
This notion is consistent with the descrip- 
tion by McQueen et a l .  ( 2 ) ,  that the meta- 
stable a-Pb02 phase at ambient conditions 
was transformed back to rutile by heating at 
400°C. The rutile + a-PbO, type transition 
may be a reconstructive-type transition with 
large atomic displacement ( 15). 

Thus, our work indicates that the first 
transition observed by Syono et a l .  (4) cor- 
responds to the formation of the baddeleyite 
phase and that the second transition, around 
100 GPa, may correspond to the pressure- 
induced transition already observed in 
Zro,. 
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Endothelial Expression of a Mononuclear Leukocyte 
Adhesion Molecule During Atherogenesis 

An inducible rabbit endothelial adhesion molecule that is selective for mononuclear 
leukocytes has been identified. This adhesion protein was expressed on the surface of 
activated cultured endothelium in two forms, 118 and 98 kilodaltons, the amino- 
terminal sequence of each being highly homologous to human VCAM-1. In dietary 
hypercholesterolemic and Watanabe heritable hyperlipidemic rabbit models of athero- 
sclerosis, this adhesion molecule was found to be expressed in a 1ocaliz.ed fashion by 
aortic endothelium that overlies early foam cell lesions. This lesion-locaked expression 
suggests a potential endotheliurn-dependent mechanism for mononuclear leukocyte 
recruitment during atherogenesis and may provide a molecular marker for early 
atherosclerosis. 

T HE PATHOGENESIS OF AN ATHERO- 

sclerotic plaque is a complex and 
chronic process that involves the fo- 

cal accumulation of lipid, leukocytes, 
smooth muscle cells, and extracellular matrix 
in the intima of large arteries. Adherence of 
circulating monocytes and lymphocytes to 
the arterial endothelial lining is one of the 
earliest detectable events in human and ex- 
perimental atherosclerosis (1). The subse- 
quent transendothelial migration of these 
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adherent leukocytes, their accumulation in 
the intima, transformation of monocytes 
into lipid-engorged "foam cells," and secre- 
tion of cytokines and growth factors are 
important events in the initiation and pro- 
gression of atherosclerotic plaques ( 1 ) .  As 
atherosclerotic plaques increase in size, 
mononuclear leukocyte recruitment contin- 
ues to be evident, predominantly at the 
plaque borders (1, 2). The localized nature 
and mononuclear leukocyte specificity of 
these cellular interactions may, in part, be a 
consequence of changes in the adhesive 
properties of the endothelial surface that 
involve the expression of "ATHERO- 
ELAMs" (inducible endothelial-leukocyte 

adhesion molecules that are expressed in 
atherosclerotic plaques). With the use of an 
in vitro cell culture model and a monoclonal 
antibody (MAb) strategy, we have now 
identified, irnmunochemically characterized, 
and purified a protein from lipopolysaccha- 
ride (LPS)-activated rabbit endothelial cells 
(ECs) that functions as a mononuclear leu- 
kocyte-selective adhesion molecule. The lo- 
calization of this molecule in developing 
atherosclerotic lesions suggests a potential 
pathogenic role. 

We searched for ATHERO-ELAMs in 
the rabbit because dietary and heritable 
models of atherosclerosis are well described 
in this animal (3). We established EC cul- 
tures from the aorta and inferior vena cava 
of normal New Zealand White rabbits (4) in 
order to study leukocyte-EC interactions. 
Treatment of ECs with bacterial endotoxin 
(LPS) induced a protein synthesis-requiring 
hyperadhesive surface change, which was 
quantitated (5) with cells of the U937 hu- 
man myelomonocytic line (6) (Fig. 1, A and 
B). MAbs were generated to LPS-activated 
ECs ( 7 ) ,  and we selected three of these 
antibodies-which are designated Rb119, 

" 0 4 8 ' 2 4 4 8 7 2 9 6  0  5 
EC activation (hours) 

