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Summary. The Epste in -Barr virus (EBV) ex ists in most 
hum ans as a lifelong latent in fec tion estab lished in hosl 
B ce ll s afte r a pr im ary viral enco unt er. In immuno
suppressed il1ll iv iduals, such as post-transplant patients, 
the prese nce of EBV-in fec ted B cells may lea d to 
I Y III P ho p r 0 I i fe r a t i v e di s e a s e. I ni e c t io n 0 f h lJ ma n 
peripheral blood lymphocytes fro m EBV- pos iti ve donors 
into mi ce with seve re co mbined imlllunodefi c iency 
in d uces hum an Iymph op ro li fe ra ti ve d isease in th e 
rec ipi e nt c lose ly rese mbling th at of hum an pos t
tra nsp lant pa tie nt s. Thi s xe noc him eric hU llla n-m ouse 
mode l is in creas ing ly he in g used to e lu cida te th e 
mechani sms of EBV-spec ific lymphomage nesis and to 
assess novel therapeutic approaches. 

Key words: Epstein- Ba rr vi rus. Lymphopro li fera ti ve 
disease. hu-P BL-SCID mouse 

Introduction 

Lymphomage nes is in hum ans is a highl y co mplex 
process involving numerous events that ultimately lead 
to acq ui sition of the neoplastic phenotype. A particul ar 
subset of lymphoma. ca ll ed Iymphoproli fe rative disease 
(LP D), ari ses in immunos uppressed indi v iduals as a 
result of the ex pansion of EBV-immort ali zed B ce ll s. 
Seve re combined immunodeficient (SCI D) mice can be 
popul ate d with hu ma n periph eral bl ood leukocytes 
(PBL hu- PBL-SCID mice) (Mos ier et a!.. 1988), and 
these xenochimeras possess many character istics of the 
hum an immune system, including deve lopment of EBV
rel ated LPD. Thus, hu-PBL-SCID mice prov ide i.I useful 
model for the ill vivo study of the events unde rl ying the 
uncontro ll ed grow th of spec if ic EBV-infec ted B ce ll 
clones. 

T hi s rev iew desc ribes the main charac ter istics of 
SCID mice, of the tri.l nsfe rred human immune system, 
and of hum an Iymphomagenesis in the chimeric animals. 
Emphas is is give n to the chi.l racteri za tion of LPD as we ll 
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as to the current state of research regarding the trea tment 
of LPD in hu- PBL-SC ID mice. 

The SCID mouse 

Seve re co mbin ed immunode fi c ient (SCI D) mi ce 
were first desc rihed by Bosma and coll aborators (Bosma 
et a I. , 1983). T hese animi.l ls are homozygo us fo r an 
autosomal recessive mutation mapped to the centromeric 
reg ion of chromoso me 16 (Bos ma et a I. , 1 9~9). and 
display defective V( D)J recombinase system (Kim et a!.. 
1988; Lieber et al.. 1 9~8: Malynn et aI. , 1988: Okazak i 
et a I. , 1988 : Hendri c kso n e t i.l 1. , 1990; Carro ll and 
Bosma, 19<) I ) and DN A-double-st randed brea k repair 
(Ful op and Phillips, I t)t)U; Hendri ckson et a!. . I <)t) 1), 
defec ts i.lssoc iated w ith defic ie nt DN A-d epe nd e nt 
protein kinase activity (Blunt et al.. 19<)); Boubnov and 
Weave r. 1995: Kirchgessner et a!. , 1<)9). As a result. 
SCID mice cannot sy nthes ize functional T ce ll receptors 
or immunoglobulin s (Ig) and are thus deficient in mature 
T- and B-ce ll s. The maturation arres t. howeve r. is not 
ahsolute. A minor proportion (- 15%) of young mice « 6 
wee ks o ld ) possess few fun cti o ni.l l B- a ncl T-ce ll s 
ge nerated by somatic events, low levels of se rum Ig. and 
a re co ns id e red " lea ky" (Bos ma e t a I. , I t)88). T he 
incidence of lea kiness increases with age until )() to 14 
months, when virtuall y all SCID mice display a "leaky" 
phenotype (Bos ma et aI. , 1988; Ca rroll and Bos ma, 
1 98~: Carroll et a!.. 1989: Young and Kea rny, 19lJ) . In 
SCI D mi ce, lym pho id ti ss ues are atrophi c w ith th e 
except ion o f th e bone marrow (C uste r et a I. , 1<)85; 
Bosma and Carol I, L 99 1). For exa mpl e, the thymus is 
about one tenth its norm al size. Mo nocy tes, granulo
cytes, mega karyocy tes, ery throcy tes and natural kil le r 
( NK ) ce ll s . w hi ch do no t nee d th e ex press io n o f 
rea rranged ge nes fo r the ir deve lopment , di ffe renti ate 
normally and are fun ctioni.l l in SCI D mice (Dorshkind et 
al..1 984, 1(8); Bancroftet al. , 1986). 

