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ymphocytes recirculate continuously between 
blood and lymph. Through this process, T and L B cells migrate to lymphoid organs such as 

peripheral lymph nodes (LN), intestinal lymphoid tis- 
sues (e.g., tonsils, Peyer’s patches), and chronic inflam- 
matory sites (reviewed in 1). The resultant redistribu- 
tion and reassortment of lymphocytes facilitate anti- 
genic recognition and promote cell-cell interactions 
central to the development of host immune defenses. 
Thus, knowledge of the molecular mechanisms con- 
trolling lymphocyte migration into tissues is of major 
importance to elucidating the pathophysiology of the 
immune response and may provide new strategies for 
regulating both normal and abnormal immune reactiv- 
ity. 

The first step in entry of blood lymphocytes into 
LN and intestinal lymphoid tissues is the binding of 
these cells to venules lined by high endothelium (HEV) 
(2). Recent studies have provided considerable insight 
into the lymphocyte and endothelial cell surface mole- 
cules that are involved in this interaction. In this review, 
we will describe the lymphocyte and endothelial surface 
membrane molecules involved in selective lymphocyte 
migration and the regulation of expression of these 
molecules with particular emphasis on the mediators 
and cytokines that potentially regulate the adhesive 
properties of high endothelial cells isolated from lymph 
nodes and Peyer’s patches (PP). 

Lymphocyte Migration Pathways and Homing 
Receptors 

Lymphocyte migration through lymphoid tissues 
is nonrandom. Studies in rodents and sheep have dem- 
onstrated clearly that small lymphocytes and lympho- 
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blasts exhibit preferential migration properties that are 
a function of lymphocyte class, stage of differentiation, 
and antigenic specificity (3). For example, lymphocytes 
from intestinal lymph tend to migrate through the gut- 
associated lymphoid tissue, while lymphocytes isolated 
from peripheral LN tend to recirculate through these 
organs (4). The differences in the migration patterns 
are even more prominent when lymphoblasts are stud- 
ied (5) .  For lymphocytes to migrate selectively into 
peripheral or mucosal lymphoid organs, a mechanism 
must exist to permit these cells to leave the vasculature 
and emigrate into the parenchyma selectively. Over the 
past few years, it has become clear that the selective 
binding between circulating lymphocytes and HEV 
cells lining the postcapillary venules is an important 
factor controlling the nonrandom distribution of lym- 
phocytes into different lymphoid organs. This adhesion 
process is mediated by lymphocyte glycoprotein mole- 
cules, functionally defined as homing receptors, which 
possess affinity for organ-specific endothelial ligands 
(vascular addressins) (6-8). 

Monoclonal antibodies have been produced which 
identified homing receptors specific for HEV of LN in 
mouse (9), rat (lo), and human (1 1) and specific for 
HEV of PP in rat ( 12) and mouse ( 13, 14). For example, 
in the rat, antibodies to lymphocyte surface molecules 
for LN HEV (A. 1 1.5 antibody) block lymphocyte adhe- 
sion to HEV of LN, but not binding of these cells to 
HEV of PP, whereas antibodies to surface receptors for 
PP HEV (lB.2.6) block lymphocyte binding to HEV of 
PP but not to HEV of LN. In the mouse, the MEL-14 
antibody blocks the adhesion of murine lymphocytes 
to HEV of LN but does not block lymphocyte binding 
to HEV of PP. 

