 |t is well
known that at the intestinal mucosa or in salivary
gland tissue, plasma cells secrete IgA into the sub-
epithelial space. By means of its J chain, polymeric
IgA (plgA) can bind to the polymeric immunoglobulin
receptor [secretory component (SC) protein] on the
basolateral membranes of basal epithelial or acinous
cells. The ligand-receptor complex is then endocy-
tosed by the epithelial cells and transported to the
luminal surface.2®~3" If the ligand-receptor complex
carries EBV, the latter may also possibly be trans-
ported into the cytoplasm. In fact, a recent report
suggests that IgA antibody can enhance infection by
EBV via the SC in colon cancer culture cells.?®

To observe each possible port of entry for EBV
infection in NPC cells, we examined whether EBV
receptors were present on the NPC cell membrane
and then observed the SC in NPC cell lines and
original biopsy specimens using immunohistochem-
istry. We also examined EBV attachment, entry, and
retention in NPC cells by PCR and Southern blotting
and in situ PCR hybridization and compared the re-
lationship between SC and EBV in the original biopsy
specimens.

Materials and Methods

Cell Lines and Culture

Nine NPC cell lines,'”'® two cervical carcinoma cell
lines (CaSki and Hela), a hepatoma cell line
(Hep3B), a renal adenocarcinoma line (ACHN), and
a human fibroblast line (HFY1) (all from American
Type Culture Collection, Rockville, MD, except NPC
and HFY1) were cultured in Dulbecco’s modified
Eagle’s medium containing 5 to 10% fetal calf serum
ina 10% CO, incubator at 37°C. Two B-cell-derived
lymphoblastoid cell lines (B95-8, a marmoset lym-
phoblastoid cell line; and Raji, a latently EBV-in-
fected Burkitt’s tumor cell line) were maintained in
RPMI 1640 medium containing 10% fetal calf serum
in a 5% CO, incubator.

Immunohistochemistry

The procedures for immunohistochemistry were per-
formed according to the methods developed in our
laboratory as published previously.'®'® For localiza-
tion of C3d-R in NPC cell lines, we used a monoclo-

nal antibody against C3d-R, including a monoclonal
antibody obtained from a commercial source and the
culture medium produced from a hybridoma cell line,
which secreted a monoclonal antibody against
C3d-R (HMT-145, American Type Culture Collec-
tion). We used peroxidase-labeled sheep anti-SC
(The Binding Site Ltd., Birmingham, United King-
dom) to stain SC protein in the culture cells and
paraffin sections.

Preparation of Biotinylated EBV (b-EBV)
Particles and IgA Fraction

EBV was isolated from the supernatant of 12-O-tet-
radecanoylphorbol-13-acetate-stimulated B95-8
cells (a single-cell-subcloned B95-8 line prepared
from the original line was used for the present exper-
iment) by dextran T-10 gradient ultracentrifugation.32
A visible band at the interface between 15 and 30%
dextran was collected. One milliliter of virus (OD g,
1.8) was biotinylated by incubation with 0.1 ml of
dimethyl sulfoxide containing N-hydroxysuccin-
imido-biotin (2 mg/ml; Boehringer Mannheim GmbH,
Mannheim, Germany) for 4 hours at room tempera-
ture. Free biotin was removed by dialysis, and the
dialyzed sample was stored at —80°C. Purification of
IgA from human serum was performed by affinity
chromatography on a Jacalin column (Sigma Chem-
ical Co., St. Louis, MO).33 Sera of EBV-infected NPC
patients with an IgA anti-EBV-viral-capsid-antigen ti-
ter of 1:640 were obtained from Dr. C. H. Wang
(Clinical Pathology Department, National Taiwan
University Hospital). Bound IgA protein was eluted
with 0.8 mol/L p-galactose. After dialysis of the IgA
fraction against phosphate-buffered saline, it was
analyzed on a 7% gel by sodium dodecy! sulfate-
polyacrylamide gel electrophoresis as previously de-
scribed.343%

