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Preface

Candidates have the option of including, as part of the thesis, the text of
one or more papers submitted or to be submitted for publication, or the clearly
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integral part of the thesis.

If this option is chosen, connecting texts that provide logical bridges
bet\veen the different papers are mandatory. The thesis must be written in such a
'.vay that it is more than a mere collection of manuscripts; in other words, results
of a seri~s of papers must be integrated.

The thesis must still confonn to aU other requirements of the "Guidelines
for Thesis Preparation", The thesis must include: A Table of Contents, an
abstract in English and French, an introduction which clearly states the rationale
and objectives of the study, a review of the literature, a final conclusion and
sununary, and a thorough bibliography or reference list.

AdditionaI material must be provided where appropriate Ce.g. in
appendices) and in sutlicient detail to allow a clear and precise judgement to be
mad~ of the importance and originality of the research reported in the thesis.

In the case of manuscripts co-authored by the candidate and others, the
candidate is required to make an explicit statement in the thesis as to who
contributed to such work and ta what extent. Supervisors must attest ta the
accuracy of such statements at the doctoral oral defense. Since the task of the
examiners is made more difficult in these cases, it is in the candidate's interest ta
make perfectly clear the responsibilities of ail the authors of the co-authored
papers.
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Abstract

~lurine acquired immune deficiency syndrome (N1AIDS) shares several

common characteristics \Vith human A1DS, including immunodeficiency,

hypergammaglobulinemia, susceptibility to infection. bath B and T cell

dysrùnctions, l)mphadenopathy, splenomegaly and aberrant cytokine production.

The ~tiologic J.gent of ~\'!AIDS has been identified as a defective rctrovirùs which

contains major deletions in its pol and env regions but has largely maintained its

gag region. The only gene product of this virus i5 a 60 kDa gag fusion protein,

Pr61)~·:5. which i5 necessary and sufficient to induce NIAIDS in susceptible mouse

strains. The target cells of the NlAIDS defective virus have been identified as

belonging to the B cell lineage. [nfection of these target cells \Vith the NIAIDS

defective virus Ir.:lds ta their prolif~ration, which is required for the full

de\'elopm~nt of the disease.

\Ve undertook several approaches in order to more clearly understand the

role of the lvlAlDS defective virus target B cell population in the development of

this disease. Studies using SClD. CD4 knockout, and nude mutant rnice revealed

that a relatively mature B cell population is the target of the MAIDS defective

virus. and that these cells can be infected in the absence of CD4~ T cells. Our

knowledge of the nature of the MAlDS defective virus target B cells \Vas

furthered by the derivalion of(\vo independent MAIDS defective virus-infected B

cells lines which have characteristics of both mature and immature B cells. These

B cell lines \Vere used to demonstrate an ill vivo association bet\veen Pr6QJI1g and

c-Abl. Additional exploration of the Pr6QJnf -c-Abl interaction revealed that
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Pr60lcg could induce a CDS- T cell-dependant rejection of v-Abl-transfonned pre

B cell lines, and increase the turnor latency of mice inoculated with Pr6Q!as_

expressing B16F1melanoma cells.

Taken together, these results enhance our kno\vledge of the identity and

role of the ~L-\.IDS defective virus target cells in the pathogenesis of this disease

:mè ?ropose ~ possible mechanism by which Pr6{1ag J.ctivJ.tes the disease process.

As well as inducing ~IAIDS, Pr6~ag may aiso have potential positive use in

cancer therapy.
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Résumé

Le syndrome d'immunodéficience induite de la souris (MAInS), partage

plusieurs charactéristiques communes au SIDA tel que l'immunodéficience,

l'hypergammaglobulinémie, la susceptibilitée aux infections, la disfonction des

cellules B et T, la lymphadénophathie, la splenomegalie. et une production

anormale de cytokine. L'agent étiologique du MAIDS rut à l'origine identifié

comme étant un rétrovirus défectif contenant des déletions d'importance dans les

régions pol et en\', mais ayant conservé sa région gag. Le seul gène de ce virus

code pour une protéine de fusion gag de 60 kOa, Pr60,a" nécessaire et suffisante à

l'induction du N1AIDS chez les souches de souris susceptibles. Les cellules

cibles du virus défectif du ~lAIDS rurent identifiées comme appartenant à la

lignée de cellules B. L'infection de ces cellules cibles du virus défectif MAIDS

mène à leurs prolifération, une étape nécessaire au dévelopement complet de la

maladie.

:\ous avons entrepris plusieurs approches afin de comprendre plus en

profondeur le rôle des cellules cibles B dans le dévelopement du MAIDS. Des

études utilisants les souris mutantes SeID, CD4 déficient et nue ont révélés

qu'une population relativement mature de cellules B est la cible du virus défectif

~IAIDS et que ces cellules peuvent être infectées en l'absence des cellules CD4+

T. ~otre connaissance de la nature des cellules B cibles du virus défectif du

~lAlDS mt avancée par l'obtention de deux souches indépendantes de cellules B

infectées par le virus défectif du ~lAIDS, qui ont des charactéristiques de cellules

B matures et immatures. Ces souches de cellules fûrent utilisées pour démontrer

l'association ill vivo entre le Pr60P
' et le c-Abl. L'exploration additionelle de

cette interaction a révelée que Pr60gag peut induire un rejet des souches de cellules

B transformées par le v-Abl uniquement en présence des cellules CDS+ T.

L'interaction entre le Pr60gag et le c-Abl peut augmenter la latence des tumeurs

v



chez les souris inoculées avec des cellules de mélanome B16F1 exprimant le

Pr60,af
.

Dans ltensemble, ces résultats accroient notre cOlUlaissance de l'identitée et

du rôle des cellules cibles du virus défectif du MAInS dans la pathogenèse de

cette maladie et propose un méchanisme possible par lequel Pr60,ar active le

processus de la maladie. En plus d'induire le MAIDS, Pr60.fag peut

potentiellement être utilisé de façon positive en thérapie contre le cancer.
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In 1904, Vallee and Carre (315) induced equine infectious anemia (swamp

tè\'er) by use of a filterable agent, This \Vas the first disease sho\vn to be caused

by what is now knO\vn to be a retrovirus. A few years later, Peyton Rous made an

even more imponant discovery when he demonstrated that cell-free extracts

derived from a transplantable chicken sarcoma were able to induce tumors at the

site of inoculation (275), This was the first isolation of a tumor virus. although

the significance of this discovery was not appreciated for many years. Other

researchers were also able to induce leukemia or sarcomas in chickens \Vith cell

free extracts (83). These viruses are known as avian leukosis viruses (ALVs) and

Rous sarcoma \'iruses (RSVs), respectively. Isolation of these retroviruses \Vas

possible because they induced

transfonnation} in infected cells.

an observable phenotype (neoplastic

~Iany years would pass before the non-

transforming retroviruses \Vere isolated.

The first evidence for a transfonning mammalian retrovirus was obtained

in the 1930s, based on the study of mammary gland tumors in C3H mice. In 1942,

Sinner (28) demonstrated that a filterable agent, now known as murine mammary

tumor virus (~{ylTV) was responsible. The following decades led to the isolation

of rnany munne leukemia and sarcoma viruses, such as Friend (94), Gross (117).

~[oloney (225) and Harvey (127). Coneurrently, feline leukemia virus (FeLV),

which is responsible for almost aH cases of leukemia in cats, was diseovered

(15~). The study of retroviruses has led ta the isolation and identification of the

viral transfonning genes (v-one) and their relationship ta the their cellular

counterparts (c·onc), as \vell as ta an understanding of the additional mechanisms

2



by which these pathogens induce cellular transfonnation (300,306,307). An

historical summary of retrovirus research is presented in Figure 1.

The success in isolating retroviru5es from many venebrate 5pecies during

the 19505 and 19605 led to the reasonable expectation that human retroviruses

would saon be isolated and be sho\vn ta cause cancer in humans (65). Despite the

eftort5 0f rtiaüY taborarories, it \vas ûcarly 20 years before the 5rst human

retrovlrus \Vas i501ated. [n 1980, laboratories in the U.S. and Japan reponed that a

retro\·irus. tenned HTLV-l, was respansible for inducing a rare, unusually

:.lggressi\'c T cell leukemia (262,331) . .-\ closely related strain of virus, HTLV ·II.

W;l$ t50 bced t'rom ;l patient with hairy cell leukemia (163). No other retro\'iruses

h:.l\·~ been ISO bled which induce cancer in humans, despite much effort.

The discovery in 1983 that the cause of the emerging acquired

immunodeticiency syndrome disease (AlOS) in humans is a retrovirus

(15.195.266) ttermed HIV-l) (51) elicited renewed interest in the study ofhuman

retroviruses. Furthennore, the focus of interest shifted from the study of the

mechJnisms of cellular transformation to the examination oftheir ability to induce

immunodeticiency in infected individuals. As AIDS has emerged as the major

p~ndemic of this century especially in the developing nations, particularly ln

Artica, the resurgent interest in the study of retroviruses is quite justified.

The importance of AIDS as a major cause ofmarbidity and martality. with

its associated economic and social costs (bath personal and societal), as weil as ilS

ability to be transmitted via the blood supply and by sexual contact, has made

3
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Figure 1: A historical perspective of retrovirus research. Taken from (111).
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research in the field of AIDSIHIV a priority. For example, the funding allocated

bv the American National Institutes of Health to AlDSIHIV research stood at 100/0
~

of ils total budget in 1994 (13) and today still consumes a large percentage of its

budget. Central to the understanding of this disease has been the need to develop

animal models which closely resemble the spectrum of phenotypes seen in

humans in order ta understand the mechanisms the virus uses ta induce

immunodeficiency. as well as for the testing of any potential vaccines.

The experimental work presented in this thesis describes several aspects of

my research in the laboratory studying murine AIDS (MAlDS)~ a retrovirus-

induced irnrnllnodeticiency syndrome of mice, which has sorne similarities to

human ALOS tfor reviews see (l60~ 161,228». Several experimental approaches

have been utilised. both ill vivo and ill vitro to further extend our knawledge of the

pathogenesis of ~tAIOS and, by extension, our knowledge of human AlOS. In

order to provide a better understanding of ta the reader, the tirst sections of the

introduction will deal with sorne general background on retrovirology. These

sections are not intended to be exhaustive, and the reader, if further interested,

may refer to several detailed reviews on the subject

(52.103,110.120.193,219,242,312,317,326). These sections will he followed by a

revie\'l of the pathogenesis of AlOS, as well as reviews outlining the current

animal models of AIDS, \Vith an emphasis on the MAIDS model of the disease.
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1- Definition and classification of retro\"iruses.

Retroviruses are characterised by (\Vo distinctive features: reverse

transcription of viral Ri~A inta ONA and a pracess of maturation outside of the

host cell which transforms the initially non-infectious product of virus assembly

into a mature, intèctious virion (243). Retroviruses belang ta the larger class of

mobile genetic eterncnts kI10\Vn as rerrotransposons (196), which includes the Ty-

1 element of yeast, and the Orosophila gypsy transposon.

Nlany criteria have been used ta classify retroviruses. Bernhard (24,25)

was the tirst ta classify the viruses present in the tumors of mice, based on

electron n1icroscepy, as belonging ta one of four groups (A ta D). Other methods

of classification include those based on host range; whether the virus is

endogenous (i.e. integrated inte the gerrnline and transmitted in a Nledelian

fashion) or exogenous; whether or not the virus contains an oncogene; or other

pathogenic properties. The most consistent classification, which is described

below and shown in Table l, divides the retraviruses into three subfamilies, the

Oncovirinae, the Lentivirinae, and the Spumavirinae, based on their pathogenesis.

The subfamilies are further divided into groups based on their nucleotide

sequence and genome organisation.

/./- Tire Ollcovirinae:

~{ost of these viruses were first described as tumor-inducing agents. There are

Cive groups~ which are not closely related, wÎthin this family. They are the

follo\ving:

1) The avian leukosis-sarcoma (ALSV) group
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2) The mammalian C-type virus group

3) The B-type virus group

4) The D-type virus group

5) The HTLV-STLV-BLV group

1) The Q\'ialI leukosis-sarcoma group includes exogenous and closely related

èndogènous viruses of birds, such as RSV and .-\i\IV.

2) The mamnzalian C-type vints group comprises a large number of endogenous

and exogenous viruses which have been isolated from mammals. Examples of

this group include ~[oloney rvluLV (rvlo-MuLV), Abelson ~[uLV (A-~luLV) and

Fel \'. The human genome contains closely related defective endogenous

pro\'iruses, although no replicating endogenous viruses have yet been isolated.

The retrovinlses of the above t\VO groups can be further subdivided based

on the presence or absence of an encoded oncogene. Those which do are

replication-defective (described below) with the exception of sonle strains of

RSV. The hast range of the viruses from these two groups can also serve ta

further sub-divide them. For example, murine retroviruses can also be c1assified,

based on their hast range as being either ecotropic, xenotropic, or amphotropic.

Ecotropic viroses replicate only on mouse cell; xenotropic viruses replicate in

cells fram many species, but not in murine cells; and amphotropic viruses

replicate in bath murine and non-murine cells.

As weil, ecatropic viruses and recombinant l'vIuLVs known as rnink cell

focus-fanning viruses (MCf) can also be classified based on their relative

efficiency afreplication in cells from strains ofmice bearing different alleles at

7



•
Subfamily Group Example isolat.. Coml1lents

Oncovirinae Avian leukosis- Rous sarcoma virus (RSV) Exogenous; oncogene containing
sarcoma (src)

Avlan myeloblastosis virus (AMV) Exogenous: oneogen.eontaining
(myb)

Avian erythroblastosis virus (AEV) Exog.nous: oneogene-eontaining
(erb-A and erb-B)

Rous-usoeiated VIruS (RAV)-1 to 50 Exogenous: cause B-Iymphoma.
osteopetrosis. and other dis.lSls

RAV-o Endogenous; benign
Mammallan C- Moloney murine leukemla virus (Mo- Exogenous; causes T-eelllymphoma

type MLV)
Harvey murine sarcoma virus (Ha- Exogenous; oneogene-eontaining

MSV) (H-ras)
Abelson murine leukemia virus (A- Exogenous: oncogene-containing

MuLV) (abf)
AKR-MuLV Endogenou~ben~n

Feline leukemia virus (FeLV) • Exogenous: causes T-celllymphoma.
immunodeflciency. and many other
dlseases

Simian sarcoma virus Exogenous: oncogene-contalning (sis)
(SSV)

Numerous endogenous and
exogenous viruses. mostly in

• mammals
Reticuloendothellosis virus (REV); Exogenous viruses 0' birds

spleen necrosls virus (SNVl
B-type 'Jlruses Mouse mammary tumor virus (MMTV) Endogenous and exogenous; mostly

milk·borne; causes mostly mammary
carcinoma. some T·lymphoma

Q-type vlruses Mason-Pfizer monkey vIrus (MPMV) Exogenous; unknown pathogenicity
"SAIOS" viruses Immunodeflciencies in monkeys

HTLV-BLV Human T-cell leukemia (or Causes T-cell Iymphoma; associated
group Iymphotropic) virus (HTLV) with neurologieal dlsorders

aovine leukemia virus (BlV) Causes B-cell Iymphoma
lentivirinae Lentivlruses Human immunodeflciency virus (HIV-1 Cause of AlOS

and -2)
Simian immunodeficiency virus (SIV) Causes AIDS·like disease in certain

monkeys
Feline immunodeficiency virus (FIV)
Visna/maedi virus Causes neurologieal and lung disease

in sheep
Equine infectious anemia virus (EIAV)
Capnne arthritis-eneephalitls virus

(CAEV)
Spumavirinae "Foamy" viruses Many human and primate isolates Exogenous. apparently benign

[e.g.. simia" foamy virus (SFV}}

• Table 1: Retrovims families. Taken from (52).
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the Fv-/ locus (for revie\v see (159». N-tropic viroses grow weIl in ceUs of Fv

r, but not Fv-l fJ mice, whereas B-tropic viroses grow weIl in cells of Fv-I b
, but

not F\,-r mice. The Fv-l alleles are co-dominant such mat cells of hetrozygole

F\'-~''!'F\'-lb mice restrict the replication of both N- and B-cropie viroses. The Fv

1 gene has recently been cloned and appears to be derived from the gag region of

an :,~dogenous retrovirus unrelated to ivluLV (26).

3) The B-c,...pe \'Ù1IS group contains only one infectious member-MNITV-although

de{;;cti\'e sequences are present in many species.

-+) ?ire D-l.'l:pe virus group includes the infectious viroses isolated from primates,

~L150n-P tizer monkey vinls (NIP~[V) is the prototype for this group.

5) Tlze HTLV-STLV-BLV group includes HTLV-1, which induees T cell

ku~~miLl/lymphoma in humans, STLV, which causes malignancy in non-human

pn~~:ltes. and 8 LV, which causes B-cel( lymphoma in caule.

None of the viruses of the last three groups encodes an ancogene, although

they do contain novel sequences which contribute to their pathogenicity. ~[iv[TV,

for example contains an open reading frame at ils 3' end which has been shown to

enCJJe a superantigen (130,146,147,279). The members of the HTLV-STLV

Bl \. group contain novel regulatory sequences. MPMV has recently been shown

to contain novel sequences in the 5' region which are important in the cytoplasmie

exoort of the viral mRJ.'lA (39).

1. ~ - The Lentivirinae: These are exogenous viruses of bath humans and animais

which are respansible for a variety of neurological and immunological disorders

t120.242), but have nat been directly implicated in any malignancy. They are C-
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type viroses. Their genome is characterised by a complex combination of genes

in addition to the usual retroviral genes (discussed below). The best-studied

members ofthis group are HIV-l and HIV-2.

/.3- The Spumavirinae: The foamy viroses have been isolated from many

species, including humans, but have not yet been associated \Vith any disease (1).

They J~quire their nanle from the vacuolation of infected cells which is seen in

tissue culture.

2- Structure of Retroviruses:

~.l- Chemica/ and phvsica/ properlies orthe virion:

Retroviruses are fonned when a core structure containing several

polypeptides and the viral genome forms in juxtaposition to the plasma membrane

of an infected cell. The core structure fonns where the membrane has been

modified by the insertion of virus-encoded glycoproteins, and in patches deficient

in normal cell membrane proteins (65,271). The final steps in virus fonnation are

the budding of the immature particles from the cell membrane follo\ved by

extracellular chemical and structural modifications. These processes have been

observed by electron microscopy, and served as the first basis for retroviral

classification (65).

The chemical and physical properties of a typical retrovirus reflects its

mode of assembly. The virion contains internaI structural proteins which, along

\Vith ilS RNA genome, forros the core. These internai proteins are kno\vn as the

gag proteins (the word is derived from "'group antigen"). Additionally, the core
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contains reverse transcriptase (RT) and a t&'\;..-\. primer needed to initiate provirus

synthesis. The outer membrane of the virion contains the glycoprotein "spikes"

(envelope proreins) which mediate the virus' binding to cell surfaces as the tirst

step in intèction.

Retroviruses have a density of 1.16-1.18g1cc in sucrose and 1.17-1.22g1cc

in cçsium chloridc and arc readill' inactivatcd bl' hcat, lipid solvcnts, and

detergenrs, but are relatively resistant ro inactivation by X or UV irradiation (215).

Approximarely 35~/o of the weight of the virion is lipid, 60~'O is protein, 3~'O is

carbohydrare and 2~/O is RNA (215).

2.]- Organisation orthe retroviral vellome:

AB retroviruses share a basic genomic organisation, which can be nlore

easily explained by studying the proviral form of the virus, as seen in Figure 2.

Retroviruses range in size ITom 7-10 Kb. At the virus' extremities are the long

terminal repeats (LTRs) which are involved in regulating virus expression and

viral integration into the host genome. The three coding regions common to aU

rep lication-competent viruses are round bet\veen these t\vo LTRs. These genes

are called gag, pol-pro, and env. Sorne retroviruses, mainly those of the tàmily

Oncovirinae, lack sorne or all of these genes, due to the presence of a v-one, and

are therefore unable to replicate by themselves. These viroses are replication

defective, and depend on other "helper" viruses to provide the missing functions

required for their replication. In addition to these three genes, sorne viruses,

particularly lentiviruses, contain additional genes which play a regulatory
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role during the virallife cycle. The presence of these additional genes has led to

lentiviruses being termed '~complex" viroses (59). The principal regions, both

coding and non-cading, found in the retroviral genome, are described below.

LTRs are identica1 structures located at bath extremities of the provirus \vhich are

divided into three regions- U3, R and US (203). With the exception of MMTV,

the LT3 region i5 non-coding and aets mainl)' as a promoter of viral transcription.

A TATA box is loeated in U3, 20-30 bp upstream of the U3-R junetion, which is

\vhere viral transcription initiates. ûther promoter elements such as the CAAT

box. are found about 100-150 bp distal to the transcription start site. Even further

upstream in the U3 region lie enhaneer elements which bind both ubiquitous and

tissue-specifie transcription factors (124,257,332). Additionally, the U3 region

may also contain binding sites for virally encoded trans activating proteins, such

as the Tax protein of HTLV-1 (297), or sorne coding sequences as tound for the

MN[TV orfprotein (53).

Adjacent to the U3 reglon lies the R reglon, sa termed because its

sequence is repeated and identical at bath the 5' and 3' ends of the viral RJ"fA

(52). The main raIe ofthis region is during reverse transcription, where it pennits

the transfer of the minus DNA strand frOID one end of the viral RNA ta the other

(discussed below). Other sequences such as the 5' spliee donor of HTLV-l are

occasionally found in this region as well (283,324). The US region is defined by

its flanking sequences- R and the primer binding site (PBS). Mutational analysis

shows a critical role for this region during reverse transcription and for the

packaging ofviral RNA (239).
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Primer bioding site: The 18 nt that fonn the PBS in the viral RJ.'IA are

invariably complementary to the 3' terminal nt of the specifie tRNA primer whieh

initiates the process of reverse transcription.

Leader: This is the untranslated region between the PBS and the beginning of

gag. Usually. the splice donor for aIl subgenomic messages is found in this

region as is the signal for incorporation of the virai RJ.'\iA into the virion t201).

~af:' The gag gene is translated from the full-length RNA to produce a precursor

polyprotein that is subsequently cleaved to yield the structural proteins- matrix

(~t-\). capsid (CA) and nucleocapsid (NC). Avian and mammalian C-type viruses

comain an additional cleavage product, p12, that is located between NIA and CA.

N-terminal myristylation of ~IA allows the gag precursor to bind to the plasma

membrane. which is critieal for viral assembly (56). It has also been recently

demonstrated that the NIA of HIV-1 is needed for the import of the viral pre

integration complex into the nucleus of quiescent cells (100). Another group has

shown an interaction of HIV-1 CA \vith cyclophilin A, which may act as a

molecular chaperone or he required for viral assembly (61,93,309). The NC

protein is found tightly associated \Vith the viral RNA in the virion, and is

required for viral assembly and for encapsidation of the viral RNA (78).

pro: The viral protease PR, responsible for the cleavage of the gag and pol

precursor polyproteins, is encoded by this gene. The location ofpro between gag

and pol varies depending on the virus.

pol: This gene encodes the t\vo essential activities required by the virus early in

infection- the reverse transcriptase (RT) and the integrase (IN) needed to integrate
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the viral genome into the cell DNA. Both pol and pro use mainly t\vo

mechanisms to be translated from the full-length viral RJ.'\lA. These are the

suppressIon of translation termination (readthrough) and frameshifting events

(151 ).

Internai Splicin~ Sites: AIl replication-competent retroviruses contain splice

a~cep[or sites locateJ upstream of the env gène. This allows efficient translation

of the env message. Additional splice acceptor sites are found in the lentiviruses

and other complex viruses (254) to allo\\' expression of their regulatory proteins.

For example. the HIV-1 regulatory genes fat, rev, and nefare encoded in at Ieast

12 different mR..'\.-\ species (28l).

~ This gene encodes the two envelope glycoproteins which are aise produced

as a larger precursor protein. The glycosylated surface protein (SU) recognises the

cell surtàce receptors and the smaller transmembrane protein (TM) anchors the

env complex to the virion envelope (149).

3' untranslated reeion: This region is found in many oncoviruses and is located

bet\veen the 3' end of env and U3. Its function is not entirely c1ear, however in

rvlPMV this region has been shown to regulate the cytoplasmic export of the viral

RNA (39).

Pol\'purine tract: This short sequence serves to initiate positive DNA strand

synthesis during reverse transcription. It is located 5' ta the beginning of the U3

reglOn.

Other eenes: ~Iany viroses, such as the avian and marnmalian C-type viroses,

require only the gag, pro, pol, and env gene products for successful replication
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(52). Other virus groups, especially the lentiviruses and other complex viroses

encode additional proteins that play othe'r roles during the virallife cycle. ~Iany

of theses proteins are classified as Htrans-activators", analogous to those encoded

by rnany DNA viruses. The best studied of these proteins belong to HIV-1 and

will be presented belo\v.

tat: This gene '.Vas named for its trans-activating potential and encodes :l 14 kd

protein essential to viral replication (60) that is translated from a multiply-spliced.

subgenomic mRJ."iA. This protein enhances viral expression by binding to an

~"A loap structure (TAR) located in the 5' region of ail HIV-1 transcripts. The

interaction of Wl \Vith TAR stabilises the nascent transcript and facilitates its

elongation. HTL V-1 encodes a protein. tax, with a similar function to that of tat

(217).

re"': This small protein is a regulator of virus expression, and is responsible for

the export of the viral mRJ.~A from the nucleus to the cytoplasm (62). Like tat, it

is also required for HIV-1 replication, It functions by binding to a specifie RJ'lA

sequence, the Re\' Response Element (RRE), which is located in the env region.

hs mechanism of action is unclear, but is currently under study (30,91,95).

HTLV-1 encodes a similar protein, rex (123,150).

The proteins described above, tat and rev, are the only additional proteins

which are necessary for viral replication. The remainder of these proteins are

dispensable for virus growth in vitro. and for this reason are referred to as

"accessoryU proteins (312).
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•
nef: :\11 primate retroviruses, in addition to HIV-1, encode this protein of 27 kd

(6,8). nefis bound to the cytoplasmic membrane via N-terminal myristylation. It

was first believed ta be a negative regulator, hence its name (from '4negative

factor"). ylore recent work in the SIV system using nej:deleted mutants has

revealed its necessity in generating high levels of viral replication in vivo (170).

The ?rotein m:l)' :llso be involved in cellular activation (77).

vifll'pr/vpIl : These three small carling regions are derived from the single-spliced

HIV-1 R1'!'A (312). A raIe for shuttling the preintegration complex has been

suggested for "p,., vif may play a raIe early in infection, and Vpll has been

implicated in viral release and in dawn-modulation of the viral receptor, although

little is known about their precise functions. HIV-2 and most SIV strains do not

encode "ptt.

3- The Retroviral Lire Cvcle~

The retroviral lire cycle can be divided into two phases. The first phase

includes the entry of the virion core into the cytoplasm, reverse transcription of

the viral RJ.'IA into double-stranded DNA, entry of the viral DNA into the hast

nucleus, and integration of the viral DNA into the host genome. AlI of these steps

are mediated by proteins found within the virion, and do not require viral gene

expression. The second phase of the retroviral life cycle includes the synthesis

and processing of the viral genome, rnR.i'lAst and proteins using host·cell factors,

such as RL'JA polymerase lIt and occasionally sorne specifie viral products, such
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as tat. Since the life cycle of retraviruses is circular, either one of the (Wo above

mentioned stages could be vie\ved as the tirst phase.

3.1- Cel! artachment. penetration. and wlcoating:

Attachment of the virion ta the cell is mediated by its env glycaprotein

recognising a specifie cell surface receptor. In the absence ùf the appropriate

receptor, infectivity can be reduced by over seven orders of magnitude (52). CeIl

surface receptors have been identitied for HIV-1, RSV, as well as for the

ecotropic and MuLVs. They consist ofCD4 (66, 173), the LDL receptor (18), and

the cationic amino acid transporter (3), respectively. GALV and the amphotrpic

tvluLV bath use the same receptor, whose physiolagical role is sadium-dependant

phosphate transport (330). Recently, members of the chemokine receptor family

have been identified as co-receptors for HIV-l (17,73,76.248). Following

auachment, the virion enters the cell, most likely by receptor-mediated

endocytosis. As the virion uncoats, the genomic Rl\lA remains tightly assaciated

with the RT, fN and gag proteins.

3.2- Svnthesis o'viral D,VA.'

Once the virion core has entered the cytoplasm, the process of reverse

transcription of the RNA genome into double-stranded DNA occurs as depicted in

Figure 3. This process is strictly dependent on the presence of the viral RT

protein, which combines DNA polymerase and RNase H activities in one protein

(12,308). RT lacks exonuclease (proofreading) activity, thus contributing ta the

genetic diversity seen in retroviruses. In particular, the RT of HIV-1 is quite
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error-prone (31,54). Reverse transcription nonnally occurs in the cytoplasm of

the infected cell, with synthesis ofminus-strand DNA being primed by a specifie

tRL'I.-\ that \Vas incorporated into the virion. The resulting hminus-strand strong

stop" DNA extends from the PBS into the U5 region, and ends in the R region.

Base pairing of the R regions then allows this DN.A. to transfer or __jumpH from the

5" end of th~ RJ.\jA to the 3' end of the RJ.\jA. DNA synthesis then pro~eeds from

the 3' end of the viral RNA to the 5' end, resulting in a full minus-strand DNA

molecule. \Vith the exception of a polypurine tract in the 5' end of U3, the RNase

H activity of RT is used to degrade the entire viral RNA. The remaining

polypurine tract is then used as a primer to synthesise "plus-strand strong stop"

DNA. At this point the tRNA primer is removed, permitting the "plus-strand

strong stop" DNA to transfer to the 3' end of the minus DNA strand via base

pairing of the PBS regions present in both DNA strands. DNA synthesis then

proceeds for each strand thus generating the double-stranded DNA \Vith LTRs that

is the precursor of the integrated provirus.

3.3- Inrersration:

Integration is a proeess unique to retroviruses. A large majority of viral DNA

molecules is integrated during every round of replication, and integration is

probably necessary for proper expression of the provirus (52). These properties

distinguish retroviral integration from the occasional aberrant "integrations" seen

in some DNA virus infections. Follo\ving proviral DNA synthesis, the pre

integration eomplex composed of the proviral DNA, and the RT, IN and gag

proteins is transported to the nucleus. For most retroviruses, breakdo\vn of the

20



nuclear membrane during cell division is a requirement for integration. The

notable exception to this mie is HIV, which can be actively transparted across the

nuclear membrane by aid of nucleophilic motifs present in MA (100). This

retrovirus can therefore infect quiescent cells, unlike Most retroviruses which can

only infect dividing ceUs.

Sequence analysis of a large number of integrated proviruses has revealed

several features which are comman to aIl virus groups (29). First, the provirus is

co-lïnear with the viral DNA and contains the genes in the order in which they are

present in the genome, with the flanking LTRs. Second, the integration process

leads to changes in both the viral and cellular DNA. The viral DNA is shortened

by two bases (usually AA at each end), the exception being HIV, where only one

nt is removed. The cell DNA flanking the integration site is not grossly

rearranged. A short sequence (4-6 nt) at the site of integration immediately

adjacent to the viral DNA is always duplicated, due to the introduction of a

staggered break in the hast DNA by the viral IN. The length afthis duplication is

characteristic of the virus group, and not the cell type. Third, the ends of the viral

DNA are always 5' TG CA 3'. Finally, the ends of the LTRs are

characterised by an inverted repeat spanning 2-10 nt. Mutations in this region

greatly affect the integration process (55).

Integration of the provirus appears to be a random event, although it has

been suggested that there is a tendency for integration into sites which are

transcriptionally active (321,322). Once integrated, the provirus can be
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considered to be perfectly stable. There is no known specific mechanism by

which proviruses can be removed from the hast genome.

3.4- E'rpressioll orthe provinls:

.-\fter integratian, aIl further replicatian occurs via transcription of the

provirus into RNA using cellular systems. This process can be quite efficient, and

it has been estimated that up to 10°10 of the rnR..L'J'A in an infected cell can be

derived from one or a fe\v integrated proviruses (318). Transcription of the

provirus is accomplished by cellular RNA polymerase n (52), and begins at the

U3-R junction and proceeds into the 3 t LTR. The viral transcript is then cleaved

at the end of the 3' R. and polyadenylated at this site. A 5' methylated cap is also

added to the transcript. Full length transcripts may either be translated to give rise

ta gag and pol proteins, or may be used for virion assembly. As weIl, aIl

retroviruses encode a single-spliced env message.

As discussed above, the "complex1t retroviruses (58,59) express additional

multiply-spliced messages which encade accessary or regulatory proteins. These

viroses have evolved strategies to allow expression of these messages. Viral

expression is controlled by two types of regulatory proteins. These are the viral

tralls-activators, such as tat, and the rev-like proteins, which control the levels of

fuillength and single-spliced messages relative ta the multiply-spliced messages.

These t'\vo types of regulatory protein thus strongly influence whether the provirus

is replicated or remains in a latent state (219).
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3.j- Translation and virion assemblv:

After transport to the cytoplasm, the different-sized transcripts are then

translated to give the gag. pol. pro, and env proteins t as well as any accessory or

regulatory proteins. As mentioned above, the translation of the pol and pro genes

involves readthrough or frameshift events (151), which leads to levels of the po/

and pro proteins which are about 5-1 O~~ the levels of gag. Readthrùugh events

are also used to translate sorne multiply-spliced HIV-1 RNAs (281).

Assembly of virions is a poorly understood aspect of retroviral replication.

By electron microscopy, two patterns can be discemed, which differ in the site of

assembly. For most viruses groups, the process of budding and assembly Jre

simultaneous. For 8- and D-type viruses, capsid assembly occurs in the

cytoplasm. This structure, an A-type particle, then associates with the membrane

and buds out. In both cases, at the time of capsid fonnation, t\\·o copies of

genomic RNA interact with the gag precursor protein and are encapsidated. As

well, a structural rearrangement of the capsid to a more condensed fonn is seen.

This maturation occurs at the sarne time that the precursor gag and pol proteins

are cleaved by PR to give their individual proteins.

4- Patholo2" induced bv retroviruses:

The Oncovirinae and Lentivirinae subfamilies of retroviruses are

responsible for a' wide spectrum of disease, as illustrated in Table 2. Retroviruses

of the Spumavirinae subfamily have yet to be linked to any specifie pathology
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Disease

Leukemia/Lymphoma

Carcinoma

Sarcoma
Wasting and autoimmune

diseases

Immune deficiency

Anemia

Arthritis

Neurological syndromes

Osteopetrosis

Species

Fish, chickens, cats, mice,

rats. cows, sheep, pri

mates, humans

Chickens (renal), mice (mam

mary)

Reptiles, chickens, mice, rats

Chickens, cats, primates,

humans

Cats, mice, primates, humans

Mice, horses

Sheep, goats

Mice, sheep, goats, humans

Chickens

• Table 2: Diseases caused by retroviruses. Taken from (185).
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{307). The diseases most commonly associated \Vith exogenous retro\·iruses can

be di\'ided imo four groups: 1) malignant tumours; 2) proliferative diseases, both

neoplastic and non-neoplastic; 3) anemias; and 4) the "slow", chronic,

degenerative diseases (307). .AJ1 examination of these retrovirus-induced diseases

has ceen given elsewhere (52,185) and will he only be discussed here briefly.

The "acutett ùncogenic retroviruses of the Oncovirinae subfanlily (27),

which are mainly defective, transform cells in tissue culture and induce tumors

with ~ short btency period in the appropriate animal hosts (185). These viruses

ha\"e incorporated inta their genome copies of cellular genes Cc-onc, or proto

oncogenes) which have been altered (v-one) in sllch a way ta transfonn the host

cell. rn most cases, expression of the viral oncogenes canied by a single virus is

sufricient for mmor induction. although in other cases, additional genetic events

are required (19.263).

The "slow", or non-transforming, retroviruses of the Oncovirinae

subfamily, cause tumors with a long latency of 6 months or more (52,306,307).

These viruscs CJrry only genes involved in replication, and do not contain v-oncs.

The majority of neoplasms induced by these retroviruses are either hematopoietic

or epithelial in origin (307). Turnor induction by these agents is a complex multi

step process of continuous and dynamic evolution. Cellular transfonnation occurs

mainly by viral disruption of cellular genes either by insertional activation of a

proto-oncogene by one of many mechanisms~ or more rarely, by gene inactivation

(185). Virus-induced cellular transfonnation can also occur due to the presence of

an ""J.utocrine {oop'" where a viral gene proàuct stimulates the growth of infected
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cells (198). One example of this phenomena is the trans-activation of the

interleukin-2 receptor gene in infected lymphoid cells by the ta:c protein of

HTLV-1. thus favoring their proliferation (179). Additional, currently unkno\vn

events. are required in this example for full neoplastic transformation to occur

(lOI l.

Infection \Vith retrovirusès can aise lèaJ to the devèlopnlènt ùf chronic

degenerative diseases which are mainly observed in lentivirus infection (120,242).

For example. Visna-maedi disease, a neurological disease of the central nervous

system (CNS) of sheep, is caused by a lentivirus (242). Caprine arthritis

enc~phalitis vinls (CAEV) and equine infectious anemia virus (ElAV) are t\VO

other lentiviruses which cause disease in goats and horses, respectively. Such

diseases have been recognised for decades, and studies on these viruses have

pro\'ided clues in the study of their human counterparts. The mechanisms by

which these complex organisms cause disease are less well understood than those

of the Oncovirinae, as can be seen by our current attempts to understand the

pathogenesis of HIV-1 infection.

Lentiviruses share several common characteristics. These agents,

especially HIV-1, have cytopathic effeets which can observed in vitro. This cell

death has been proposed to he due ta direct toxicity of a viral gene product,

extensive viral replication, and perhaps from cell fusion (reviewed in (L 93».

Furthennore, ail lentiviruses demonstrate a T-lymphocyte and macrophage

tropism (L20,242). The ability of lentiviruses to eLude the host's immune

response against the infeeted eeUs is another factor which is related to the
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persistent, chronic diseases they cause (255). This ability, especially in the case

of HIV-1, is related to their ability to produce progeny of varying antigenic

poremial (31.54). Lentiviruses aiso have the capacity to produce a latent state by

expressing certain of their regulatory genes (219). These modes of immune

e\'asion are complemented by the fact that these viroses tend to infect cells of the

imri~üne system itseif. This leads ta a situation \vhere the number of latently or

productively infected ceUs remains a step ahead of the host's attempts ta clear

them. thus leading to a breakda\\ll of the immune system (54,218,219).

Disease in lentivirus-infected hasts may be primary, caused directly by the

lentl'. irus, or secondary', caused by the oppartunistic pathogens (hm proliferate

unchecked as a result of the 1055 of helper T lymphocyte function (see below).

Since the advenr of ALOS. enormous resources have been brought to bear on the

mechanisms ofpathogenesis af HIV. Several animal models have been developed

in order to mimic one or more aspects of the human disease. These models, with

an emphasis on the Nl.AJDS model, will be discussed following a review of the

pathogenesis of AlOS and the various animal models of this disease currently in

use.

5- Pathoeenesis of AIDS:

AlOS \Vas first recognised ln mid-1981 when unusual clusters of

Plleumocystis carinii pneumonia (PCP) and Kaposi's sarcoma (KS) were reported

in young, previously healthy homosexual men in New York City, Los Angeles,

and San Francisco (280). Soon afterwards, AlOS \Vas identified in Europe, the
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Caribbean, and Africa. Today, AIDS is a global pandemie, and the World Health

Organisation (\\THO) estimates that at least 10 million people are infected \Vith the

virus world-wide (211).

