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   Abstract We compared the expressions of class I and class II major histocompati-
bility antigen complex (MHC) on the surface  of  Jijoye and  P3HR-1 cells of Burkitt's 
lymphoma sublines. Jijoye cells had a large amount of class I and class II MHC 
antigens, whereas these antigens were less expressed on  P3HR-1 cells. On a subline 

   of  P3HR-1 K cells the expression of class I antigen markedly diminished and class 
   II antigen was undetectable. On the other hand, Jijoye,  P3HR-1, and  P3HR-1 

   K cell lines were confirmed to be Epstein-Barr virus (EBV) nonproducer, low pro-
ducer, and high producer, respectively. The chemical activation of EBV genome 

   by treating  P3HR-1 cells with  12-0-tetradecanyl  phorbol-13 acetate (TPA) and 
   n-butyrate resulted in inhibition of the expression of class I and II antigens, while 

   the addition of retinoic acid, an inhibitor of virus replication, blocked the decrease 
   in the MHC antigen expression. These findings suggested that there might be an 

   inverse correlation between the virus production and the expression of class I and 
   II MHC antigens. 

   The major histocompatibility antigen complex (MHC) is a key element in 
restricting immunological recognition of viral antigens (24,  25). Virus infection 
often modulates the cell surface expression of class I (7, 16, 17) and class II MHC 
antigens  (12). Epstein-Barr virus (EBV) selectively infects and transforms human 
resting B cells expressing both class I and class II antigens of MHC. Usually EBV-
transformed B lymphoblastoid lines and Burkitt's lymphoma lines express human 
leukocyte antigens (HLA) and can be killed by MHC class I-specific cytotoxic T 
cell lines  (18). The Burkitt's lymphoma subline of  P3HR-1 cells has been obtained 
by cloning a high virus-producing cell from the parental  Jijoye cells  (6). The 

 P3HR-1 cells express only low level of MHC class II antigen, in contrast to the 

parental Jijoye  (19). In this paper we present the various patterns of MHC antigen 
expression in  sublines  of  a  Jijoye-P3HR-1 family and discuss the relationship between 
the MHC antigen expression and EBV production. 

MATERIALS AND METHODS 

Cell lines. Jijoye,  P3HR-1, and  P3HR-1 K lines were maintained in PRMI 
1640 medium supplemented with  10% fetal calf serum and antibiotics. Jijoye and 
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 P3HR-1 lines were obtained from the American Tissue Culture Collection.  P3HR-1 

K, BJAB, Daudi, and 6.1.6•@ c14 lines were provided by Dr. Edward Clark at the 

University of Washington. 

   Immunofluorescence assay. Specific antigens were stained by the indirect im-

munofluorescence method. Briefly, cells were incubated with anti-class I (E3b) 

or class II  (B10a) monoclonal antibody (2), washed three times, and stained with 

fluorescein isothiocyanate (FITC)-conjugated rabbit anti-mouse IgG (Tago Inc., 

Burlingame, Calif., U.S.A.). Subsequently, the cells were washed twice and fixed 

in a 1 % paraformaldehyde solution. Suspensions of immunofluorescence-positive 

cells were analyzed with the aid of a laser flow cytometer (Cell sorter CS-20, Showa 

Denko K.K.,  Tokyo). Examination with a monoclonal antibody to transferrin 

receptor was also carried out. EBV-associated antigens in acetone-fixed cells were 

stained by EBV-seropositive serum from a nasopharyngeal carcinoma (NPC) patient 

(a kind supply of Dr. Y. Hinuma at Kyoto University) and followed by  FITC-

conjugated rabbit anti-human IgG. The cells were examined under a fluorescence 

microscope. The staining titers of human NPC serum against EBV viral capsid 

antigen, membrane antigen, and early antigen were  1,280,  1,280 and 320, respec-

tively. In the present study the antiserum was used at a  1: 100 dilution. 

   Labeling of proteins, immunoprecipitation, and gel electrophoresis. Twenty  million 

cells of Jijoye,  P3HR-1, and  P3HR-1 K were respectively labeled by the lactoper-

oxidase method using 1 mCi of 1251  (20). Cell lysates were prepared and adjusted 

to a concentration of  0.1  % sodium dodecyl sulfate (SDS)  (23). The lysate was 

immunoprecipitated with a monoclonal antibody and protein A-Sepharose CL-

4B (Pharmacia Fine Chemical, Uppsala,  Sweden). Radiolabeled proteins were 

analyzed by polyacrylamide gel electrophoresis in the presence of SDS in  12.5% 

slab gels under reducing conditions  (11). Radiolabeled bands in the gels were 

identified by autoradiography. Molecular weights were determined by calculating 

the correlation of log molecular weight to migration distance. The Pharmacia 

low molecular protein standard kit was used as reference. 

