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INTRODUCTION
This manuscript focuses on the evolu-

tionary story of CD38 and CD157 from
soluble enzyme of sea mollusks to sur-
face receptors of leukocytes, as de-
scribed in talks presented at the CD38
meeting (June 10-12, Torino, Italy). We
will start by summarizing the presenta-
tion by E Ferrero on the evolutionary
strategies behind the unique develop-
mental pathway followed by the CD38
gene family. Next, we will analyze some
of the immunological aspects of the
human CD38 and CD157 molecules,
highlighting the common threads
emerging from the analysis of different
lineages and models, such as T cells
(J Sancho), B cells (S Deaglio), dendritic
cells (CM Ausiello), and granulocytes
(A Funaro).

CD38 AND CD157: FROM ENZYMES TO
RECEPTORS IN PHYLOGENY

Leukocyte receptors would seem to
have nothing to do with enzymes, clas-
sically portrayed as intracellular nano-
machines that churn out new products
from one substrate or another. For at
least one molecule, this neat division of
roles came tumbling down thanks to a
single protein sequence alignment (1).
At the time, CD38 was a T lymphocyte
receptor enjoying a distinguished ca-
reer as a research tool, diagnostic
marker, and therapeutic target in blood
cancers. The startling result of this
alignment was that the receptor CD38
was related to a NADase/ADPR cy-
clase (NADase/ADPRC) found in the
gonads of Aplysia californica, a sea
mollusk.

The first step toward solving the
enigma of CD38 and CD157 featuring si-
multaneously as ectoenzymes and recep-
tors starts from the study of molecular
evolution as a source of potential expla-
nations of biological phenomena. In this
case, the question is by what mecha-
nisms did a cellular enzyme expressed in
Aplysia ovotestis find its way to the sur-
face of human leukocytes?

NADase/ADPRCs enzymatic activities
are found in bacteria (2,3), plants (4), and
metazoans (5). The eukaryotic NADase/
ADPRCs form a unique gene family of
very small size, which is convenient
when trying to catalog new members as
orthologs (same gene, different species)
or paralogs (genes related by duplica-
tion). From sea slug to schistosome, sea
urchin, chicken, mouse, macaque, and
human, the NADase/ADPRC genes all
derive from a common ancestral gene.
The oldest well-characterized NADase/
ADPRC gene at the moment belongs to
Aplysia, whose origins date back to the
Cambrian period over 500 million years
ago (mya). The compact 8-exon, 7 kb
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gene reaches 90 kb by the time humans
evolve, essentially through expansion of
the intervening sequences.

Mammals have two NADase/ADPRCs
identified as CD38 and CD157 (Figure 1).
Their genes are very similar in intron-
exon structure and reflect their common
origins with the Aplysia ADPRC gene.
Arranged head-to-tail in tandem on HSA
chromosome 4 (telomere → CD157 →
CD38 → centromere) and MMU chromo-
some 5, CD38 and CD157 are clearly de-
rived by gene duplication (6). In trying
to estimate the date of the duplication
event, we are currently characterizing
the NADase/ADPRCs in the chicken, a
non-mammalian vertebrate. The pres-
ence of both CD38 and CD157 in the
chicken genome would indicate that the
gene duplication pre-dated the reptile/
mammal separation over 300 mya (E Fer-
rero, unpublished). Analysis of the
chicken genome databases and our un-
published data confirm that orthologs of
CD38 and CD157 lie in tandem on GGA
chromosome 4 (E Ferrero, unpublished).

The products of the NADase/ADPRC
genes are either soluble (aplysia, sea
urchin) or membrane-bound enzymes
[sea urchin (?), schistosome NACE, CD38
from chicken to human, CD157 from
chicken (?) to human]. These proteins
range in size from the soluble 29-kDa
Aplysia ADPRC to the 45-kDa membrane
glycoproteins CD38 and CD157. All these
proteins have a polypeptide core of 280-
300 amino acids with at least 25% of their
residues in common. Their 3D structures
are spectacularly conserved, to which the
preservation of ten cysteine residues and
the inter-cysteine spacing contribute
enormously (7,8). The enzymatic charac-
teristics of the molecules are analyzed in
different sections of this issue.

