




1979). The lymphocyte subpopulation in man 
responsible for NK activity is currently un­
known, although recent evidence favors the 
T and null lymphocyte subpopulations (Be­
verly and Knight 1979). Ascertainment of the 
importance of each of these mechanisms for 
elimination of EBV -infected or -transformed 
clones needs further study. Changes in lym­
photoxicity of peripher al leukocytes against 
autologous and allogeneic LCL are demon­
strable in IM (Bausher et al. 1973; Junge et al. 
1971). The atypical lymphocytes of patients 
with acute IM reflect an immunologic struggle. 
EBV infects and causes B-cell proliferation; 
then T cells respond. The precise magnitude of 
the Band T cell proliferation is unknown. 
B cell proliferation is polyclonal, short lived, 
and precedes the outpouring of T cells (Paper­
michael et al. 1974; Pattengale et al. 1974). 
Klein and colleagues have found that approxi­
mately 0.5 %-2 % of circulating B cells contain 
EBNA during the first week of illness (Klein, 
et al. 1976). Haynes et al. (1979) have 
determined that both T and B cells increase in 
acute mononucleosis and the T cells lack Fc 
receptors for IgG or IgM. 

The subpopulation of B cells infectable by 
EBV has not been identified; most B cells 
become transformed by EBV, resulting in 
a polyclonal proliferation (Pagano and Oka­
sinski 1978). It is noteworthy that bone mar­
row is not usually involved in IM (Carter and 
Penman 1969). This finding indicates that 
a subpopulation of B lymphocytes susceptible 
to EBV infection traffic to tonsils, lymph 
nodes, and spleen. 

Severallaboratories have demonstrated that 
the atypical T lymphocytes which are characte­
ristic during infectious mononucleosis have 
cytotoxic activity for EBV -infected lympho­
blastoid celllines (Royston et al. 1976; Hutt et 
al. 1975; Svedmyr and Jondal 1975). Their 
data suggest that cytotoxic T lymphocytes may 
be responsible for the control of EBV -induced 
B lymphocyte proliferation. Lymphocytes 
from patients obtained from blood during the 
initial 2 weeks of overt IM are significantly 
more cytotoxic than are controls. Cytotoxicity 
declines proportionately to the number of 
circulating atypical lymphocytes (Hutt et al. 
1975). Results of in vitro studies suggest that in 
vivo cytotoxicity aborts B cell proliferation. 
Exactly how B cells are killed by cytotoxic 
T cell is not known. In addition, suppressor 
T cells become activated during B cell prolife-

ration (Tosato et al. 1979; Haynes et al. 1979). 
Following primary infection, the virus persists 
latently throughout life. Repression of reacti­
cation is due, in part, to T lymphocytes: 
Thorley-Lawson et al. (1978) have shown that 
T cells suppress the outgrowth of B cells 
infected by EBV in vitro. The suppression of 
EBV infection occurs after infection but befo­
re transformation of the cell (Thorley-Lawson 
1980). Perhaps the same subpopulations of 
T cells prevents the long-term establishment of 
LCL from seropositive persons (Moss and 
Pope 1975; Moss et al. 1978; Rickinson et al. 
1979). Regression of LCL is probably due to . 
long-term T cell immunity to EBV (Moss et al. 
1979; Rickinson et al. 1980). 

While cellular immune responses to EBV 
combat B cell proliferation, antibodies to 
EBV -specific antibodies neutralize virus and/ 
or kill infected B cells through antibody-de­
pendent cellular cytotoxicity (ADCC). Henle 
et al. (1979) have recently reported that 
ADCC activity correlated poorly with the 
clinical course of IM. Our studies of patients 
with the X-linked lymphoproliferative syndro­
me (XLP) have identified affected males, 
chronically infected by EBV and lacking anti­
body to EBV, who show relatively normal 
lymphocytotoxicity (Purtilo et al. 1978a,b,c). 
Thus, antibodies to EBV do not appear to be 
required in surviving EBV infection. How 
ADCC participates to end the proliferative 
state in immunocompetent persons is not yet 
determined. 