In addition to the tissue-specific homing receptor/ 
ligand interaction, at least three other families of adhe- 
sion molecules appear to play an accessory role in 
lymphocyte-HEV binding. In humans, the Hermes an- 
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tigens were initially described as tissue-specific homing 
receptors on lymphocytes (1 5). The Hermes-3 mono- 
clonal antibody specifically blocked the adhesion of 
human lymphocytes to mucosal HEV and immunopre- 
cipitated a molecule with apparent molecular size of 90 
kDa that was similar in size to the MEL-14 antigen 
(16). However, several lines of evidence now suggest 
that the epitopes identified by Hermes antibodies on 
human lymphocytes reside on a single molecule which 
may function in an accessory capacity for lymphocyte 
binding to vascular endothelial cells. Molecular cloning 
has revealed that the structure identified by the Hermes 
monoclonal antibodies is identical to CD44, the human 
homologue of the murine Pgp-1 molecule, and the 
extracellular matrix receptor type 111 (1  7, 18). These 
findings, coupled with the observation that the mole- 
cule is present on fibroblasts, monocytes, granulocytes, 
endothelial cells, keratinocytes, and lymphocytes, sug- 
gest that the Hermes molecule is a receptor for extra- 
cellular matrix proteins. Other studies have also sug- 
gested a relationship between receptors for extracellular 
matrix proteins and lymphocyte adhesion to PP high 
endothelium. The monoclonal antibody LPAM- 1 
blocks binding of murine lymphocytes to HEV of PP, 
but not to HEV of peripheral LN and immunoprecip- 
itates a noncovalently associated heterodimer of 160- 
and 130-kDa subunits ( 14). A monospecific rabbit anti- 
serum to human VLA-4a chain binds to the 160-kDa 
subunit. However, the expression of LPAM- 1 mole- 
cules on transfected cells is not sufficient for HEV 
binding ( 19). Since VLA molecules are members of the 
integrin family and also function as receptors for extra- 
cellular proteins (e.g., fibronectin), the possibility there- 
fore exists that lymphocytes may interact with extracel- 
lular matrix proteins that are present on the surface of 
HEV cells to strengthen the binding between the tissue- 
specific receptor/ligands. Interestingly, a very recent 
study using the in vitro lymphocyte-LN-frozen section 
binding assay reported that the VLA-4 molecules may 
also be involved in the adhesion of activated human B 
cells to germinal centers (20), thus providing additional 
support for the role of extracellular matrix in lympho- 
cyte migration and segregation. 

In addition to the VLA molecules, another member 
of the integrin family has also been shown to play a 
role in nonorgan-specific lymphocyte adhesion to HEV 
cells. Monoclonal antibodies to the LFA- 1 molecule 
significantly, but incompletely, blocked the in vitro 
adhesion of murine and human lymphocytes to both 
HEV of LN and HEV of PP and also interfered partially 
with murine lymphocyte migration into LN and PP in 
vivo (21, 22). It is important to note that the integrin 
molecules LFA- 1, Mac- 1, and pl50,95, which share a 
common p chain, have also been shown to be important 
in the adhesion of leukocytes to vascular endothelial 
cells as well as to other cell types, although the effects 

of anti-Mac-1 and anti-p150,95 on lymphocyte adhe- 
sion to HEV have not been tested. Interestingly, the 
migration of lymphocytes into the lungs of anti-LFA- 
1-treated animals was inhibited to an even greater ex- 
tent than lymphoid tissues, thus suggesting that this 
molecule may play a pivotal role for lymphocyte local- 
ization into the lung (22). 

Molecular Cloning of Genes Encoding Homing 
Receptors 

In the past 2 years, cDNA clones encoding lymph 
node-homing receptors (LNHR) from several species 
have been isolated and sequenced. These studies have 
revealed that these proteins bear structural similarities 
to several other proteins that function in cell adhesion 
events, and thus may comprise a protein superfamily. 
In the mouse, LNHR clones were isolated from cDNA 
libraries by hybridization screening using oligonucleo- 
tides constructed using available sequences of the MEL- 
14 protein (23, 24). The deduced amino acid sequence 
of 372 residues shows interesting features: the N-ter- 
minal sequence of 118 amino acids exhibits high ho- 
mology to C-type animal lectins, the next 37 amino 
acids consist of an epidermal growth factor-like domain 
(including the characteristic six consensus cysteine res- 
idues), and the remaining extracellular portion of the 
molecule includes two identical repeats of a 62-amino 
acid sequence homologous to complement regulating 
proteins which bind primarily to C3b or C4b. The DNA 
sequence suggests a hydrophobic transmembrane do- 
main of 23 amino acids, followed by a cytoplasmic tail 
of 17 residues. The mature protein contains 10 potential 
N-glycosylation sites, consistent with previous reports 
that the MEL- 14 antigen is heavily glycosylated. Inter- 
estingly, a similar domain structure has been found for 
the ELAM-1 molecule (25), a cell surface glycoprotein 
which appears to be an endothelial ligand for polymor- 
phonuclear leukocytes but not lymphocytes. The 
mRNA for ELAM-1 is induced within 1-2 hr in cul- 
tures of umbilical vein endothelial cells by proinflam- 
matory cytokines such as interleukin 1 (IL-1) and tu- 
mor necrosis factor (TNF) and then declines rapidly to 
basal levels within 24 hr. The rapid induction and 
decline of ELAM-1 in vitro is consistent with the idea 
that this molecule promotes polymorphonuclear leu- 
kocyte adhesion and emigration at sites of acute inflam- 
mation. 

