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4-1BB is a member of the tumor necrosis factor achieve full activation responses, the second signal should
receptor superfamily. The receptor functions mainly as  be provided by costimulatory molecules, which are surface
a costimulatory molecule in T lymphocytes. In addition, molecules on APCs that bind to specific receptors on the
several lines of evidence have shown that interactions T lymphocytes. Without the second signal at the time of
between 4-1BB and its ligand are involved in the antigen presentation, a T cell may be eliminated from the
antigen presentation process and the generation of pool of antigen-responsive T lymphocytes either by
cytotoxic T cells. Recent studies, however, have promoting its death or by inducing anergy (Abletsal,
demonstrated that 4-1BB plays more diverse roles: 1997)
Signals through 4-1BB are important for long-term Many molecules have been identified as having
survival of CD8" T cells and the induction of helper T costimulatory activity in T cell activation (reviewed in
cell anergy. Clinically, there is great interest in 4-1BB, Watts and DeBenedette, 1999). Of these, CD28 and its
because T-cell activation induced by anti-4-1BB ligands, B7-1 and B7-2, have been considered as a critical
monoclonal antibodies is highly efficient in the costimulatory system for the initiation of T cell response.
eradication of established tumor cells in mice. Now, However, not all costimulatory signals are provided by
since mice deficient in 4-1BB or the 4-1BB ligand are CD28, i.e. some molecules are capable of replacing CD28
available, subtle roles played by 4-1BB may be revealed or having a synergistic effect on activating T cells. These
in the near future. molecules include other CD28 family members (CTLA-4,
ICOS/B7RP-1, B7h, and B7-H1) (Donet al, 1999;
Keywords: 4-1BB; 4-1BB Ligand; Antigen Presenting Hutloff et al, 1999; Swallowet al, 1999; Yoshinagat al,
Cell; Costimulation; T Lymphocyte. 1999), cell adhesion molecules (LFA-1/ICAM1, CD2/
LFA-3, and CDw150), heat-stable antigen (CD24), and
members of the tumor necrosis factor receptor (TNFR) and
ligand families (4-1BB/4-1BBL, OX40/0X40L, CD27/
CD70, CD30/CD30L, HVEM/LIGHT, and other potential
The immune system responds rapidly to foreign antigengnembers). Recently, much attention has been paid to
and expands effector cells to remove them from the bodyl NFR superfamily members due to their diverse roles in
Peptides derived from antigen presenting cells (APCs) aréhe immune system as well as their costimulatory function.
presented to T lymphocytes which respond specifically toSince its identification a decade ago, studies on 4-1BB
those peptides in the context of major histocompatibilityhave focused on its role as a costimulatory stimulus in T
complex (MHC) molecules. However, the interaction cells. A body of evidence is also accumulating that
between the T-cell receptor (TCR) on T lymphocytes andndicates that 4-1BB has more diverse roles than originally
peptide-MHC complex on APCs is generally not sufficient expected. In this review, we will review various aspects of
to induce proliferation and differentiation of T 4-1BB that have been reported in the literature and discuss
lymphocytes into effector cells. For T lymphocytes to the future directions of 4-1BB studies.
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(GITR), DR3 (Apo3) (Gruss and Dower, 1995; Gurney
et al, 1999, Kworet al, 1997; Marsterst al, 1996). This
suggests that all of the genes evolved through a localized
4-1BB was originally isolated by a differential screening gene duplication event. Another interesting point is that
procedure from activated mouse T-cell clones (Kwon andcexcept for DR3, all the genes have a costimulatory
Weissman, 1989). The extracellular domain of 4-1BBcapacity in T lymphocytes in response to cognate ligand
contained an unusually large number of cysteine residuesinding. In contrast to the extracellular domain, the
Later, cysteine-rich pseudorepeat domains, also called theytoplasmic domain of TNFR members does not have any
TNFR motifs, were defined from receptors for TNF- consensus sequence homology, with the exception of the
nerve growth factor (NGF), FasL, and other emerging“‘death domain”, which is involved in the induction of
molecules, and were grouped into the TNFR superfamilyapoptosis mediated by molecules such as Fas, and
4-1BB contains four TNFR motifs, with the first one being receptors for TRAIL. Interestingly, however, there is high
partial, a characteristic shared by two soluble members afequence homology in the cytoplasmic domain among
the TNFR superfamily, OPG (TR1) and DcR3 (TR6) (Pitti 4-1BB, CD27 and AITR (Kwon and Kwon, 1999; Kweh

et al, 1998; Simonetet al, 1997; Yuet al, 1999) al., 1999a; 1999b; Nocentiet al, 1997) (Fig. 1B). Than