Virus Attachment and Entry Studiies

To investigate viral attachment to the plasma mem-
brane, NPC cells (NPC-TW 04, 2 x 10° cells) were
grown on a coverslip overnight and incubated with
an isolated IgA fraction (40 pl, 0.8 mg/ml) for 1 hour
at 4°C and then washed and incubated with b-EBV
(100 wl) for 2 hours at 37°C. Cells were then washed
with 1X standard saline citrate and 0.1X standard
saline citrate®® and fixed with 3% formaldehyde in
0.1 M phosphate buffer containing 8.5% sucrose
and 0.002% CaCl,'® for 15 minutes. The cells were
then incubated with avidin-biotin-peroxidase com-
plex (Vectastain kit; Vector Laboratories, Burlin-



game, CA) for histochemical staining. For compari-
son, NPC cells were incubated with b-EBV alone or
with diluted normal human serum (1:50, containing
nonspecific IgA) plus b-EBV under the same condi-
tions. Raji cells incubated with b-EBV acted as the
positive control. Similar experiments were performed
on the HelLa and CaSki cell lines.

For virus entry studies, both biochemical and mor-
phological observation were used. NPC cells were
incubated with IgA at 4°C for 1 hour, washed, and
then incubated with EBV at 37°C for various periods
(0, 1, 4, and 24 hours) as mentioned above. After
treatment with trypsin to remove the surface-at-
tached virus, the total cellular DNA was extracted for
biochemical analysis.®®37 Subsequently, the DNA
was analyzed by PCR and Southern blotting accord-
ing to a published method'®3® to determine whether
the virus had been internalized. The template DNA
concentration (0.5 ug) as well as the PCR conditions
and the sample volume for gel electrophoresis were
the same in each experiment to compare the change
in EBV DNA signal. For control studies NPC cells
were preincubated with 5 mg of antibody against SC
(Sigma) at 4°C for 1 hour. IgA was added after
unbound antibody had been removed by washing
three times, and the cells were then incubated for 1
additional hour. Subsequently, EBV was added, and
cells were incubated at 37°C for 3 hours. The solu-
tion was removed, and fresh Dulbecco’s modified
Eagle’'s medium was added; then the cells were
further incubated in a CO, incubator for 21 hours.
Cellular DNA was then analyzed by PCR as de-
scribed above. For comparison, one experiment in-
cluding preimmune sheep serum (1:50 dilution) was
used to replace the antibody against SC.

For morphological investigation, in situ PCR hy-
bridization to localize the EBV DNA signal was ap-
plied, according to our previously described meth-
0d' with some modification. Cells were grown on
coverslips and treated with IgA and EBV at 4°C and
then incubated at 37°C for various periods. After
fixation by 3% paraformaldehyde for 10 minutes, in
situ PCR amplification was performed.’® Before the
PCR cycle was performed, each coverslip was trans-
ferred to a glass slide containing 20 ul of PCR reac-
tion buffer and sealed with rubber cement to prevent
buffer from evaporating during the high temperature
for DNA denaturation. After the PCR reaction, cover-
slips were dehydrated (through 75% and then 95%
alcohol for 1 minute each and absolute alcohol for 3
minutes, and then washed twice with phosphate-
buffered saline for 5 minutes), acetylated (0.25%
acetic acid and 0.1 M triethanolamine, pH 8.0, in
phosphate-buffered saline), and prehybridized on
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the coverslip at 90°C for 5 to 7 minutes on a pre-
heated glass slide containing prehybridization
buffer. The coverslip was then transferred to hybrid-
ization buffer containing a denatured digoxigenin-
labeled probe and hybridized at 42°C overnight (16
hours). The coverslips were then washed, immersed
in Tris-buffered saline (100 mM Tris-HCI and 150 mM
NaCl, pH 7.5), incubated with alkaline phosphatase-
labeled anti-digoxigenin antibody, and the enzyme
substrate.'®

Colocalization of SC Protein and EBV-
EBER-1 RNA in NPC Culture Cells and
Biopsy Specimens

