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Apoptosis as a Target for Gene Therapy in Rheumatoid
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Rheumatoid arthritis (RA) is characterized by chronic inflammation of the synovial joints resulting
from hyperplasia of synovial fibroblasts and infiltration of lymphocytes, macrophages and plasma cells,
all of which manifest signs of activation. All these cells proliferate abnormally, invade bone and carti-
lage, produce an elevated amount of pro-inflammatory cytokines, metalloproteinases and trigger osteo-
clast formation and activation. Some of the pathophysiological consequences of the disease may be
explained by the inadequate apoptosis, which may promote the survival of autoreactive T cells, mac-
rophages or synovial fibroblasts. Although RA does not result from single genetic mutations, elucidation
of the molecular mechanisms implicated in joint destruction has revealed novel targets for gene therapy.
Gene transfer strategies include inhibition of pro-inflammatory cytokines, blockade of cartilage-de-
grading metalloproteinases, inhibition of synovial cell activation and manipulation of the Th1-Th2 cytokine
balance. Recent findings have iluminated the idea that induction of apoptosis in the rheumatoid joint
can be also used to gain therapeutic advantage in the disease. In the present review we will discuss
different strategies used for gene transfer in RA and chronic inflammation. Particularly, we will high-
light the importance of programmed cell death as a novel target for gene therapy using endogenous
biological mediators, such as galectin-13@alactoside-binding protein that induces apoptosis of ac-
tivated T cells and immature thymocytes.
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IMMUNOPATHOGENIC MECHANISMS OF RHEU- pro-inflammatory cytokines and metalloprotein-
MATOID ARTHRITIS: AN OVERVIEW ases and by inducing osteoclast formation and ac-
Rheumatoid arthritis (RA) is a common (aboutivation . The activated phenotype of synovial cells
1% prevalence) chronic autoimmune inflammatioris marked by an upregulation of proto-oncogenes,
of the synovial joints resulting from hyperplasiawhich are involved in important cellular events
of synovial fibroblasts and infiltration of lympho- such as intracellular signaling and gene transcrip-
cytes, macrophages, and plasma cells, all of whidion (Takayanagi et al. 1999).
manifest signs of activation (Feldmann etal. 1996). Animal models of RA, such as collagen-in-
Despite a lack of knowledge about its ethiologyguced arthritis (CIA) in DBA/1 strain of mice, ad-
there has been recent significant progress in ujuvant-induced arthritis in Lewis rats and antigen-
derstanding its pathogenic mechanisms. The di#duced arthritis in rabbits have been essential in
ease is mainly characterized by (a) chronic inflam4nderstanding the possible pathogenic mechanisms
mation, (b) an exacerbated immune response, (efthis disease (Courtenay et al. 1980, Chernajovsky
synovial hyperplasia and (d) dysregulatect al. 1995, Evans & Robbins 1996). They have
apoptosis. Rheumatoid synovial cells are phendeen also served as basic models for the develop-
typically transformed to proliferate abnormally.ment of therapeutic strategies.
They invade bone and cartilage and induce tissue An ideal therapy in RA should ameliorate dis-
degradation by producing an elevated amount @fase, prevent joint destruction, maintain function,
prevent the development of extra-articular com-
plications such as vasculitis, serositis, lung fibro-
sis and prevent premature death. However, there
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sues, several strategies have been explored for tned virulence. Because they integrate DNA into the
application of gene therapy in the treatment of R&enome much recent research in gene transfer has
and other autoimmune disease (Chernajovsky fhicused on retroviral vectors (Weatherall 1995,
al. 1998). The present review will be focused oBeutler 1999), which are retroviruses from which
novel strategies used for gene therapy in RA basedany of the viral genes have been removed so that
on the immunopathogenic mechanisms of the diswo viral proteins can be made in the cells they in-
ease. For this purpose, a brief introduction will béect. The main advantage of retroviral vectors is
first presented with the basic principles of gen¢he high efficiency of gene transfer into replicating
therapy, its requirements and the most relevantlls. Among the drawbacks of retroviral gene trans-

delivery systems. fer, it is difficult to insert large pieces of DNA into
GENE THERAPY: BASIC PRINCIPLES, REQUIRE- Fhese vectors a}nd most retroviruses are unal?le to
MENTS AND DELIVERY SYSTEMS infect non-dividing cells. Furthermore, integration

