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SUMMARY where, following interaction with ligands, they
trigger inhibitory signals.

Adaptive immune responses to antigens ar

mediated by specific receptors expressed on

cells (BCR’s) and T cells (TCR'’s). Effector cells INTRODUCTION

and memory cells are produced following a prolif-

erative wave that accounts for clonal expansion. | Adaptive immune responses mediated by B and

not down-regulated, clonal expansion might lea(T cells via their antigen receptors (BCR's and

to uncontrolled lymphoproliferation that would be TCR’s) are the result of a sequence of events that

harmful for the organism. Several mechanisms th:can be summarized as follows: (i) cell activation

account for the down-sizing of activated lympho-Vvia antigen receptor and its associated activatory

cyte clones are briefly reviewed here. We next cor@nd co-activatory molecules (the antigen receptor

sider in detail one such mechanism that deals witc®mplex and the so-called second signal), (ii)

the functional characterization and the immunocy €Nty into the cell cycle and cell proliferation lead-

tochemical localization of two T-cell inhibitory N9 t0 €xpansion of the antigen-specific clone, (iii)

molecies, namely the Cylio T Lymphocyte 912000 o fectr celsand o memery ol

lesgeenr: i?] ch:IEL@rﬁ?)ﬁggyigg -Hg_l_ilb\_ingggnﬁg?l;[gclearance of antigen/pathogen must be terminated

L : ; and, in the case of chronic antigenic stimulation
inhibit CD4 T-helper cell proliferation and the lyt- oy a5 in autoimmune disorders or in chronic viral

ic ability of CD8 T-cytotoxic cells in non-specific infections, cytomegalovirus for instance), the
and in antigen-specific cytolytic assays. Interestjmmyne response must be anyhow contained. In the
ingly, a clonal distribution exists as for the ability case of cell-mediated responses, it has been estimat-
of CTLA-4 and HP-F1 to inhibit T-cell functions. ed that the doubling time of a T cell can be as short
In resting and activated T cells, both molecules aras 4.5 hours. Thus, in a week’s time, one cell could
largely confined in the endosomal compartment, amultiply to almost 1x18cells, thereby doubling the
shown by immunofluorescence analyses. Howe\vtotal number of T cells in a human organism. A half
er, upon interaction of T cells with Antigen-Pre- of these cells would belong to a single clonotype,
senting Cells (APC’s) or with target cells that musitherefore hampering the clonal diversity and the
be killed, CTLA-4 molecules are transported to thepossibility to recognize a large panel of antigens.
plasma membrane, at the site of cell-to-cell conta(This hypotetical example emphasizes the need for a

*Presented at the 28th national Congress of the Italian Society of Histochemistry June 2-4, 1999 Camerino (Italy)
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_containment of lymphoproliferation in the course ofterminate or prevent immune responses, thus lim
Immune responses. . _ iting T-cell clonal expansion.

Several mechanisms subserve this function and As mentioned alreagjn order to activate speeif
major role is played by apoptosis, the programmeically aT cell, two signals are necessary; signal 1
cell death process that occurs at several levels in tiis provided by thdCR complex and signal 2 (also
course and at the end of immune respo#§eSp-  cglled co-activatory signal) is mediated by the
tosis in the immune system has been reviewejneraction between CD28 constitutively expressed
recently (Lenardeet al, 1999) and is beyond the by T cells and CD80/CD86 present ARC's and

scope of our work. Howevewe will briefly sum ) some tayet cells that must be killed (Lenschow
marize the main check points where apoptosis et al. 1996° Bluestonet al 1997). Other mole
triggered in order to contain the expansion of ¢ K ’ : '

responding lymphocyte clone. fettor cells are cules can substitute for the CD28-CD80/CD86

short-lived elements that underapoptosis in days system (e.g. CD40). In the absence of signal 2, the
or months. Plasma cells orfeftor T cells (either _cell does not respond. . .
helper or cytotoxic), once the immune response he The best characterized mechanism that termi
succeeded, die by starvation (i.e. lack of growth facnatesT-cell responses and down-regulatesell
tors) and down-regulation of anti-apoptotic genesfunctions (see below) is mediated by the CTLA-4
this process is termed passive apoptosis and impli(CD152) molecule. InterestingiCTLA-4 recog
cytochrome ¢ release from mitochondria and-trighizes the same ligand of the co-activatory mole
gering of the caspase cascade. In the case of-chrccule CD28, i.e. CD80/CD86, but with much high
ic antigenic stimulation, the sarfiecell expresses er afinity. In both resting and activatéd cells,
surface molecules of thENF family and their lig  CTLA-4 is stored lagely in the endosomal com
ands (e.gTNF andTNFR-1, Fas and Fas L) the partment of the cytoplasm. HoweyeenT cells
interaction of which triggers a suicidal programinteract with APC’s or taget cells, CTLA-4 is
termed active apoptosis that again occurs via aclquickly shuttled to the plasma membrane, at the
vation of caspaseAnother example that underlines site of cell-to-cell contact. Given its highefiaif-

