
rc<eml~lccl that Lit ci>nqtanr light (FI:~. 1)  
during the day yh,i.;e. Gi\.en r h ~ t  the  wave 
tor111 Lil~scr\,ecl ~n lii.ht,"d,irk el-clc> re>ult.; 

lie J L I ~  ti7 a iletect ~n one i3r 1~3 th  iit these 
reg~llati.r\- ~,itl1\v.1\-~. 

Tk1 t~lr ther  test the hy~~i>tllc.;is that '1 

circail~al-i cli>ck rem,1111s f ~ l n i t ~ < > n a l  111 cij-3-1 
m~~r, inrs ,  \ve assclreLl iL7b2-Ilii esprescl~111 [In- 
iiel c~)11st;111t dark ii311dltl011~. Esprc>siiin 111 

ci>nzrant ii,ill; o t  cL~b-7-lzi~ 111 piip~11~1tiiin L7t 
\v11,1 ,>r ?lj-<-1 \\.CI> si11111;ir (Fiq. 3, .A 'li~d 
B) (12) .  Xlt11011qh the f115t re'lk L>tictb_'-l~ii 
e x ~ ~ r e w ~ c > ~ ~  iilxervekl 111 ci~11st~i11t LIxk ~ ~ 1 1 1 -  

11-11il type and e113-1 m~~t,rnrz,  ~ n d ~ c a r ~ n g  the 
pr<h<nce i)t' a iiampc~-icid, lmg-yer~i>il  
1-hyth111. Thfi oli.;er\-atii>n \\-as cc~ni~rrncii by 
the me  of ,I mrlr,int l ~ , ~ c k ~ r , > ~ ~ n ; l  that results 
~n ~~verescres>1~711 cif cc~b,7-llii i 12) .  Rhi-tll- 
mic iiii?,7-l1i~ t r L i ~ ~ s c ~ - 1 p t ~ i ) ~ ~  I \ - A ~  ~l?>c~-vei l  In 
c ~ ~ n . ; t a n t  ilark 111 l-0th S I ~ ~ I < ~ I C I I L I  ( h i l t , )  a11cI 
e.lj.3-1 i l l  ~ l - i ~ ~ t ~ ~ n r  ceilllllos (Fig. 3,  C anil 
LJ). i.lf3-l mutants tllcrciore iii11t~1111 ,i fluni- 
r ~ ~ ~ n a l  c~rca;lian clL7ck in iIarl<nc>s liut ,ire 
a r rhy thm~i  in  ci7ntlnr1i.uh \I-l11tc light (LL). 

T h e  cond~tlonalit \-  i>i arrhytl-irnic ia112- 
l t i i  esrrcsslim ~n tl1e ?if-3-1 rnutal-it, 1 ~ 1 t h  ;I 

lack iif rl-i~-rhm L>hscr\-ed ~n ci311stanr 1lrht 
hut not ~n cun.;t,lnt idark. toyether \\-it11 
1ncrcaslllq1~ altercil esprc\clon c-if i,l!72-Ilii 
in 1cn:ltl-iel-iil-ig phL>top<rii>~l.;. Suggfitr t h ~ r  a 
l i i n~er  ila~-lencth-i~r the l,lcl< of a Llark , ~7 

pcr~i>ii-rcults in the loss of i~r iaLd~an re.- 
ulatlL>n in t11< ,11~encc L)f  ELF? fi~nctii>n. 
.411 'llt<r'ltI,311 111 t\VL7 di~tIIlct  'lrc;1Lli'lIl re- 
hpc>~ie\  \ q g T ~ \ t i  r11,it the cIf.3-1 ~ l - iu ta r~ i~n  
c ~ u s c s  '1 clol~al .le&cr in i i rcai l~an requla- 
tlon. T h e  retenr1~711 ~t rh\-thm~clt\-  111 t.l~.;-l 
mutant cce;lllngs g rc~ \ -n  111 c~)n> tan t  ,lark 
su:.qest that < l ~ 3  I, n ~ l t  a >imple null muta- 
tion of an iisclllar,~r c o r n p i i ~ ~ e ~ ~ r  itself. T h e  
~~re\.iiiuil\- descr~beil i lehct 111 l ~ a h t  1nl-i11>1- 
tion ot  hypi~cot\-l ~ ~ O I I ~ ~ I ~ I O I I  111 ~ l i 3  ljmut,lnt 
seeill~ngs is ini1icarir.c. i7t ELF3 f ~ u ~ ~ c r i ~ > n  lie- 
lng r e q ~ ~ ~ r e i l  t,>r ligllt perceptlo11 or riy1,il- 
ing. \S7e ii~\.iir ,i 111~i~dc.l 111 ~vhicll  the ELF3 
gene pui>,l~~ct t ~ ~ n i t i i > n h  011 a l ight-~nput  
patl~n.a\ to the circ,~ilial-i o.;cill,itor, ,111~1 