The human homologue of MEL- 14 has been iso- 
lated from human lymphocyte cDNA libraries by dif- 
ferential hybridization (26), by immunoscreening of 
transfected cDNA clones (27), and by hybridization 
selection screening using MEL-14 cDNA probes (28, 
29). The human homologue of MEL-14 appears to be 
the Leu-8 or LAM-1 molecule, and there is 77% amino 
acid sequence homology between these proteins with 
similar organization. We have isolated homologous rat 
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cDNA clones by immunoselection screening of a rat 
thoracic duct lymphocyte cDNA library using poly- 
clonal antiserum directed against rat LNHR (A. I 1 pro- 
tein). The organization of rat LNHR resembles that of 
mouse, with available sequence revealing -85 % ho- 
mology to mouse LNHR in the coding region. Using 
rat LNHR cDNA clones in transfection experiments, 
we have demonstrated that surface expression of the 
A. I 1 protein confers the functional capacity of cells to 
bind to LN HEV in v i m .  Transfection of COS 7 cells 
or the mouse pre-B cell line 70Z/3 with a full-length 
rat LNHR cDNA clone inserted into the pCEXV vector 
leads to the expression of surface antigens recognized 
by the A. I I .5 antibody and results in the capacity of 
these cells to specifically bind to HEV of LN but not to 
HEV of PP as assessed in the lymphocyte-frozen tissue 
adherence assay. Importantly, treatment of the trans- 
fected cells with A. 1 1.5 antibody selectively blocks the 
adhesion. This finding provides strong evidence that 
expression of A.ll protein is a necessary feature for 
lymphocyte adhesion to HEV of LN in the rat. 

As noted above, cDNA clones encoding the 
Hermes protein have been isolated and sequenced. The 
deduced amino acid sequence obtained from these stud- 
ies reveals that Hermes protein is CD44 and there is no 
homology with MEL-14 or the integrin gene family. 
The N-terminal end of the Hermes molecule shares 
30% homology with chicken and rat cartilage link 
proteins and part of the rat cartilage proteoglycan ( 17). 
This finding supports the idea that Hermes antigens 
may function in nonorgan-specific adhesion process 
and/or may facilitate the interactions between organ- 
specific homing receptor and endothelial ligands. 

Regulation of Lymphocyte-Homing Receptor 
Expression. With the use of respective cDNA probes, 
Northern blot analysis of RNA from mouse and human 
demonstrates tissue-specific variation in LNHR levels. 
In both species, LNHR RNA abundance generally par- 
allels cell surface expression of the homing receptor; 
LNHR RNA is highest in lymphoid cells capable of 
binding to LN HEV and is not seen in nonlymphoid 
cells. Of note, Northern blot analysis of mouse LNHR 
revealed transcripts of 1.5 kb, 2.5 kb, and 5.2 kb (23), 
whereas in the human either a single LNHR transcript 
of 2.5 kb is identified or two bands (at 1.7 kb and 2.6 
kb) are observed (26, 27). In the rat, a single 2.2 kb 
LNHR transcript is detected in Northern blot analysis 
of RNA from lymphoid cells and tissues, and no signal 
is observed in nonlymphoid cells (liver and kidney). Of 
interest, in Northern blot analysis, rat thymocytes pos- 
sess 5-fold higher LNHR levels than that observed from 
mature recirculating thoracic duct lymphocytes (TDL). 
However, sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis analysis of immunoprecipitated radio- 
labeled surface protein reveals prominent LNHR 
expression on TDL cells but not on thymocytes. More- 

over, metabolic radiolabeling studies using [3SS]methi- 
onine reveal de novo synthesis of LNHR in TDL but 
not in thymocytes. These data suggest a role for post- 
transcriptional regulation of LNHR expression in im- 
mature lymphocytes (30). 

It has been known for some time that lymphocytes 
activated in vitro by exposure to exogenous antigens or 
cytokines failed to adhere to HEV and migrate into LN 
or PP in vivo. Recent studies have provided some 
insight into the mechanisms that may account for this 
phenomenon. Murine lymphocytes activated with 
phorbol ester shed a soluble LN-homing receptor that 
is 12 kDa smaller than the intact receptor (31). Simi- 
larly, the human MEL-I4 homologue, LAM-I, is also 
released upon stimulation of human lymphocytes (32). 
In addition, we have also shown that expression of the 
rat PP-homing receptor is also modulated rapidly upon 
stimulation by phorbol ester but not by a biologically 
inert analog. Moreover, rat lymphocytes that are cul- 
tured in the presence of TNF-a also release the LN- 
and PP-homing receptor, albeit with different kinetics 
(33). This rapid shedding of the homing receptor may 
be a physiologic process which allows the lymphocyte 
to detach from the HEV cells after binding and migrate 
into the parenchyma. 

