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Immunoadhesins: principles and 
applications 

Steven M. Chamow and Avi Ashkenazi 

The prototypic immunoadhesin is an antibody-like molecule that fuses the Fc region 

of an immunoglobulin and the ligand-binding region of a receptor or adhesion 

molecule. In this article, we review some important structural and functional 

principles of immunoadhesins. In addition, we highlight some unique advantages 

of immunoadhesins as experimental tools in biology, as well as some of their 

exciting potential applications in medicine. 

Monoclonal antibodies (mAbs) have proved to be 
extremely useful not only as research tools, but also as 
diagnostic tools and therapeutic agents. Human mAbs 
are better suited to therapeutic use in humans because 
they are much less immunogenic than mAbs derived 
from nonhuman species. However, it has been difficult 
to obtain human mAbs, especially those directed at 
human antigens, for at least two reasons. First, humans 
are generally tolerant to their own antigens. Second,’ 
ethical considerations place restrictions on the active 
immunization of humans for the purpose of generat- 
ing mAbs. Several strategies - each exploiting the 
power and versatility of genetic engineering - have 
been pursued to circumvent the difficulty in obtaining 
human mAbs. One approach is to minimize the 
amount of nonhuman sequences by combining frame- 
work sequences from a human mAb with antigen- 
binding sequences from a nonhuman mAb, for exan- 
ple, in chimerici or humanized’ antibodies. Another 
strategy is to select antibodies from bacteriophage ex- 
pression libraries encoding the human antibody gene 
repertoire”. A third method is to generate human anti- 
bodies in animals such as mice by replacing the genetic 
loci for endogenous antibodies with gene elements for 
human antibodies”. A fourth strategy which is the sub- 
ject of this review. is to generate an antibody-like mol- 
ecule by combining framework sequences from a 
human mAb with sequences from a human protein 
that carries a target-recognition function. 

The most common example of this type of fusion 
protein combines the hinge and Fc regions of an 
immunoglobulin (Ig) with domains of a cell-surface 
receptor that recognizes a specific ligand (Box 1). This 
type of molecule is called an ‘immunoadhesin’. 
because it combines ‘immune and ‘adhesion’ func- 
tions. (Other frequently used names are ‘Ig-chimera’, 

‘Ig-’ or ‘Fc-fusion protein’, or ‘receptor-globulin’.) In this 
review, we summarize the many examples of immuno- 
adhesins in the literature, and discuss some essential 
structural and functional features of this expanding 
fanuly of recombinant proteins. In addition. we describe 
a range of applications for immunoadhesins as research 
tools and as potential human therapeutic agents. 

Immunoadhesin structure 
The majority of immunoadhesins combine the hinge 

and Fc regions of an IgGl heavy chain with the extra- 
cellular domain (ECU) of a type I transmembrane 
protein, usually a receptor or an adhesion molecule 
(Fig. 1). The same basic principle has been applied 
successfully to other types of fusion partners, including 
cytokines, growth factors and enzymes. To date, more 
than f i f ty immunoadhesins have been reported (Table 
1). The prototypic immunoadhesin is a disulfide- 
linked homodimer, which resembles an IgGl molecule, 
but which lacks C,l domains and light chains. The 
dimeric structure of the expressed and purified mol- 
ecule can be contirmed by sodium dodecyl sulfate 
polyacrylamide gel electrophoresir (SDS-PAGE), in 
the presence of a reducing agent to separate the 
polypeptide chains (Fig. 2a). In addition, functional 
domains can be identified by immunoblotting (Fig. 
2b) and l&and blotting (FIN. 2~). In the absence of 
light chains, deletion of the C,,l domain improves 
assembly and secretion of immunoadhesins by the host 
cell. Placing the fusion junction at the flexible hinge 
facilitates proper folding of domains and helps to 
preserve the functions of both parts of the molecule. 

Immunoadhesins can be expressed efficiently in a 
variety of host cells. including myeloma cell lines, 
Chinese hamster ovary cells, monkey COS cells, 
hunran embryonic kidney 203 cells and baculovirus- 
infected insect cells. In these systems. the immuno- 
adhesin polypeptides are assembled and secreted into 
the cell culture medium. The molecule can then be 
purified substantially by protein A or protein G 
affinity chromatography in much the same manner as 
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Box 1. Structure and composition of antibodies 

An antibody is a Y-shaped molecule, composed of two identical light chains (grey) and two identical heavy chains (white). Both light and 
heavy chains comprise variable and constant regions. The four chains are held together by 
disulfide bonds (dotted lines), which are located in a flexible region of the heavy chain, known 
as the hinge region (tinted). Variable regions (hatched) of both heavy and light chains combine 
to form two identical antigen-binding sites, one on each arm of the Y. Heavy-chain constant 
regions define five classes of antibodies &A, IgD, IgE, IgG and IgM), each with its own class of 
heavy chain - 01, 6, l , y, and k, respectively. Each antibody class (termed an ‘isotype’) has dis- 
tinct structural characteristics (e.g. IgG differs somewhat from other isotypes in Fc structure), 
and each has different biological properties. With isotypes such as IgM and IgA, multimeric 
assemblies of fourchain units produce antibody molecules with ten and four antigen-binding 
sites, respectively. 