In situ hybridization of EBER-1 for localization of small
nuclear RNA in EBV-infected NPC cells after incuba-
tion for 2 to 4 days was done exactly as previously
described."® For colocalization of EBV-EBER-1 RNA
and SC in culture cells and paraffin sections, after
hybridization with EBV-EBER-1 antisense riboprobe,
cells and sections were further stained overnight with
peroxidase-labeled sheep anti-SC, washed, and in-
cubated with peroxidase substrate as described
previously.’® For colocalization of SC protein and
EBV-genomic DNA in NPC culture cells, NPC culture
cells were infected by an IgA-EBV complex for 24
hours and then fixed for immunohistochemical stain-
ing using peroxidase-labeled sheep anti-human SC,
followed by in situ PCR hybridization to localize EBV-
genomic DNA as mentioned above.

Results

Immunolocalization of C3d-R and SC
Protein

When we first looked for the EBV receptor (C3d-R) in
our cell lines by immunohistochemical and immu-
nodot methods, the results were negative for all NPC
cell lines, although the control Raji cells were positive
(data not shown). This result was confirmed by direct
incubation of EBV with NPC cells (see the following
experiment). These findings suggest that the cell
membranes of our NPC cell lines may contain either
very little or no C3d-R protein. Thus, it seems that
EBV cannot infect our NPC cells through C3d-R.
Therefore, we started to investigate the other possi-
ble pathway, ie, IgA-mediated EBV infection through
SC protein. Immunohistochemical staining of our
NPC cell lines with the anti-SC antibody revealed that
in all NPC cell lines many tumor cells showed strong
cytoplasmic and some membranous immunostain-
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Figure 1. Localization of SC in NPC culture cells by immunobisto-
chemistry. A: The reaction product of anti-SC is seen in the cytoplasm
and on some plasma membranes of many tumor cells (large and small
arrowheads ) in the NPC-TW 04 line. Some cells reveal immunostain-
ing in the Golgi apparatus region (small arrowhead). B: The negative
control stained with a nonspecific antibody shows no reaction product.
Magnification, A, B: X 120.

ing (Figure 1A). The percentage of stained cells in
nine NPC cell lines was roughly 45 to 95% in each
total cell population (eg, NPC-TW 01 contained 95%
positive cells, and NPC-TW 04 contained 83%).

Preparation of b-EBV Particles and IgA
Fraction

When we first isolated EBV particles from the culture
supernatant of B95-8 cells and amplified the DNA
by PCR, the PCR-amplified DNA showed a 110-bp
band similar to the band from Raiji cells (data not
shown). The isolated viral particles were then bioti-
nylated, and the activity and physiological function of
this b-EBV conjugate was identified by incubating it
with Raji cells. Most Raji cell membranes were ad-
hered to by EBV particles (Figure 2A), indicating that
b-EBV possesses EBV activity and is able to bind to
its receptor. However, this b-EBV alone could not
bind to NPC cells (Figure 2B) as mentioned above.
Sodium dodecyl! sulfate-polyacrylamide gel electro-
phoresis analysis of the IgA fraction isolated from
human sera (NPC patients), which contained a high
titer of IgA against EBV-viral capsid antigen (1:640),
identified one 340-kd band, one 160-kd band, and
two nonspecific bands under nondenaturing condi-
tions, in contrast to one heavy-chain band (56 kd),
and a light-chain band (25 kd) under denaturing
conditions (data not shown). This IgA fraction might
contain several different antibodies against EBV pro-
teins and membrane glycoproteins. When the plgA
was purified from this affinity-purified IgA fraction by
gel filtration, the yield of plgA was rather low. How-
ever, this plgA fraction and the plgA band isolated

Figure 2. Identification of b-EBV on Raji and NPC cells. A: Raji cells
were incubated with b-EBV for 2 hours and fixed for identification of
EBV. A spotty pattern of the reaction product (arrowheads) of EBV is
shown on the surfaces of many Raji cells. Some cells contain more EBV
than others. Magnification, X 220. B and C: NPC cells. NPC-TW 04
cells were incubated with b-EBV alone (B) and IgA and b-EBV (C) for
2 hours and fixed for identification of EBV. B: No reaction product of
b-EBV can be identified on any cells. Magnification, X 760. C: The
reaction product of EBV is shown either as spots (small arrowheads) or
clusters (large arrowheads) on the NPC cell membrane. Some cells
show more reaction product than others. Magnification, X 760.

from a nondenatured gel could directly bind EBV on
immunodots (data not shown).