The mechanism(s) responsible for the shedding of 
the homing receptors are unclear at present, although 
the possible involvement of a cell membrane protease 
has been proposed (3 1). This notion is supported partly 
by the observations that a trypsin-like serine protease 
is present in cloned murine lymphocytes and may 
facilitate lymphocyte extravasation through its ability 
to degrade extracellular matrix (34). It has also been 
reported that a serine endopeptidase is inducible in 
human T cell clones by lectin stimulation or by ligand 
binding to the CD3/T cell receptor complex (35). Al- 
ternatively, it is conceivable that endothelial-derived 
proteases may also be secreted by HEV cells after 
lymphocyte attachment. In this event, the synergistic 
action of the enzymes may lead to the rapid extrava- 
sation of lymphocytes in vivo. At present, the putative 
proteases have not been identified but it is known that 
a variety of protease inhibitors such as TPCK, leupep- 
tin, pepstatin, aprotinin, and chymotrypsin have no 
effect on the modulation of murine lymphocyte MEL- 
14 antigen expression (36). 

Cytokine Regulation of High Endothelial Cell Ad- 
hesiveness for Lymphocytes. Although considerable 
progress has been made in elucidating the molecular 
nature of the homing receptors, relatively little is known 
about the complementary adhesive ligands and the 
factors that regulate their expression. An elegant series 
of studies established that the endothelial component 
of HEV is capable of controlling the magnitude and 
specificity of lymphocyte adhesion: HEV in lymph 
nodes deprived of afferent lymphatic vessels rapidly lost 
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the characteristic columnar and cuboidal shape and 
became flat and migration of lymphocytes through 
these flattened vessels was severely impaired, even 
though the blood flow into these nodes was normal 
(37). Interestingly, kinetic studies demonstrated that 
the inability of lymphocytes to cross the HEV preceded 
the actual alteration in morphology of the high endo- 
thelia. Conversely, the tall, columnar characteristics of 
HEV could be restored by injection of macrophages 
into the affected LN or by antigenic stimulation, sug- 
gesting that the specialized phenotype can be induced 
locally (38). More recently, it has been reported that 
incubation of pulmonary endothelial cell lines with 
cytokines such as y-interferon resulted in the induction 
of HEV-specific antigens detected by the MECA-325 
antibodq, which labels HEV of LN and HEV of PP 
specifically (39). These observations suggest that cyto- 
kines secreted by lymphocytes or monocytes/macro- 
phages regulate the morphology and function of HEV 
cells and is consistent with the idea that cytokines can 
stimulate vascular endothelial cells to develop HEV- 
like properties and promote lymphocyte-endothelial 
cell adhesion in chronic inflammatory sites. 

Recently, approaches have been developed to iso- 
late and grow endothelial cells from postcapillary ven- 
ules of rat LN (40, 41) and PP (42), and to study 
lymphocyte adhesion to monolayers of the cultured 
HEV cells. The identity of the HEV cells was verified 
by their capacity to incorporate radioactive sulfate, a 
property previously shown to be associated preferen- 
tially with cells lining the HEV. Interestingly, freshly 
isolated or cultured LN and PP HEV cells do not 
express either Factor VIII- or Factor XIIIa-related an- 
tigens, which are widely accepted markers for endothe- 
lial cells. The cultured HEV cells, however, incorporate 
high levels of acetylated low-density lipoprotein, thus 
distinguishing them from fibroblasts. 