(Fig. 1A). The gene for the 4-1BB receptor resides onvivo significance for this finding is yet to be defined.
chromosome 1p36, in a cluster of related genes including The 4-1BB ligand (4-1BBL) is a member of the TNF
those for CD30, OX40, TNFRII, HVEM (TR2), AITR ligand superfamily. In comparison with other members of
the ligand superfamily, the human and mouse 4-1BBL

Molecular Biology of 4-1BB and 4-1BB
Ligand

A | S-S bond sequences are poorly conserved (36% identity at the amino
[ sSbond Il ISShbond | acid level). Like the receptor, the gene for 4-1BBL is
ct c2cs ca o5 6 clustered with those belonging to the TNF ligand

TNFR-I
TNFR-II

V C PQGKYIHPQNNSI C C TK CHKGTYLYND CPGPGQDTDCR

superfamily such as CD27L and CD40L in the region of

T C RLREYYDQTAQM C C SK CSPGQHAKVFCTKTSDTV CD

CD40 A C REKQYLINSQ C CSL CQPGQKLVSDCTEPTETE CL

4-1BB - - C SN CPAGTF CDNNRNQI CS 19p13 (GTUSS and Dower, 1995)

AITR - - - - - -

TR6 - - C AC CPPGTFVQRPCRRDSPTT CG

TR2 (HVEM) S CKEDEYPVGSE C CPK CSPGYRVKEACGELTGTV CE

LTRR T CRDQEKEYYEPQHRI C CSR CPPGRTVSAKCSRIRDRV C A . . .

TRL(OPG) - - CDK CPPGTYLKQHCTAKWKTV CA Signal Transduction Via 4-1BB and 4-1BBL
P C TSEKHYEHLGR C CNK CEPGKYLSSK CTPTSDSV CL

RANK

TNFR-I E CESGSFTASENHLRH C LS CSK CRKEMGQVEISSCTVDRDTV CG
TNFR-II S CEDSTYTQLWNWVPEC LS CGSR CSSDQVETQA CTREQNRI CT
CD40 P CGESEFLDTWNRETHC HQHKY CDPNLGLRVQQK G TSETDTI CT

As is the case for other TNFR superfamily members,
4-1BB uses adaptor molecules called tumor necrosis factor

4-1BB P CPPNSFSSAGGQRT C DI CRQ CKGVFRTRKE CSSTSNAE CD

AITR G CGPGRLLLGTGTDAR@ RV HTTR CCRDYPGEE CCSEWD CM receptor-aSSOCIated factors (TRAFS) to transduce a
TR6 P CPPRHYTQFWNYLERC RV CNVL C GEREEEARA CHATHNRACR . . . .
TR2 (HVEM) P CPPGTYTAHLNGLSK C LQ CQM CDPAMGLRASRNC SRTENAV CG downstream s|gna|_ The Cytop|asm|c domain of 4-1BB is
LTBR T CAENSYNEHWNYLTT C QL CRP  CDPVMGLEEIAP CTSKRKTQ CR . . .

TR1(OPG) P CPDHYYTDSWHTSDEC LY CSPV CKELQYVKQE CNRTHNRVCE able to associate Spec|f|ca||y with TRAFL TRAFZ, and

RANK PCGPDEYLDSWNEEDKC LLHKV  CDTGKALVAVVA G NSTTPRRCA

TRAF3 (Arch and Thompson, 1998; Jaegal., 1998;

TNFR-I CRKNQYRHY W SENLFQ CFN C SL  CLNGTVHLS CQEKQNTVCT ) ;

TNFR-II CRPGWY  C ALSKQEG CRL CAPLRK CRPGFGVARP ~ GTETSDW  CK Saoulli et al, 1998) It possesses two universe TRAF2-
CD40 CEEGWH  CTSEA  CES CVLHRS CSPGFGVKQIAT G VSDTI cE o

4188 CTPGFH  C LGAG  CSM CEQD CKQGQELTKKG ~ CKD  C- binding consensus sequences, (P/S/AIT)X(Q/E)E (Ye
AITR CVQPEFH ~ C GDPPC  CTT CRHHP CPPGQGVQSQ  GKFSFGFQ  ClI . .