Gene therapy offers an unorthodox treatme ects such as insertional mutagenesis. Other viral

paradigm for curing human disease (Weather ansfer systems have been explored such as aden-

1995). This new type of pharmacology that hag ;s " adeno-associated virus (AAV) and herpes
revolutionized the “classical” medicine, can b

defined as the “transfer of genetic material to So_implex virus (HSV). Adenoviral vectors have the
matic target cells with resugftin therapeutic bengdvantage that they can carry larger segments of
efit to ”?e individual” (Kerrg& Mulpé 1994 DNA and infe:\ct r_\on-replicating cells. Mloreover,
Weatherall 1995). Rather than altering the diseaAAV are satelite viruses of other human viruses and

henot . ts which int £ with ?'gquire co-infection for their replication. This kind
phenotype using agents which interact With 9enge e 1415 such as AAV have been designed to pro-

products, gene therapy can theoretically mOdif}ﬂuce a gene therapy vehicle with site-specific inte-

specific genes resulting in disease ‘?‘mel'orat'ogration and the ability to infect multiple cell types
following a single administration. Initially, gene (Beutler 1999)

therapy was envisioned for the treatment of mo* Non-viral techniques for gene therapy include

nogenic disorders such as cystic fibrosis or Sevelf. Lse of plasmid and liposomes. Liposomes of-
combined immunodeficiency, but is currently be'fer several advantages in delivering genes to cells

Icna?n(szteurdIﬁgulpogewgr?egggg 8{8%'5 deeizeihnrﬁgj:'inggch as safety and the possibility to target specific
L gene X L2 "Balls or tissues. However, current limitations re-
munodeficiency virus infection, autoimmunity andgardingin vivo application of liposomes as vec-

Othﬁ: agﬂ:'rr:ld tﬂgergsﬁ'isré ments for aene thera tors for gene therapy include low transfection effi-
while gasily s,tated hqave been extregmely difficSI lencies and transient gene expression. The ab[l[ty
to fulfill. First, itis nécessary to isolate a particula 0 overcome thesg problems shou]d greatly facili-
ene té ethér with its requlatory sequences. S Eca_te their appll'catlon to a wide variety of gene de-
gene tog S €9 Y sequel : eIﬁ/ery mechanisms (Weatherall 1995).
ond, it must be possible to obtain sufficient num-
ber of the cells into which the gene is to be iInRHEUMATOID ARTHRITIS: A CANDIDATE DIS-
serted and find an effective way of returning thenfASE FOR GENE THERAPY
to the patient. Third, there must be an efficient Although RA is a complex polygenic and mul-
mechanism for inserting the gene into target cellsifactorial disorder, elucidation of the cellular and
And, finally, the inserted gene must produce suffimolecular mechanisms implicated in the pathogen-
cient amounts of its product over a reasonablesis of joint destruction and immune cell activa-
length of time, and the procedure must not haviion have revealed novel targets for gene therapy
any deleterious effects (Weatherall 19950¢f this disease (Jorgensen & Gay 1998). In RA
Chernajovsky et al. 1998). Therefore, gene therapie therapeutic gene to be introduced will interfere
protocols involve the transfer of genes to cells, withvith the disease process or modify the develop-
the goal that expression of the transferred gene withent of the disease by introduction of biological
ameliorate disease. response modifiers such as cytokine antagonists,
The key to success for any gene therapy strgtrotease inhibitors or antisense oligonucleotides
egy is having a vector able to serve as a safe a(@hernajovsky et al. 1995b). As stated, the advan-
efficient gene delivery vehicle. Viruses have drawtage of gene therapy regarding protein therapy is
the most attention as potential vectors. They are dhat local expression of antagonists or immuno-
tractive because evolution has designed them speedulators, reduce the incidence of systemic com-
cifically to enter cells and express their genes therplications.
Further, it is possible to substitute one or more thera- Gene transfer strategies for inhibiting joint de-
peutic genes for genes involved in viral replicatiorstruction in RA are summarized in the Table and