Fig. 1 .  U937 cell adhesion (A and B) and specific 
MAb binding (C and D) to EC monolayers 
(passage 2) derived from the aorta (Ao) and 
inferior vena cava (IVC) of the same New 
Zealand White rabbit. Activation of ECs with 
LPS (Escherichia coli; 1 ~ g l m l )  increased both 
U937 cell adhesion (A) and MAb binding (C) in 
a time-dependent manner. The binding profile of 
MAb Rbll9 was similar to the EC adhesive 
change for U937 cells, whereas Rb213 recognixd 
a surface epitope with higher basal expression and 
a sustained LPS-induced expression. Rb214 bind- 
ing was virtually identical to that of Rb119 (12). 
Cycloheximide (CHX) (10 yglml) abolished the 
LPS-induced increase in U937 cell adhesion (B) 
and Rbll9 cell surface bindmg (D) during a 
5-hour incubation of IVC ECs with LPS. CHX 
did not affect either the integrity of EC monolay- 
ers or the binding of MAb Rb2113 (specific for an 
abundant constitutive EC antigen) (D, inset). In 
each case, data points represent the mean k SD of 
quadruplicate measurements. 
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Rb2/3, and Rb2/4 and are all immunoglob 
ulin G1 (IgG1)-for their ability to recog- 
nize LPS-inducible EC d c e  antigens in 
cell surface fluorescence immunoassays (Fig. 
1, C and D). 

The leukocyte-adhesive function of these 
inducible EC surface antigens was assessed 
with EC monolayers that had been treated 
with LPS for 18 hours. In adhesion assays 
performed at 4"C, saturating concentrations 
of RblD F(ab'), significantly inhibited the 
adhesion of U937, HL-60, and THP-1 cell 
lines, as well as that of elumated human 
blood monocytes and lymphocytes (Fig. 2). 
The adhesion of U937 and HG60 cells was 
also inhibited in assays perfbrmed at 37°C. 
D d  adhesion of leukocytes was not 
observed with F(abf), of Rb2/4, which rec- 
ognizes the same molecule as Rb119 (Fig. 
3B), with F(ab'), of Rb213, or with F(ab'), 
of W6132, a MAb that recognizes the major 
histocompatibility antigen on human leuko- 
cytes but not on rabbit EC. Adhesion to 
unactivated rabbit endothelium was not sig- 
nificantly inhibited by any F(abl), frag- 
ments. Polymorphonudear leukocyte 
(PMN) adhesion to LPS-activated ECs was 
not inhibited by RblD F(ab')2 under any 
conditions. Thus, the molecule recognized 
by Rb119 is a mononuclear le&qte-Selec- 
tive adhesion molecule. Furthermore, assays 
perfbrmed at 4°C suggest that the adhesive 
mechanism mediated by this molecule does 
not require metabolic energy or leukocyte 
activation and thus differs from the mecha- 
nism by which leukocyte CDllalCD18 
(LFA-1) interacts with its endothelial 
counter-receptor ICAM-1 (8). The inability 
of Rb119 F(abl), to inhibit adhesion at 
37°C suggests that other adhesion mecha- 
nisms are also operative at this temperature. 

Rb119 specifically immunoprecipitated 
two polypeptides fiom total cell lysates of 
biosynthetically labeled, LPS-activated EC 
monolayers. Thesc polypeptides had relative 
molecular sizes of 118 and 98 kD on SDS- 
polyaaylamide gel electrophoresis (SDS- 
PAGE) under reducing conditions (Fig. 
3A); both were e x p d  on the EC surface, 
as determined by surface iodination and 
immunoprecipitation (Fig. 3A); and both 
were also recognized by Rb214 (Fig. 3B). 
The two polypeptides were purified from 
the lungs of LPS-treated rabbits and their 
NH,-termini sequenced (9). The NH2-ter- 
mind sequence of the 98-kD polypeptide 
was fbund to be FKIETFPESRSLA- 
QIGDSVSLT, which is homologous (20 of 
22 amino acids are identical) to the predict- 
ed NH2-terminal sequence of human 
VCAM-1-a recently cloned cytokine-in- 
ducible member of the immunoglobulin su- 
m y  (lo), which had been previously 
identified as INCAM-1 10, a 110-kD cyto- 