TR6 CRTGFFA H AGF CLEHAS ~ CPPGAGVIAP  GTPSONTQ  CQ etal, 1999) (Fig. 2A). Although it has not been clearly
TR2(HVEM) CSPGHF  C IVQDGDH CA CRAYATSSPGQRVQKG ~ GTESQDTL  CQ . . . . -
LTRR CQPGMF  C AAWALE CTH CELLSD CPPGTEAKKDEV GKGNNH  CV defined whether both sites are involved in the binding
TR1(OPG) ~ CKEGRY L EIEF CLKHRS CPPGFGWQA  GTPERNTV  CK L . . .

RANK CTAGYHWSQIT E C CRRNTE CAPGLQAHPLQLNKDT\CKP  CL activity for TRAF2, point mutation analysis indicates that
TNFR-I - CHAGFFLRENE C VS CSN CKKSLE CTKL cL the C-terminal site (PEEZEG—ZS() is more critical for
TNFRHI P CAPGTFSNTTSSTDI C RPHQI CNVVAIP GNASMDAV ~CT - . .

CD40 P CPVGFFSNVSSAFEK C HP W TS CETKDLVVQQA G TNKTDVVCG TRAF2 blndlng than the N-terminal site (TT%—ZS’

4188 - CF-GTFNKQKRGI ~ C RPW TN CSLDGKSVLVN G TKERDVV CG . R .

AITR D CASGTFSGGHEGH C KPWTD CTQFGFLTVFP G NKTHNAV CV (Janget al, 1998) ObVIOUS'y, the former site is recognlzed
TR6 P CPPGTFSASSSSSEQ C QP HRN CTALGLALNVP G SSSHDTL CT .

TR2 (HVEM) N CPPGTFSPNGTLEE C QHQTK CSWLVTKA GAGTSSSHWV by TRAF1 and TRAF3 (Jangt al, 1998), which suggests
LTBR P CKAGHFQNTSSPSAR C QP HTR CENQGLVEAAP G TAQSDTTCK .

TRL(OPG) R CPDGFFSNETSSKAP C RKHTN CSVFGLLLTQK G NATHDNI CS that all the three TRAF molecules compete to bind to that

RANK PCLAGYFSDAFSSTDK C RP W TN CTFLGKRVEHH G TEKSDAVCS

site. Therefore, there appears to exist a regulatory
B mechanism by which the biological actions exerted by
B 4-1BB are governed at this proximal step.

PAITRIGITR  ——m - EKIBLLLEY ST 3§ RESNl gEER Fers— éE Ko B . ) -

MAITRIGITR wwEW'HND , ?E @i—-- i R Eeor— B cmfaﬁ TRAF2 is required for the activation of the nuclear
h4-1BB - RARGKLL Y1 ) VR VAUITQEEG P G - C- [e-- . I i

m4-188 - Rollke ke T Tchao I foen G - G- (SO factor (NF)xB, an important transcription factor for
hCD27 - [OR{-- - JSNKE=S ' VE --- A 1 STI 1 BY EK E ACS . . . . . .
mCD27 — M- - NG fR v : cal w%v RK ERAF]] inflammation and for activation of another transcription

factor, AP-1. In mouse T lymphocytes, ligation of the

Fig. 1A Amino agid sequence alignment of the extracellular 4.1 BB receptor by 4-1BBL induces association of TRAF1
domain of 4-1BB with that of other TNFR members. Each of the; .y TRAF2 with the cytoplasmic domain of 4-1BB

four TNFR motifs is compared and conserved cysteine residue : T :
. . mph isol
are shown in bold. Disulfide bonds also are shown on C:l-C2Esauonl et al, 1998). However, ymphocytes isolated