Due tn their pro fo und immunodeficiency, SCID mice 
do not reject xe nogeneic transplants. The first transfer of 
non-m alignant xe noge neic hum an graft was rcport ed 
concurrentl y by two groups. McCune and collahora tors 
(McCune ct a!. , 1988) surgica ll y implanted human feta l 
th ymu s and lymph node p ieces , and int rave no us ly 
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injected fetal liver cells into SCiD mice (SCID-hu mice). 
These SOD-hu chimeras supported the differentiation of 
mature human T cells and human Ig were detected in the 
chimeric mouse sera. Similarlv, Mosier and collaborators 
(Mosier et aI., 198~) populate'd SCID mice with purified 
human peripheral blood leukocyt es (PBL), and the 
resulting hu -PBL-SCID mice had human B- and T-cells 
as well as detectabl e leve ls of human I!! in their sera for 
several months. -

The hu-PBL-SCID mouse model 

Since the original re port of human leukocytes 
xenografted in SOD mice l) years ago. hu -PBL-SCID 
mice hav e been used in various areas of research. 
including production of monoclonal antiboclies (Carlsson 
et al.. ll)lJ2; Ducho sa l et al.. 1l}l)2a: Walker and 
Gallagher. 19<)4). the study of viral (Mosier. 19<) I). and 
parasitic (Seydel and Stanley. 19(6) infections. and the 
action mechanisms of antiviral or antitumor therapeutic 
agents (Abedi et a I. , I <)92; Boyle et al.. 1992a.b: Garnier 
ct al.. 19<)3: Hersh et aI., 19(3). In addition. injection of 
lymphoid cells from patients with autoimlllune diseases 
into SCID mice resulted in express ion and suhsequent ill 
"i\"() st udy of primary biliary cirrhosis. rheumatoid 
arthritis. thyroiditis , myast henia gravis and systemic 
lupus erythematosus (reviewed in Duchosal. 19<)2). 

The successful population of SCID mice with human 
PBL. retkcted by increasing serum leve ls of human Ig in 
the recipient. depends on the ex tent of manipulations of 
the cells prior to th eir transfe r (Duchosal et al.. I <)<)2b), 
and on the number of PBL injected (reviewed in Mosier. 
I <)0 I) . Typically. the injection of 20-50x 10(' PB L/mouse 
yields serum levels of hum an IgG ~50() ,lIglml 30 days 
after cell transfer. Th e transfer of less than I ()7 cells per 
Illouse populates successfully only a fraction of mice 
(Duchosal et al.. 1992b). This variabilitv remains to be 
fully e lucidated. but probably refl ecis quantitative 
diffe re nces between small aliquots of terminally
differentiated cells. and ma y be amplified by th e 
resistance of the rudimentary murine immune system to 
the xenografting of a limited number of human cells. 

As mention ed a bove , SCID mi ce do poss ess 
functional myeloid cells, and intra-peritoneal inj ec tion of 
human PBL in SCiD mice results in a complex immune 
response, including neutrophil recruitment into the 
peritonea l cavity and induction of a wide array of lllurine 
cytokines (Santini et aI. , 19(5). Depletion of endogenous 
mouse N K ce lls by irradiation or pretrea tm ent of the 
rec ipient mice with an anti-asialo G M t antibody 
improves human cell engraftment , as assessed by the 
higher Ig levels in hu-PBL-SCID mouse sera than those 
in untreated xenochimeric an imals (Sandhu et al. . I Sl04: 
Shpitz et al.. 1994: Lacerda et al.. 19%a). SCID mice 
injec ted with PBL from donors with previous Epstein
Barr v irus (EBV) contact, routinely assesse d bv th e 
presence of anti-EBV antibodies il; th e donor's' sera 
(EBV-seropositive donors), usuall y deve lop peak serum 
Ig leve ls higher than those obtained after transferring 

similar numbers of PBL from EBV-seronegative donors 
(Mosier et aI., ISl~8 : Duchosal et aI., 1992b) . 

The distribution of human cells in hu -PBL-SC ID 
Illouse t issues and organs has been reported (Duchosal et 
al.. 1 Sll)2b: Hoffmann -Fezer et aI., 19(2). Hum an cells 
are detectable in the peritoneal cavity and peripheral 
blood. but not the organs. of hu-PBL-SCID mice 15 days 
after PBL transfer. After 30 days, human cells arc found 
in th e non-l ymph oid organs. mostly as perivascular 
infiltrates. In the spleen, th e human cells arc mainl~' 
present in the white pulp. In general. T cells expressi ng 
the CD45RO memory phenotype marker, with either the 
CD3+CD4+CDS-. or the CD3+CD4-CD8+ markers. are 
pri ma ri I y (Sl5 %) detected in the mouse (Duchosa I et a I. . 
I Sl<)2b: Tarv-Lehmann and Saxon. 1991: Tarv-Lehman et 
aI., 19<)5). 'Human T ce ll engraftment can be enhanced 
by the injection of human growth hormone in recipient 
mice (Murphy et aI., 19(2). The human graft in this 
mod e l contains few B cells. and their prese nc e is 
routinelv inferred from the detection of human I!! in the 
xenochimeric mouse sera (reviewed in Torbett et al.. 
1(91). Human B cells hav e bee n found in the spleen. 
peritoneal cavity and peripheral blood of xenochimeric 
animals. In our hands, using a procedure that minimi zes 
th e tim e and ma nipulation of hum a n cells prior tn 
transfer, hu -PBL-SCID mice regularly develop clinical 
(i.e.: anemia) and /or histological (perivascular 
infiltration of T cells and fibrosis) signs characteristic of 
graft-versus-host disease (Duchosal et al., 19<)2b). 