Typically, HIV-1 infection begins \Vith an acute flu-like il1ness of variable

se\"enty. a prolonged period of clinical latency, followed by clinical disease

nlar~t:d by increased susceptibility ta opportunistic infections and certain

neopiasms sllch as lymphomas and Kaposi 's sarcoma (251). There have been ao

reports of HIV-infected individuals who have cleared ail virus after the acute

illnes5 phase 0 f the disease (125). The period of clinical latency is marked.

ne\"ertheless. by a high production of HIV-1 virions in the face of a vigorous HIV

l-specitic humoral and cell-mediated immune response (33,251.252). These early

immune responses initially curtail HIV-1 replication, resulting in decreased

viremia, but they do not eliminate ail HIV-1 from the body (49,64.115). Results

from antiviral therapy studies have also reveaied that there is continuaI high-Ievel

HIV-l replication, C04- T cell infection, cell death and new C04- T cell

proàuction during the clinical latent period (84,134,252,325)

The duration of the clinical latent period varies widely, and progression to

AlOS occurs over a period of 8-10 years in 80% of HIV-1-infected individuals

(42.S9,199). Ten percent to 15% of HIV-1-infected patients are rapid progressors

who develop AIDS within 2-3 years of infection; however there is also a group of

5-1 O~'O of infected individuals who remain healthy and do not develop AlOS and

are tenned long-tenn nonprogressors (42,80,194,285). One recently identified

factor which confers sorne resistance to the development of AlOS in HIV-infected
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indi\'iduals is the presence in these individuals of mutated CCR2 or CCRS

chemokine receptors, \vhich also serve as co-receptors for HIV-1 (L 1.259,294).

Detailed studies of these nonprogressing individuals may yield important insights

into :he control and prevention of HIV-1 infection and disease development.

j.l- Depletion o(CD4- T ce/ls:

The hallmark AlOS is the extreme CD4- T cell depletion seen in patients

as t~e disease progresses. The CD4 molecule found on T cells and macrophages

ha5 been identiried as the receptor for HIV, through which the viral env (gp 120)

binè5 Jnd gains entry into the hast cells, and very recently severai groups have

iso[:lted other co-receptors for the virus which belong to the chemokine receptor

t- ·1, 176'"' -'"' "76 Î4S)aml.y ( . ..'J,/J,/,_ . l'v!any groups have established a direct correlation

between HIV burden and CD4· T cell depletion (133,169.320). The

mec:,anism(s) by which HIV causes this C04- T cell depletion is not well

understood. although severai hypotheses have been put fOf\vard to explain this

phenomenon. as summarised in Table 3.

Thesc hypotheses include a direct cytopathic effect of vin15 fonnation on

in(e:t~d cells due to viral budding (280), the binding of HIV etH' proteins to

intr~cdlular C04 molecules (280) and the induction of apoptosis of HIV-1-

inÏected lYmphocytes (7,114,223). Indirect mechanisms of HIV cytopathicity

include an autoimmune phenomenon, where anti-gp 120 antibodies cross react

with ~lHC class 1 and class II detenninants (67) found on CD4· T cells and a

process by which uninfected CD4- T cells bind circulating gp 120 and become

targets for Iysis by antibody-dependent cellular cytotoxicity (280).
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Potential Mechanisms ofDepletion ofCD4? T cells in HIV infection.

1. Direct cytopathic effect on HIV
2. Infection by HIV of a CD4" T-cell precursor or stem cell
3. Selective depletion of a subset of C04 ~ T ceUs or nonlymphoid CD4 1 ceUs

that are trophic for C04·" T ceUs and thus ctitical for the propagation of the
entire CD4" T-cell pool

4. Induction of secretion of soluble substances taxie ta CD4' T cells by
HIV-infected CD4" T ceUs and/or monocytes

5. Syncytia formation between uninfected and infected CD4' T cens
6. Autoimmune phenomena
7. Superantigen effects with nonrandom activation of CD4" T cells expressing

particular Vf3 T-cell receptors. enhancing their susceptibility to infection with
HIV

8. Apoptosis or programmed cell death of stimulated CD4' T cells

Table 3: Taken fram (280).
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Another hypothesis to explain the CD4- T cell depletion seen \vith this

disease has been put fot'\vard by Clerici and Shearer (50) who argue that T helper

(TJ type l and type 2 responses contribute ta the immune dysregulation seen in

HI\· -1 infection. Their findings suggest [hat a TH l response \vhich promotes cell

meèiated immune responses via 1L-2 and INF-y production is protective whereas

a T~2 response ieads to a less effective inunune response to HIV-1 by augmenting

B cell humoral responses via IL-4, lL-6, and IL-l 0 production. Induction of a TH 1

response by HI\' -1 would therefore correlate with protection from CD4- T cell

depietlOn and progression ta AlDS while those individuals who respond ta HIV-1

by :nounting a THl response would be susceptible to virus spread and the CD4- T

cel[ depletion.

5 ~. Role 01" monoel/te/macrophages:

Nlacrophages and monocytes are aise targets of HIV infection (274). HIV

has been detected in monocytes/macrophages from the blood, brain, and Iung of

infected patients. HIV infection of these cells is persistent and poorly cytopathic,

unlike the situation seen \Vith CD4- T cells, as discussed above. The raIe of HIV

infected monocytes/macrophages in the pathogenesis of AlDS is unclear, although

thes-e cells may function as a reservoir of HIV within the hast as seen for cenain

lenti\"irus infections in animais (242). Thus, infected monocytes/macrophages

may spread HIV to uninfected CD4- T cells during nonnal antigen presentation.

Since the monocyte/macrophage (microglial) cell is the one found to he most

often infected in the brains of infected individuals, it is thought that these cells

play a role in the neuropathogenesis of HIV infection (88,268), potentially
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through the release of cytokines or other factors that are directly toxic to neurons

or that lead to inflammation.

S.3- Rote ofB cells:

Along with a depletion of CD4- T cells. HIV-infected individuals also

exhibit B cell dysfunctions, sorne of which are secondary to the T cell deficiency,

whi!e others Jre T cell-independent (274). B cells from AIDS patients show a

spontaneously polyclonal proliferation and activation, increased immunoglobulin

lIg) secretion, and hypergammaglobulinemia, which aIl suggest a chronic B cell

JcrivJtion. A large number ofthese activated 8 cells are specifie for HIV epitopes

(280). In addition to the hyperaetivity, the B eeUs aiso exhibit an intrinsie defect

in Jntigen- and mitogen-induced responses at al! stages of infection (280).

Interleukin-6 (lL-6) plays a critieal role in the tenninal differentiation of

activated B cells. Exposure of peripheral blood lymphocytes (PSL) to HIV ill

vitro induces IL-6 production, mainly by monocytes (240). IL-6 also synergizes

\vith other cytokines to induce HIV expression in infected monocytes (265).

Oyaizu et al. (249) demonstrated that the gp 120 and gp 160 env glycoproteins can

induce IL-6 secretion in PBL in vitro. Together these results suggest that

monocytes and T cel1s contibute to the production of IL-6 which plays an

important role in the pathogenesis of the B cell activation seen in HIV infection.

There is also "cross-talktt between B cells and infected monocytes. Activated S

cells secrete TNF-a and IL-6, and this is aIse seen in the spontaneously activated

B cel1s in HIV-infected individuals. Production of these two cytokines has been

shawn to induce HIV expression in chronically infected monocyte lines (265).
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B cell dysregulation in patients with .~DS is also manifested by their high

inciàence of B-cell lymphoma. It has been shown that the Epstein-Barr virus

(EBV) plays a major role in the CNS l)mphomas seen in .-\lDS (202), while its

raie in systemic lymphoma in AlOS patients is less clear. As weIl, CNS

l)mphoma in other immunodeficiency states \Vas not associated \Vith EBV (280).

This 5trongly supports a pathogenic role for ESV in somè AIDS-associateà

l)mphomas.

6- .-\ninlal models for AIDS research:

A nllmber of aninlal models are currently in use to study various aspects of

HI\··l-indllced pathology, These models inetude simian immunodeficiency virus

(SI \') infection of macaques (104), infection of cats with feline immunoàeticiency

virus (FlV) (198), and HlV·l infection of chimpanzees (99), rabbits (1 SI) and

SelO mice reconstituted with human tissues or cells (4,168,121,23L,132). In

addition ta these madels of lentivirus infection, transgenic mouse technology has

also been employed to study the role of individual HIV-1 proteins in specifie

tissues (37,162,190,200,258,193,323). Finally, there is aC-type retrovirus

infection of mice which reproduces several of the clinical features of .-\lOS and

has been tenned murine AlOS (~IAIOS) (160,171,228). The expenmental work

in this thesis is based on this latter model of AIDS. The relevance of the abave·

mentioned models to AIDS will be discussed, followed by a comprehensive

review of the ~lAIDS model.
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In order to bener understand the relevance of each of the animal models of

AlDS, it is instructive ta begin \Vith an idealised perfect model, \vhich is a

scientific contradiction. The properties of an idealised model include the

following:

• Induction by a lenrivirus \Vith the same regulatory genes as HIV-1;

• [nfection of CD"+- T cells and macrophages using the CD.. recèptor and known

co-receptors;

• Induction of ~ chronic disease, \Vith a long period of low viral burden and a

siow CO..· T cell depletion;

• Inàuction of a clinical spectrum of disease similar to that seen in AlOS,

including neurologie dysfunction, lymphomas and opportunistic infections;

• l·Sè of a smail animal to allow large-scale experimentation at a reasonable

cost, and whose genetics is well known.

Since no model is ideal, each has its own strengths and weaknesses which must he

kept in mind when interpreting how the results apply to HIV-1 infection and to

the developmem of AIDS.

6.1· fllfecriol! ofChimpanzees \Vith HIV-f:

As the closest phylogenetic relative to humans, the chimpanzee (Pail

croglodytes) has a critical raie ta play in advancing our understanding of HIV-I

infection and the development of AlDS. The chimpanzee can be an excellent

model since its CD4 receptor is nearly identical to the human CD4 receptor (45),

and its immune system has been weIl characterised (335). Chimpanzees do



support HIV·1 infection via a variety of routes (97,98) and \Vith various isolates

(2~ 1).

Over LOO chimpanzees have been infected \Vith HIV-1 and unti1 very

recently. none had developed any AlDS-like ailments (247). The one animal that

did [ïnally develop .AJDS had been infected for over 10 years (247). NIost

infe:ted anim:lls did not develop opportunistic infections, and only in rare cases

W:lS J decline in C04- T cell numbers observed (172). It is also difficult to isolate

virus from the peripheral blood of infected chirnpanzees (172). The overall

picture lS one of persistent infection without progression ta AlDS for the vast

mJJùrity of infected animais.

Several explanations have been put forward to explain the lack of disease

pro~rcssion in HI\;'-l-infected chimpanzees (96), including the relative sterility of

the :mimals' hOLlsing quarters which are free of other infectious agents which

could potentially act as co-factors for disease progression. Another problem may

be the use 0 f tissue-culture adapted HIV-1 \vhich may be attenuated to the point

\vhere they are inefficient in causing disease.

Despite the shoncomings of this model for HIV-1 pathogenesis, much

value has been placed on this model for vaccine development. The face that

chlmpanzees become chronically infected on challenge with HIV-1 makes this

model an excellent tool to test the efficiency of vaccines to prevent or slow human

HI\'-l infection (172). The long latency of disease is therefore analogous to the

course of disease seen in humans, but limits this model's potential to gain \Vide
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use. as does the f3.ct that the chimpanzee is an endangered species and is very

costly to obtain and maintain.

6.J- Infection ofRabbits ,vith HIV-f:

It was previously kno\vn that the laboratory rabbit (Or):ccolagus clmiculus)

is readily intècted by the human retrovirus HTLV-l (224). Ir \Vas later shown that

rJb::ts support HIV-1 infection as weIl (90, lSI). The rabbits were infected by the

intraperitoneal injection of cell-free virus follo\ving pre-treatment with agents that

Jcti\'Jte peritoneal macrophages, or by intravenous injection of HIV-1-infected

hum:.!n lymphoid ceIls,

HIV-l-infected rabbits produce antibody to HIV-1 proteins within 10

\\"eeks of adnlinistration of the virus (172), HIV-1 can be detected in infected

rabbits for a period of up ta two years after infection by peRo III situ

hybndization, and virus isolation from rabbit cells and organs (313,319). Repons

from several groups suggest that the brain may be a preferential target of HIV-l

infection in rabbits (172). There is no consistent evidence for clinicai disease in

infected rabbits, \Vith the caveat that few infected animaIs have been observed for

long periods of cime. There is no obvious immunosuppression in infected

animais, but animaIs infected \Vith HIV-1 \Vere reported to have diminished

cellular responses to recall antigens (112).

Despite strong evidence showing persistent HIV-1 infection, there are

se\'eral shortcomings to this model which render it less than ideal for testing

antiviral agents or vaccines aimed at HIV-1. Both in vitro and ill vivo studies

demonstrated [hat large doses of virus are required for infection (90,1 SI, 182). As
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weIl, the virus is difficult ta isolate, and the infection, although persistent, does

not lead to aven disease. Another problem \Vith the rabbit model is lack of

reagents available for study of their immune system, especially for understanding

and :malysing differences in T cell subpopulations. Until the means to exacerbate

the course of infection are available or oven disease can be demonstrated, this

:mimJl model :emains interesting but of limited cxperimental use.

6.3- 5/V infection ofAlacaques:

Reports of outbreaks of opportunistic infections in captive macaque

mon.t..:eys at several primate research centres ln the early 1980s led to the

identir1c~Hion of a simian immunodeficiency virus (SIVmac) that induces AIDS in

macaques (68.191). SIVmac is one of a family of primate lentivinlses. In their

naturJI hosts. primate lentiviruses typically produce a chronic asymptomatic

infection. For example. soocy mangabeys infected with SIVsm t which is closely

related [0 SIVmac, show no evidence of immunodeficiency. In contrast, cross

species transmission of primate Ientiviruses out of their naturai hosts may result in

AIDS. SIVrnac appears ta have originated as a result of the accidentaI

transmission of SIVsm from naturally-infected sooty mangabeys into macaques

(212). [t is hypothesised that a similar cross-species transmission of a primate

lemi\"irus is likely ta he responsible for the development of AlOS in HIV-1

infected indi\Oiduals, although the nonhuman primate reservoir of HIV-1 has yet to

he identi fied (158).

Infection of macaques with SIV resembles HIV-1 infection of humans in

many respects. The one notable difference is in the latency periods of the two
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VIruSes, \'oith .-\IDS developing in srv-infected macaques \vithin 6 manths,

compared ta the up to 10 years required to develop A.IDS in HIV-l-infected

indi\'iduals (1 ï2). In this respect, SIV infection closely resembles the typical

course of paediatric .-\lDS. One must however bear in mind that the SIV studies

normally use a virus inoculum selected for its ability to induce disease

reproJucibly, and in a lime frame suitable for èxperimentation.

The clinical manifestations of AIDS in HIV-1-infected persons and in

51\' ·:nfected macaques are very similar. Inoculation of macaques with SIVsm or

S[\'m~c leads to a persistent infection characterised by immunodeficiency,

oppor.unistic infections, and eventual death. As in AIDS patients, the tenninal

stag~5 of disease are marked by a reduction in CD4- T ceUs, loss of antibody

re~c~!\'ity to viral gag proteins and antigenemia. SIV-infected macaques develop

J stmilar spectrum of opportunistic infections with such agents as

cytomegalovirus (Ci\.{V), Plleumocystis, and Candida. Other frequent

observations include a wasting syndrome and CNS disease that are virtually

indistinguishable from those seen in human AlDS. Interestingly, Kaposi's

sarcoma has never been observed in SIV-infected macaques (192). This last

ob5~r\"ation may be exp lained by the recent isolation of a novel Kaposi' s sarcoma

associated herpesvirus (KSHY) (47t226) in humans which may not be present in

mac~ques.

In most SIV-infected animaIs, lymphadenopathYt Vlremla, antigenemia

and a decrease in CD4- T cells occurs within a few weeks of virus inoculation

(192.217,270.336). Thereafter, three distinct clinical courses have been observed
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(192~217.270,336). About one-third of infected animaIs develap persistent

anaemia in the absence of a systemic SIV-specifie antibody response, and go on to

die in the first fe\v months following infection. Another one-third ta one-half of

infected animais develop persistent viremia in the tàce of a strang SIV-specifie

antibody response. These animaIs generaUy survive 1 to 3 years, \Vith clinicai

demisè ~haracteri5ed by weight 1055, a decrease in SIV-specifie antibody titre, and

lo\\' len~ls of circulating CD4- T cells. Thirdly, a small number of SIV-infected

animais remain persistently infected for years. In these animaIs, SIV is not readily

detected in PBl atter the tirst few months of infection and a strong SIV-specitic

antibody response is generated.

At autopsy, end-stage disease is often marked by widespread distribution

of SIV (16,132.192,217). Besides lymphoid tissues, primary lymphoid tissues

associated with other organ systems (e.g. lung and intestines) are also common

targets. Gut-associated lymphoid tissue is nearly unifonnly infected and may

account for the intractable diarrhea seen in most tenninally iU macaques. SIV is

also observed in nan-lymphoid tissues such as kidneys (132).

A powerful feature of this animal model is the availability of molecular

clones of proviral DNA that can give rise to infectious virions when transfected

into susceptible cells in tissue culture. SIV derived by such a manner can then be

used for experimental inoculation of macaques, and useful infannation can be

obtained by studying the course of disease in these inoculated animaIs. Several

molecular clones of SIVrnac/sm have been characterised in such a fashion

(reviewed in (157». Manipulation of the proviral genome by exchanging or
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deleting genetic information can pinpoint the detenninants potentially involved in

the development of .AJ:OS. The strength of mis tectmique has been ShO\VTI by

Kestler et al. (1 70), who studied the nef gene of SIVmac. It was found that

mutants of SIVmac lacking nefdid not induce AlDS in infected animaIs and that

the same infected animaIs had a much lower viral burden. Furthennore, mutants

ùf S['VmJ~ containing a stop codon in nef reverted in vivo to il Sen:iè ~odon,

suggesting a strong selective pressure for the nef protein. As for nef other SIV

genes can be evaluated for ill vivo relevance ta viral replication and A1DS

de\·elopment.

Anocher use of chis model is in the testing of potential AIDS vaccme

strategies using a variety of methods (69,139,269,301). For example, vaccine

trials in m~caques have demonstraced that a protective immune response can be

elicited by whole inactivated virus vaccines, and is apparently mediated by

humoral factors (157). Other trials using live attenuated SIV vaccines were found

to protect macaques from disease but not fram infection with a highly pathogenie

strain of SIV (214). The use of simianlhuman immunodefieiency chimene

viruses (SHIV) has also been useful in studying immune responses to the

envelope of HIV-1. SHIVs comprise the core of SIVNe surrounded by the

envelope ofHIV-l and are infectious in macaques (197,277,287,288), but eariier

SHIVs caused infection, but no disease. Nevertheless, these animaIs develop

immune responses to the envelope of HIV-1 and therefore serve as a model for

studying the evolution of the immune response to the envelope of HIV -1 and for

testing vaccines utilizing the HIV-l envelope glycoprotein. Recently, a SHIV
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\'ariant \vas isolated that leads to CD4- T cell depletion and AIDS in infected

macaques (155). This model will he pertinent in evaluating the efficiency of

vaccines and drugs directed at HIV-1.

In summary. SIV infection of macaques is currently the best available

animal model for the study of the pathogenesis of AlDS as the disease spectrum

in tnèSe animais ciosely resembies human ALOS. In combination with the use of

SHI\' infection of macaques, this model will be in the development of no\el

\'Jc::ne strategies and in the testing of antiviral drugs.

6.":· Infection otSCID-lzu mice witlr HIV:

The C.B·I ï SelD/SeID mouse cames a spontaneous recessive mutation

that gi ves rise ta a severe combined immunodeticiency (34). This strain has no

fUnC!lOnal B or T cells due to an enz~matic defect which causes incomplete

recombination and rearrangement of the T cell receptor (TeR) and

immunoglobulin (lg) genes (for review, see (327». Due to this defect, the SelD

mouse may be engrafted \Vith tissue from various sources \Vith no possibility of

rejection. This ability has made it possible to develop animal models for the

study of HIV·1 infection of human lymphoid tissue engrafted onto the SelD

mouse (220,219). One model is based on the transfer of human PBL into SelD

mice. generating the hu-PBL-SeID mouse. The other approach taken involves

trJnsplantation of fetal human thymus and liver into the selo mouse (SCIO-hu

thy.liv model). The fetal liver supplies human lymphoid precursor cells and the

fetal thymus provides an environment for human T cell development. In addition

to direct measurements of HIV infection in the human lymphoid grafis, certain
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immune functions canied out by the grafted tissue can aiso be monitored for

evidence of immunodeficiency caused by the virus (232).

6..J.f-The hu-PBL-SeID mode!:

Infection of these mice with HIV-1 results in changes in lymphocyte

tùnction consistent with thase seen in infected individuals (232). In those

expenments. the VlruS was inoculated intraperitaneally tLP.), and a variery of

techniques were used to detect the virus. including in vitro tissue culture of virus

from P8L. in situ hybridization, and PCR (232). The human PBL graft is

susceptible to every viral isolate tested. induding those from paediatric patients

(232.234). Infection with most HIV-l isolates leads to CD4
P T cell depletion

\vithin a tèw weeks, while CDS- T cell numbers are unaftècted (230). HIV-l

infection of engratted SCID mice leads to hypergammaglobulinemia . which is

seen in primary infection of humans (183). As well. the EBV-associated

lymphomas seen in AlDS patients have a counterpart in this mouse model of

HIV·1 infection (235,260,276).

There are two important features of this system which mimic more closely

the disease seen in humans as compared to the in vitro infection of primary human

CD4- T cells. Firstly, the genotypic diversity of HIV-1 primary isalates is

maintained in this model (35), and secondly, the roie of the HIV-1 accessory

genes is more readily ascertained (5,152). Experiments \vith nefdeletion mutants

in this system confinned results obtained by researchers using SIV-infected

macaques as a model for HIV infection in humans (see above), sho\ving that Ilefis

a critical gene for pathogenesis (152,170).
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.-\nother important use of this model 1S in the development of potential

anti-HIV-1 vaccines. PBL from human volunteers vaccinated \Vith an anti-ellv

vaccine were transferred to sem mice. These mice \Vere then challenged \vith

the same srrain of HIV-1 used to generate the vaccine. It \Vas found that indeed

thes~ mice were resistant to HIV-1 infection (233). Other strategies are currently

belng emplùyed with this madet ta further understand the humoral and cellular

mechanisms that may contribute to resistance to HIV-1 infection

6,'; ~ - Tire SeID-JIll rhwliv model:

In this \'ariation on the above theme. the obser\'ed effects 0 f HIV-l

in f~..:tion are generally sirnilar to those for the hu-PB L-SCID model. It has been

Sh0'.\î1 that 95~'o of SelO-hu thy:'liv mice prepared \Vith tissue from 1S-23 week

alLi :'etuses may be infected by intravenous inoculation of HIV-1, with resulting

viremla (168). Other groups have reponed that the thy/liv implant can be infected

\vith HIV-1 by direct injection of the virus into the implant (4, 152). Depending

on the strain of HIV-1 used and the size of the inoculum, depletion of CD4- cells

15 ùoserved 3-9 \veeks post-infection (4,32,152). This cell depletion is visualised

histoiogically as hypocellularity, and thymic involution (4~32,299). The first cells

to disappear are the C04·C08- immature thymocytes, followed by a loss of

m:!t:.lre CD4· T cells. Eventually, even the C08· T cells are lost. Virus in

inf~cted mice can be detected by PCR, and in fact this method of detection was

used to demonstrate the efficiency of AZT in infected mice (222,289).
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\Vhile the majority of studies using the SeID-hu thy/liv mouse have

focused on the impact of HIV-l on the Ievels of C04· T cells, HIV-l-induced

pathology has also been observed in the thymic epitheliai (TE) cells of the

engrafted thymus (299). Degeneration of TE cells \Vas observed, and these cells

were associated \vith HIV-1 RNA, although it is not clear that the TE cells were

productively infected. These results suggest that HIV-1 may disrupt the thymie

microenvironment, thereby contributing to the depletion of CD4- T cells seen in

HI\'-l-infected individuals. This particular model may be especially usetùl as a

tool for gaining insight into the impact of HIV-Ion the thymus and into the role

of the pediatric thymus in the pathogenesis of HIV-1 infection in children.

Taken together. both variations of the SCID mouse model are impot1ant

wols for studying the pathogenesis of HIV-1 intèction, although they have sorne

drawbacks. These models do not recapitulate all aspects of HIV-1 infection in

humans. nor do they mimic the trafficking of virus and lymphoid cells between

various tissues. As well, due to the lack of an immune system, the mice do not

mount a response to HIV-1, aithough this can he viewed as an advantage in

certain circumstances. These models will find use mainly for understanding the

pathogenesis of HIV-1 as weil as for testing anti-retroviral drugs and vaccines.

6.j- Felille immutlodeficiency vinls infection o(cats:

Feline immunodeficiency virus (FIV) is a lymphotropic lentivirus first

isolated in domestic cats suffering from various clinical syndromes suggestive of

underlying immunodeficiency (256). FIV is a substantial health problem for its
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nattirai hast species, \vith a worldwide prevalence ranging bet\veen 1 and 30%

arnong apparentIy healthy domestic cats and 10-20% among sick cats (23).

Fry-infected cats sha\v a nurnber of immunological abnonnalities which

closely resemble those seen in HIV·infected humans. Niost notable are a

progressive decline of CD·~r T cells and a significant hypergammaglobulinemia

(2 il. As in the: hunlan disc::asc::, early stages of the infection are chara~teri:)eJ by a

general peripheral lymphadenopathy \Vith follicular hyperplasia, fever, and

diarrheJ (21). The Jeute infection is follo\ved by a long, disease-free period, as in

hum::m AlOS. As in the SIV model of AlDS. the period of clinical latency varies

gre:ttly and it is hypothesised to be due to the result in differences in exposure ta

secondary pathogens. as experimental cats maintained in highly hygienic

conditions remain asyolptomatic for the longest periods (21).

~[ost cats infected with FlV eventually go on to develop AIDS. as

characterised by multiple, often concomitant, superinfections with opportunistic

agents (210), severe neurological disease, and neoplastic disarders such as

I)mphosarcomas and carcinomas (21). Renal pathology that closely resembles

H[\··associated nephropathy has also been reported (264).

For most pathogenesis studies, cats have been inoculated \Vith cell·

associated or cell-free FIV by subcutaneous, intramuscular, intravenous, or

intraperitoneal injection (22). The susceptibility of cats to infection and the

severity of the primary-stage clinical signs decrease \Vith age, and most

experiments have been done \Vith cats inoculated as kittens (107). In these
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studies, virus cm be re-isolated from blood after 1-3 \veeks and antibody can be

detected by ELISA after 3 \veeks (22).

CeUs susceptible ta infection by FlY include CD4- and CDS- T ceLls, B

l)mphocytes. macrophages, and astrocytes (40,41,74). The CD4 antigen is not

required for infectivity and several studies suggest that CD9 may be the FlY

receptor l245.329). Acute infection is accompanied by a mild lymphadenopathy

\Vith p~Texia ~md leucopenia usually develops 4-6 weeks after infection and lasts

se\'er:l[ months (23.245), This period corresponds to a shift in virus distribution

r"rom predominancly T cells ta macrophages and B cells (20,S5). Acme infection

IS J150 markeà by an increase in the CDS- T cell population (32S), simil3r ta that

ùbser:ed during the acute phase of HlY-1 infection in humans (250). Once

reco','ereJ from the acute illness, the cats remain healthy for at least several years,

~[th0ugh immune function, as measured by both in vivo and in \'I[ro tests,

progressively declines during this period (22).

Two areas in which FlY infection of cats has been especially studied as a

rnodd for HI\" and AlDS are antiviral therapy and immunisation. Inhibition of

FI'· r~plîcation in cell culture has been reported for most nucleoside-analogue RT

înhloitors tested, including AZT, ddI, ddT, and 3TC (57,82,246,295,303).

Vaccination of cats \vith subunit vaccines has so far been unsuccessful

(13 -:- .138.(56), but sorne inactivated virus and cell-virus vaccines have provided

protection against both homologous and moderately heterologous challenge

viruses (136,156).



As a mode! for HIV-1 infection, chis system has the advantages of being

inàuced by a lentivirus in its natural host, \vith no risk of human infection. As

weIl. the animais are easily obtainable and easily handled. There also exists a

large reservoir of narurally infected animais. On the down side, the immunology

of C3.ts has not been \Vell studied and it is difficult to produce, and \Vait for, end

5tag-: disease. The pathogenesis ùf FIV infection of cats is probably best 5uited as

a model of aeure infection and for testing anti-viral therapeutics and vaccines.

6.6- TrallsgeJllC animal models orHIV-/infectioJl:

6.6. ;' - Trallsgellic Alice:

Transgenic mice are produced by direct micro-injection of cloned genes

1nt0 the pro-nucleus of a fertilised egg (l35). The tissue-specitïc and

de\ doprnental patterns of the transgene expression are deterrnined by the

regubtory elements (endogenous or heterologous to the gene coding sequences)

present in the injected DNA construct. Traditionally, transgenic mice have been

used ta study gene expression and function in a biological environment that is

difflcult ta abtain and reproduce ill vitro, especially in the fields of immunology,

de\'elopment and cancer research. In particular, transgenic animais have found

\\"id~ llse in the study of retroviral gene expression and pathogenesis due to .

se\'er:ll advantages of this system. By eliminating the steps involved in the

complex process of retroviral infection, these animais allow us ta bypass the

restricted pattern of intèctivity associated with retroviruses, and allow us, such as

in th~ case of HIV-1, to study the pathogenesis of human retroviral infections in

rod~nts. Secondly, transgenic animaIs allo\v the study of selected regions af the
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retro\-irai genome, including regulatory elements, in an in vivo environment.

Fin~Ily, by using tissue-specifie promoters ta direct the expression of selected

retro\"iral gene products. transgenic animaIs allow the study of the effects of these

gene products in a given cell population_

In the case of HIV-l, many groups have made use of this technology to

:itu~·, lh~ ~ffe~i of th~ wholè virus. or of individual HIV-1 gene prùJucts, in a

wide range of tissues (37,162,178,190,200,258,293,323). These transgenic rnice

ha\": provided significant insight into the moiecular pathogenesis of HIV-1 and ils

clir.:':Jl mani festations. Leonard et al. (190) constructed transgenic nlice by the

dire~t micro-inJection of the complete HIV-1 proviral genome into fenilised

mOL:5e eggs, yielding seven founders, one of which produced HIV-specitic senlm

~nt1~odies JS measured in immunodetection assays. Progeny from this founder

de','etoped signs of disease and died within 25 days. Pos[-mortem ana1ysis of

these mice re\"ealed epidennal hyperplasia, lymphadenopathy, splenomegaly and

pulmonary lymphoid infiltration. As weIl, infectious HIV-1 particles couid be

reco\"ered from this mouse line. Unfortunately. a continuous line of mice could

not j~ maintained. and no further work \....as done on these animais. Furthennore.

sim! !Jr results could not be repraduced after many attempts.

Transgenic mice carrying mutations in the HIV-1 proviral genome have

aiso ceen produced, \Vith various phenotypes observed. Santoro et al. (278)

constructed transgenic mice with a deletion in the gag/pol region of the provirus.

~lice homozygous for this transgene had a similar phenotype to the mice of

Leon:lrd et al.. suggesting that the AIDS-like cachexia seen in bath transgenics
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may be due to expression of the viral env or accessory genes. Interestingly, no

signiticant depletion of CD4- T cells was observed in either of these (\\'0

transgenic mice. In addition to the wasting syndrome seen in the above-described

HIV-1 transgenic mice, other groups ha\'e reproduced aspects of HIV-associated

nephropathy seen in :-\IDS patients using gag/pol-deleted HIV-1 proviral DNA

(7ü-t :S).

.;\IDS patients aften develop diseases of the peripheral nervous system

(P:\S) and the CNS. In order to study the effect ofHIV-l on the pathogenesis of

thes:e diseases. several researchers have expressed HIV-1 proviral DNA in the

C~S ù f mice. using tissue-specifie promoters. Thomas et al. (310) used the

neurolÏ lament pramoter ta target expression of HIV-1 to neurons, which led to

peripheral neuron degeneration, while Goudreau et al. (113) targeted HIV-l

expression ta oligodendrocytes, resulting in vacuolar myelopathy.

Attempts to produce high levels of HIV-1 proteins in vivo have also been

successful. Jolicoeur et al. (162) expressed HIV-1 proviral DNA using the

~ll\ [TV promoter. High levels of gp 160, gp 120 env proteins, and the p55 and p24

gag proteins were found in the mammary glands of four founders, \vith higher

levels round in lactating females. Interestingly, these mice did not exhibit any

signs of disease as seen \Vith other proviral transgenics, most likely due to the

speciticity of the ~I~lTV promoter.

Expression of single HIV-l gene products in transgenic mice has alsa been

accomplished, \Vith much success. One of the mast imponant transgenic models

for understanding the pathagenesis of HIV-1 is the LTR-tat transgenic mouse
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generated by Vogel et al. (323). These mice develop epidermal proliferation and

dermal tumours. These tumours \Vere suggested by the authors to have

histological properties of Kaposi's sarcoma in humans. Although the exact

nlechanism by which tat induces this tumour remains enigmatic, it is known that

tat is angiogenic in vivo (2,132) and is capable of stimulating the growth of cells

deri ..·,j from KS lesions of AIDS patients (S6). Other transgenic mice cxpressing

only the gp120 envprotein ofHIV-l in the CNS exhibited a spectrum ofneuranal

and glial changes resembling abnormalities in brains of HIV-l-infected humans

(31 t 1. pointing to a raIe for this protein in causing CNS damage.

Transgenic models have also supported an important role for the nef

protem of HI\"·1 in inducing CD4- T cell depletion. Skowronski et al. (293)

gen~iJted transgenic mice expressing nef in T cells. These mice had a marked

redu.:twn in CD-l: T cells with little or no change 10 CDS· T cell numbers.

Further work on similar transgenics revealed a direct role for nef in down

regulating CD4 from the cell surface by direct intracellular sequestration of the

CD~ molecules (3S). Thus, SIV nef, as discussed above in the macaque model of

ALOS. and HI\'·1 nef, as shown in the rransgenic mouse studies, appear ta be

critic~l for the reduction in cireulating CD4- T celis. Other nef transgenic mice

expressing the protein under the control of the TeR p-ehain promoter/enhancer

exhibited evidence of immune dysfunction in addition to alterations in CD4· T

cell numbers (200).

To summarise, although mice do not support HIV-1 infection, the use of

tran5genic technology has largely circumvented this problem by allo\ving
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researchers to express the whole HIV-1 genome, or parts thereof, in a specifie

tissue or tissues, in a small, inexpensive, and weLl-studied animal. The large

number of transgenics tested to date has shed light on many aspects of the

pathogenesis of HIV-1 infection and the development of AIDS such as the

reduction in CD4'" T eell numbers (200,293), the neurological damage seen in

..\IDS patients (113,310,311), HIV-associated nephropathy (17S,:!7:!), and HI\'

induced gro\vth failure and cachexia (190,278). These models and constructs

expressing high levels of HIV-l proteins (162) may be useful in testing

therapeutic drugs or strategies ta either inhibit viral protein production and/or the

resulting pathogenesis.

6.6.2- Trans'lellic Rabbits:

Another use of transgenic technology has been in the development of

rabbits expressing the human CD4 molecule which is the receptor for HIV-l

(121,333). Although the laboratory rabbit can be infected with HIV-L, as

described above, rabbit cell lines do not replicate virus as efficiently as human

eells. Studies indicating that rabbit cells engineered to express human CD4 are

more susceptible ta HIV-l infection (121,333) prompted the development of

transgenic rabbits expressing human CD4 (296). There are few reports on studies

with these human CD4 transgenic rabbits. One report, however, showed that

transgenic rabbit lymphocytes support HIV-1 infection and are highly susceptible

ta HIV-l-mediated apoptosis (189). This tS consistent with reports from other

groups suggesting apoptosis as a mechantsm for HIV-l-mediated CD4- T cell

depletion seen in infected persans (7,114,223). Overall, the use of transgenic
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rabbits remains limited and is surpassed by the better-studied and more versatile

transgenic mouse models.

7- Retrovirus-induced immunodeficiencv syndrome of mice (}tIAlOS):

~[AIDS is caused by a unique mixture 0 f murine leukemia viruses tirst

isolated by Laterget and Duplan (184) from X-radiation-inducc:d thymomas of

C57BL/6 mice. They noticed that in mice inoculated with this virus mixture, now

tenned LP-BlV15, the thymus \Vas not involved, but lymphadenopathy and

splenomegaly \Vere observed. First thought to be aB-type reticulum cell sarcoma,

the disease induced by this virus mixture has several common characteristics with

human AlOS, including immunodeficiency, hypergammaglobulinemia (187,236),

susceptibility to infection (43), and late onset B cell lymphomas (174). A

cornparison of the main features of AlOS and MAInS is given in Table 4.

The immunologie features of MAIDS virus infection of the susceptible

prototype C57BL/6 mouse strain are weil knO\vn, even if their causes are not.

These features include:

• CD4 and CD8 T cell unresponsÎveness (anergy)

• Activation ofB cells with increased IgM, IgG" and IgE

concentrations

• Lymphadenopathy and splenomegaly due to increased

numbers of lymphoid and myeloid cells

• Aberrant cytokine production
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The pathogenesis ofthis disease will be discussed in detaii below. The interested

reader is aiso directed to several reviews which have been produced on this topic

(160,161,228).

7.1- Tite etio/0'lic a'lent o(l~/AIDS is a defective vinls:

The virus mixture initially used to induce MAIDS in susceptible mice

contains a complex assortment of replication-competent and -defective viroses

which has not been fully characterised (9,118,119,186,188,209). For example, the

LP-ByI5 virus mixture, which is widely used to induce MAInS, includes B-tropic

ecotropic and MCF ~luLV (119,236,334), which on their own do not induce

~tAIDS (48,186).

Two groups independently isolated the pathogenic viral genome

responsible for causing MAIDS in susceptible mice, using molecular

hybridization techniques (10,48). Interestingly, this 4.8 kbp viral genome was

round to be defective, having suffered major deletions in the pol and env regions,

with its gag region largely intact, but containing many point mutations and small

insertions/deletions in the p12 domain of the gag sequences (10) (Figure 4). This

virus, termed Ou5H, appears to encode a single, 4.2 kb transcript which encodes

the only gene product of this virus, a 60 kDa gag fusion protein, Pr60'ar (141).