kine-induced human EC surface protein in- 
volved in adhesion of certain leukocytes and 
tumor cells (1 1). The NH2-terminal amino 
acid sequence of the 118-kD polypeptide 
was h d  to be identical to that of the 
98-kD polypeptide (12), suggesting that 
both polypeptides are products of a single 
gene. Thus, we have identified a putative 

rabbit homolog of human VCAM-1. Molec- 
ular cloning of the rabbit molccule should 
elucidate its full structural relation to human 
VCAM-1 and establish whether the 118-kD 
and 98-kD cell surface fonns are the result of 
alternative rnRNA splicing or post-mansla- 
tional modifications. The recent identifica- 
tion of an additional immunoglobulin-like 

Flg. 2. E&ct of F(ab'), fragments at 
37°C (opcn bars) and 4°C (d bars) 100 

on the adhesion ofl- to rabbit - 
aortic ECs that had been treated with 8 @ 
LPS for 18 hours. Afia LPS treat- 5 
men& EC momlayers (passage 2) were 5 3 
washedandthenincubatedfor30min r 
(37°C or 4°C) with saturating umcen- 5 fations ofF(abl), fhgments (5 pg per 0 

0.1 ml of RPMI-1% FBS per microti- 
I ter well). BCECF-labeled leukocytes =-a 

nnpsded in RPMI containing 1% 1 at  
FBS (2 x 10' cells per 0.1 mi) were - 0 - l  A 
added at the appropriate temperature : 1 I 

to each well. In 3 7 T  adhesion assays, . II: 

leukocytes were incubated for 10 min J 

under static conditions with endothelium; wells were then filled with bu&r and Scaed, and the p l m  
were inverted and centnfUgad (250g for 5 min). Adhesion assays pehnnai at 4°C were 30 min in 
duration, after which nonadherent IeuLocytes were mnoved by sealing and inverting the plates fbr 20 
min. In both 37°C and 4°C assays, lcukocyrr adhesin to monolayers that had becn incubated with 
F(abl), !kgments was compared to adhcsion to monolayers treated with control b e  (RPMI-1% 
FBS); statistical signilicance was dcrnmincd with a paired t test (*, P < 0.05). The mean 2 SD values 
(mplicate measurements) from one of three experhmts are plotted. Human leukemic cell lines- 
myelomonocytic U937 and THP-I and promydocytlc HG60--were obtained from the ATCC. 
Human leukocytes were isolated from blood of normal donors; MONO and LYMPH (monocytes and 
lymphocytes, respectively) by elutriation and PMN (polymorphonuclear leukocytes) by density g rada t  
ten-tion (15). 

m. 3. (A) S@c hdkat immunoprecipitation A Hu5R Rbln 
of two polypeptides from rabbit venous EC ly- 

, sates by MAb Rb119. Biosynthetically labeled cells 
[left panel: (-), control ECs, (+); LPS-activated k 
ECs] and surface-iodinated LPS-activated cells 2, kD 
(right panel). MAbs Hu513 and ElIC15 (both 

*m 

IgG,) bind to human, but not rabbit, ECs and did 
not specifically precipitate polypeptides. ECF < 
teins were biosynthetically labeled with S]L- - < 
cysteine and [35S]cmethionine for 5 hours (sec- 97- 
ond to seventh hour of LPS treatment 
S d e  EC pmteim were with "4 ya 
glucose oxidase-lactoperoxidase protocol (29. 66- 
ECs were lysed in 100 mM tris-HC1 (pH 7.4), 
150 mM NaU, 5 mM EDTA, 1 mM phenylme- 