Initial reports indicat ed that hu -PBL-SCID mice 
possess a limited repertoire of human Ig-producing B 
cells S()-120 days after xenotransplantation (Saxon et al.. 
190 I: Abedi et aI., 1992; Duchosal et al.. 1992c). 
Recently. using a highly sensitive 2D-PAGE techniqu e, 
polyclonal production of human Ig was observed in hu
PBL-SCID mice during the first three weeks after cell 
tran s fer (Tissot e t aI., 10(6), indicating that a large 
reperto ire of human B cells populate recipient mice 
shortly after human PBL transfer. After this 3-week 
period, a progressiv e shift towa rds oligoclonal Ig 
production was observed. Human IgG (all four 
subclasses), IgM, IgA. and trace amounts of IgD and IgE 
(Saxon et aI., 190 I: Abedi et at.. 1992: Duchosal et al.. 
1992b,c) are detected in xenogeneic mouse sera. 
Detectable leve ls of human se rum IgG and IgM are 
present in hu -PBL-SC ID mice one week after human 
PBL transfer. These leve ls graduall y increase. peak at 
0.5-5 mg/ ml 60-90 days pos t injection . \vhich 
corresponds to 5-50% of the donor's leve ls (Mosier. 
10<)0: Mos ier ct a I. , 1990, I <)lJ2; Saxon et al.. Il)l) I: 
Abedi et aI., 1992; Duchosal . 1992: Duchosal et al.. 
19<)2a-c), and then slowly decline without returning to 
zero for up to two years (Duchosal et al.. 19lJ2c. and 
personal communication). Thus, human Ig in xcno
chimeric mice do not res ult from the mere adoptive 
transfe r of human Ig, but from a spontaneous secretion 
of human Ig by the transferred human B cells. Mice 
injected with PBL from EBV-seropositive donors arc 
prone to develop spontaneous LPD of human B ce ll 

----- --' ._, -_ ..... 
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origin (Mosier et aI., IlJl)O). the frequency and latency of 
which varies between donors and is usuall v associated 
with iI continuous increase in se rum hum :lIl Ig le ve ls 
(P icchio et al.. 1l)92). 

Injcc tion of purified B cells in scm mice does not 
induc e human Ig production hi g hlighting the 
rel)uiremcnt of a helper (CD4+Cm;-) T cell stimulatory 
component for 13 cell function in the model (Veronese et 
al.. IlJlJ2: Bombil et al.. 1995). The cooperation betwee n 
13 - and T-cells in the hu -PBL-SC ID mouse mode l is 
further exe mplified by th e capability to obtain it 

seco ndary immune response elicited upon boost with 
tetanus toxoid (TT). a thymus-depe ndent recall antigen 
(Mosier et al.. IlJ88; Carlsson et al.. IlJlJ2; Duchosal et 
al.. 1l)l)2a) . The levels of anti-TT antibody obtained in 
boosted hu-PBL-SCI D mice are similar 'to. or high er 
than . those in immuni zed donors, indicating that the 
transferred human immune system in the model remains 
highly functional. Primary immune responses, generally 
of low levels, have bee n observed following antigenic 
stimulation with I) key hole limpet hemocya nin (KLH), 
2) a protein of the circumsporozo ite malaria parasite. 3) 
a cClfbohydrate antigen (AcNeu-a2-ao-Gal NAc-O) 
coupled to KLH (Sandhu et aI., 1994),4) a schistosomial 
antigen (Mazingue et al.. 19lJ l), and 5) a hepatitis B core 
antigen (Duchosal et aI., 1 992a). In the first three cases, 
pre treatment of the mice with an a nti-a s ialo G M t 
antibody and irradiation to eliminate endogenous mouse 
NK cells were required to generate a de tec tabl e 
response. indicating that the primitive immune system of 
SCID mice partially res ists or inhibits human ce ll 
engra ftment and/or function. 

The Epstein-Barr virus 

The Epstein-Barr virus (EBV) is a ubiquitous human 
D A herpesv irus that infects the majority (>90%) of th e 
population worldwide (reviewed in Kieft' and Liebowitz. 
IlJ9(J) . Primary encounter with EBV results in a silent 
infection or a sy mptomatic. se lf-limiting disease known 
as infectious mononucleos is (1M). The virus is also the 
causative age nt of seve ral human malignant diseases, 
including nasop haryngeal carcinoma (NPC), endemic 
Burkitt's lym phomas (BL) in Africa, and some LPD in 
immunosuppressed individuals (reviewed in Miller. 
19l)()a) . 

In humans. primary EBV infection occurs orally and 
is first established in the mucosal epithelial cells, 
followed by B lymphocytes. Binding of EBV to B cells 
is mediated through the interaction between the major 
viral envelope glycoprotein gp350!220 and the C3d 
complement receptor (CR2) on B cells (Jondal et al.. 
1976: Nemerow et aI., 19H5; Tanner et aI., 19~7). In 
immunocompetent individuals, the acute EBV infection 
is co ntrolled by humoral and cell-mediated immune 
responses. However, a small fraction of B cells remains 
latentl y infected. and establishes a li fe long asympto
ma tic virus carrier state in th e hos t. In addition, a 
continuous low degree of viral replication is detected 

lifelong in oropharyngeal epithelium of healthy carriers 
(KiefT and Liehowitz. 19l)O). 