Studies on Pr6ora' indicate that it is myristylated, phosphorylated, and attached to

the cell membrane, like other replication-competent MuLV gag precursors (141).

rt was also found in the same study that Pr6QP' is not c1eaved, and in the presence

of helper Pr65,"g appears to behave as a dominant negative mutant, interfering

with the proper cleavage of the helper Pr65P~.
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Comparisons Between AlOS and MAInS

SIMILARmES
T-eeUs

-Increa.sed proliferation
-'mpaired responses tO mitogens
-Impaired C04+ cell funetion priar to changes in
CC4+ cell frequency, inctuding:

Help for COB + eytotoxic T-lymphocyte responses ta modified

self antigens
Responses to soluble antigen
~utOIOgou5 mixed lymphocyte reaetion

Help for normal B-cells

B-cells
·Polyc1onal activation
"Differenciation ta immunoglobulin s,,!cretion
"Hypergammaglobulinemia
"Autoantibody productIon
·Cjrculaclng immune complexes
"'mpaired responses ta mitogens
"lmpaired responses to help for normal T-cells
"Decreased response5 to helper T-cell-independent c1ntigens
"Development of Iymphomas

Non-T, non-II-cens
"Increased proliferation
"Decreased natural killer ceU function
"Decreased natural killer responsiveness

Other
"Lymphoproliferation
"Enhanced susceptibilicy ta infection
"Effeeu of major histocompatibility complex polymorphisms

on disease progression
"Disease more rapidly progressive in neonates chan adults

DIFFERENCES
-Lentivirus in AlOS, C-type murine leukemia virus (MuLV) in MAlOS
-C04 as the prOminent receptor for HIVt not for MuLV
-Neurodegenerative disease in AlOSt not in MAIOS
-Kaposit s sarcoma in AlOS, not in MAIOS
-Opportunistic infections are a mue" grealer problem in AlOS

en., eytotoxic T..lymphocyte.

Table 4. Takeo from (228).
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Nlutational studies on the viral genome indicate a strong selection for an

intact Pr60rar in causing ~1AIDS (140, 142). ~!yristylation of Pr6QP' is necessary

for full induction of NIA1DS (142). Other studies show a clear requirement for an

intact Pr60rag in causing MAIDS. Huang et al.(140) constructed a series ofPr6orag

truncation mutants, which revealed a need for intact Pr6ora
, and especially the p12

dom:lin, confirming results obtained by others (167). furthennore, deletions in

the 3' end of the genome. which does not contain coding sequences, only slightly

impair the ability of the viral protein to induce disease. Contrary to the results of

others l267), Huang et al. (140) found that an intact Pr6~ag is required for full

induction of lvlAIDS, not only the MA(p 15)-p 12 domains.

7.2- The A'IAIDS de(ective vinls is suŒciellt to induce AtIAIDS in the absence of

viral rep/icl.ltioll:

Prior to the cloning of Du5H, il was postulated that viral replication was

necessary for the development of MAIDS (43,126). Ta study the role of viral

replication in the development of MAIDS, helper-free stocks of the lvlAIDS

defective virus \Vere constructed (143). These viral stocks \Vere efficient at

inducing MAIDS in the absence of viral replication. Further proof (hat viral

replication is not needed for the induction of MAIDS cornes from studies \vith

anti-viral drugs. MAIDS \Vas inhibited only in animais given 9-(2

phosphonylmetoxyethyl) adenine immediately after virus inoculation. [f given

laler. this drug could not stop the development ofMAIDS (102). The use of the
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Figure 4: Structure of the MAIDS defective virus (Du5H) in comparison to the

non-defective RadLV. Common restriction sites are shown. Note the large

deletions in pol and env. The gag sequences are homologous in piS, p30, and

plO. White box: homologous; black box: deleted; hatched box: unique sequences.

BIl, Bgill; Bs, BstE U; K, KpnI; P, Pst!; Pv, PvuI; PvII, Pvull; X, XhoI; Xb, XbaI.

Circled restriction endonuclease sites are present in Du5H, but not in RadLV.

Takeo from (10).
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helper-free system has greatly facilitated the study of MAIDS by eliminating

many uncontrollable (or unknown) variables trom the experimental design, such

as the presence ofreplicating ~luLV and ~lCF.

7.3- The I.'vL4IDS defective vinls infects ce/ls orthe B linea~e:

A critical role for B ceUs in the development was tirst suggested by

experiments in which mice were depleted of B cells by treatment \Vith anti-f.l

antibody (46). At this time it was already known that animaIs inoculated \vith the

N1AIDS virus mixture develop polyclonal B ceU proliferation and

hypergammaglobulinemia (175). Late stage disease in these mice is characterised

by the outgrowth of clonaI or oligoclonal 8 cell populations and the development

of 8 lineage lymphomas (174). It was not clear, ho\vever, if these 8 cells \Vere

the targets of the N1AIDS defective virus or if they \Vere stimulated to prolitèrate

by a secondary, indirect mechanism.

The use of helper-free MAIDS defective ViruS \Vas instrumental in

ascertaining that B eells are the primary target of this defective virus. By using a

eombination of Southem analysis and ill situ

hybridisationlimmunohistochemistry, Huang et al. (145) were able to identify

most infected eells as belonging ta the B lineage. These authors argued that the

intèction and proliferation ofthese target B cells appear to be the critical events in

the development of MAInS. This is supported by both earlier and later studies on

mice infected with either the helper-free MAIDS defective virus or the LP-BM5

virus mixture. ivlice treated with the immunosuppressive drug cyclophosphamide

were protected from the disease induced by helper-free MAIDS defective virus by
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inhibiting the proliferation of the defecrive virus target cells (291). Later \vork

using mutant mouse strains infected \Vith either helper-free ~lAIDS defective

virus (292) or the LP-BM5 mixture (171) confinned the theory that relatively

mature B cells are the target of the defective virus and that infection of this target

cell population is critical for the development of~IAIDS.

7../- The l'ole orT cells in the development ofAIAIDS:

7.4./- CD4~ T cells:

Functional T cells, and specifically CD4- T cells are required for the

development of ~V\lDS as shown by the lack of disease in nude mice, or in mice

depleted ofCD4~ T cells by antibody depletion (237,334). Although not infected

by the ~lAIDS defective virus when helper-free stocks are used (M. Huang, C.

Simard, and P. Jolicoeur, unpublished data), these cells are infected in mice

inoculated with the LP-BM5 virus mixture (180,304). The CD4- T cells are

required to trigger the proliferation of the infected 8 cells and the subsequent

spectrunl ofdisease (292,334).

Curiously, even though the CD4- T cells are required early in the disease

to allow the target B cell expansion (292), these cells themselves become

anergized as the disease progresses, even as their numbers increase. As early as

(Wo weeks post-infection an increase in CD4· T cell numbers and size is observed,

and these cells exhibit a memory/activated phenotype (238). This change in CD4

T cell phenotype is paralleled by their inability to proliferate or to produce IL-2,

IL-3, IL-4, and INF-y in response to stimulation \Vith mitogens, superantigen, or

anti-CD3 (238), although responsiveness couId be restored \Vith PMA and
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ionomycin (92). This signalling defect has been shawn to involve impaired

calcium mobilization (206) as well as an uncoupling of the TcR from the

phosphotylinositol hydrolysis path\vay due ta deficient activation of PLC-y1 (92).

It has been suggested by several groups that the T cell anergy observed in

~LAJDS is a consequence of stimulation by the MAIDS defective virus Pr60rag

(see beiow), and that this viral protein aets as a superantigen (148) with specitïcity

forT cells expressing VPS-, 11-, and -12 chains (148,164).

Evidence for a superantigen effect has been provided by in vitro

experiments using a single 8 cell lymphoma line, 86-1710, derived from mice

inoculated with the LP-8M5 mixture (129,164,167). However, there is liule or no

evidence ta support this superantigen theory. One group claims to have observed

a preferential expansion and activation of V~5 CD4- T cells during the early

course of MAIDS, although this expansion was very slight (284). The vast

majority of evidence, bath in vitro and in vivo, however, rules out any

superantigen effeet of the MAIDS defective virus (75).

Other groups have not observed any preferential expansion or deletion of

C04- T ceUs expressing particular Vp genes during the course of MAIDS

(176~23S). As weIl, T cells from fully allogeneic H-2b ~H-2d SClO chimeric

mice fail to respond to the B6-1710 cell line, although these mice develop

fvlAIDS (109). III vitro experiments in which the MAIDS defective virus was

introduced into fibroblasts and B ceUs expressing MHC II did not elicit any

stimulation of cells expressing V~5 (75). The same group also reparted that mice

lacking V~5 T cells did not show any decrease in susceptibility ta MAIDS (75).
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Interestingly? the same lab which initially reported the superantigen effect (148)

has recently reported that mice which do not express any endogenous

superantigens are susceptible ta ~lAIDS (216), thus ruling out a requirement for

these agents in the pathogenesis of ~IAIDS.

7.4.]~ CDS- T cel/s:

Although most studies on ~lAIDS animaIs have probed the role of the

CO'+· T cells in the development of the disease. CDS? T cells have also been

sho\\'n to play a role in controlling the developrnent of MAIDS in certain strains

ofmice. Nonnal:VJ do not develop ~[AlDS, but when these mice were depleted

of CDS· T cells by chronic treatment with anti-CD8 monoclonal antibody they

developed splenomegaly and the MAIDS defective virus was detected (204).

Further studies on mice genetically deficient in CDS· T cells due to disruption of

the ~2-microglobulin gene also sho\ved a role for CDS- T cells in e1iminating

MArDS virus-infected target cells (305). The same study also suggested a role for

pertonn in the mechanism of viral resistance, although the resistance was not

complete and other mechanisms involving C04- effectors or cytokines may also

be involved in mediating resistance to ~[AIDS in resistant mice (305).

Precedence for multiple mechanisms of resistance to viral infections can be found

in studies of Friend disease, a syndrome induced by a replication-defective virus

distinct from Du5H and replication-competent Friend ecotropic helper viruses.

Effective immune control against this virus complex requires both humoral and

cell-mediated responses (128,273)t and mice depleted of either CD4- or CDS- T

cells fail to fully clear the infection (273).
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Other groups have aise analysed the CTL response generated by ~1AIDS

resistant and -sensitive mice (87.282). [t \Vas demonstrated that CS7BU6 mice,

which are sensitive to MAIDS, can generate CTL to MAIDS-derived B-lineage

lymphoma lines. although it is not clear to which epitope the CTL are induced, or

even if it specific for Pr60rag (87). Another study examining the linkage between

resi5tance to ~lAlDS and a vigorous anti-Pr6(Ya~ CTL suggests that the CTL

response generated in resistant mice is not directed against the defective virus

(282). The role of the CDS" T cells in the development of MAIDS is therefore far

from clear.

7.j- The Gellelics orA,IAIDS:

As alluded to above, inbred mice differ in their susceptibility to MAIDS,

\Vith the C57BL/6 strain used as the prototype susceptible strain. Several studies

have been perfonned in order to understand the observed range of sensitivities to

MAIDS seen in mice of different backgrounds. [t has been reported that H-2

associated genes influence the development of MAInS induced by the LP-BM5

virus mixture (122,205). The b, f, k, q, r, and s H-2 haplotypes were found ta be

associated \Vith susceptibility to rvlAIDS (205), whereas the d and a H-2

haplotypes were associated with resistance to MAInS (122). Other studies using

helper-free N- or B-tropic pseudotypes of the rvlAIDS defective virus failed ta

sho\v a clear correlation between a given H-2 haplotype and resistance or

susceptibility to disease (144). The same study showed that the Fv-l b genotype

does not confer susceptibility to MAIDS, as suggested by others (126) who used

crude stocks of defective virus pseudotypes representing mixtures of B- and N-
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tropic ~luLV as well as MCf, aH poorly characterised (160,161). It is as yet

unclear as to whether the Fv-l" or Fv-l b alleles can block the development of

J\-IA.IDS in mice inoculated with incompatible helper pseudotypes of the tvlAIDS

defective virus. A study on the int1uence of H-2 Class II on the development of

MAlDS reported that Ea. moiecules can also mediate sorne resistance to the

disease, although the mechanism by which this occurs is unknown (20ï).

Despite the apparent complexity of the genetic factors controlling MAIDS,

it was detennined that there is a very strong correlation bet\veen the resistant and

susceptible phenotype and the absence or presence of defective proviral DNA and

Rl'\!.-\ in the spleens of these animaIs (144). The presence of defective proviral

DN.-\. and R1'JA reflects the clonai or oligoclonal expansion of the infected target

B cells, and these results suggest that this target B cell expansion is genetically

controlled and is necessary and perhaps sufficient for the development ofMAIDS.

Another interesting feature of this disease is the fact that susceptibility to

tvlAIDS is dominant over resistance in FI crosses between susceptible and

resistant strains (126,144,205). Resistance to MAIDS is therefore likely a

consequence of the absence of a critical factor(s) essential for the expansion of the

intècted 8 cells and not due ta the presence of a repressor which inhibits the

infected B cell expansion.

7.6- Tire role D'cytokines in MAIDS:

The T cell activation and dysregulation seen in MAIDS includes the

aberrant expression ofcytokines. In normal mice y analyses ofT ceU clones and in
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vivo T cell responses to various antigens have sho\vn that there exists several

patterns of cytokine secretion by subsets of CD4- T helper (TJ ceIls (for review,

see (302». The THO subset is the precursor to the TH l and TH2 subsets. THO cells

express IL-2, IL-4, IL-ID and INF-y. THI cells produce IL-2 and INF_O(, but not

IL-4 or IL-ID, while TH2 cells produce IL-4 and IL-I 0, but not IL-2 or INF-r.

Several studies have been carried out on the patterns 0 f cytokine

expression in LP-BwI5 virus mixture-infected mice (36,105,131,261.314). It was

found that early atler infection \Vith the LP-B~15 virus mixture a THO-like pattern

a f spontaneous cytokine expression was observed, \Vith IL-l, -4, -6, and -10 and

INF-'f being produced. Later on, however, CanA stimulation of splenic cells led

to increasing levels of Thl cytokines, \Vith a large decline in the levels of TH 1

cytokines (105). This suggested that a THO ta TH2 switch may occur during the

course of wlAIDS and prompted funher wark to more closely examine this

phenomenon.

Kanagawa et al. (165) studied (C57BLJ6x129) mice bearing a deletion of

the IL-4 gene (IL-4~" mice). The time course of MAIDS in these mice \Vas

significantly prolonged, strongly suggesting an imponant role for this cytokine in

the development of MAInS. Parallel studies of IL-4.,'o mice on a C57BU6

background, however, sho\ved no difference in susceptibility to ~tAIDS

compared to wild-type mice (227). These contradictory results imply that in the

case of the (C57BL/6x 129) IL-4~· mice, a gene(s) closely linked to the IL~ gene

on chromosome Il mediates sorne aspect{s) of resistance to NIAIDS. The results

aiso exemplify the care that must be taken in interpreting results tram knockout
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experirnents when different mouse strain backgrounds are involved, especially in

a syndrome such as MAIDS which is known to be genetically complex (for

example see (244».

To further the hypothesis that a THO to TH2 switch is an important factor in

the development of MAIDS, several experiments have been carried out in an

attenlpt to inducè a TH1 response (or to prevent a TH2 response) in ~1A1DS

susceptible mice (71,72,105,131). One approach used by several groups has been

ta inoculate other pathogens, apart from the MAIDS virus, into susceptible mice,

that are known ta induce a TH I response. For example, infection of C57BL/6

mice with Newcastle disease virus, which induces the expression of lNF-a/~, or

the direct administration of INF-aJ~ significantly slowed the development of

MAlDS (131). Similarly, co-infection of CS7BL/6 mice with the LP-BM5 virus

mixture and Leislzmania major, which induces a strongly polarized TI{ 1 response

in C57BL/6 mice, can modulate the development of lymphoproliferation and

immunodeficiency caused by MAIDS (71,72). This was shawn to be partially

dependant on the induction of !NF-y by L. major, while concurrent treatment with

an anti IL-4 antibody synergized with !NF-y ta inhibit the development of MAInS

(71). These results show that [Nf-y and IL-4 play antagonistic roles in the

pathology of MAInS, which was implied by previous reports (14,81,106,286).

Furthermore, it was aiso shown that in vivo treatment of CS7BU6 mice ,vith IL

12 protected mice from MAIDS (105). The beneficial effects of this treabnent

were dependent on INF-y synthesis and were associated with inhibition of B cell

proliferation and activation.
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These studies suggest that contributing ta the pathology seen in MAIDS

may be the host's O\vn response ta the virus. The TH2 pattern of cytokines

observed in MAlDS could play a raie in allo\ving expansion of the MAIDS

defective virus-infected B cells rather than inhibiting an antiviral response. As

mentioned above, a similar TH 1-TH2 s\vitch has been proposed as a possible

mechanism in lhe pathogenesis ùf AIDS (50). \Vhile there are significant

di fferences bet\veen HIV-1 and MAInS virus infections, there are similarities

between the t\vo \Vith respect to the possible contribution(s) of cytokines to the

pathology of immunodeficieney seen in bath syndromes. Understanding the raIe

of cytokines in rvIAlDS may shed light on similar mechanism(s) operating in

AlDS.

7.7- How cloes (he A-fAIDS defeclive vinls cause Nl4IDS?:

There are t\VO, not necessarily mutually exclusive, maIn hypotheses

regarding the central role of the MAIDS defective virus Pr6ora~ in inducing

rvlAIDS. The first hypothesis, put forth by Hugin et al. (148), is founded on the

premise that Pr60raK behaves as a superantigen, thereby anergizing the CD4"' T

cells that come into contact with this molecule when presented at the surface of

the infected B eells, or other APC. Classical superantigens are defined by their

ability, when complexed with MHC c1ass II molecules, to engage a high

proportion ofT cells based predominantly on their expression of specifie TeR Vp

genes (153,213,279). There are no superantigens known which anergize aIl Vp

subsets. These authors propose that the CD4· T ceUs are activated by the putative

6S



Pr6()P' "superantigen" and then proliferate and produce a variety of cytokines in

response.

This hypothesis is based primarily on in vitro studies which used B cell

lymphoma celllines from LP-BrvI5 virus mixture-infected animaIs to stimulate T

cell hybridomas bearing Vn determinants 5.1, 5.2, Il and 12 (129,148,164,167).

[n \'1\'0, however, there is iittle or no evidence (0 suppon the theory that Pr6o:"f

acts like a superantigen. Several groups have searched for a preferential

expansion or deletion of V~ subsets during the course of MAIDS, yet only one

group reported a very modest expansion ofV,,5 C04· T cells early in the course of

disease (75,284), and other groups observed no difference in Vp subsets during the

course of ~IAIDS (238). As well, mice transgenic for TcR Vn3, which should not

recognise the ~tA1DS Pr60'af superantigen, developed tvfAlDS (176). Similarly,

as discussed above, H-2L+H-2J allochimeric scm mice fail to recognise the

putative superantigen, yet still develop MAIDS (109). Although this theory is

appealing in many respects, it rests mainly on in vitro results obtained using t\vo

tvIAIDS defective virus-infected B cell lymphomas, and there is liule or no

evidence for an ill vivo superantigen effect, although it has been reported that

~IHC class II expression is required for the development of MAIDS (108),

implying a role for antigen, be it Pr6()p1 or another molecu1e, in the progression of

MAIDS.

Our group has proposed a second hypothesis ta account for the

immunodeficiency induced by the MAIDS defective virus (143,160,161). In this

model, immunodeficiency arises as a paraneoplastic syndrome, as a consequence
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of infection of the target B cells with the MAIDS defective virus. Infection of the

target B cells could lead to the production of a factor (or factors) harmful to the

immune system, or these infected B cells could directly interact with other

immune system cells, especially T cells, thereby leading to immunodeficiency.

Supporting this hypothesis is the fact that infection of mice with helper-free

~[A1DS defecti ve virus leads to the clonai outgrowth of B ceUs (143) with

subsequent immunodeficieney. If the proliferation of the infeeted B cells is

arrested by treatment with anti-neoplastie drugs, immunodefieieney is averted,

again supporting a raIe for the proliferation and expansion of NIAlDS defective

virus-infeeted B cells in the development of MAIDS (291). \Ve have aise

observed that infected B cells can influence T cells at a distance, \vhere the

infected B cells are not yet present (290).

Although Pr60rat is postulated to infect and reprogram ils target B cells,

leading them to proliferate and induce immunodeficiency, it does not appear ta be

directly oncogenie in vitro or ill vivo (S. Klein, C. Simard and Paul Jolicoeur,

unpublished results), and may therefore exert its effects by activating one or more

signal transduction pathways in its target cells (79). We have also studied the

potential of Pr6Q1df to act as a putative superantigen, and have found no evidence

to support this hypothesis (75).

Despite the major differences in the two models put forward ta explain the

immunodefieiency induced by the MAIDS defective virus, they still share sorne

common ground. In both models, 8-T cell contact could play a key raie in the

induction of the polyclonal T cell anergy observed during MAIDS Support for
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this concept is mounting from studies in which sorne aspects of B-T cell

signalling have been disrupted in vivo by antibody treatment. For example,

treatment of mice \vith antibody to the ligand for CD40 (gp39) inhibits N1AIDS

(116) as does antibody treatment to CD54 (ICMt-I) and eDI1a (LFA-l) (208).

Ir has also been reported that FasIFasL interactions may play a raIe in NlAIDS

based on stuàies in {pr and gld mice (166). Further studies on the role of B-T ceB

interaction in this disease will yield more infonnation on the central role of

Pr6~J in this complex dîsease.

As discussed above, B cells play a crucial raIe in the development of

lvL-\IDS, yet there is much to learn about their identity and the mechanisms by

which their infection with the ~lAIDS defective virus triggers immunodeficiency.

\Ve therefore undertook both in vivo and in vitro studies in arder ta gain funher

insight into the identity of the target B cells and how the ~lAIDS defecti ve virus·

B cell interactions trigger this disease. These results are presented in the

following four chapters.
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As discussed in the preceding chapter, both B and T cells play an

important role in the development of N!AIDS (2,4,6,7), even though only cells

belonging to the B cell lineage appear to be infected by helper-free stocks of the

~lAIDS defecti\'e virus (1). It was aiso known that infection of these cells \Vith

the ~L-\lDS defective virus leads to their proliferation and clonaI expansion (3,5).

[t W::lS not yet known. however, if a mature or an immature B cell population is

the target of this virus. nor was it known if the presence of other cell populations

is required for the proliferation of the infected 8 cells. In light of the importance

of this 8 cell population for the development of M.AJDS and (0 study the

contributions. if Jny, of different lymphoid subsets to the development of

.\1:\105, we studied the susceptibility of seID, C04"'-, and nude rnice to the

~L\IDS defective virus.

Carole Simard \Vas involved in the analysis of aIl the mutant mlce

exammed in (his manuscript. l \Vas heavily involved in studying aU aspects of the

co·r· mice, including the breeding of these mice, as weil as the FACS, Northem,

Jnd 11l situ hybridization/immunohistochenlistry analysis of the mlce.

Additionally, [ performed the Northem analysis of the (C57BL/6 X BALB/c)F,

nude mice which were inoculated \Vith the MAIDS defective virus. Tak ~'1ak

supplied the initial breeding group of C04'/· mice. This manuscript \Vas published

in the Journal ofVirology 71:3013-3022 (1997).
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Rl;CCIVCÙ \:5 JUly 1'J4tl/AI.'CcptclI l') Deccmllcr i\)9ti

Murine AIDS (MAIDS) is induced by il derective rctrovirus that infects lymphocyte cells of the B Iinc~age. To
determine \t'hetller functionnl T cells are required for tbe infection uf B eeUs, T·cell-deficient mice (nude, CD4
knockout, and SCIO) \t'cre infected \t'ith helper·free stocks ur the MAJDS defective virus. Infection of B cells
WHS monitorcd by Surtbern blut analysis and in situ hybridization. The CS78U6 nude miee contained dU5ters
uf infected 8 cells, but less so than did the euthymic mice. In contrnst, the (CS7BU6 x BALH/e)F, Rude mice
harbored more infected B ceUs than did their euthymic littermates when mointained in a pathogen-free
environment. CJusters of infected B cells were IIlso detected in the MAIDS virus-infected CD4-1

- knockout
mice despite the totnll.lbsence uf CD4· T ceIls in these mice. Huwever, infected cells were not detected in SCIO
Iniee (deftcient in mature r ilnd B cells) inoculatcd with the same virus, indicating that precursor B cells are
not a target of the virus in the 'Ibsence of mature CD4· or cells. Tltese data conftnn lhat the primary event in
the development uf MAlDS is tbe infection of relativcly mature peripheral B cells and lhat C04· T cells are
required to promote the expansion of these inrected B cells.

• Murine ALOS (MAlDS) IS characterized by ~plenomegaly •
lymphadenopathy, hypergilmmnglobulinemîa, T- .uld B-~el1

immune Jysfunctions. increased susceptibility to opportunistic
infections. ~md late appearance of Iymphomas (for reviews. see
references 12, 28. ,,"ct 29). The Jisease is induced by ~l defec-

~ [ive l'etrovirus (1. 7) which appears [0 .:ncode a single gene
product. the Pr6(Jl"" protein (7, L7). By using l1elper-free stocks
uf this defcctive virus, which ~lllo'N lIlitüll ccII infection but no
~ell reinfection and no virus rcplicmion (1 S), je has been pos
sible to detcnnine that most of the celis infected by the defec
rive virus belong to the B-ceillineëlge (20, 38). These eells wcre
found to proliferatc markedly and ro .:xpand clonally after
being infected (18. 20. 38). These .itudies did not determinc
whether mature B cells ~lre initiully the t'lrget uf the virus or
whether more immature B-cel( precursors are initially infected
and dilfcrentiate aftcr being infected.

The mechanisms by which MAlDS uevelops are poorly un
derstood. Although CD4 .. T eeUs are aJl profoundly anergized
in MAIDS (t, 5, 12, JO, 32). chey arc rnrely infeeted when
hclper-free îtocks .lre uscd (J8a). However. the presence of
both T- and B-lymphoid ccli populations !las been reported to
be required for MAIDS devclopment (4, 14, 24. 31, 40). Mice
depletcd of CD4'" T ceUs by anti-CD4 antibody [reiltment
beeame rcsistant to MAIDS (40). Nude mice were also pro
teeted from lymphadcnopathy. splenomegaly. and l1ypergëlm
maglabulinemia after inoculation with the replication-compe-
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tent LP-BM5 MAIDS virus stocks (14, JI). Similarly, mice
uepletcLl üf milCurc a ceUs with anti·lgM antibody trcatment
ëlnd fJ. -1- knockoU[ miee were also resistant to MAIDS (4, 24).
Together. these rcsults suggestcd that the contribution of sev
\Zrul cell populations might be required to allow the initially
infeeted Bcells to prolifcratc: and to induce thc severe immune
defects seen in MAIDS.

[t hus Ilot yet been determined whether Bcells were infected
'lOd ~xpancted in the MAIDS virus-infc:cted nude or CD4'"
T·cell- or B-cell-cJeplcted mice. [n vicw uf the import,lOce of
this B-cell population in MAIDS. it appeëlrs critical to detcr
mine whether the resistance to the disease prevcnts this B-cell
infection and proliferation ur whether r~istancc is manifested
in the presence of proliferating infected B cells and whether
CD4" T cells <Ire requircd for the initial infection of B cells.

To guin additional informution on the import.lIlce .md con
tribution of various Iymphoid ccll subsets in the dcvclopmem
of MAIDS. wc studied the susceptibility of mutunt mice (nude.
CD4 -1- knockout, 'lOci SelD mice) to the MA[DS defective
virus. Thc nude mice suifer from a congenital thymic aplasia
leading to the virtual absence of functionul lymphoid T cells.
with no impëlinnent of a-cell numbers (21. 35). The C04-1

knockout mice harbar a null mutation of the CD4 genc and
have no mature CD4'" CDS- T cclls but have normal popu
lations of mature CDS'" CD4- T ecUs and uf B lymphocytes
(36). The SC(D mice arc severely delicicnt in both numbers
and funetions of mature T and B ceIls Jue to the impuirment
of the VDl rccombinase ~1'stem rcquired for the T·cell recep
tar and immunoglobulin (Ig) gene reitrrnngemcnts (3. 37).
Development of bath T and B ecUs is aborted at .111 carly stage
of dilferentiation. This delicit in lymphocyte maturation is re
tlected by an abnormal thymus that is sparsely populated with
immature lymphocytes and by the virtual <lbsence of T <lIld a
ecUs in the peripheral Iymphoid tissues (10, Il). However. the
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TABLE 1. SUliccpuhility lit l.:untrul .mll nuue C57BU6• micc tll MAlOS

ln .~Itu

Muu."C IJhl.:nlltyp\:,'
Virus lime III' % 1'1' C03 pu...üiye l:eIL....•

IIIIICulall:u" 'ilcnlicc (UilYS) T I:ells'
sr LN

C-21 WT WT 45 ND + ++
C-22 WT WT ~5 ND ++ ++
C-24 WT WT ~5 ND +++ ++
C-25 WT WT ~5 ND +++ +-+
C-5 WT U3 45 ND + ++
C-/) WT U3 ~5 25.1) ++ 1"+
C-7 WT U3 45 275 <:+ <:+

C-26 Nuue WT 45 ND
C-17 Nuue WT 45 ND <: l- <+
C·1M Nuue WT 45 ND <:+
Col Nulle U3 45 ND <.t- 'l-

C-l Nulle UJ 45 ND ++ ++
C.l Nulle U3 45 ND <+ +
C~ Nulle U3 45 ND <+ +

e-," Nulle UJ oU 1.5 .,.+

C·\) Nulle UJ (111 0.7 .,. ~1-

C-II Nulle U3 (lil 0.6 <+- ~+-

C·12 Nulle U3 (lll 0.7 <:+ <l-

e-I) Nulle UJ (Ill 0.5 + +-

•

•

., WT, Wllu-lype cllthymlc.
"WT, wlld-IYfle Ou5H MAIOS ucfr.:l.:t1VI.: vIrus; U3, dllmcrlC Ou5H/Mn·LTR

Mi\IOS uc:li..-ctlye vlrUli. ~ice n:cCIVI..'U 1.5 lUI ..1' 11l:I~r-l'rcc ~tllCk.'I Ill' Y!nlllC.'i 1.1'.
, Pcrccntill;c ,If C03 ~ T ;.:clls .IS dClt:rrnllll:U 11y FACScun .1l1llI)'1lL'I wlth Ihc

1:ITC-14S-2CII .II1U·Il1UrIllC C03. ~O, 11111 .tUIlC.
/ Numher 1'1' 111 ..!tu ,lUSlliyc ..:clls. 'L'IIIl!: lhl.: 03lJ 101151-1) lIT thc U3 LTR

tDuSH/Mll-LTR) RNA pmht.:s. -. :IU PUS!tIYC 1:1.'11;" "'-1'. >~11% plls!tjve I:clls,
.L'i 'ihllWIl ,n I=il;, 1. SP, 'ipleell; L:'tJ, :ymph ,ullJes llnescnlenc. hrm:hml. :ngulIlul,
,eTVu:al. ,n!,.'liimmlllli..IIlU lumhôlrl.

~'lrly B-ccll precursors umil (he pru·B st'lge .lre present .lt
Ilurm,,1 Icvels in the hune lTIm'mw t la) ;tl1U are highly suscep
[jblc to transformation by the Abelson murine leukemia vÎrus
(MuLV) (13), ln the SCIO IniCe. the myeloid lineuge Îs not
.ltfecteu and dcvelops normally {2, li), Thercfore. infection of
SelO lllice muy hclp in idemifying the 'itage .tt which cells of
the B line'lge ;lre infcctecJ.

W.::. l'CpOt't here thut SCIO mlce .Ire poorly infcctahle by
hclper·frec stocks of the MAIDS Jefcctive virus whereas nude
anù CD4 -1- mice ..:xhibit moùest populations of MAIOS de
fective virus-infcctcu B .:clls hut 110 ..:nlurgmcnt of lymphoid
organs. These data suggest that the infection nf the primary
mrgct B cells by the MAIDS Jefective vÎrus and the subse
quent lymphoproliFerative disonier 11HVC dilfcrent rClluire
mentit for CD4" T-cell factors.

MA'rF.KIALS I\NIl ME'I·tIODS

,\IIi1uuL'f .md yina~ell. Inlm:u CS7t3L'C) miee .1I1U alhymle: I\uue 1"let: Wl.:rt:
l'UrchlL'It:d frnnt T:IL'umc: (GCTlllilnluwn. N. Y.).nle "thynllc (CS7BU6 x BALBI
I:)F, lnICI:. thl:ir I.:ulhymle lillcrm.Ul.'.'i•.•m! Ihe C.'i7BU() SCIO micc WCTC fmm
InclL'lun Llhurlllury (\3l1r Hnrhur. M:um:). 'n,C ()ALI3/c SCI 0 ,"ICC wcre kinuly
I,mvlùeu hy B. Phillil'ls (Husl'lilal l'ur Siclt Cluldren, Tnnmtu. Olllarin, C'UUUJ:I).
'n,e C04 l' knuckuul ,nlL'C Imvc Ilecn dl.'.'iCnheu Iln.oviulL'ily (3h) ant! lvere
llhlmncu 'mm the l.-ulullY .Il Ihe Onlanll Cancer In~Ulute. "rllmnlll. Onl.mu.
ClIlaua_ 'nlL~ Ivcre hred lin .l C.~7t3L'(1 hilckgrllunu fur live l:encmtiun5 hefllre
l'ICing llscd lèJr lhe 11Tl.-"'ICnl"::lipcrim!,.'lll.n,1o:l1C lnilX \VeTC scret:neu hy \.'Xôlmining
ImllJNA \Vilh ;1 Ilm"'= Ihr Ihe ~enc lür rl.'.'li.'ilance ln nenntY'.'in (Neu I,mhe) ur :1

i1mht: uerived fmm lhl.: 1I111UlIe C04 gene (15. 22), which allnweu llll tll lype
Ilcll.:nrl.Ygute l'mm humlrql;t11e !mudwut Inicc. 'nll: milX Iven: hUlL'CCd in \lur
\,'unvt:nliunill ammnl mum IIr lUuinl.uned in .1 11Ulhllgen.free CnVlmnl11enl. I.'lm
'ii.'iling ..f ;\11 .lir·lillereLi isul.llllr (llII.llt:C). Fllr 1I11C:C 1I1 the illlllulur. fnllu pelleL'I.
IYlller, :II1U hcdding \Vcn: 'ilerilizcu hy .lUluclaving. Yllung (311- ln 4tk!llY-diu)
I"UX lvere lIluc:ulilleu l\vie:t: inlmpcrilllnl.:.dly (i.p). :L'Il.lt:.'lCriheu 1,n.ovimL'ily (Ill.
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Il). lU). with hclpc.:r-rn:!,.' 'itlldu IIf the ùefective MAIOS VirlL'i, cithcr [he wilu
lype OuSH (IH. 20) lIr lhe chim!,.'ric: OuSH/Mu·LTR. Iyhich Imrhurs Inng terminal
rcl'leill (LTR) st:quenCl:.'i l'mm Mulunt:y MuLV (20. )N). The mit.'C \Vl:n: sacriliccu
.Ihnut .J5, 110. nr 125 ÙIlYS l'Illstinnculutillll (p.I.).

·nlillUe~lInapl~. At tht: limc tir slll:riliL'C. scl!,.'cteu urgun.'i wen: lixed in frl.'...hly
m..de 4% l'Iur.Jfllnnulut:hytle-phllsphillC-hulrereu 'inline anu l.'mh!,.'ddcu 10 pur
,.lIill. ;L'l L1t:licriheu l'TCvilllL..ly (lU, 23. )3). llr wen: r",~n hy immt.:rxilln in liquiu
lulmgen anu sllln:l1 al -:«rc.

IJnlbes and in situ hybridlxuliun_ HyhriuizuLiun Ill' l'urlll1in-!,.'mbcudel1 lilillUCli
wu.S pcrfllrmcd ;LS uCliCrihct! pn..."musly, wllh I~S·luhelcd RNA l'rubc.'I (211).
Suulhl.:rn .mu Nnrtht:Tl1 blllt ;lI1l1lyscs w!,.'rc Ilcrfllrmed with 11P.lahcleu ONA
IlmoCos. '11\1: ~pec:ilic N!,.'u. C04, COOl 0311, 034, ~'L'ulrupic MuLV (ECII), ;lnu
Mlliulley !'iIlILV U3 LTR RNA l'Inlhc.s hllve heen ùl.'.'iCrihel1 .:lscwhcTC (6.15, :!ll.
27, 33• .lN). 'n,e D3lJ l'InJhe WllS ùeriveLi fmm lhe llilitlu!,.' rcgllll\ ur Lhe MAIOS
ùcfective viml OllSH ONA (1). 'n,e 034 Ilnlhe cumpri.'1l.'.'i Ilucll:uliues JlJ(12 tu
~ 1N4 ur Du5 H {I Ml. °n'e specilicil~ III' IhClie 11mhl.'.'1 hns hecn Uiscull.'iCU pn:villusly
(1. IN). Tu lletect IKS rRNA•.I ~P-lulll:lctl ,.ligunudculil1e (S'-ACGGTATC1"
GATCGTClïCGAACC.)') WIL" u.'ieLi.

llluw cyluluetric altlllYllÏli. rrl.'.shly ùu;peTlicli 1."Clls l'mm Ihe lIlellcnteru: Iymllh
Illldl:.'i ur 'iplcen... wcTC luhelt:tJ WIlh antlhudic.....L'I ùl.'.'iCnh!,.'u Iln:Vlllusly (IS, ]4).
Cl.'lIs were 'itllllleLi ùirt:ctly wilh IlUlITI.."i(.'C1I1 ISlIthiuc,:YlInllLc {FtTC}-t.:unruglllcu
GK1.5 (munne ,mti-C04) llr FITC-14S·2C11 (munne ;lnli·C03) munuc:Jllnal
.1I1l10IlUil.'.... 11,c Iluw 1...ytUlm:tric anuIYlli.'I WlL'i perfnrm!,.'d wilh a FACSclln (l3ectun
Dic:kinliun) ;L'i pTCviuLL'Ily l.Ic.'iCnht:L1 (\S, .14).

1),,"hlc:·lllbel iUlinultuc:,llIcl,,:mutry a"cI in silal hybridl~ticlII. InllllulUx:ytu
~hcl11lstry lU uclcct Ihe B~'CtI-'1flCcil\c 132211 .lIltlgcn hus hecn Jl.'.'iCrlheu Ilefun:
(211). [:ur Ihl.' ulluhle·lnhcl ilumUlltlc:ylue:hcnu:ury. lhe RA]·tlB2 (rul I~G2) .lIlli·
I,uuy lOI 1"'11.1 ~In III' R. CuIfmun. DNAX I~cscurch In.'illtllle ,,1' Cl.'Ilullll' .IIlU
Muleculilr l3illhll&)', IJaiu I\ltu, Cillir.) .lnU Ih!,.' mhhil ,IIlU-r.ll hllTliernuish (,!,.'mx
lÙIL'IC lYeTC lL'il.:U, FlllluwlIlg tmmunuC:Yluchcmlstry, iliuL~ weTC pnlCC.ucu inml!,.'·
Jiiltcly fur ln iltu lIyhrldi~ltillll.

euliA ithllullllilln tul. Cl.'ILs hllrvl.'.'1teu l'mm mc.'ielllenC lyml'lh IIUUCS \Vere
rl.'.'iu-'ipenul..'u III RPMI ICi4ll-IlI'lf. l'etui cuir ..erum-2 InM ..-gluttllntnc-III- 1 M
1~·merc:ll'Illlt.:lhllnul-illllihillliC-" (pl..'n1clllin .IIIU ilTCptlll11~il\). 'nte I.'CIL'I wcre
ilimulmeu hy the mltugen t:unC:lI\uynlin r\ (CImA) .It lnere:L'IlIll; I:nnL'CnlT:ltinns
(l'mm Il lU !Il ~ml) ;lS rc:pmtcLJ 1ln.'Yiuullly (l, Il), )I}). Triplicntl:.'1 were llllll!,.' al
....:Ich dilullUIl. l'ur ....nch innl!"lc. ·nl!,.' hllck!:nlllnd (wIlhuLll CunA) W:L'I suhlltr:lcleu
l'mm the ,nl.'iln cuunls,

I(NA extnlcUon .mcl hybrldlzuUon. 'rlltnl RNA WIL'l cxtntctcu (IJ) .Inu hyhriu
lôCt:U Wilh I~P·lilhelcd 0311. 034, Ilr Ihe Ecu JlTllhc.s, ,L" prcvulIlldy dl.'.'iCnht:u ( (tJ•
lK, ,'\9).