C3-C5, and C4-C6B. Homology among the cytoplasmic Lrom'TRAFZ—deflqlentfmlce 0; f[?énArlzce ovlerexlprefsingt:] a
domains of murine and human 4-1BB, AITR/GITR, and CD27. ominant negative form o molecule fail to
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augment IL-2 production in response to soluble 4-1BBLA. 4-1BB cytoplasmic domain

(Sauolli et al., 1998). Current evidence suggests that the

era : . S E g i murine  KWIRKKFPHIFKQPFKKTTGAAQEEDACSCREQEREGGGGG
TRAF2-mediated IL-2 production by 4-1BB ligation is .., KRGRKKLLYIFKQPFMRPWQQEEDGCSCIJPEEE.EGGCG

mediated by activation of JNK (c-Jun N-terminal kinase)/ TRAF2-binding TRAF2-binding
SAPK (stress-activated kinase) which is induced by motif 1 motif 2
apoptosis signal-regulating kinase-1 (ASK-1), a member of

the mitogen-activated protein (MAP) kinase kinase kinase . . .

family (Cannonset al, 1999) (See Fig. 2C). Thus, B. 4-1BB ligand cytoplasmic domain
activation of JNK, rather than activation of NB, murine — DARHPAGT [SCPIDAALLR

appears to be essential for the costimulatory effects oOfuman MEYASDASLDPEAP
4-1BB. In fact, this conclusion is consistent with data Casein kinase |
obtained from TRAF2-deficient mice or mice expressing a Phosphorylation site

dominant negative TRAF2 molecule (Lekal, 1997; Yeh

et al, 1997): TNF-mediated NkB activation is not

affected in the thymocytes of these genetically engineere

animals, whereas JNK activation is severely impaired.
Accumulating evidence indicates that there exists a

signal transduction pathway via the 4-1BB ligand as well
' 4-1BBL

Fig. 2. A. TRAF2 binding motifs in the cytoplasmic domains of
auman and murine 4-1BBB. Caseine kinase | phosphorylation
ite in the cytoplasmic domain of 4-1BBL.

as via the 4-1BB receptor. Cross-linking of 4-1BBL with
insect cells expressing 4-1BB induces strong B-cell
proliferation synergistically with anti-lgM antibody
(Pollok et al., 1994). Similarly, cross-linking of 4-1BBL by
soluble 4-1BB-Fc fusion protein induces monocyte
activation such that the expression of IL-6, IL-8, TNF-
and ICAM is up-regulated, whereasyR¢ll expression is
down-regulated (Langsteiet al., 1998). Signals via .
4-1BBL also lead to strong production of macrophage
colony-stimulating factor (M-CSF) in monocytes, which in » P

turn functions as a potent survival factor for monocytes ? " TRAF3 NIK
(Langstein and Schwarz, 1999). In addition, the “reverse » +
signaling” through 4-1BBL mediates monocyte IKK
proliferation by an autocrine mechanism that is as yet *
unknown (Langsteiret al, 1999). In T lymphocytes, T-cell IKB ‘
proliferation induced by anti-CD3 antibody is inhibited by NK-kB

cross-linking of 4-1BBL (Schwarzt al., 1996). /
-

4-1BB

ASK-1

JNK/SAPK

Furthermore, this inhibition of T-cell proliferation is
acompanied by programmed cell death (apoptosis). The
apoptotic signal transmitted by 4-1BBL is independent of
Fas, based on two observations (Micle¢lal, 1999):

(1) Antagonistic anti-Fas antibody fragments do not block
4-1BB-induced apoptosis, and (2) 4-1BB-Fc fusion protein
(but not anti-Fas antibody) is capable of inducing apoptosis
in resting T lymphocytes. In support of this, our
observation shows that T lymphocytes isolated from
4-1BB knockout mice exhibit elevated capacity to
proliferate in response to anti-CD3 antibody or mitogensFig. 3. Schematic diagram for the signal transduction pathways
accompanied by increased resistance to activated-inducetsed by 4-1BB.