In addition, there are a number of subclasses of IgG and IgA immunoglobulins; for 
example, within the human IgG isotype, there are four subclasses (IgGl, lgG2, lgG3 and 
lgG4) having yl, 72, 73, and y4 heavy chains, respectively (the illustrated structure is 
that of a human IgG1 antibody). Effector functions of antibodies, such as complement 
activation, binding to phagocyte-Fc receptors, antigen-dependent cellular cytotoxicity, 

and transport across the placenta, are mediated by structural determinants within the Fc region of the heavy chains. 
In a typical immunoadhesin, the variable regions of the antibody molecule, which are responsible for antigen recognition, are replaced 

by the ligand-binding region of a receptor, while the antibody Fc region is retained. Depending on the Ig isotype, the Fc region can confer 
a long half-life in the circulatory system, as well as confer immune effector functions. In addition, the hinge region is retained to provide 
conformational flexibility that can allow the Fc and receptor regions to function independently. lmmunoadhesins of IgG, IgM and IgE 
isotypes have been described. 

an immunoglobulin. Indeed, efficient mammalian cell 
expression and the ease of this type of purification are 
significant advantages of expressing proteins of bio- 
logical interest as immunoadhesins. 

The first attempt to construct an immunoadhesin 
was by Gascoigne et alz7, who fused sequences encod- 
ing the (Y- and P-chain variable domains of the Fcell 
receptor (TCR), which belongs to the Ig gene super- 

family, with Ig light- and heavy-chain constant do- 
mains. However, the resulting fusion protein was not 
capable of binding to antigen, perhaps as a result of the 
inability of the TCR domains to associate with each 
other. Shortly afterwards, several groups described 
immunoadhesins that combine the ligand-binding 
domain of CD4, another Ig gene superfamily member 
found on the surface of T cells, to the constant regions 

Receptor 

lmmunoadhesin 

IgGl heavy chain HB 
Hinge ss 

220 226 229 

DKTHTCPPCP 

I 

Figure 1 

Schematic structure of a prototypic immunoadhesin. An immunoadhesln is usually derived from the parental ligand-binding protein, In 
this case a type I transmembrane receptor, and an IgGl heavy chain molecule. ECD, TM and CYT refer to the extracellular, transmem- 
brane and cytoplasmic domains, respectively, of the receptor. The variable IV,) and constant (C,l, hinge, C,2 and C,3) regions of IgGl 
heavy chain are shown. Shading has been used to distinguish regions of the two parent molecules that are used to form the Immuno- 
adhesin. The N-linked carbohydrate chain in C,2 is indicated by a closed square. The hinge-region sequence rndlcates the location of 
proteolytic cleavage to generate monovalent receptor fragments. (Redrawn, with permission, from Ref. 90.) 
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Table 1. lmmunoadhesins 

lmmunoadhesin Ligands Application Refs 

Adhesion molecules 
CD4 

L-Selectin 

E-Selectin 

P-Selectin 

ICAM- 

ICAM- 
ICAM- 
VCAM-1 
LFA-3 
Ll glycoprotein 

HIV gp120 

GlyCAM-1, CD34 

Sialyl Lewisx 

Sialyl Lewisx 

CD1 la/CD18 

CD1 la/CD18 
CD1 la/CD18 
VLA-4 
CD2 
Fibroblast growth- 
factor receptor 

Inhibition of HIV infection in viva; identification of CD4 domains 
involved in ligand binding 

5-12 

Prevention of neutrophil-mediated lung injury; localization of ligands 13-l 7 
in tissues by histochemical staining; characterization, isolation 
and cloning of ligands 

Prevention of neutrophil-mediated lung injury; characterization of 17,18 
ligand-binding thermodynamics 

Prevention of neutrophil-mediated lung injury; studies on the role 17,19 
of individual amino acid residues in binding to cell surfaces 

Phagocytosis of malaria-parasitized erythrocytes; inhibition of 20-22 
rhinovirus infection; anti-inflammation in diabetes mellitus 

Study of T-cell-receptor-mediated T-cell activation 
Identification of receptor domains that bind to ligand ;i 
Study of the role of VLA-4 in transendothelial lymphocyte migration 25 
Study of the role of CD2 in T-cell co-stimulation 
Promotion of nerve regeneration following injury: functional E 
comparison to basic FGF 