%random and there is a danger of unwanted side-
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include: (a) inhibition of pro-inflammatory ticularly, IL-1Ra competitively inhibits the biologic
cytokines such as TN&; IL-1 and IL-15, (b) bias activities of IL-1 by occupying the type I IL-1 re-
of the cytokine profile from a Th-1 towards a Th-ceptor without eliciting a signal transduction re-
2-polarized immune reaction (using IL-4, IL-10,sponse. Several experimental evidence were pro-
IL-13) and (c) deviation towards an immuno-vided, showing that gene transfer of IL-1 antago-
suppresive state characteristic of a Th-3 responaé&sts could be therapeutic in models of antigen-
(IL-10 and TGFB). Novel attractive strategies pro-induced arthritis in rabbits and CIA (Evans &
pose the blockade of synovial cell activation (byRobbins 1996, Otani et al. 1996, Makarov et al.
inhibiting specific signal transduction pathways)1996). All different experimental strategies using
and inhibition of matrix-degrading enzymes. MoreiL-1 inhibitors revealed a marked, although not
over, recent experimental evidence have illumieomplete, anti-inflammatory and condroprotective
nated the idea that induction of apoptosis of rheeffects. Recently, Oligino et al. (1999) have dem-
matoid synovium can be used to gain therapeutanstrated the anti-inflammatory properties of the
advantage (Vaishnaw et al. 1997, Jorgensen & Gaytra-articular delivery of a second generation HSV
1998, Chernajovsky et al. 1999). Therapeutic genegctor containing the IL-1Ra gene.

may be introduced locally into diseased joints (lo- On the other hand, there are two types of
cal gene delivery) or at extra-articular locationsoluble TNF receptors (TNF-sR) that mediate dif-
where the gene products become systemicalfgrent biological activities: type | TNF-sRI (p55)
available (systemic gene delivery). Moreover, genand type 1l TNF-sR (p75). These soluble inhibi-
therapy in RA can be carried antvivoby intra- tors of TNF& constitute a mechanism that counters
articular injection of the recombinant vectorear the deleterious effect of TN&: In fact, an inverse
vivo. The advantage @&x vivoprocedures is that correlation has been observed between the level
autologous synoviocytes removed from RA paef TNF-sR and the mortality of patients (Dayer
tients during arthroscopy are transduced in the lab&997). In vitro studies using dissociated synovial
ratory and selected for expression and safety beembrane cells from RA patients have generated
fore being reintroduced into the joint (Jorgensethe hypothesis that TN&-plays a pivotal role in

& Gay 1998). Possible target cells for gene theraggint inflammation through the induction of other
in RA include autologous synoviocytes, pathogenipro-inflammatory cytokine such as IL-1, IL-6, GM-
lymphocytes, keratinocytes, hepatocytes, embnESF and IL-8 (Feldmann et al. 1996). Consistently,

onic fibroblasts and muscle cells. DBA/1 mice expressing the human TNF-
GENE TRANSFER IN RA BY INHIBITING PRO-IN-  transgene developed a severe and erosive arthritis
FLAMMATORY CYTOKINES (Butler et al. 1997). Anti-TNF therapy has been

successfully used in diverse animal models of RA
Williams et al. 1992, Chernajovsky et al. 1998,
uatrocchi et al. 1999). Chernajovsky and col-
leagues (1995a) have used a retroviral vector con-
aining a soluble monomeric p75 TNF receptor to
fect arthritogenic splenocytes from DBA/1 mice
d inhibited the transfer of CIA to severe com-