Aplysia cyclase shares 25-30% of their
amino acid sequence with CD38 and
CD157 polypeptides, but it is the N- and
C-terminal modifications which deter-
mine protein topology and localization.
The short N-terminal hydrophobic tract
found in Aplysia cyclase is longer in
CD38, a process which simply required
the addition of a few amino acid

residues to produce a type II membrane
protein with an N-terminal transmem-
brane domain. The fate of most type II
proteins is association with the plasma
membrane, Golgi apparatus, and endo-
plasmic reticulum (ER) (9), and this too
was the case of CD38, which thus be-
came an ectoenzyme during its long
journey in evolution.

CD157 devised a more innovative
mechanism for acquiring membrane
attachment. With an N-terminal ER-
targeting signal peptide in place, mem-
brane binding was acquired through the
addition of a ninth exon whose sole
raison d’être is to encode a C-terminal
hydrophobic stretch, which is subse-
quently removed upon addition of
glycosyl-phosphatidylinositol (GPI). The
process generated a membrane-bound,
GPI-anchored NADase/ADPRC.

NADase/ADPRCs inside the cell (in-
cluding in mitochondria and the nu-
cleus) are predicted to control metabolic
pathways and other fundamental cellular

processes (10). Confirming this in hu-
mans and mice, CD38 has been impli-
cated in insulin secretion (11,12), myome-
trial contraction (13), airway smooth
muscle contractility (14), osteoclast activ-
ity (15), and more.

The microevolutionary processes that
modified the vertebrate NADase/
ADPRC genes and their effects on pro-
tein dynamics provide an explanation for
how the vertebrate enzymes reached the
cell surface, and the distribution of the
metabolic effects within cellular or-
ganelles could explain why. A relevant
issue is whether the presence of these ec-
toenzymes on the surface of leukocytes is
just an evolutionary trade-off or might it
be advantageous to have NADase/
ADPRCs on their surface. Although the
plasma concentration of NAD is very
low, there might be circumstances in
which blood cells are somehow exposed
to exceptional amounts of it. Another
possibility is that natural selection fa-
vored a past organism whose leukocytes

Figure 1. Schematic diagram showing hypothetical steps leading to receptor activity of
the ADPRCs. Colored dots represent individual genes; the ancestral gene (yellow dot) is
hypothetical.
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had at least one NADase/ADPRC on the
cell surface, as part of the process of
building an enzymatically active mem-
brane surface. No protein acts alone and
the NADase/ADPRCs may be part of a
cell surface metabolic pathway or net-
work, a notion confirmed by the fact that
over 3% of leukocyte surface molecules
are ectoenzymes (16).

It would be nice to find evidence that
the first lymphocytes of the vertebrate
protoimmune system to emerge in some
primitive jawed fish over 500 mya ex-
pressed a NADase/ADPRC on their sur-
face. Indeed, the first in silico evidence of
a tandem duplication of NADase/
ADPRC genes comes from Tetraodon
negroviridis (Figure 1). Once the classical
modular antigen receptors of T and B
(TCR and BCR) lymphocytes appeared,
CD38 learned how to parasitize them
and their signaling pathways. Human
peripheral blood T and B lymphocytes
respond to agonistic anti-CD38 mAbs (in
lieu of a presumed more natural ligand)
in many ways, including cell activation
and proliferation, transcription of cy-
tokine genes, apoptosis, tyrosine phos-
phorylation of intracellular proteins, and
more. CD38 cannot signal alone, its sig-
naling pathways share several steps
with those of the TCR and BCR, whose
presence is indispensable for CD38 sig-
naling. Apparently enzymatic activities
are not involved in the process in human
models: hence, by transducing a signal
from outside to inside the cell and in-
ducing biological effects, CD38 gains the
attribution of a full receptor. Dendritic
cells also make use of the signaling ca-
pacity of CD38 (vide infra). Instead,
cousin CD157 features prominently on
the surface of human neutrophils and
endothelium (vide infra). In other cells,
CD157 performs as receptors do (17,18),
leaving little doubt to the dual func-
tional capacity of both CD38 and CD157.
To top it all, CD38 and CD157 are very
tightly regulated during leukocyte onto-
genesis, a process which is energetically
quite expensive.