C 

thylsulfonyl fluoride, and 0.3% CHAPS, and 43- .. 
insoluble material was removed by cenmhgation 
(12,OOOg for 0.5 hour at 4°C). For imrnunopre- 
cipitations, EC lysates (-5 x 10' cells per 100 4) , 
were incubated for 2 to 4 hours at 4°C with 100 

' 

pl of MAb culm Supernatant and subsequently 
for 2 to 4 hours with goat antibody to murine 
IgG coupled to Sepharose 4B (Cappel) (which 
was fim treated with unlabeled lysate to diminish 
nonspecific adherence of labeled proteins). Ly- 
sates of biosynthetically labeled ECs were also 
pdeared with a nonbinding MAb. Antigens that .- I' a - - 
were specifically bound to Seph- beads were kD 

extensively washed, and then subjected to SDS- 200- 

PAGE under reducing conditions on 5 to 12% 
hear gradient gels (26). (6) Indirect immuno- 
precipitation with MAIX (indicated below rr- 
rows) performed aftw twice p d e a r h g  surfre- 
iodinated LPSactivated EC lysates with Rb119, 66- 
RbU4, or Rb213 ( x l  and x2, first and second 
preclearing, respeakely). Rb119 and RbU4 show 
reciprocal and spmfic depktion of antigen, indicating that boph MAbs recognize epitopa on the sum 
polypeptides. 
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domain in human VCAM-1 that is the result 
of alternative splicing (13) supports the for- 
mcr pcssibility. 

In ~omrast to ELAM-1 and ICAM-1 
(14), which support PMN adhesion (IS), 
VCAM-1 is mononudear 1-lec- 
he, as determined by MAb inhibition of 
adhesion to activated human endothelium 
(11, 16) and expression on COS cells (10). 
This specificity can be explained by the 
restricted expression of the VCAM-1 
counter-receptor, VLA-4, which is present 
on monocytes and lymphocytes but nut 
neutrophilp (16). 

The mononudear l ~ l c c d v e  ad- 
hesion W o n  of the rabbit molecule 
prompted us to investigate its expression in 
athemgenesis. Imrnunohistochemid stain- 
ing w& perhrmed on aortas fiom rabbits 
that had been fed a hypercholestemlemic 
diet and from Watanabe heritable hyperlip 
idemic (WHHL) rabbits (Fig. 4). Specific 
staining with Rb119 was localized to endo- 
theliurn covering fbam a I k i c h  aortic inti- 
ma1 lesions at various stages of their devel- 
opment. Of particular interest was staining 
of ECs both extending beyond the edges of 
these lesions (Fig. 4A) and fbd ly  in mgiom 
with vety small intimat accumulations of 
ham ah (Fig. 4B). Nonlcsioned aortic 
dothelium of these hypercholesterolemic 
animals, as well as endothelium of large 
arteries and veins of normal rabbits, was 
unihrmly unstained. These findings demon- 

strate endothelial activation in the setting of 
atheroahwii and establish the inducible 
mononuclear ltukocyte endothelial adhesion 
molecule that is mmgnkd by Rb119 as an 
ATI-IERO-ELAM. The lesion-selective 
expression pattern of this molecule may offer 
a new approach to early diagnosis and le- 
sion-brgcted therapeutic intervention in 
a thde ros i s .  Our data also provide a ra- 
tionale for interfbing with VLA-4 W o n  
as a therapeutic approach. 