UNA I..'lllr.ac:tllm ;mll h,lIridIZlltllln. Cdlulnr ONA.'i wl.:re l'Ircpllrcd. Jigc:.'Ileu
'Nlth Il.'.'llnc.:llun l.'nuUnucl!,.'lL'iC.'I•.Inu hyhrtuizctJ l'y lhe Smlllll:rn 1!,.'ch11111Lll:••L'I
dCliCnh!,.'u IlrL'Ylllu:dy (1 M. IlJ)

RESULTS
ModeSI susceplibilily of C57B1..I6 nude Inice to the llrolifer·

iUion-inducing polential of the MAlDS deredive virus•
C57BUIU anù C57BL/6 nuùe mice, l<lcking most uf their runc
tinna! T cells, were reported ta he resist.mt to MArDS (14,29.
JI). These micc were inoculutcd with rcplication-compc:tcnt
stoc~ uf Lp·BM5; they devcloped nu splenomcguly or Iymph
<tùenoputhy Land survived for more than 1 year after virus
inoculutiul1. in .;ontmst to wild-typc mice inoculateù with the
'illmC virus ([ 4, 31). Howevcr. the fate of the Jefective virus
ancJ the iuentity of the infcctccJ eeUs in thcse resistant rnicc
wcre not stucJicd ~xtcnsively,

Tu uctcrmine whether the MAlDS defective virus WOlS nev
.::.rthelcss ablc to infect its target B cclls (20), which develop
l10rmillly in nucJe mice (2L, 35). C57BLJ6 nucJc and control
..:uthymic mice wcre given intraperitoneal injections of helpel'·
free stocks uf the MAIDS defective virus: namely. the wild
type Du5H ( l, 18, 20) or the chimeric Du5H/Mo-LTR (20,38)
stocks. At 45 or 60 ùays p.i., ail seven l.:uthymic C57Bl/6 micc
inoculateu with stocks of ~ither virus showccJ il signifiCéll1t
splcnomcg'lly anu/or lymphadenopathy (dam not shown). as
previously rcportetl (18,20.38), ln contmst, the C57Bl/6 nuue
micc (If = 12) inoculatctl with the sllme virus stocks lUlU nn
.'iignilicant cnlurgment of their spleen .mù Iymph nodes com
pareu to noninoculated C57BU6 nude mice, contirming pre
vious ubselVations (14. J L).

Bec.lUse the devclopment of MAIDS has been reportcd to
he uepcnuent on the presence of functional T ceUs ( 14, 31, 40)
and l1ecause nude mice are known to have very few functionul
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r -:ells ln Lhe penphcrv (21. ,15). we :irst quanti/iet.! Lhe pcr
-:el1ta~e I,t'T IvmpllllL'YlCS III the spleens dt' ..oille tIf the IOh:cœd
wtld-[ypc.: .Int.l nmle lnU.:C , Dispersee.! sph.:en .:clls wen.: lahdlcd
wllh the FITC:-~Olllu~atcc.l .ll1U-murllle CDJ monlldon.11 .Ulll
hody .mù .1I1aly'l.cù \VIth .1 F,\CS':;lIl. The pen:cnt'lgc Ilf CD~ .
T ..:ell:-o III the spleens III the tllh.:cted 11llt.lC 111lee W.lS vl.:rv luw
(IUm(l'r: tl,-Ul% 1..1:-0 ~xpccted . ..:omp.lrl.:d to the percenta~c ln
wlhJ-tYPc-lIllectl.:d (2(1.7(1;'· ~ j.: r~;'1 ;lI1d normal C57BLh
(ll1e;ll1 Ill' ,,5";'· 1 I11lee (T.lhlc 1: dal;1 !lnl ...hllWn).

Th!: pn.:senœ III Lhe \'h.:lectlvc Vlnlses ln [hesc IllICl: w:t:.
.ISSCSSCI.lIO Iymphold tISSUl:S hy Northern hhH .1Ila1YSls wlth [he
D111 prllhc ...pccttk lm [hl: :'vlr\IDS Jcfcctivc virai genlllllc, Thl:
levds tlt' [he ..:xpected -L~·kh M,\I OS ddecllvc vIrai RN,\ wen:
lower ln [he ..pll.:l.:ns \ll the Illtlculatct.l C57BLh IHu.lc IllICe
lcstel! than \Yerc those toullù III ..:lIlhVI1111': ..:ontml 1111ce (dat;l
IHU ...hown 1. With Ilclper-ln.:e "i1ncks \ll the vlnlS. the Icvds III
Lhe \-IAIDS dcfcctlVl.: virai RN.\ Ilr DNA rdlect expansion ql
the lllfel.:ted .:c11s hUI IItll ..:dl n':lI1fl:l.:t111n ( IS1. Wl: t:onlirmell
the .lbsenee Ill' the hC!pl.:r l:CtHrupl\: MuLV RNA JI1 tissues III

th!:se C57BLh Ilude mlce Iw hyhmlizallon \Vith the EI.:11 prohe
(daw 1101 ·i11llwn 1.

flle prcsl.:l1l.:e ln tl1l:SC \Ir~al1s ,If ..:dl~ infl.:ctet.l wlth [hc
MAI OS ddct:tivl: virus \Vas alsu .lsscsscd Iw LI1 situ !1vhndil.'l
lIun w!th hlghly spcl.:tlic nhtlprohes (~()• .IX),' ln t.:uthynlic IllICl:.
.1 si~nilic'lI1t hUI vanabk pCI'l:cnta~e Ill' IIlfl..:l.:ted t:clls t:ullh,l he
dcteclcu in lymphoil! tissucs (spleen. Iymph nuùes 1 hy lISlllg

Ihl.: D3(J (for the DuSH virus) (Ir thl.: U~ LTR {l'or the DuSHI
Mo·LTR virus} prohes (Fig. 1r\ .mu E~ T~lhlc 1)..LS reportcll
prevltlllsly (~O..'X). :\ 'iigllItical1l pcrccl1l~l!;e III in ·mu !10SltlVl:
~clls \Vas ;Ilsll Jetl.:ctcu in Ill11St Ill' the Iymph nulles ~tntJ spleens
lIt must (II lIt' I~) \11' the nutJe mll':c (Fig, 1B ;lIld F: Tahle 1l.

Wc l1ave ...hown prcvluuslv that IIIus1 Ill' the -:c1ls Ll1fected
\Vith the ·",me.: hdpcr-free ..rocks III' the MAIDS dcfcclive virus
.m.: B t.:clls .1I1d .;xpres,"i hi~h Icvds Ill' CO( RNA in their t..'Y[tl
pl'lsm..IS detectl.:tJ hy il1 ...lIu hybntJization wiLh ;l Co. -'(1el:llk
RNA pruhc (:;X). By lIslLlg rhe same [cchniqul:. wc tll liml
t.:olucalilalioll nI' 111 .. itll ..;ignals 'Ill IWU .lùj.u.:cnt "I.:l:tiun~ III'
MAIDS vlrlls-tnfcc[cd livers l'rom L'57BL6 lllu.Jc l1lÎl.:e. whel1
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lwbndiz~ù with thl.: C.. !lI' the viral probes l d'lt~l nol slmwll).
Il;dicaung that the infcctctJ ~l:Ils in [he Iluùe mlct: wcre .t1so 'lI'
B-cell Ill'igin.

.-\Itogcther. thest: J;lla lI1ùie'lte that :1 target B-ccll popula
tion 1'1' [he C57BG(l lllule mlec lS IIlfcclahle hy the MAIDS
dcfcctlvl.: vÎrus. d~~pitc a very low pcn:cnt;lgc llt fUllctiunal T
.:dls. Hllwev~r. dilllcai Iymphoprolifcratlon tJid Ilot dC\lclop in
thl.:sC miec..ml! the pen:el1lagc l't' the IOfectcu B ~clls was
tound III l'le !ower 10 Ilude miel.: [han III eUlhymlc !TIICC....ug
~l.:sul1g :1 depcndcncl.: Ilt' the infcetcu B t.:c1ls Iln Ihe presence nI
.1 l'Irgc llumher nt' functlonôll T ..:ells fm their full ~xpôlnsion .

The SUSC~I)tibility ..t'the (CS7UL/6 x 8ALB/c)F. nude tnicc
tu the prulircr.ltiun-inducing I)utenthll ur the \lIAIDS (Iefectivc
virUli rcsemblcs that ufCS7UL/(t tnÎCe. Ttl conlirm Illir preVIOllS
Ilbscrv.ltions. wc ... tuùied the dfcct \ll Ihe Iludc mutillilln 111 ;1

ditt'crClll mOllSC huckgrnunù. I1mnely. 111 (C57BLCl< BALaI
c}F, mlcc. Il Ims bccn reportcd pn.:viollsly th'lI (C5713L'C, ".
BALB/c)F~ cuthymic mlCC .Ire ~tlso ..;usccp[thle [0 MAIDS l'lut
-:xhlhit a ..i1ightly dclaycù dilllcai t:Llllrse t.:omparcu [0 C57Bl.Jh
I11ll.:e (JU). (C57BUh < BALB/c)F, 1l11lh.: I11ICe ;Ind thell' cu
[Iwnm: liUcrm;ttcs \Vl.:re illtlculated with the hclper·rrcc ...ltlcks
lit' the MAIDS dcfel.:tive dlimenl.: DuSH/Mo-LTR virus .LIll.!
were l11allltail1l:u 111 ;1 (1athogel1-lrcc isolator for ;,htllli ! 25
davs.

in ~ontrasl to thl: ...nU.lllun 111 ~lIlhvmic C57BUh mlCl.: ;lI1tJ to
previllllsly repurtcd Jal;! (~lJ). IYIll,)11aUel1opalhy .md splentl
megaly wen: IlUl ~viuenl 1I1 [he clIthymic IC57BU6< BALBI
~)FI In&ec. Al 1~5 days p.i.. the Iymphuiu mass nI' these
MAIDS-intlculatcd IllICC WOlS 1~h"+ :.: l7.\) mg (1/ = Il) ~tlm

parcd ln 1~6.2 :.: 7.1 rn~ (II = ~) fm [he I1tlllil1t1cul'llCU mice
\Tahlc 2). In ;lddiUtll1. Ll1 'iilll pusitive (infectcd) L:clls I:ollid not
he dl.:[cl.:tcu with the U~ LTR Ilrohes in ;lny tH -= III !lI' these
vtrUs-lllfcClcd micl.: (Tahle 2). t.:tlnlinlllng the ~lhscl1ce Ill' -:x
pansiull IJf the Infcctcd t.:c1ls in tllese t.:uthymic miee.

Surrrisingly. in :' nt' Il (C57AI..J() <; B,\LB/c}F l nllde mil.:e
licpl in [he s.tllle isol.ltm :lnu inocula[cu with thl.: ".lIlle virus
..tock. ;t ...igniticallt incrc'L"iC in th..:: "iizc llf the Iymph organs
(noues .IIlU spleens) was dinically cvidenl (Tahlc 2). The llleall
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l·.:n:I:IlI.II~\: dl CD*' r ..:..:11'1 IllllCSl:llle\'ll: !.N IS ,ICh.:rmlileU 1,... F.\L'Scall

lIt;1jYSI'i Wllh : he I;rrc ·(jK·[ 5 'Illlllllelullai .1I1Ilhlll.1y.

1 (""l1\ :..:~ls wer..: I)crhll'lnel! -Ill !llCSCIllI:\'ll: 1.."1 ..:ells '.YIIII ; ,~" ... 1 ','llA pcr
Ill. IS ,Ic\..:ni'cd III \lal..:r... ls ,IIIU "lclhuUs. 'lD. 11111 .hme.

illllculated wlth the MArDS Jcfct:t1vl.: Virus \Vere hypo~spon

"'Ive lU C~lI1A (Tabh: .'i).
Til Jl:tcrmil1t: tht: c:<tcnt ~)r IIlfcctiun in tht.:sc n,icc. ~urthcm

hint .ln~llysis ;lIlu/or 10 "iitu llyhriùiz'lUun were p~rrormcu with
the pl'Ohes ...pcellk t'ur the :'vtAlDS JcfcctÎvc virus. The lym·
phUlu tissues \)f lUost (C57BL'n < BALB/cIF, IlUUC miel.: (Il =
Ill) ll.lrhur Jdeetlvc viral RNA .It very high Icvds•. IS Jetcr
mlllt:t.l hy ~ol'thcrtl blllt .tI1'1lysls 1Fig. !A. lanes J tu 5) .md/or
hy 111 ·mu hyhnuizattun (T.lble ~). Wc ,,;oulJ .11s11 Jt:teet 111 ,HU

pOSItive ..:dls 10 miel.: InoeulaœJ .It ..:arlicr timcs p.1. (JK ,lI1U 7~

1:I(j. ~ "Illlflhcrn i1tUI 1I1.IIVSIl" III '111":I:IlS 1I1\C57Bull .; 11ALU/cW, "Ulle
,nn:e IIllK;ulalcd <Vllh Ihe \I,\'IDS ,ICII:CIIYC ,'lntS. r,Il;1I RNAo; l~n !41;) <vcre
-::tlractl:u .II\U 'clmralcd I1Y der.:IWllllurcsls ,1S ,Iocnheu III M;lll:nais .IIlU Melh·
,Ids. n,C ,alllples wen: hyhndi..:eu wuh '!P·lahl:h.:d IlfllhL'S. llulhvlnlC: C57RLfl
d;Ule: 1) lIr ,C57BL.rl -: I.IALU/cIF, (!;lIIe 7), ,Imllluu,,: ({"s7tU.. rl < Il,\LUlcIF,
,1:1I\c." ; III 'l .nl\:c 'vcre ~IVCII 1.11, lIliCClIuns ,ll' hcll1Cr-lrec \lllcks ,.llhe MAIOS
.;hllllenc lJu.iH/Mu.l.rR VIrilS. 1~lIll:s ~lIl1,J Il, ,pl..:en RNAs ..1' IlunlllIlClll:lll:d
! C'i7BLil aALlilclF, IllJlI~lIlLl ':\lIIl~m'l: llll~~. !·c.'lpcclIvdy. 1_1IIl: ..\. RNA
:rlll11 ,\II IlLV ·IIIUlIceU 11l1l111r L'l pll.'iIlIYC (Ilmrll!. n,C miL"\: \Yl:rl: -olcfllÏl:ed .11 1211
,lOIr.; lU. (,\) \11c lllemhr:lIll: \'r.L"i lt.,hndiJ:cl! \Vllh the '!l'.lahl:ll:llIHII prulle. n,e
1.2-I\h RN,\ '~l:Il:-" larruwl 1" 'llCCllic l,. dll: "'AIDS ,h:Ii,:~hYc \llniS. (tJ) Ille
,ame ltll:1l1hr:lIle ..hlnvn '11 pilllei \ .....as ·,v;lshcu ,mu fchyhfll1izcd wuh .1 '!l',

lahd..:d l:~'ll l'ruile. ln .Itklilllln. ,Inulh..:r ,nemhr:mc <I:U1C.'1" III ~l W:L'i hvhmliJ:l:u
,,,,"11 'he ,mlll: I:~'u prnhc. "oInll: Ihal !hc ,C57BLh < lJt\LUlcJF, ,I;.UC ItllCe

-::tlu,,'SS ':I1UII~CIlIlIL" ":~'lIlrupll: 'vIul.V RNA lI( Illd \..' khI ,.,hlll: Ihe .:uthVIUIC

('57BLhlllu 1:, llUL"\: .ln 11\11. (C) n,\: ,ame ,IlCI11hr:1Ili,;s \Ycn: \Y:L'iheti II\U
n:llVhnui7.cu wllh .1 \!l'-lahclclI lSS ,DN,\ IlfIlb..:.

•

, WT. ,,,,,ld.'vre ':llIh...lIl1l:,
• \1111,;1: \Vcn: III1ICul,lIl:ll'll. - 1 Ilf "1111 -1 IVllh : .i Inl ,II Ildfler·'n':c"llIe"~d'

hr.: .....I,\IDS ,ICICl:lIYI: .;ll11l1erll: l)\I:iH/MIl'1. rR '1 l'II" n,enl":l: ,yr.:rl: !.> IIIl,a1 Il
Il IIU ml i:'i d;lV'i :1.1.

r"lal \V\:Il.;hl .. 1 1YIII 11111 Il li 11S,'iUCS \ ,plc':ll 11111 .';\l'I\IIIS !Ynlph IUlues: 11lcscl1
.:ne. ';l:lv,c:lI. ')ll:lhasunal, 111:1..:11,.11. "'~UII1;l1. IIld IlImllarl.

'''oIul1lllefll III .1\\1 1 IlIslI IYI: '1:11 ... oJSlll~ 'hl: '1.' l.rR RNA :,rol1cs. - 1111
lm,.IIYC (1:11: _..... .';11":. ,11l'lll.vC ,:elh. 1'1 ,hll\V1l ,n r=i~. l'il', '(1I1:CII; L:'l.
'VIl1(1h 11lI1ieli 'lllcsel1lcn":.1f:II,:lu.IJ. 1l~1I1I\.. 1. XrvIC:11. ,IlCdlilSIIII;J1. IIlu lumhar "

1 'lil1l~-:11 "lAI IJS ''''as ..lwIIIII' 11l:I~fllSl;lIpl"::lllv

\V~I~ht ,'r thc iymphold 1tr!~alls dt rh...:sL.: Inh.:ct...:d mie...: was
2Cl7..1 : 11I9.'J m~ (11 = Il)• .,;ompan.:dlll ~(}4.l) =13.1 111~ (II =
.) lùr the llumnueulat...:cJ I1lIl.:C•.1l1l...:all II1..:rt.:~lse l)f _li % (T.thlc
2). Sueh varlatioll III the "IZC "f lymphlluJ .lrgans 1)[ inh:cteu
wllu-lype C57BL,6 I1llet: llOlS l'le"':l1 'lhscrvt:ll previously (Ill). rI)
..:nsure that th...:sc intt:ctcu (C57BL,(1 < B,\LB/clF l nudt: nlict:
were Jcvt:lupmg .t typical \lIAIOS ,ynurol11c. :1Il .tÙuilÎonal
paramctt:r lit Jiscase. namcJy. tht: responsc l}f thcir rcsillual T
..:dls rll CimA•.t r·..:c1I-'pt:ctlic l1litl)gen. was measurt:u. The
Cl/nA '\tltllulatÎlll1 respunsc .\I1dthc pen;t:t1ta~e llf total CD4'
r ..:clls ln Lht.: I1lcst.:nt...:ric Iymph nulles l)t thrt:e unÎnù:ctcù :U1U

"'IX jttfectcd l1ut.lt: 111lt:c \Vere .,;valu;Ltcu. nle ù:w reslt.lual CD4 .
r ...:cJls prcsent in the I1l"':SClHenc lymph Ilut.les llt tht: 1l11111ll

Icet...:ù (C57BL6< BAL13il.:lF 1 Ilude miee (I.:-i%!: 0.5% 1
n.:lam..:u .l :;lIUÙ 'itimulalOry respons~ ru ClH1r\•.tlthuugh it was
lU lim~s It:ss th'Hl in [h~ normal (C57BL6 < BALB/e)F , Illicc
1T;lhlc .l). In ..:ontrasl. th..: Cew resiuu.ll r ..:clls (~.h% ~ 1.~"~)
ln live Ill' the "iIX lcsh.:u IC57BL(1 -: BAL13It:)FI l1uut: l11ic.:c
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dHYs p.i.) that were kept in the eonventiomll room (data not

•
"hown). Also. MAIOS-infeeted eells thé\[ mliltratcd the livcrs
of (C57BU6 x BALB/e)F , nude mice inocul,lted outside the
isolator colocalized with C,. in situ-positive eells (Fig. 1 D and
H). [n addition, these (C57BU6 x BALB/c)F I nude mice
express high levels of full-Iength (8-kh) ,lOd env-spliced cco
[ropic MuLV-specitic RNA (Fig. 2B, I.mes 3 ta 5), whieh was
.liso present in lloninoculatcd athymie FI mice (hmc 2), imli·
e.lting the presence of replicative cndogenous helper ecotropic
MuLVs in this strain of mouse. This contrasts with the nhsence
of expression of ecotropic MuLV RNA in C57BU6 mice (lane
1) ~lS weil as in cuthymic (C57BU6 x BALBlc)F, mice (hmes
6 and 7). Bcclluse of the presence of replicating ceotropic
MuLVs in thcse nude mice, the number of infeeted eells 'lOd
the levels of <..lcfective viral RNA may not result cxclusively
t'rom the proliferation of intected ecUs DUl may <\!s\) r~tlcct J

rcinfcction process. Although the characteristics of the virus·
host interaction are no longer the ~mme as those of a helper·
t'rce ~ystem, these results suggest that tn a strain of a ditferent
bélckground. the nude mutation is less inhibitory than in
C57BU6 mice inoculated with replieating ( 14) or nonreplicéU·
ing (Table 1) MArDS virus.

We chamcterized thesc infected eells further by studying
their c1onality. We have previously reported that in mice inoc
ul<lted with helper-frec: stocks of the MAIDS virus, the prolif
eration of the infected B eells late in the dise.lse is clonai or
oligoclonul, as determined by JH or C" gene rearnmgements
( t8, 20). To determine whether the infccted cells present in
enlarged organs of these (C57BU6 x BALB/c)F, nude mice
inoculated with the MAIDS defective virus represent a clonai
proliferation. we hybridized DNA from these organs with the

•

CtC probe. No C" gene rearrangement wmi detected in any (n =
5) of the MAIDS-infected nude mice screencd, in contrast to
iLS detection in " MAIDS-infected control C57BU6 mouse
(data not shown). as reported previously (18, 20). This result
suggestcd that the populution of B eells infected with the
MAIDS defective virus is stiJl polyclonal, a phenotype consis
tent with reinfcction occurring in these organs. Although the
unexpectedly large number of tnfected cells in the (C57BU6 x
BALB/c)F I l1ude mice kept in the isolator is likcly to reflect
continuous reinfection via the presence of helper ecotropic
MuLV in thesc mice. it nevertheless ~)ecurs despite a rcduced
number of peripheral T eeUs. Indeed, the percentagc of CD4'"
T eells of the spleens or the lymph nodes of these mice WêlS 10w
compurcd to chat of euthymic littermates. as expected (Table
3; dntu not shown).

Altogethcr, these results indicated [h~lt in a pnthogen-frec
cnvironment, the nude mutation in the (C57BU6 x BALSI
c)F, background did not prevent the infection of target ceIls by
the MAIOS dcfectivc virus .md the development of MAIOS, in
eontrast ta il'" inhibitory etfect in the C57B1I6 background.

Modest susceptibility of CD4-1
- knockout CS7BU6 mice to

the proUreration-inducing potential of Ute MAInS defec:tive
virus. Il has been reported thilt the presence of CD4·j T cells
is required for the development of MAIDS (14, 40). As seen
above, T-cell-deticient nude mice bred From [wo distinct back
grounds are infectable by the MAIDS defective virus and ex
hibit a low to modest susceptibility to thc diseuse. Huwever, as
seen by FACScan analysis (Tables 1 and 3; data nut shown),
these mice harbor a low perccntage of CD4·" T cells, which
may contribuee to the infectivity of the target cells.

•

Ta determine whether CD4+ T cells are essential for the
infection of target B celIs, C57BU6 CD4 -1- knockout mice
(n = lU) and their control hetcrozygote or normal (n = 19)
littermates were injected with helper-frce stocks of Ou5H/Mo-
LTR MAIDS defective virus. Ta ensure that the knockout
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mice were typed correctly, FACS anéllysis was performed for
each mouse at the time of sélcritice (65 days p.i.). [n contrast ta
their CD4+ littermates, which harhored a high percentage of
CD4·" T cclls (22.5% :: 6.0%) (Table 4), none of the knockout
mice had CD4·'· T cells in thcir mesenterie Iymph nodes (Table
4). As expected, ail heterazygotes (+/-) and normal mice
(+/+) developed MAIDS. as documented by the enlargement
of their Iymphoid organs (406.3 :: 171.3 mg), eompared to
uninoeulated age·matched controls (155.7:: 5.7 mg) (Tahle 4).
However. the spleens and the lymph nodes of the CD4-/
knockout mice were not signitic'lOtly enlarged (15l.0 :: 24.2
mg), indieating that the presence of the CD4+ T eells is re·
quired for the development of the lymphadenopathy and
splcnomegaly seen in MAIDS.

To determine whether eells were nevertheless infected in
~hese mice, we performed in situ hvbridizution on tissue sec·
tians of their Iymphoid organs. Ali the hcterozygotes and the
normal mice hurbored a moderate to a high percentage of
infected cells in their lymph 110dcs and spleens (Fig. 3A; Table
4), as previously reported (20, 38). Interestingly. the lymphoid
organs of the CD4-/- mice also harbored infected cells, but in
smaller numbers (Fig. 38, C, and F; Têlble 4).

The presence of the defective viral genome in these organs
wus also assessed by Northern hlot analysis with the D30
probe. The 4.2-kb MAI0S defective viral RNA was detectcd in
the spleen of sorne CD4 -(- knockout miee tested, although in
most mice it was present at a lower level than in the hetero
zygote or normal control litterm,ltes (Fig. 4A, lanes l, 2. 'lOd
7). We contirmed the absence of replication-competent eco
tropic MuLV in these mice by hybridization of the same tilter
with an Eco probe (datn not shown).

The identification of the infected cells was tirst 'lssesscd by in
situ hybridization with .1 CtC-specific RNA probe. ilS described
above. Wc round colocalization of the in situ signais on [wo
,1djncent sections of the same Iymph node tissue hybridized
with the CtC or the viral probe (Fig. 3C and G). indicuting that
the infected cells in the CD4 -1- knockout mice were probably
of B-ccll origin. To confirm the idcntity of the infected ceUs, we
performed double-label immunocytochemistry and in situ hy
bridization with the B-cell lineage·specific 8220 antibody.
Most of the in situ-positive infected celis exhibited a weak
immunostaining with B220 (Fig. 3D), ..s shown previausly for
normal C57BU6 mice inocuhlted with the same helper-free
MAIOS defective virus (20), contirming thm the infected cells
belong to the sume B-cell line'lge as in wild-type mice.

Altagether. these datu suggest that the target B cells of the
MAIDS defective virus c~lO be infected in the total absence of
CD4+ T ecUs. BeC~luse these mice harbor" smaUcr numbcr of
infected eells than their control hcterozygote or normal mice,
these resuIts suggest that CD4-' T eeUs ..rc required to trigger
thc full proliferation of these infected B cells and the subse·
'luent development of the other mnnifcstations of MAIOS.

SelD Inice are resistant to MAlDS. [t has been reported
that mice deplcted of mature B eeUs by treatment with anti
19M antibodies (4) or ilS a rcsult of a deletion of the tJ. gene
(24) become resistant ta MAIDS. We have also previously
shawn that most of the prolifenlting eells infeeted by helper·
free stocks of the MAIOS dcfective virus belong to thc B-cell
lineage present in peripheral tissues (20, 38).

To determine whether the MAIDS defective virus was able
to infect precursar B cells in the absence uf mature T ceIls, as
the Abelson MuLV does (13), we inoculated the mutant SCID
mice. [n these mice, mature T and B cells do not develop
normally and only immature T .md B Iymphoid cells êlre
present (3, 10, Il, 37). Ten C57BU6 SCIO mice (susceptible
background), six BALB/c selo mice (resistant background),
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TABLE 4. Susceptibilily of control anù C04 -/- mice to MAlDS

• Nu. llr (llei Ilr in Silu pusilivc I.'CIL'\" ln:

MllUliC
Virus %.lîC04' Lymphlllu

Spleen Lympll IlOUel!
Illuculalcli" l.'CIL,'" lIrgnn 'Nl" (mg)

SIM [.IfC SIM urc

CD4'"
16 31.1 321 57 1 23 l
17 1- 29,4 355 ~2 5 L5 9
lM 1- 25,4 317 60 0 20 3
Il) 24.5 SUI 46 II 21 S
20 '1- }(),4 763 65 l) Il 9
22 21.5 492 U 0 l3 l)

24 'T" 26.6 743 [) 0 26 1
26 26.4 284 lU4 } 24 4
27 28.11 324 68 1 22 5
JJ 30.H TIl} .w 23 34 lU
35 .,. 20.4 341 55 Il 36 n
36 14.~ 216 47 Il 4L L
}7 19.2 334 4U () 63 3
38 1- IY.2 15L 2S Il 7 Il
41 1- l5.lI 331 n li 74 }

42 16.5 315 55 a 1 (}

..13 LJ,() 342 (16 1) 42 2
45 +- 19,6 35li 53 Il 20 3
46 14.4 346 112 li ')5 ()

Mc"" !: 50 4U6 ~ 171 56 1: 28 3 ~ ô 31 :: 24 5 1: 3

29 28.11 ISO Il () () 0
JO 29.2 159 () () Il U
47 17.5 152 0 () () U
48 27.5 162 0 () 0 0
MCilll ~ 50 22.5 -= Cl.U 156 1: (} O~1l 01:U () ()

• C04- 1
-

15 1).02 144 15 1) 1
21 +- (100 i6S 3 Il 4 ()

23 O.lIO 179 Il 0 13 li
:!5 0.U1 157 3 0 15 ()

.28 1" 1),02 154 Il 3 3l ()

32 1).tH) l)l} ô 1) 26 li
34 ~ O.uu 186 1 II 3 1
.,9 !I.un 138 Il Il 4 li
40 ~ (j.UO 143 41 1) 2U li
44 Il.UO 145 li 0 4 Il
~CllO =:iD l51 = 24 7 1: 13 li 1: 1 13 !: II ()~lI

31 O.UU 166 Il II Il li
50 ll.02 144 II li () II
~lClln !: SO 11.00 -= ll.lK) l55 1: 16 Il::11 lI~O li =11 U=II

0' C04~1 ~ ..nU C04 ./- 11lIL'\:.

" Mio: \Ven: lIuK:uhueu 1.1', (.+-) "r Ilul ( -) \VILh 1.5 tUl 'If lhe 11clpcr.frce ,tucle.'! .,1' lhe MI\IOS uCh:tlive I:hnm:fIC: Ou51-IIMu-LTR Ylnl~. They wen: 'Illl:nlic:cc1 ilt (,5
J'IY1lll.l.

o I)cn:cnlllgc "f C04 ,. SplCllIC T .:eIL'! .11I dCl~rmllll:ully 110w "'YLumclry Wllh .1 munllclUl1l11 ATC·c.:nllluBlucU GK1.5 .1Il1l-I11UfIllc CD4 .1I1uhuuy.
,1 Tutul wCI~hlll( Iymphtllu "l'gllll.": ,plccn .lIu! l.'CI'VIl."<lI, t11tIHIL'!lînul. Ilrm:hml. IllllUil1ul, .mu IUlllhur Iympit Iluue'!.
" ~Ul1lhcrllf sl1l:111 (S), tUeuium (M).I;lr~c (L)••Ir lnu milny t'uclln 1.'l)ul1l (TC) ln ~Ilu l'u,o'ilivc (vlru~illrcClCt!) dU.'!lcr.l1Il ..plccn ,UlÛ Ulilinc ntl1l1ll1nly wll:c:tcu Iymph

IllKlc.'l. PUlllllYC l.'CII~ wcn: lahclleu 'Nlllt.\ ~S-UTP nhopmhc lU lhe U3 LTR .,1' Mulul1l.:Y MuLV

•
and live ~uthymic C57BU6 mice were inoculated with helper
frec stocks of chimcric DU5H/Mo·LTR or the wild-type Du5H
defective vinas. The tnice were killed at 3 months p.i.• a time
sulllcient to allow MAIDS ta develop (38). Rcspiratory failure
was observcd in the SClD tnicc uue to late infections. At
autop~'Y, tnultiple abscesscs were round in the lungs and livers
orthe SCID micc, but their spleens .tnd Iymph nodes 'lppeared
relatively normal. ln contrast, splenomcgnly and lymphnde
nopathy were ~vident in the cuthymic C57BU6 mice (dat~l not
shawn), .15 expectcd and as shawn above.
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ln situ hybridization of the organs revealed no infected cells
in the Iymphoid tissues (Fig. 5B and C), in the !ungs (Fig. 5D
and E), or in the Iivers (data not shown) of these SCID mice of
hoth strains (n = t6). ln contmst. and as cxpected. the lym
phoid tissues of the inoculated wild-type C57BU6 mice were
ail positive by in situ hyhridization (Fig. SA). These results
indicated that SelD mice are unable to sustain the infection
and/or prolifemtion of the rarget ceUs of the virus.

lt has previously been rcported that peritoneal macrophages
were infected in mice given injections of the replication-com.
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FI(j 1 ln ,IlU Ilyhmlt:t>HI\l1l III IVlllpllUld tl~\l1l:." ,Il C04' l\I1u~kmJl C57RLh 1111~1,; IIlIl~ul:ll\:ù l'Illh lhl: MAIDS uC!CClIVI; ·Ilr\l~. CD4' lA .1I\t! El .lIui C04
iJltK:I.;uUI \ B III f) .1I1t! 1; tu H) C.'i713l.Jh 111lCC \Ven,: ;;1'11,;11 l.p. illl..:l;lIl1lh III hl:lpcr-Ircc ,tuck.... ,II Ihl: \-IAIDS JclcClIVc ..:lIl1m:m: Du51·I/MIl-I.TR Vlru~. 1.~lllpll lluÙe
'CCllllllswcrt: IlYhmhl.e~1\Vith '~S-I.~ll\:h:'" .1I11ISCI1~ t" III 0 .lIld F) IIr '\I,;IlSC lE .IIlU H1U~ L'rR RNA l,rnhe:-lIr \IIHh the C, 1G) Ilruhl:. nlt: ~,-11\11111l p'lm:1 (; IS ;IUliU.:cnt
:11 i11l: '1Il1; III Il'lIll:l C. :'11111\: Ihl: ":lllm:;lh:l;lllUIl III 1111: UJ L'rR .Illli C, III ~Ilu '1I:nill~ III Il'1I1l:ls C .lIld G. Ail 1I11IllLlIl'lI.')'lIlcllcnustry 'Iil\llln~ \V'L' dlllll: III palll:ls f) .JlIII
Il Ilrlllr III Ih..: III ,IlU I""hmhl'lllull. \11H11 .11I1Ibm.iv RAJ'IlI3! .Igalnsl Ihe 1J-"'l:1I Imm 111 Lhl: 13!!U .lI\lll;l:n 1Olllr \Vllh m:l,;;lllvl: ~"'l:llIl"'arv .Inllhuuy 1H) nlc <:lIulIIl:l'sl.1I11
's Ilcmalll.whn .11111 ..:m.lII. l)'Il'k·lldu 11\ LII C .lInl 1-: 111 {i) .IIlU l'rll~ht·lidd (0 .lInl H) ';l:CtlllllS .Ir....hm'ln. AS•.II1\1S1:IlSl:; S. ,,:nsl,: .

'~-:ftn··'

j>etclH LP+BM5 MAIDS Jefcctive virus ...tocks (5. :-;. ~lll. Huw·
.:ver. l\smg the s'Imc in "iltu hyhrl<.1il.iltltll1 techOique .IS tht.: Imc
L1SCÙ for the preSI.:l1l ~xpt:nmcnls. wc were IlU! .lblc ln Jeteet
tlÜI.:CtcL! penttlllt:i.lI In.\crnphages l1arvestl.:d t'mm disei.1Sed
C57Bu6 1111Cl;: lIloeulatcL! wlth hdper-fn:c 'itm:ks \)[ the
\lIAIDS ddecllvc virus th.. l wcrc mduccL! l,y mll1cral lJJI I110e·
lIi.ltilln I.p. 2 Jays prior harvestlng the Io:clls (3Hi.1 J.

Til further -:untirm ~Illr n:sults. wr:. ... tuuied the ... tilll.: III 111·

FIG. +. Nnrthl:rn 111111 .1Il:lI~L' L11 ,ph:cns .,1 CD~ knnckLlul L~7ULh IllICI:
IllIlt:ulOltl:d \Vllh Lhe MAIDS ddcctlvc VirilS. 1"111011 I{.NJ\... 1:!1I1J-g' \Y\:rc -.:~lr"~II:Ll

.mu '\I,;p;ar;lI":u hv dl:L1nll1hurl:.'\L'I .L' J~"iIo:nht:'" III .'yI;III:r1;aI~ .mu :'vl1;111lIù....
1~1)4 - klluckllUI C57RLC111aIlCli 1 tu;. i ..IIlU :) .IllU C04' \ Jallt: III li lIt:rm.. II:.'"

·'It:rl: ~lY\:1l I.p. 1llll:l:\Il1ll" "1 11I:lpt:r·tn:t: 'Im:k... 'Il lht: MAlOS ..:hlllll,:r1t: l)u5Hi
."tu·LI'R ViriL'. 1~lnc·1 ~·\Inl'II11.'\ ~pll,:1;11 RNA.II .1 1ItIllIIlIlCul:lI.,;U C04 knlld;
.1111 Inll\lSl.:. nu: lllll:\: wt:rc klllcLl ;Il 115 ,Jn'iS 1'.1. 1r\ 1 nit: ';"Illpll:.~wt:rl: Ilvhnuin:ll
Wllh ':P-laht:lcù 1)311 ~mhl:.'\. 'nll,: ·t2-kl'1l{Nt\ '11t:1:11:." l;lrrll\vlls ,p"'\:llic WIllc
:'v'AI Ds dclt:clIVl: Vlrllll.. whlll,: Ille 5.~·k\l RN/\ ,... \11 -':IlUlIYCl1\1IL' ~pt:CII:.'" (I~) 'nlt:
";IIllC lihcr IV'L' W;L'ihcû .111101 rdlVhndi1.l.:u IVllh Ih,,; ':P-lilll\:lt:u 1K."i rDNA pmht:.