In conclusion, the CD38 and CD157
genes are duplicates and, as such, could

have undergone pseudogenization and
disappeared without a trace. They have
survived with modification to join the
ranks of genes pertaining to chemosensa-
tion, immunity, and reproduction, those
most frequently duplicated during mam-
malian evolution (see model in Figure 1).

CD38 AS A RECEPTOR IN HUMAN T
LYMPHOCYTES

CD38 functions in T lymphocytes are
mediated by cell surface association with
the TCR/CD3 complex (19–21): the local-
ization of CD38 to lipid rafts is essential
for CD38-mediated signaling in murine
T cell lines transfected with the human
CD38 gene (21), or in human Jurkat T line
which constitutively expresses CD38 (22).
In both models, CD38 appears to localize
to the rafts without the need for ligation
(21,22). Membrane analysis revealed that
CD38, Lck and CD3-ζ reside in a raft
subset different from that hosting LAT
and other signaling molecules (22). These
results are in line with evidence coming
from resting T lymphocytes, where Lck
and LAT are located in different raft sub-
sets (23–25). Cell activation induces the
rafts to coalesce, leading Lck and LAT to
localize in the same raft subset (23–25).
CD38 residency in a subset of rafts to-
gether with Lck and CD3-ζ provides a
trigger for CD38-mediated signaling, fol-
lowed by phosphorylation of CD3-ζ,
CD3-ε, Lck and LAT. Meanwhile, key
signaling molecules (e.g., Sos and p85-
phosphatidylinositol 3-kinase) are
translocated to rafts (22).

The simultaneous presence of antigen-
loaded HLA Class II molecules,
tetraspanins, and CD38 in physically
discrete microdomains likely influences
the ability of APCs to stimulate antigen-
specific T cells. Evidence derived from
monocytes, dendritic cells, and Thl re-
sponse seem to support this view (vide
infra).

The mechanisms by which CD38 is in-
cluded or excluded from rafts in T lym-
phocytes are not known: a reasonable
hypothesis is that the composition of
membrane rafts and the dynamics be-
tween resting and activated/effector con-

ditions may make the difference. What is
a firm point is that murine and human
T cell lines with an effector (activated)
phenotype express high levels of the
ganglioside GM1 (a conventional raft
marker) and CD38 is readily detected in
rafts (21,22). Resting human T lympho-
cytes display CD38 as almost exclusively
residing in soluble fractions. The picture
is significantly modified after activation
(e.g., in vitro PHA), with quantitative
and qualitative variations in the distribu-
tion of CD38 between raft and non-raft
fractions. CD38 modulation correlates
with an increased expression of surface
GM1 and a distinct expansion of GM1+

CD38+ T lymphocytes (26). Likewise, a
significant fraction of CD38 is associated
with lipid rafts in Systemic Lupus Ery-
thematosus (SLE) T lymphocytes, which
again correlates with increased basal ex-
pression of surface GM1. Indeed, SLE
T lymphocytes are reported as display-
ing basal levels of GM1 higher than nor-
mal counterparts: the inference is that
they contain similarly high amounts of
the raft-fraction-containing CD38 (26).
These findings may be indicative of an
“activated” phenotype, potentially re-
sulting from the exposure of SLE T lym-
phocytes to differentiated dendritic cells
found in abnormally high numbers in
these patients (27).