   Activation and inhibition of the  EBV  genome. For an activation of the EBV genome, 

cells (2 x  105/m1) were incubated in fresh culture medium containing 100 ng/ml 

 12-0-tetradecanyl phorbol-13 acetate (TPA) and 2  mm n-butyrate for 2 days (22). 

In inhibition experiments retinoic acid was further added to the medium at a con-

centration of 10  ,um/m1  (21). 

                             RESULTS 

The Expression of MHC Class I and Class II Antigens on  Jijoye, P3HR-1, and P3HR-1 K 

 Cell Lines 

   Two methods were employed to determine the expression of MHC class I and 

II antigens. First, the analysis by immunoprecipitation and gel electrophoresis 

was carried out. The anti-class I antibody precipitated the polypeptide with a 

molecular weight of 43,000 dalton from the three different cell lines (Fig.  1  a). How-

ever, another subunit, ƒÀ2 microglobulin, was indistinguishable from the dye front.
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Fig. 1. Autoradiograph of the SDS/polyacrylamide gel electrophoresis of  1251-labeled class I 
 and class II antigens.  P3HR-1 cells  (a)  ; Jijoye cells  (b)  ;  P3HR-1 K cells (c).

Fig. 2. Flow cytometry analysis of class I and class II antigen expression on  Jijoye (a) , 
 P3HR-1 (b), and  P3HR-1 K cells (c). The histogram of the negative control treated with an 

 irrelevant monoclonal antibody was the same as that of  P3HR-1 K cells stained by anti-
class II monoclonal antibody. The intensity of fluorescence is expressed on a log scale.
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The order in the amount of class I antigen per cell was Jijoye>  P3HR-1  >  P3HR-1 
K. Anti-class II antibody precipitated two polypeptides with molecular weight 
of 34,000 and 27,000 from both Jijoye and P3HR-1 cell lines, whereas no such  poly-

peptide bands were precipitated from P3HR-1 K cells (Fig.  1  b). In the next 
experiment, the quantitative analysis of their surface expression was done with the 
aid of a flow cytometer (Fig.  2). Jijoye cell line was the most reactive with anti-
class I and class II antibodies among three cell lines. P3HR-1 cells had a lesser 
amount of class I and II antigens than Jijoye cells. Especially,  P3HR-1 K cells 
expressed the smallest amount of class I antigen, and its intensity of the peak fluo-
rescence was about one-eighth of that of Jijoye. Class II antigen was undetectable 
on  P3HR-1 K cells by two kinds of monoclonal antibodies which were reactive with 
the different antigenic determinant sites of class II molecule. On the other hand, 
there was no difference among these three cell lines in the expression of transferrin 
receptors detected by a monoclonal antibody (data not  shown). 

Virus Productivity of Jijoye, P3HR-1, and P3HR-1 K Cell Lines 
   Virus-producing activity was measured by detecting the EBV-associated 

antigens in the cells (Table  1).  P3HR-1 K cell line contained a small percent of 
immunofluorescence-positive cells, while no such positive cells were detected in either 

 P3HR-1 or Jijoye cells. After activation of the EBV genome by treatment with 
TPA and n-butyrate for 3 days, the frequency of fluorescence-positive cells in  P3HR-1 
K cell culture increased up to about  40  % and also a significant number of fluores-
cence-positive cells appeared in P3HR-1 line. However, no positive cells were de-
tected in Jijoye line even after the same treatment. This finding confirmed the 
fact that the order in virus productivity among these cell lines is  P3HR-1 K> 

 P3HR-1  >  Jijoye  (9). 

Changes in the Expression of Class I and II MHC Antigens by Activation and Inhibition of the 
 EBV Genome 

The results in the preceding section suggested that the virus production might 
be inversely correlated with the expression of MHC class I and II antigens. There-
fore, we investigated the MHC antigen expression after chemical activation of EBV 

genome (Fig. 3, a and b). When virus production in  P3HR-1 cells was stimulated

Table 1. The frequency of EBV-associated antigen-positive cells on a series of Burkitt's 

lymphoma sublines before and after treatment with TPA and n-butyrate
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by TPA and n-butyrate treatment, the expression of MHC class I and class II anti-

gens was significantly reduced and was less than half that of untreated control cells. 
The additional treatment with retinoic acid blocked this reduction of MHC ex-

pressions (data not  shown). In contrast to  P3HR-1 cells, no reduction of MHC 
antigens was found on Jijoye cells, EBV-negative BJAB Burkitt's lymphoma cells, 
and some EBV-transformed B lymphoblastoid cell lines even after chemical stimula-
tion of virus genome. 