Tumor necrosis factor (TNF) receptor family members 
TNF R-l TNF, Lymphotoxin-a Treatment of septic shock, rheumatoid arthritis, and other 28-32,33 

inflammator-v diseases bv inhibiting TNF; identification of receptor 

TNF R-2 TNF, Lymphotoxin-a 

Lymphotoxin-B R 
Fas/Apo-l/CD95 

Lymphotoxin-@ 
Fas/Apo-l/CD95 
ligand 

CD27 CD27 ligand 
CD30 CD30 ligand 
CD40 gp39 
4-1BB 4-l BB ligand 

0x40 

Cytokine receptors 
IFN-y R a-chain 
IFN-7 R p-chain 
ILlR 
IL4R 
Erythropoietin R 
cMpl 
gp130 

gp34 

domains involved in ligand binding- 
Inhibition of TNF-enhanced HIV replication; prevention of 
collagen-induced arthritis in mice 

Studies on the subunit structure of cell-surface lymphotoxin-p 
Treatment of diseases involving excessive apoptosis, 

e.g. AIDS; studies on apoptosis in lymphocytes and on the role 
of Fas ligand in peripheral tolerance and in T-cell-mediated 
cytotoxicity; isolation and cloning of ligand 

Isolation and cloning of ligand 
Isolation and cloning of ligand 
Isolation and cloning of ligand 
Identification of tissues that contain the ligand by histochemical 
staining; study of structural determinants of potential ligands; 
isolation and cloning of ligand 

Isolation and cloning of ligand 

IFN-y Inhibition of IFN-mediated autoimmunity 
IFNy Studies on subunit structure of ligand-receptor complex 
IL-l Inhibition of IL-l-mediated inflammation 
IL-4 Identification of receptor domains involved in ligand binding 
Erythropoietin Mapping epitopes of anti-ligand antibodies 
Thrombopoietin Isolation and cloning of ligand 
IL-6-IL6R complex Studies on subunit structure of ligand-receptor complex 

Enzymes 
Influenza C hemagglutinin 9-Oacetylated sialic 
esterase acids 

Urokinase Urokinase receptor 

- 

Inactive enzyme used for studies on tissue-specific expression 
of ligand 

Inactive enzyme developed to inhibit tumor metastasis by 
interfering with urokinase activity 

34,35 

f-39 

40 

t: 
43,44 

45 

46-49 

z; 
51 

z: 
54 

55 

56 

of various Ig isotypess-8. When expressed in trans- 
fected cells, these fusion proteins were assembled 
properly and secreted. Moreover, like the soluble 
CD4-receptor molecule, these CDCbased immuno- 
adhesins bound to gpl20, the envelope glycoprotein of 
human immunodeficiency virus (HIV)-1, thus pre- 
venting the virus Ii-om infecting human T cells in cul- 
ture. The ‘immunoadhesin concept’ has been 
expanded to fusion partners that do not belong to the 
Ig gene superfamily; initially through the production 

of an immunoadhesin based on the L-selectin adhe- 
sion molecule’s and, later, through the production of 
immunoadhesins based on the receptor for tumor 
necrosis factor (TNF; Kefs 28-30). 

Immunoadhesins with unique structural 
characteristics 

Several structural variations on the basic immuno- 
adhesin theme are possible (Fig. 3a-3f). One such 
variation is multimeric immunoadhesins. While an 
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repotted in the literature 

lmmunoadhesin Ligands Application Refs 

Receptor tyrosine kinases 
TrkA, B, C Neurotrophins 
Htk Htk ligand 
REK7 AL-1 
RsefTyro3 Protein S; Gas6 
Hepatocyte growth Hepatocyte growth 
factor R factor 

Platelet-derived growth Platelet-derived 
factor R growth factor 

Fit-1 Vascular endothelial 
growth factor 
WEGF); placental 
growth factor 

Flk-1,‘KDR VEGF 

Other cell surface proteins 

El 
CD28 
Eck 

p-Neurexin p-Neurexin ligand 
CD2 LFA-3, CD48 
CD5 CD5 ligand 
CD6 ALCAM 
CD22 CD45, other 

sialoglycoproteins 

CD28 B7, B7-2 
CD31 CD31 
CD44 Hyaluronate 

Complement R-2 (CD211 C3 fragments 

CTLA4 
IgE R g 

Lysosomal LAMP-l ligand 
membrane gp-1 

cY2-Macroglobulin gp330 
receptor-associated 
protein 

Natriuretic peptide R Natriuretic peptide 

Soluble ligands 
IL-2 
IL-10 

IL-2R 
IL-1OR 

Heregulin Her4/pl80erba4 
Keratinocyte growth Keratinocyte growth 

factor factor receptor 

Characterization of neurotrophin binding 
Isolation and cloning of ligand 
Isolation and cloning of ligand 
Identification and characterization of ligands 
Identification of receptor domains involved in ligand binding 