An array of EBV -specific antibody respon­
ses occur in normal persons following primary 
infection (Henie et al. 1974) (Fig. 1). Such 
antibody determinations have greatly enhan­
ced our unterstanding of the immunopatholo­
gy of IM and facilitate differential diagnosis, 
especially in heterophile negative IM. The 
latter group accounts for 10% of EBV-indu­
ced IM (Evans 1978). Three major antibody 
responses to EBV deserving mention are EA, 
VCA, and EBNA. Following infection by 
EBV, transient IgM antibody responses to 
VCA appear which later switch to the IgG 
class and persist for life. Another transient 
antibody response is against EA. The high titer 
anti-EA of children with BL shows the restric­
ted (R) component (Henie et al. 1974). In 
contrast, anti-EA of IM has the diffuse (D) 
component; recurrent or chronic IM also has 
the R component (Horwitz et al. 1975). 
Antibodies to EBNA appear late, after partial 
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destruction of infected B cells, and persist for 
life (Henle et al. 1974). 

The EBV antibodies and cellular cytotoxiei­
ty directed specifieally against EBV antigens 
serve to stop B cell proliferation, but immuno­
regulatory mechanisms often short circuit du­
ring the chaotic immune struggle of IM, and 
thus, a hoard of autoantibodies can erupt in IM 
(Sutton et al. 1974; Thomas 1972; McKinney 
and Cline 1974; Carter 1975; Steele and 
Hardy 1970; Purtilo 1980; Langhorne and 
Feizi 1977). The atuoimmune reactions and 
misdirected lymphocytes are devisive and they 
injure tissues, as in graft-versus-host response 
(GVHR) (Purtilo 1980). 

D. Immunopathology of the X-Linked 
Lymphoproliferative Syndrome 

During the decade since I autopsied an 8-year­
old boy in the Duncan kindred who had died of 
infectious mononuc1eosis, research efforts 
have revealed immunopathogenetie mecha­
nisms of EBV-induced fatallymphoprolifera­
tive dis orders (Purtilo et al. 1974a,b, 1975, 
1977a,b, 1978a,b,c, 1979a,b; Purtilo 1976a,b, 
1977). XLP thus serves as a prototype for 
studying persons at high risk for fatal EBV 
infection, expecially opportunistic malignant 
lymphomas in immune deficient patients. 

Our international registry of XLP has regi­
stered more than 25 kindreds involving 100 
male patients (Purtilo 1979). Approximately 
50 % of the affected males thus far have 
succumbed to IM (Fig. 2) and 15% to IM 
complicated by immunoblastic sarcoma; 19% 
have survived IM but acquired agammaglobu­
linemia or developed dysgammaglobulinemia, 
and 25 % have experienced malignant lympho­
ma (Hamilton et al. 1980). Only 20 of the 100 
affected males survive (Purtilo et al. 1979a,b). 

The c1inical and pathologic manifestations 
of the XLP syndrome mimie GVHR, especial­
ly in the IM phenotype. Following EBV 
infection, lymphoid tissues initiaHy undergo 
hyperplasia followed by depletion and occasio­
nally by malignant lymphoma, as in experi-

mental murine GVHR (Purtilo 1980). In 
addition, tropism of aggressor lymphocytes in 
XLP for epithelial tissues - thymie, skin, liver, 
and gut - resemble GVHR (Seemayer et al. 
1977). The acquired aproliferative phenotypes 
following EBV have consisted of aplastic 
anemia and hypo- or agammaglobulinemia. In 
the latter phenotype profound necrosis in 
lymph nodes and other lymphoid tissues is 
found (Purtilo 1980; Purtilo et al. 1979a,b). 
The differential diagnosis of XLP can be 
achieved by pedigree analysis and laboratory 
studies, as discussed elsewhere (Purtilo 1980). 

We have attempted, in addition to our 
hematophathology studies, to characterize 
comprehensively the immunologie, virologic, 
and genetic defects in the 20 surviving males 
and 25 carrier females. 

E. Chromosomal Breakage 

Our cytogenetie studies of families with XLP 
have revealed differences in various kindreds 
with XLP. The initial two families with the 
syndrome have not shown appreciable defects. 
In contrast, arecent kindred has shown exten­
sive aneuploidy in both peripherallymphocy­
tes and in early passage LCL (Paquin et al. 
1980). Carrier fe males as weH as affected 
males have shown a propensity to chromoso­
mal damage. We have tentatively concluded 
that cytogenetic changes may be a phenotype 
of XLP and that increased c1astogenic activity 
could predispose to induction of fatallympho­
proliferative disorders induced by EBV. Other 
environment al carcinogens could also initiate 
the lymphoreticular malignancies; however, 
none have been found. 

