








destruction of infected B cells, and persist for
life (Henle et al. 1974).

The EBV antibodies and cellular cytotoxici-
ty directed specifically 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 mononucleosis, research efforts
have revealed immunopathogenetic mecha-
nisms of EBV-induced fatal lymphoprolifera-
tive disorders (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 clinical and pathologic manifestations
of the XLLP syndrome mimic GVHR, especial-
ly in the IM phenotype. Following EBV
infection, lymphoid tissues initially undergo
hyperplasia followed by depletion and occasio-
nally by malignant lymphoma, as in experi-
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mental murine GVHR (Purtilo 1980). In
addition, tropism of aggressor lymphocytes in
XLP for epithelial tissues — thymic, 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 immunologic, virologic,
and genetic defects in the 20 surviving males
and 25 carrier females.

E. Chromosomal Breakage

Our cytogenetic 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, a recent kindred has shown exten-
sive aneuploidy in both peripheral lymphocy-
tes and in early passage LCL (Paquin et al.
1980). Carrier females as well as affected
males have shown a propensity to chromoso-
mal damage. We have tentatively concluded
that cytogenetic changes may be a phenotype
of XIP and that increased clastogenic activity
could predispose to induction of fatal lympho-
proliferative disorders induced by EBV. Other
environmental 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-

Fig. 2. Phenotypic expression of X-linked
lymphoproliferative syndrome following in-
fection by Epstein-Barr virus (reproduced
with permission of C.V. Mosby Company,
United States



lysin O 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 ®X 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
EBYV infection but have other immune defects.
Our studies indicate defective T lymphocytes
and NK cell subsets which 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 Jack 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, chronic lymphoproli-
feration (D. Purtilo, unpublished observa-
tions).

These serologic 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 indicate vigorous response by normal
lymphocytes to EBV infection. The elevated
anti-EA activity in several carriers indicates
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 identification of EBV in nume-
rous patients with inherited or acquired immu-
nodeficiency who died of lymphoproliferative
disease. In patients with XILP we have eviden-
ce suggesting that IM can progress to malig-
nant lymphoma in immune deficient patients.
We hypothesize that for the polyclonal prolife-
ration characteristic of IM to become a mono-
clonal proliferation, a karyotypic abnormality
appears which leads to a malignant monoclo-
nal tumor cell. For example, the 14q + marker
chromosome of Burkitt lymphoma (Purtilo
1980) may be present. We are testing this
hypothesis 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
EBYV 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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I. 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 disorders which occur
on genetic or sporadic bases for comparative
studies;

5. Testing of the hypothesis that the common
ubiquitous EBV can produce lethal lympho-
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.
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