
Figure 1, A and B, clearly shows a 
decrease in the intensity of this peak, 
indicating that no significant increases in 
ADP occurred. If present, AMP can gen- 
erally be well resolved at  around +4  
ppm, yet no major resonance was detect- 
ed in this range. Concomitant with the 
loss of ATP, there was a dramatic in- 
crease in the intensity of the inorganic 
phosphate (P,) peak, indicating that ATP 
was hydrolyzed and not simply seques- 
tered or precipitated (7). These observa- 
tions suggest that ATP is hydrolyzed to 
the free nucleoside, which is not ob- 
served by 3 ' ~  NMR. 

Intracellular pH was also observed to 
collapse after heat shock (Fig. 1). The 
pH decreased less rapidly than the ATP 
concentration and reached its final value 
over a period of approximately 10 min- 
utes. At an external pH of 6 .2 ,  the intra- 
cellular pH,  which is usually about 7.2,  
shifted to  approximately 6 . 7  upon heat 
shock ( N  = 3). When the external pH 
was adjusted to  7.2,  the intra- and extra- 
cellular phosphate peaks coincided at 
+2.7  ppm. If there were intracellular 
acidification after heat shock and no 
decrease in internal Pi,  we would expect 
to observe the appearance of an upfield 
resonance (at about +2.1 ppm). This did 
not occur, indicating that the intracellu- 
lar medium was not acidified by more 
than 0 . 2  pH unit upon heat shock at the 
higher external pH. These results sug- 
gest that upon heat shock and loss of 
cellular ATP, cells become less able to 
maintain an alkaline pH gradient. They 
also suggest that lowered intracellular 
pH is not a condition for the heat shock 
response. 

These observations indicate that the 
changes in cellular physiology associated 
with heat shock are more dramatic than 
was previously realized. We detected 
significant decreases in the steady-state 
levels of cellular ATP within 3 minutes 
after heat shock, which are well correlat- 
ed with the existence and extent of heat 
shock protein synthesis. Like the tran- 
scriptional activation of the heat shock 
genes, these changes occur essentially 
immediately upon initiation of heat 
shock. It will be of interest to  determine 
whether these changes in ATP are in- 
volved in triggering the general cellular 
response to heat shock. 
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Cells by Epstein-Barr Virus 

Abstract. Primary cultures of epithelial cells were grown from the tonsils and 
adenoids of patients with diseases not related to Epstein-Burr virus. The cells could 
not be infected by Epstein-Burr virus. Fluorescein-labeled Epstein-Burr virus and a 
cytoJluorograph were then used to show that the epithelial cells do not have 
detectable receptors for the virus. However, implantation with Epstein-Burr virus 
receptors gave the cells the ability to bind the labeled virus. One to 5 percent of 
receptor-implanted cells exposed to the transforming B95-8 substrain of the virus 
expressed Epstein-Burr nuclear antigen. The early and viral capsid Epstein-Burr 
virus-determined antigens were not detected in the virus-infected cultures. The 
results show that normal human epithelial cells from the nasopharynx become 
susceptible to infection by Epstein-Burr virus when the membrane barrier resulting 
from the lack of viral receptors is overcome by receptor implantation. 

Nasopharyngeal carcinoma occurs 
mainly among Cantonese Chinese, Alas- 
kan natives, and in people in some re- 
gions of northern and equatorial Africa. 
The disease is common among adults 
and can occur in children and adoles- 
cents as  well (1). The undifferentiated 
histophathologic type of nasopharyngeal 
carcinoma is consistently associated 

with Epstein-Barr virus (EBV), a lym- 
photropic human herpesvirus that causes 
infectious mononucleosis and is impli- 
cated in the genesis of Burkitt's lympho- 
ma (2). Epstein-Barr virus DNA and 
Epstein-Barr nuclear antigen (EBNA) 
can be demonstrated in biopsy speci- 
mens of nasopharyngeal carcinoma (3). 
Epithelial cells, but not the lymphocytes 
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infiltrating the tumor, contain EBV ge- 
nomes (3). Elevated titers of antibodies 
to viral capsid and early antigens are 
observed in blood and saliva of nasopha- 
ryngeal carcinoma patients, although the 
early antigens have not been found in the 
carcinoma cells themselves (3). 