Two virus SUbtypes. namel y EBV-I and EBV-2. arc 
distinguished by their diverge nt lat e nt viral protein 
amino acid sequences (Khanna et al.. 1995) and by their 
various transformation potentials ill j 'ilm (Rickinson et 
al.. 1(84). Thc EBV-2 subtype is commonly detec ted in 
African populations. is assoc iated with 50% of I3L and 
is rarely found in individuals within western societies. 
where the EBV-I subtype is primaril y found . 

111 j·ilm. EBV infec tion of B lymphocytes induces 
continuous cell proliferation and gives rise to Iymph o
blastoid ce ll lines (LCL). Alternatively. spontaneous 
formation of LCL occurs in in vilro cultures of PBL 
from E I3V-se ropo s iti ve donors in th e prescnce of 
cyclosporin A (CsA). an immunosuppressi ve drug. or 
following depiction of T cells (Rickinson et al.. I ()H4). 
This transformation process initiall y requires activation 
of th e viral lytic cycle and occurs by expansion of 
bystander cells secondarily infected ill vilro rather than 
by proliferation of the originally infected EBV-carrying 
cells(Yaoetal..1991). 

In infected B cells. three types of latency (Latency I. 
II. and III) have been defined and are characterized by 
expression of var ious latent viral genes (reviewed in 
Rickinson and Kieff, 1996) . Late ncy III is typicall y 
re prese nted by LCL in which the viral genome is 
maintain ed in a latent episomal form. and a limited 
number of viral latent genes are expressed comprising 
the six EBV nuclear antigens (EBNA-I , -2, -3A, -3 13. 
-3e. and -LP). th e three integral membrane proteins 
(Latent membran e protein : LMP-I , -2A. and -2B). and 
two small nonpolyaden ylated RNAs (EI3V-encoded 
RNA: EBER- I and -2) (reviewed in Khanna et al.. 
19lJ5). Five of these gene products, EBNA-2, -3A. -38. 
-3e. and -LP. are necessary for transformation ill j·ilm. 
while EI3NA-1 is the only protein required to maintain 
episomal (latent) infection. Typically, I to SO episomal 
copies of the viral genome are contained in LCL cells 
and are replicated during the cell cycle by the cellular 
DNA pol ymerase (Gregory et aI., IlJ87). Latency I is 
observed in BL and NPC with limited expression of viral 
latent genes comprising the EBNA-J protein and the two 
EBERs. Latency II is found in NPC where EBNA- L the 
two EBERs. and LMP proteins are expressed. Both 
Latency I and II have bee n observed in virus-infected 
tumor cells and have been reproduced ex perimentally ill 
I'ilm (reviewed in Rickinson and Kieff. J 996). 

Activation of the lytic cycle occurs spontaneollsly or 
can be triggered in latentl y-infected cells by transient ill 
j'ilro exposure to drugs such as 12-0-tetradec ano yl
phorbol-13-acetat e (TPA) (Hudewentz ct al.. 1980). 
calciulll ionophore (Faggioni et al.. 19t\6), or anti-Ig 
antibodics (Takada, J9~4; Takada and Ono, 1989). The 
fir s t step in the induction of the lytic cycle is the 
express ion of the Bal1lHI Z EBV replication activator 
protein (ZEBRA) from the BZLFI gene (Miller, 1990b). 
The ZEBRA protein is a transactivator that subsequently 
activates the ex press ion of other viral genes important in 
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the lytic cascade. The prime importance of BZLFI in 
the induction of the viral lytic cascade has been 
demonstrated ill vitro. Inhibition of BZLF I expression 
following treatment of cells with antisense oligo
deoxynucleotides directed against the specific transcript 
also inhibited EBV lytic infection (Daihata et al.. 
IlJ(6). 

Control of primary and latent EBV infection 

Individuals suffering from 1M develop strong 
humoral and cell-mediated immune response against 
EBV (reviewed in Rickinson and Kicff, 1(96). 
Antibodies (Ab) to numerous viral antigens are ohserved 
during acute 1M, an immune response first characterized 
hy the appearance of IgM Ab and followed by a 
switch to IgG, this latter usually concomitant with 
convalescence. The Ab observed are directed against 
various viral antigens, including latent EBNA proteins, 
the viral-cncoded nucleocapsid (VCA) expressed during 
lytic infection, and viral membrane antigens (MA) 
expressed on the surfacc of Iytically-infected cells . 
Neutralizing IgG Ab are predominantly directed against 
the viral gp350 protein responsiblc for the attachment o/" 
the virus to B cells. Healthy EBV-carriers have lifelong 
titers of anti- VCA, anti-gp350, and anti-EBNA-l Ab at 
levels that vary widely between individuals. 

The cellular immune response observed during 1M 
and in healthy carriers is predominantly mediated by 
CD~+ cytotoxic T lymphocytes (CTL), although some 
CD4+ T cells, and NK-like responses have been 
observed (Rickinson, 1986; Rickinson and Kieff, 1996). 
/11 ~·itro. EBV-spccific HLA class I-restricted CTL can be 
generated by exposing T cells from EBV-seropositive 
individuals to autologous EBV-transformed lymphocytes 
(Rickinson et aI., 1980). These EBV-specific CTL: 1) 
target eight of the latent viral proteins expressed in LCL 
(EBNA-2, -3A, -3B, -3C, -LP, LMP-l, -2A, and 2B) 
(Khanna et aI., 1995), and 2) control the expansion of 
EBV-infected cells, as demonstrated ill I'itro bv the fact 
that such CTL allow regression of EBV-infecled B-cell 
outgrowth in cell cultures (Rickinson, IlJ86). Specific 
CTL also inhibit EBV-infected cell proliferation ill vivo. 
In post-transplant patients under immunosuppressive 
therapy who develop LPD (Cleary et aI. , 1(86), the 
injection of the donor's EBV-specific CTL expanded in 
vitro induces disease regression (Rickinson et aI., 1984; 
Papadopoulos et aI., 1994; Rooney et aI., 1995; Lacerda 
et aI., 19lJ6b). 