r11,ir the ~ l ~ r r a n t  coi>r~l~n,~t l , ,n  a t  11ght ,111ii 
circ,iilian rco~~laror\-  pathn.a~-a contr~iiures 
ti) the  alterc,l fli>n.erll-iq tillle anLl p l ~ ~ ~ t o p e -  
1-ii1J~e I I I S ~ I I ~ I ~ L I  1t1- L31>serr-eil 111 ?If.? I I I L I ~ ~ ~ I I ~ S .  
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Protection from Natural Killer Cell-Mediated 
Lysis by HLA-G Expression on Target Cells 
Laszlo Pazmany," Ofer Mandelboim," Mar Vales-Gomez, 
Daniel M. Davis, Hugh T. Reyburn, Jack L. Strominger 

The outermost layer of the human placenta is devoid of classical class I human leukocyte 
antigens (HLA-A, HLA-B, and HLA-C) and class I I  proteins (HLA-DR, HLA-DQ, and 
HLA-DP). Although this prevents recognition by maternal T lymphocytes, the lack of class 
I molecules leaves these cells susceptible to attack by natural killer (NK) cells. However, 
trophoblast cells directly in contact with the maternal tissues express the class I molecule 
HLA-G. which may be involved in protecting thetrophoblast from recognition by NKcells. 
Here evidence is provided that expression of HLA-G is sufficient to protect otherwise 
susceptible target cells from lysis by activated N K l  and NK2 cell lines and clones that 
are specific for distinct groups of HLA-C alleles. The receptors on NK cells that recognize 
HLA-G are also identified. 

D L I S I ~ ~  nl~111ma11an preg11,11lcv, hemi,illiioe- 
nelc tern1 cell. inv,ide the [ltcrlne arructurea 
  nil .us\ i1.e \\-ithour i ~ l l l l i u l l ~ i l ~ ~ o ~ c ~ ~ l  re1ect1~111. 
The  ~ ~ L I ~ ~ I - I ~ I L > S ~  est1-~\-111~3[1.; c v t o t r i ~ p l ~ ~ ~ l ~ l ~ ~ ~ t  
cells Llf the llnrn,ln ylacenta lack clas\ic,~I 
malor l ~ ~ s t o c ~ ~ r n p ~ t l l ~ ~ l ~ t \ -  complex (XIHC) 