The immunopathology of RA is associated wit
the production of pro-inflammatory cytokines, suc
as IL-15, TNFe, IL-1 and IL-6 (Feldmann et al.
1996). It is now known that release of thes
cytokines by the inflamed synovium in RA lead
directly to the destruction of the adjacent bone a

cartilage through the induction ofmetalloproteinas%ined immunodeficient (SCID) mice. Moreover

(MMP) production in synovial fibroblasts. To date,the : e
i . y were able to prevent collagen-induced arhtritis
IL-1 and TNFe are considered the most powerfulby gene delivery of soluble p75 TNF receptor

dde%trl:}ctlxg c;r/;coklnesnwtr treglarids t()ti\l>/II¥IPn|n;] ageed et al. 1998Jhe important role of TNIe-
luction and consequent proteolytic activation anfl p s hag heen finally established not only in ani-
tissue destruction in chronic synovitis (Dayer,

mal models but also in clinical trials where anti-

1997). The homeostasis of cytokine biology is CONt N E-a mAbs administered to patients with long-

trolled by cytokines with opposite functions ands, jing active RA were found to be benefical
by natural antagonists. The first evidence of th lliot et al. 1994). Another approach to TNF in-

concept of true receptor antagonists came fro ibition could also involve ribozymes that

studying the biology of IL-1, when binding experi- ., i cally inhibit TNF mRNA (Chernajovsky et
ments revealed a competitive mechanism at t 1998)

receptor level. IL-1 can be blocked through com- Finally, recent studies showing that IL-15 could

petitive inhibition by its natural antagonist IL—1Raact upstream of the cytokine cascade in RA and

(I.L'l. receptor antagpnlst), which competes fofnduce TNFe production, have envisaged the de-

ﬁ'mw‘? ﬁf fILriltiornby |t§ soluble fr(;::ept;)rﬁn(fll anr,‘l(_jvelopment of gene therapeutic strategies using spe-
), ch function as decoys ot thé pro-intlam- .. 5nhipitors of this novel cytokine (Mclness et

matory cytokine (Chernajovsky et al. 1995). Parél. 1997). In this context, Ruchatz et al. (1998) have
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recently reported that administration of a solublébroblasts and cells of the monocyte-macrophage
IL-15 receptoni-chain was able to profoundly sup-lineage. While IL-1, TNFa and prolonged T cell
press the development of CIA. Thus, a sustainestimulation have been shown to promote MMP
increase of sufficient magnitude in the levels oproduction, TGH3, IL-10 and IL-13 induce TIMP-
pro-inflammatory cytokine antagonists provided byl production, generating an homeostasis at the pro-
local gene delivery using retroviral or adenovirateolytic level of joint destruction. In this context,
vectors, should inhibit the arthritogenic processanother attractive target for gene therapy could be
However, targeting only a single molecule is unthe inhibition of matrix-degrading enzymes using
likely to be sufficient for inhibiting the destruction oligonucleotide antisense or ribozymes that cleave
of cartilage and bone in RA (Jorgensen & GayviIMPs mRNA (Jorgensen & Gay 1998). In this
1998). context, overexpression of TIMPs could also be
TARGETING INFLAMMATION AND AUTOIMMU- relevant in the inhibition of bone and cartilage de-
NITY BY SKEWING THE BALANCE TOWARDS A struction in RA.