Although various forms of latency have been 
described, little is known about the nature of the 
persistence of the EBV infection in healthy carriers. A 
recent report indicatcs that, in the peripheral blood of 
healthy individuals, EBV persists predominantly 
in resting CD 19+CD23-CD80- B cells (Miyashita 
et aI., 1995). Therefore, cells latently infected 
with EBV ill vivo are different from proliferating 
EBV Iymphoblastoid CD23+ B cells observed ill 
vitro. 

hu-PBL-SCID mice as an in vivo model for EBV
dependent lymphoproliferative disease 

EBV-specific 8-cell Iymphoproliferative disease 

Transfer of high numbers of PBL from EBV
seropositive donors to immunodeficient mice results in 
LPD development in the recipient (Mosier et al.. Il)t-;~). 
These LPD resemble those occurring in immuno
suppressed individuals. It is now widely accepted that 
tumor formation in hu-PBL-SCID mice arises as a direct 
consequence of the presence of EBV-infected human B 
cells (rcviewed in Mosier, 19(1). Molecular analysis of 
tumor DNA using EBV-specific probes confirmed the 
presence of human EBV DNA in all tumors tested 
(Torbett et aI., 1991; Duchosal et aI., IlJ92b: Picch io et 
aI., IlJ92). Moreover, no LPD was observed in SCID 
mice receiving PBL from EBV-seronegative donors. 
Human PBL from EBV-seronegative donors injected to 
SCID mice could be infected in vivo by EBV This led to 
tumor development of human B cell origin in the 
animals (Boyle et aI., 1992a,b; Bombil et al.. 19(5). 

A great variability in the appearance and kinetics of 
LPD is observed when SCID mice are populated with 
PBL derived from various EBV-seropositive donors 
(Mosier et aI., 1990; Picchio et aI., 1992). Accordingly. 
donors have been classified into "high-incidence" and 
"intermediate-low incidence" groups with regard to their 
propensity for generating LPD in the animals. Injection 
of SCID mice with PBL from "high incidence" donors 
results in rapid appearance of LPD in all mice engrafted. 
A longer latency period is observed when PBL from 
"low-intermediate incidence" donors are used. while 
some EBV-seropositive donors fail to give rise to tumor 
formation in xenochimeric animals. The number of PBL 
engrafted is important for LPD development (Mosier et 
aI., IlJ89; Duchosal et aI., 1992b). i.e., the higher the 
number engrafted, the sooner hu-PBL-SCID mice 
develop fatal LPD. Typically, 100% of mice injected 
with SOx 106 human PBL develop LPD 0-15 weeks after 
engraftment. I n most cases, the increased human serum 
Ig parallels tumor formation (Table 1). At autopsy. 
tumors were most commonly found in the hepatic hilus, 
but were also seen at other sites, such as mesenteric 
lymph nodes, pancreas, spleen, thymus and lungs (Table 
2), and tumor masses could spread to more than one 
organ. Interestingly. tumoral B cells obtained trom hu
PBL-SClD mice tumors can be cultured in l'ill"O and 
retain full tumorigenicity after re-injection into SClD 
mice (Cannon et aI., 1990). Similarly, LCL generated in 
vitro from either a spontaneous outgro\vth of EBV
infected B cells from EBV-seropositive donors or from 
active in vitro EBV infection of EBV-seronegative donor 
PBL induced tumor formation after injection into SOD 
mice (Picchio et aI., 1(92). 

Histopathology of LPO 

In our hands, histological analysis of enlarged lymph 
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Table 1. Human IgG levels in 31 hu-PBl-SCID micea 

DONOR MOUSE D15b D30 D60 D90 D120 TUMOR DAye 

A 160 1100 9700 3000 _c yd D108 (3150) 
A 2 50 328 2950 5800 12500 Y D128 (12475) 
A 3 75 623 3200 Y D82 (5100) 
A 4 220 1700 Y D50 (2500) 
A 5 320 1300 Y D53 (2700) 
A 6 230 1100 Y D50 (3100) 
A 7 210 1100 1700 2100 3800 Y D159 (4100) 
A 8 80 163 1100 2500 7000 Y D157 (7700) 
A 9 57 269 700 7200 Y Dl09 (9000) 
A 10 40 226 453 580 400 Nf D220 (350) 
A 11 130 830 820 1000 N D95 (1300) 
A 12 350 1300 2400 5100 Y D94 (5120) 
A 13 450 1150 995 1950 Y Dlll (2700) 
B 14 154 1800 3500 Y D69 (5400) 
B 15 220 1300 5400 Y D69 (5600) 
B 16 100 2500 3500 Y D69 (4000) 
B 17 83 1200 Y D44 (2000) 
B 18 320 Y D28 (4200) 
B 19 130 2400 Y D41 (3800) 
B 20 405 1200 Y D56 (5100) 
B 21 300 1900 1800 Y D69 (1840) 
B 22 145 2200 4800 Y D64 (5400) 
B 23 210 1750 Y D49 (3200) 
B 24 130 3500 Y D37 (4000) 
B 25 370 2400 4000 Y D64 (3980) 
B 26 180 840 2000 Y D69 (2200) 
B 27 50 250 2490 Y D69 (2510) 
C 28 511 2050 Y D51 (2400) 
C 29 334 1690 Y D52 (4450) 
C 30 917 1460 Y D58 (5900) 
C 31 148 1680 Y D68 (3200) 