EBV Attachment Studies

For the EBV attachment study, we used the total IgA
fraction. To use the plgA in the total IgA fraction, we
incubated the NPC cells with the IgA fraction at 4°C,
washed to remove all non-J-chain-containing mono-



meric IgA, and then incubated with b-EBV at 37°C.
After incubation of biotinylated virus and IgA with
NPC cells for 2 hours, spots of the reaction product
of EBV were seen randomly distributed on NPC cell
membranes, with some cells containing more or less
reaction product (Figure 2C). The presence of EBV
particles in spots or clusters on the surfaces of many
NPC tumor cells suggests that EBV-pIgA can bind to
SC protein on the plasma membrane. However, if the
cells were only incubated with normal human serum
(containing nonspecific IgA) plus b-EBV, no reaction
product could be seen (data not shown). For com-
parison, we also used anti-SC to stain other cell
types, such as Hela cells, CaSki cells, lung adeno-
carcinoma cells (PC-13), hepatoma cells (HepG2
and Hep3B), renal cell adenocarcinoma (ACHN),
osteogenic sarcoma (Saos-2), and fibroblasts
(HFY1). Only HeLa cells, lung adenocarcinoma cells,
and fibroblasts showed no staining. In the CaSki
cells, a granular reaction product of anti-SC was
present in certain tumor cells. Findings were similar
in the other cancer cells (data not shown). Since the
Hela cells did not express SC protein, we also in-
cubated them with IgA plus b-EBV and found no EBV
binding. On the contrary, we easily identified the EBV
bound on CaSki tumor cells, which contain SC pro-
tein (data not shown). Apparently, tumor cells that
contain SC protein on their cell surfaces can be
bound by the EBV-IgA complex, whereas cells with-
out SC protein expression (such as HelLa cells) can-
not be bound by this complex.

Virus Entry Studies by Biochemical Method

To investigate the cell entry of the EBV-IgA-SC com-
plex, NPC cells were incubated with IgA and EBV for
various periods and then analyzed by PCR and
Southern blotting. When NPC cells were incubated
with EBV and IgA, no signal of 110 bp could be
initially seen (Figure 3, A and B, lane 4). After 1 hour,
a very weak band of 110 bp could be detected by a
32p_|abeled EBV probe (Figure 3, A and B, lane 5). A
4-hour incubation showed a stronger 110-bp EBV
signal (Figure 3, A and B, lane 6); after 24 hours, the
signal was highly amplified (Figure 3, A and B, lane
7). Cells incubated with EBV or IgA alone did not
show the 110-bp band even after a 24-hour incuba-
tion (Figure 3, A and B, lanes 8 and 9). Our findings
indicate that not only can EBV-IgA enter the NPC
cytoplasm, but also the EBV genome can exist in the
tumor cells. (The increase of EBV signal after a 24-
hour incubation may be simply because NPC cells
endocytose increasing amounts of EBV over the 24-
hour period, resulting in increased viral DNA, but at
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Figure 3. Southern blot analysis of PCR products for EBV entry studies.
Lane 1, molecular size marker; lane 2, PCR product of Raji cell DNA;
lane 3, NPC-TW 04 cells alone; lane 4, NPC-TW 04 cells incubated with
IgA and EBV for 0 hour; lane 5, for 1 hour; lane 6, for 4 hours; lane
7, for 24 hours; lane 8, NPC-TW 04 cells incubated with EBV alone;
lane 9, NPC-TW 04 cells incubated with IgA alone. A single band of
110 bp is seen inlanes 2, 5, 6, and 7. No band is shown in lanes 3,
4,8, and9. At 0 hour, no band is seen; at 1 hour, a weak band of 110
bp can be seen; at 4 bours a stronger band is shown; at 24 bours a
markedly amplified band is seen. A: Ethidium bromide gel. B: South-
ern blot.