Identification of receptor domains involved in ligand binding 

Characterization of ligand binding to receptor 

Assessment of receptor selectivity for VEGF versus placental 
growth factor 

Studies on stimulation of T cells by B cells 
Role of Eck in inflammation 
Characterization of cleaved signal sequences in p-neurexins 
Ligand identification 
Studies on stimulation of T cells by B cells 
Studies on binding activity of cloned ligand 
Ligand identification; studies on the role of CD22 in T-B-cell 
interaction; characterization of binding determinants of 
sialo-oligosaccharide ligands 

Studies on stimulation of T cells by B cells 
Identification of CD31 domains involved in homotypic binding 
Screening for tissues that contain the ligand by histochemical 

staining; characterization of ligand structural determinants 
Prevention of antibody responses to immunosuppresive and 

cancer therapeutic agents 
Identification of CTLA-4 as a second receptor for B7 
Inhibition of mast-cell binding of IgE as a treatment for allergic 

disease 
Mapping epitopes of anti-ligand antibodies 

Tissue localization of ligand by histochemical staining 

Mapping epitopes of anti-ligand antibodies; production of 
recombinant receptor for structural studies 

Extension of the half-life of IL-2 in circulation 
Treatment of septic shock and transplant rejection; extension of 

the half-life of IL-10 in circulation 
Studies on Her4 signalling 
Receptor localization by histochemical staining 

63 

64,73 

:t 

76 

:; 

79 

80 

81,82 

IgG-based immunoadhesin (Fig. 3a-3d) contains two 
binding sites for its target, an IgM-based immuno- 
adhesin contains ten such sites (Fig. 3e). Multimeric 
immunoadhesins can bind their respective targets with 
greater avidity than their IgG-based counterparts; 
examples include CD4-IgM (Ref. 6). ICAl%l-IgM 
(Ref. 21) and CD2-IgM (Ref. 67). 

A second structural variant is represented by 
immunoadhesins that contain an Fc region with 
unique effector functions. The Fc region in IgG-based 

immunoadhesins can retain many functions of the 
parental isotype, including binding to Fc receptors and 
complement activation. A unique case is IgE (Fig. 3f). 
When binding to allergens, IgE binds via its Fc to spe- 
cific high-affinity receptors on the surface of basophils 
and mast cells, subsequently activating degranulation. 
This effector function can be redirected against specific 
targets, by incorporating the IgE-Fc into an immuno- 
adhesin. Thus, a CD+IgE immunoadhesin redirects 
basophils to attack HIV-infected cells in culture”. 
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Figure 2 
Subunit structure of an immunoadhesin as analyzed by SDS-PAGE. 

The analysis shown here is typical for evaluating expression of 

an Immunoadhesin. Human embryonic kidney 293 cells were 

transfected with a vector, directing transient expression of 

human interferon-r receptor immunoadhesin IhlFNyR-IgG). The 

protein was recovered from culture supernatants, and purified on 

protein A agarose. SDS-PAGE was carried out with (+) or without 
(-1 reduction by 1OmM dithiothreitol (DTT). The protein (a) was 
stained with coomassie blue, or electroblotted onto nitrocellulose 

and incubated (b) with antibodies to IgG-Fc, or with (c) [Yl- 

labeled hlFNy (10 nM) alone (lane 11, or with 1 mM unlabeled hlFb 

(lane 2). Blots were developed (b) with horseradish peroxidase- 

conjugated second antibody and 4-chloronapthol, or (c) by auto- 

radiography. (Reproduced, with permission, from Ref. 90.) 

A third structural variant is exemplified by an 
immunoadhesin based on the hepatocyte growth 
factor (HGF) receptorO’. In this case, proteolytic pro- 
cessing of the receptor region of the immunoadhesin 
results in a complex subunit structure (Fig. 3a). Each 
of the HGF-receptor chains in the molecule is cleaved 
into two subunits, which are held together by disulfide 
bonds. The mature HGF-receptor immunoadhesin 
binds to HGF and serves as a model for studying the 
natural processing of the endogenous receptor. 

A fourth variant is an immunoadhesin that was 
used to produce a homodimeric cell-surface receptor 
(Fig. 3b). CD28, a surface protein of T cells, forms a 
covalent homodimer that binds to its ligand, B7, on 
B cells. In order to produce soluble CD28 homodimer, 
Linsley et aLh4 constructed a CD28 immunoadhesin in 
which the only point of interchain attachment was a 
disulfide bond behveen the two CD28 domains. In this 
construct, the hinge Cys residues were replaced by Ser. 
eliminating disulfide attachment of the heavy chains. 