a: human IgG levels in j.Jg/ml ; b: day post 50xl06 PBl transfer; C: not done (mouse dead); d: tumor was observed at autopsy; e: day at which autopsy 
was performed and, in brackets, human IgG levels in j.Jg/ml; f: no tumor was observed at autopsy. 

Table 2. Site of tumora. 

TUMOR SITE 

Liver 
lung 
Kidney 
Pancreas 
Spleen 
Mesenteric lymph node 
Thymus 
Gonad 
Intestine 
Surrenalis 

0/0 MICE 

86 
4 

16 
25 

7 
36 
44 

6 
10 

2 

a: the analysis comprised 100 mice populated with 50x106 PBl from 9 
EBV-seropositive donors and with a tumor at one or more anatomical 
sites. 

nodes from mice with LPD demonstrated a diffuse 
proliferation of lymphoid cells that destroyed the normal 
architecture of the organ and infiltrated the capsula and 
surrounding tissues. At high magnification, cellular 
composition was polymorphic, comprised of immuno
blasts with abundant mitoses, Iymphoplasmacytoid- and 
plasma-cells, as well as some rare lymphocytes (Fig. lA, 

B). Necrotic areas were observed within large lymphoid 
masses . This picture is compatible with that of high
grade large B cell immunoblastic lymphomas with 
scattered plasmacytoid cells, as previously reported by 
others (Cannon et aI., 1990; Okano et aI., 1990; 
Nakamine et aI., 1991). 

In organs, the diffuse proliferation of lymphoid cells 
was clustered around vessels and infiltrated the adjacent 
parenchyma, a pattern particularly evident in liver, lung, 
and kidney (Table 2, Fig. 1D-F). Extensive areas of 
necrosis were observed primarily in the liver afflicted 
with LPD at the hilus. The spleens affected by LPD were 
large (up to 1.2 g), and, upon histology, the splenic tissue 
was either infiltrated with immunoblasts in the white 
pulp or completely replaced by a diffuse proliferation of 
blast cells (Fig. IC). In situ hybridization using a human 
ALU-specific RNA probe labeled with 35S confirmed 
the human origin of the tumoral cells (Fig. 2). 

Immunohistochemistry analyses revealed that the 
large majority of cells in LPD were stained with an anti
human leukocyte common antigen antibody, and with 
anti-human Ig antibodies, confirming the human B cell 
origin of the tumors (Fig. 3A, C, D). Human T cells 
bearing a human memory phenotype marker (CD45RO, 
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UCLH1) were scattered in variable proportions (1-5 %) 
among human B cells (Fig. 3B). 

Characterization of EBV-induced Iymphomagenesis 

In vitro , EBV-transformation of B lymphocytes 
results in viral latent protein expression and upregulated 
express ion of cell adhesion molecules COlla (LFA-I), 
C054 (ICAM-l) and C058 (LFA-3) (Gregory et aI. , 

1988; Rowe et aI., 199]), as well as of the B cell 
activation marker C023 (Wang et aI., 1987, 1990). 
Expression of this latter marker is known to be induced 
by EBNA-2 (Wang et aI., 1987). Human B ceJl LPO that 
arise in hu-PBL-SCID mice resembl es to , but is not 
identical to , the in vitro-transformed LCL from EBV
positive PBL (Rowe et aI., 1990, 1991; Mosier et aI. , 
1992; Rochford et aI. , 1993 ; Rochford and Mosier, 
1995). Phenotypic characterization of LPO from hu-

Fig.1. Photomicrographs of PAS-stained sections from an abdominal lymph-node (A,B), spleen (C) , liver (0), lung (E), and kidney (F) of a mouse 
injected with 50x1 06 PBL from an EBV-seropositive donor 52 days previously. The LPD massively invade the lymph node and white pulp of the spleen 
(left side, C), and are clustered in the portal area of the liver and perivascular areas of the lung and kidney (arrows). A, F, x 64; B, x 128; C-E, x 32 
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Fig. 2. Photo
micrographs of 
sections from a 
lymph-node (A). 
liver (8) . lung 
(e). and kidney 
(0). hybridized in 
situ with a 
human-specific 
AlU repeat 
family probe 
(turquoise dots) 
and PAS
stained. The 
sections are from 
two SCIO mice 
populated with 
15x106 PBl from 
an EBV
seropositive 
donor 52 (A) and 
57 (B. C. D) days 
previously and 
presenting EBV
dependent 
Iympho
proliferative 
diseases. 
A. x 64; B-O. 
x 32 
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Fig. 3. Photomicro
graphs of a tumor from 
a SCID mouse 
populated with 15x1 06 