mi1leculci \ 1 ) .  Hi)n.e\-er, the prchence ilt JII 

U I - ~ U > L I , ~ ~  c1a.s I ~nolcculc has long lxen Llem- 
i~n\trL~reil  ( 2 ,  -3 ). T h ~ s  molcc~llc \\.;I q l ~ i i \ ~ n  tc 
lic the prL~iluct the HLX-G gene (#). oric- 
111,111\- iletectcL1 '1s ,111 Intact clash I gene not 
cxprcsieil In ,111)- cell or t isue esaminc~l (5) .  
HLX-G 1s 86% l ~ ~ > m i i l o ~ o u s  ti3 the HLA-A, 
-B, -C ian<enhus q u e n c e ,  1-ut lack; the cy- 
ri7pln.;m1c tall (5 ) .  rilt11011~11 reiluceil espres- 
siini t>t t h ~ >  1nc7lecuIc is ,issi~c~ateil \v1r11 sii~ilc 
,~bi- i~i rm~rl i t~c~ .luring yregnaniJ- ( h ) ,  it.; f~ in i -  
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tion, if any, remains elusive. One recognized 
role of NK cells is to eliminate cells that have 
lost MHC class I surface expression because of 
malignant transformation or viral infection 
(7,8). The human trophoblast, except for the 
presence of some HLA-C molecules during 
the first trimester (9). is devoid of classical . ,, 
HLA molecules. Thus, there must be mecha- 
nisms protecting these cells from NK cell- 
mediated lysis. One widely discussed possibil- 
ity is that HLA-G expression serves to pro- 
vide this protection (10, 1 1 ). Human and 
rodent decidua contain a large accumulation 
of cells that morphologically resemble NK 
cells ( 12). In humans, these have been shown 
to be CD56+ (13). Two previous studies in- 
vestigated the role of HLA-G in inhibiting 
NK cell function. One of these used unfrac- 
tionated decidual cells, of which only 70 to 
80% were CD56+ and whose functional ac- 
tivity could have been altered by extended 
contact with trophoblasts (14). The other 
study used functionally uncharacterized 
CD56+ CD3- clones established from decid- 
ua and peripheral blood (15). Both of these 
studies were able to demonstrate only a lim- 
ited protective effect attributable to the ex- 
pression of the HLA-G molecule on target 
cells. 

Although originally NK cells were as- 
sumed to detect the lack of MHC class I 
molecules on their targets, it is now clear 
that at least a subpopulation of these cells 
shows alloreactive properties, recognizing 
the presence or absence of well-defined al- 
leles. In this case, HLA molecules act as 
ligands recognized by specific inhibitory re- 
ceptors ( 1 6, 1 7). Receptors composed of 
two immunoglobulin superfamily homains 
[p58: NK inhibitory receptor 1 (NKIR1) 
and NKIRZ] enable NK cells to discrimi- 
nate between two dimorphic groups of 
HLA-C molecules ( 18, 19) whereas others, 
with three immunoglobulin domains (p70/ 
NKB1: NKIR3) recognize supertypic public 
determinants within the HLA-B locus (20, 
21). Unlike T and B cells, which carry 
antigen-specific recognition molecules that 
are clonally distributed, NK cells usually 
express several different receptors of various 
specificities at the same time (19, 22). An 
important feature of the biology is that 
cross-linking of any single inhibitory recep- 
tor is sufficient to inactivate NK cell activ- 
ity against all possible targets (22, 23). 

If the function of HLA-G is to provide 
protection against NK cell-mediated lysis 
of cells that are unprotected by classical 
HLA class I molecules, then the expression 
of this molecule alone should be sufficient 
to inhibit NK cells of various specificities. 
To  test this hypothesis, NK1- and NK2- 
specific CD3-, CD4-, and CD56+ cell 
lines and clones were established from mul- 
tiple donors, and their ability to kill the 

HLA class I-negative cell line 721.221 
and its transfectants with HLA-Cw6, 
HLA-Cw7, or HLA-G (Fig. 1)  was tested. 

NK cell lines were obtained from donors 
homozygous for HLA-Cw4 or -Cw5 (to 
yield NK1-specific effectors) or for HLA- 
Cw7 or -Cw9 (to generate NK2 effectors). 
These exhibited the expected functional 
phenotype, with NK1-specific effectors ex- 
clusively killing 721.221 cells transfected 
with HLA-Cw7 whereas targets expressing 
HLA-Cw6 were protected. NK2-specific ef- 
fectors showed the reciprocal behavior. The 
expression of HLA-G conferred resistance 
to the 72 1.22 1 transfectant irrespective of 
the specificity of the effector cells used (Fig. 
2). This protection was observed with all 

tested donors over a wide range of effector: 
target (E:T) ratios and was reproducible 
with NK cells obtained from repeated 
bleedings of the same donors. 