TH2-POLARIZED IMMUNE RESPONSE GENE THERAPY IN RA BY BLOCKING ACTIVA-

The Cytokine prof”e in RA joint is dominated TION OF SPECIFIC TRANSCRIPTION FACTORS:
by macrophage and fibroblast products, althougﬁ ROLE FOR NF-kB
small quantities of T cell cytokines have beeniden- Nuclear factor kappa B (NF-kB) is a hetero-
tified. Of these cytokines, the majority are derivediimeric transcription factor that is a critical ele-
from cells exhibiting the Th-1 cytokine (IL-12, IL- ment in the regulation of many genes involved in
2, IFN+y). Th-2 cytokines including IL-4, IL-5, IL- the regulation of the immune response (Vaishnaw
10 and IL-13 suppress Th-1 function and pro-inet al. 1997). It has been shown that TédBignals
flammatory cytokine production by a “cross-talk” predominantly through the NF-kB pathway, pro-
mechanism. The Th-1/Th-2 cytokine imbalance hamoting the expression of adhesion molecules
been suggested as a mechanism to perpetuate jqi@AM-1, VCAM-1) and recruiting additional
disease in RA, since Th-2 cytokines remain insufeytokines (IL-1, IL-6, GM-CSF) in the inflamed
ficient to counteract the level of Th-1 and pro-injoint. Signaling through NF-kB has been shown to
flammatory cytokines (Chernajovsky et al. 1995bstimulate the pro-inflammatory cascade and pro-
Mauri et al. 1996). Therefore, many gene transfenote tissue destruction (Fujisawa et al. 1996).
strategies include the introduction of Th2-derivedissociation of the transcription factor NF-kB from
cytokines such as IL-4 (Lubberts et al. 1999, Boylds natural inhibitor 1k-B has been reported to play
etal. 1999), IL-10 (Apparailly et al. 1998) and IL-a pivotal role in the production of inflammatory
13 (Bessis et al. 1996). cytokines and chemokines by inducing a coordi-

Several results support the concept thatated transactivation of genes such as
overexpression of the immunosuppressive cytokinENF-a, IL-1, IL-8, ICAM-1 and inducible nitric
TGF{ might be a feasible approach for the inhioxide sintase (iNOS). Recently, Tomita et al.
bition of the inflammatory response and cartilag€1999) have demonstrated that administration of a
destruction in RA. This cytokine is an excellenfNF-kB decoy oligodeoxynucleotide into arthritic
candidate for systemic gene therapy, since it is prints led to a marked amelioration of the disease
duced and transfected as a latent (“silent”) cytokinand suppressed the production of pro-inflamma-
and is only activated at sites of inflammation bytory cytokines, providing a useful approach for the
enzymatic degradation or pH modificationstreatment of RA.
Chernajovsky and colleagues (1997) have engiygtion OF THE INFLAMMATORY RESPONSE

neered arthritogenic lymphocytes to express TGy DISRUPTING SPECIFIC INTRACELLULAR SIG-
B1 from a retroviral vector, showing that amelio-NALING PATHWAYS AND INHIBITING CELL

ration of established arthritis can be achieved byYCLE PROGRESSION

gene therapy using this cytokine. Recent studies have been designed to inhibit
different signaling mechanisms in the activation
BLOCKING TISSUE DESTRUCTION BY INHIBIT-  of synovial fibroblasts (Table). These include in-

ING MATRIX-DEGRADING ENZYMES terference with the Ras-Raf MAPK pathway

It has been demonstrated that the destructiqdorgensen & Gay 1998) and inhibition of the Src
of the extracellular matrix in RA is mediated bytyrosine kinase (Takayanagi et al. 1999). These
matrix metalloproteases (MMP) in the extracelluhave been implicated in several biological func-
lar synovial environment (Dayer 1997). The eftions, including mitogenic response to growth fac-
fect of these enzymes is downregulated by natur@drs and cytokines, activation of lymphocytes and
inhibitors called TIMPs (tisssue inhibitors of osteoclastic bone resorption. Therefore, inhibiting
MMPs). The main source of MMPs are synoviaSrc activity has been propose as an excellent can-
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didate for gene therapy to prevent joint inflammaafter peripheral immune response, thereby allow-
tion and destruction in RA. The kinase activity ofing feedback regulation. Antigen-provoked death