PBL from an EBV
seropositive donor 59 
days previously, The 
sections are stained 
with antibodies to 
human LCA (A) , 
CD45RO (B) , IgG (e), 
and IgM (0) , x 40 
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PBL-SCID mice indicated that they are composed, in 
add ition to a lymphoblastoid ce ll population similar to 
LCL, of plasmacytoid cells. These two populations can 
be differentiated by respective levels of CD23 and CD38 
(plasma cell-associated marker), as well as by their 
distinct EBV gene expressions (Rochford and Mosier, 
1995). Lympho-blastoid cells express int~rmediate levels 
of both surface markers (CD23 IntCD38 Int) and express 
viral gene mRNAs associated with latency (EBNA-1, -2 
and LMP-1). Plasmacytoid cells display low and high 
level s of CD23 and CD38, respectively (CD23 1ow 

CD38hlgh), express EBV genes required for lytic cycle 
replication (BZLF1, BRLF1), and no EBV latent gene 
transcript. Interestingly, reinjection of lymphoblastoid 
tumoral B cells or LCL into SCID mice results in some 
cells sw itching to the plas macytoid phenotype, with 
decreased and increased CD23 and CD38 expression, 
respectively (Rochford and Mosier, 1995), as well as a 
slight decrease in adhesion molecule expression (Rowe 
et aI., 1991; Rochford and Mosie r, 1995). These results 
indicate that, under environmental constraints, plasma
cytoid cells most probably arise from the transformation 
of the lymphoblastoid cell population. In addition, the 
two tumoral cell subpopulations present in hu-PBL
SCID mice di splay distinct biological activities when 
purified and cultured in vitro. Lymphoblastoid cells have 
a high proliferative index and do not secrete human Ig, 
while plasmacytoid cells proliferate s lowly, produce 
high levels of human Ig and die quickly ill vitro. In post
transplant patients, B cell differenti a tion toward s a 
plasmacytoid phenotype, as assessed by CD38 
ex press ion , correlates with the progress ion of LPD 
(Garnier et aI., 1993). 

Southern blot analyses of Ig heavy chain re
arrangement as well as of fused terminal repeats of the 
EBV genome indicate that these tumors are primarily 
oligoclonal (Picchio et aI., 1992). The clonal complexity 
of rapidly growing LPD is higher than that of slow-onset 
tumors. 

Lymphoproliferative disease and EBV replication 

In vitro , EBV-specific B-cell tr ansformation is 
preceded by the reactivation of the EBV lytic cycle. New 
viral particles are generated and transform bystander B
cells (Yao et aI. , 1991). The role of EBV replication in 
the LPD development in vivo in the xenochimeric mouse 
model is still unclear, although several reports suggest 
that viral replication may be an important step in tumor 
formation in hu-PBL-SCID mice (Rowe et aI., 1990; 
Picchio et aI., 1992; Pisa et aI., 1992; Rochford et aI., 
1993 ; Rochford and Mo sier, 1995). Southern blot 
analyses of hu-PBL-SCID mice tumors using a probe 
s pecific for EBV-terminal repeats show that some 
tumors contain both the replicative (linear) and latent 
(episomal) form of the virus, while others contain only 
the latent form (Picchio et aI., 1992). The presence of 
replicative viral DNA is generally associated with a 
more rapid onset of lymphomagenesis in the xenogeneic 

environment. 

Factors influencing the development, and treatment, of 
EBV-induced LPD in hu-PBL-SCID mice 

No LPD is observed following immunosuppression 
of hu-PBL-SCID mice using CsA or methyl prednisone 
(Boyle et aI., 1992a,b; Veronese et aI., 1992), probably 
reflecting the requirement of T cell help to ensure proper 
engraftment and function of B cells in the xenogeneic 
model, as described above. In vitro culture of PBL from 
EBV-seropositive donors in the presence of CsA leads to 
spontaneous outgrowth of transformed B-Iymphocytes. 
(Rickinson et aI., 1984). Treatment of hu-PBL-SCID 
mice with imexon , an immunomodulator that exerts 
inhibitory action on LPD without affecting engraftment 
of human B cells, has been reported (Hersh et aI., 1993). 
Further investigation of the action mechanism of this 
immunomodulator may elucidate important steps leading 
to lymphomagenesis in hu-PBL-SCID mice, which may 
in turn help identify LPD origins in immunosuppressed 
individuals. 

Cytokines playa major role in regulating the immune 
system. In particular, interleukin 2 (IL-2), released by 
CD4+ T-cells, aids proliferation of B cells and Ig 
secretion. Repeated injection of low doses of IL-2 into 
hu-PBL-SCID mice significantly reduces fatal LPD in 
the xenochimeric animals (Baiocchi and Caligiuri, 
1994). The effect of human IL-2 on the development of 
LPD in hu-PBL-SCID mice is partly dependent on the 
presence of mouse NK cells, which are known to 
modulate the engraftment of human PBL in SCID mice 
and bear IL-2 receptors on their surface (Shpitz et aI., 
1994; Lacerda et aI., 1996a). Thus, human IL-2 may 
function by activating the mouse NK cell population, 
thereby reducing graft viability in the xenochimeric 
mice. 