F. Immune Deficiency of XLP 

Immunologic studies of 14 affected males with 
XLP show relatively normal numbers of T and 
B cells. However, significantly depressed (P 
<0.05 compared to controls) lymphocyte 
transformation responses to phytohemaggluti­
nin, conconavalin A, pokeeweed, and strepto-

EBV - FATAL IM 

?EBV -FATAL IM WITH LYMPHOMA 

XLP--EBV_IM WITH DEPRESSED IMMUNITY 

", -LYMPHOMA 

Fig. 2. Phenotypic expression of X-linked 
lymphoproIiferative syndrome following in­
feetion by Epstein-Barr virus (reproduced 
with permission of C.V. Mosby Company, 
United States 
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lysin 0 antigens are found, and mixed leukocy­
te responses are diminished (Sullivan et al. 
1980). Carrier females often show diminished 
responses to plant mitogens, but the magnitu­
de of the depression is usually less than their 
sons. Affected males fail to develop a secon­
dary IgG antibody response to <PX 174 (a 
bacteriophage). This diminished responsive­
ness indicates that the immunodeficiency of 
XLP is not limited to EBV (Purtilo et al. 
1979a, b) and that helper T cells may be 
defective. However, most surviving males have 
dysgammaglobulinemia. We are presently stu­
dying several affected males with relatively 
normal Ig Levels. Profound hypogammaglo­
bulinemia has occurred in six surviving males 
who had a well-documented antecedent histo­
ry of IM. Other survivors have shown selective 
IgA deficiency with or without elevated IgM 
(Purtilo et al. 1979a,b). Our preliminary stu­
dies of NK cells in XLP reveal defective 
activity in 80% of the patients who survive 
EBV infection but have other immune defects. 
Our studies indicate defective T lymphocytes 
and NK cell subsets whieh allow uncontrolled 
EBV -induced lymphoproliferation (Sullivan 
et al. 1980). 

G. EBV -Specific Antibodies in XLP 

Antibody studies for EBV in the 15 affected 
males reveal variable responses. Four patients 
entirely lacked antibodies to VCA, EA, and 
EBNA (Sakamoto et al. 1980). A second 
group of six XLP patients show normal anti­
VCA titers but lack anti-EBNA and EA. In 
contrast, carrier females show a fourfold hig­
her VCA antibody titer than do our normal 
adult controls; all carriers have anti-EBNA. 
EA antibodies were found in 11 of the 21 
carriers, suggesting active infection. One car­
rier exhibited low grade, chronie lymphoproli­
feration (D. Purtilo, unpublished observa­
tions). 

These serologie studies suggest that the 
B target cells of XLP are permissive of EBV 
infections. The lack of antibodies against 
EBNA in infected males suggests they have 
T cell defects against EBV. These latter 
findings corroborate our in vitro assays of 
defective T lymphocyte function and the he­
matopathologic findings of depletion of T cell 
zones in lymphoid tissues. Alternatively, hel­
per T cell populations are lacking. In contrast, 

the carrier females have approximately one­
half defective B cells which are apparently 
permissive of EBV infection. Evidence sub­
stantiating this speculation is that their mar­
kedly high anti-VCA and normal anti-EBNA 
titers indieate vigorous response by normal 
lymphocytes to EBV infection. The elevated 
anti-EA activity in several carriers indieates 
chronic active infection. Thus, the women 
defend against the EBV infections and only 
manifest the XLP immunodeficiency in vitro. 