VCAM-1 has not yet been described in 
human athemckmtic ~laaues. It is ex- 
px!ssed predominantlya & p o s t a p ~  
venular endothelium in idammatory set- 
tings-such as delayed hypcrsensitivi~ reac- 
tions-and in n o n v d a r  cdls, including 
foIlicular dendritic cdls (11). Human 
ICAM-1 is found on many dl types, indud- 
i n g w  -ov=% lymphcq=% foIli- 
dendritic ah, fibroblasts, and epithelial 
ah (17), andthusmayfunctioninavaricty 
of pathophysiological settings; on endothe- 
hum, it is expressed constitutivdy in post- 
capillary venules and some nonnal arterioles 
(17); and in infhmamry reactions, it is 
upregulated pldomhmtly in venularendo- 
thdium (18). Lesion-localized endothelid 
expression of ICAM-1 in human a t h d e -  
m i s  has not been described. ELAM-1 is 
qmsed only by endothelium of venules 
and veins in pathophysiological settings in- 
volving idammation (18, 19); it has not 
bccn detected in a variety of human athero- 

Flg. 4. Immun*emid saining of rabbit 
rwas. (A and B) RblN staining ofatherode- 

ovatyingthcodgcofan~timalfwmcellksion 
(IL). EC staking extax id into the adjacait 
uninvolved aorta (UA) (arrowhead marks edge of 
lesion). (A. ECs in the rrmaininn unin- 
vohrori dm faib;i to sain with Rb119, k t  did 
stain with goat antibodies to human von Willc 
brandFactor(1:3000dilutionofI Adantic 
Ab), which is a unmimtivc EC 2 I n d  
sccibm, ECa did not sain with a nonbinding, 
hype-matched MAb, EllC15. (FC, fwm cells, 
IEL,intanalclasticlunina,barcorrespondsto50 
pm.) (B) In arly lesions consisting of small 
numbasofintimalhcells,fixalRb1/9sain- 
ing was evident (bar, 100 m). (C) ECa ovatying 
d-dcvcloped, fwm a k c h  lesions in the aor- 
tic arch of an 18-wedr~ld WHHL rabbit sained 
with RblN (bar, 10 w). In a variay of Ics'i 
examined in both diaary -kmic 
and WHHL nbbits, individual ECa showcd dif- 
h t  mining intcnsik, most inrmw saining 

sabon~thathadbccn6xedat-UPCh5minin 
rctonc. !kctiom Wac incubated (22°C) in sue- 
cession with tissue culturc supanvvns containing RblN (2 hours), biotinykd horsc antibodies to 
murinc IgG (1 hour), and avidin-biotin pwxidase complaes (45 min) (Vaaor Labs.). Peroxidas was 
visualized with 3 - a m i n o - 9 a h y ~  ( S i )  and d o n s  wac countastaincd with Gi's hana- 
amylin.nKMAbstonbbitEC,ind~RblN,donotrrcognizeepi~onndor~vatcd 
human cndodKlium in culture or in tissue d o n s .  

sclerotic lesions, ranging h m  early Fatty 
streaks to advanced plaques (20). Thus, spe- 
cific ltukocyte adhesion molecules can be 
~ t i a u y e x p d b y v a r i o u s ~ t y p e s ,  
induding arterial versus venous endotheli- 
um, and suggest that the lesion-localized 
expression pattern of the putative rabbit 
VCAM-1 may have pathogenic significana. 

The endothelial lining normally maintains 
homemasis at the vessel wall-blood inter- 
face (21). Endothelial dysfunction (22) has 
been implicated in the vasospastic and 
thrombotic complications that are evident in 
advanced a thde ros i s .  Induction of an 
adhesion molecule early in atherogenesis 
may also be considered a madestation of 
endothelial dydmction, in that it results in 
an abrmrmally hyperadhesive EC surface. 
This alone, or in conjunction with other 
localizing mechanisms-including vessel 
wall-derived chemoattractants (23)-could 
promote rnononudear leukocyte h t -  
ment. The rnononudear leukocyte selectivi- 
ty of the i n d d  adhesion molecule is con- 
sistent with the accumulation of monacytes 
and lymphocytes (but not PMNs) that is 
observed during atherogenesis (1). In vivo 
testing of the function of this ATHERO- 
ELAM should help to establish whether the 
temporal and spatial patterns of its expres- 
sion are determinants of lesion initiation and 
progression. Defining the molecular mecha- 
nisms that regulate the expression of this 
and other ATHERO-ELAMs, and their re- 
lations to known risk Factors for a t h d e -  
mis, such as hypercholestemld (24), 
may provide new insights into the patho- 
genesis of this complex disease. 
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Human Immunodeficiency Virus Infection of 
Human-PBL-SCID Mice 