Interleukin 10 (IL-10) is produced by the TH2 
effector arm of CD4+ T-cells and is a pleiotropic factor 
that enhances B lymphocyte proliferation and stimulates 
the production and secretion of high amounts of Ig 
(Rousset e t aI., 1992). In vitro, Epstein-Barr virus 
transformation of B cells induces increased production 
of human IL-lO (hIL-10) correlating with cell growth 
(Burdin et aI., 1993). Interestingly, hu-PBL-SCID mice 
with EBV-specific B-cell LPD have higher serum hIL-lO 
leve ls than those in LPD-free mice (Baiocchi et aI., 
1995). In addition, EBV expresses an analogue of the 
human interleukin, viral IL-10 (vIL-10), that shares 
numerous functions with the human molecule (Moore et 
aI., 1990; Vieira et aI., 1991). In vitro, vIL-10 is 
expressed during the lytic viral cycle and the initial EBV 
infec tion, and plays a central role in B cell trans
formation following EBV infection in vitro (Miyazaki et 
aI., 1993). Although a direct role for hIL-lO and vIL-lO 
in lymphomagenes is has not been confirmed, these 
proteins may contribute to the prevention of cell death 
and the promotion of EBV-infected B cell proliferation 
in vivo. 
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The CD40 surface marker is present both on normal 
and neoplastic B cells, and bears homologies to the 
nerve growth factor receptor-tumor necrosis factor a 
receptor family (Stamenkovic et aI., 1989). Cross
linking of CD40, either by its ligand (gp39) on activated 
T cells or by antibodies, induces B cell activation, 
proliferation and differentiation into IgM-secreting 
plasma cells (Banchereau et aI., 1991). Recently, it was 
reported that treatment of hu-PBL-SCID mice with anti
CD40 antibodies delayed the onset of EBV-induced LPD 
in the xenogeneic mice (Fulop and Phillips, 1990; 
Funakoshi et aI., 1994, 1995; Murphy et aI., 1995). 
Human Ig was still detectable in treated animals, 
indicating that anti-CD40 treatment did not inhibit 
survival of human grafts. In contrast, treatment of hu
PBL-SCID mice with an anti-CD20 antibody, which also 
prevented LPD, inhibited engraftment of functional B 
cells, as reflected by the absence, or very low levels, of 
human B cells and Ig in treated mice (Murphy et aI., 
1995). Recently, injection into hu-PBL-SCID mice of a 
monoclonal antibody (mAb 2E1) directed against the co
stimulatory molecule effector cell protease receptor-1 
(EPR-l) present on T cells protected the xenochimeric 
mice from EBV-induced LPD (Duchosal et aI., 1996). 
This treatment also inhibited human Ig production in the 
mouse model. 

Antiviral agent treatment of xenogeneic animals to 
reduce incidence of EBV-induced LPD have been 
reported. As mentioned above, reactivation of the EBV 
lytic cycle may have an important function in LPD. 
Boyle et al. (1992a) reported that the anti-herpetic drugs 
ganciclovir and acyclovir (ACV) had little or no effect, 
respectively, on the survival of hu-EBV+-PBL-SCID 
mice. However, the routes of administration and drug 
doses have not been systematically studied in this model. 
We found that ACV injected i.p. into hu-PBL-SCID 
mice had a half life of about 6 hours, and was not 
detectable after 24 hours (Fuzzati-Armentero et aI., 
unpublished results). In addition, the action of ACV on 
EBV replication ill vitro is fully reversible, and viral 
replication resumes almost immediately after removal of 
the drug from cultures of EBV-infected B-cells (Lin et 
aI., 1983). Therefore, higher and continuous doses of 
ACV may be required to inhibit EBV replication in vivo 
in hu-PBL-SCID mice. 

In immunocompetent individuals, EBV infection is 
controlled by the host's CTL response (Rickinson, 1986), 
and immunosuppressive therapy can result in the 
appearance of LPD. The ex vivo expansion of autologous 
EBV-specific CTL followed by their reinjection into 
respective bone marrow-transplanted patients with LPD 
induced lymphoma regression without significant 
treatment-related toxicity (Rooney et aI., 1995). 
Similarly, Lacerda et ai. (1996b) reported that 
inoculation of autologous, but not HLA-mismatched, 
EBV-specific CTL infiltrated autologous tumors, and 
significantly increased the survival of hu-PBL-SCID 
mice compared to that of untreated animals. Finally, 
SCID mice engrafted with B cell from post-transplant 

LPD, and subsequently treated with autologous EBV
specific CTL, lived significantly longer than animals 
injected only with LPD cells (DiMaio et aI., 1995). 
Therefore, it appears that the development and treatment 
of LPD are similarly influenced by manipulations of the 
EBV T cell response in humans and in the murine 
model. 

Conclusions 

In recent years, the rapid growth of transplantation 
medicine and the AIDS epidemic, have resulted in an 
increased population of immunosuppressed individuals 
at risk for development of LPD. The xenochimeric hu
PBL-SCID mouse model has provided a convenient 
animal system to study EBV-driven human B cell LPD 
development. Indeed the EBV-induced LPD in hu-PBL
SCID mice, and its developmental processes closely 
resemble LPD that arises in immunosuppressed 
individuals. The pathways leading to the outgrowth of 
LPD are still unclear and will require more detailed 
analyses of LPD in hu-PBL-SCID mice to clarify the 
tumorigenic processes initiated by EBY. Such analyses 
may also facilitate development of novel therapeutic 
approaches. 
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