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structural details of crucial residues of
PrPC will be essential for the design of
future experiments to elucidate the struc-
ture-function relationship of prion pro-
teins and the mechanism of prion diseases.
The next step structural biology will cer-
tainly aim at is the determination of vari-
ants of PrPC with high susceptibility to
prion disease such as the Met129Val mu-
tation. Even more challenging will be to
determine the structure of the entire PrPC
and finally the structure of PrPS¢, the pro-
tein believed to be the infectious agent for
prion diseases.
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Figure. Ribbon diagram of the structure of the mouse prion protein domain PrP(121-231). Three
helices are colored yellow, a short antiparallel two-stranded B-sheet cyan, the connectin loops green,
except for a reddish loop in the upper right that is structurally disordered. There is a single disulfide-
bond which is colored white.
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Integrins play a major role in cell-cell
and cell-matrix interactions. Most of the
different integrins recognize the tripep-
tide sequence Arg-Gly-Asp (RGD) [2].
To explore the spatial requirements of the
pharmacophore forreceptor selectivity and
high activity, anew procedure, the ‘spatial
screening’, was used. The procedure is
based on the experience that the confor-
mation of small cyclic peptides are mainly
determined by the chirality of the amino
acids (and Gly or Pro). E.g. cyclic pen-
tapeptides, with one D- and four L-amino
acids prefer a BII'y conformation. The
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sequence RGDFV was shifted around this
spatial BII’y template by synthesis of four
peptides in which one of the L-amino acids
was used in D-configuration {3] and the
all-L-peptide (Gly represents the D-ami-
no-acid analogue). It turned out that high-
est activity and selectivity was achieved
with cyclo(RGDFV) for the o, 3; integrin
[4], which is strongly expressed on cancer
cells. The same approach was also suc-
cessful for the oy 5 integrin using cyclic
hexapeptides as templates [5]. Systematic
variations with different turn mimetics
[6], retro-inverso structures [7], reduced
peptide bonds [8], and thiopeptides yield-
ed in highly active, selective, and meta-
bolically stable compounds.

It has been demonstrated that the inhi-
bition of the ¢, 3; integrins caused apopto-
sis in cancer tissue [9]. In addition, angio-
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genesis is strongly inhibited by blocking
the o, 35 and/or o, fs integrin [10][11). As
neovascularization is important for tumor
growth and metastasis, our cyclic peptides
are promising candidates for a new tumor
therapy by ‘starving’.
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Adhesion Molecules as Drug
Targets. The Case of CD2 [1]

Ellis L. Reinherz*

The cell surface protein CD2 was orig-
inally described as the receptor responsible
for rosetting of T lymphocytes (T cells)
with Sheep Red Blood Cell (SRBC). The
ligand on SRBC is CD58 which is also
present on B cells and antigen-presenting
cells (APC). Beside the low affinity adhe-
sion properties of CD2, the interaction of
CD2 on T cells with APC is of major
importance also for the activation of T cells
by delivering secondary signals (in addi-
tion to the first signal by the T-cell recep-
tor) which are essential for complete stim-
ulation of the T cell. Once nonresponsive-
ness or anergy of a T cell has been induced,
e.g. by blockade of the most important
costimulatory interaction of CD28 (T cell)
with B7 (APC), additional blockade of
CD?2 would prolong the anergic T-cell state
even in presence of normally restoring
exogenous interleukin-2 (IL-2). These data
suffice to encourage pharma research for
drug-discovery programs for blockade of
CD2-CD58 interaction.

*Correspondence: Prof. E.L. Reinherz
Harvard Medical School
Boston, Mass., USA

CD2 belongs to the superfamily of
immunoglobulin-like molecules and con-
sits of two extracellular domains and a
cytoplasmic tail which is very rich in pro-
lines. Many signalling proteins bind to the
cytoplasmic tail including the IL-12-re-
sponsive element sequence despite the
lack of tyrosines in these sequences which
are known to be involved in binding mo-
tifs. The twoextracellular domains of CD2
are conjugated to a glycan-sugar moiety
which lies apart from the CD58 binding
site, but absence of the sugar after degly-
cosylation does inhibit binding of CD2 to
CD38. :

In addition to the CD58 binding site on
CD2, an epitope has been defined by anti-
body binding studies — named CD2R —
which is only found on the activated form
of CD2. The epitope CD2R is dependent
on the first protein domain but does not
require the glycan domain (second do-
main). Using the method of amino-acid
exchanges in mutated and re-expressed
molecules, the binding domain could be
defined for the CD2R-binding antibody.
Cross-linking of two adjacent CD2 mole-
cules is required for CD2R expression.

Thus, the first step still remains the bind-
ing of CD58 to CD2 followed by expres-
sion of the CD2R epitope leading to a
redistribution of all CD2 molecules at the
site of contact of a T cell with a CD58
positivecell. Itis remarkable that the whole
process which happens within seconds
works also in the absence of the CD2
cytoplasmic tail concluding thata particu-
lar intracellular signalling is not required.
The whole process can be demonstrated
by binding of the fluorescence-labelled
antibody to clustered CD2- and, therefore,
CD2R-positive T lymphocytes only, in
contrast to other antibodies which bind
also on nonactivated (and not aggregated)
CD2 on T cells.

In conclusion although the interaction
of CD2 with CD58 per se is only of low
affinity type (KD = 10-5) the copy number
of adjacently clustered CD2 increases the
interaction between CD2-positive T cells
and CD58-positive cells and, therefore,
enables stimulation of the T cell. With
respect to design and discovery of new
drugs, these findings might tell us that
looking only at single isolated molecules,
the absence of suitable sites for drug bind-
ing, and lack of drug discovery might not
discourage from further attempts. Howev-
er, new efforts should be initiated for drug
discovery by looking at whole complexes
and potentially newly assembled interac-
tion sites of activated and, as shown here,
clustered receptor surfaces with their re-
spective ligands.
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