later times the number of viral genomes is stabi-
lized.) This experiment has been done in five NPC
cell lines, including NPC-TW 03-07, with similar re-
sults. To confirm the specificity of IgA and SC bind-
ing, NPC cells were first treated with excess antibody
against SC and then incubated with an EBV and IgA
preparation as mentioned above. No EBV DNA could
be identified by PCR (Figure 4). This finding supports
that SC is important for EBV-IgA entry into NPC cells.
We have also treated NPC cells with the anti-SC
antibody first and then with EBV and diluted anti-
serum against EBV. Again, no EBV signal was de-
tectable in NPC cells (data not shown). This finding
suggests that EBV-IgG cannot enter NPC cells.

Direct Visualization of EBV DNA Signal in
NPC Cells after EBV Infection

When we used in situ PCR hybridization as a tool to
visualize EBV DNA infection in NPC cells, some
granular reaction products were shown on the cell
surface, in the cytoplasm, a few in the subplasma
membrane region, and some close to the nuclear
envelope, but none was in the nuclei after the in-
fected cells were incubated for 2 hours (Figure 5, A
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Figure 4. Ethidium bromide gel of PCR product for inbibition studies.
Lane 1, molecular size marker; lane 2, Raji cell DNA; lane 3, NPC
alone; lane 4, NPC cells pretreated with antibody against SC and
incubated with IgA and EBV; lane 5, NPC cells incubated with preim-
mune serum, IgA, and EBV. One single band of 110 bp is shoun in
lanes 2 and 5. No band is seen in lanes 3 and 4.

to C, arrows), indicating that EBV particles have
attached to the plasma membrane and have been
endocytosed into the cytoplasm. After incubation for
24 to 36 hours, some granular reaction products still
could be seen in the cytoplasm, and others were
aggregated in the nucleus (Figure 5, D and E), sug-
gesting that EBV DNA has been transported into the
nucleus. The appearance of aggregated granular
reaction products in certain nuclei (Figures 5E and

Figure 5. Montage of EBV infection patbway in NPC cells by in situ
PCR bybridization. NPC-TW 01 cells were infected by EBV and IgA
anti-EBV and incubated for 2 to 24 bours. The EBV DNA signal was
identified by in situ PCR hybridization. A to C: Incubation for 2 hours.
D and E: Incubation for 24 bours. In the first 2 bours the granular
reaction product of the EBV DNA sequence is shown attached to the
plasma membrane (A, arrowhead), at the subplasma membrane re-
gion (C, small arrowheads), in the cytoplasm (B, large arrowheads),
and the nuclear envelope (B, small arrowhead, and C, large arrow-
heads). After 24 hours, an occasional granular reaction product is
still seen in the cytoplasm (D, small arrowhead), but most of the
granular reaction product is shown in the nucleus (D, large arrow-
heads, and E, arrowheads). F: Negative control NPC cell, blocked by
excess antibodies against SC and then incubated with EBV and IgA
shows no specific reaction product. Magnification, X 390.

7D) indicates that EBV genomes have been trans-
ported and stabilized in the nuclei in host cells. When
EBV-infected NPC cells were passaged six or seven
times, the nuclear signal of EBV DNA was slightly
decreased. But after incubation for more than 2
months, the EBV DNA signal was markedly dimin-
ished (data not shown).

For confirmation of the role of SC protein in the
pathway, again we used a specific antibody to block
SC protein before incubation with EBV and IgA. No
reaction product could be seen in any of the NPC
cells (Figure 5F). These data suggest that SC rather
than Fc receptors plays an important role in the EBV
infection pathway in NPC cells.