In spite of these findings, attempts to 
infect normal human epithelial cells with 
EBV have been unsuccessful (4). The 

resistance of epithelial cells to EBV in- 
fection in vitro may be related to the 
absence of EBV receptors. Only human 
and certain nonhuman primate B lym- 
phocytes have receptors for the virus 
and can be infected in vitro (5). We 
recently developed two techniques that 
allow infection of cells lacking EBV re- 
ceptors (6). EBV can be co-reconstituted 
with Sendai virus envelopes and mi- 

- 
In A n n  

Fig. 1. Monolayer of human 
epithelial cells grown in a pri- 
mary culture for 2 weeks after 
explantation of tonsils. Tonsils 
removed by surgery were 
washed in phosphate-buffered 
saline (PRS) supplemented 
with penicillin (500 Ulml). 
streptomycin (0.5 mglml), and 
gentamycin (0.5 mglml). 
Pieces measuring I to 2 mm 
were explanted in plastic petri 
dishes (Falcon) treated with 
fetal calf serum. Cultures were 
grown in RPMI-IMO medium 
supplemented with glutamine. 
10 to 15 percent fetal calf se- 
rum. and antibiotics. ( x  150) 

1 2C, - -  600 800 1000 1 200 400 600 800 1000 

Green fluorescence lntenslty 

croinjected into the cells during evelope- 
cell fusion. Alternatively, EBV recep- 
tors can be co-reconstituted with Sendai 
virus envelopes and transplanted onto 
the cells, which are then exposed to 
intact virus (6). 

Using the latter technique, we have 
succeeded in infecting human T-cell lym- 
phoma lines Molt4 and 1301 (7), mouse 
lymphocytes (8), and 20 other cell lines 
of various origins, including human epi- 
thelial cells from pulmonary carcinoma. 
We now report that normal human epi- 
thelial cells do not have EBV receptors 
and cannot be infected by EBV. Howev- 
er, after being implanted with EBV re- 
ceptors, the cells can be infected and 
express EBNA. 

Primary cultures of human nasopha- 
ryngeal epithelium were grown from ex- 
plants of tonsils and adenoids obtained 
from young children. Migration of epi- 
thelial cells from specimens began 4 to 5 
days after explantation. These cells grew 
as monolayers and had the typical mor- 
phology of epithelial cells (Fig. 1). Elec- 
tron microscopic observations of thin 
sections of the cells revealed desmo- 
somes. Growth of fibroblasts from some 
explants was also observed; these cull 
tures were discarded. Several attempts 
to infect the explanted human epithelial 
cells with EBV were unsuccessful, as 
judged by the lack of expression of EBV- 
specific antigens. To determine whether 
the latter resulted from nonsusceptibility 
of epithelial cells to EBV, we tested the 
cells for the presence of EBV receptors 
by using fluorescein isothiocyanate 
(FITCklabeled EBV and an Ortho cyto- 