DISCUSSION 

In the present study we have found an inverse correlation between the ex-

pression of class I and II MHC antigens and the EBV productivity. Klein et al 
(9) have also reported that certain nonproducer revertant cells from P3HR-1 line 
again express a high level of class II antigen  (9). Although virus structural pro-
teins have been detected in only a limited number of cells even in virus producer 

 P3HR-1 K cells (Table 1), a significant number of virus DNA copies are synthesized 
in these cells  (1). Further, chemical treatment markedly enhances the copy number 
of virus genomes per cell  (4). Therefore, it seems likely that the amplification of 
virus genome may participate in the decrease of MHC antigen expression. 

   The parental Jijoye and other EBV-positive Burkitt's lymphoma lines release 
viruses with transforming activity  (15). When normal peripheral blood lymphocytes 
are transformed by these EBV (13), class I molecules markedly become increased. 

On the contrary,  P3HR-1 cells produce  nontransforming EBV, and this variant virus 
is unable to immortalize normal B lymphocytes and shows cytopathic effects on 
EBV receptor-carrying cells  (14). The P3HR-1 EBV DNA has a deletion of 2 x 106 
dalton out of the Jijoye EBV DNA and the deleted part of the DNA sequence en-
codes the mRNAs detected in restringently-infected, growth-transformed cells (5,  8). 
Therefore, this transformation-related DNA might be involved in the regulation of 
MHC antigen expression.

Fig. 3. Flow cytometry analysis of class I and class II antigen expression in TPA and n-buty-
rate-treated ( ) and untreated control  P3HR  1 cells (  ). The intensity of fluorescence 

 is expressed on a log scale. Note the significant leftward displacement of chemically treated 
  cells.
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On the other hand, the disappearance of MHC antigens from the cell surface 

does not necessarily mean activation of the EBV genome, since class I antigen-

negative Daudi Burkitt's lymphoma line and class II antigen-negative EBV-trans-

formed line, 6.1.6  cl 4 (3), hardly show EBV productivity even after treatment for 

chemical induction (data not  shown). 

   Besides MHC class I and II antigens, the  P3HR-1 sublines differ from the 

parental Jijoye in several surface molecules; first, P3HR-1, unlike Jijoye, does not 

express the receptor for EBV and C3d  (10). Second, the B lymphoblast antigen 

(BB-1) is expressed on the Jijoye but few on P3HR-1  (23). The differential ex-

pression of B cell differentiation markers raises another possibility that the diminished 

expression of MHC antigens may reflect the difference at a differentiation stage in 

a B cell lineage. 

   It has been established that cytotoxic T cell killing is restricted by class I mole-

cules, and that inducer T cells in the process of antibody production are restricted by 

class II molecules. Therefore, it is of interest to speculate that EBV may try to 

escape from cellular and humoral immune surveillance by affecting expression of 

the MHC antigens on virus-infected cells. Although EBV is closely associated with 

Burkitt's lymphoma, infectious mononucleosis, nasopharyngeal carcinoma, and 

X-linked lymphoproliferative syndrome, it is uncertain whether this phenomenon 

may happen in  vivo. 
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Health and Welfare of•@Japan.

REFERENCES

1) Adams, A. 1979. The state of the virus genome in transformed cells and its relationship to host 

   cell DNA, p. 155-183. In Epstein, M.A., and Achong, B. G. (eds), The Epstein-Barr virus, 

   Springer-Verlag, Berlin, Heidelberg. 

2) Clark, E.A., and Yokochi, T. 1984. Human B cell and B cell blast-associated surface molecules 

   defined with monoclonal antibodies, p. 339-346. In Bernard, A., Boumsell, L., Dausset, J., 

   Milstein, C., and Schlossman, S.F. (eds), Leukocyte typing, Springer-Verlag, Berlin, Heidelberg. 

3) Gladstone, P., and Pious, D. 1978. Stable variants affecting B cell alloantigens in human lym-

phoid cells. Nature 271: 459-461. 

4) Hamper, B. 1979. Activation of the viral genome in vitro, p. 283-295. In Epstein, M.A., and 

   Achong, B.G. (eds), The Epstein-Barr virus, Springer-Verlag, Berlin, Heidelberg. 

5) Heller, M., Dambaugh, T., and  Kieff, E. 1981. Epstein-Barr virus DNA.•@ IX. Variation among 

   viral DNAs from producer and nonproducer infected cells. J. Virol. 38: 632-648. 

6) Hinuma, Y., and Grace, J.T. 1967. Cloning of immunoglobulin-producing human leukemia 

   and lymphoma cells in long-term culture. Proc. Soc. Exp. Biol. Med. 124: 107-111. 

7) Jennings,  S.R., Rice, P.A., Kloszewski,  E.D., Anderson, R.W., Thompson, D.L., and Tevethia
, 

   S.S. 1985. Effect of herpes simplex virus type 1 and 2 on surface expression of class I major histo-

compatibility complex antigens on infected cells. J. Virol. 56: 757-766. 