To  investigate this inhibition further, a 
number of NK clones were established and 
were tested with the 721.221 transfectants 
(Table 1). All clones, which were function- 
ally NK1- or NK2-specific, were inhibited 
to background by the expression of HLA-G 
on the target cells. When these clones were 
used, the expression of the appropriate in- 
hibitory HLA-C locus allele on the target 
cells also resulted in complete protection, 
which suggests that once an inhibitory NK 
receptor is engaged either by the appropri- 
ate HLA-C molecule or by HLA-G, the NK 

Fig. 1. Expression of HLA molecules on the transfectants of the 
721.221 cell line detected by cytofluorometry. (A) HLA-Cw6. (B) 

20 :c HLA-Cw7. (C) HLA-G. (D) Amino acid sequences of the trans- 

S 0 
fected HLA molecules in the region of the class I molecule that 
interacts with the NK cell inhibitory receptors. Abbreviations for z r i  the amino acid residues are as follows: K, Lys; L, Leu; M, Met; N,  
Asn; Q, Gln; R, Arg; S, Ser; T, Thr; and V, Val. The left trace in 
each FACS profile is the 721.221 parental cell line. The cloning 

s 0 and expression of the HLA-C locus alleles is described else- 
where (27). The HLA-G cDNA molecule in the expression vector 
pBJ5 (31) was obtained from S. A. Ellis (4, 32) and was further 

20 
modified by insertion of the neomycin resistance gene between 
the ampr and the SV40 ori to aid the selection of transfectants. 

0 :m FACS staining was carried out with the pan-HLA class I anti- 
loo ''' lo2 lo3 lo4 body W6/32. The transcription of the HLA-G mRNA is driven 

FL1 -ti 
D by the strong SRa promoter, resulting in the much brighter 

76 ,,78 79 80 81 82 expression. The transfectants were also stained with two other 

HLA-CwG mAbs (887.7 and PA2.6) with identical results (26). According 

HLA-Cw7 - S . - N - - to FACS staining with the same antibodies, the HLA-G-posi- 
tive choriocarcinoma cell line JEG-3 expresses HLA-G at ap- 

HLA-G - ' 'T - - proximately the same level as does the HLA-G transfectant 

A . 721.221 untransfected 

100 721.221-HLA-Cw6 

1 . 721.221-HLA-Cw7 

B w 721.221 untransfected 

100 721.221-HLA-Cw6 

1 W 721.221-HLA-Cw7 n 

Fig. 2. Cytotoxicity of NK cell lines against various transfectants of the 721.221 cell line. NK cell lines 
were generated as previously described (27). (A) The NKl specific cell line was obtained from donor MV 
(HLA-A2, -A1 1, -818, -844, and -Cw5). (B) NK2 specific cells from donor HTR (HLA-A1, -A2, -87, -88, 
and -Cw7). Cytotoxicity assays were carried out with 35S methionine-labeled target cells, and the results 
were calculated as described (27). These experiments were repeated with NK cells obtained from six 
dierent donors, giving the same pattern of protection. In all the experiments presented, theassays were 
done in triplicates. The standard error of the mean of the triplicates was below 5%, and the spontaneous 
release never exceeded 25% of the maximum release. 
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killing is abolished completely. 
The 72 1.22 l/HLA-G transfectant was 

also tested with the NK cell tumor cell 
line NK92 (24). These naturally arising 
human lymphoma cells show the pheno- 
type of activated NK cells and have the 
capacity to lyse 721.221 cells. This killing 
was inhibited by the expression of HLA- 
Cw7 but not HLA-Cw6 molecules on the 
target cells, indicating that NK92 cells 
express NK2-specific receptors. The fact 
that their effector function was also inhib- 
ited by the presence of HLA-B*2705 on 
target cells suggests that the tumor cells 
also carry a three-domain receptor. These 
functional data were confirmed by poly- 
merase chain reaction analysis (25). Sim- 
ilarly to NK cell clones established from 
peripheral blood, the lysis of the HLA-G- 
bearing transfectant by NK92 tumor cells 
was reduced to near background levels. 
The degree of protection provided by 
HLA-Cw7 and HLA-G was comparable 
(Table 1). 