the role of apoptosis for the containment of cellty for CD80/CD86, it is feasible that CTLA-4
mediated responses is the event that occurs it the competes with CD28, thus quenching signal 2. In
cell areas of peripheral lymphoidgans. HereT  addition, in activated cells, a tyrosine phospho
lymphocytes trigger apoptosisAPC’s, thus reduc  ryjated motif in the cytoplasmic tail of CTLA-4
ing or abolishingl cell exposure to antigenhis  interacts with an SHP-2 protein phosphatase
process is also mediated BF family members \yhich dephosphorylates critical tyrosine residues

(TRAIL and its receptors DR4 and DRS). of the activatoryTCR complex { chains).
The relevance of apoptosis for the containment ¢ It is of note that mice knocked-out for CTLA-4

lymphoproliferation that follows antigen stimulation . . ) L

ig sﬁow?] by animal models and by g human diseacd.ev.eIOID a Iymphoprollfe;ratl\(e disorderhis is .

Two mice straindpr andgld, carry autosomal reces “similar to that observed in mice and humans with
! mutated genes that encode for molecules of the

sive mutations in the death receptors Fas or Fas . hi erh | 1996
respectivelyThese mice develop autoimmune disor 2POPLOSis machinery (&@erhouset al, )-
ders and a lymphoproliferative syndromighe A Second inhibitory receptothat we are current

human Autoimmune lymphoproliferative Syn ly investigating in our laboratories, is a molecule
drome (ALPS) is a rare disorder characterized brecognized by the mAb HP-F1 (Saveriabal,
autoimmunity and lymphoproliferation and is due tcsubmitted). This antibody has been originally
mutations of Fas, Fasir caspase 10 genes, all lead described as specific for LIR1/T2, an inhibitory
ing to an impairment of apoptosis. receptor that belongs to the LIR family and that is
widely expressed by several types of leukocytes,
including a small subset dfcells (Colonnaet al,
INHIBITION OF T-CELL MEDIATED 1997).We have shown that the HP-F1 moAb also
RESPONSES recognizes a molecule which, at variance from that
originally described for LIR1/IL2 isexpressed by
Besides apoptosis, briefly considered in the introall T cells, both resting and activatethe mole
duction, other molecular mechanisms exist thacule has been termed the HP-F1 antigen. In-addi
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tion to the widespread distributionTrcells, T-cell  ate two opposite &dcts on this lymphocyte sub
clones that do not express LIRITRE mRNAare population: activation, when appropriate peptides
positive for the HP-F1 antigeAs detailed in the are presented to tHECR, and inhibition as a cen
two following sections, both the functional role sequence of interaction between Class | molecules
and the cellular localization of the HP-F1 antigerand KIR. Thus, the functional outcome in these
are very similar to those of the CTLA-4 molecule.cells may depend on a balance between two-oppo
At variance from CTLA-4 and HP-F1, other site efects.Two distinct possibilities exist (Alkst
inhibitory receptors are expressed by small subseal., 1996; Cicconet al, 1996). In Fig. 1 pand,
of T cells. These receptors, typically found on NK a KIR*CTL characterized by a prevalence of the
cells, recognize molecules of the major histocominhibitory efect mediated by KIR is depicted.
patibility complex (MHC)A summary of inhibite  Accordingly, this cell type is able to lyse HLA-
ry receptors expressed by some oifalells is pre  Class 1tamget cells and is unable to recognize anti
vided inTable 1. gen viaTCR. In contrast, in panel B, a Class I-
restrictedT lymphocyte does not exhibit cytolytic
NK-like function in spite of the expression of

FUNCTIONAL STUDIES ON MECHA- KIR. We suggest that, in this case, @R is able
NISMS THAT INHIBIT T-CELL MEDIA TED to mediate a prevailing activation signal.
IMMUNITY