cell death, as compared to a wild type of mice. This

phenomenon in 4-1BB knockout mice appears to be caused

by the absence of inhibitory signals through 4-1BBL, since Even though reverse signaling through TNF ligand
the elevated proliferation of T lymphocytes is abrogated byfamily members has been well documented (Greawall,

the triggering of 4-1BBL with insect cells overexpressing 1995; Stuberet al, 1996; Suzuki and Fink, 1998; van
the 4-1BB receptor. Given these facts, it appears that 4essenet al, 1995; Wileyet al, 1996), its molecular
1BBL signaling mediates two opposite biological mechanism remains undiscovered. Interestingly, a
phenomena, i.e. cell survival and apoptosis, depending ophosphorylation site for casein kinase | (SXXS) is present
cell types. in the cytoplasmic domains of all of the TNF ligand family

NK-kB Ap-1

IL-2 production
Costimulation
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members known to utilize the reverse signaling — CD30L,delivered by 4-1BB involves the regulation of cytotoxic T
4-1BBL, CD40L, and FasL — except OX40 ligand (Watts cells in the cellular immune responses to antigen: Anti-4-
et al, 1999) (Fig. 2B). In transmembrane TNE-this 1BB monoclonal antibodies induce preferential
motif has been shown to be the phosphorylation target foproliferation of CD8 T cells. Thisin vitro observation is
casein kinase, and treatment of a macrophage cell line witfurther confirmedn vivo by showing that administration of
dimeric soluble TNFR leads to the dephosphorylation ofanti-4-1BB antibodies enhances the generation of cytotoxic
total cellular transmembrane TNFE- One biochemical T cells in a murine model of acute graft versus host disease
change following the dephosphorylation is an elevation offGVHD) and enhances the rapidity of cardiac allograft or
intracellular calcium levels (Wattst al, 1999). skin transplant rejection. Using 4-1BBL knockout mice,
Tan et al (1999) observed that there is a lower efficiency
in generating lymphocytic choriomeningitis virus
(LCMV)-specific cytotoxic T cells in the knockout mice
Expression of 4-1BB is inducible in T |ymphocytes by than in a wild type of mice. This observation is consistent
various stimuli for T-cell activation (Kwort al, 1989; Wwith data showing that when 4-1BB and 4-1BBL
Pollok et al, 1995; Schwaret al, 1995). 4-1BB mRNA is  interaction is blocked, CD34hematopoietic cell- or
detectable by 3 h and its surface expression peaks &tonocyte-derived dendritic cells have a lower capacity in
40-64 h and declines again by 110 h after stimulatiorpriming antigen-specific cytotoxic T cells (Ferragbal,
(Vinay and Kwon, 1998). 4-1BB is expressed primarily on1999). Taken together, these data suggest that interactions
activated CD4 and CD8 T cells, activated natural killer between 4-1BB on T cells and its ligand on dendritic cells
(NK) cells (Meleroet al, 1998a), and activated NK T play a role in the process of antigen presentation by
cells. In constrast, 4-1BBL is expressed primarily ondendritic cells to T cells.
professional APCs such as mature dendritic cells 4-1BB is able to replace CD28 in stimulating high-level
(DeBenedettet al, 1997) as well as activated B cells and IL-2 production by resting T cells in the absence of CD28
activated macrophages (Pollek al, 1994), even though (Chuet al, 1997; DeBenedettet al, 1997; Saoullet al,
its message is detectable in activated T cells (Andegson 1998). Since 4-1BB must be up-regulated before providing
al., 1994) and NK cells (Kashiet al, 1999). This costimulatory signals for T cells, in contrast to CD28
expression pattern suggests that pairing ofwhich is expressed constitutively, 4-1BB may play a major
4-1BB and 4-1BBL is important for interactions betweenrole in the later stages of the immune respohseiitro,
APCs and T cells. repetitive stimulation and rest down-regulate the
Interestingly, 4-1BB is constitutively expressed on expression of CD28 and induce unresponsiveness to
monocytes isolated from human peripheral blood (Kienzleconstimulatory signals through CD28 but not to those
and von Kempis, 2000). Signals through 4-1BB markedlythrough 4-1BB in CD4 T cells (Kimet al, 1998). Thus,
induce the production of IL-8 and TN¥F-and activate it is plausible to hypothesize that CD28 and 4-1BB play
monocytes, which in turn is able to induce B-cell apoptosisequentially differential roles in the stages of the immune
by direct cell-cell contact. response: CD28 is more important in the induction stages
The costimulatory capacity of 4-1BB has been well of the immune response and 4-1BB is more important in
demonstrated in T lymphocytes using 4-1BBL-transfectedperpetuating the immune response. This task of 4-1BB
cells, antibodies raised against 4-1BB, or a soluble form ofnay be achieved by providing a survival signal as well as
the 4-1BB receptor. 4-1BB is able to stimulate both T-cella costimulatory signal for T cells (Hurtada al., 1997;
proliferation and high-level production of IL-2 by resting T Takahashiet al, 1999).
cells when the T cells are provided with potent TCR One controversial question regarding 4-1BB is whether
signals simultaneously (Chet al, 1997, DeBenedette the receptor exerts its biological functions in a T helper-
etal, 1995; 1997; Saoullet al, 1998). Even though specific way. In human T cells, signals through 4-1BB
signals through the TCR are a limiting factor for T-cell re-direct CD28-mediated cytokine production from Th2
activation, 4-1BB costimulation is as effective as CD28type into Thl type (Kimet al, 1998). In contrast, signals
costimulation in the induction of IL-2 when TCR signals through 4-1BB in mouse T cells promote a Th2 response
are strong enough (Saouléit al, 1998) and in the (Chu et al, 1997). Consistent with this, allo-stimulated
proliferation of previously activated T cells (Hurtado, naive CD4 T cells, when cultured in the presence of
etal, 1995; 1997). cytokines favoring Thi differentiation, evolved into Thl
A number ofin vitro studies on 4-1BB costimulation sybsets expressing low amounts of 4-1BB molecules
have been documented, as previously mentioned¢vinay and Kwon, 1999). By contrast, allo-stimulated
However,in vivo studies on the role played by 4-1BB have najve CD4 T cells enforced to differentiate into Th2 type
just begun to be evoked, being greatly helped byevolved into Th2 cells expressing both 4-1BB and CD28.
availability of 4-1BB or 4-1BBL knockout mice. Shufford This expression pattern accounts for the ability of 4-1BB to
et al (1997) have provided an important clue that signalsrigger the proliferation and IL-4 production by Th2 cells