Src is negatively regulated by phosphorilation witlof lymphocytes is mediated by Fas (CD95/ APO-

another cytoplasmic tyrosine kinase named Csk (@), tumor necrosis factor (TNF) and related mol-

terminal Src kinase). Adenovirus-mediatecdecules. Other death ligands such as TRAIL and its
overexpression of Csk tyrosine kinase dramaticallyorresponding death receptors DR4 and DR5 are
reduced the proliferation rate and inflammatoryexpressed in immune cells, but their physiological

activity in the joint by suppressing Src activity andunctions are now well understood (Vaishnaw et

almost completely repressed the bone-resorbira). 1997).

activity of osteoclasts (Takayanagi et al. 1999). Studies of mouse strains with genetic predis-

Recently, Taniguchi et al. (1999) have also showposition to autoimmune disease suggest that in
that cyclin-dependent kinase inhibitors, such aaddition to regulating responses to exogenous an-
p16 'NK42 gene can be used by gene transfer ttigens, apoptosis of mature T cells maintains toler-

suppress synovial cell proliferation. ance to self antigens (Singer et al. 1994). Mice
GENE TRANSFER IN RA BY PROMOTING Apop-  homozigous for thépr or gld mutations manifest
TOSIS OF SYNOVIOCYTES AND IMMUNE CELLS hypergammaglobulinemia, autoantibody produc-

tion, arthritis, vasculitis and accumulation of non-

e e s ok pallnan TCRUf DA CDE"T ymphacyes i
P ysreg eir secondary lymphoid organs. Genetic cloning

in the pathogenic mechanisms of autoimmune in; ; : )
flammation in RA and the possibility to exploit thishilir\];(ja n%i‘:gt';:%sitnuggss ﬁ%?;geag?gv;i;{i%%e;

situation for gene therapy in RA. the gene for Fas ligand (Fas L). Homozygosity for
eitherlpr or gld causes defective T cell receptor

TABLE (TCR)-induce death of mature T cells. While in-
Candidate targets for gene therapy in rheumatoid bred mouse strains bearifgr or gld mutations
arthritis provided convincing evidence that failure of ma-
Inhibition of synoviocyte activation ture T cell deletion may breach peripheral toler-
Inhibition of pro-inflammatory cytokines ance, such evidence has been lacking in humans.
Inhibition of specific transcription factors (NF-kB) ~ However, Fisher et al. (1995) have identified the
Inhibition of osteoclastogenesis and cartilage presence of the autoimmune lymphoproliferative
degradation syndrome (ALPS) as an inhereted disease of un-
Blockade of matrix-degrading enzymes balanced lymphocyte homeostasis and defective

Bias towards a Th2/Th3-polarized immune response gpoptosis. In this syndrome defective apoptosis
:RE:E:ESE 21]: ggggﬁglziggﬁlrt?z?rfls?jnuction pathways permits the accumulation of lymphocytes, includ-
; ; ; ing a usually rare population of double negative T
Induction of apoptosis of synoviocytes and . :
inflammatory cells cells and the occurrence of antibody-mediated au-
toimmune disorders.

APOPTOSIS: A NOVEL TARGET FOR GENE
THERAPY IN RA?