Localization of SC Protein in NPC Biopsy
Specimens

When anti-SC antibodies were used to stain biopsy
specimens, only some tumor cells in biopsy speci-
mens contained an anti-SC reaction product (Figure
6, A and B), whereas other tumor cells did not con-
tain a detectable reaction product (Figure 6A), a
result similar to previous reports from other
groups.®82° The percentage of SC positive tumor
cells was variable, with a range from 2 to 35% (eg,
the NPC-TW 04 biopsy specimen contained 2% pos-
itive cells, and NPC-TW 06 contained 35% positive
cells). In some areas in NPC-TW 05, certain keratin-
izing epithelial tumor cells also showed anti-SC stain-
ing (Figure 6B). In the normal pseudostratified cili-
ated columnar epithelia of the nasopharynx, some
superficial ciliated columnar cells and a few cells in
the middle and basal layers were stained by anti-SC
(data not shown), whereas none of the untrans-
formed squamous metaplastic epithelia were stained
(Figure 6A). These findings are in accordance with a
previous report from another laboratory.®® Some mi-
nor salivary glandular epithelia contained strong
staining at the basolateral membrane, in the cyto-
plasm, and at the apical region. The negative control
showed no specific staining when nonspecific anti-
bodies were applied (data not shown).

Colocalization of SC Protein and EBV-
EBER-1 Small Nuclear RNA-1 in Biopsy
Specimens

Double localization of EBV and SC in the paraffin
sections revealed a reaction product of EBV-
EBER-1 small nuclear RNA (deep black) in the
nuclei of some individual and certain groups of
tumor cells in patches, similar to a geographical
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Figure 6. Localization of SC protein in original NPC biopsy specimens. A: NPC-TW 06 cells. The reaction product of anti-SC is shown in the cytoplasm
and plasma membrane of certain tumor cells only (arrowheads). The majority of tumor cells are unstained. The covering squamous metaplastic (SM)
epithelia are not stained, except for nonspecific staining in one nucleus (small arrowhead). NPC, nasopbaryngeal carcinoma tumor cells. The left
upper corner with strong staining is due to the blood clot, which contains endogenous peroxidase activity of hemoglobin. B: NPC-TW 05 cells. The
keratinizing squamous carcinoma cells (large arrowheads) show specific immunostaining. Some nonkeratinizing NPC tumor cells in other areas also

show a reaction product (arrows). Magnification: A, X 175; B, X 170.

map pattern (Figure 7A) as described previous-
ly."® The anti-SC reaction product (brown) in the
colocalization section was seen in the cytoplasms
of some EBV-negative tumor cells and in a few
EBV-containing tumor cells (Figure 7B). Most EBV-
containing cells did not show or showed a very
weak anti-SC reaction product (Figure 7A). Certain
tumor cells contained neither EBER-1 nor SC.
(Similar findings were also observed in our unpub-
lished data when double localization of SC protein
and EBV DNA was performed using anti-SC and in
situ PCR hybridization of EBV DNA.®)

Identification of EBER-1 Small Nuclear RNA
in EBV-Infected NPC Cells

When NPC cells were incubated with IgA and EBV
for 2 days and then hybridized with the EBER-1
antisense riboprobe, the small nuclear RNA signal
was clearly seen in each EBV-infected cell (Figure
7E).

Effect of EBV Infection on the Expression of
SC Protein

When NPC cells were infected by EBV through IgA-
mediated endocytosis, incubated for 20, 24, and 48
hours, and subjected to colocalization of an EBV
genome and SC protein, results showed that at ear-
lier stages of infection, for example, at 20 and 24
hours, the SC protein stainings were almost similar to
each other; however, after 48 hours, SC protein ex-
pression was reduced (Figure 7, C to E), clearly
indicating that SC protein expression in the EBV-
infected cells had been down-regulated.

Discussion

In the present experiment we have clearly demon-
strated that NPC cells do not contain EBV receptor
and, therefore, cannot be infected by EBV directly,
but that EBV can infect NPC cells through the EBV-
IgA-SC complex, and the EBV DNA can be identified
by both PCR and Southern blotting and in situ PCR
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hybridization in the whole pathway of EBV infection.
Each granular reaction product in the cytoplasm and
nucleus may represent one EBV DNA genome or
several genomes. Thus, the appearance of several
granular reaction products in the EBV-infected nu-
cleus may indicate that a group of EBV genomes has
been transported to the nucleus, and the latter is the
final destination for EBV genomes.