DISCUSSION

T·cell·dcticienl illide 111ÎCC cxhihit ~umc susccplibility lo th~

MAIDS virus. We uscu mut~lnl nude micc laeking most fUllc
tinl1al T Io:ells to study the mie Ill' T ccl1s in the Jevclnpm..:nt 1)1'

MAI OS. The CS7BU6 nuue micc II1UClililtCL! with lhe MAIDS
Jcfcctive virus shllweù less sph;nnmeg~lly and Iymphaucnnpil
thy than (heir cuthymic (.;uuntcrpilrts• .;nntirmillg prl.:viulis re
ports ( 14. JI). Morellver. infectcL! .;ells in the Iymphuiu org.ms
of our inoeulilteù C57BUlllluùe micc wcre. l'or must miec. less
;ll'lundanl than 111 wild-type 111Iee hut werc neverlhcles,'i present.
ln cuntrast. Giesc ct ;LI. (1 ~) round lhilt the lcvcls uf the
MAIDS t1cfectivc Virai RNA 111 C57BU() nuue mice werc I.:llm
parable tu lhnsl: detcctl.:u in wild-type miee. The expilnsion III
Lht;: infcctetlœlls in sevl.:ral strains nI' miec has prcvÎllusly hcen
shnwn to he an important parametcr 1)1' the MAIDS Jiseasr:.
( Il)). The prcsence of :1 signilicmu numher I)f infecteù cel1s in
C57BU6 Ilude miee. al ICilst tlmsc inllculatcu with hclper-frcc
viruses. suggcsts thilt their infcctilln anù initial prolifcratilll1 is
Ilm tnt.1I1y tlependcnt Iln CD4' T œlls 111' Jcpcnds on a very

rection Ill' maCrOphi.lges 111 SCID mlCl: Inucul.ltcd wlth hclp..:r
frel: 'itocks of the MArDS Jcfcctlvc virus. ln SelO nllcc. mac·
rophagcs ;Ln; murphologically and fUllctlunally normal (:!) and
wllulc.l be ~xpectcd ru he int'ccti.lhlc. unh.:ss such IIlfcctlnn rc
~Ilures the presence llt' T .lnù B .;clls. Macrophages werr:. nUl

II1fcctcù III lHlI' C57BUb anL! BALB/e SCID mlCl.: Illoculatcu
with hclper-frce stocks nt' thl.: MAIDS ~Il.:fcctlvc virus, atlu
Ilumerous in 'iitu lll.:glltivc 1TI1icroplmgcs 10 the lung.'I anL! livt.:r
I..lf thcsc mice wcre ~)bscrvell (d.tt~1 lluL 'illllwn}. These rcsulls
Illdictlted th.lt Imlcrnphi.lges arc 110l ;1 large! I.:cll pupulatlon l)t'

lhe MA.LDS dcfectivc virus Ll1 SCID IntCC. cnntirming .l result
\lhtaineu in }Jo klluckllUl miee (24).
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1:1(1. '. In "Itu hyhTILJî:Z;Illl1l1111lYl11flhlllu 11s.'iUe~ III SCIO '11I'e Il1IlCulaleu Wllh Ihe M,\IDS dcleCll\lC vlru~. EUlhynllc CS7ULfll.\t .mu selo (B tu Gl II1ICC \Yerc
·~IYCI1I.p. 1I1lccuuns ,,1 hclpcr'lree ,tllcks III Ihc "!,\IDS ddccttvc dlllncnc l)uSH/MII·LTR virus. I.Yl11ph mKlc lA .1Il1J lil, ,pll:en l Cl, .LIlU ILlII~ t f) .1IlrJ I~J ,C.:IUIIlS Iycn:

lvllndilcd WIIIl Ihe ,41\.laI1clerJ .II\1I.'iCnSe U' L rR RNA llrolle. n,C ":l1l1ll11;Nlall1 t'i Ilc.,,;atuxylin .1I1~1-:1I~1Il. Dark.lidrJ (.\ III 1)) .mL! hnl,;ht·lil:lu (m \CctlllllS .Ire 'ihll\VlI.

•

•

low percent.lge l)l resil1ual CD4 ~ r ~dls pr~sell[ ln nulle Inlee.
fhe presence \)f CD4 ,. T ..:ells !tas II1Jccli previously been
rcpurtet.l tu Ile ~ssenti'll l'or [he Jevdopmen[ 1)1" MAlDS II·k
Ul).

Surprisll1g1y. the ..:rfcc.:[ dt' nulle ,nu(atlon lm mlCl.: l)t" .l Jif·
làcnt hac.:kgrounl1 I.~ .• (C57BL(, < BALB/c)F, inoculatet.l
wlth lhe :vIAlDS Jet'eetive Virus \.Vas Jistlllct. Thesl.: nude mlCl.:
wen: mucll Inure -iusœptible ~u the vIrus th.1O were (heir ~u

thymie littenna[cs m'lln[~lIneLi lInlier pu[hugell-frce ~onJitiuns:

they Jevelopcl1 iph:numl:galy. lymph.u.ienoputhy•.and .llll:rgy
I)l thelr resluuaJ T ~clls. ln .luditlon•.ll'lrge llumber l)l int'cctct.l
B ~clls was present 111 thelr lymphoil1 rissues Whl:re~lS the -:u
thymlc Intcc were .llmust totally resistant [0 the Jiseasc. TIll.:

rCSlst.1Oce l}f~hl.: cu[hymic lC57BL,6< BALB/c)F'. !TIice to the
Jevelopmcnt 1)( \llAlOS was lInexpect~t.l •.lS thl.:se mice h.u.!
previtlusly \')ccn rcporred tu he iusceptihle tu the Jisease (:'.9).
Q'lt: ..:xplanatiun for thesc .lppurcntly ..:ont1ictin~ l'l.~sults Illay he
the .lbscnce llf ..:ndogenulls ~cl)[mplc Ilclper :vIuLV in thesc
mlce .1l1U the llSC I)f hclper-frec itllcks \)f VlnlS ln l>ur ..::<peri
men[ .1Ilt.lI)f hclper·~lHllp..:teIH i[ocks hy ,)[hers (:'.9). Alterna
tivcly. the Jilferent rcsults lll'IY retl..:ct the ...:onditions L1nt.ler
whlch these ;ll1imals were kept. !TIore ipecllically III ;t gcrm-free
isola[or ln l>ur ..:xperimcnt. In iume instances, it .lppears th'lt
...:ofacmrs pl'lY ;lll import'll1t l'Oh: m (he Jevelopment .llld pro
:;n:ssion l)f MAIDS (~4i.l). The rcsistam:c 1)( these ..:ut!lymic
miee [0 MAlDS m.lY ;IISl) h~ Immune iystcm l1lediated anu
may n:tlect [he de.lr:tnce df the virally mlel:tct.l B ...:clls hy
'"''Ytutoxic CD:i" r ...:ells. tndeel1. '"''YtutOleic COH ,- T ...:clls Il.lve
pn:vlOusly heen t·ount.l tl) he n.:spnnslblc fur the resistal1c~ nt'
\iJ lUicc to \IIAIDS: .\iJ mic~ Jcple[..:d Ilf thclr CDX ,- T ~ells

hecame highly iusccptible to MAIDS (:'.Cl). Thc ul1cxpected
iusccptibility l)t the lC57BL6< BALB/e)FI Iluue rnice tu
\llAIDS rem'lins ul1e:<plaincc..J .lllt.llllay !')c relatcd in part to the
presence \)l hclpcr MuLV .1Ot.l in part [lJ thcir low levels \)f

COS ~ T ~:.:lIs.

CD4-to T ccUs ;Ire not rcquired tor the initial IJhase ur
MAIDS hut lJlay ;1 role in the 'iecond·IJhase expansion or the
IYlRphuid c.~:ms. [n -::<penments invl)lving itut.lies in nut.le
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11llCC, lt !las previuusly bcen 'ihown chat CD4 ,- T ~clls ;lre
esscntiï.l1 tn the Jevelopment llt MAIDS t 1-1., .j.O). Our rcsults
further ..:xtcnu this previous work by ihuwing that chis rCl{uire
ment for CC4 ,- T ~ells occurs in .l later ph'lse l)t the Jiscasc.
lndecd, I)ur ,:xpl:rimellts with Iludc micc su~est that CD4 ,. T
.:clls .Ire IHlt requircd for the IOleCtlUn ,ml1 illltlal polyclunal
proliferation l)t B ~ells icen in MAlDS, Howevcr. [hese Ilul1e
mlcc itlll !l'lrbur a luw perccntage l)t' CD4 ~ T ':l:lIs. which may
Il.lve ..;on[rihutct.l to [he Il1fection .md [he ilow ..::<pallsiun nf B
..:clls til'lt was llbservcd in thesc lnice. We usct.l C04 ., - knoek
out Inlec .mu found that C04 ~ T ~clls werc Ilot requiret.l for
the illltÜll Infection ;anu proliferatiun ol B t:ells. These knuck
l)Ut IllIce !larhored .1 ·iÏgllltic.lnt numhcr 1)1" int"ected B ..;ells in
their lymphuid Ilrgans, ,ml1 high levels 1'1" [he .j..~-kh :vIAIDS
ipecilic Jefectivc RNA ~uulu he Jetectcd in iUme Ill" [hem.
lnteres[ingly. [hese CC4 -i - mice Jit.lllot Jevelop the iplenu
Inegaly .lllt.l Iymphaùt:nopathy ,.;harae[eristic 01" the MAIDS
virlls-Itlfcctcù C04 ,. littermi.ltcs. Mur~l1Ver, the percclltage Ill"
th~ MAIOS virlls-lOt'ccted B1.:..:lIs W.IS in generalluwer in t!lese
CC4 knockuut miee th'lIl in their CD4' litterm'1tcs. Alto
ge[hcr. thesc uata iuggest t!lat CD4" T .:clls ;lre n:quircd to
trigger [he luit Jcvelopment I)f MAlCS.. \lthough the CO~ ,. T
,.;ells trom C04' miee have previously hecn shuwn to ;lct ;lS
"hclper" ~t::lIs (!S), the llelper funetiun Ill" thesc ...:dls unes not
.lppe.lr to he significant fm thc full uevclupmcnt nI" MAIDS.
which W'lS preventcu in CD4 -,. miee. Wc have previuusly
Ilhservet.l (hat in micc inoculatet.l with hc::lpcr·free stucks nl the
MAlDS Jelectivc virus, the Jegree l)l I:nl.lrgcment nt the Iym
phoid I)rgans ùoes not ,.;orrelatc wit!l the Ilumher l,l infcctct.l B
~clls ill [hese l)rgans ( 1X. ~()) but, r'lt!ler. JCpCIlUS IHl the ~.

pansion :tnd/or recruitment 1)1" Iluninfcctel1 t:elts. Thc present
rc.'iults with the knol:kou[ tnil:e would "iuggl.:st that CD4" T
I.:ells play ,1 t:ritic'll rule in t!lis sccunt.l-plmsc ...::<pansitUl nl the
Iymphuiu I)rgans•

Therefore. itudies with nut.le ;mt.l knu«.:kuut mice have
llelpeu to Jistinguish twu pll<L'ieS in the Jcvelopment llf
MAIDS. The nrst phasc ;lppears tu invlllvc [he infectiun ant.l
the initial pulyclun.aI proliferatiun nt" the infected B ...:ells. This
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phase appcars relativcly C04 T-cell independent. The second
phase seems to be more dependent on CD4'" T cells and
involves the rapid enlargement of the lymphoid organs. This
expansion most probably results from the proliferation and/or
recruitment of noninfected celis. as well as ,1 further prolifer
ation or the infected B cells. As <l low percentage of infected B
ecUs is sutficient to trigger T cells into a hyporesponsive state
(38), the proliferation of the infected B cells may represent a
more stringent marker of disease progression than the lym
phoid orgun enJargement.

Role of B cells in the development or ~IA1DS. In our exper
iment with the C57BLJ6 and BALB/c SCID miee. we found
that these miee were resistant ta MAIOS, beeause they did not
harbor cells infected by the l'liArDS defective virus and did not
exhibit other signs of disease. Since these mice are deficient in
mature T- and B-lymphold ecUs ~3, 10, 11, 3i), two hypothèsis
may expJain our findings. First, the absence of functional
C04'" T cells may prevent the infection and/or expansion of
eeUs of the B-cel1lineage whieh are still present in these mice
(pre-B, pro-B). This hypothesis seems unlikely, however, since
infeeted B eells are deteetable in nude mice which have a very
small number of T eells, and in CD4-/- knockout mice which
lack CD4'" T eells. Second, the target B ecUs of the MAIOS
virus may not be present in the SCID mice. This latter hypoth
csis is more consistent with previous data. Wc have indeed
found that the majority of the target cells infeeted by the
MAIDS defeetive virus are relatively mature Bcells, having C..
and/or J1.1 Ig gene rearrangement, expressing cytoplasmic C..
RNA and heing located in the peripherallymphoid organs and
Ilot in the banc marrow (20. 38). In addition, it has been shown
that miee depleted of their mature B cells by treatment with
•mtibodies against IgM or .... -1- knockout mice, whose B-cell
development is arrested at the pro-B stage, werc resistant ta
MAIDS (4. 24). Altogether. these data suggest that the pri
mary turget ceIls of the MAIDS defective virus are relatively
mature peripheral B eeUs.
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Forward

The central role of the B cell in the pathogenesis of ~to\IDS was

reinforced by the results obtained through the study of the effect of the NIA.IDS

defective virus on various murant mice. The results in chapter 2 further

strengthened the argument that a mature B cell population is the target of the

~t-\IDS defective virus. \Ve therefore felt that in arder to more fully understand

the nature of this population and its central role in ~(AlDS, it would be necessary

te establish B cell lines derived trom mice inoculated \Vith the MAIDS defective

virus. Success in this endeavor would give us excellent tools in order to further

our understanding of the virus-cell and cell-cell interactions which lie at the heart

of :'1.-\10S.

Nlany previous attempts ta derive such lines led uoiquely to transplantable

B andlor T cell lines (1-4). Such fines do not represent the true in "'i,,·o target of

the :VIAIDS defective virus, which is not transplantable, and may reflect the use

bl' these groups of the LP-BM5 mixture to induce MAIDS rather than helper-free

stocks of the tvlAlDS defective virus used by our group. We had also been

unsuccessful in transplanting primary tumors iota nonnal or nude mice. \Ve

therefore attempted a novel approach to establish MAIDS defective \"irus-infected

cell lines along with a traditional approach. Our efforts yielded two independent

cell lines which appear to be of the 8 lineage and accurately represent the

phenotype of the in vivo target cells of the MAIDS defective virus.

l was responsible for devising the transplantation protocol which

was used to generate the SO l cell line and which may be best suited for
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generating other NIAIDS B cell lines. Carole Simard isolated the eSTBS cell line

and partially characterized il. 1 fully characterized the SO1 cell line and

completed the full characterization of the eSTBS cel1 line. This manuscript is

currently in press at Virology.
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Abstract

yfice inaculated \Vith the murine AIDS (NfAIDS) defective virus develop

sc\-ere Band T cell dysfunctions. The primary event in the development of this

disease is the infection and polyclonal expansion of the target ceUs of this

de[~·:ti\"e \'irus, which have been reparted to belong to the B cell lineage. To

tùrth~r smdy the central role that these cells play in the de\"elopment of ~IAIDS,

wc lttempted ta establish ~I.AIDS defective virus-infected 8 ceH lines ill vitro.

\\'e 5ucceeded in establishing (\\10 ceH lines, SD land eSTBS, fTom the enlarged

org~:15 of CS 7BLJ6 miee inoculated \Vith helper-free stocks of the NIAIDS

defectl\"e virus. Both eelllines are nat transplantable in syngeneic C57BL/6 mice

or in rlude or CD8-/- micc and are apparently not malignant. They bath belong [0

the B lineage. as their immunoglobulin (rg) genes, but not the T ceIl receptor

tTcR) Plocus, are rearranged, suggesting that they are relatively n1ature B eells.

HO\\'è\"er, analysis of cell surface marker expression by FACS revealed a surface

phenotype simi13r ta that afpre-B ceUs (tvIHC I+, N1He U+, 87.2+, sIgNC sIgG·,

1\:-, 8220-, CDS-, Thy1.2-, TcR-, CD)-, CD4-, CDS-, Mac-l-, 33D[-).

Addltionally, the eSTBS cells express CD40 and the SO 1 cells express e043.

Both cell lines contain the MAIDS defective provirus and express the expected

-t2 kb viral Ri"1A and the corresponding Pr60gag protein. The eSTBS cells are

non-producer, while the SO 1 cell line produces what appears to be an endogenous

~\'luL V. The phenotype of these ceH lines is very similar ta what is known about

the tJrget B cells of this virus ill vivo. These new established cell lines are likely
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ta be useful in elucidating the mechanism(s) by which the ~l~S defective ~irus

causes its target B cells to proliferate and induce T cell anergy in infected animaIs.
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Introduction

The murine acquired immunodeficiency syndrome (MAIDS) is induced by the

Duplan strain of the murine Ieukemia virus (rvluLV), and is characterized by

Iymphadenopathy, splenomegaly and severe dysfunctions of both B and T cells in

susceptible mouse strains (for reviews, see (tvIorse III et al., 1992; Jolicoeur,

1991; ylosier, 1986». This virus mixture contains non-pathogenic, replication

competent NluLV5 (Chattopadhyay et al., 1991; Legrand et al., 1982; Haas and

Reshef. 1980; Guillemain et al., 1980; Astier et al., 1982), as weil as a pathogenic

defective retrO\'inls (Chattopadhyay et al., 1989; Aziz et al., 1989). 'vVe have

previously round that helper-free stocks of the MAIDS defective virus are

pathogenic and induce a lymphoproliferative disease very similar to the disease

observed aner inoculation of the virus mixture (Huang et al., 1989). This

observation has been recently confinned with another helper-free stock (Pozsgay

et al., 1993). Infection of mice \vith the crude virus mixture has been reported to

Iead to infection of many different cell populations, including B ceUs, T cells, and

macrophages (Cheung et al., 1991; Bilello et al., 1992; Chattopadhyay et al.,

1991; Klinken et al., 1988; Kubo et al., 1992; Hitoshi et al., 1993), as expected for

replication-competent stocks. In contrast, the use of helper-free stocks of the

defective retrovirus has allowed us to identify that cells of the B lineage are the

primary targets of the pathogenic defective virus (Huang et aL, 1991). This has

later been confinned by analysis of purified ceU subsets obtained from mice

inoculated \Vith replication-competent stocks of the MAIDS virus (Kim et al.,
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199~). It therefore appears that infection of B eells and their subsequent

proliieration is the critical event in the initiation of the disease (Kim et al.. 1994;

Simard et al.. 1997; Huang et al., 1989; Huang et al., 1991). \Ve have found that

the population of B eells initially infected in vivo is present in lymph nodes

draining the site of inoculation of the virus (Simard et al., 1994). This suggests

that these B ceils are relatively mature, since there have been no reports oÏ the

presence of pre-B cells in this organ. The fact that mice defieient in mature B

cells (Kim et al., 1994; Cerny et al.. 1990) or \Vith altered conventional B eell

functlon due to the xid mutation (Tang et al., 1995) \Vere resistant ta the disease

indeed indicated the strict requirenlent of this celi population for disease

developnlent and is consistent with our findings on the identity of the target cell

population (Huang et al.. 1991). However, CD4+ T eells are aise required for the

development of ivlAIDS as sho\vn by experiments whieh depleted C04+ T eells

by antibody trealment in vivo (Yetter et al.. 1988) or by use of mice genetieally

deficient for C04+ T eells (Giese et al., 1994; Simard et al., 1997; w!osier et al..

1987). It appears that CD4+ T ceUs themseives do not have to be infected by the

NIAIDS defective virus for the disease to be indueed (Huang et al.. 1991, and C.

Simard, M. Huang and P. Jolicoeur, unpublished data). It is also apparent that

CD~~ T cells are required at a post-infection stage to allow expansion of the

infected B eells and the subsequent development of full-blown disease (Simard et

al.. 1997).

A major problem in studying the pathogenesis of ~IAIDS has been (he

lack of in vitro eell lines \vhich mirror the in vivo phenotype of the target B cells.
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Klinken et al. (1988) have established t\vo B eell lymphomas from mice

inoeulated with the LP-BM5 crude virus mixture, but these cells are malignant, in

eontrast to the benign nature of the infeeted cells found in the enlarged lymphoid

organs of MA1DS mice. The non-malignant nature of the MAInS virus-infected

B eeUs is inferred from their laek of transplantability in syngeneie or nude mice

exeept in late stage disease (LvIistry and Duplan, 19ï3; Klinken et al., 1988 and C.

Simard. S. Klein and P. lolicoeur unpublished data). The attempts by sorne

groups. including ours, to establish eell lines in vitro led to the derivation of

transpfantable T eell tumors, or lines (Simard et al., 1995; Tang et aL, 1992; Kubo

et al.. 1992). \Ve found that expansion and transfonnation of T eells \Vas a rare

event in mice inoeulated \Vith helper-free stocks of the MAlDS virus, but oecurred

at a relatively high frequency when helper vifUses were present in the virus

inoeulum (Simard et aL, 1995). The infection and transfonnation of T eells in

these mice likely represents a secondary event.

[n the present study we report the establishment of two independent 8 cell

fines which have a phenotype similar to that of in vivo virus target cells. These

established eeUs do not express markers of the T, macrophage, or dendritic eell

lineages, have rearrangements of their immunoglobulin (rg) loci, but not [heir T

cell receptor (TeR) Plocus, and are not malignant.
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i\laterials and l\letbods

Animais and viroses: Inbred C57BU6, nu/nu and sem mice \vere purchased

from Charles River Inc. (St-Constant, Quebec, Canada). C57BU6 Beige mice

were purchased from the Jackson Laboratory (Bar Harbor, ME). C08-/- mice

wer: initlally pro\'ided by Tak ~1ak (The .'-\mgen Institute. Toronto, Ontario.

Canada), and were backcrossed for 6 generations onto the C57BL/6 background.

Young (30-40 days) CS7BL/6 mice \Vere inoculated \Vith helper-free stocks of the

wilJ-type ~lAIDS defective virus, Du5H (Aziz et al.. 1989). or \Vith the Lvloloney

lon~ tèmlinal repeat (LTR)-tagged (Du5HMo-LTR) defective virus (Huang et al..

1991), This chinleric Du5H~(o-LTR virus was constructed by substituting the

PSll-Kplll DuS H 3' LTR fragment \Vith the homologous fragment from ;VIoloney

~[uL V. These Nloloney LTR sequences act as a molecular tag to aid in

identifying and following the virus.

Tr:msplantation of primary MAlOS Ivrnphoid organs: For the SO 1 cel1 Hne,

enlarged spleen and lymph nodes were dissected from C57BU6 mice which had

been inoculated \Vith the helper-free stocks of the Moloney LTR-tagged Du5H for

3-~ months. The organ mixture was homogenized in complete RP~lI medium and

immediately inoculated intraperitoneally, using a 23-guage needle, into SelD

mice which were or were not treated \Vith 50J.ll of anti-asialo GNt l antibody

(Dako rnc.. Japan) to deplete their NK cells. Anti-asialo GMl treatrnent began on

day -1 and continued on day 0 and every second day thereafter, for a period of

three weeks. ~'lice were monitored for the development of ascites or other signs
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of cell gro\\1h. Upon evidence of cell grO\vth, the mice \vere sacrificed and the

ascites \Vere collected and seeded into RJ.\1PI-1640 medium/10% FCS

(Hyclone)/50 x 10-5 M p-Mercaptoethanol and antibiotics, at approximately 106

ceUs/ml. The cells \Vere split weekly. The SD 1 cellline which emerged from this

protocol has been passed for many months and survive freezing in DevIsa and the

subst:quent thawing.

For the establishment of the CSTB5 cell line, enlarged spleen and lymph

nodes \Vere aseptically removed from C57BV6 mice which had been inoculated

\vith helper-free stocks of the wild-type MAlDS defective virus 3-5 months

previously. The organs were homogenized in RPMI-1640 medium! 10% FBS

(Gibco )/50 x 1O·) ~t p-Mercaptoethanol and antibiotics and seeded at

approximately 10° cells/m1. The cultures \vere then monitored and split as

necessary. From the culture of enlarged organs from over 30 MAIDS animais,

only one cellline emerged.

Probes: The D30 (Aziz et aL, 1989), Moloney U3M (poirier and Jolicoeur,

1989), ecotropic MuLV env (Chattopadhyay et aL, 1980), (Ig) JH (Ait et aL, 1981;

Poirier and Jolicoeur, 1989), (Ig) CI( (Lewis et aL, 1982; Poirier and Jolicoeur,

1989), (Ig) DH (Ait et aL, 1984), and TcR Plocus (Caccia et al., 1984~ Poirier and

Jolicoeur, 1989) probes have been described previously. For use in Southem or

Northern hybridization, the probes were 32P-labeled by random-priming as before

(Huang et aL, 1989; Poirier and Jolicoeur, 1989).
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DN:\. extraction and hvbridization: Cellular DNAs were extracted, digested with

the desired restriction enzyme, electophoresed through agarose, transferred to a

membrane, and hybridized with the indicated probe, as described previously

(Huang et al., 1989; Poirier and Jolicoeur, 1989).

RNA extraction and hvbridization: Total cellular RNA was isolated by the

methoc.i of Chomczynski and Sacchi (Chornczynski and Sacchi, 19Sï), and

hybridized with 32P-labeled probes, as pre\'iously described (Huang et al., 1989).

Protein extraction and \\'estem blotting: Proteins \vere extracted by Iysis in RIPA

buffer t 150m~1 ~aCI. 1~/o NP40, 0.5%. Na desoxycholate, and 0.1 ~/O SDS)

containing protease inhibitors. followed by SOS-PAGE and blotting with

polyclonal goat-anti CA (p30) MuLV antibodies, as described previously

(Dupraz et al., 1997).

Reverse transcriptase (RT) activitv: The RT assay was perfonned on supernatants

of cell lines as described previously (Gorska-Flipot et al., 1992; Huang et al.,

1989).

Cell surface labeling and FACS: Cells from the established cell lines were

labeled with the antibody of choice. The fluorescein isothiocyanate (FITC)

conjugated monoclonal antibodies 145-2Cll (murine anti CD3), GKl.5 (murine

anti C04), YTS 169.4 (murine anti COSa), and H57-597 (murine anti- apTcR)

were purchased trom Cedarlane Laboratories (Hornby, Ontario, Canada).

Biotinylated anti-C043 (clone S7) was purchased from Pharmingen Canada

(Mississauga, Ontario). FITC-conjugated anti murine CD5 (clone 53-7.313),

MHC 1 (clone Y-3) and MHC II (clone D3-137.5.7), biotinylated Thy1.2 (clone
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5A-8) and Nfac-l (clone Ml/70.15.11) and the anti-CD40 hybridoma (clone

FGK45.5) \Vere kindly provided by Dr Patrice Hugo (Clinical Research Institute

of :\Iontreal, Nlontreal, Quebec). The Ri\J-6B2 (murine anti-B220) monoclonal

antibody was a kind gift of Dr. R. Coffinan (DNAX Research Institute, Palo Alto,

CA), and \vas directly conjugated to FlTC using the FlTC QuickTag conjugation

kit (Boehringer ~vlannheim, Laval, Quebec). wlurine FITC-anti-J.1 antibody and

FlTC-anti-rat 19 (mouse adsorbed) \Vas purchased frOID Kirkeengaard and Perry

Lahoratories (~'lD). ~lonoclonal anti-murine B7.2 antibody (clone GL-l), anti

murine Cl\: (clone HB5S) and anti-murine dendritic cell antibody (clone 3301)

were purchased from the American Type Culture Collection (~rD). The FITC

ami-rat rg was used as a second antibody. CeIls were resuspended at a

concentration of 2 X 107/ml in PBS containing 1% FCS and 0.10/0 NaN3 (wash

solution) and 106 cells were transferred to a conical-bottom microwell wells.

CeUs \Vere then centrifuged and resuspended in a mixture of 5J.lg/ml of human

immunoglobulins (Sigma Chemicals, Oakville, Ontario, Canada) and anti-Fc

receptor antibody (clone 24G2)-containing cell supematant at room temperature

for 5-10 min. Cells \Vere then washed, resuspended in wash solution containing

the primary antibody and Incubated at 4° for 30 min. CeUs \Vere then washed 3

times and the secondary antibody was added, incubated at 4° C for 30 min and

washed as above. Following staining, the cells were analyzed by flo\v cytometry

using a Becton-Dickinson FACscan. Histograms were generated using CellQuest

sa ft\vare (Becton-Dickinson).
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Transplantation of established cell lines: The established cell lines (2-S X 106)

were inoculated intraperitoneally into the desired mice in a volume of 250-S001l1

PBS. The mice were monitored for up ta one month for evidence of tumor

fonnation.
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Results

Establishment in vitro of B cell lines from primar)' ~L~DS enlarged

lymphoid organs. In order to further study the target B cell-ivlAIDS defective

\·irus interactions which are critical in the development ofivIAIDS, we attempted

tù e5~ablish B cclI lines ill vitro from primary enlarged l)mphoid organ:) fronl

mice inoculated with helper-free stocks of the ~lAIDS defective virus. The

choice of helper-free stocks was motivated by the hope of establishing non

producer cel! lines. Iwo strategies were employed, the first being simply to

dissect out the enlarged organs and placing the resulting cell suspensions in tissue

culture. This strategy led to the establishment of one cell line, eSTB5, which has

grown continuously in tissue culture for over one year. The eSTB5 cell line was

the only line that emerged from the culture of several primary rv'1AIDS organs

from several (over 30) mice. The difficulty in establishing cell lines from mice

inoculated with helper-free stocks of the MAIDS virus is in line \Vith our inability

to transplant prirnary MAIDS organs in syngeneic C57BU6 mice or in nude mice.

In order to generate additional cell lines for study, we used an alternate

approach involving transplantation of enlarged lymphoid organs from wlAIDS

animais inta sem mice depleted of NK. cells by treatment \Vith an anti-asialo

G~Il antibody. This treatment is similar ta the one used by Veranesi et al.

(Veronesi et al., 1994) to establish Epstein-Barr virus (EBV)-infected human B

cell lymphoma cell lines in vitro. Out of four selO mice treated \Vith anti-NK.

cell antibody (anti-asiala GMl) which received inoculations \Vith primary MAIDS
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lymphoid tissues, t'ovo developed ascitic grO\vth \vithin 3 weeks. When the ascites

\Vas seeded to tissue culture, one of the t'ovo cultures gave rise to a cell line, SOI,

which has been cultivated in vitro for over one year. This cell line \Vas derived

from a mouse inoculated with a modified ~lAIDS defective virus (Du5~10

LTR), containing the U3 LTR region of the Moloney MuLV (Huang et al., 1991).

None of the five controi NX+ SelD mice injected \Vith PBS aione and inoculated

with the same tissues developed any tumor or ascites, indicating that NK cells h"d

a signiticant negative effect on the gro\vth ofthese cells ill vivo.

The SD1 and CSTB5 cell Iines contain and express the ~IAIDS defective

provirus. Our tirst step towards studying the phenotype of these cells was to

ascertain whether or not the cells contained the MAIDS defective virus. Southern

blot analysis perfonned on DNA from both cell lines showed that the eSTB5 cells

contain a unique, newly acquired provirus (in addition to endogenous proviruses)

detected by the D30 probe (Figure 1B, Jane 2). The same integration was

observed with the 14810 cell line, a subline derived from eSTBS (see below), as

expected (data not shown). On the other hand, the SDI cells harbor multiple

proviruses of the NlAIDS defective virus, as detected by the Moloney U3 LTR

specifie probe (Figure 1A, lane 1). With the same U3 LTR probe, the eSTB5 cell

Hne was negative, as expected, sinee it was derived from a mouse inoculated with

the wild-type Du5H MAIDS defective virus (Figure 1A, Jane 2).

Northem blot analysis was perfonned on these cells to detennine whether

they expressed the expected 4.2 kb MAIDS defective viral RNA. The cells of

both lines expressed the 4.2 kb viral RNA species, the eSTBS cells at lower
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levels (Fig. 2A). Since the SOI cell line was positive for reverse transcriptase

(RT) activity, we aise examined the expression of ecotropic viral RJ.'IA in the t\vo

cell lines. Hybridizarion \Vith an ecotropie MuLV env-specifie probe indieated

that neither of the cell lines produced ecotropie viral RNA (Fig. 2B). This is

consistent \Vith the faet that the eSTB5 cell line had no RT aetivity (data not

shawn), and impiies that non-ecotropic NfuLV(s) is (are) produeed by the SD 1

ceH line. Together, these results indicated that both cell lines were derived from

primary cells initially infected in vivo by the ivIAIDS defeetive virus.

The SDI and eSTBS cell lines express the ~IAIDS defective virus Pr60gag

proteine To determine whether the 4.2 kb ivlAIDS viral RJ'IA found in these

cells encodes the previously characterized ivIAIDS defective virus-specitic 60 kDa

gag protein (Pr6ogag'), \Vestern blotting \Vas carried out on whole cell protein

extracts using a goat polyclonal anti-CA (p30) MuLV antibody. This analysis

revealed a 60 kDa protein in both cell Hnes (Fig. 3, lanes 1 and 2). In keeping

\Vith the RNA levels detected by Northern analysis, the CSTBS cells produce less

protein than the 501 cells. Additionally, the SO 1 cells produce a full·length 65

kDa gag protein (Fig. 3, lane 1), consistent with the fact that they are virus

producer. Curiously, the CSTB5 eell line, after transplantation into the NK

depleted SCID mice (cellline 14810), also became RT positive (data not shown)

and now expressed both the MAInS defective virus Pr60gag protein as weIl as a

Pr65gag helper speeies (Fig. 3, lane 3). Passage ofthese cells into the SelD mice

may have activated an endogenous non-ecotropic ivluLV.
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The SOI and CSTB5 celllines have rearranged Ig loci. To identify the lineage

to which these YL.1JDS defective virus-infected cell lines belong, \ve first

examined the starus of their Ig and TcR~ loci by Southem blot analysis. Both cell

lines had their TeR loci in gennline configuration (Figure 4A, lanes 1 and 2), and

both had their Ig le locus rearranged (Fig. 4B, lanes 1 and 2). FuIthennore, the

SD l cell line aiso had irs Ig heavy chain locus rearranged (Fig. 4C, lane 1). These

results strongly imply that both cell lines belong to the B eell lineage. However,

it W:l5 somewh:lt surprising that the eSTB5 cell line did not have its Ig heavy

loc~5 rearranged. as one would expect for a 8 cell line. lt is weil documented

indeed that the fg heavy locus is the first to undergo rearrangement during B celi

de\·elopment. followed by the Ig K or À. loci (for review, see (Ait et al., 1987». To

recon!Ïrm (hat the heavy chain in the eSTBS cells was unrearranged. we

perfùrrned another Southem blot analysis on these cellline DNAs with a probe for

the OH region of the Ig heavy chain locus. The eSTB5 cell DNA gave a positive

signal with this probe (Fig. 40, lane 2), while the SD 1 cell DNA showed no

detection a f the D segments (Fig. 40, lane 1), suggesting that only the SO 1 line

has :.mdergone rearrangement of the [g heavy chain locus.

Surface phenotype of the SDI and CSTB5 cell Unes. To fuIther charactenze

the identity of these t\VO celllines, we studied the surface expression of a panel of

markers specifie for distinct cell lineages, using flow cytometry (Fig. 5). 80th

cell lines had an almost identical phenotype ta each other. Neither cell Hne

expressed any of the T-lineage markers tested (CD3, CD4, CD8, TcR, Thy1.2),

~·lac·l. which is specifie for macrophages, 33D l, which is specifie for dendntic
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cells. or CDS, which is expressed on a specifie sub-class of 8 (B-la) cells found

primarily in the pentoneum, and on T cells (Luo et al., 1992). Both cells

expressed both yIHC 1 and II as well as the CTLA-4 ligand, B7.2 (\Vard, 1996),

\vhich is in keeping \vith their identity as being 8 cells. The eSTBS cellline also

expressed the ligand for gp39, CD40, another marker of 8 cells (Grewal and

Fla';dl, 1996) while the 5D 1 cells expressed CD43 (Gulley et al., 1985), \vhich is

also round on B cells. Neither cell line expressed surface IgNl, IgG, or K, which

are specitic to mature B cells, suggesting that these cells are lacking sorne of the

char;1cteristics of fully mature B cells. Expression of B220, a 8 cell marker

present in pro-B, pre-B, and mature B cells \Vas very low in these cells, being

detected at very lo\v levels only occasionally. A summary of these data is given

in Table 1. Taken together, the surface phenotype ofthese two cell lines indicates

that they belong to the B cell lineage and are either arrested at a unique stage of

de\'e!opment, or are fully mature but at the same time have sustained

downregulation of sorne surface markers (IgM, IgG, K, and B220) due to infection

with the ~fAIDS defective virus.

The SDI and the eSTBS cell Hues are not transplantable. To detennine

whether these cells also mirror their in vivo-infected counterparts in their inability

to be transplanted, \ve inaculated both cell lines (2.5 and 5.0 X 106 cells)

intrapentoneally into a variety of hasts. We \vere unable to transplant these cells

into syngeneic C57BU6 mice nor into nude, SelO, syngeneic CDS-I- mice or

syngeneic beige mice, which are deficient in NI( ceIls (Roder and Duwe, 1979).

As weil, transplantation of these cell lines into C57BU6 mice did not lead to
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~l-\IDS in the receiving animaIs (observed for up to 3 months), again confinning

that it is unlikely that these cells are producing replicating ecorropic NluLV. The

resistance of these cells to transplantation is identical to that of the primary ceUs

inÎected with the NIAIDS virus stocks. A summary of the phenotypes of the 5D1

and eSTB5 celllines is given in Table 2.
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Discussion:

The established l\lo\IDS celllines are B cells.

In an anempt to study the target eells orthe ~IAIDS defeetive virus, which

has been reported to belong to the B eell lineage (Huang et al., 1991), we have

established ill vitro two B eell lines from lyrnphoid organs of w[AIDS mice. The

pht:!10tyPc= ùf thesè cells is that of relativèly mature B cells ;vhich have

rearranged rheir Ig genes, but not their T eell receptor (TeR) p gene and which

express ~lHC class l and II, and low levels of B220, but do not express any

surf:!ce Ig, ~'[ae-l or any T-eell markers. N[oreover, both eell lines express the eo

stiml1latory moleeule 87.2 whieh is found mainly on activated B eells (for review

see \Vard, 1996), and the CSTB5 and 5D 1 cell lines express, respeetively, CD40

and CD43, t\\'o other B cell markers (for reviews see Grewal and Flavell, 1996

and \lelchers et al., 1994). This phenotype is consistent with that of eells

belonging ro the B lineage, reflecting more closely the phenotype of a mature B

cell population, although sorne characteristics of fully mature B cells (presence of

surface Igl'vl, IgG, K, and 8220) are lacking. This is consistent with our previous

resutrs showing that MAIDS virus-infected cells are initially localized in genninal

centers (Simard et al., 1994), which lack pre-8 cells. Curiously. the eSTB5 cell

line has its Ig te chain rearranged in the absence of Ig heavy chain rearrangement.

\Ve have previously reported and discussed such a phenotype in sorne MAIDS

animaIs (Huang et aL, 1991), suggesting that it is unlikely to he related to the

establishment of these cells ill vitro, although such a scenario is nevenheless
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possible. Therefore, the preponderance of the evidence, as reiterated above,

supports the notion that these t'wo celllines are of the B lineage.

Two other B cell lymphoma lines derived from mice inoculated with the

LP-B:Y15 mixture of viruses (B6-1153 and B6-1710), which contain bath

ecotropic and ivlCF viroses in addition (0 the NIAID5 defective virus, have

pre':iously been established (Klinken et al., 1933). They have :l phenotype

similar. but nat identieal, to the cells described here (Klinken et al., 1988).

Indeed, neither SD 1 ar CSTB5 cells were transplantable inta syngeneic C57BLJ6

mice. nude miee. or CDS"· mice, nor do they express CD5, in cantrast to the

abo\'e-mentioned 8 eeil lymphoma lines.

The virological status of the 501 and CSTB5 cells is also interesting.