The CTLA-4 (CD152) molecule down-egu

KIR inhibitor y molecules down-egulate efec-  latesT-cell mediated cytotoxicity
tor functions of cytotoxicT lymphocytes At variance from KIR molecules, CTLA-4
Killer cell immunoglobulin (Ig)-like receptors (CD152) is expressed by dlllymphocytes (Blue
(KIR) comprise a family of inhibitory molecules stoneet al, 1997).Therefore, this inhibitory recep
that recognize HLA-Class | alleles belonging totor could play a more general role in regulating
theA, B and C loci. Interactions between KIR andfunction of allT cells.To investigate the ability of
their ligands expressed ondat cells lead to deliv.  CTLA-4 to regulateT cell function, we analyzed a
ery of inhibitory signals that prevent NK cell lysis. number of CTLclones. In a non-antigen-specific
In normal subjects, CTk that express KIR assay such as the redirected killing test, anti-
account for less than 5% of theells, but they are  CTLA-4 mAb was able to inhibit activation
expanded considerably (>40%) in the reconstituinduced by anti-CD3 or anti-CD28 or anti-CD2
tion phase that follows bone marrow transplantamAb. It is of note that, in all clones, the same lev
tion from three loci incompatible donors (Albt el of inhibition was not observed. In 8 clones inhi
al., 1996; Cicconeet al, 1996).The presence on bition was >40%, in 10 it ranged between 40 and
these cells of both Class | restricfB@R’s and of 20%, and in 4 it was <20% (s@able 2).This
KIR molecules is an apparently contradictoryobservation suggests that a clonal heterogeneity
event. In fact, HLA-Class | molecules could medi exists as for the ability of CTLA-4 to inhibit

Table |
Inhibitory receptors and their expssion on Tymphocytes
Inhibitor y receptors Ligands Expression onT-cells
KIR Family HLA-Class | loci and alleles 2-4%

LIR/ILT Family HLA-Class | 10% (some family members only)
CD94/NKG2A HLA-E 10-15%

CTLA-4 (CD152) CD80/CD86 All T cells
HP-F1 antigen ? All T cells
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Fig. 1 -HLA Class | mediates two oppositdesits on KIR T lymphocytes.

The functional outcome in CBBD8KIR* T lymphocytes depends on a balance between two oppdsitesahediated by KIR
andT-cell receptors (TCRs). In Park] a cytotoxicT cell (CLT) is characterized by a prevalence of the inhibitofgotimedi
ated by the interaction of HLA-Class | molecules and KIR. In contrast, panel B shows a casé@enediates a prevaling
activatory signal, in spite of KIR expression Dueell.

CD3/TCR- or CD28- or CD2-mediated CHctr 4 Ig or of anti-CD80/CD86 mAb in the assay is
vation.To lend support to this hypothesis, we-per expected to result in a blockade of receptor/ligand
formed experiments using antigen-specific GTL interactions.As a consequence, blockade of an
since this model closely mimics a physiologic-con inhibitory signal, such as that delivered by CTLA-
dition. We selected eight antigen-specificcell 4, should enhance lys&.>40% increment of lysis
clones which kill autologous EBWMfected B-lym  was achieved in 3 out of 8 clones studied. Since all
phocytes, but that are unable to lyse allogeneic ECTL clones do not equally display it, this feature
EBV cell lines.These CTLclones were used in a also appears to be clonally distributed.

cytolytic assay in which anti-CTLA-4 mAD, selu In conclusion, this study shows that, in some
ble recombinant receptord. CTLA-4 1g) or anti- clones, inhibition is prevalent, in others activation
CD80/86 mADb were included. In this system, atpredominates, suggesting the existence of a clonal
variance from the redirected killing assa&yoss- heterogeneityQuestions arise from this observa
linking of surface molecules by mAb does nottion: is only a proportion of lymphocytes ren
occur Addition of anti-CTLA-4 mAb or of CTLA- dered angjic by this mechanism? Or else, do all
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Different degee of inhibition of CD3-in-|(-jatjtz:lgd”Iysis byoss-linking of CTLA-4 molecules
Clones P815 P815 + P815 +aCD3+ P815 + P815 +
aCD3 aCTLA4 (*) aCD3+a DR aCTLA-4
GE-03 22 62 29(82) 60 22
BA-25 10 88 39(63) 89 21
BA-99 7 95 51(50) 94 9
CO-04 12 95 56 (47) 96 20
GA-02 3 50 29 (45) 55
CO-01 4 100 59 (44) 98
GE-02 2 99 59 (41) 98
RP-02 11 90 58 (41) 94 17
CO-03 10 90 59(39) 88 22
BA-10 29 82 60 (39) 80 20
BC-28 0 85 54 (36) 80 n.d.
RP-01 1 55 36(35) 59 4
GA-04 0 100 70(30) 97 n.d.
CO0-02 18 91 70(29) 95 22
AK-01 8 96 74(25) 94 10
GE-01 8 94 72(25) 92 14
EA-08 5 100 77 (24) 95 27
EA-07 8 91 71(24) 89 25
BA-28 2 70 58 (18) 74 9
GB-01 0 58 48 (17) 60
CG-08 2 46 40 (14) 44 1
BA-31 9 66 60 (11) 66 22