To show that the inhibition of NK lysis 
was due to the presence of specific HLA 
class I molecules on the cell surface, cyto- 
toxicity assays were performed in the pres- 
ence or absence of antibodies that interact 
with nonpolymorphic determinants on 
HLA molecules, including HLA-G. The 

Table 1. Specific cytotoxic activity of NKI- and 
NK2-specific clones and the NK lymphoma cell 
line NK92. NK cell clones were established by 
limiting dilution of NK lines as described (27). In 
the absence of other suitable markers, clonality 
was assumed on a statistical basis, with less than 
one-third of the wells showing growth on the 
plates. NK1 -specific clones were derived from do- 
nor NQ (HLA-A1, 429, -835, -851, and -Cw4), 
and NK2-specific clones were derived from do- 
nors HTR and ABH (HLA-A1 , -A3,-B8,-B62, and 
-Cw9). Cytotoxicity assays were performed at the 
indicated E:T ratios. All clones were tested at least 
twice with the indicated targets. 

Specific lysis (%) 

721.221 target cells 
transfected with the 

NK 'lone E:T indicated HLA molecule 

HLA- HLA- HLA- 
None Cw6 Cw7 G 

HTR 2/1 
HTR 2/2 
HTR 20/1 
HTR 20/2 
ABH 10.12 

NK1 -s~ecific clones 
3:l 29 1 
5:l 36 2 
5:l 56 0 
NK2-specific clones 
3:l 30 27 
5:l 56 44 
5:l 41 26 
5:l 47 48 
5:l 58 56 
NK92 lymphoma 

1O:l 38 33 

addition of either of the two pan-class I 
monoclonal antibodies used completely 
reversed the HLA class I-mediated inhi- 
bition of NK cell activity, restoring the 
killing of the transfected target cells (Fig. 
3). The expression of the HLA-G mole- 
cule on the transfected 721.221 cells was 
much higher than that of the HLA-Cw6 
or -Cw7 molecules (Fig. 1, A through C).  
This high expression level was required for 
the protective effect described above. Dur- 
ing extended culture in the absence of 
selective antibiotics, the HLA-G expres- 
sion level of the transfected cell line de- 
creased gradually. With this decrease in 
expression, the protective effect attributed 
to HLA-G expression disappeared. After 
the brightest 5% of the cell population 
was isolated by fluorescence-activated cell 
sorting (FACS), the transfectants re- 
gained their ability to inhibit NK cell 
killing (26). It seems plausible that the 
limited success of previous efforts to dem- 
onstrate the inhibition of NK cell lysis by 
HLA-G transfection could be due to the 
lower expression level of the 721.221 
transfectants generated with the HLA-G 
genomic DNA clone (14, 15). These find- 
ings indicate that the affinity of the 
HLA-G protein to the two-domain inhib-. 
itory receptors may be lower than that of 
the HLA-C locus products. This assump- 
tion fits well with the fact that HLA-C 
expression on most cells is relatively low, 
whereas HLA-G appears to be present on 
trophoblast cells and on some choriocar- 

A . 721 221 untransfected 
721.221-HLA-Cw6 

721.221 -HLA-Cw7 

cinoma cell lines at high levels. 
Given the well-defined allospecificity 

of the NK cell lines and clones used in our 
studies, it was likely that the HLA-G mol- 
ecule would interact with both types of 
the two-domain p58 NK cell inhibitory 
receptors (NKIRl and NKIRZ), thus in- 
hibiting both NK1- and NK2-specific ef- 
fectors. However, it was also possible that 
a separate receptor existed on both NK1- 
and NK2- specific killers and that this 
reacted only with HLA-G but not with 
the classical HLA-C locus products. In 
this latter case, the HLA-C- and HLA-G- 
mediated inhibition would use two differ- 
ent recognition pathways. To  distinguish 
between these possibilities, saturating 
amounts of NK1- or NK2-specific mono- 
clonal antibodies (mAbs) to p58 were add- 
ed to the effector Cells. When NK1-spe- 
cific cells were treated with NKIR1-reac- 
tive mAbs, the killing of HLA-Cw6- and 
HLA-G-expressing targets was restored, 
whereas an NKIR2-specific antibody had 
no effect on these effectors. O n  the other 
hand, the NKIR2-specific antibody re- 
stored the lysis of HLA-Cw7- and HLA- 
G-positive targets by NK2-specific killers; 
again, inappropriate NKIR1-specific anti- 
bodies had no effect (Fig. 3). These exper- 
iments prove that HLA-G has the capac- 
ity to interact with both types of the p58 
receptor, thus identifying the NKIRl and 
NKIR2 molecules as receptors for HLA-G 
on NK cells. 