80th cell lines express the ivlAIDS Pr6~trg protein at relatively high levels. This

characteristic is worth painting out as we have been unable ta get high expression

of Pr60gag in ather B cell lines (CH33 and \VEHI-231 ) that were infected ill vitro

with the ivL-\lDS defective virus (S. Klein, P. Dupraz, and P. Jolicoeur,

unpublished data), suggesting that this protein may not be tolerated weil in B cells

whîch have reached specifie stages of differentiation. In addition, the CSTS5

cells were nan-praducer as dacumented by the absence of RT actlvity in the

culture medium and of Pr6Sgng helper protein in \Vestem blct analysis. strongly

suggesting that the primary cell from which this line was derived was infected ill

vivo by the MAIDS defective virus. In contrast, the SO L cell line, as \Vell as the

eSTS5 derivative 14810, expressed high levels of a 65 kDa protein species,

which most likely represents a helper ~1uLV gag protein, even though these cell
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lines \\'ere derived from mice inoculated \vith helper-free stocks. This helper

~luLV t also detected as virions in the culture supernatant, is not ecotropic as

deterrnined by Northem blot hybridization with ecotropic env sequences.

:vroreever, this helper ~!uLV does not appear to replicate in vivo since inoculation

of 50 1 producer cells into syngeneic C57BL/6 mice did not induce NLAJDS. This

helper ~\'{uLV mal' represent an endogenous species and may have been acquired

dunng passage inte the SCID mice.

\Vhy is the establishment of Înfected target 8 cells from iVIAIDS mice 50

difficult'? The establishment of the CSTB5 wlAJDS cellline in vitro was difficult

and represenred a rare success after many attempts. \Ve had to rely upon a

difficult protocol involving passage into NK·depieted SCID mice to derive

another line, 501. \Ve and others have previously attempted unsuccessfully ta

denve ill vitro target B cell lines infected with the MAlDS defective virus (Tang

et al. t 1994; Simard et al., 1995; Kubo et aL, 1992). The transplantation protocols

used gave rise to malignant T-cell lines or tumors which were transplantable into

syngeneic C57BU6 mice (Simard et al., 1995) or into nude mice (Kubo et al.,

1992), respectively. The third prococoi gave rise ta clonaI 8 and T cell

outgrowths that \Vere transplantable inta SelD mice (Tang et al., 1994). \Ve have

rarely observed infected T cells during the course of MArDS using our helper-free

system (Huang et al., 1991), although up to 35% ofmice inoculated \Vith the Lp·

8(v15 virus mixture experienced an expansion afT cells as determined by a clonaI

TcR p gene rearrangement (Klinken et al., 1988). This bias towards obtaining T

cell tumors and lines may be due ta several factors, such as the presence of
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replicating NidVs, especially in the LP-B~15-inoculated mice, or T cells from

~lAlDS mice may be more inherently transplantable than B cells. Regardless of

the reason for increased transplantability of T cells from NL-\IDS mice, it is clear

that in our helper-free system, the infected cell population is of the B lineage and

less than one in 10,000 T cells are infected with the ~1AlDS defective virus (C.

SimJrd, ~L Huang and P. Jolicoeur, unpublished data). The relation ùf the

reported transplantable T cells to the development of the disease is uncl.ear

(Simard et al.. 1995; Kubo et al.. 1992), although T cells. specifically CD4- T

cells Jre required for the development of NIA.lDS (Simard et al., 1997~ ~[osier et

al.. r9S7~ Giese et al., 1994; Yetter et al., 1988).

The use of NK-depleted seID mice was very important in establishing the

SD 1 celi line since our previous attempts is passing cells from ~lAlDS-infected

tissues in syngeneic e57BLJ6, nude, and SeID mice aH failed. In addition, the

eSTBS cells were transplantable when passed into NK-depleted SelO mice, but

not ioto unmanipulated SelD mice. NK cells play an important, although poorly

understood, raIe in mediating resistance to intracellular pathogens and viroses as

\vell as exhibiting anti-turnor activity (for review, see \Vhiteside and Herbennan,

1995). It has been reported that NK activity is decreased during the course of

NlAIDS (~Iakino et aL, 1993) and that mice treated \Vith IL-12, which acts

directly on NK celIs, is protective in mice challenged with LP-BNt5 (Gazzinelli et

al., 1994). Our results suggest that NK cells may also play a raIe in mice

inoculated with helper-free stocks of the MAlDS defective virus. The fact that

these B cell Hnes are not transplantable inta syngeneic C57BU6 beige mice,
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which have a defeet in NK cell production (Roder and Ou\ve, 1979), nor into nude

or CD8~' mice implies that either both NI( celIs and C08+ T cells mediate

resistance or that other host factors are involved in mediating the resistance of

these cells to transplantation.

The ~TK·depletion protoeol used ta derive the sn 1 MAIDS virus target

cell tine is simil:1.r to the ane used by Veranesi et al (Veranesi et al., 1994) to

derive B-cell lymphama lines from human PB~IC of EBV·infected patients. This

pretocol aIse appears ta be useful in isolating target B celI lines from mice

infected with the ~IAIDS defeetive virus. It may be worthwhile ta further attempt

ta increase the effieiency of this transplantation pratoeol to generate additional B

ceH lines infected with the lVlAlDS defective virus since very linle is currently

known about how the virus reprograms these B ceUs and induces polyclonal T cell

anergy.

Do the established 5D 1 and CSTB5 ceillines represent the ill vivo target cells

of the ~IAIDS defective virus? The identity of the fil vivo target cells of the

N1AlDS defective virus has been initially studied with the LP-B~15 replication

competent virus mixture (Cheung et al., 1991; Bilello et al., 1992; Chattopadhyay

et al.. 1991; Hitoshi et al., 1993; Klinken et al., 1988; Kubo et aL, 1992). As

expected for a replicating virus stock, several ceU populations were found to be

infeeted, including B-ceUs, T-ceIls, and macrophages. Although the individual

contribution of eaeh of these infected populations to the disease process could not

be ascenained, it \vas, however, clearly shown that CD4+ T cells (Yener et al.,

1988; Nlosier et ,,1., 1987; Giese et aL, 1994; Simard et aL, 1997) and 8 cells
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(Tang et al.. 1995; Cerny et al.. 1990; Kim et al., 1994) \Vere essential to the

de\"elopment of j\-fAIDS. The use of helper-free stocks of the NfAIDS virus \Vas

instrumental in establishing that the primary target cell population of this

defective virus belongs to the B-cell lineage (Huang et al., 1991). These target B

cells were found to have rearranged Ig loci, and to express high levels of

cytùplasmic K m&"lA arld low levels of B220 (Huang et al., 1991) and to reside

in peripheral l~mph nodes (Simard et al., 1994). FACS analysis of cells in

~[ArDS enlarged lymph nodes has revealed that virtually ail B cells (intècted and

non·infected) were 8220low and I(low (Simard et al.. 1994; Klinman and Nlorse,

1959: Hartley et al.. (989), strongly suggesting that the infected cells were indeed

8220iow and K low. However, it is impossible to get information on the ivlAIDS

vin:s tJrget B cells trom other published FAeS data because they were obtained

on total cell populations present in the N1AIDS lymphoid organs and did not

distinguish between infected and non-infected cells (Simard et al., 1994; Klinrnan

and ~lorse. 1989; Hartley et al., (989).

A,lthough little is known about the phenotype of the ill vivo target B cells

of t~e ~tAID5 defective virus, it appears that the phenotype of the established

5D land eSTB5 cell lines described here is similar to what is known about the in

\/i\'o target B cells. Bath primary and established cells have rearranged Ig loci,

and express no sIgM. sIgG or K and little or no B220. In addition, the difficulty

in transplanting the t\vo established cell lines reflects the phenotype of the early

virus target cells ill vivo which are not transplantable (Mistry and Duplan, 1973

and C. Simard, S. Klein, and P. Jolicoeur, unpublished data), but appear to
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constitute a relatively benign population of proliferating cells crucial for the

development of the disease. The MAIDS-derived B cell lymphomas established

previously (Klinken et al., 1988) are transplantable and appear ta represent a more

aggressive phenotype than the MAInS target B cells which initially proliferate

upon infection.

The phenotype of the sn1 and CSTB5 cell lines described here 15

somewhat reminiscent oÏ the target cells of the v-abl oncogene, which have been

characterized J5 pre-B cells (Rosenberg, 1982). Not only do both cell lines have a

surface phenotype similar to that of the v-abl target cells (Chen et al., 1994;

Rosenberg, 1994), but the eSTB5 line has its K locus rearranged in the absence of

Ig heavy chain rearrangement, a molecular change which has also been observed

in v-abl transformed pre-B cells (Sehlissel and Baltimore, 1989). The potential

role of c-abl in the development of MAIDS has recently been brought into Cocus

by our work on the effectors of Pr6ogag. We recently demonstrated that a

proline-rich domain in the p12 region of the MAIDS virus Pr60gag associates to

the SH3 domain of c-abl (Dupraz et al., 1997). The MAIDS and the Abelson

viruses may therefore infect and activate proliferation (in the case of ~LA.IDS) or

fully transform (in the case of v-abl) their respective target B cell populaüons.

apparently via sorne common pathway(s).

Interestingly, eD43, which is normally found on pre-BI cells and on

plasma cells (Ntelchers et al., 1994) is expressed on the SD 1 cells. It has been

obser\"ed that forced expression of this protein in a B cell lymphorna line led to

enhanced survival of these cells upon serum deprivation (ivlisawa el al., 1996).
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As weIl. transgenic mice expressing eD43 ln peripheral B cells develop

immunodeficiency (Ostberg et al., 1996). It will be of interest to study the

expression ofthis marker during the course ofNlAIDS.

The presence of co-stimulatory molecules on the SD 1 and eSTB5 cell

line5 may reflect the importance of B-T cell signaling in ~vIA.IDS which has been

po:ituiatèd to play a raIe in the development of T ceH dysfunctions which are a

hallmark of ~·lo.\.lDS (Gilmore et al., 1993; Nlakino et al.. 1995; Kanagawa et al.,

1995: Green et al., 1996). Green et al. (Green et al., 1996) have recently reported

that :mtibody ta gp39, the ligand for eD~O, which is expressed on the eSTB5 cell

line. can inhibit the developnlent ~IAIDS in C57BU6 mice. Bath cell lines

described here aiso express the co-stimulatory molecule 87.2, which is aiso

important in signaling T cells via CTLA-4 and C028 (\Vard, 1996). Therefore,

thèS~ B cell lines may be effective tools ta further study the B-T cell interactions

that occur during ~IAIDS and the induction of T cell anergy in vitro.

Additionally, these cells are likely to be instrumental in understanding how the

Pr60gag prorein induces the proliferation of its target B ceUs.
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Legend ta Figure 1: Southem blot analysis of ~tAlDS defective virus DNA in

the 501 and eSTB5 cell lines. DNA was extracted from cells or tissues. digested

with either EcoRI (A) or SacI (B) and hybridized with a NIoloney :YluLV U3

LTR-spccitic probe (A) or with the pI2-specifie probe 030 (B). (A) DNA from

501 (lane 1) and from eSTB5 cells (lane 2). (B) DNA from CSTB5 primary

NL-\lOS tissue (lane 1); from CSTBS cells (lane 2); from lymph node from

another, unrelated NIAIDS animal (lane 3); normal C57BL/6 spleen (1ane 4).

Arro\v indicJtes the unique provirus integration observed in both the eSTBS

primary ~tAIDS tissue and in the established cell line.
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Legend to Fi~ure 2: Northem blot analysis of MAlDS defective and ecotropic

viral RJ.\.IA in 5D 1 and eSTB5 cell lines. RJ'!A \Vas extracted [rom cells and

hybridized \Vith the p12-specific D30 probe (A) and then stripped and re-probed

with the ecotropic NluLV env-specifie probe (B). Lane 1, CSTB5 eells; lane 2,

5D l cells; lane 3, NIHi3T3 cells infected with helper-free wlAIDS defective virus

and ecotropic :\luLV; lane 4, uninfected NIH ceUs. Arrows in (B) indicate the

expected full-Iength 8.0 kb and spliced 3.5 kb eeotrapie MuLV RNA species. (C)

Hybndization of the same ti1ter with an 18S rRNA oligo ta sho\v equal loading of

R.".-\.
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Le~end to Fi~ure 3: \Vestern blot analysis of viral proteins produced in the SOI

and eSTB5 cell lines. Proteins were extracted from cells and separated by SOS

PAGE. and probed with a polyclonal anti-p30 antibody. Lane l, 501 cells; lane

2, eSTB5 cells; lane 3, 14810 cells (derived from eSTB5 cells); lane 4, Rat-I

cells; lane 5, v-abl transfonned 203-33 cells; lane 6, v-abl transfonned 203-33

cells infected \vith helper-free wlAIDS defective virus.
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Le2end to Fieure 4: 50uthem blot analysis of rearranged immunoglobulin loci

in the 501 and eSTBS cell lines. DNA was extracted from cells or tissue~

digested \Vith Hind III CA), EcoRI and BamHI (8) or EcoRI (C and D) and

hybridized with either the TcR~ CA), CI( (B), JH (C), or OH (0) probes. ONA

from 5D 1 cells (lane 1); from eSTBS cells (lane 2); from normal mouse tail DNA

(lane 3). G~ gennline fragment.
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Le~end to Figure 5: Flow cytometric analysis of the SOI and CSTB5 cell lines.

SOI, CSTB5, and C57BL/6 spleen cells \Vere labeled with the indicated

antibodies :lnd analyzed by f10w cytometry. Representative histograms :lre shown

for several markers. The dashed line shows the level of staining of the negative

control (unlabelled or secondary antibody only). The solid line indicates the level

of staining observed on the cells with the indicated antibody (directly conjugated

or primary and secondary together). Each histogram represents analysis of 5,000

10,000 gated eells.
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Table 1: Summary of Cell Su rface l\'larker
Expression on the SDI and CSTB5 Cel1 Lines

~Iarkers SOI CSTB5
wlHC [ + +
wIHC II + +

87.2 + +
C040 - +
CD43 + -
TeR - -
C04 - -
CDS - -
CD3 - -
C05 - -

Thy1.2 - -
Mac-l - -
sIgM - -
sIgG - -

K - -
B220 - -/+
33D1 - -
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Legend ta Table 1: Summary of cell surface marker expression on the 50 land

CSTB5 ccll lines. The two cell lines \Vere analysed by flow cytometry using the

~ntlbodies indicated. Expression is indicated by either + (positive expression), 

(negJtive expression), or +/. (weak expression) as compared to appropriate

contraIs.
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e·

CcII Line Jgl-1 Cl\: TcRrl Virus Pr6(V:ag Prr,sgag

Rearnlllgmcnt Rc:'rrall~1l1cnl Rcarrangnlclll Integral ion (a) (h)
~--------- --

eSTB5 - + .. + "1- -
SOI + + .. + + +

Ccli Line RT activity B ccII TIMacrophage Transplantablity Transplantation
(c) Inarkcrs Markers (d) in NK- fllicc (c)

eSTB5 .. + - .. +
SDI + + .. .. +

(a): production of the MAIDS virus-specific 60 kDa protein
(h): production of a 65 kDa hclper virus gag protein
(c): presence of reverse transcriptase activity
(d): transplantability inlo 1111/1111, CDS-I-. beige, or syngencic C57BL/6 lnice
(e): transplantabilily inlo NK cell-dcpletcd SelD micc
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Le2end to Table 2: Summary of the characteristics of the 501 and CSTB5 celi

lines. The data presented in the manuscript are presented in tabular forro in arder

to give a complete o\'erview of the celllines' qualities. Presence or absence of a

tested property is indicated by either a + (positive) or a - (negative).
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Chapter 4

The 1\'lurine AJDS Virus Gag Precursor Protein
Binds to the S83 Domain of c-Abl

Philippe Dupraz, Najet Rebai, Steven 1. Klein, Nonnand Beaulieu,
and Paul Jolicoeur
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Fon\'ard

The ~L-\IDS defective virus Pr6()1ar Is bath necessary and sufficient ta

induce disease, as shown by mutational analyses of this prorein (2,4).

Funhermore, it has been sho\\ll that a mYristylation-negative mutant Du5H virus

is non-pathogenic. strongly implying that a membrane association of Pr6o:ar is a

requirement for thè dèvelopment of r.-L-UDS (3). These resuits suggested that

ther~ Jre critical regions of Pr60'ng which possibly interact \Vith other cellular

prot::ins ae the cell surface. To further explore the mechanisms by which Pr60rng

sub\'erts its target B cell population and initiates the disease process, we searched

lor ?roteins which are capable of binding ta Pr60'ng by using the yeast t\vo-hybrid

system (1 ).

The rnJjority of the work in this manuscript \Vas performed by Philippe

Oupraz, who isolated c-Abl as a binding partner of Pr60rng via the two-hybrid

system, and demonstrated by mutational analysis as well as by Western blotting

and immunoprecipitation that this interaction occurs via the SH3 domain of c-Abl

and the p12 region of Pr6Q1etg • 1provided the SO 1 cell line which was originally

used to confirm an in vivo association of c-Abl with Pr60rag and [ particlpated in

the \Vestem blotting experiments. Najet Rebai produced the Du5H·

o\"erexpressing SB 19 and 5821 clones. Normand Beaulieu \Vas involved in the

\Vestem 8lotting and co-immunoprecipitation studies. This manuscript \Vas

published in the Journal ofViro[ogy 71:2615-2620 (1997).
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the SH3 Domain of c..Abl
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The Pr6()1l"Jf protein of the mnrine AIDS (MAIDS) defective virus promotes the prolifcrntfon of the infectcd
target B cells and is responsible for inducing a severe immunodeficiency disease. Usinll the yeast two-hybrid
system, we identified the SR3 domain or c-Abl as interactinl with the proline-rich p 12 domain o( Pr6wr"Il. The
two proteins were lihown to associate in vitro and in vivo in MAlDS virus-in(ec:ted B cells. Overexpression of
p~Jf in these cells Icd to li detectable increase of the levels or c·AbI protein and to its translocation ~,t the
membrane. These results suggest that this viral protein serves as a docking site for silnaUng molecules and
that c-Abl may be involved in the proliferation of infected B cells.

•

•-
"

~(urine AlOS (MAlDS) is ~l severe immunodeliciency dis
case characterized by Iymphadcnopi.tthy. splenomegaly, hyper
g'lmmaglobulinemia, T· and B-cell dysfunctions. and late ap
pearnnce of B-eeU Iymphomas ~md opportunistîc infections
(19, 23). This severe immune diseuse is caused by a defective
strnin of murine leukemia virus (MuLV) (2. 4). The main
target cells of this defective virus appear ta be peripheral B
lymphocytes which are induced to proliferate after infection
(17). The defective viral genome encodes a single Gag precur
sor (Pr60If"lt) protein (15) whose p12 region [s highly divergem
t'rom those of the p12 protcins of other helper MuLVs. Muta
tional <.tnalyses have contirmed thut the Pr6()il"1t is necessary
,LOd sufficient for dise.lse induction (14, 20, 25). [n 'lddition,
myristylation-negative mutant MAlOS viroses were round ta
be nonpathogenic, indicuting that myristyJation and tight mem
brane association are required for Pr6()il".It ta be pathogenic
(16). These results suggested chat intact Pr60'lf'lC may internet
with sorne cellular ~lfectors and possibly selVe as a docking site
at che membrane ta initiate target ecU expansion ,,"d patho
genesis. Wc searched for sorne proteins interacting with
Pr6()1lf'K and round that the c-Abl protein is one of these inter
acting proteins.

MA'fERJALS AND METHODS

CllnJlrucliun IIr '.....Inids rnr yeasl Lwo-I.ybrid~cn:cnin.. "tl: l:on:ltrucLiun lit
thl: clunc I:nc:mling Lhc cnmplcte pr6IJ'l"1l' fUliCd Ln the u:xA ONA-hinùing dumllin
(OB) (pB'TM/DuOAO) wu.', rnnùc hy PCR ,~lte.uil'CClcU InUlngcnClÙl Wling Illigonu.
clcutiu~ 5'-CCOOAA'lïCATGOOACAOACCGTAACCAcre·3· (llCl'IllC) ;anu
)'-AGTACCATCTAOTGOCCACC-J' (i1IlLi.'lCIt.'Ie:). l\n &uRI ~ite Wit.'l intruùul:Cù
.It nuclcotidc (nt) ')70 l'mm DuSH (2). "nte amplilicd fmgment WON digl::lll:d Wllh
IrcoRl and Atull (nt lins) and ~uhclunl:d inlo pBS-SK lugclhcr with anAtltlJ (nt
HI2S)·HimJllI (nt 3264) (msment l'mm pltL'ImiLl I,OuSHnco (2) LU IlcnCrtUC
OuSH1\1"'I'lU. which wn:, scquenccu. Digl:.'ItiCln Wllh EcrlRI and StIll (of pBS-SK)
l'mm DuSHRI.0t7n l:o'Cl1l:rnted .1 fr:lgment whic:h WiL" t.:Ium:rJ intu pBTM 1ICI lU

~ncrntc pBTM/OuOAO. PliL'lmld.'I pB1"M/DuOAO/ACA,I,BTM/OuOAO/AI2,
,md pBTM/OuOAO/AMA wcn: cunlltnlc:tl:d hy !lWllpping IhcAmlJ·Hilldlll l'mg
IOl.:ntllr pllL'imid Ou5H'u ..rn, with Lhu.',e III' phL'Imld.'C pOuSH·A, pOuSH.B, ;rnu
pOuSH-C, I:ncuding p~1l' dl:ll:llUn anutllnL'I de.',cnlled prcYiuu.'dy (14), hefllrc
iuhcloning InLo [lSTM 11(1. "nI(: 061"2 fu.'Iiun WlL" annul: hy rcpluccment III' Lhe

• Currcsponding authur. Muiling 'Iddrcss: Laborntury of Molecular
Biology, Clinical Re.'icarch (muitutc ll( Muntréal, 110 Pinc Ave, West.
Montréal. Québec, Canuda H2W 1R7. Phune: (5t4) 987-5569. Fux:
(514) 987-5794.
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/1rt!:II·t/Îlrulll fnlgOlcnt III' G6T2 (26) ln Ou5HI~I."'U lU I:l:nerllll.: IlBTM/G6T2.
'n't: pGAL4.DB.OuOAO dune, whlc:h cnc:mlc.'l lite cumplell: l'mU"'" (u.'lCU wlth
the GAL4 08, WlL'I ,:tIIt"lruell:u hy iuhclllning Lhe EL:oRl·Stlll fntgml.:l1t IIF phL~.

anlLi pBTM/DuGAO intu plu..,mitl pom (12). 111c.~ GAL4 013 fUIlioll ,-'un·
ilruct.'1 were LC.'Itl.:tI 111 Sttcr:lltlmmycu '~lSiul! YSFS26 (M,rn. IJr:rJ II:u2 Irpl
URAJ::GALI./tI/:Z), ,Inti Ille u:v\ OB ,-'UlllltrueL't wen: tCllll:tllI1 "trullt L4U.

VeUI um-hybrid~cn:cnin •• il) Itlenllry ,mllcu!.'1 lh.il IntemcL wilh PmU'", wc
~ou.:rJ ;1 pnrtinl Ill.5·duY-tllti moullC cmhryn (41) cDNA lihmry fUllCd 10 Ihe VPl6
.ICIÙic .u:uvulion -Iomain. A clonl.: IIF S. cemtlSUI! L40 (MATii Ilis) Irpl /t:U2
L y'll;:1~.rA-H1SJ URAJ::JuA'/lIcZ) whicll l.'CIntnined pBTMlOuOAO WI!ll InUl.'I
formeLi wiLh Lh," cONA Iihnlry :Ilf L1Co'lcnhed pn:vloullly (:15). An I.'!Uimllll.'u
.lI) 'li( tir' tnmllf'urmllnLll wcn: I&Rlwn t'ur 16 Il in ~yntllelic Im:dium IllcklltK leuc:ine
.ml! tryptuphun tll Inlllnlall1 ~ell:clion fur Lhl: Pr6U"'" ,lItd Iihr:rry JlIII.'~mirJ.", l'C·
,pcctlvely, ,lItd III ,llIow ~pn.."OI.un lit' the HISJ repurLcr ,enc. 11l1:rcufter, the
lmnllrnrmunL'I wl:rc pllllcl! mttn ~ynlhl.:lit medium l"ckil'g hillLidinl:, leucinl.:,
tryl"Ll1phlln, ur:u:II, ,mu 'rune. Aller 3 UUYli .IL JtrC, Hi.'I ~ '-'tllunu:.'C wcrc pickl:tl,
!&l'tlWn agllll1 fur J UIIY'llIn pllllCo'l luckmg ll.:ucinl:, LrypLllphlln, ;Inù IIrnctl. ;mtllhl:n
,I.,,-",uycd fur l3·gnluc:tuIIÎc.hLou.: activiLY Ily" IIILcr ;I.'IICUY (3). Tu 1l:.'It fur ~pc:cil1cily, thc
HK) Hill ~ LIeZ" l.·ulunll':.'1 wen: lc.'!ted hy Illling" muting pnll11c:ul wlth yellllt :(tmin
AMR7() (M,fTu IlIs) Iy.fllrpl léU1 URAJ::(lallup)K-IflCZ) ,Ill ul:.'lc:rlrn:rJ pn:vioulIly
(41) .IGU"'1I1 the l\un.'Ipcc:iltc h"il fumin (pU:xALamin). PftL'ImirJ.'I frum ~pcc:illc

His' LieZ· <':lllunic.'1 were I:xtnlcletl ,mu rclr:lltlliurmcd IIllU YCUlit ~lrnin L40
wlth I.'lll,,:r jlwALmnin, pBTM116. pL:xOA (l:ncllding the Dm.m/Jlli/(/ ùllugh·
lcrll.:lI.'1 pnllcrn), ur pBTM/OuO/\O ln further I.'tlnlirnt Lhelr.lricl PrflOI"" rI.:
'luINm..."t fur 1I1\I:r:u:liun. nln:1: dunc.'C ~tmngly Lnll1"I~lcllvntl:rJ Lhe rl.:pnrter in a
f'rflU''''''-depcnLll:nl mnnnl.:r, ,mu Lhc.~ phl.'lRlid.'C werc rcc:uvcrctl.

mt'T ru..dCl" I,·nnslrocu. PllL'Imiu pOST/c-Ahl-SHJ-SH2 WIL'C QlIl.'Ctruell:d hy
1It.'Il:rlil1g lhe I:-I'\hl Notllhillment ur pVPlr"l'\hl il1l0 phL'Imid pOEX-4TI. 1"0~ïl
<,;-Ahl·SH3 WlL'C 1:1IIt.'IlruclI:U hy '1ullc:llInmg thl: I:-Ahl IJrm,Hl·Hi"c:J1 l'nlgmenl
fmm IlVP1CI-Ahl.nto pllL'Imld 1'0EX·JX. PhL'Imid pOST/Ahl SH2 \VllllllhLUincù
Ily in.'ll.:rtil1g Ihl.' c-Ahl Hilll:II·EcrIRl fr:Igntent l'mm pVP 1(..Abl min SlIIetl
I:t:(1RI-uig~tl:l1 JlGEX·3X. Olutllthium: .\'·lrnn.'CfenLou.: (OST)·p 12 WlL'! gl:l1enlteli
Ily PCR .Implillciltion ur a IJ~III ~uhc:l()nç IIr lhe MAIOS gag regiull (nl 691 LU
!m) with IIIiGnnuclcuti~1:S' -COOOOOATCCCC1TTïCCiTlATCOACAcr
T-]' anrJ the M 13 univcI'.'IUII,rlmer. "ntl.: l'CR pmducl IVIL" purilll:u .lI1d digçsLctl
wilh 81,,,,1-11 (inc:ludctl in lhc 1IIigunucll:ulidc:) ;anu X/ml hcfon: liglltinn intu
1l0EX-4Tt. "tC Osr-I,I24Nml .md OST-pI2ASIlItII uelctioll mulnnL'C wen:
I:tlll.'ClmcleU Iike llll: wilu-lypc OST-p 12 plll:smirJ exc:cpt lhullhc PCR pruduct Wtt.'l
denved with I1tm,HI·Hml ;111«.1 0"111 HI..Sm"1hcfurc ~uhc:1u"inG iI1I"OEX-4TI. Tu
inlmducc " [X'int mutlltiun in Lhe pmline IIr lhl: SH3.hinding ~iLC.'l at n:.'1idul:.'5
134, ISM, and HU, Lhe 1'12 rcG1l1It WIl.'l .lltlplilieLl l'mm GST-pI2 with l,rimel'lC
S' ·CCGOATCCCOOTCTQAccrrrACAC-3' (llCl'L'Ie:), S··TATCGCCl'CTAAA
CCTCCTAA·3' (PI34A) (ilnli.'a:IllIC), S··CcrcocrAACC'ITCCTCC-3' (P'SKA)
(llnli.'le:I1.'Ic:), ,IIlU S'·'ITCCOCCCCTAATCCCATG-3' (PIHIA) (:mIÙICn'le:). ThC!lC
PCR frngmenL" wcre lhen UlCCÙ 'l.'llUcgnprimers. "l1lc mutllnl ONA'I \Vere c1nned
huek intu pGEX-4TI. O~ï rU.'liul1ll wcre purilh:u ,1.'1 dl:.'ICJ'ihcd pn:vÎuwdy (3K).

Rlotinl'uUnn IIr ,.rotet.... Purilil:d OST ru.'Iinl1 pruteiml \Vcre l'IiutinylnLcl1 in
IUO mM 'iUuium humle (pH lU) witllllinlinumirJUClpmute N-Ilydmxysuc:einint
ide c.'Ctcr al a ..uiu ur so (.log IIr I.'."ter pc:r II1G ur I,rutl:ill (22). 'l1te rellcti~ln WII.'!
l'Ilucltcd with NI-I..Ct, ,md ~"lll l'Iilltin wn.'C n:mnved hy alel111ive dinlYllill "Kiliml
phu.'Ipniltc-hulfercd ~IJine.
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TABLE l. Specifie intcnlction uf Pr6U""1I with l,;·Abl in the yea.'it two-hybriù ~)'stem"•
2616 DUPRAZ ET AL

Gene rw;cLl Opcrillur

I3-Gal ;lctivlly ln ycmil

pVPlrt/c·Abl
SH3-SH2

pVPl6

Nunc
pBTMllo
pBTM/OuGAG
pLL:xAJLamill
pLL:xNOA
pBTM/ouOAG/àCA
pBTM/ouOAG/àpl2
pBTM/ouOAGIàMA
pBTM/GClT2

\I0llC

pGAL~DB·OuGAG

pGAL~DB-HG

pGAL~DB-MG

OuSH Pr6{)'1"/I
Lanllll l

'

Daughtcrlc~.(1

Ou5H Pr6U""1f Laa 1-372)
OuSH Pr6()'I"JC (aa 1-IMO)
DuSH Pr6()""11 (<la 1-53)
R'lULV Pr65'1"1t

Du51-1 PrhU"""
HIV-l PrS9'~ l,

Mu-MuLV Pr69"1t 1.

LcxA
LcxA
LcxA
LcxA
u.:xA
u.:xA
LcxA
u.:xA
u.:xA

UASr.
GAS"
UASc:
UAS,;

+

-- .....

,r l)hl.'imIUll cnl;lIL1ing .1 Lcxi\ DI3 'Ir ;1 GALol DB hUll rUlmlll (21) .Inu phllitnll.!ll cncnuinl; the VI'\(I Inlll.'lllClivlIlinl; uUlnuill 1'u.'\CU ur nut wilh Lhe c·Ahl SHJ ;1110 SH2
dllllminli wcre ':lIlrilllliieclctl illltl ye,L'll 'ilnlll1 L·4l) (rllT telilil1g lhe.: L.cxA 00 ru.'iiUlt'l) IIr VSF-S2C1 (rur IClilinl; lhe GALol OB ÎLL'lilll1ll). (In ;111 \'11.'lCli. the.: GIlL! pmmuler
Willi \Ili1.:u.) 'n,e Iri\llsfurnll1nl.'i wcrc lClill:U fur ih;ulm:lllsIOll.'IC .lctivlly (13-Gill) hy 11111111; ;1 stlll\tllm.! tiller ;L'l.'IlIY. Enlric.:." IntlîC:ltU'ilrung ( + ·Ie -+-)r WCUK ( +). ur 1111 ( -) hluc
':lIlur .. I"h:r 11' IIf rClIl;t1(II1I11 X-Gill plnles. l~auLV. rauinliun IcuKcmiu YlrUli; HIV-I. hunlnn Immunudcllcicncy viru.'I type 1; Mu-MuLV. Mulnncy MuLV; UAGc;, GAL
IIl1slreml1 .1l;l!VlIliUn 'iequcncl:.

"I)rL'Vlllulily •.h':licnbeu (21, ~I).

•

•

l~ur·Wesleni blunln.:. ~ulli .1I1l11UnL'i III llrtllClllS wcrc 'lCpllntlCd lIn .1 j tn
12% .Icrylllmluc ~r.lUie.:nl ~el .mu Imnliferrculn IUlntccllulu.'lC III III mM .1-(L'Y·
dnhexylllmll1u)-I-prnpllJ1~ulrtlJuc ;U;IJJ (CAPS; pH Il )-ZU'fft Inclhullul (22). Fil
tCrli wcn.: hluckcLI III III InM TrI.'I (pH :'1)-0.'1% :'lllICI (Tris.hulrcrcu 'lUIÎIlC
ITBSI)-lJ.1l5% 'rwcen 11! rreST Inllrer) piIL'i 5% 'iklm Il1llk. l3iulillyllllcLlllrnbc:.'1
Wl:n: "dueu III the 'IU111: hllircr :ttll.5 1"'l:lIml. II1cuhuleu .11 rtl<lm IcmJ'l'.=ntture fnr
:1 h••mtl wlLshed Clttcll.'Ilvely 111 TBS-r t11uli 1% ..klm 111i1k. Fillcrs wcrc lncul1l1lel1
Wilh .lViuin-,;unluguteLi ilUrlIC:mdilih IlCrIlltlUII.'iC "1 Il.5 I.&.g/ml in TBST l'hm 1%
..Kim mllk, WIL'ihcu Cltle.:I1.'ilvcly lU T!3ST·mllk. ro~. ;II\Ù TaS wlthnut ·rwc.:n 111
Ilefnn.: JCVl:lllpment !,y .:nlull1a:L1 .:hemllul\1l1'CliCCllce (ECL) (OUllunt ItcnllL'I
"Ince kit).

.......unupreclIJilull..... Wl:lltern IJhlllinll. illld ~:ell rrllctlunaUnn. CST-BS t:cllJl
were 1r:lI1x(..:cteu hy t:lecirUpUnlllUI1 wlth ;1 pl'L'imu.! cunt:lIl1l11~ the '~,"I-N;",JIIl

l'rCtIl''''1I I"r:ll:mentlrnm Ille I,OuSHl1ell ....Iullc li\;lIlcLl intu Ihe IlCDNAJ ....xprl:JUlillll
YcclUr. CllIl1Cli wen: \Cn.:l.:IICU lur 11Irh (lrlltcm ..:xprl::'l.'lilln 11Y W~lcrn !llunin!;.
rur L111n1nlUnuprL'Clplllluun. 1 'l( lU ,,:eUx wcr.... lyliCu III Ia:·~·uld I)'!lL'l hulfcr (511
InM TrL'!lpH 7.51. 15U mM NIICI. 111% glyccrlli. 1% NUl11ul:t 1'-4(1, 1mM EGTA.
III nlM NIIF. 1 mM suuium "lrthuvlllliluille. 1 l'lM phenyimelhylliulfullyi Iluuntle.
III iJoJ: .,f oIprminm (ler 101. III IJ,~ IIf Icupeplll1 IlCr :nI, I1CJllIlIUlll. Na·,'-llllo'YI.I.
IYJlllll.: ....hll1l'UlnclhYI !cetnnl: ITLCKI). 11'1: ....hmlicu .:ell 'YlI<·llc:.'l wcre II1l;uhnll:lI
Wltl\ lite .lllprul)flltll: .ll1lihuuY·CUlItcli (lntlenl G-,lgllftl.'IC hcutl." l'ur 1 Il .It 4-C.
"nie IlClIl:L'I Wl.:n.: Wllo'lhl.:û thrce lunl:''l wllh 1 Inlllt" IYJlilC hulrcr andlhcn '1uhll.'C1cd
m suuium dutlccyl sulfl1tc-puIYill;ryhumuc ~e.:1 ....Icctntphurcli~'l. C:II rmctillnlltiun
Wllos IlCrfurnlctl .1.'1 JCllCnbctl l'fCVlllllo'lly (Il). Wc:.'ltern ImmunnhlnUins WlI.'i I,.:r
funnctl;lx uc:.'lCrtbctl Iln.'VIClll~ly (33) 1111 (lnIYVlOyliLiene.: uinuunuc Incmbnll1c:.'l .mu
L1CV.:lllJ'l'.=U hy llo'iin!; il Dupnnt RCl1ll1.'lSlII1L'C ECL kil.

,\nlibudICll. ",e hybnUlll1l11 pnnlucmg Ihe .mri-AIlI .Inllbudy 24-21 tUL'! IlCcn
Jc.'lCrtbct! ....1:lt.'Wh.:re (36) .mu WM kinuly pnlVlucu hy NlIllmi ItllKenhcrg. 111e
hyhriuumll RI1f7 ;.glllUlil lhe Ylrnl GOIS Ilntteln (anh-CA IClplilOI) (5) \VIL'l Illlr
t:hll."l.:U l'mm thl.: ,\mcrlcm Typc CUIlUfC Culll;cliun. ·n,e.: ~llllt anti·MuLV J1C1ly·
clnl1nl Gllg ;Ll1lihnuic:." wcrc Ilhtllincll l'mm Prngram al1u !.4lglo'lLiCli, Viml OnL'nl
IIgy. Nliliunui CII1Cer h1.'iLitute. I3Clhc.:.'ldll, Mu.. .mû IIUYC Ilfcviuu.'lly hc.:cn
dlllmc:tcri:a:l1 (15)• .'\nli·COC2 kinil.'lC anu .Il1ti·Src wcn: PUrchIL'lCU fmm SllUlIl
Cru" Biutcchl1l1lugy. IlIc.•.me.! Om:t1gel1c Scie.:no.:. re.'lpcclively.

RESULTS

[olen.clion uf p~Jr witb the c-abl sm domain. Wc used
the yeust lwo-hybrid ~'Ystcm (12) to identify hast proteins that
hind to the MAIOS virus Pr6(rvl

.
Lt protein. With this assay. we

idcntilicd one positive donc (DuGipl L1-3) (497 nt) whieh
cantained almost ~xelusively the SH3 and SH2 domains (ami
no acids [ual 63 to 216) af the mouse proto-oneogene c-abl.
This VP 16-Abl clone was able ta interact with a GAL4 or LexA
DB/Pr6()lt"1t fusion construct. suggesting that the binding was
not clependent on the specifie promoter-OB fusion used ta
monitor the Pr6(1-'f/·lt-intcmeting potential (Table t).
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To dcmonstmte the speeificity of the Pr6(F'It-c-Abl interac
tion, the VP L6-Abl canstruct was tested against ditferent baits
(Table L). The VP t6-Abl protein alone or in llssociution with
the control LexA DB protein (pBTM \ t6) did not transactivate
the ~-galaetosiduse reporter gene. The VP t6-Abl construct
was also unable to interaet with unrelated LexA DB or unre
lated GAL4 DB fusion proteins and with c10sely related helper
Moloney Pr69l".It (pGAL4-0B-MG) (2 \) or eeotropic ~ndoge

nous nonpachogenic nldiation leukemia virus Pr6,SW'1t (pBTMI
G61'2) DB fusion proteins. Thus, the SH3-SH2 Abl-Pr6()11"lt
interaction appeélred to be specifie.