“The E:Tratio was 2:1.
“Percent of lysis inhibition in parenthesis was calculated using the following formula:
(% lysis withaCD3) - (% lysis withaCD3 +aCTLA-4)
(% lysis withaCD3) - (% spontaneous lysis)
#Positive control using a mAb specific for HLA-DR (isotype 1gG2a): lysis induced by anti-CD3 mAb feaiedf

1
Tod

T cells, sooner or latebecome angic following  The HP-F1 antigen down-egulatesT cell func-
chronic antigenic challenge¥though we do not tions

have an answer to these questions, this type of re The HP-F1 antigen inhibits CD3/TCR-mediated
ulation could play a crucial role in autoimmunity activation in both CD4and CD8 clones (Savexi
and in the prevention of an uncontrolled prolifera no et al, submitted).This observation has been
tion of T lymphocytes, as it occurs in CTLA-4 achieved by using non antigen-specific tests such
knockout mice (\alterhouset al, 1996). as the redirected killing assay for CoLa prolif
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Different degee of inhibition of CD3—induceg%:)i|1‘eerlzlaftion by the HP-F1 mADb in its @ss-linked form
Tcellclones NoAg aCD3 HP-F1 aCD4 GAM aCD3 aCD3+ aCD3+
mAb HP-F1 HP-F1 aCD4#
+mAb mMAb+GAM#

CT-30 6 44 4 6 7 58 6 (99) 49
Dz-36 6 63 3 5 12 63 8 (98) 65
DZ-28 5 70 4 4 4 112 6 (98) 80
DZ-26 23 85 27 22 20 90 24 (97) 82
Dz-05 46 112 50 45 45 132 50 (94) 123
BC-06 33 79 34 35 34 89 36 (93) 81
DZ-04 2 72 2 3 3 89 11 (88) 79
Dz-18 5 24 6 6 6 24 8 (86) 24
CT-36 29 82 32 30 28 121 40 (79) 74
Dz-08 17 38 18 19 17 45 24 (69) 40
DZ-19 3 30 5 4 4 37 12 (66) 32
SB-08 3 44 5 4 3 37 28 (40) 45
DB-05 41 136 39 41 42 125 99 (39) 141
Dz-37 17 43 15 15 14 51 33 (39) 45
SB-24 6 37 4 8 7 37 27 (34) 35
FM-04 43 122 38 40 39 123 103 (24) 122
SB-01 0 13 1 2 1 12 11 (21) 11
SB-05 1 12 1 2 14 10 (20) 12
Dz-20 0 6 2 2 7 5 (18) 7
SB-33 1 1 6 2 2 15 9 (16) 14
SB-03 6 50 35 8 9 53 45 (12) 54
SB-30 1 1 1 2 1 17 10 (3) 12

“Proliferative responses are express as Kcpm (cpmx1000).
“The percentage of proliferation inhibition in parenthesis was calculated using the following formula:
(Kcpm proliferation withaCD3) - (Kcpm proliferation witttCD3 + HP-F1 mAb)

(Kepm proliferation withaCD3) - (Kcpm proliferation with no stimulus)
“Positive control using a mAb specific for CD4 (isotype 1gG1): proliferation induced by anti-CD3 mAbfectetaf

w100
TOUT

eration assay for helpdf lymphocytes. Similarly groups of CD4 T cell clones could be distin
to that observed for CTLA-4, and according to thegwshed. In the f|r_st group inhibition of p_rollfera
level of inhibition induced via HP-F1 antigen, threetion was >40%, in the second group it ranged
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between 40% and 20% and in a third group it wation, and export to the cell surface vs retrieval by
negligible (<20%) (&ble Il1). In conclusion, cross- the endocytic pathway; the possibility that both
linking of the HP-F1 mAb inhibits proliferation explanations may be correct cannot be ruled out.
triggered via the CD3/TCR pathway; however this Plasma membrane receptor recycling and -intra
feature is variable among fifent clones.This cellular trafic are regulated by specific signals
suggests that a clonal heterogeneity also exists defining their fate. It is conceivable that both
for the ability of the receptor recognized by the HP CTLA-4 and HP-F1 trdfc may use these com
F1 mAb to inhibit CD3/TCR-mediated prolifera mon pathways.