Role of 4-1BB in the Immune Responses
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only and for the ability of CD28 to trigger proliferation and 1998). It is derived from alternative splicing and released
typical cytokine secretion by both Thl and Th2 cells. Thefrom activated T cells. It is not known whether a soluble
actual outcome of Th cell phenotype may depend on théorm of 4-1BB functions as an antagonistic factor
context. inhibiting membrane-bound 4-1BB from interacting with
Novel functions of 4-1BB have been revealed froim 4-1BBL.
vivo experiments using agonistic monoclonal antibodies to Administration of anti-4-1BB antibodies has been
4-1BB (Mittler et al, 1999; Takahashet al, 1999). shown to eradicate established large tumors in mice
Staphylococcal enterotoxin A (SEA) injection rapidly (Melero et al, 1997). Interestingly, anti-4-1BB-mediated
induces 4-1BB expression in both CDend CD8 T cells  tumor elimination is a complex process which requires
(Takahashet al, 1999). The kinetic of expression is faster CD4" T cells and NK cells as well as CD8 cells (Melero
and peak expression level is higher in CO8cells over et al, 1997; 1998a). Thus, it seems that the immune
CD4" T cells. When anti-4-1BB antibody is injected at the response induced by anti-4-1BB antibodies augment
time of immunization SEA-specific CD8T cells show a  tumor-specific cytotoxic activity of COST cells, which is
dramatically increased survival rate, suggesting that 4-1BBegulated by CD4 T cells and NK cells. Similarly, the
may be a long-term survival factor for activated CD8 introduction of 4-1BBL into tumor cells confers full
cells.In vivoactivation of T cells using anti-4-1BB antibody immunogenicity and thus enhances the amplification of an
when immunized with a T-cell-dependent antigen, sheep rednti-tumor immune response (Guienal., 1999; Meleraet
blood cells (SRBC), abrogates humoral immune responseal., 1998b). In this case, 4-1BBL and B7 molecules
against the antigen (Mittlet al, 1999). The effect of anti- cooperatively contribute to the cytotoxic activity of CD8
4-1BB antibody was not observed in mice immunized withT cells.
a T-cell-independent antigen such as Trinintrophenol 4-1BB expression is routinely detected in patients with
(TNP)-Ficoll. The abrogation of humoral immune acute infection. However, it appears that 4-1BB expression
responses induced by anti-4-1BB antibody is achieveds not detectable in cancer patients and HIV-1-infected
through the induction of helper T cell anergy, in which individuals (Wanget al, 1998). Interestingly, the level of
process CD8T cells do not seem to be required. It seems4-1BB expression and the percentage of 4-1BB-expressing
that anti-4-1BB antibody directly induces anergy of D4 T cells is higher in HIV-1 individuals after T-cell
cells. This interpretation is consistent with previous findingsstimulation than in HIV-T1 individuals (Wanget al,, 1998).
demonstrating that anti-4-1BB antibodies profoundly This phenomenon is more remarkable in CD&ells than
costimulated anti-CD3-activated CDS8I cells but in CD4" T cells. In spite of this low response to stimulatory
marginally activated CD4T cells (Shufforcet al, 1997). signals, CD4 T cells proliferate properly in response to
anti-CD3 plus anti-4-1BB antibodies. In addition, signals
) ) through 4-1BB enhance HIV-1 replication in CDR cells
Role of 4-1BB in Pathological Status presumably via NfB activation. Then vivo significance