A fifth variation in design is the production of 
bispecific immunoadhesins (Fig. 3~). This can be 
achieved by co-transfecting plasmids encoding two 
different immunoadhesins into a host cell. The co- 
transfected cells produce a mixture of three dimers: 
the two monospecific homodimers and a bispecific 
heterodimer, for example, E-selectin-IgG and 
P-selectin-IgG (Kef. 88). Heterodimer formation can 
be optimized by manipulating the concentration of 
each transfected plasmid in the reaction mix. Similar 

approaches have been used to generate bispecific 
immunoadhesins based on LFA-1 and VLA-4 (Ref. 
89), as well as CD4 and L-selectin’“. 

A further extension of the bispecific immunoad- 
hesin design is the immunoadhesin-mAb hybrid mol- 
ecule (Fig. 3d). The human CD4-IgG X humanized 
anti-CD3 immunoadhesin-mhb hybrid’ I is a recent 
example of a bispecific immunoadhesin-antibody 
(BIA) that comprises an immunoadhesin chain, and an 
antibody heavy and light chain pair. This molecule 
simultaneously binds to HIV gp120 on HIV-infected 
cells via its CD4 moiety, and to the CD3 chain of 
TCR on cytotoxic T lymphocytes (CTL) via its anti- 
CD3 moiety. The juxtaposition of the two cell types 
by the bispecific molecule enables the CTL to kill the 
HIV-infected cells selectively ill vifru. 

The production of bispecific immunoadhesins or 
immunoadhesin-mAb hybrids is generally more effi- 
cient than bispecific mAb production. This is because 
the number of possible subunit combinations in the for- 
mer case is limited to three, compared with ten in the 
latter case. Consequently, host cells generate more 
bispecific immunoadhesin or immunoadhesin-mAb 
hybrid than bispecific mAb per gram of recombinant 
protein produced; moreover, the desired bispecific 
molecule can be purified more easily in the former 
case because the mixture of possible recombinant 
products is less complex. 

The last variation that we discuss is the generation 
of cleavable immunoadhesins. Much like antibodies, 
immunoadhesins can be cleaved enzymatically at the 
hinge to release the fusion partner as a soluble protein. 
If  the immunoadhesin is purified prior to cleavage, for 
example by protein A chromatography, and if the 
cleaving protease is immobilized, then the released 
&ion partner can be obtained in pure form, simply 
by removing its accompanying Fc t?agment with pro- 
tein A. Thus, papain digestion has proved to be useful 
for generating soluble receptors fi-om CD@gG (Ref. 
91), natriuretic peptide receptor C-IgG (Ref. 82) and 
E-selectin-IgG (Ref. IX). However, in other cases, the 
fusion partner itself may contain sequences that are 
susceptible to cleavage by papain (which is a relatively 
promiscuous protease). To circumvent this problem, 
sequences that are recognized by more-selective pro- 
teases; such as thrombin, have been introduced into 
the hinge region of some i~ilunoadhesins3”.““. A fur- 
ther development of this concept is the incorporation 
of a short sequence, which is recognized with exquis- 
ite specificity by an engineered sub&in mutant that 
cleaves peptide bonds by substrate-assisted catalysis, 
into the immunoadhesin hingeJ”,‘“. 

Immunoadhesins as research tools 
Because it is generally straightforward to construct 

immunoadhesins, to express them m mammalian cells, 
and to pur$ them. they have been used frequently as 
research reagents (Table 1). Below, we highlight a few 
experimental areas in which immunoadhesins have 
been particularly useful; for additional examples, see 
earlier reviews”“~‘“~“‘. 
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Study of the biologicalfunction OY the mode of action of 
receptors and ligands 

Immunoadhesins can be used as antagonists or as 
agonists that block or mimic physiological molecular 
interactions. As such, immunoadhesins can be used to 
investigate the biological role and the mechanism of 
action of the parent molecules from which they were 
derived. For example, ICAM-2-IgG has been used to 
show that ICAM- provides an important co-stimu- 
latory signal during TCR-mediated T-cell activation, 
by interacting with a counter receptor, CD1 la/CD18 
(Ref. 23). Similarly, a Fas receptor-based immuno- 
adhesin has helped to establish an essential role for Fas 
ligand in the killing of targets by CTL (Ref. 38). 
Chan and Aruffo2j explored the role of the B,-inte- 
grin VLA-4 in mediating lymphocyte transendothelial 
migration using immobilized VCAM-l-IgG as a 
target l&and. An LFA3 immunoadhesin was used to 
investigate the involvement of phospholipase Cy 1 in 
CD2-mediated signal transduction in T cells’“. In 
another study, a B61 immunoadhesin was used to 
establish that B61 induces angiogenesis via its receptor 
tyrosine kinase (Eck) during inflammation irz vit@. 
Lastly, immunoadhesins based on the (Y and B chains 
of the interferon (IFN)-y receptor have helped to 
demonstrate the formation of a ternary complex that 
contains the homodimeric ligand and two molecules 
of each receptor chain”“. Thus, immunoadhesins can 
be used to probe a wide range of biological functions 
and, in some cases, can be used to identify the mecha- 
nisms that underlie a given function. 