tion. In spite of diferent levels of inhibition  Clathrin-mediated vesicle budding is one of the
observed for the various clones, again there was 1possible mechanisms of protein export from the
relationship between the amount of surface HP-FTGN (Trans Golgi Network), and of receptor
expression and the level of inhibition. Similatlye ~ endocytosis from the plasma membrane. In the
HP-F1 antigen down-regulates antigen recognitioclathrin vesicles, the adaptor proteisB1, AP2

by CD8 cells in a clonally distributed fashiofihe =~ andAP3 link receptors to cgo. Specific tyrosine-
HP-F1 mAb increases et cell lysis mediated by based motifs (YXX@ or NPXY) in the cytoplas
CTL's, whereas its cross-linking reduces cytotoxic mic tail of receptors, mediate their interactions
ity (seeTable IV).The HP-F1 antigen also controls With thepl andu2 chains oAP1 andAP2. While
responses to recall antigens suchi@anusToxoid APl appears to play a role in the sorting from the
(TT), Candida albicangCa) and purified protein TGN to endosome/lysosom&P2 plays a role in
derivative (PPD)Three groups of responders couldthe plasma membrane endocytic pathway (Le
be identified. In a first group of 4 donors the HP-F1Borgne and Hoflack, 1998). _

mAb did not afect significantly proliferative ~The demonstration that CTLA-4 is exported
group of 7 donors, the HP-F1 mAb increased prc
liferation by blocking receptdigand interactions,
and a decreased proliferation was observed whe
the HP-F1 mAb was cross-linked by GAM (goat
anti-mouse immunoglobulin antiserum). In a third
group of 4 donors we detected a low response
recall antigens, and the addition of the HP-F1 mAl
increased sharply-cell proliferation.

CYTOCHEMICAL LOCALIZA TION AND
SHUTTLING OF CTLA-4 AND HP-F1
INHIBIT ORY MOLECULES

As described above, both CTLA-4 and HP-F1 ar
mainly intracytoplasmic proteins (Fig. 2). However
the intracellular localization contrasts with their-pre
sumed function on the cell surface as plasma-mer
t.)rar.]e receptorsrhese apparently C(.)ntradICtory,Fig. 2 -The HP-F1 antigen is localized in the cytoplasm of all
findings may have at least two possible explanet iq)s.
tions: (i) the intracellular localization may serve astne pp-r1 antigen has been detected in all cldeshown

a reservoir to _directionally express _the inhibithyin this figure the HP-F1 antigen is localized in the cytoplasm
molecules on discrete surface areas (i.e. at the siteof T cells. T lymphocytes were fixed with paraformaldehyde,

effector/taget cell interaction); (i) the intracellular permeabilized with saponin and incubated with the HP-F1

P mAb. TRIC-conjugated goat anti-mouse antiserum and Cy3-
localization may be the result of regulatory rnF"Cl‘laconjugated donkey anti-goat antiserum were the secondary

nisms of inhibitory molecule activitpased on the reagentsT cells adherent to polilysine-coated slides were
equilibrium between receptor storage vs degradianalyzed by confocal microscapy
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Table IV
Different degee of inhibition of CD3-induced lysis by HP-F1 mAb iredirected killing assay
CD3CD8 P815 P815 + P815 + P815 + P815 +
clones aCD3 aCD3+ aCD3+ HP-F1 mAb
HP-F1 mAb* aCD4#
CO-16 19 85 20 (98) 88 17
BA-28 2 53 3 (98) 55 0
CO-10 1 60 2 (98) 59 0
BC-04 20 70 22 (96) 47 6
BC-03 17 60 22 (88) 51 13
SB-05 15 88 32 (77) 90 0
CO-12 26 90 42 (75) 88 30
CO-14 0 53 14 (74) 55 0
EA-02 15 95 46 (61) 96 16
Dz-11 10 73 35 (60) 75 5
GA-03 8 79 38 (58) n.t. 18
FG-09 10 98 48 (57) 98 8
CO-01 7 94 47 (54) n.t. 1
CO0-03 11 95 55 (48) 97 22
CO-04 3 85 47 (46) n.t. 1
DZ-34 7 68 40 (46) 61 9
BC-02 0 98 55 (44) 99 5
AK-03 6 66 42 (40) 64 8
RP-02 14 90 60 (39) n.t. 12
CO-01 0 67 41 (39) 40 0
CO0-02 2 75 49 (36) n.t. 1
BC-01 0 100 62 (38) 97 0
AK-01 6 87 58 (36) n.t. 0
BA-10 0 73 47 (36) 60 0
GC-01 0 75 51 (32) n.t. 10
RP-01 12 88 66 (29) n.t. 15
CO-10 6 88 65 (28) 91 10
AK-02 8 96 79 (19) n.t. 16
GA-01 3 77 65 (16) n.t. 0
GC-10 9 88 81 (9) n.t. 0