TNFR superfamily members play important roles in thef this observation is not known.
body: Individuals with mutations in genes encoding for
some of these molecules exhibit clinical defects. ForF
example, mutations in Fas or FasL, and CD40L genes are
the causes of autoimmune disease (Takahetshli, 1994) More than 20 members of the TNFR superfamily have
and helper IgM syndrome (Aruffet al, 1993) in man, been identified, many of which show costimulatory
respectively. In addition, individuals with autosomal activity in T lymphocytes. Further, an increasing number of
dominant periodic fever syndromes, which are CD28 family members have been emerging. This raises a
characterized by unexplained episodes of fever and sevepuzzling question: Why should there be so many
localized inflammation, are associated with missensecostimulatory molecules? The most likely answer seems to
mutations on the TNFR1 gene (McDermettal, 1999). be that each molecule serves different functions. This
As previously discussed, the gene for 4-1BB is in closesubtle difference among costimulatory molecules has been
proximity to many TNFR superfamily members. Deletions demonstrated. For example, stimulatory 4-1BB antibodies
or translocation of this chromosomal region are associatedupport preferential proliferation of CD& cells, while
with solid tumor and several hematopoietic malighanciedigation of CD28 has a much larger proliferative effect on
(Schwarzet al, 1997). This may have an implication that CD4" T cells than CD8 T cells (Watts and DeBenette,
malfunction of 4-1BB is a potential causative factor for 1999). Similarly, CD28 is required for generating antiviral
some tumors. However, there are no phenotypicCD4" T cells responses, like CD40 and OX40, but is
abnormalities found in mice deficient in 4-1BB or 4-1BBL dispensible for CD8T cells responses (Kot al, 1999;
(DeBenetteet al, 1999; Taret al, 1999). Here it is worth  Whitmire et al, 1999). In contrast, 4-1BB is important for
mentioning that a soluble form of 4-1BB is detected in thethe generation of antiviral CDS8T cell responses (Tan
sera of patients with rheumatoid arthritis (Micletl al, et al, 1999). Obviously, many costimulatory molecules act

uture Prospects
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independently with overlapping functions. As previously Gramaglia, 1., Weinberg, A. D., Lemon, M., and Croft, M. (1998)
mentioned, CD28 plays an important role in the induction O>_<-40 ligand: a potent costimulatory molecule for sustaining
stages of the immune response, whereas 4-1BB may QE primary CD4 T cell responsed. Immunol 161, 6510-6517.

! r

- . b ’ ewal, I. S., Xu, J., and Flavell, R. A. (1995) Impairment of
responsible for sustained CD8 effector responses, as is  antigen-specific T-cell priming in mice lacking CD40 ligand.

seen in OX40 which maintains CD&ffector responses Nature 378 617-620.

(Gramagliaet al, 1998). The availability of mice deficient Gruss, H.-J. and Dower, S. K. (1995) Tumor necrosis factor
in 4-1BB or 4-1BBL would help to clarify these two ligand superfamily: involvement in the pathology of malignant
; ; lymphomas.Blood 85, 3378-3404.
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