Fig. 2. Detection of EBV receptors on human 
nasopharyngeal epithelial cells by FITC-la- 
beled EBV and a cytofluorograph. The B95-8 
substrain of EBV, obtained from supernatant 
fractions of B95-8 cells, was concentrated 500 
times and labeled with FITC. The labeled 
EBV was biologically active, as judged by its 
ability to induce EBNA in Ramos cells. 
Monolayers of epithelial cells grown from 
explants of tonsils were washed twice with 
PBS. Labeled EBV (50 pl) mixed with 250 pI 
of RPMI-1640 medium was added to a mono- 
layer in each petri dish. After incubation for 1 
hour at 4OC in darkness, the cells were washed 
two times, detached, and resuspended in 
PBS. (A) Control culture. Only RPMI medi- 
um was added to cell monolayers. (B) Ad- 
sorption of labeled EBV to intact epithelial 
cells. (C) Adsorption of labeled EBV to epi- 
thelial cells after EBV receptor transplanta- 
tion. Lukes cells were used as a source of 
membranes containing EBV receptors. Co- 
reconstitution of the cell membranes and Sen- 
dai virus envelopes and EBV receptor trans- 
plantation by fusion of reconstituted mem- 
brane vesicles with target cells is described in 
(6). (D) Adsorption of EBV to Lukes cells 
(2.5 x Id) incubated in 0.5 ml of RPMI medi- 
um containing 50 pI of labeled EBV. 
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fluorograph (9, 10). The assay allows for 
receptor analysis at the level of a single 
cell, which is essential due to the difficul- 
ty of obtaining large numbers of single 
epithelial cells in suspension. 

Normal human epithelial cells did not 
bind FITC-labeled EBV. The intensity of 
cell autofluorescence before addition of 
the virus (Fig. 2A) was identical to that 
observed afterward (Fig. 2B). Similar 
findings were obtained with other cells 
lacking EBV receptors, such as the hu- 
man T cell, lymphoma cell line 1301, and 
mouse lymphoma cell line YAC-1. In 
contrast, nearly 100 percent of a B cell 
line derived from American Burkitt's 
lymphoma (Lukes; E. Kieff, University 
of Chicago) adsorbed labeled EBV (Fig. 
2D). 

It may be concluded that intact epithe- 
lial cells from the human nasopharynx do 
not have receptors for EBV. This finding 
is consonant with the recent unsuccess- 
ful attempts by Glaser et al. (4) to infect 
nonmalignant epithelial cells from the 
human nasopharynx, oropharynx, and 
nasal cavity with EBV (4). 

The epithelial cells were then implant- 
ed with functional EBV receptors (6). 
About 20 percent of these cells acquired 
the ability to bind FITC-labeled EBV 
(Fig. 2C). Evidently, EBV receptor 
transplantation converted receptor-nega- 
tive nasopharyngeal epithelial cells into 
receptor-positive ones. To examine the 
possibility that the receptor-implanted 
cells became susceptible to EBV infec- 
tion, we exposed them to the transform- 
ing B95-8 substrain of EBV and stained 
for EBV-determined antigens 2 to 5 days 
later. We found in four separate experi- 
ments that 1 to 5 percent of EBV-infect- 
ed epithelial cells contained EBNA (Fig. 
3). Epithelial cells exposed to EBV with- 
out receptor implantation and cells not 
exposed to the virus were negative for 
EBNA when tested with serum samples 
containing antibody to EBNA. The pro- 
portion of EBNA-positive cells in- 
creased with the incubation time. Usual- 
ly, 1 to 2 percent of cells were EBNA- 
positive when tested 2 days after infec- 
tion. In one experiment, the number of 
EBNA-positive cells increased to 5 per- 
cent 1 week after infection. We did not 
succeed, however, in obtaining a fully 
EBV-positive culture of human epithelial 
cells. 

No EBV-infected epithelial cells con- 
tained EBV-determined antigens charac- 
teristic for the virus-producing cycle. 
The cells were assayed by direct fluores- 
cence with F1-Esther conjugate (for de- 
tection of early antigens) and F1-Buya 
conjugate (for detection of viral capsid 
antigens) prepared from the serum of 

patients with Burkitt's lymphoma. EBV- 
superinfected Raji cells and P3HR-1 cells 
(EBV-producer line of Burkitt's lympho- 
ma origin) served as positive controls. 
While EBV-infected epithelial cells were 
negative for early and viral capsid anti- 
gens when stained with either conjugate 
1, 2, or 5 days after infection, 15 to 20 
percent of the superinfected Raji cells 
were positive for early antigen and 7 to 
10 percent of P3HR-1 cells were positive 
for viral capsid antigen. 