Some reports have shown that a virus can exploit
cellular transepithelial transport mechanisms without
actually infecting cells as the virus forms an immune
complex and enters the normal host cells.*°~42 This
possibility is unlikely in our NPC case, mainly be-
cause our cell lines are malignant tumor cells, and
they have already lost their polarity. It is conceivable
that tumor cells that lose their polarity might disrupt
the regulated mechanism of SC transcytosis and
excretory function for IgA; thus the immune complex
might not be released from the cell membrane, and
EBV could still be retained in the tumor cells. This
explanation is confirmed by our observation that
some nuclei of EBV-infected NPC cells contained
several granular reaction products of EBV DNA (Fig-
ure 5, D and E), indicating that EBV not only can
enter into the NPC cells but also can stay and be
stabilized in the cells. Apparently, EBV was not ex-
creted in the early days after infection in our exper-
iment.

An internalized virus might be neutralized by IgA.
One report has shown that IgA might intersect the
intracellular pathway for synthesis and assembly of a
virus to inhibit further assembly and release of the
virus.*® In our case we cannot rule out the possibility
that the virus is neutralized by IgA intracellularly, but
it seems that this is not the case in this infection
model, since EBV was shown to express the EBER-1
small nuclear RNA (Figure 7E) and to suppress SC
protein synthesis (Figure 7, C to E) in the infected
NPC cells.

EBV entry into epithelial cells, no matter whether
via the C3d receptor** or via IgA-SC mediation,?®
was not found to be sufficient for long-term viral
retention in the nuclei. In our experiments, we have
found that most EBV DNA signals are gradually lost
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after cells are cultured for more than 2 months (data
not shown). This phenomenon is also observed in
our and other established NPC cell lines, in which
some cell lines contained the EBV genome at early
passages but lost it at late passages.'®*® It has not
yet been possible to grow a stably infected, EBV-
positive NPC cell line in vitro in our laboratory; prob-
ably, some microenvironmental factors are required
to retain EBV DNA in the host cells. The possibility
that the early elimination of NPC cells entering the
lytic cycle in the culture system might be a reason for
loss of the population of EBV-positive cells in the late
passage cannot be totally ruled out, although no
such lytic cells were observed. On the other hand,
the loss of the EBV genome may also be due to other
reasons. For example, EBV could not reproduce the
genome for other unknown reasons.

EBV can also infect other tumor cell lines by the
EBV-IgA complex, such as CaSki cells and the hep-
atoma (Hep3B) cell line (data not shown), as long as
they contain SC protein, similar to a reported colon
cancer cell line®®; if the tumor cells do not express
SC protein, such as Hela cells, they cannot be in-
fected by the EBV-IgA complex (data not shown).
However, an unusual case has been reported in
which NPC primary culture cells could be infected
with EBV by an unidentified mechanism, although
this phenomenon was not observed in all other NPC
biopsy primary cultures in the same report.3' Qur
present experiment provides another mechanism for
EBV entry into NPC cells through SC-mediated en-
docytosis of the EBV-IgA complex. This phenome-
non could be used to explain the facts that some
NPC biopsy specimens contain a strong EBV signal
in certain infected tumor cells,'®4%4¢ and that some
other tumor cells, such as salivary gland carcino-
ma,*” gastric carcinoma,*® and uterine cervical can-
cer,**%° also contain an EBV signal.