DISREGULATED APOPTOSIS TRIGGERS AUTOIM- Two major pathogenic processes have been
MUNITY clearly identified in the development of RA, the
A dynamic balance in the quantity and activafirst involving abnormal synoviocyte proliferation,
tion state of the cells participating in immune reand the second dependent on T cells and macroph-
sponses is essential for achieving appropriate prdgde activation (Vaishnaw et al. 1997). Hence, RA
liferative and effector responses to antigens whilgould also be explained as a result of cell accumu-
avoiding autoimmunity (Lenardo 1997). Lympho-lation and soluble mediators that affect the life-
cytes with receptors capable of recognizing sefleath decisions, protecting synovial and immune
antigens are generated constantly, yet normal if€lls from apoptosis. Accordingly, it has been
dividuals maintain a state of unresponsiveness &0wn that IL-B inhibits susceptibility to
their own antigens, called self-tolerance. Apoptosi@Poptosis, an effect associated with increased ex-
acts to preserve central and peripheral T cell hgvession of the Bcl-2 family of proteins (Vaishnaw
meostasis regulating the tempo and duration & al. 1997). Moreover, TN&; which acts as a
immune responséa vivo. This has been best de-Potent pro-inflammatory molecule in RA signals
fined for lymphocytes for which removal of T or Predominantly through the NF-kB pathway recruit-
B cells by antigen receptor engagement or the lo§3g additional cytokines. Signaling through this
of trophic stimuli, leads to apoptosis during andranscription factor would also be expected to in-
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hibit apoptosis (Fujisawa et al. 1996). Finallymacrophages (Rabinovich et al. 1996, 1998). Re-
mutations of the p53 protein have been detected aent observations suggest that Gal-1 could play an
the inflamed joint (Vaishnaw et al. 1997). important role in generating and maintaining cen-
Effective treatment of arthritis will require the tral and peripheral immune tolerance (Rabinovich
elimination of proliferating synoviocytes andet al. 1999¢e). This homodimeric protein has been
arthritogenic lymphocytes that initiate and perpetushown to suppress T cell proliferation (Rabinovich
ate joint inflammation. Hence, attempts to inducet al. 1997) and induce apoptosis of activated
apoptosis either in rheumatoid synovium or actimature T cells (Perillo et al. 1995, Rabinovich et
vated immune cells will be clearly benefical foral. 1998) and particular subsets of immature corti-
the treatment of joint disease. In this contextgal thymocytes through modulation of T cell re-
Okamoto et al. (1998) investigated the apoptoticeptor (TCR)-mediated responses (Perillo et al.
effects of Fas ligand-transfected cells on proliferi997, Vespa et al. 1999). The apoptotic effect of
ating human rheumatoid synovium engrafted iGal-1 depended upon the activation state of T cells
severe combined immunodeficient (SCID) miceand was mediated by engagement of CD43 and
Moreover, Zhang et al. (1997) reported the ame&zD45, particularly the poly-lactosamine-enriched
lioration of CIA after adenoviral-mediated geneCD45RO splicing product (Perillo et al. 1997). We
transfer of Fas L to arthritic joints. Fas-associatedave recently shown that Gal-1-induced apoptosis
death domain protein (FADD) has been shown tis preceded by an early upregulation of ¢h#un
bind to the intracellular death domain of Fas angroto-oncogene and further activation of the AP-1
promote signaling pathways of Fas-mediatetranscription factor and is accompanied by a
apoptosis. Kobayashi et al. (2000) have recentijownregulation of Bcl-2 (Rabinovich et al. 2000a).
investigated the effects of FADD gene transfer intd herefore, this protein has been shown to down-
cells of the rheumatoid synovium using adenovimodulate exacerbated immune responses and in-
ral vectors, which have been reported to be the mdimmatory processes. In collaboration with the
efficient vectors for gene transfer into synovialaboratory of Dr O Lider from the Weizmann In-
cells. Transduction of FADD gene enhancedtitute of Science (Rehovot), we have demonstrated
apoptosis of proliferating human rheumatoidhat Gal-1 is able to inhibit T cell adhesion to ECM
synovium engrafted in SCID mice. Moreover, veryglycoproteins and block the production of pro-in-
recent studies revealed by gene therapy that TRARammatory cytokines, which could be highly sig-
(TNF-related apoptosis inducing ligand) is a ponificant for immune intervention in RA
tent inhibitor of autoimmune inflammation in ar- (Rabinovich et al. 1999b).
thritis by blocking cell cycle progression (Song et  All these observations prompted us to investi-
al. 2000). Finally, an attractive strategy to use igate in vivo the immunoregulatory properties of
RA would be the “suicide” gene therapy alreadyGal-1 using the CIA model in DBA/1 mice. We
used for brain tumors. This strategy involves ingenerated the hypothesis that Gal-1-induced
sertion into the rheumatoid synovium of the genapoptosis could provide for an ideal mechanism
encoding the thymidine kinase (tk) enzyme fronusing a naturally occurring protein to terminate the
HSV using retroviral vectors. In cells infected withautoimmune T cell attack, preventing the expan-
HSV vector, the enzyme will convert the othersion of dominant autoaggressive clones and inhib-
wise non-toxic drug ganciclovir into a toxic me-iting the inflammatory response. Hence, a collabo-
tabolite that acts as a potent cell killer. Elucidatiomative project was performed with the laboratory
of the specific mediators and biochemical pathwaysf Dr Y Chernajovsky from the Kennedy Institute
that regulate cell death will be critical for thera-of Rheumatology (London) to test by gene therapy
peutic manipulation of RA and other autoimmunehe immunosuppressive properties of this protein.