The cultured HEV cells provide a biologically rel- 
evant system to study the factors that regulate lympho- 
cyte-HEV interactions in vitro. The results of these 
studies indicate that lymphocytes from thoracic duct 
lymph, spleen, and lymph nodes are capable of adhering 
to the IlEV monolayers. In contrast, immature cells 
from the thymus and bone marrow are deficient in this 
capacity. This finding suggests that cultured HEV cells 
retain the function and specificity that characterized 
lymphoid HEV in vivo. In other experiments, it has 
been shown that lymphocytes from mucosal lymphoid 
tissues are heterogeneous in their capacity to bind to 
PP HEV cells, with gut intrapitheiial lymphocytes (IEL) 
exhibiting an increased ability to bind to the HEV 
monolayers as compared with lymphocytes isolated 
from the Peyer’s patch or the lamina propria of the 
small intestine (42). A number of studies have shown 
that murine IEL preferentially express the y/6 chain of 
the TCR and may represent a unique population of 

cells with functional potentials differing from those 
lymphocytes in the periphery. Although the precise 
mechanisms that are responsible for the selective local- 
ization of IEL are not known, it is tempting to speculate 
that the preferential adhesion to PP HEV may play an 
important role in the assortment and distribution of 
IEL within the gut. 

Cultured HEV cells have been employed by us to 
test the hypothesis that the functional properties of 
HEV are regulated by cytokines secreted within the 
lymphoid microenvironment. In the initial experi- 
ments, treatment of rat PP HEV cells with cytokines 
such as TNF-a, y-interferon, or granulocyte-macro- 
phage colony-stimulating factor resulted in the stimu- 
lation of endothelial adhesiveness for lymphocytes in a 
time- and dose-dependent manner. Thus, at a concen- 
tration as low as 0.5 units/ml and at an incubation time 
of 6 hr, TNF-a significantly increased the proportion 
of TDL binding to the PP HEV cell monolayers. Bind- 
ing then declined over a period of 24-48 hr, regardless 
of the presence or absence of the cytokines in the culture 
medium. 

Two lines of evidence suggest that the cytokines 
exert their effect by enhancing the expression of organ- 
specific endothelial ligands (vascular addressins) that 
PP HEV cells normally express in vivo. First, the cyto- 
kine-stimulated PP HEV cells promoted selectively the 
adherence of TDL, but not immature cells such as 
thymocytes which are deficient in homing receptor 
expression. Moreover, the cytokines do not stimulate 
the inherent low adhesiveness of rat dermal fibroblasts 
for mature lymphocytes. Second, the enhanced binding 
can be blocked specifically by pretreatment of lympho- 
cytes with the PP-homing receptor-specific 1 B.2.6 
monoclonal antibody, but not by antibodies to the LN- 
homing receptor (A. 1 1.5) or other lymphocyte surface 
molecules. Interestingly, recombinant murine IL- 1 f l  
was relatively ineffective in stimulating the adhesive- 
ness of PP HEV cells. This finding is intriguing, since 
it has previously been suggested that IL-1 and TNF 
stimulate a similar genetic program in large vessel endo- 
thelial cells, although the two cytokines bind to distinct 
receptors on the endothelial cell surface. This finding 
therefore suggests that HEV cells differ from large vessel 
endothelial cells in their response to certain cytokines. 
At present it is not known whether adhesion to HEV 
cells by neutrophils and monocytes are likewise pro- 
moted. Nevertheless, cytokine stimulation of HEV cells 
may be of physiologic significance. Secretion of TNF 
by macrophages or y-interferon by activated T cells in 
vivo could result in increased lymphocyte traffic into 
PP. Conversely, activation of lymphocytes by the rele- 
vant cytokines could lead to the loss of homing receptor 
expression and sequestration of lymphocytes in the 
tissue. In conjunction with vasodilation of the PP vas- 
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culature, these processes would then result in increased 
delivery of lymphocytes into the tissue. 

Additional studies have revealed that the regulation 
of HEV adhesiveness by cytokines likely involves a 
complex series of events. Transforming growth factor- 

(TGF-P), an evolutionarily conserved family of poly- 
peptide hormones that are bifunctional modulators of 
diverse biologic processes, may play a pivotal role in 
the modulation of HEV adhesiveness. At picomolar 
concentrations, TGF-P exhibits a potent antiprolifera- 
tive effect on vascular endothelial cells. For example, 
TGF-P was shown to interfere with the adhesive inter- 
actions between human umbilical cord endothelial cells 
and neutrophils (43), and may play an anti-inflamma- 
tory role at sites of blood vessel injury. We have ex- 
tended this analysis to investigate the effects of TGF-P 
on the adhesiveness of microvascular endothelial cells 
(44) and PP HEV cells for lymphocytes (45). Addition 
of TGF-P to the cultured HEV cells significantly de- 
creases their ability to bind to circulating lymphocytes 
in a time- and dose-dependent manner. Furthermore, 
TGF-P blocks the effects of TNF-a and y-interferon, 
two cytokines that normally enhance adhesiveness on 
HEV cells. In addition, TGF-P also abrogates the en- 
hanced adhesiveness of HEV cells pretreated with TNF- 
a, y-interferon, and granulocyte-macrophage colony- 
stimulating factor. In this context, the ability to the 
cytokine to decrease the adhesiveness of HEV cells for 
lymphocytes may be an important mechanism for the 
control of lymphocyte trafficking into lymphoid tissues. 