To determine whether the above-mentioned find-
ings obtained from our in vitro experiment could also
be seen in the in vivo biopsy specimens, we have
examined paraffin sections from the original biopsy
specimens, from which the cell lines had been de-
rived, by immunolocalization of SC protein and dou-

Figure 7. Colocalization of EBV-EBER-1 RNA and SC protein and colocalization of EBV-genomic DNA and SC protein in NPC-TW 06 original biopsy
specimen and culture cells infected with EBV. A: The reaction product of EBV-EBER-1 small nuclear RNA (large arrowheads) (deep black) is shown
in many tumor cells in patches. The areas of tumor cells without EBV signal and surrounding the EBV-positive cells show some tumor cells containing
an anti-SC reaction product (brown) in the cytoplasm (small arrowheads). B: Higher magnification of the NPC-TW 06 biopsy specimen showing cells
with colocalization of EBV-EBER-1 RNA (large arrowheads) and SC protein (arrows). Some tumor cells contain either EBV-EBER-1 RNA (large
arrowhead) or SC protein (arrow), but other cells are still not stained. Inset: Anotber tumor cell containing EBV-EBER-1 RNA (arrowhead) and SC
protein (arrow), taken from another area of the same section. C, D, and E: NPC culture cells infected with EBV and incubated for 20, 24, and 48
bours, respectively. C: Culture cells stained with anti-SC show the SC reaction product (arrow) in the cytoplasm. D: Colocalization of EBV-genomic
DNA and SC protein. The EBV-genomic DNA signal is shown in both the cytoplasm and nucleus (arrowheads); the intensity of the SC reaction product
(arrow) is similar to that in the cells in (C). E: Colocalization of EBER-1 RNA and SC protein. EBV-EBER-1 RNA signal (arrowhead) is prominently
concentrated in each nuclei. The intensity of the SC reaction product (arrow) is weaker than that in the cells in D. Magnification: A, X 100; B and

inset, X 390; C and D, X 540: E, X 440.
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ble localization of SC protein and EBER-1 small nu-
clear RNA. The findings that SC protein was not
identified in the untransformed squamous metaplas-
tic epithelia in the nasopharyngeal mucosa but was
identified in some tumor cells and minor salivary
gland epithelia strongly suggest that EBV cannot
infect untransformed squamous metaplastic epithe-
lia but can get into some tumor cells and salivary
gland epithelia through this pathway. This notion is
supported by the fact that no EBV has been identi-
fied in untransformed nasopharyngeal squamous
metaplastic epithelia.'®-51:52

In addition, the finding that only some tumor cells
contained both SC and EBV, whereas most EBV-
containing cells were SC negative or showed very
weak SC staining, suggests that the former finding
may be a result of tumor cells recently infected with
EBV through the IgA-SC complex, whereas the latter
observation could be due to the fact that the tumor
cells have been infected by EBV earlier, and the
infected cells have proliferated, resulting in down-
regulation of SC protein expression. This explanation
is further supported by our other experiment, in
which the SC protein expression was gradually de-
creased when the EBV-infected NPC cells were cul-
tured longer and longer (our unpublished data using
reverse transcriptase-PCR amplification of SC mRNA
from different incubation time courses also revealed
down-regulation of SC mRNA expression by EBV
proteins). The findings that some cells are positive
for SC but negative for EBV may be explained by the
possibility that those SC-positive cells still have not
been infected by EBV yet. In other words, not all
tumor cells are infected by EBV at a certain point of
cell proliferation, as we described in a previous arti-
cle.’®

Although this pathway of EBV infection may not be
the sole one, we propose that it may be a major route
for EBV infection in NPC cells. The expression of SC
protein in certain keratinized squamous cancer cells
in NPC suggests that EBV may also possibly infect
keratinized epithelia whenever their SC protein has
been expressed. Similarly, the expression of SC in
salivary glandular epithelia may explain the source of
the appearance of EBV in the saliva of NPC pa-
tients.*°

The data obtained from the present experiment
enable us to propose a possible pathway for EBV
infection in NPC cells. Under normal conditions, EBV
may not be able to infect the untransformed naso-
pharyngeal squamous metaplastic epithelia but may
infect the transformed squamous epithelia if they
express SC protein, through EBV-IgA-SC-mediated
endocytosis. The EBV-infected, transformed cells (or

NPC cells) could proliferate along with the replication
of the EBV genome. During EBV-carrying cell prolif-
eration, SC protein expression may be down-regu-
lated.
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