To map the Pr6<F'.It domnin responsible for binding ta c-Abl,
we tested ueletion constructs of Pr6()'1",·lt in the two-hybrid !l'Ys
[cm .md compared their activities ta that of the wild-type
Pr6(}ll"lt proteins (Table 1). Optimal binding was observed only
with [he full-length Pr6()'1"Lt construct. A mutant that contains a
stop codon in the CA region of Pr6(}ll".11 (DuGAG/âCA) still
retained sorne binding capability. Mutants deleted further into
Gag (DuGAG/âp12 and DuOAO/âMA) lost the ability to
bind to c-Abl. Therefore, this analysis indieated that the C
terminall:nd of the matrix (MA) protein and the pl2 region of
Pr6()!l"1t werc necessary to bind to c-Abl. This region has pre
viously becn shawn to be required for puthogenesis (l4, 20,
25).

Ta determine which of the c-Abl SH3 and SH2 domains of
the VP IG-Abl clone interacted with Pr6()'t".It. we carried out
binding studies in vitro between recombinant protcins, using a
far-Western assay (22). The complete VP16-Abl cDNA or
truneatcd versions were expressed as OST fusion proteins,
biotinylated, .md used as probes on lilters containing C-termi
nal MA and p12 domains of Pr6W'lt fused ta GST. The OST
c-Abl SH3-SH2 probe was found ta bind to the full-length
GST-pI2 protein in this assay (Fig. 1). The GST-c·Abl SH3
probe also bound. albeit with an apparent lower affinity thun
the SH3-SH2 fusion, to the GST-p 12 protein. However. bind
ing of the OST-c-abl SH2 and uf the control OST probe." WélS

not detcctcd. None of the probes bound to OST. Wc alsa
tested whether other SH3 domuirul eould l'lind ta the same
OST6P 12 protein. The biotinylated GST-Nck 3x-SH3 (aa 1 ta
751) probe was found ta hind to the GST-pI2 prutein with an
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allinity 'iliglllly iowcr than th'lt nt' I.:-Abl (Fig. 1). In t,;OlHrasl. the
ll-Src. i,;-Sn;. t,;·FYll. I.:-L~k. Grh2. Gap. spcl:trin. Crk. ;Inu Fgr
SH3 uomains fuscu lo GST ;(nu llscd as probes wcre unahle to
hinù tu the ~mme OST·p I:! pmtcin llf<lta IlUl shuWI1I. Thesc
rcsults IIldil:atcu that thc inter~\cuun uf OST-c-Ahl SH3-SH::!
wlth OST-p 1: was 'ipt:l:rtil: ~1I1l! wa:-; Ineuiatcu hy the SH:l Jo
main.

The pattern llf the I.:·Ahl SH3 hinuing tll the Jcgrauatiull
prnuucl llf the OST-p I~ fuslun prllte\ll as wcll as the inilbility
ùf the pl: lrunl:~Ill.:d LL:xA fusiun (pBTMJOuGAGI~p 1~) to
internet 111 the two·hyhrid system 'iuggestcd th'it a 'ritical SH3
hinuing site W:LS loc~ltcù in the C·tt:rmimll rcgiun nI' pl:. 1n this
region lhcl'e ;m.: threc pllt:ltivc Sl-D-binding sites (termcd
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MAIDS-binuing site for SH3IM83-IIILlPSKPPKSRI, MB3-:!
IENLPNLPPLSKI. and MB3-3 IRPPPPRYSPPNPMESRD
th;u containeu the minImal consensus Px."<P mutif 1't;:4uin:d for
SH3 hinding (Fig. 2A) (6,27). Tu Jctcrmine which motif W.LS

rClluired for hinding thc c-Ahl and Nck SH3 Jom.tins. wc
constructcd lWO shorter GST fusion prolJ.:ins (GST-p I1aNot [
and GST-pl~ASmal) and thrce single-aminu-aciLl mutants dis
rupting cilch PxxP motif (Fig. ~A). Using the in vitro as.'my useu
fur Fig. 1. wc found th.lt dcletion of MB3-) or MB3-) plus
MB3-:! üf P12 ~lb()lishJ.:d hinding "ctivity :lIlÙ that only the
longJ.:r cunstruct. which cunwins MB3-3. coulu hinu tu the
l:-Ahl SH3 ur Nck 3x-SH3 (Fig. 1B). Single-amino-.lcid suhsti
tutiuns "t the MB]-I (PI33A) l)r MB:;-:! (PI5MA) site uiu Ilot
inhihit ,-Abl SI-I3 lU Nck 3x-S1-I3 hinuing (Fig. lB). (-{OWCycr.
t..Iisruptiun ut' prolinc lM 1 of the MB:"-] 'iite lPIS 1A) signiti
cantly n:ùucetl hinding ur" ,-Abi SH3 i,Ul l\ül dl' :"Ilck Jx-SHJ
(Fig. 2B). li has reccntly been rcpmteu th..1 the t,;-Ahl SH3
Jomain prdcrentÏ<llly rccognizes Jung ( lU-a.. ) pmlinc-rich pep
tidJ.:s that hayc conscrvcd threc pmJincs: thuse ~ll pusitiuns 7
and 1Il in the Pu? sequcnce ;mLl ;lIluthcr at pusitiun l ( 1). The
MB.l-J site Illutchcs this l.:onscnsus sequcnce (Fig. .2C).

Detl:ction u( PrW'#:-e-Abl complexes in anammalian ceUs.
Wc next stuuieLl whethcr ~-AbJ ;lssuciat..:s with Pr(.,O'''us: in viyu.
hy cuimmunuprccipitution. Wc llseLl ;1 nonproLluccr B-celllinc
(eST-SS) ..:st.lblishcù l'mm a MAIDS virul'i-lIlfcctcLl muusc
( 10), in which Pr60'''''11 coulLl he ovcrcxprcs-'iJ.:u. We isolatcu two
dunes (SB Il) ~md SB21) which llycn::xprcsseu Pr(lO....'~ :lt lcvcls
10· tu 15-l"o1Ll higher than thuse prnduccLl hy the pnn:ntal
eST-B5 cells (Fig. 3A. upper [eh pancl). CcII Iysutes wcrc
immunopn:cipitiHcu with ..:ithcr an antl-c-Ahl ur an anti-Gag
antibudy ~llld Immunopn:cipitatcs wcrc thcn suhJcctcd to
Wcstern hint analysis. [n ~l control cxperilncnt. the 14()·kDa
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c-Abl W'lS detcctcd in total Iysates nr in immunopr~cjpitates

with the antj-c-Abl antibody followcd by W~tcrn blotting with
the same antibody (Fig. 3A, lower right p.mel), .1S ~xpectcd.

lmerestingly, in the anti-c-Abl immunoprecipitates amllyzcd by
Wc:stcrn hlotting with the .mti-CA polyc1onal antibody. a pro
tein \)t" 60 kOa l."Omigrating with Pr6()\tf'1( was detccted (Fig. 3A.
upper middle panel). Conversely. in ;tnti-CA immunoprccipi
tatcs analyzcd by Western blotting with the anti-c-Abl anti
l'Jody. the 14O-kO" c-Ahl protein CQuicl he detectccl (Fig. JA.
lower Icft punel). This band wus not Jetectcd in immunoprc
cipitatcs ubmined with a control monoclonal antiboùy (MAb)
nf the same isotype dirccted agninst a rclated l.-ytoplasmic
tyrosine kinase (anti-Src). These rcsults indicat~d thut e-Abl
and Pr6lF''= intcmct in vivo. This associiltion of c-Abl with
Pr60""'Q was also contirrned in assays using ;tnother murine
B-ccll line (SO 1) ubtainc:d l'rom a MAIDS virus-infccteù
mouse and cxprcssing Pr60"'1.lt at high levels (data not shawn).
The amount of c-Abl protcins coimmunoprecipitatcd with
Pr6W'R :n ccIls l>vcrcxprcssing Pr60""'!o: W.IS not highcr than in

the pélfcntal as ecUs. suggesting th'lt the Icvcls of c-Abl. and
not those of Pr6()'1'1.1t. were limiting in this ~'Ystcm.

lntcrcstingly. overcxpression ur Pr601l"N in CST-BS ceUs alsa
resultcd in a mude.'it but c1ear incrcase (two- to threcfold) of
the stcilùy-statc levels of c-Abl, .lS ùctected in totéll cell Iysatcs
from twu dones (Fig. JB).

To dctcrmine whcther the formation of the Pr6()ltll·It-e-Abl
complexes rcsulted in a subccllular redistribution of c-Abl. wc
performed a cell fractionation ~xperimcnt. [n control pre-B
cclls (BaF3) not exprcssing Pr6()'1"I(. the majority \)f c-Abl wns
nuclc<lr (Fig. Je). '1S reported prcviously (S, 40. 43). Howevcr.
in cells ~xpressing Pr60""Jt. thc Icvels of c-Abl present in the
membrane fmction werc ~lS high .IS in thc nuclear fraction.
suggcsting that Pr6()"W''f helps in trJnslocating c·Abl to the
membrane in these ecUs.

Since c-Nck WélS found to bint! to Pr60...,'Jt in vitro {Fig. 1~md
2B}. wc uscd the same mammalian ceUs ~ll1d the same tech
nique ~LS used with c-Abl to dcterminc whcther Pr6(1l"/t inter
acts with c-Nck in vivo. Wc h.lve hecn unable to detcct such ~m
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asgociation of Pr6()'f".11 with c-Nck in vivo (data not shawn),
which suggcsts that these two proteins do not internct in vivo or
that their intenlction is tao weak to withstand the coimmuno
precipitation procedure. Altermltively, the atlinity of the ,mti
bodies used m"y not be strong enough to allow detection of
this intenlction.

DISCUSSION

This work shows that the MAIDS virus Pr6()lo'fIJ: act" mi a
docking molecule ,md binds to the c-Abl protein through its
SH3 domain. This interaction appears to lead ta the translo
cation of a fraction of c-Abl out of the nucleus, to the mem
brane, ,md ta an increase of its steady-state levels. The vast
mujority of c-Abl in murine fibroblasts and murine hematopoi
elle eells IS narmally ioeaiized in the nucleus (34, 42). Overex
pression of e-Abl in murine tibroblasts has been shawn to block
cell cyele progression (34). ln contrast. the oncogenie forms of
Abl, such as the chimerie ber-Abl, v-Abl (Gag-Abl), or SH3
dcletcd mutélnt proteins, have becn faund to be mainly located
outside the nucleus (13, 40, 42). Our results rcpresent the tirst
indicution that a significant fraction of endageneous nonchi
merie murine c-Abl can be translocated outside the nucleus. It
is tempting to suggest that this event is involved in the target
B-cell proliferation observcd in this disease. The v-Abl protein,
which is similarly locmed at the plasma membrane und whose
tyrosine kinuse activity is activated. readily induces translor
mation and prolifermion of its target pre-B cells (29, 30).
Moreover, recent studies huve shown that treatment of murine
pre-B cells with type IV c-Abl- or type 1 c-Abl-speciflc anti
sense oligonucleotides induces apoptosis or differentiation, re
spectively (9). Similur etfects have been reported for human
CD34+ hematopoietic cells (31). These results suggest thut the
MAIOS Pr6()'t"'" protein. through its binding to the c-Abl pro
tcin, muy prevent ,Ipoptosis of its li1rget B ceUs.

The mechanism by which the formation of Pr6()1tf'I:-e-Abl
complexes outside the nucleus affects c-Abl function is not
cJei1r. Gross alterations of c-Abl kinase activity seem unlikely,
as wc huvc failed to detect any modulation of ils tyrosine
kinase ôLctivity upon binding of Pr6()11"H to its SH3 domain.
However, undetectable but still functionally signifieant activ,l
tian of c-Abl kinase activity in these complexes remuins u
possibility. Altematively, recruitment or sequestrution of c-Abl
at the memhrune by Pr6()'f",It muy allow aceess to novel suh
strates for its tyrosine kimLse. Finully, binding of Pr6(Jl"1l to the
c-Abl SH3 domain may block accc.'iS of this domuin ta ta putu
tive inhihitor of c-Abl thought ta bind ta the same SH3 damain
(24). Mutations of the c-Abl SH3 sequences have indeed heen
found to activute c-Ahl tmnsforming activity, suggesting the
presence of sueh an inhihitor (13, 18, 40). Recently, proteins
intemcting with both the SH3 domnin of c-Abl "nd iL" C
terminnl region have been identitied, one ofwhich hus sorne of
the properties of an inhibitor (7, 37).

The complex immune diseuse induced by Pr6()'t"N, the only
Gene produet encoded by the MAIOS defective virus, is unique
and involvcs lymphaproliferation us weil as the 10ss of both T
and B-cell funetions. Our data suggest thut c-Abl is involved in
this disease. However, more functional assays will be required
to appreciate the contribution of c-Abl in the pathogenesis of
MAIDS. Additionally, il is unlikely that this whole syndrome
develops From the binding of only c-Abl to Pr6()1l"R. Rather,
Pr6{}'1"1t may serve as a docking site or scaffold for sevenl1 signal
transduction proteins involved in this disease. The Nck protein.
which we have shawn to bind to Pr6()'t".I: in a tilter binding assay
(Fig. 1 and 2A), may in faet represent such an additional
signaling protein involved in MAIOS. Although we have been
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unable to detect this interaction in vivo, by coimmunoprecipi
tation studies, this does nat definitely rule out its implication in
this disease. It would be of interest to identify other cellular
proteins binding to Pr6()1tf',ll and to study their involvement in
MAIDS and in other immunodeficiency diseases, including
AlOS, since the human immunodeficiency virus type 1 Nef has
becn found to interact with the SH3 domain of Hck (32).
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Chapter 5

Reduced Tumorigin icity of v-Abl-transformed pre-B Cells and B16Fl
~lelaDomaCeIls Expressing tbe MAIDS Defective Virus Pr60'ag Protein

Steven J. Klein, Philippe Dupraz, and Paul Jolicoeur
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FoI""·ard

The data presented in the previous chapter revealed the in Yivo association

of Pr60rar \vith c-Abl, yet it was not clear ho\v the association between these t\vo

proteins contributed to the development of ~L~DS. One series of experiments

initially designed to further explore this interaction was based on using pre-B cell

lines ~xpressing v-abl and which were infected wirh helper-free iv1AlDS defective

virus in arder to generate pre-B cell lines which expressed high levels of bath v

abl and Du5H. Surprisingly, during the course of these studies we observed that

the \'-abl-transfonned pre-B cell lines which were expressing Du5H \Vere no

longer transplantable into syngeneic C57BU6 mice. \Ve therefore decided ta

study this interesting tinding in more detail and ta examine the influence of

expressing Pr6Qta
l: in another transformed cell lîne, the B16F1 melanoma.

Bath Philippe Dupraz and 1 studied the effect of Pr60rar in the v-abl

transformed pre-B cell lines. Additionally, l bred the initial stock of CDS"· mice

onto the C578U6 background. Philippe Dupraz constructed the Pr6()lar 

expressing vector and transfected the B16F1 melanoma cells with il. 1 isolated

several of these B16Fl clones and analysed them by Nonhern and Western blot

for expression of Pr6()P'. As weIl, [ studied the latency of tumar development in

mice inoculated \vith the Pr6()P'-expressing B16Fl clones.
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Abstract

The mutine AIDS (MAIDS) defective virus induces in susceptible mice a

profound immunodeficiency characterized by severe B and T cell dysfunctians

\vhen inoculated as a helper-free viral stock. The initiating event in the disease

progression is the infection of a population of target B ceUs, followed by their

polyclonal expansion and the later development of immune system fai1ures.

Consistent with this scenario, both B cells and CD4- T ceUs are required for the

de\"elopment of NIAlDS. It is believed that in sorne cases, CDS· T cells are

capable of mediating resistance to the disease by mounting a CTL response to the

only gene product of the N1AIDS defective virus, Pr6()1a,. We have recently

identi lied an in vivo interaction bet\veen Pr6()P' and the c-abl non-receptor

tyrosine kinase in B ceUs derived Fram mice infected with helper-free stocks of

the ~[AIDS defective virus. \Vhile studying this Pr6orar-c-abl interaction in

further detail, it became apparent that expression of Pr6()P' in several v-abl

transformed pre-B ceU lines led ta an almast complete 1055 of tumor-inducing

potential when these cells \Vere inoculated into syngeneic C57BL/6 mice.

Detailed experiments using ~fAlDS defective virus-infected v-abl-transfonned

203-33 pre-B cells revealed a Pr60'al-specific induction of a CDS· T cell-mediated

rejection of these cells. Such an effect was nat seen when the 203-33 cells \Vere

infected with Moloney MuLV or the neomycin-expressing N2 virus. A less

pronounced, though statistically significant, reduction in tumor-inducing potential

was aIso observed when Pr6()pK was expressed in the B16F1 melanama cell line.

216



The5e results indicate that Pr6QP', or a protein induced by Pr6QPr is indeed

capable of inducing an immune response in normally susceptible C57BL/6 mice.

Understanding the mechanism by which Pr6OZc:r can induce diverse responses

when expressed in different cell types can yield important clues inta viral

pathogenesis. Furthennore, modified forms ofPr6oea
, may be useful as a new tool

for the gène therapy ùf cancer.

217



Introduction

The munne acquired immunodeficiency syndrome (MAInS) is

characterized by lymphadenopathy, splenomegaly, hypergammaglobulinemia, B

and T-eeH dysfunctions, and the late appearance of B celllymphomas (for reviews

see (33,34,46». The etiologic agent of this disease was found to be a defective

murine leukèmia virus (l'vIuLV) (2,9) which appears lo èncode a single gene

produet, the 60 kDa gag fusion protein, Pr60rag (9,29), whose p12 region differs

signitieantly from that ofother l\-luLVs. The primary event in the development of

the disease is the intèction of a relatively mature B cell population by the NlAIDS

defective virus (32,36,58). Infection of these cells by the MAIDS defective virus

leads to their polyclonal proliferation, which later in the disease becomes clonaI or

oligoclonal (30,31).

Although mature B cells are required for the development of ~IAIDS, T

cells, specifically C04~ T cells, are required for the full induction of NIAIDS, as

supported by studies in nude, CD4 K.O., and C57BL/6 mice whieh had been

depleted of C04- T celis by ill vivo administration of anti-CD4 antibody

(49,58,64). \Ve have shown previously that the CD4· T cells are not required for

the infection of the target B cells, but are required at a post-infection stage to

allow the full expansion of the infected B cells (58).

There exists a strong genetic component 10 MAIDS \vhich canfers

resistance to the disease on sorne strains of mice, while other strains of mice are

maderately resistant or campletely susceptible to MAlDS (23,24,31,43). The

prototype susceptible mouse strain is the C57BU6 strain while BALB/c mice are
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moderately resistant and STh-LR mice are completely resistant to the disease

induced by the NL~S defective virus (31).

It has been suggested that resistance or susceptibility to M.AJDS is

controlled by the H-2 haplotype, \Vith H-2;1 and H-2c1 alleles conferring resistance

to )'L-\lDS \vhile strains bearing the b. f. k. q. r, and s haplotyptes \Vere found to

be moderately to highly susceptible lo LvIAlDS (23,43). A detailed examination

of inbred strains of mice, however, revealed that their individual H-2 haplotypes

wer~ neither necessary nor sufficient for disease induction (31), suggesting that

addlùonal genes likely contribute to the development of MAIDS, or to its

rcsistlnce. The same study concluded that sLlsceptibility to ~tAIDS correlates

with the target 8 cell expansion. while no target B cell expansion \Vas seen in

rCSl5tJnt mouse strains (31).

C08- T cells also appear to play a raie in controlling MAIOS in resistant

mouse strains. In support of this theory, A strain mice depleted of CDS- T cells

by chronic administration of anti-CD8 antibody are no longer resistant to MAIDS

(42). Resistant mice which contained germline mutations in either the P2

mlcroglobulin or perfonn genes developed a less severe forro of MAIDS as

cornpared to wild-type controls, demonstrating that the perfonn-dependant

functions of CD8~ T cells play a role in resistance ta MAIDS, but that other non

CDS· T cell-dependent mechanisms are equally important in controlling the

disease (60).

Other graups have examined the CTL response against Pr6()P~ by both in

\'i\"o and in vitro techniques (16,57). It \vas reported that CTL can be raised
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against tumors and infected cells from mice inoculated \Vith the ;\LAJDS virus

mixture (16), which cantains a complex mixture of ~fuLV in addition to the

disease~inducing defective wIuLV (39,47.48). However, these groups \Vere unable

to identify \vhich viral epitope, either helper or defective, was responsible for

gener:ning the CTL response. Another study found that a CTL response to Pr6Q1ar

cou~d be generated by mice susceptible to tvLAJDS (57), implying that in sorne

cases resistance to MA1DS is not CDS- T cell-mediated.

\Ve ha\Oe recently reported an in vivo association of the c~abl non~receptor

t:Tosine kinase with Pr60rnr (15) \vhich may contribute ta the B cell proliferation

that is critical for the development of ~[AIDS. To further study this molecular

interaction and its resulting signaling events, we attempted to express Pr6Q1ar in B

celllineage cells which are transfonned by the v-abl oncogeneo Unexpectedly. we

tound that these N[AIDS defective virus~infected v~abl~transfonTIed cells were no

longer transplantable into syngeneic C57BU6 mice. We therefore studied this

striking effect more closely and further studied this effect in the B16F1 melanoma

cell model.
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i\'laterials and ~Iethods

Ceillines and viroses: The v-abl-transfonned pre-B celllines 203-33, 103-40 and

203-44 were kindly provided by Dr. Naomi Rosenberg (Tufts University, Boston,

~lA). These cells were maintained in RPNfI medium supplemented with 100/0

Fetai Clone II serum (Hyclone) and 50 ~:V[ 2-mercaptoethanol. For selection of

neomycin-resistant cells, 1 mg/ml G418 was added to the culture medium. The

B16-Fl melanoma cell line (17) (catalogue # CRL-6323) was obtained From the

:\TeC (Rockville, ~[D). This line \Vas maintained in D~IE supplemented \Vith

100
.;) Fetal Clone Il serunl (Hyclone) and 0.1 rn~[ non-essemial amino-acids. For

selection of neomycin-resistant clones. 400 !lglml of G~1S \Vas added to the

culture medium. The modified helper-free ~fAIDS defective virus (Du5HJneo)

has been previously described (32), as has the neo-expressing virus Nl (1).

DNA constructs. infections and transfections: The PvuI-XbaI fragment of the

MAlDS defective virus, which encompasses the entire viral coding region

(Pr6l}t"&}t was cloned into the polylinker region of the pcDNA3 expression

plasmid between its BanlHI and XbaI sites. This construct (pcDNA3/Du5H). or

the empty vector, was introduced inta the 816-Fl cells by the calcium chloride

technique. as described previously (30). 48 hr aCter the transfection, G418 \Vas

added to the medium and 4 independent clones (8 16F 11M3, B16F l/r114.

B16Fl~f6, and B16FIIM17) expressing Pr60Car
t and t\vo clones expressing the

empty vector (816FINl and 8 16FIN2) \Vere selected and expanded for further

study.

221



The 203-33 cell line was infected with the helper-free Du5H1neo (203

331M cells) or N2 viroses (203-331N2 cells), or \vith Moloney MuLV virus (203

33IMoi cells), by standard methods. Briefly, 106 eells/ml \vere grown overnight

in the presence of 4 J.1g/ml of polybrene. The following day, the cells were

harvested and resuspended in lm! of virus containing 4 J.1g1ml ofpolybrene. After

being ineubated at 37°C for 1 hr., the cells were diluted in lO ml of medium. 48

hr. after the infection, the selective agent \Vas added to the culture. Pools of cells

resistant to G418 \vere used for further study. Du5H-infected 203-33 and 203-44

cells \Vere generated as described above for the 203-33 cells. For cells infected

\Vith Moloney MuLV, infection \Vas confirmed by assay for RT production, as

described previously (19,30).

Mice: Young (30-40 days) C57BLJ6 mlce and C57BU6 nu/nu mlce were

obtained from Charles River lnc. (St-Constant, Quebec). CDS"'- mlce were

initially provided by Dr. Tak Male (Amgen Institute, Toronto, Ontario, Canada),

and \Vere bred for seven generation onto the C57BU6 background. CD8';·, CDS·'

and CDS·'· mice were identified either by Southem hybridization of tail DNA and

flow cytometry using antibodies to the CDS molecule (Cedarlane, Ontario,

Canada) or by PCR of tait DNA using the primer pair 5'

GGACGCCGAACTTGGTCAG3'and5' CTCATGGCAGAAAACAGTTTCG

3' which spans the site of insertion of the neomycin cassette.

Tranmlantation of cells: Exponentially-growing cells were harvested by simple

centrifugation for the non·adherent v·abl-transfonned cells or by trypsinization

for the B16..F1 cells, washed with PBS, and counted with a hemocytometer. The
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desired amount of cells were resuspended in 0.2 ml ofPBS and injected into the

mice sub-cutaneously. The mice \Vere then monitared far tumor development.

RJ.~A extraction and hvbridization: RJ.'1A \vas extracted from cells either by the

method of Chomczynski and Sacchi (12) or with TRIzol reagent (Gibco), as per

the manufacturer's protocol, and hybridized \Vith 32P-labelled probes, as

previousiy described (30,54).

Protein extraction and \Vestem blotting: Proteins were extracted by lysis in RIPA

buffer (150 nLvl NaCI, 1% NP40, 0.5% Na desoxycholate, and 0.1 % SnS)

containing pratease inhibitors, followed by SnS-PAGE and blotting \Vith

polyclonal goat-anti CA (p30) NluLV antibadies, as described previously (15).

Statistical analvsis of animal survival times: The survival times (in days) of mice

inoculated with the different B16-Fl clones were log-transfanned and analyzed

by one-way analysis of variance (ANOVA) ta examine the significance of the

differences in survival seen bet\veen the different groups afanimals.
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Results

The 203-33NI cells express the MAIDS defective virus Pr60rar

The 203-33M cells are derivatives of the v-abl-transformed 203-33 pre-B

cell line. The pool of cells infected with the neo-expressing MAIDS defective

virus construct \Vas examined for its expression of the viral message by Northem

blot analysis. As seen in Figure lA, these cells expressed low but detectable

levels of the wlAIDS defeetive virus when the NIAIDS defeetive virus-specifie

D30 probe \Vas used. [n eontrast. RNA from 203-33 cells infected with a neo

expressing virus (203-331N2) or with Moloney NluLV (203-33trvlo) did not

hybridize with this probe (Figure 1A). Both the 203-33M and the 203-33!N2 eells

expressed the neo message, as seen in Figure 1B, as expected. As a further

control, eells infected with Moloney MuLV (203-33/Mol) were also generated.

The rA.dT-negative 203-33 cells became rAdT-positive upon infection with

Moloney MuLV, indicating that they were successfully infected (data not shown).

The 203-33M cells produce Pr6ora'

We next established that the 203-33~1 cells produced the expected 60 kDa

protein, which represents the only product of this virus (9,29). Western blot

analysis of these cells clearly shows a low, but easily detectable level of this

protein (Figure 2). This contrasts with our previous attempts to express this

protein in different lymphoid cell lines (S. Klein and P. Jo1icoeur, unpublished

data) \vhich have been unifonnly unsuccessful.
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CDS- T cells are remonsible for the lack oftranmlantahility of the 203-33M cells

Upan attempting to transplant the 203-33M cells inta syngeneic C57BU6

mice, we found that a large percentage of the inoculated mice did not develop

tUfiors and those that did develop tumors took a longer period to suecumb ta the

tumor. This result \Vas highly unexpected as the inoculation of the 203-33

parental cells into C57BL/6 micê led to lOO~o nlortality (Table lA). The 203

331N2 and 2ü3-331Mo cells grew equally weIl \vhen inoculated into C57BL/6

mice (Table lA), suggesting that the expression of the MAIDS defective virus

specitically inhibited the growth of these cells in vivo, and this inhibition was not

due simply to the presence of any gag protein. A similar lack of growth in

syngeneie C57BL/6 miee \Vas observed for two other v-abl-transformed pre-B eell

lines infected with the MAIDS defective virus (data not shown)

Ta examine further whether this phenomenon was due ta a growth

inhibitory effeet of the MAIDS defective virus Pr6O'"' on these cells, or whether

these eells \Vere being actively rejected, we attempted further transplantation

studies. Inoculation of the 203-33 and 203-33M cells into nude mice led to the

growth of both cell populations (Table lB), indicating that the 203-33M cells

were not inhibited in i" vivo growth by the presence of Pr6QP', but rather that they

\Vere actively rejected by the T cells of the C57BU6 mice. Further suppon for

this contention cornes from our transplantation of these cells ioto mice lacking

CDS- T eeUs due ta a targeted disruption at the CDS locus. These mice have

normal CD4" T cells and NK cells, but are unable ta mount a cytolytic response.

Bath the 203-33 and 203-33M celis grew equally weil in these mice (Table 1Cl,
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strangly supporting the evidence that 203-33 cells infected \Vith the ~L-\IDS

deiective virus induced a CTL response when inaculated iota C57BU6 mice.

B16 cells express the M.AJDS Pr60raz protein

The results described above were very intriguing as they supported the

theo:-,': that the ~[ArDS Pr6i}~: protein has the potential ta induce a CTL n::sponse

thJt can lead to the rejection of what is narmally a highly tumorigenic eell line.

\\"e '.\'ere interested ta see whether such a result could be obtained in another

SYSt~~l, \Ve chose to use the 816 melanoma model, since it has been fairly well

stuèieà and it allowed us to continue to use the C57BL/6 mouse.

The B16 cells were transfected with DNA eneoding the MAIDS defective

virus Pr6~rfg. Severai G418-resistant clones \vere isolated and examined far the

exp~~ssion of the expected message and protein. As seen in Figure 3A, Northern

analysls of -+ independent clones using the MAIDS defective virus-specifie D30

probe showed that they expressed high levels of the predieted RNA.

\Vestern blot analysis of these clones using a polyelonal goat ami-CA

(p3(J) antibody indicated that reiatively high levels of Pr6()1ar were pradueed in ail

the clones (Figure 4). In cantrast ta the 203-33 cells, the B16 cells express a

helper NluLV, as seen by the presence of a 6S kDa species reactive \Vith the

antibody. These eeUs aisa produced higher levels of Pr6()pc than the 203-33M

cells (compare Figure 2 and Figure 4), once again fallowing a pattern we have

often seen in which non-lymphaid adherent cell lines support moderate ta high

226



expression of Pr6ora
" whereas lymphoid cell lines support little or no expression

ofthis protein (S. Klein and P. Jolicoeur, unpublished data).

Pr60'af-expressing B16Fl ceUs develop tufiOrs with a longer latency than the

parental B16Fl ceIls

C5iBL'6 mlce were inoculated with ... independent B16Fl clones

expressing the ~lAIDS defective virus Pr6~' (B 16Fllrv13, BI6FIIM4,

BI6Fl/~16. and BI6FI/NIl7) as \vell as with t\vo 816Fl clones transfected \Vith

the empty vector alone (B16FINl and BI6FIN2) and the untransfected 816FI

parental cells. AIl the mice were inoculated subcutaneously on the same day \Vith

2.5 x 105 cells. The mice were then observed for the development of tumors. \Ve

found that mice transplanted with the parental and the vector-transfected 8 l6F 1

cells died bet\veen 18 and 30 days post-transplantation with an average time to

death of 26+/-5 days (n=6) for mice inoculated with the parental 816Fl ceUs and

20+/-3 days (n=5) and 23+/-4 days (n=5) for the mice inoculated with the

B16FINI and B16FIN2 clones, respectively. In these animaIs, death occurred

unifonnly between 18 and 30 days post transplantation (Figure 5).

In contrast, mice inoculated with the B 16F1 clones expressing the MAIDS

defective virus Pr6()P~ exhibited an increased latency in the time to death. The

average time to death of the inoculated mice was 35+/-2 days (n=5), 42+/-14 days

(n=6), 34+/-5 days (n=S)t and 37+/-7 days (n=6) for the M3, M4t M6, and Ml7

clones, respectively. None of the inoculated mice died before 25 days post

inoculation, and most mice survived weil past the 30 day mark, by which time the
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mice inoculated with the parental B16Fl cells or with the empty vector

transfected cells had aIl died (Figure 5). In fact most of the mice inoculated with

the Pr6~ag-expressing B 16 cells survived for close to 40 days. Statistically, there

was no significant difference in animal survival times within the experimental and

control groups (P<O.OOOl). Comparison of animal survival times between the

four experimental groups (B16Fl/M3, BI6Fl/M4, BI6Fl/M6 and B16Fl/M17)

(n=22) and the three control groups (BI6Fl, BI6FINl, and BI6FIN2) (n=16)

revealed a statistically significant difference in survivai of animaIs inoculated

with Pr6~Ug-expressing B16Fl cells compared ta the animaIs inoculated with the

parental or control cells (P<O.OOOI). Thus, overexpression of pr6Q8ag in this

highly aggressive melanoma cell line allowed the inoculated mice to survive

nearly twice as long as those inoculated with the parental or control melanoma

cell lines, suggesting an inhibitory effect of Pr6üKag on tumor growth.
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Discussion:

In this manuscript we have presented evidence which indicates that the

NlAIDS defective virus Pr60rar protein can induce the rejection of a v-abl

transformed pre·B cell line by a CDS- T cell-mediated mechanism. This result

was unexpected since it occurred in a C57BU6 mouse-based experimentai

systenl, a system in which the ~tAIDS defective virus is capable ùf inducing

disease, presumably beeause the host's immune system does not mount an

adequate response to the viral pr60rar protein. Our results were specifie to the

Pr6o-a:.::, as a similar result \Vas not seen when the 203-33 pre-B cells were infected

with yloloney rvluLV. Two other v-abl-transformed pre-B cell lines which were

infected with the NIAIDS defective virus aiso lost their ability ta induce tumours

in syngeneic C57BU6 mice, but not in nude mice. This strongly suggests that

these cells were rejected by a T cell-mediated event, most likely a CDS" T cell

mediated event, based on the results of the 203-33 cells infected with the MAIDS

defective virus.

Many studies in MAInS have foeused on the raie of COS- T cells in

mediating resistance or susceptibility ta this disease (16,42,57,60). It has been

known that ill vivo depletion of CDS- T cells in resistant A strain mice renders

these mice susceptible ta MAInS (42), implying a raie for CDS" T cells in

mediating resistance ta MAiDS. More recent studies on mice lacking CDS" T

cells due to a disruption of the ~2-microglobulin gene revealed a role for CDS" T

cells in clearing virally-infected cells from the hast via a perforin-dependant
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mechanism (60). However, the same srudy concluded that other mechanisms

in\"oh"ing CD4- T ceUs or cytokines may aiso contribute ta resistance to ~lAIDS.

Studies employing Pr6ora'-expressing lymphamas derived from late-stage

diseased animais demonstrated that C57BL/6 mice, which are sensitive to

~lAlDS. cao in fact induce a CTL response (16). Unfortunately, it is nat clear

\vhich antigen(s) is responsible for inducing the response, or even if the response

is directed towards Pr60'ag (16). In the studies presented here, although it is clear

that CDS· T cells are critieal for eliminating the Pr6orar·expressing 203-33 eeUs,

most likely through a cytotoxie mechanism, we cannot yet conclude with absolute

cert:linty that it is detinitely a CTL response. Such a conclusion can only be

reached after a demonstratian in challenged mice of CTL activity directed to the

~IA[DS defective virus-infected 203-33 cells. Further complicating matters is the

fact that even if direct proof of a CTL is obtained, it would still not be clear to

which antigen(s) the response is directed againsL lt is possible that infection of

the 203-33 cells \Vith Pr6()P' leads to the upregulatian of other, not nonnally

expressed, cellular antigens which themselves provoke a CTL response.

One way ta further exploit this system to help us understand how infection

of 203~33 ceUs with the MArDS defective virus leads ta their rejection is to

examine whether C57BU6 mice which have been challenged \Vith the Pr6()P'

expressing pre-B ceUs become resistant to challenge \Vith the MAIDS defective

virus. Since these mice do not appear to mount a CTL response when injected

with helper-free MAIDS defective virus, it will be interesting ta see ifthey remain

susceptible to ~[AIDS or if challenge of these mice with Pr6o.rae-expressing cells
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leads to their resisting the disease. A positive outeome \Vould imply that there is

something panicular about the NlAIDS defeetive virus-infeeted 203-33 pre-B

cells that allows them to initiate a rejeetion mechanism in the host. Altemately,

the in vivo target ceUs of the N1A.IDS defective virus may be inherently inefficient

at presenting the critical antigens to initiate the response, but once the animal is

prim~d, infection of the target cells of the ~fAlDS defective virus may lead to a

more easily activated memory response. It would still be necessary to determine

if the CTL response is directed to Pr60rnr or to another cellular proteines) whose

expr~ssion is activated by Pr6OCar.

Our results using the NIAIDS defective virus-induced 203-33 cell line led

us to explore the possibiiity that such a phenomenon could aiso occur in other

systems. \Ve therefore chose the B16Fl melanoma cell iine to study since these

cells readily give rise to tumours in syngeneic C57BU6 miee (5,6,17,56). A

further reason for using these cells is that it is one of few transfonned cell lines

available which are derived from C57BU6 miee. \Ve felt that this \Vas an

important consideration since the MAIDS defective virus has been best studied on

this genetic background.

As seen from the data on the survival of miee inoculated with Pr60'ar 

expressing B16F1 cells, there does seem to be sorne protection afforded ta

animals inaculated \Vith these cells compared to animais inoeulated \Vith the

parental or the neo-infeeted control cells. This protection is moderate compared

to what \Vas observed using the 203-33 cell line despite higher levels of MAIOS

defective virus RNA and protein in the four B16Fl clones examined. There may
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be several explanations for the discrepancy in animal survival observed between

these t'oVQ systems. Even though the Pr6orag-expressing 8 16F l clones express

higher levels of this protein compared ta the 203-33M ceUs, they are alsa much

more aggressive than the 203-33M cells. It has been reported that as few as

5X1Olof these cells can lead to tumour fonnation and death of the animal (5). In

our system, we inocuiated 2.5XI0; of these cdIs. Such a large number of cells

may avenvhelm the host before an effective CTL response could he generated. It

would therefore be of interest, in light of the present results, [0 attempt the same

experiment but using tèwer cells. This wauld necessitate titrating the number of

cells in order to determine the minimum number needed to lead to tumour

formation. Altemately, the 203-33 cells may be mare efficient at priming the host

immune system, or in pracessing and presenting Pr60rag in a form sufficient ta

induce an immune respanse as campared to the B16F1 melanoma ceUs, although

liule wark has been dane on the 203-33 cells.

The question of why sorne cells are capable of inducing a CTL response

while others are not is an area of active research in the field of tumour

imrnunology. Indeed, it has been shown that CDS- CTL play a major role in the

rejection of immunogenic tumors (27,45), and CTL specifie for autalogous

neoplasia can be derived from the blood of tumor-bearing patients (53). As weil,

several tumar Ag recognized by CTL have been identified so far (7,8,59) and

several methods have been devised in order to isolate MHC class [ restricted

tumor antigens. The genetic approach involves the screening of either genamic or

cDNA libraries derived from the tumor (14,41), while the biochemical approach
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(55.61) involves isolating turnor-specific peptides directly from !Umor MHC l

molecules, follo\ved by their purification. Of note, the latter approach \Vas used to

identify an immunodominant rejection antigen expressed by the murine colorectai

line CT26 (28). The deduced antigenic sequence was found to derive from gp70,

one of the products of the l\tluLV env gene. The env gene products are expressed

in a ··;ariety ùf tumor ceUs, including lymphonlas and leukemias of nlÏce strains

with high NluLV titres (25,26,52). One study has aise identified a tumar antigen

on a rnouse spontaneous leukemia that derived from an intracistemal A-particle

sequence (l3). ~lore recently, a gag-encoded CTL epitope which is shared by

Friend, iVloloney, and Rauscher rvluLV-induced tumors was identified (10,38).