H. Malignant Lymphomas in XLP 

Documentation of EBV infection in immune 
deficient patients requires EBV antibody stu­
dies, transformation of peripheral blood lym­
phocytes or cells from lymphoid tissues, trans­
formation of cord lymphocytes by throat was­
hings in vitro, or demonstration of the genome 
in tissue by EBV DNA hybridization (Purtilo 
1980). Employment of these techniques has 
resulted in the identifieation of EBV in nume­
rous patients with inherited or acquired immu­
nodeficiency who died of lymphoproliferative 
disease. In patients with XLP we have eviden­
ce suggesting that IM can progress to malig­
nant lymphoma in immune deficient patients. 
We hypothesize that for the polydonal prolife­
ration characteristie of IM to become a mono­
don al proliferation, a karyotypic abnormality 
appears which leads to a malignant monoc1o­
nal tumor cello For example, the 14q + marker 
chromosome of Burkitt lymphoma (Purtilo 
1980) may be present. We are testing this 
hypo thesis by testing affected males over many 
years (Fig. 1). 

The malignant lymphomas in males with 
XLP have ranged the spectrum of B cell 
lymphomas (Paquin et al., to be published). In 
many cases, IM and immunoblastic sarcoma 
have occurred concurrently. Regrettably, cell 
surface marker studies for clonality and EBV 
DNA hybridization studies have not been 
possible on fresh lymphomas. However, EBV 
DNA hybridization of 7 cases of the fatal IM 
phenotype has revealed 7-20 EBV genome 
equivalents per cell in patients who lacked 
EBV antibody responses (Purtilo et al. 1981). 
Similar attempts to document EBV in oppor­
tunistic lymphomas in children with immuno­
deficiency (Kersey and Spector et al. 1978) 
and in renal transplant recipients ought to be 
attempted (Hanto et al. 1981). 
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J. Summary 

We have developed a registry and laboratory 
of XLP dedicated to conducting multidiscipli­
nary studies to provide: 
1. Consultation to clinicians, families, and 

pathologists seeking diagnosis, treatment, 
evaluation, and genetic counseling; 

2. Collection of data to define diagnostic cri­
teria; 

3. Further delineation of the diverse immune 
deficiencies and the basic genetical-immu­
nologic defects responsible for the various 
phenotypic expressions ; 

4. The establishment of lymphoblastoid cell 
lines from patiens with XLP and related 
lymphoproliferative dis orders which occur 
on genetic or sporadic bases for comparative 
studies; 

5. Testing of the hypothesis that the common 
ubiquitous EBV can produce lethallympho­
proliferative diseases in individuals with 
inherited or acquired (renal and cardiac 
transplant recipients) immunodeficiency; 
and 

6. Development of rational immunoprophyla­
xis (high titer EBV -specific gammaglobulin) 
and therapy (interferon and/or antiviral 
drugs) against EBV-induced oncogenesis. 

References 

Bausher JC, Smith RT (1973) Studies of the 
Epstein-Barr virus-host relationship : autochtho­
nous and aHogeneic lymphocyte stimulation by 
lymphoblast cell lines in mixed cell culture. Clin 
Immunol Immunophathol 1 :270-281 - Berard C, 
O'Conor GT, Thomas LB, Torloni H (1979) Histo­
phathological definition of Burkitt's tumor. BuH 
WHO 40:601-607 - Beverly P, Knight D (1979) 
News and Views: Killing comes naturaHy. Nature 
278:119-120 - Borzy MS, Hong R, Horowitz S et 
al. (1979) Fatal lymphoma after transplantation of 
cultured thymus in children with combined immuno­
deficiency disease. N Engl J Med 301: 565-568 
- Burkitt DP (1958) A sarcoma involving the jaws in 
African children. Br J Surg 46: 218-223 - Carter RL 
(1975) Infectious mononucleosis: Model for self-li­
miting lymphoproliferation. Lancet 11: 846-849 
- Carter RL, Penman HG (1969) Histopathology of 
infectious mononucleosis. In: Carter RL, Penman 
HG (eds) Infectious mononucleosis. Blackwell, Ox­
ford Edinburgh, pp 146-161 - Dameshek W, Gunz 
F (1964) Leukemia. Grune & Stratton, New York, 
p 556 - Epstein MA, Achong BG, Barr YM (1964) 
Virus particles in cultured lymphoblasts from Bur-