and inflammatory diseases. A single injection of syngeneic DBA/1 fibroblasts
GALECTINS: A LINK BETWEEN APOPTOSIS AND  €Nngineered to secrete Gal-1 at the day of disease
AUTOIMMUNITY onset was able to abrogate clinical and histopatho-

logical manifestations of arthritis, inducing a bias
%romaTh-1toa Th-2-polarized immune reaction
' (Rabinovich et al. 1999c). This effect was also
anifested by a reduced level of anti-collagen type-
specific antibodies. The molecular mechanism
the therapeutic effect was confirmedivosince
mph node cells from mice engaged in the gene
erapy protocol increased their susceptibility to
ntigen-induced apoptosis (Rabinovich et al.
999c). Moreover, Gal-1-expressing fibroblasts

Galectin-1 (Gal-1) is a member of a growin
family of animalp-galactoside-binding proteins
which are highly conserved throughout anim
evolution and share sequence similarities in the cai-
bohydrate recognition domain (CRD) (Rabinovicr’bf
1999a,e). Its presence has been localized with
the central and peripheral immune compartmel%z
in thymic epithelial cells (Baum et al. 1995), acti-
vated T cells (Blaser et al. 1998) and activate
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revealed an inhibitory effect in antigen-dependent induced arthritisJ Immunol 1605213-5220.

IL-2 production to a collagen type ll-specific TBaum LG, Pang M, Perillo NL, Wu T, Delegaene A,
cell hybridoma clone. This study provided a strong  Uittenbogaart CH, Fukuda M, Seihamer JJ 1995.
correlation between the apoptotic properties of Gal- Human thymic epithelial cells express an endogenous
1in vitro and its therapeutic potentialvivo. Our lectin, galectin-1, which binds to core 2 O-glycans

. on thymocytes and T lymphoblastoid cellsExp
results have been recently reproduced by Santucci ;.4 181 877-887.

et al. (2000) who reported that Gal-1 suppressgglsgis N, Boissier MC, Ferrara P, Blankenstein T,
the inflammatory response in a model of autoim-  Fradelizi D, Fournier C 1996. Attenuation of col-
mune hepatitis in mice. We have also demonstrated |agen-induced arthritis in mice by treatment with
using an experimental model of acute inflamma- vector cells engineered to secrete interleukir=is.
tion, that in addition to the pro-apoptotic activity, J Immunol 262399-2403.

Gal-1 also exhibits intrinsic anti-inflammatory Beutler E 1999. Gene therapBiol Bone Marrow
properties, which are independent of its carbohy- Transplant 5 273-276. _

drate-binding activity and affects both soluble an§!aser C, Kaufmann M, Muller C, Zimmerman C, Wells
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