Identcjkation of l&and-binding determinants 
The hinge and Fc regions of an immunoadhesin 

form a convenient scaffold for presenting functional 
domains from proteins such as receptors and cell- 
adhesion molecules. Usually, the structural and bio- 
chemical properties of the fusion partner are retained 
in the immunoadhesin, perhaps as a result of the 
spatial separation from Fc, combined with the flexibil- 
ity of the hinge. Hence, immunoadhesins have been 
useful for probing structure-function aspects of pro- 
tein-protein interactions. In such studies, site-directed 
mutagenesis approaches, such as the deletion of 
domains and subdomains, or the substitution of in- 
dividual amino acids, have been combined with 
immunoadhesin-based presentation. For example, 
a deletion series based on CD31 was studied in 
immunoadhesin format to identity which of the six 
Ig-like domains of CD31 mediate homotypic ad- 
llesion’4. Similar studies have investigated the ligand- 
binding determinants of the receptors for platelet- 
derived growth factor”‘, interleukin (IL)-4 (Ref. 51), 
ICAM- (Ref. 24, HGF (Ref. 61) and TNF (Ref. 
31). The formation of a ternary complex involving 
gp130, IL-6 and IL-6 receptor has been investigated 
using domain-deletion mutants of gp130 as im- 
munoadhesinss~. In addition, individual residues of 
CD3 that bind to HIV-gp120 have been identified by 
alanine-scanning mutagenesis of CD4 as an immuno- 
adhesin”. With a somewhat different goal, Fibi et al.“’ 

d 

b C 

Figure 3 
Structurally unique immunoadhesrns. A variety of immunoadhesins with character- 

istrcs different from the general structure depicted In Fig. 1 have been described. 

These Include: (a) an IgG fuston molecule, in which proteolytic processrng pro- 

duces two-chain extracellular domains (ECDs; (Y- and p-chains), resulting in for- 

mation of a tetramer (HGFR-IgG); (b) an IgG lacking hinge disulfides, in which two 

identical receptor ECDs associate in a disulfide-lrnked homodimer (CD2&lgG); (cl 

a heterodimer, in which two structurally drstrnct chains act independently to form 

a brspecrfic immunoadhesin (E-selectin/P-selectrn-IgG); (d) a bispecific immuno- 

adhesrn-antibody hybrid, which comprises a chimeric rmmunoadhesin chain directed 

against one antigen, and an immunoglobulin heavy and light chain directed 

against a second antigen (CD4/antiCD3-IgG); (e) pentameric IgM tCD2-IgM) with 

associated J chain; and (f) an IgE fusion molecule, in which the EFC acts to recruit 

basophils to attack HIV-infected cells (CD4-IgE). lmmunoglobulin Fc sequences 

are depicted as SS-containing loops; receptor ECD sequences as bars. lntrachain 

(SS) and intercharn (dashed lines) disulfide bonds are indicated. 

used a human erythropoietin receptor-based im- 
munoadhesin to map a panel of anti-erythropoietin 
antibodies. Similar studies were conducted using 
immunoadhesins based on natriuretic peptide recep- 
torsxl and on lysosomal membrane glycoprotein 1 
(LAMP-l; Ref. 79). 

Ligand identljkation and isolation 
Molecular biology approaches, such as expression 

cloning of cell-surface antigens and homology-based 
PCR cloning, have brought about the discovery of 
many novel molecules that resemble cell-surface 
receptors. Indeed, one of the most important uses of 
immunoadhesins has been to isolate and clone the tar- 
get ligands for such ‘orphan’ receptors. For example, 
an immunoadhesin based on CD22, a cell-surface 
molecule that belongs to the Ig gene superfamily, was 
used to identify CD-15, a lymphocyte surface glyco- 
protein, as a CD22 ligand’“. Subsequent studies with 
CD22 immunoadhesins identified additional sialo- 
glycoprotein ligands, suggesting that CD22 is a lectin 
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that binds to 2,6-linked sialic acid residues in glyco- 
proteins”.7X. L-selectin is a cell-adhesion molecule that 
mediates homing of lymphocytes to lymph nodes. 
A soluble form of the target ligand for L-selectin 
(GlyCAM-1) was purified by affinity chromatography 
with L-selectin-IgG (Ref. l-1), which allowed the 
GlyCAM-I gene to be cloned’3. More recently, 
L-selectin-IgG has been used to identie the vascular 
sialomucin CD34 as an additional L-selectin ligandl”. 
Similarly, a REK7 ligand, AL-l, has been purified and 
cloned using an immunoadhesin based on the REK7 
receptor tyrosine kinase as a11 affinity reagent; this 
was subsequently shown to be involved in axon- 
bundle formation”“. de Sauvage et al.-<” have used an 
immunoadhesin based on c-Mpl to puri@ and clone 
thrombopoietin, a cytokine that stimulates platelet 
production by megakaryocytes. Several new members 
of the TNF ligand family, including the ligands of the 
CD27, CD30, CD40 and Fas receptors (all of which 
are members of the corresponding TNF receptor 
family), have been isolated by screening cDNA ex- 
pression libraries with immunoadhesins based on the 
respective receptors- 37~41t4~. Bennett et ~l.5~ have used a 
similar approach to clone a ligand for the Htk-recep- 
tor tyrosine kinase from a murine kidney cell line. 