8) King, W., Thomas-Powell, A.L., Paab-Traub, N., Hawke, M., and Kieff, E. 1980. Epstein-

   Barr virus RNA. V. Viral RNA in a restringently-infected, growth-transformed cell line. J. 

 Virol. 36:  506-518. 

9) Klein, G., Hyman, R., and Trowbridge, I. 1979. Correlated expression of a B-lymphocyte-



DIMINISHED MHC EXPRESSION AND EBV 1215 

specific glycoprotein  (gp27/35) and the EBV  receptor/C3 receptor complex in sublines from the 
    same Burkitt lymphoma.  Int. J. Cancer 23: 37-41. 

10) Klein, G., Yefenof, E., Falk, K., and Westman, A. 1978. Relationship between Epstein-Barr 
    virus (EBV)-production and the loss of the EBV receptor, complement receptor complex in 

    a series of sublines derived from the same original Burkitt's lymphoma.  Int. J. Cancer  21:  552-
    560. 

 11) Laemmli, U.K. 1970. Cleavage of structural proteins during the assembly of the head of bac-
teriophage T4. Nature 227: 680-685. 

12) Massa,  P.T., Dorries, R., and ter Meulen, V. 1986. Viral particles induce Ia antigen expression 
    on astrocytes. Nature 320: 543-546. 

13)  McCune,  J.M., Humphreys,  R.E., Yocum, R.R., and  Strominger,  J.L. 1976. Enhanced represen-
tation of HL-A antigens on human lymphocytes after mitogenesis induced by phytohemagglu-
tinin or Epstein-Barr virus. Proc.  Natl. Acad. Sci. U.S.A. 72: 3206-3209. 

14) Miller,  G., Robinson, J., Heston, L., and Lipman, M. 1975. Differences between laboratory 
    strains of Epstein-Barr virus based on immortalization, abortive infection, and interference. 

    Proc.  Natl. Acad. Sci. U.S.A. 71: 4006-4010. 
15) Ragona, G., Ernberg, I., and Klein, G. 1980. Induction and biological characterization  of the 

    Epstein-Barr virus (EBV) carried by the Jijoye lymphoma line. Virology  101: 553-557. 
16) Schrier,  P.I., Bernards, R., Vaessen,  R.T.M.  J., Houweling, A., and van der Eb,  A.  J. 1983. 

    Expression of class I major histocompatibility antigens switched  of by highly oncogenic adeno-
virus 12 in transformed rat cells. Nature 305: 771-775. 

17) Suzumura, A., Lavi, E., Weiss, S.R., and Silberberg, D.H. 1986. Coronavirus infection induces 
    H-2 antigen expression on oligodendrocytes and astrocytes. Science 232: 991-993. 

18) Torsteinsdottir, S., Masucci, M.G., Ehlin-Henriksson, B., Brautbar, C., Ben Bassat, H., Klein, 
    G., and Klein, E. 1986. Differentiation-dependent sensitivity of human B-cell-derived lines to 

    major histocompatibility complex-restricted T-cell cytotoxicity. Proc.  Natl. Acad. Sci. U.S.A.
    83: 5620-5624. 

19) Trowbridge,  I.S., Hyman, R., and Klein, G. 1977. Human B cell line deficient in the expression
    of B cell-specific glycoproteins (GP 27,  35). Eur. J. Immunol.  7: 640-645. 

20) Vitteta,  E.S., Baur, S., and Uhr, J.W. 1971. Cell surface immunoglobulin. II. Isolation and 
    characterization of immunoglobulin from spleen lymphocytes. J. Exp. Med. 132: 242-264. 

21) Yamamoto, N., Bister, K., and zur Hausen, H. 1979. Retinoic acid inhibition of Epstein-Barr 
    virus induction. Nature 278: 333-334. 

22) Yokochi, T., Clark, E.A., and Kimura, Y. 1986. Differential expression of Epstein-Barr virus 
    membrane antigens defined with monoclonal antibodies. Virology 148: 114-120. 

23) Yokochi, T., Holly, R.D., and Clark, E.A. 1982. B lymphoblast antigen  (BB-1) expressed on 
    Epstein-Barr virus activated B cell blasts, B lymphoblastoid cell lines, and Burkitt's lymphomas. 

    J. Immunol. 128: 823-827. 
24) Zinkernagel, R.M., and Doherty, P.C. 1974. Restriction of in  vivo T cell-mediated cytotoxicity 

    in lymphocytic choriomeningitis within a syngeneic or semiallogenic system. Nature 248:  701-
    702. 

25) Zinkernagel, R.M., and Oldstone, M.B.A. 1977. Cells that express viral antigens but lack H-2 
    determinants are not lysed by other antiviral immune attack mechanisms. Proc. Natl. Acad. 

Sci. U.S.A. 73: 3666-3670. 

(Received for publication, May  11,  1987)