212 

kitt's lymphoma. Lancet i: 702-703 - Evans AS 
(1978) Infectious mononucleosis and related syn­
dromes. J Med Sci 276: 325-339 - Hamilton JK, 
Paquin LA, Sullivan JL, Maurer HS, Cruzi FG, 
Privisor AJ, Steuber CP, Hawkins E, Yawn D, 
Cornet JA, Clausen K, Finkelstein JZ, Landing B, 
Grunnet M, Purtilo DT (1980) X-linked lympho­
proliferative syndrome registry report. J Pediatr 
96:669-673 - Hanto D, Frizzera G, Purtilo D, 
Sakamato K, Sullivan JL, Saemundsen AK, Klein G, 
Simons RL, Najarian JS (1981) Lymphoproliferati­
ve disorders in renal transplant recipients. 11. A. 
clinical spectrum and evidence for the role of 
Epstein-Barr virus. Cancer Res, in press - Haynes B, 
Schooley RT, Payling-Wright CR, Grouse JE, Dolin 
R, Fauci AS (1979) Emergence of suppressor cells of 
immunoglobulin synthesis during acute infectious 
mononucleosis. J Immunol 123 :2095-2101 - He­
berman RB, Djeu JY, Kay HD, Ortaldo JR, 
Riccardi C, Bonnard GD, Holden HT, Fagnani R, 
Santoni A, Puccetti P (1979) Natural killer cells: 
characteristics and regulation of activity. Immunol 
Rev 44:43-70 - Henle W, Henle G, Horwitz CA 
(1974) Epstein -B arr virus-specific diagnostic tests in 
infectious mononucleosis. Human Pathol 
5:551-565 -Henie G, LennetteET,AIspaughMA, 
Henle W (1979) Rheumatoid factor as a cause of 
positive reactions in tests for Epstein-Barr virus-spe­
cific IgM antibodies. Clin Exp Immunol36: 415-422 
- Horwitz CA, Henle W, Henle G, Schmitz H (1975) 
Clinical evaluations of patients with infectious mo­
nonucleosis and development of antibodies to the 
R component of the Epstein-Barr virus-induced 
early antigen complex. Am J Med 58:330-338 
- Hutt LM, Huang YT, Discomb HE, Pagano LS 
(1975) Emhanced destruction of lymphoid celllines 
by peripheral blood leukocytes taken from patients 
with acute infectious mononucleosis. J Immunol 
115: 243-248 - Junge U Hoekstra J, Deinhardt 
F (1971) Stimulation of peripherallymphocytes by 
allogeneic and autochthonous mononucleosis lym­
phocyte cell lines. J Immunol 106:1306-1315 
- Klein G (1975) The Epstein-Barr virus and 
neoplasia N Engl J Med 293: 1353-1357 - Klein G, 
Svedmyr E, Jondal M, Person PO (1976) EBV-de­
termined nuclear antigen (EBNA)-positive cells in 
the peripher al blood of infectious mononucleosis 
patients. Int J Cancer 17 :21-26 - Klein E, Masucci 
MG, Masucci G, Vanky F (to be published) Natural 
and activated lymphocyte killers which affect tumor 
cells. In: Heberman R (ed) Natural cell-mediated 
immunity against tumors. Academic, New York 
- Langhorne J, Feizi T (1977) Studies on heterophile 
antibodies of infectious mononucleosis. Clin Exp 
Immunol 30: 354-363 - McKinney AA, Cline WS 
(1974) Annotation: infectious mononucleosis. Br 
J Haematol27:367 - Moss DJ, Pope JH (1975) EB 
virus-associated nuclear antigen production and cell 
proliferation in adult peripher al blood leukocytes 
inoculated with the QIMR-WIL strain of EB virus. 
Int J Cancer 15:503-511-MossDJ, RickinsonAB, 