CTL responses to gag proteins are al50 weil documented in other systems,

including HIV-1. SIV and FIV infections (11.37,40,63). Although the MAIDS

defective virus does not encode env sequences (2,9,29) the precedent exists, as

discussed above, for murine gag sequences acting as tumor rejection antigens.

The possibility that Pr6QP' is capable of acting in such a manner can not be

discounted, as suggested by studies showing an in vitro CTL induction by

I~mphoma cell lines derived from MAlDS animaIs (16,20,57).

N[uch work has been done on the manipulation of the B16F1 cells in order

to elicit a protective CTL in vivo. Several groups have shown that under certain

circumstances, B16Ft cells can indeed induce a protective CTL response. These

studies have generally relied upon manipulating the cells to express either

cytokines, peptides or proteins in order to induce the CTL response (5,6,56).

Apart from not inducing a CTL response directlYt more recent evidence trom a
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variety of different systems, including the B16Fl melanoma model, indicates that

tumor ceUs may utilise a variety of means to elude destruction. Recently, it has

been shawn that both melanoma ceUs and colon cancer ceUs express Fas(Apo

l/C095) Ligand (FasL) (22,51), which is capable of interacting with its receptor,

Fas. which is expressed by the responding T celIs, thus triggering the death of

these respùnding T cells by apoptùsis(4,21 ,50). As well, the presence or Iack of

eo-stimulatory molecules on many tunl0r cells also appears to influence whether

or not the tumor eells will be rejected (3,18,44,62). A lack of expression of these

eo-stimulatory molccules, notably 87-1 and 87-2 is correlated \Vith tumor growth.

whereas tumor cells engineered ta express these molecules show a dramatic loss

of tunloriginicity lI8.44,62), and can even lead ta a hast response against the ST

parental cells (4~).

Although the results described in this paper are intriguing, we still need ta

understand their underlying mechanism in arder ta fully exploit this system. For

example, it would be of much interest to study the expression of FasL as weIl as

the B7 family members on bath the uninfected and Pr6()P~-infected 203-33 and

B16F 1 cells ta ascertain if our results follow the pattern seen in other systems. [n

facto it has been reported that Fas-FasL interactions may play a raIe in the

de\'elopment of MAInS (35). It \vill also be of interest ta note if inoculation of

syngeneic mice \Vith the Pr6DP'-expressing 203-33 cells ean proteet those animais

from challenge \Vith either the unmanipulated 203-33 eells or with the MAIDS

defective virus. Further studies are also warranted on the effects of Pr6{}t"' on

other tumor celIs, including those not derived from C57BU6 mice. Confinnation
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and extension of these results in other systems may point to a possible use for

Pr6(yCl as a vaccine against established tumors as well as funhering our

understanding about how sorne strains of mice resist developing NIAlDS while

other strains succumb to the virus.
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Legend to Fiaure 1: Northem blot analysis of 203-33 cells infected with the

MA.IDS defective virus. R.NA was extracted tram cells and resolved on an

fonnalydehyde-agarose gel and transferred to a nylon membrane, followed by

sequential hybridizations with 32P-labelled probes specific for the MAiDS

defective virus pl2 region (030) (A), or for the neomycin resistance gene (B).

Panel C shows the hybridization with a 32P-labelled oligo specific for the 18S

rRNA to show equal RNA loading of the samples. Lane l, nonnal spleen; lane 2,

SOI cell Hne; lane 3, B16Fl cellline; lane 4, nonnal thymus; lane 5, 203-331N2

cells; lane 6, 203-33/Mol cell lines; lane 7, 203-33M cells; lane 8, 203-33 cells.

Arrows in (A) indicate the expected 4.2 kb MAIDS defective virus RNA and the

5.8 kb transcript produced by the chimeric DuSHlneo virus. Arrows in (B)

indicate the 5.8 and 2.5 kb transcripts produced by the chimeric Ou5HJneo virus

and the 4.5 kb transcript produced by the N2 virus. The neo probe detects 2

messages from the DuSHIneo construct (initiating from the viral LTR and from

the internai SV40 promoter which drive the neo cassette), whereas the 030 probe

detects a single message.

The arrow in (C) points to the 18S rRNA band.
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Legend to Figure 2: \Vestem blot analysis of the 203-33~[ cells. Proteins \Vere

extracted from the cel1s, separated on an 80/0 SOS-PAGE gel, transferred to a

PVDF membrane, and probed ,vith an anti MuLV p30 antibody. Lane l, 5D1 cell

line; Jane 2, NlH cells; lane 3, 203-33 cells; lane 4, 203-33M cells. Arrows

indicate the 60 kDa protein encoded by the MAIDS defective virus and an

endogenous 65 kDa helper gag protein present in the 501 cells, but absent in the

203-33 and 203-33M cells.
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Table 1: Pr60'''-expressinl 203-33 cells sbo\\'
a CD8? T-cell mediated Iro\Vtb inbibition

A- 203-33 cells intècted with the MAIDS defective "irus sho\v a decreased
tumorigenicity

CeUs Inoculated Animal Survival Tumor Growth
203-33 0/10 10/10

203-33iN( 12/15 3/15
203-33!Nlo1 0/5 515
203-331N2 0/5 5/5

B- Inhibition of growth of MAIDS defective virus-infected cells is T cell
mediated

Nonnal C57BL/6
CeUs Inoculated Animal Survival Tumor Growtb

203-33 0/2 2/2
203-33Nl 5/6 116

Nude mice
CeUs Inoculated Animal Survival Tumor Growth

203-33 0/5 5/5
203-33M 0/5 5/5

C- Inhibition of growth of MAIDS defective virus-infected cells is CDS· T cell
mediated

Nonnal C57BU6
Cells Inoculated Animal Survival Tumor Growth

203-33 0/3 3/3
203-33M 3/3 0/3

Cells Inoculated Aaimal Survival Tumor Growth
203-33 0/4 4/4

203-33M 3/3 0/3

C51/CD8./·

CeUs Inoculated Animal Survival Tumor Growth
203-33 0/5 5/5
203-33~1 0/8 8/8
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Le2end to Table 1: The indicated strains of mice were inoculated with 2 X lOb

of the indicated cells sub-cutaneously, in 0.2 ml of PBS. The animais were then

monitored for evidence of tumar grawth. Data are represented as bath survival

and tumar gro\vth. In no case did an animal develop a tumor and survive. Data

are shawn in three separate panels representing three different experiments, as

described in the table. Ali the animais in each group were inoculated on the same

day and maintained under the same conditions.
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Leeend to Fi&ure 3: Northem blot analysis of B16Fl clones transfected or not

\Vith the Pr6~l!g-expressing eonstruct. RNA was extracted from cells and resolved

on an fonnalydehyde-agarose gel and transferred to a nylon membrane, followed

by hybridization \Vith a 3:!P-Iabelled probe specifie for the MAIDS defective virus

p 12 region (D30) (A). Panel B shows the hybridization with a 32P-labelled oligo

specifie for the 1SS rRNA to show equal RNA loading of the samples. Lane l,

203-33iN2 eeUs; lane 2, normal spleen; lane 3, nonnal thymus; lane 4, sn1 eell

line; lane 5, 816FIIM17 eells; lane 6, 8l6FlIM6 cells; lane 7, B16Fl/M4 eeUs;

lane 8, B16Fl~[3 eells; lane 9, 816FIN2 cells; lane 10, B16FINl cells; lane

Il, B16F1 eells. The arraw in (A) indicates the expected 4.2 kb transcript

produced by bath the MAIOS gag construct and the MAIDS defective virus. The

arro\\, in (8) indicates the 18S rRNA band.
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Legend to Figure 4: Western blct analysis of the MAIDS Pr6Q8ag-expressing

B16Fl ceUs. Proteins were extracted from the ceUs, separated on an 8% SDS

PAGE gel, transferred to a PVDF membrane, and probed with a polyclonal anti

MuLV p30 antibody. Lane 1. B16Fl!M3 eeUs; lane 2, a MAIDS defective virus

expressing ceU Hne; lane 3, 816Fl eeUs; lane 4, Bl6FIIV2 ceUs; lane 5,

B 16Fl/M4 ceUs; lane 6, B16Fl!M6 ceUs; lane 7. B16FIIM17 ceUs. Arrows

indieate the endogenous 65 kOa gag protein and the 60 kOa protein produet of the

MAIDS defective virus. The lower band present in aU lanes represents non

specifie binding of the polyclonal antibody to the protein extraet.
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Legend ta Figure 5: Survival of syngeneic C57BL/6 mice inoculated \Vith the

NtAIDS Pr6~r.g-expressing B16F 1 cells. l\t[ice \Vere inoculated sub-cutaneously

\Vith 2.5 X 1O~ of the indicated cells and monitored unti1 the time of death. Each

symbol represents the time of death of one animal in the indicated group. Group

1. B16F 1/~(6 (n=5); group 2. B16F 11M3 (n=5); group 3, B16F 111v1l7 (n=6);

group 4, B16Fl!N(4 (0=6); group 5, B16Fl (0=6); group 6, B16FIN2 (n=5);

group 7. B16FINl (n=5). AH the mice in each group were inoculated on the

same day and maintained under identical conditions.
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Chapter 6

General Discussion and Summal1·
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The experimental \vork presented in this thesis has funhered our

understanding of the pathogenesis of MAIDS in several respects: 1) our results

srudying the infection of various mutant strains of mice \Vith the tvlAIDS

defecrive virus revealed a central raie for mature B cells in the early stages of this

disease, \Vith a post-infection role for CD4· T cells; 2) we successfully isalated

two indèpendent B celllines which accurately reflect the in vivo phenotype of the

NlAIDS defective virus target cells; 3) these in vitro MAInS defective virus target

cells were instrumental in establishing that Pr6CP' interacts with c-abl via its SH3

domain; and 4) studies using Pr6oP'·infected pre-B and melanoma cells revealed

a potential role for this protein as an inducer ofa hast immune response.

1- The initiation of MAIDS reguires mature B cells and is CD4+ T cell..

independen t

We chose to study the contributions of various lymphocyte subsets ta the

develapment of MAIDS by examining the response of nude, CD4"', and SeID

mutant mice to the MAIDS defective virus. seID mice, which lack mature Band

T cells due to an enzymatic defect which causes incomplete recombination and

rearrangement of the TcR and Ig genes (for review, see (71» \Vere found to be

completely resistant to infection with the MAIDS defective virus, \Vhereas nude

mice, which lack mature T ceUs due to a defect in thymus development as a

consequence of a mutation in a winged-helix transcription factor (51), were

infectahle \Vith the MAIOS defective virus, albeit at a much lower level than seen

in wild-type mice. The infected ceIls in the nude mice \Vere characterised as
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belonging to the B lineage. These results confinned and extended previous results

sho\\'ing that the development of MAIDS is dependant upon the presence of both

B and T cells (4,40,47,49,50,72). These results revealed that even in the absence

of large numbers of mature T cells, infection of the target B cells can occur.

Previous studies aiso sho\ved that the T cell dependence of the disease is

due specifically ta the CD4- subset (18,72), although the stage at which the

disease \Vas bloeked was not examined, nor was there any information on whieh,

if any, eells were infeeted in the absence of the CD4· T ceUs. Our work in this

system has re ...·ealed that infection of the target B cells by the MAIDS defective

virus does occur and that the infection of these eells is CD4~ T cell-independent.

~lore importantly, the experiments using the CD4'/· mice revealed that the

development 0 f tvlAIDS can he seen as proceeding in two distinct phases. In the

first phase, infection of the target B cells by the MAIDS defective virus occurs in

mice containing the target B cell population, regardless of whether or not CD4~ T

cells are present, as seen for the nurle and CD4./· mice. Infection of the target 8

cells, however, is necessary but not sufficient for MAIDS to develop. The second

phase in the development ofMAIDS is CD4~ T cell-dependant. The CD4- T cells

are required for the expansion of the infected 8 cell population, thus leading to the

full development of MAIDS.

[nterestingly, it appears that in the case of MAIDS, CD4"CDS' T cells,

which develop in mice lacking CD4 (45), cannot substitute for true CD4· T cells,

contrary to what has been observed in other systems. For example, CD4./· mice

infected \vith LeisJrnrallia did not succumb to disease, as might have been
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expected since resistance ta this disease is dependent upon the presence of CD4

T cells (45). It was found that a population of MHC class II-restrieted CD4'CDS'

T eells \Vas responsible for this resistance. It therefore appears that these CD4'

CDS" mature T cells can compensate for sorne helper functions in the absence of

C04, but not for others, as in the case of MAIDS, indicating that these CD4'CDS'

mature T cens may require the expression of CD4 for complete helper function.

One possibility for further exploring the apparent two-step development of

N1AIDS would be to try to rescue the development of MAInS in CD4'" mice by

transferring into these mice CD4· T cells either at the time of inoculation or at

various rimes post-inoculation. Altemately, conditioned medium from activated

C04- T cells or membrane preparations derived from CD4· T cells could be

substituted for whole live CD4· T cells. Such experiments May be useful in

determining 1) if the infected, non-expanding target B cells can be activated at a

later time ta give disease; 2) if B-T cell contact is required for the subsequent B

cell expansion and/or; 3) if a soluble factor(s) can substitute for CD4· T cells in

the developmenr of MAIDS. The manipulation of the CD4./· mouse system May

therefore he quite useful in answering several important questions regarding the

development ofMAIDS.

2- \Vhat is the nature of the MAIDS defective virus target cell?

One of the most crucial unanswered questions regarding this disease is the

nature orthe target cell of the MAIDS defective virus. Our group and others have

shawn that a relatively mature B cell population is the target of the MAlDS
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defeetive virus (30,40), although those groups using the crude MAIDS virus

mixture observe infection of many different cell populations, including B cells, T

eeUs, and macrophages (1,6,7,26,41,42). Our use of the helper-free system has

alleviated the problem of studying infection of many different cell populations,

sorne of which may have no impact on disease development. In our hands,

inoculation of mice \Vith helper-free MAIDS defective virus leads exclusively to

infection of a B cell population, implying that is the infection of these ceIls that is

crucial to the disease. Although the latency in MAIDS induced by the helper-free

stocks of the MAlDS defective virus is longer than that seen with the crude virus

stocks (29,54), the two diseases appear to be very similar, with infection of a

mature B cell population being the critical event (30,40).

To fully understand the development of the disease it was therefore

important to isolate and study these target B cells. Many attempts to generate cell

lines that closely resemble the in vivo target of the MAInS defective virus have

been made, with limited success. In ail cases, transplantable B lymphoma lines

were derived (41,67,68) as were transplantable T celllines (42,64,67,68). In our

helper-free system, it has been impossible ta transplant primary MAInS defective

virus-infected tissues into syngeneic animais (S. Klein, C. Simard, and P.

Jolicoeur, unpublished data), nor do we observe the infection ofT cells, whieh is a

frequent occurrence in other systems. These transplantable B and T eell lines

derived by others do not therefore appear ta represent the truc target population of

this virus.

266



BYusing the l'va approaches described in chapter 3, we were 5uccessful in

isolating t\vo independent celI lines which accurately reflect the phenotype of the

in vivo target cells of the MAIDS defective virus. Both of these ceU lines contain

integrated NIAIDS defective virus and are clearly of the B ceU lineage as assessed

bv the status of its Ig loci and by fiow cytometric analysis of surface marker

expression. Additionally, neither celI line was transplantable ioto a variety of

mouse strains, consistent with what is observed in vivo. Curiously, these celllines

do not appear to represent a population of B cells which has been previously

described, their phenotype falling between that of a pre-B and a mature B cell

phenotype. As weil, the eSTBS cell line has rearranged its IgL locus in the

absence of IgH rearrangement, a phenomenon seen occasionally in v·abl-infected

ceH lines. Further 5tudy of the unusual phenotype of these ceUs is warranted to

expand on their identity. This, for example could include searching for the

presence of B cell·specific transcription factors such as the STAT family

members and BSAP (17,37,52) and signalling molecules 5uch as Iga and Igp

(3, 10).

Additionally, the established SO land eSTB5 cell lines may represent a

population that has been rescued fram apoptosis by the MAIDS defective virus.

\Ve have previausly shown that MAIDS initiates in the genninal centre of the

lymph node draining the site of inoculation of the virus (63), further suggesting

that the MAIDS defective virus infects a relatively mature B cell population.

Genninal centres are areas of the lymph nodes which contain large amounts of B

cells which are undergoing apoptosis (39,55). lt is possible that infection with the
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MAInS defective virus of these B cells destined to die may rescue them from

apoptosis and reprogram them so that they become locked in a state of

differentiation which May contribute to the development of NWDS. Evidence in

support of this hypothesis could he obtained by sequencing the rearranged Ig

genes of the SDI and eSTBS cell lines, as well as those derived from primary

clonaI i'vIAIDS tumors. Non-productive rearrangements of either the Ig heavy or

light chain genes, which normally trigger the apoptotic pathway, would strongly

suggest that these infected 8 cells are rescued from their normal fate. It has

recently been shown that a subset of germinal centre B ceUs normally expected to

die by apoptosis re-express the recombination-activating genes 1 and 2 (RAG1

and RAG2) and undergo secondary 19 gene rearrangement (24). An examination

of the status of RAG 1 and RAG2 in the SD 1 and eSTBS cell lines and MAIDS

animaIs could further support the above hypothesis.

The phenotype of the SO 1 and eSTBS cell lines is reminiscent in several

ways to that of the malignant Reed-Stemberg (RS) cells observed in Hodgkin's

disease. Hodgkin t s disease is characterized by the presence of a small number

(usually less than 1% of the tumor mass) of the typical RS cells in a hyperplastic

background of normal lymphocytes, plasma cells, neutrophils, eosinophils, and

stromal cells (22). Indeed, it is not uncommon in animais infected with the

MAIDS defective virus to observe a low (S-10%) percentage of infected cells in

the enlarged Iymphoid organs, suggesting a recruitment of normal, uninfected

ceIls into the area by the infected cells. As with the MAIDS defective virus target

cells, the RS cells have been difficult to characterize due to a lack of in vitro RS
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ceUs which could he easily manipulated, and as such the cellular origin of these

ceUs has been an issue of constant debate. Recent advances in single-cell

manipulation of the RS cells has revealed that in many instances, these cells have

Ig rearrangements, pointing to a B cell origin for these cells, while other groups

have not detected this molecular event (32,43,44). Furthermore, the RS cells have

been proposed to function as antigen-presenting cells tAPe), since they express

MHC class II and B7 molecules in addition to the adhesion molecules ICAJ.\tl-l

and LFA-3 (11). As presented earHer in this thesis, the SOI and eSTBS celllines

aiso express MHC class II and 87-2, while the work of others has implicated a

potential raIe for cell-cell contact in the development of ~lAIDS (19,36).

Therefore there appears to he much in common between the target eeUs of the

~[AIDS defective virus and the eeUs which give rise to the RS cells seen in

Hodgkin' s disease.

Although most of the evidence points to a B cell population as the target

of the MArDS defective virus, it is still possible that it is another population that

is infected with the MAIDS defective virus. This putative target cell wouId

acquire a B cell phenotype as a consequence of being infected with the MAInS

defective virus. Such a scenario, although unlikely, cannot he entirely ruled out.

[n fact, it has been demonstrated that a conditional v-reUestrogen receptor fusion

protein not only causes an estrogen-dependent, v-rel-specifie transfonnation of

chicken bone marrow cells, but the same protein under different culture conditions

yielded transfonned B cells, antigen-presenting dendritic eells, or eells resembling

polymorphonuclear neutrophils (2). This study suggests that other transfonning

269



or grow'th-stimulating proteins (such as Pr6()P') can alter the phenotype of a

common progenitor cell.

In order to further explore the nature of the MAInS defective virus target

cell. it will be important to isolate and charaeterize these eells very early post

infection in order to compare their phenotype at this stage to what is seen later in

the àisease and to the SD 1 and CSTB5 ceillines. It \vould be of great imponance

to be able to isolate the few infected cells from the overwhelming majority of non

infected cells. The use of vectors employing the poliovirus internaI ribosome

entry sequence (IRES) could he exploited for this purpose (59,66). These vectors

allow for the expression oftwo separate proteins from the same rnRNA, using the

sam~ promoter. Ta isolate the MAIDS defective virus-infected cells at their

earliest stage, a construction containing Pr6()P' cading sequences as weil as a

selectable marker would be required. The selectable marker should be expressed

on the cell surface, allowing for rapid and easy isolation by cell sarting. For

example, the human CD4 Molecule (huCD4), which is obviously not expressed in

mice, wouid be a good candidate as the Marker. The huCD4 Molecule is

expressed at the cell surface, and antibodies to CD4 are commercially available.

Isolation ofcells infected with this chimeric MAIDS defectivelhuCD4 virus could

then be accomplished at a very early stage of infection and shed even more light

onto the nature of these cells.

The tools exist as weil to examine whether or not infection of ceIls by the

wlAIDS defective virus leads to a switch from a dendritic or macrophage cell to a

B cell lineage. Transgenic mice expressing huC04 under the control of the
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human CD4 promoter express huCD4 in CD4-CDS- and CD4-CDS· T cells, as

weil as in macrophages and dendritic cells, \vith no expression observed in B cells

(25) and Z. Hanna, N. Rebai and P. Jolicoeur, unpublished data). Infection of

these mlce \Vith the MAIDS defective VlruS, followed by

immunohistochemistry/ill situ hybridization \\!ould allow us to ascertain whether

cells infected with this virus express huCD4 at any point in the devclopment of

the disease, especially at the earliest times during which a lineage switch \Vould

most likely occur. Evidence of huCD4 expression in MAIDS defective virus~

infected eeUs would indicate that a non-B lineage ceU is the target ofthis virus.

3- Pr6(}(a~ interacts with the c-Abl non-receptor protein tvrosine kinase

Another major question in the field of MAIDS has been how infection of

the target cells \Vith the MAIDS defective virus initiates the disease by altering ils

largct eells 1 function so as to cause their proliferation and the subsequent

polyclonal T cell anergy. We have answered at least part of this crucial question

by using the yeast t\vo-hybrid system in order to identify proteins which are

capable of interacting with Pr6()P'. We found that the c-Abl non-receptor protein

tyrosine kinase binds to a proline rich region of Pr6()P' via its SH3 damain (15).

The use of the SD 1 and CSTBS eell lines derived from MAIDS infected animais

was instrumental in revealing an in vivo association between the t\VO molecules,

and will certainly he useful as \Vell for studying other in vivo associations bet\veen

Pr6Q1ltf and other, as yet unidentified, proteins.
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The interaction bet\veen Pr6()P1 and c-Abl is provocative for several

reasons. It is weIl know that the v-Abl protein, \vhich is membrane-bound as

opposed to nuclear (for the most part), readily transfonns pre-B ceUs (57,58). As

discussed in ehapter 3, the phenotype of the SOI and eSTB5 cells somewhat

resembles the target cells of v-abl. It is conceivable that Pr6()f'" can activate cell

proliferation ....ia c-Abl, possibly via the same path\vay used by v-abl to transfonn

its target cells. In N1AlDS, however, transformation of the target cells does not

occur as in the case of infection with v-ab!. This may be due to the relative kinase

activities of c-Abl "activated" by Pr60rag as compared to that of v-Abl.

Alternately, Pr60",g may bind several other proteins in addition c-Abl, thus

affecting several intracellular signaling pathways, the sum of which leads to the

observed phenotype (Le. immunodeficiency as opposed to transformation). 5uch

a scenario is likely, as several other putative binding partners of Pr60rnr have been

isolated but not yet identified (P. Dupraz and P. Jolicoeur, unpublished results).

The revelation that type IV c-Abl suppresses apoptosis while type 1c-Abl

induces differentiation (9) is also of interest. \Ve have reported that the target cell

population of the tvlAIDS defective virus resides in germinal centres, which are

areas kno\vn to contain large numbers of cells undergoing apoptosis (39,55). As

described above, it is possible that this target cell population is one that is

destined to die by apoptosis, but is rescued from this fate by Pr6()P', which blocks

this pathway and instead causes the population to proliferate and induce

immunodeficiency. In fact c-Abl-deficient progenitor B cell lines show an

increaseù sensitivity to apoptotic stimuli (12). Preferential activation of type [V
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c-Abl by its sequestration at the plasma membrane by Pr6()p1 ma)' be one

mechanism by which the MAIDS defective virus could accomplish this feat.

Aberrant localization of type l c-Abl may affect the differentiation of the Pr60'"'

expressing cells, contributing to the phenotype observed in the SD 1 and eSTBS

ceLl lines, as well as to what is seen in vivo. It is not yel known, however, if there

is à preferential binding of type IVar type 1 c-Abl with Pr6o:nr or if the kinase

acti\'üy of the c-Abl that associates \Vith Pr60rar is higher than the non-associated

c-Abl protein.

Despi te the fact that other proteins are likely to interact with Pr60'"f in a

variet)' of ways, the association of Pr6()1O' with c-Abl warrants further study.

\Vhile the data supporting an in vivo association of c-Abl with Pr6~r are strong,

there is no evidence as yet supporting a direct role for c-Abl in the pathogenesis of

M.AJOS. Several courses of action can be taken in arder ta answer this important

question. Firstly, there exists a compound which selectively inhibits the Abl

tyrosine kinase activity and which was useful in inhibiting cellular proliferation

and tumer fonnation by Bcr-Abl-expressing cells (14). It would be of great

interest to examine the proliferation-inhibiting effect of this compound on the

SO 1 and CSTBS cell lines. Concurrently, animais inoculated with the rvlAlDS

defective virus could be treated with this compound in the same manner as was

done for past studies involving treatment of MAIDS animais with anti-Ieukemic

drugs (65). The results of such studies would be quite telling and would

strengthen the argument that a Pr6()pc-c..Ab1 association is crucial for the

development ofMAIDS.
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Further in vivo proofof the importance of the Pr6()P'-c-Abl interaction can

also be ohtained in another fashion. This would involve constrocting novel

~L~S defective viroses which have mutations in the proline-rich p12 region

which has been sho\vn to he involved in binding the SH3 domain of c-Abl, or in

other regions of p12 that are not implicated in this association. Inoculation of

the;;è viruses into susceptible mice would likely yield important differen~es in

their respective pathogenicities and further demonstrate the importance of the

~1.-\lDS defective virus p12 region in binding ta cellular effectors. The important

cave:lt 0 f this experiment is that if differences were to be observed between the

wild-type and mutant viruses, it would not be known for certain that it \Vas due ta

a dtsruption of the Pr6oP'-c-Abl association. Il is possible that other, as yet

unidenti fied. proteins wouId also be unable to bind the mutated Pr6OC"t.

4- Expression of Pr60'II' in v-Abl-transformed pre-B tell Unes leads ta an

inhibition aftheir erowth via a CD8· T cell-dependant mechanism

As discussed in chapter 5, expression of Pr60c0' in three v-abl-transfonned

pre-B cell lines led ta their lack of growth in normal syngeneic C57BU6 mice.

Inoculation of one of these Pr6()IG~-expressing celllines into C57BU6 CD8.J· mice

restored their ability to induce tumors, strongly suggesting that the lack of tumor

fonnation by these cells in normal C57BU6 mice resulted from a CD8~ T cell

mediated response directed towards these ceUs. Extension of these studies using

Pr60'':l-expressing B16Fl melanoma ceUs led to an increased latency of tumor

fonnation of these cells compared to the control or parental cells. These results
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were less dramatic compared to what was seen with the Pr6()Pf-expressing pre-B

ceUs, yet they \Vere still statistically significant (P<O.OOO1). These results point ta

an unexpected potential role for Pr6ora~ as either a tumor rejection antigen, an

inducer of a potential tumor antigen or as a regulator of other mechanisms which

influence host-tumor cell interaction. We are unable at this point to exclude any

oÎ these possibilities, nor are they mutually exclusive.

Previous studies on the observed mouse strain differences in susceptibility

ta the NIAIDS defective virus focused on the raie of the CDS" T ceUs

(16,lü,46,60). It was initially believed that CDS" T eells were responsible for

mediating resistance ta this disease in resistant strains of miee, based on studies in

which resistant mice were made susceptible by in vivo antibody depletion of their

CDS· T cells (46). More receot studies, however, paint a more complex picture,

with bath CDS- T eell-dependant and -independent mechanisms postulated ta

play a raie in mediating resistance. MAIDS-resistant mice defieient in CDS- T

celis due ta a targeted mutation of the ~2-microglobulin gene show an increased,

but not complete suseeptibility to MAIDS (69). Similar results were obtained

with mice deficient in perforin (69), indieating that although CDS" T eells appear

to be responsible for mediating resistance to MAIDS via a perforin-dependant

mechanism, other factors contribute to resistance as weil. It would be of interest

to examine if the rejection of the MAIDS defective virus-infected 203-33 cells,

which tS known to he CDS· T cell-mediated, is effected via perforin. This could

simply be done by inoculating these cells as well as the parental contraIs into

mice which are genetically deficient in perrorin production.
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Another interesting point raised by these results is why these v-abl

transfonned pre-B cells are capable of inducing a CDS- T cell-dependant immune

response whereas the ill vivo target cells of the MAInS defective virus are

seerningly incapable of doing 50. Several reasons may explain this seeming

contradiction. Firstly, the MArDS defective virus Pr60'GI may be more efficiently

processed and presented to T cells in the v-abl-transfonned ceils than in ils in vivo

target cell population. This possibility could also contribute to the range of

susceptibility to the disease-inducing potential of the MAIDS defective virus seen

in di fferent mouse strains. Sorne strains may be better able to process and present

Pr6()lczg to T cells. and thereby avoid the disease by eliciting an immune response

which eliminates the infected target B cells. Mice unable to elirninate the infected

B ceUs due to an inability to present the viral peptides to T cells will therefore be

at a great, although not absolute, risk for developing MAIDS. 1f such a

mechanism is involved in mediating sorne aspects of resistance to MAIDS, it

should be possible to shed light on this possibility by studying the fate of the

intècted target cells in resistant mice. These mice should show evidence of

infection with the virus post-inoculation (e.g. by ill situ hybridization), but there

should be a steady decrease in the number of infected cells present at later times

post-inoculation. CDS· T cells isolated from these mice could then he examined

to ascertain whether they show any ill vitro CTL activity. The caveat to this

hypothesis is that even if anti-Pr6()P' activity is shawn in CDS· T cells from

resistant, but not susceptible, mice it will still not he clear if susceptibility is due
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to a defect in the CDS- T celis or in the infected target cells of the susceptible

mice.

A second possibility for explaining the difference in immune system

responsiveness to the v-abl-transfonned pre-B cells compared to that of the in vivo

target cells of the MAInS defective virus may be that the latter population may

express surface molecuies which are incapable of providing sufficient "help" to

elicit an immune response or which actively suppress the generation of an

Immune response. Although we do not have evidence to support this hypothesis,

there is precedent for this mechanism in other systems (21,23,53,56) and therefore

warrants further examination in the case of MArDS.

5- Ho\\' do the ~IAIDS defective virus-infected tarlet 8 cells triller disease?

It is clear from the work of others (4,40), as weIl as from the data

presented in this thesis, that infection of the target B cells with the MAIDS

defective virus is the initiating event in the disease process and that these infected

B cells are central to the subsequent immunodeficiency which develops in tandem

with their expansion. Despite this knowledge, little is known about the

mechanism whereby these MAIDS defective virus-infected B cells cause the

immunodeficiency seen in susceptible mice. [n contrast to human AlOS, where

the preponderance of evidence points to a depletion of CD4· T cells as a

contributing cause of immunodeficiency (27,38,70), no such depletion of any T

cells is seen in MAInS. In fact, the absolute number of both B and T cells in

MAiDS animais actually increases during the course of disease (5,28,48,61).
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Despite tms inerease in B and T eell numbers, a earresponding palyelonal B and T

cell anergy alsa develops (33,34,47), which is the underlying cause ofMAIDS.

The \vork presented in this thesis has given us new taols ta exploit in

further studying MAIDS, and points ta several potential mechanisms by which

infection of the target B cells with the MAIDS defective virus could induce the

polyclonal B and T cell anergy seen in MAlDS. Firstly, by isolating (WO

independent celllines which accurately reflect the phenotype of the in vivo target

cells of this virus. we can now more easily study in vitro, rather than in vivo, the

B-T cell interactions which appear to be at the heart of the immunodeficiency.

One important avenue of research in this area cauld focus on using these 501 and

CSTB5 Pr6~llg-expressing cell lines to induce anergy or a decrease in mitogen

responsiveness in primary T celis or in T cell lines. Further manipulations of the

system could then be made to study the contributions of cell-cell contact and/or

cytokines to this induction of anergy. ln vitro success in this area could then be

applied to preventing or reversing MAIDS in mice and may aiso suggest novel

avenues 0 f experimentation in the area HIV/AIDS research.

The phenotype of the SOI and CSTBS celllines, as described above and

in chapter 3 of this thesis, supports the hypathesis that infected target 8-T cell

contact is important for inducing immunodeficiency. It has in faet been shown by

others that blaeking the CD40...gp39 interaction in mice infected with the LP-BM5

MAIDS virus mixture abrogates the disease (19). The eSTBS B cell lioe

expresses strong levels of CD40, and bath cell lines express the co-stimulatary

molecule 87-2. As well, the sn1 cell line expresses the CD43 marker. These
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three molecules have been implicated in B-T cell signalling and it is quite possible

that they are involved in the B-T cell signalling which contributes to the

development of~S. The faet that the 501 and eSTBS cell lines do not

appear to have a fully mature phenotype may also be of interest. Nonnally, B-T

cell interactions involve mature populations, both of which are presumed to be

capable of gÏ\ing signaIs as well as receiving them. If the target cell population of

the (vIAIDS defective virus is not a mature one, or if expression of Pr60rar in a

mature B cell population leads to a hregression" in its signalling capacity, it is

possible that the T cells which come into contact with these ceIls will receive an

"ineomplete" signal which will lead to their anergy rather than to their activation.

The delivery of an ··incomplete" signal to the T cells by Pr60'"'-expressing B cells

may be a mechanism by which the MAIDS defective virus induces anergy in

susceptible mice.

The use of the sn1 and eSTas cell lines \Vas crucial in confirming an in

vivo association between Pr6Q1G' and c-abl. This is the first direct evidence that

Pr60"Qg may act as a signaJling Molecule, either in a negative or positive manner.

The faet that c-Abl is involved in both the regulation of bath apoptosis and

differentiation (9,12), combined with the unusual phenotype of the in vitro and in

vivo target cells of the MAIDS defective virus, suggests that the interaction

bet\veen Pr6()Pg and c-Abl May be responsible for sorne aspects of the novel

characteristics of these infected cell populations. Further, the interaction of

Pr6()1ar with c-Abl (or other proteins) in infeeted eells May Ureprogram" the
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Pr6()far-expressing cells to adopt a novel state of differentiation \vhich leads to

proliferation and subsequent immunodeficiency.

It is also highly likely that other molecules are recruited by Pr60rar to the

plasma membrane where they may become activated and/or may contribute to

aberrant intracellular signalling due to their association with Pr6CFg. At a

minimum. it is probable that the Pr60'a~-c-Abl association disrupts the lisual

associations bet\veen c-Abl and its known binding partners (8,62) which may lead

to altered c-abl activity. The interaction between the proline-rich p12 region of

Pr6()Kag and other SH2 domain-containing proteins may be another mechanism by

which the lVlAIDS defective virus activates its target cell population and alters it

in such a way 50 as to trigger both 8 and T cell dysfunction. This could be

achieved by either causing an increase in the activity of these as yet unidentified

molecules, or by blocking their inhibitory properties. The identification of other

binding partners of Pr60'"' will be of major importance in clan fying how this viral

protein induces both the cell proliferation and immunodeficiency which resuIt in

MAIDS.

One of the earliest proposed mechanisms by which the MAIDS defective

virus induces MAIDS revolved around the theory that Pr60rar acts like a

superantigen (31,35,61). Although this theory has been largely discredited (13), it

does not rule out the possibility that antigenic stimulation ofT cells by Pr6()1'" is a

factor in the development ofMAIDS. In fact y it has been shawn that the presence

of ~lHC class II molecules is required for the development of MAIDS (18).

However, it was not clear which population was required to express lV1HC class II
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in order for MAInS to develop. To ans\ver the question of whether antigenic

stimulation of the immune system is critical for the development of the disease,

we could use gene knockout teclmology to produce chimeric mice which contain

two populations of 8 cell which express or do not express MHC class II

molecules. Inoculation ofthese mice with the MAIDS defective virus should still

trigger YL~IDS. If antigenic stimulation (i.e. infected B-nonnal T cell interaction)

is required for the induction of MArDS only thase B cells which express MHC

class II should proliferate. This proliferation could he assessed by a combination

of immunohistachemistrylill sitll hybridization ta simultaneously detect the

infected cells and the expression of MHC class [1 molecules.

:\Ithough MAlDS is induced by a relatively Hsimple" virus, the disease

induced by this virus is very complex, involving both B cells, T cells, and perhaps

ather cell populations. As discussed above, there exists many possible

mechanisms, many of them testable, by which the MAIDS defective virus Pr6()P'

eourd affect the immune system of its host. The results presented in this thesis

have shed light on the earliest events ofthis disease which do not require CD4· T

eells. The isolation and characterization of two eelllines which are representative

of the in vivo target cell population of the MAIDS defective virus was also

revealing in terms of their unusual phenotype. These lines substantiated the

Pr6ors:r-c-Abl association seen in vitro and also now give us the tools to further

examine the 8-T cell interactions which lie al the heart of MAIDS. The extension

of the Pr6()pK-c-Abl studies was fruitful in revealing the potential application of

Pr60CCg as a tumor rejection anligen and as a possible cancer vaccine.
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Understanding the many complexities of MAIDS can potentially benefit many

areas of research. from signal transduction to the control of cancer.
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Claims for Oriainal Researcb

1) The studies involving the use of mutant mice, specifically the CD4'''' mice,

provide us with new insights into the earliest phase of the disease, the infection of

the target a cells by the NIA1DS defective virus. MAIDS can now be seen as

proceeding in nvo distinct steps~ a CD4+ T cell-independent infection of the target

a cells by the ivlA1DS defective virus and a CD4"P T cell~dependant expansion of

the infected 8 cells which is required for the full development of NIAIDS.

2) \\"e have succeeded in isolating t\vo independent cell Iines which accurately

reflect the phenotype of the ill vivo Target cells of the MAIDS defective vinls.

These lines will be invaluable taols to further study the Pr6()faK-B celi and the

in fected B cell-T celi interactions which lie at the heart of NtAIDS.

3) The 5D 1 and eSTa5 cell Iines described in This thesis were critical in provÎng

an !Il \'1\/0 association between Pr6()fag and c~AbL and will again be useful in

isolating other binding partners of Pr6()fng.

4) The expression of Pr6~ng in severaL v-Abl-transfonned pre-B cell lines and in

the B16Fl melanoma ceH line Led to a significant reduction in the tumoriginicity

of these cell Lines. This is the first evidence that Pr6()fag can induce a protective

immune response, either directLy or indirectLYt in addition to its ability ta cause

immunadeficiency in the same mouse strain.
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