Immunoadhesins as potential therapeutics 
Notwithstanding the value of immunoadhesins as 

research tools, perhaps the most exciting potential for 
these recombinant proteins is in human therapy. 
Immunoadhesins and mAbs share two important prop; 
erties that are significant to their potential as thera- 
peutic agents. First, because of structural homology, 
immunoadhesins exhibit a pharmacokinetic half-life in 
vim that is comparable to that of humanized mAbs of 
similar isotype. Second, immunoadhesins can be used 
in a similar manner to some mAbs to modulate bio- 
chemical interactions that play key roles in pathologi- 
cal processes. Given these similarities, immunoadhesins 
constitute 3 viable alternative to mAbs as a therapeutic 
strategy. In principle, immunoadhesins designed as 
antagonists to inhibit deleterious interactions, 3s well 
as immunoadhesins designed as agonists to enhance 
beneficial functions, hold promise a? human therapeu- 
tics. Below, we review a few examples of both types. 

Immunoadhesins as antiviral ugerzts 
The first immunoadhesins were desi‘gned to block 

the interaction of a virus with its target cell as a means 
of preventing infection. HIV-1 uses its gp120 envelope 
protein to attach to human T cells prior to infection; 
CD4 serves as the primary receptor for HIV attach- 
ment. Several CDI-based immunoadhesins designed 
to block this process were capable of binding to 
HlV-gpl20 and, hence. of blocking the infection of 
target T cells in cultures-8. Unfortunately, clinical 
results with CD4 immunoadhesin were disappointing, 
possibly as 3 result of ditrerences in the ifz z&o and 
in [J&J mechanism5 of infection by HIV-l (Ref. 10). 
More recently, 11avr1 Oil-based immunoadhesins 
have been described that re-target active cellular 
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elements of the immune system against HIV-infected 
cell~~~~l~. An alternative approach is to inhibit HIV 
activation. Because HIV replication is enhanced by 
TNF, Howard et ~1.‘~ used a TNF-receptor 
immunoadhesin to block TNF-induced HIV-1 ex- 
pression in infected cell lines. A d&rent immunoadhesin 
with antiviral activity is based on ICAM-1, the Tpecific 
receptor for rhinovirus; ICAM- immunoadhesin pre- 
vents rhinovirus infection of target cells in vitro”. 

Clinical studies will be required to assess the efficacy of 
such immunoadhesins as antiviral agents in humans. 

lmmunoadhesins as inf2ammation and immune-function 
modulators 

Cytokines regulate and co-ordinate the functions of 
immune and inflammatory cells to maintain homeo- 
stasis. Dysregulated activity of key cytokines perturbs 
homeostasis and can trigger pathological processes 
such as acute or chronic inflammation and auto- 
immune disease. An important mechanism that tightly 
regulates the level of activity of key cytokines is the 
production of soluble receptors for cytokine5. Fre- 
quently, proteolytic cleavage of cell-surface receptors 
releases the receptor ECD, which then acts as a soluble 
inhibitor of its cognate cytokine. This natural in- 
hibitory mechanism can be used therapeutically to 
regulate excessive cytokine activity in pathological 
conditions. For example, recombinant soluble TNF 
receptor has been administered to baboons to curtail 
the activity of TNF m a model of septic shock, a dis- 
ease characterized by excessive inflammation9”. How- 
ever, soluble cytokine receptors are rapidly filtered 
f?om the blood by the kidneys. To extend the pharmaco- 
kinetic in vim half-life of soluble cytokine receptors, 
several groups have generated corresponding receptor- 
m~iunoadhesins. For example, immunoadhesins based 
on the two TNF receptors p.55 (RefS 2%30.32,33) 
and p75 (Ref.+ 34,35), the type I IL-1 receptor”‘, and 
the IFN-1, receptor ol-chaind’,-l” have been reported. 
These immunoadhesins have shown protective efficacy 
in preclinical models of septic shock, autoimmune 
arthritis, inflammatory bowel disease, experimental 
allergic encephalomyelitis, transplant rejection and 
type I diabetes. Clinical trials of several cytokine- 
receptor immunoadhesins are currently under way. 