These experiments show conclusively 

721.221 untransfected 
721.221-HLA-Cw6 

50 7 721.221-HLA-Cw7 

None W6 32 HP-3E4 GL183 None W6 32 HP-3E4 GL183 

mAb treatment mAb treatment 

Fig. 3. Effects of mAb treatment on the cytotoxicity of specific NKcell lines. Cytotoxicity assays were set 
up with the indicated targets and (A) NK1 -specific (from donor MV) and (B) NK2-specific (from donor 
HTR) effectors. The antibodies were added to the assay at the following concentrations: W6/32 
(pan-HLA class I ) ,  20 pg/ml; HP-3E4 [p58 receptor, NKl -specific (33)], 1 : 50 dilution of ascites; GL183 
[p58 receptor, NK2-specific (34)], 10 pg/ml. Another pan-HLA class I antibody, PA2.6, and another 
antibody to p58, the NKl -specific EB6 (34), gave identical results to those obtained with W6/32 and 
HP-3E4, respectively. Isotype-matched control antibodies had no effect on the cytotoxicity. The reversal 
of HLA-G-induced inhibition by either HP-3E4 (A) or GL183 (B) was incomplete. Similar partial reversal 
could be obtained with an mAb to.CD94 (HP-3D9). However, the addition of the mAb to CD94 together 
with HP-3E4 and GL183 resulted in complete reversal of inhibition (26). 
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that membrane-iwund HLA-G m o l e c ~ ~ l e s  
are able to inhibit alloreactive NK cells 
n i t h  both  NK1 and S K 2  ipecificity. T h e  
basis for the  d~scr imi~nat ion l~etn'een 
H L A - C  locus alleles is a dimorphism 111- - - 
volving residues i i and 80 in the  a1 
cio~nain of the  molecule (1  6 ) ,  and recent 
~vork  has pinpointed the  i~llportailce of 
amino acid resiJue 82 for the  .ipecificity of 
thii  .. recognit1011 ( 2 7 ) .  T h e  coini~inat ion of 
A~1n"-Thr" that  is present ill HLA-G can  
l ~ e  t'o~lnd in soille HLA-Btv1 but not  
H L A - C  locus allelei. T h e  fact that  
HLA-G hillcis to HLA-C-specific inhibi- 
tc>rv receptors ~vhereas HL.4-B locus al- 
leles do not  i i~~ l i ca tes  that other yolYmor- 
phlsms illr~st i n f l u e ~ ~ c e  HL.4 class I-SKIR 
interactii~ns.  LYiithln t h ~ s  regio11, hlet76 
(Val7" ill C locus and Glu7" 111 B locui 
alleles) anL1 Gln7" (.4rg7" 111 B and C locus 
alleles) are unlclue to  HLA-G (Fig. l D ) .  It  
is possil>le that t h ~ s  unuiual coillbiilatioil 
of a m i i ~ o  a c ~ d s  enables the  molecule to 
interact with both S K I -  anti SK7-specific 
receptors. HL.4-G 1s Inore polymorph~c 
tllan origi~lally t h o ~ l e h t  (28 .  29 ) ,  b r ~ t  nolie 
o t  the  reported amino acid chances in- 
volve the  aho~~e-descr ibed i egmei~ t  of the  
a 1  domai i~ ,  n . h ~ c h  perhaps i n J ~ c a t e s  the  
iillportarrce of this reglon. 