Recently, Stoerker et al. (11) demon- 
strated that tranfection of a human squa- 
mous cell carcinoma line of the nasal 
septum and a nasopharyngeal carcinoma 
line with purified DNA from the trans- 
forming or  nontransforming substrains of 
EBV induces the formation of early anti- 
gen. Viral capsid antigen was detected 
after transfection of these cells with 
DNA from the nontransforming P3HR-1 
substrain of EBV. Differences between 
our results and those of Stoerker et al. 
may be explained by the control of EBV 
expression exerted by the host cell. For 
example, the transforming B95-8 sub- 
strain of EBV induced only EBNA in 

human B lymphocytes and the human T- 
cell lymphoma line Molt-4, whereas it 
induced a viral lytic cycle in mouse lym- 
phocytes (7, 8). Transfection of human 
amniotic cells with DNA of EBV-infect- 
ed B95-8 cells induced the viral lytic 
cycle (12). Microinjected DNA from 
EBV-infected P3HR-1 cells induced only 
early antigen in human and rat fibro- 
blasts (13). 

It remains unclear how EBV pene- 
trates normal epithelial cells of the naso- 
pharynx, which, as we have shown, lack 
EBV receptors. One possibility is fusion 
of the epithelium with EkV-infected 
lymphocytes. Cell fusion may b t  mediat- 
ed by fusogenic proteins produced in 
EBV producer cells such as P3HR-1 
(14). 

Whatever the actual pathway of virus 
penetration, our results show that the 
expression of EBV DNA which occurs 
after virus enters normal epithelial cells 
is similar to that observed in human B 
lymphocytes, that is, it results in an early 
and exclusive induction of EBNA. Early 
and viral capsid antigens-EBV-deter- 
mined antigens that are characteristic of 
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me o r  two 
Irn healthy. 
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each test. 

sample5 of 
, seroposi- . . A -  

EHNA unt~hodh-no\~tive serum fro -- 

tive individuals (s.H. and H.V.. titers 1:40 and I : V O .  
respectivelv, a s  determined by an end-point dilution on 
EBNA-positive Raji cells) and of serum negative for 
antibody to E R N A  (from C.K.)  were used at thc dilution 
of 1: 10. Raji cells served a s  the positive control and the 
receptorless epithelial cells served a s  the negative control. 
All slides were counterstained with Evans blue ( I :  10). 
Cells were differentially counted with a Zeisc fluorescence 
microscope. ( A  to  CI EBV-infected epithelial cells from 
three separate experiments, stained for E B N A  with the 
senirn from S.H. (D) AClF staining of the cells shown in 
(C) ,  except that the serum from C . K .  was used. ( E )  
EBNA-positive Raji cells of Burkitt's lymphom;r (serum 
from S.H..  I :  10). All magnifications are X 160. 
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the viral lytic cycle-were not observed. 
It seems therefore that fresh human epi- 
thelial cells may, like human B lympho- 
cytes, have control mechanisms that 
suppress the EBV lytic cycle. This sup- 
pression, concomitant with the expres- 
sion of EBNA and induction of cellular 
DNA synthesis, is a prerequisite for the 
transformation of human B cells by EBV 
( l , 3 ) .  EBNA is observed in 95 percent of 
Burkitt's lymphona cases and in virtually 
all cases of undifferentiated nasopharyn- 
geal carcinoma (1, 3). Thus the detection 
of EBNA in EBV-infected normal hu- 
man epithelial cells strengthens the case 
for a role of EBV in the etiology of 
nasopharyngeal carcinoma. 
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Stable Antibody-Producing Murine Hybridomas 

Abstract. A method is described for obtaining antibody-producing hybridomas 
that are preferentially retained in cultures of fused mouse spleen and myeloma 
cells. Hybridomas are produced by fusing mouse myeloma cells that are de$cient in 
adenosine phosphoribosyltransferase (APRT) with mouse spleen cells containing 
Robertsonian 8.12 translocation chromosomes. The cell fusion mixtures are exposed 
to a culture medium that can be utilized only by APRT-positive cells, which results in 
the elimination of both unfused APRT-dejcient myeloma cells and non-antibody- 
producing APRT-dejcient hybridomas that arise by segregation of the 8.12 translo- 
cation chromosomes containing the APRT genes and the active heavy chain 
immunoglob~llin gene. 