Pope JH (1978) Long-term T cell-mediated immu­
nity to Epstein-Barr virus in man. 1. Complete 
regression of virus-induced transformation in cultu­
res of seropositive donor leukocytes. Int J Cancer 
22:662-668 - Moss DJ, Riekinson AB, Pope JH 
(1979) Long-term T cell-mediated immunity to 
Epstein-Barr virus in man. III. Activation of cytoto­
xie T cells in virus-infected leukocyte cultures. Int 
J Cancer 23: 618-625 - Pagano JS, Okasinski GF 
(1978) Pathogenesis of infectious mononucleosis, 
Burkitt's lymphoma and nasopharyngeal carcinoma: 
a unified scheme. In: de-The G, Henle W, Rapp 
F (eds) Oncogenesis and herpesvirus III. Internatio­
nal Agency for Research on Cancer, Lyon, pp 
687-697 - Papermiehael M, Scheldon PJ, Holoboro 
EG (1974) T & B cell populations in infectious 
mononuc1eosis. Clin Exp Immunol 18:1-11 - Pa­
quin LA, Maurer HS, Purtilo DT (to be published) 
Chromosomal abnormalities in the X-linked lym­
phoproliferative syndrome. - Pattengale PK, Smith 
RW, Perlin E (1974) Atypicallymphocytes in acute 
infectious mononuc1eosis. Identification by multiple 
T and B lymphocyte markers. N Engl J Med 
291: 1145-1148 - Purtilo DT (1976a) Hypothesis: 
Pathogenesis and phenotypes of an X-linked lym­
phoproliferative syndrome. Lancet ii: 883-885 
- Purtilo DT (1976b) Prevalence of Burkitt's lym­
phoma in males. N Engl J Med 295: 1484 - Purtilo 
DT (1977) Non-Hodgkin's lymphoma in the X-lin­
ked recessive immunodeficiency and lymphoprolife­
rative syndromes. Semin Oncol4: 335-343 - Purtilo 
DT (1980) Epstein-Barr virus-induced oncogenesis 
in immune defincient individuals. Lancet i: 300-303 
- Purtilo DT (1980) Immunopathogenesis and 
complications of infectious mononuc1eosis. In: Som­
mers S, Rosen PP (ed) Pathology Annual 1980. 
Appleton-Century-Crofts pp 253-299 - Purtilo DT, 
Sullivan JL (1979) Immunological bases for superior 
survival of females. Am J Dis Child 133: 1251-1253 
- Purtilo DT, Cassel C, Yang JPS (1974a) Fatal 
infectious mononuc1eosis in familiallymphohistiocy­
tosis. N Engl J Med 291: 736 - Purtilo DT, Hutt L, 
Cassel C (1974b) X-linked recessive familiallym­
phohistiocytosis. Clin Res 22: 705A - Purtilo DT, 
Cassel C, Yang JPS, Stephenson SR, Harper R, 
Landing BH, Vawter GF (1975) X-linked recessive 
progressive combined variable immunodeficiency 
(Duncan's disease). Lancet i:935-941-Purtilo DT, 
DeFlorio D, Hutt LM, Bhawan J, YangJPS, OttoR, 
Edwards W, Rosen FS, Vawter G (1977a) Variable 
phenotypic expression of X-linked recessive lym­
phoproliferative syndrome. N Engl J Med 
297:1077-1081-PurtiloDT, YangJPH,AllegraS, 
DeFlorio D, Hutt L (1977b) The pathogenesis and 
hematopathology of the X-linked recessive lympho­
proliferative syndrome. Am J Med 62: 225-233 
- Purtilo DT Bhawan J, DeNieola L et al. (1978a) 
Epstein-Barr virus infections in a X-linked recessive 
lymphoproliferative syndrome. Lancet i: 798-802 
- Purtilo DT, Hutt LM, Allegra S, Cassel C, Yang 
JPS (1978b) Immunodeficiency to the Epstein-Barr 