T h e  data presentecl here prove that at a 
f~ l i~c t iona l  level HL.4-G is able to protect 
tareet cells f r o ~ n  destruction by NK1- a i d  
NK7-specific effector celli. LYihether 
HLA-G can also react \ n t h  the  p i0 -SKB1 
family of S K  cell receptors 1s ~111clear. Giv- 
en  that on alrerage 14% of the CL356- cells 
are NKB I - ( 2  1 ) and that the over\vhelrn- 
iilg inajor~ty of these celli \\,ill alio express 
at leayt one HLA-C-ipecific ii~hibltory re- 
ceptor (23 ,  30 ) ,  t h ~ s  interaction inay not Pe 
neceiiary to protect trophoblast cells from 
NK cell-mediated l\-sls. If a surrogate mol- 
ecule replacii~e classical clasi I M H C  mol- 
e c ~ ~ l e s  can interact ~ ~ i t h  one ~iiajor subclass 
of NK receptors, ~t will inactivate the  ma- 
jority of NK cells \ n t h  n.hicli it co111ei illto 
contact. Undoul~ted11-, the expression of 
HLA-G alone call f ~ ~ l f i l l  these require- 
menti ,  and thui molecule can funct loi~ to 
protect cytotrophoi~last cells froill destruc- 
tloil h ~ -  i n a t e r ~ ~ a l  S K  cells. 
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Decreased Resistance to Bacterial Infection and 
Granulocyte Defects in IAP-Deficien t Mice 
Frederik P. Lindberg," Daniel C. Bullard, Tony E. Caver, 

Hattie D. Gresham, Arthur L. Beaudet, Eric J. Brown 

Granulocyte [polymorphonuclear leucocyte (PMN)] migration to sites of infection and 
subsequent activation is essential for host defense. Gene-targeted mice deficient for 
integrin-associated protein (IAP, also termed CD47) succumbed to Escherichia coli 
peritonitis at inoccula survived by heterozygous littermates. In vivo, they had an early 
defect in PMN accumulation at the site of infection. In vitro, IAP-'- PMNs were deficient 
in p, integrin-dependent ligand binding, activation of an oxidative burst, and Fc recep- 
tor-mediated phagocytosis. Thus, IAP plays a key role in host defense by participating 
both in PMN migration in response to bacterial infection and in PMN activation at 
extravascular sites. 

P ~ I N ~  are t e r ~ i ~ l ~ l a l l v  cilffere~ltiateil cell5 
esie~ltial  for host d e k n i e  aealnit ~nfectloui 
dlseasei. Genetic ab~~ormal i t ies  in P M S  ef- 
fector funct~ons prove that the\- are e,ssen- 
tial for ~ lo rmal  host Lletei~se (1 .  2 ) .  .4t the 
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USA. 
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'To \;!horn corresnondence should be addressed 

iame time, the 111g111y Jes t r~~c t lve  p o t e ~ ~ t l a l  
of P h l S s  muit be strictly co~ltrolled to 
avoid i~onspeciflc tlssue damage. S o t  iur- 
yr is i~~ely ,  a large array of regulatory ste17.i 
eovems the  e m l e r a t i o ~ ~  and activation of 
these cells, ensuring full ac t ivat~on iif anti- 
bacterial effector f ~ ~ i ~ c t i o n s  at a iite of 111- 

fect~oil .  Lvllile m a ~ ~ ~ t a i n i n g  a quiescent, in- 
active state in the hlood stream. P M S s  
come ~ n t o  contact Lvith exti-acellular lnatrls 
(EChl)  n-heil they have extravasated hut 
not  n~hl le  they are 111 the c ~ r c u l a t ~ o n .  T h ~ l s ,  
EChl-bii~ding mtegrlns are ideally suited to 
~nedlate  PhlN activation s~gnals specific to 
extravascular sltes. 

I.4P ( C D 4 i )  is a11 i m r n ~ ~ i ~ o g l o b ~ ~ l i i  (Ig) 
family rnemi~er ~ v l t h  a multiply memPrane- 
spai~ning d o m a l i ~  and a short c y t o p l a ~ m ~ c  
tall ( 3 .  4 ) .  It  ii p l~y i~ca l ly  and f r~i~ct ional ly  
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