A different strategy to intervene with excessive 
inflammation is to block the adhesion of leukocytes to 
the vascular endothelium and, hence. to prevent the 
trammigration of leukocytes into tissues, where they 
exert local damage. For example, inflammatory lung 
injury, such as in adult respiratory distress syndrome, 
involves a massive influx of neutrophils from the blood 
into the lung. The L-, E- and P-selectins play 3 key 
role in leukocyte extravasatiom Immunoadhesins 
based on these selectins have been shown to afford 
protection in animal models of lung injur)i and may 
prove to have therapeutic value”. 

A unique type of immunoadhesin is based on the 
receptor for the allergen-binding antibody IgE. Bind- 
ing of IgE to high-aflinity receptors on basophils and 
mast cells triggers mediator release, which contributes 
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to the allergic reaction. &E-receptor immunoadhesin 
acts as a potent inhibitor of IgE binding to mast cells 
if? ~ivo’~, and may prove to be useful for the treatment 
of IcgE-mediated allergic disease. 

Agonistic immunoadhesins based on cytokines, 
rather than on cytokine receptors, have also been 
described. IL-2 (Ref. 83) and IL-10 (Ref. X4) im- 
munoadhesins retain the functions of their parent 
interleukins, but exhibit a markedly longer half-life in 

viva. This type of agonistic fusion-protein broadens the 
spectrum of potential therapeutic applications for 
immunoadhesins as immunoregulatory agents. 

An immunoadhesin that inhibits cancer metastasis 
Proteolytic degradation of basement-membrane 

proteins by cell-surface urokinase is required for 
metastasis by a variety of human tumor cell types. 
Consequently, an inactive urokinase mutant expressed 
in tumor cell-lines completely inhibits metastasis. 
Alternatively, an immunoadhesin based on an enzy- 
matically inactive mutant of urokinase can be used to 
inhibit urokinase activit)lj”. This urokinase-mutant 
immunoadhesin reduces the metastatic capacity of 
a prostate cancer cell-line in mice’, suggesting that 
inhibition of urokinase activity by this approach may 
be a useful strategy for combating tumor metastasis. 

Practical implications 
Immunoadhesins are a new class of molecules with 

unique applications and significant potential in human 
therapy. These fusion proteins are particularly useful in 
studies designed to investigate the biological functions 
of novel receptors or ligands, to define the structural 
requirements for l&and-receptor interactions, and to 
identify and isolate unknown ligands of known recep- 
tors. Moreover, preclinical studies establish an excit- 
ing potential for immunoadhesins as human thera- 
peutic agents that may help to combat viral infection, 
inflammatory and auto-immune disease, and tumor 
metastasis. Immunoadhesins share many biological 
properties of mAbs, including pharmacokinetic prop- 
erties and target-recognition capacity Therefore, they 
may be considered as an alternative to mAbs, both in 
research and in therapeutics. Immunoadhesins may be 
preferred in certain contexts, for example, when high- 
affinity mAbs capable of neutralizing a given antigen 
are difficult to obtain but the receptor that binds to 
that antigen is readily available. 

As more immunoadhesins and mAbs are developed 
and tested in clinical trials, it will be possible to assess 
further their comparative utility. Key areas that will 
need to be addressed include the feasibility of large- 
scale production, stability, safety, immunogenicity and 
pharmacokinetics and, finally, efficacy in the treatment 
of human disease. 
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Novel antimicrobial compounds 
identified using synthetic 

combinatorial library technology 
Sylvie E. Blondelle and Richard A. Houghten 

The recent emergence of combinatorial chemistry has greatly advanced the develop- 

ment of biologically active lead compounds. It is anticipated that combinatorial library 

technology will add great value to the fight against drug-resistant bacterial strains, 

which pose increasingly serious health hazards. Owing to the need to use complex 

cell-based assays and, in turn, to screen free compounds in solution, the potential 

use of combinatorial libraries in the field of infectious diseases has not yet been fully 

explored. Despite these limitations, a number of new antimicrobial and/or antifungal 

compounds have been successfully identified from pools of millions of other compounds. 

Following the discovery of the penicillins in the 1940s 
(Ref. l), an enormous number of compounds has 
been screened to identify and isolate antimicrobial 
agents. These efforts have allowed a range of life- 
threatening infectious diseases, such as tuberculosis and 
pneumonia, to be cured. However, the widespread use 
of such pharmaceutical agents has led to the develop- 
ment of bacterial resistance to existing drugs (reviewed 

in Kef. 2). It is expected that this, combined with the 
decreasing rate of development of new antibiotics, will 
lead to the appearance of infectious diseases for which 
there is no available treatment. 

Sources for novel antimicrobial compounds 
Large-scale screening of individual synthetic com- 

pounds and natural products represents one of the 
primary approaches for the development of new 
antimicrobial agents, This approach primarily involves 
the screening of large banks of known compounds, as 
well as of natural sources such as soil samples, marine 
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