virus in the X-linked recessive lymphoproliferative 
syndrome. ClinImmunolImmunopathol9: 147-156 
- Purtilo DT, Paquin LA, Gindhart T (1978c) 
Geneties of neoplasia: Impact of ecogenetics on 
oncogenesis. Am J Pathol91: 609-688 - Purtilo DT, 
Hamilton J, Sullivan J, Paquin L, - Bhawan J, 
Sakamoto K (1979a) Epstein-Barr virus-induced 
oncogenesis in immunodeficient patients. Lab Invest 
40:296 - Purtilo DT, Paquin LA, DeFlorio D, Virzi 
F, Sahkuja T (1979b) Diagnosis and immunopatho­
genesis of the X-linked recessive lymphoproliferati­
ve syndrome. Semin Hematol16: 309-343 - Purtilo 
DT, Sakamoto K, Saemundsen AK, Sullivan JL, 
Synnerholm A-C, Anvret M, Pritchard J, Seiff C, 
Pincott J, Pachman L, Rieh K, Cruzi F, Cornet JA, 
Collins R, Barnes N, Knight J, Sandstedt B, Klein 
G (1981) Documentation of Epstein-Barr virus 
infection in immunodeficient patients with life­
threatening lymphoproliferative diseases by c1inical, 
virological and immunopathological studies. Cancer 
Res, in press - Purtilo DT, Sullivan JL, Paquin LA 
(to be published b) Biomarkers in immunodeficiency 
syndromes predisposing to cancer. In: Lynch H, 
Guirgis H (eds) Biologieal markers in cancer. Van 
Nostrand, New York - Reedman BM, Klein 
G (1973) Cellular localizations of an Epstein-Barr 
vjrus (EBV)-associated complement-fixing antigen 
in producer and nonproducer lymphoblastoid cell 
lines. Int J Cancer 11: 499-520 - Rickinson AB, 
Moss DJ, Pope JH (1979) Long-term T-cell-media­
ted immunity to Epstein-Barr virus in man. II. 
Components necessary for regression in virus-infec­
ted leukocyte cultures. Int J Cancer 23: 610-617 
- Riekinson AB, Moss DJ, Pope JH, Ahlberg 
N (1980) Long-term T-cell-mediated immunity to 
Epstein-Barr virus in man. IV. Development of 
T-cell memory in convalescent infectious mononu­
c1eosis patient. Int J Caner 25: 59-65 - Royston I, 
Sullivan JL, Periman PO, Perlin E (1976) Cell-me­
dia ted immunity in acute infectious mononuc1eosis. 
BibI Haematol43: 278-280 - Sakamoto K, Freed H, 
Purtilo DT (1980) Antibody responses to Epstein­
Barr virus in families with the X-linked lymphoproli­
ferative syndrome. J Immunol 125: 921-925 - Sak­
sela E, Timonen T, Virtanen I, CanteIl K (to be 
published) Regulation of human natural killer activi­
ty by interferon. In: Heberman R (ed) Natural 
cell-mediated immunity against tumors. Academie, 
New York - Seemayer TA, Lapp WS, Bolande RP 
(1977) Thymic involution in murine graft-versus­
host reaction. Am J Pathol 88: 119-134 - Spector 
BD, Perry GS, Kersey JH (1978) Genetically 
determined immunodeficiency diseases (GDID) and 
malignancy: Report from the Immuno-deficiency­
Cancer Registry. Clin Immunol Immunopathol 
11: 12-29 - Stebbing N (1979) Interferons and 
inducers in vivo. Nature 279:581-582 - Steel CM, 
Hardy DA (1970) Evidence of altered antigenicity 
in cultured lymphoid cells from patients with infec­
tious mononuc1eosis. Lancet i: 1322-1323 - Sullivan 
JL, Byron K, Brewster F, Purtillo DT (1980) 

213 



Defieient natural killer (NK) cell activity in patients 
with the x-linked lymphoproliferative syndrome. 
Seience 210:543-545 - Sutton RNP, Emond ID, 
Thomas DB, Doniach D (1974) The occurrence of 
autoantibodies in infectious mononucleosis. CHn 
Exp Immunol 17:427-436 - Svedmyr E, Jondal 
M (1975) Cytotoxic effector cells speeific for B cell 
lines transformed by Epstein-Barr virus are present 
in patients with infectious mononucleosis. Proc Natl 
Acad Sei USA 72: 1622-1626 - Thomas DB (1972) 
Antibodies to membrane antigens common to thy­
mocytes and a subpopulation of lymphocytes in 

214 

infectious mononucleosis sera. Lancet i:399-403 
- Thorley-Lawson DA (1980) The suppression of 
Epstein-Barr virus infection in vitro occurs after 
infection, but before transformation of the cello 
J Immunol 124:745-751 - Thorley-Lawson DA, 
Chess L, Strominger JL (1978) Suppression of in 
vitro Epstein-Barr virus antigens: a new role for 
adult T lymphocytes. J Exp Med 146:495-508 
- Tosato G, Magrath I, Koski I, Dooley N, Blaese 
M (1979) Activation of suppressor T cells during 
Epstein-Barr virus-induced infectious mononucleo­
sis. N Engl J Med 301: 1133-1137 