Cell fusion mixtures containing hy- 
brids of mouse spleen and myeloma cells 
(hybridomas) are cultured in HAT medi- 
um (hypoxanthine, aminopterin, and 
thymidine) for 10 to 14 days to  eliminate 
unfused hypoxanthine phosphoribosyl- 
transferase (HPRT)-deficient myeloma 
cells (1-9). This selection system, how- 
ever, can eliminate hybridomas that seg- 
regate the spleen X chromosome encod- 
ing the active HPRT locus (9, 10). For  
HPRT' antibody-producing hybridomas 
to survive in HAT medium they must 
retain the spleen X chromosome that 
encodes the active HPRT locus and the 
specific spleen autosomes that contain 
the active structural immunoglobulin (Ig) 
chain loci (chromosome 6, light chain 
kappa; or chromosome 16, light chain 
lambda; and chromosome 12, heavy 
chain) (11, 12). 

One of us (R.T.T.) conceived a hybrid- 
oma selection strategy that permits as- 
certainment of the contribution of X 
chromosome segregation toward loss of 

hybridomas (Fig. 1) (13). In the Rob- 
ertsonian (8.12) 5Bnr mouse [Rb(8.12) 
mouse] (14), the active heavy chain Ig 
locus on chromosome 12 (only one allele 
of the diploid complement is expressed) 
and a selectable enzyme marker locus 
(adenosine phosphoribosyltransferase, 
APRT) on chromosome 8 (15, 16) are 
genetically linked. Thus, the exposure of 
cell fusion mixtures to a medium requir- 
ing APRT activity (APRT' selection) 
eliminates both unfused A P R T  myelo- 
ma cells and A P R T  hybridomas. The 
latter are incapable of heavy chain 
Ig synthesis because of segregation 
of the 8.12 translocation chromosomes. 
For antibody-producing hybridomas to 
survive this selection procedure they 
must retain only the spleen chromo- 
somes that contain the structural Ig 
chain loci. In this report we describe the 
production of hybridomas secreting anti- 
bodies for human pepsinogen I, and pre- 
sent evidence that during selection in 
HAT medium X chromosome segrega- 

Fig. 1. Hybridization 
of Rb(8.12) spleen 
cells with FOX-NY 
myeloma cells and 
isolation of antibody- 
producing hybrido- 
mas under APRT+ se- 
lection. The APRT' 
selection media (see 
text) contained aza- 
serine to block de 
novo purine synthesis 
or aminopterin to 
block de novo purine 
and pyrimidine syn- 

Rb(812)sp Ieen  c e s w  FOX-NY myeloma c 
APRT+ 
HPRT + 

APRT- 
HPRT- 

ICI + lg- 
* Indicates the 8 .12  chromosome 

conta ln lng the  act ive 
heavy c h a ~ n  locus 

Segregation pat terns of 8.12 chromosome In hybrid ce l ls  

el ls 

thesis -[for a review, Growth under Y e s  Yes Yes , 
see (16) l .  Hybridomas APRT' se lect ion 

Ant ibody + - t -  - 
that retain one or  
both 8.12 transloca- product ion I I 
tion chromosomes al- 
so produce APRT en- 
zyme activity, which pos i t i ve  mas te r  we l l  cu l tures are c loned 
is necessary for sur- b y  l imi t ing d i lu t ion under  APRT+ s e l e c t ~ o n  

vival under APRT' 
selection. Hybrido- 
mas that lose both 
8.12 chromosomes as Antibody 

well as unfused proauct ion + - 
APRT- myeloma 
cells are unable to utilize exogenous adenine to synthesize purines: exposure to APRT' 
selection medium eliminates them within 36 hours. 

SCIENCE, VOL. 219 