Severe combined immunodeficient (SCID) mice reconstituted with human peripheral 
blood leukocytes (hu-PBL-SCID mice) have inducible human immune function and 
may be use l l  as a small animal model for acquired immunodeficiency syndrome 
(AIDS) research. Hu-PBL-SCID mice infected with human immunodeficiency vi- 
rus-1 (HIV-1) contained virus that was recoverable by culture from the peritoneal 
cavity, spleen, peripheral blood, and lymph nodes for up to 16 weeks after infection; 
viral sequences were also detected by in situ hybridization and by amplification with 
the polymerase chain reaction (PCR). Mice could be infected with multiple strains of 
HIV- 1, including LAV- l/Bru, IIIB, MN, SF2, and SF13. HIV-1 infection affected the 
concentration of human immunoglobulin and the number of CD4+ T cells in the mice. 
These results support the use of the hu-PBL-SCID mouse for studies of the 
pathogenesis and treatment of AIDS. 

T HE NEED FOR BETTER SMALL ANI- 

ma1 models for research into the 
causes and prevention of AIDS has 

prompted the development of two experi- 
mental systems (1 ,  2) that involve the trans- 
plantation of human lymphoid cells or tissue 
into mice with the SCID mutation (3). 
When adult human peripheral blood leuko- 
cytes (PBLs) are transferred to SCID mice, 
thus creating hu-PBL-SCID mice, the hu- 
man T and B lymphocytes survive, human 
immunoglobulin is produced, and second- 
ary antibody responses can be elicited (1, 4). 
Implantation of human fetal lymphoid tis- 
sue into SCID mice creates SCID-hu mice 
(2); such mice support HIV-1 RNA tran- 
scription and lesser expression of viral pro- 
teins (5). We have recovered HIV-1 from 
the peritoneal cells, lymphoid organs, and 
blood of hu-PBL-SCID mice infected with 
either cell-free or cell-associated virus for up 
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to 16  weeks after infection. HIV-1 infection 
with high virus loads led to an initial in- 
crease, then a reduction in human immuno- 
globulin production in hu-PBL-SCID mice 
and changes in the number of CD4+ T cells 
in many mice. We conclude that HIV-1 is 
infectious in the hu-PBL-SCID model, and 
that infection results in changes in human 
lymphocyte hnction consistent with those 
seen in HIV-1-infected individuals. 

Hu-PBL-SCID mice were generated by 
reconstituting adult SCID mice by intraperi- 
toneal injection of 1 x lo7 to 4 x lo7 PBLs 
from donors that were negative for antibod- 
ies to Epstein-Barr virus (EBV) capsid anti- 
gens. [EBV-seronegative donors were used 
to prevent the possible development of 
EBV-associated B cell lymphoproliferative 
disease (1, 6) and to eliminate one potential 
cofactor in HIV-1 pathogenesis.] Mice were 
challenged by intraperitoneal injection ( 7 )  
either with 10' to lo5 median tissue c u l ~ r e  
infectious doses (TCID,,) of cell-free virus 
(144 mice) or with virus-infected autolo- 
gous T lymphoblasts (27 mice) (8) and 
evaluated for HIV-1 infection by (i) culture 
of hu-PBL-SCID lymphoid tissue with fresh 
human PBLs (9), (ii) in situ cytohybridiza- 
tion with a full-length cDNA probe for the 
IIIB strain of HIV-1 (HIV-I,,,,) (lo), and 
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