“The E:Tratio was 2:1.
“The percentage of lysis inhibition in parenthesis was calculated using the following formula:
(% lysis withaCD3) - (% lysis withaCD3 + HP-F1 mAb) « 100

(% lysis withaCD3) - (% spontaneous lysis)
“Positive control using a mAb specific for CD4 (isotype 1gG1): lysis induced by anti-CD3 mAb feaiedf
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brane domains at the site dflymphocyte/taget  and the site of CTLA-4 surface expression, upon
cell interaction, came from immunofluorescencetarget cell recognition.

studies performed by Linslest al. (1996).These  However a down regulatory mechanism to abort
authors, even though unable to identify the precisthe inhibitory efect of both CTLA-4 and HP-F1
route followed by the exported receptdescribed has to be envisaged, in order to explain the ability
the nature of the intracellular stores as Golgi-comof T lymphocytes to undgp several cycles of
partments and endosomes, due to their immunofliactivation by taget cells. To this respect, the
orescence staining with Lcar Texas red conju  demonstration that fluorescent antibody bound to
gated transferrin, respectively (Leuebal, 1995; CTLA-4 is internalized in activated lympho-
Linsley et al, 1996). cytes (Linsleyet al, 1996), and that clustering of
The evidence thatllcytoplasmic residues con HP-F1 by antibody bridging, activates badtlym-
taining a YVKM sequence were found to be phocytes inhibitory events (Saverieo al, sub
responsible for the CTLA-4 intracellular locakiza mitted) and HP-F1 internalizationg@chetti et al,
tion signal (Leungt al, 1995), and the more recent unpublished data), as demonstrated by immuno
demonstration (Scheindet al,1999) of the bind gold studies at the ultrastructural level, suggest
ing of theYVKM motif to the AP1 adaptarsuggest that both molecules may be retrieved ufocell

a role forAP1 in regulating the shuttling of recep activation.

tor from the Golgi to degradation compartments Furthermore, by coupling HP-F1 bridging anti
This mechanism may function by controlling thebodies with proteir-gold, we could demonstrate
ratio of intracellularly stored vs exported CTLA-4. that, upon activation, HP-F1 is internalized and
At this point, it appears feasible thRtympho-  accumulates in endosome compartments. Further
cytes may be able to specifically control the rattmore, immunogold staining of ultrathin cryosec

HP-F1 or CTLA- 'h;" mentt:rane Site af mrpcteMecior

cell mieraetion
AP
CVTOSOL _’ 5

) o oy 4
Oo_.

Fig. 3 -Modulation of inhibitory molecule activity can be mediated by controlling the level of surface expression.

This cartoon depicts the main possible pathways involved in receptor export to, and retrieval from the plasma membrane, as well
as recycling and degradatioks described in the text, there are evidences in the literature that CTLA-&igkédfthrough
some of these pathways. It is conceivable, but not proven yet, that HP-FI may follow the same pathways.

1. De novo synthesis and export to plasma membrane.
2. Receptor internalization.

3. Receptor degradation.

4. Receptor recycling.

5. TGN to endosome tréd.
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tions demonstrates that at least a fraction of thpartment.This molecular shuttling ensures tiat
internalized molecules is subsequentiygéted to  cell activation is successfully terminated and that,
lysosomes (a&cchetti et al, unpublished data). on the other hand, the cell is agieed only tem
Altogether these data suggest that the intraeelluporarily and ready for another encounter with-anti
lar localization of inhibitory molecules may servegen.

both to directionally express the inhibitory mole

cules on discrete surface areas, and to reguls

inhibitory molecule activityby controlling the rate  ACKNOWLEDGMENTS
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