Lymphocyte-HEV Interactions in Chronic Inflam- 
matory Lesions. Although the phenotype and function 
of HEV plays an important role in lymphocyte migra- 
tion into lymphoid tissues, it is important to recall that 
venules lined with plump, columnar, and cuboidal 
endothelial cells are not limited to lymphoid tissues. 
Morphologic and histochemical changes have been ob- 
served in venules associated with sites of chronic lym- 
phocytic accumulation in diseased tissues such as sy- 
novium of rheumatoid arthritis, thyroid tissues in 
Graves disease, and the dermis of psoriatic lesions 
(reviewed in 46). 

The obvious morphologic similarities between 
lymphoid HEV and the HEV-like vessels in chronically 
inflamed tissues suggest that they may share a similar 
function in promoting the prolonged and extensive 
emigration of lymphocytes from blood into such tissues. 
This possibility was investigated by examining the ad- 
hesive interaction between human lymphocytes and the 
postcapillary venules of psoriatic plaques through an in 
vitro lymphocyte-frozen tissue section adherence assay. 
The results demonstrated clearly that the specialized 
endothelial cells lining the postcapillary venules in pso- 
riatic dermis are capable of promoting lymphocyte 
adherence (47). The adhesion process is energy and 
calcium dependent and involves surface molecules 

which are sensitive to trypsin and endoglycosidase treat- 
ment, requirements that are similar to lymphocyte 
binding to HEV of lymphoid tissues. However, the 
pretreatment of lymphocytes with antibodies against 
lymphocyte-homing receptors for LN and PP HEV had 
little effect on lymphocyte binding to the psoriatic 
postcapillary venules. Moreover, antibodies against 
CD 1 1 /CD 1 8 molecules only decreased the binding par- 
tially. In other experiments, quantitative assessment of 
lymphocyte adhesion demonstrated that human CD4 
T cells and the CD29 (memory) subset adhered prefer- 
entially as compared with the CD8 or CD45RA (naive) 
subset (48). Since an increase of memory T cells is a 
general feature of chronic inflammatory infiltrates in 
autoimmune diseases, the implication is that changes 
in the local vasculature to a lymphocyte-receptive phe- 
notype may not be disease specific, but rather are a 
common feature in sites of lymphocyte infiltration. In 
support of this idea, other studies have found that B 
cell clones that bind LN and PP HEV failed to bind to 
HEV-like vessels in rheumatoid synovium, and that the 
MEL- 14 antibody, which is specific for the LN-homing 
receptor, has no effect on lymphocyte binding to sy- 
novium (49). At the present time it is not clear whether 
the receptor/ligand interaction that mediates lympho- 
cyte adhesion to psoriatic dermal endothelial cells is 
the same as that mediating adhesion to synovial vessels. 

Most studies indicate that the development of 
HEV-like vessels within chronic inflammatory lesions 
is a rather late phenomenon. For example, it occurs 
many weeks after the appearance of anticolloid anti- 
bodies and initial immune reactivity in lymph nodes 
draining thyroid tissues in Graves’ disease (50). Since 
activated T cells and antigen-presenting cells are known 
to secrete cytokines such as y interferon, IL-1, and 
TNF, which can induce or stimulate adhesiveness of 
HEV cells and large vessel endothelial cells in vitro, 
exposure to these cytokines in vivo may induce the 
expression of novel endothelial ligands in vivo promot- 
ing endothelial adhesiveness. 

Summary 
Over the next few years, research can be expected 

to focus on the regulation of expression of the tissue- 
specific homing receptors, the molecular nature of the 
corresponding endothelial ligands, and the spectrum of 
factors regulating the adhesiveness of high endothelial 
venule cells in vivo. In addition, it would be important 
to elucidate whether other adhesion molecules also play 
a role in tissue-specific lymphocyte entry and localiza- 
tion into distinct regions of the lymphoid organ. The 
results of these studies should provide important in- 
sights into the mechanisms controlling lymphocyte traf- 
ficking into lymphoid tissues as well as chronic inflam- 
matory sites. 
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