CD38 AS A RECEPTOR IN HUMAN
B LYMPHOCYTES

Attention to the role of CD38 in
human B lymphocyte physiology has re-
cently grown due to a number of re-
ports pointing to a role for CD38 in the
pathogenetic network underlying
chronic lymphocytic leukemia (CLL)
(28). CD38 is a useful negative prognos-
tic marker that correlates with a shorter
survival, a more frequent therapeutic
need, and a diminished sensitivity to
chemotherapeutic agents (reviewed in
29). Our hypothesis is that CD38 is not a
simple marker, but that it directly con-
tributes to the worsening of CLL prog-
nosis (30). This was shown in vitro by
mimicking the interactions between
CLL and nurse-like cells in the blood
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and in peripheral lymphoid organs (31).
The results indicate that CD38 ligation
induces proliferation and increases sur-
vival of a subset of leukemic cells which
acquire blastic features together with
the surface expression of survival recep-
tors. The interest now is focused on the
understanding of the signaling pathway
controlled by CD38 in CLL cells and of
the functional relationship between this
surface receptor and ZAP-70, an intracy-
toplasmic kinase expressed by a subset
of CLL cases and also associated with
an unfavorable prognosis. The results
obtained in this field are reported else-
where in this issue.

We are currently expanding these re-
sults trying to obtain a general picture
of how CD38-mediated signals originate
and are transmitted within a B lympho-
cyte. As described above, experience
with T cells has shown that membrane
organization and lateral associations are
crucial for CD38-mediated signals. In a
recent and unpublished work [pre-
sented as a poster at the meeting
(Vaisitti et al.)], the localization of CD38
in distinct membrane domains was ex-
amined by means of biochemical frac-
tionation of surface membranes. The
results indicate that CD38 molecules
do not have preferred membrane local-
ization under resting conditions, with
approximately one third of the molecu-
lar pool present in the detergent-insolu-
ble fractions of the membrane. One
third is present in the detergent-soluble
fractions while the remaining molecules
are visible in the intermediate fractions.
These findings suggest that CD38 mole-
cules have a dynamic behavior and
membrane relocalization is likely an im-
portant functional step in CD38 signal
transduction (Figure 2). Further, co-im-
munoprecipitation experiments have
highlighted a physical association be-
tween CD38 and the CD19/CD81 com-
plex. This association is also highly dy-
namic, taking place preferentially within
detergent soluble membranes: the find-
ings suggest that it also has a functional
nature, in analogy with that described
above for T cell models.

CD38 AS A RECEPTOR IN DENDRITIC
CELLS

Dendritic cells (DC) are called a front
line of defense to pathogenetic micro-
organisms and a reference center in the
regulation of quality, quantity, and dura-
tion of innate and acquired immune re-
sponses (32). When immature, DC cap-
ture microbial antigens at the site of
infection. Maturation is induced by
pathogen recognition receptors (PRR) as
well as by an indirect sensing of infec-
tions through inflammatory cytokines.
Maturation is the result of a rearrange-
ment of genes regulating the production
of different cytokines and bringing DC

to migrate to lymph nodes, where they
present antigens to naive T cells and po-
larize the adaptive immune response
(32). CD38 is a marker of the transition
of monocytes to dendritic cells induced
by inflammatory processes (33). The first
step to immature DC (iDC) is witnessed
by a progressive loss of surface CD38 as
well as CD14, and by the simultaneous
acquisition of CD1a. Lipopolysaccharide
(LPS) induces DC to shift to a mature
state. LPS-induced maturation of iDC
(CD1ahi/CD14l°/CD38l°) is paralleled by
a rapid re-expression of CD38 by the
majority of the cells, a process highly
reminiscent of lymphocyte differentia-

Figure 2. Modulation of CD38 receptor functions in immune cells. Lateral associations with
signaling molecules and localization in membrane lipid microdomains are necessary req-
uisites for CD38-mediated signals. B lymphocytes are shown as paradigmatic of other lin-
eages. Lipid rafts are outlined in yellow in the context of the membrane (in blue).
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tion (34). The role of CD38 in the inter-
play between DC and effector T lympho-
cytes was analyzed step by step when
DC were directly exposed to pathogens
via PRR or indirectly detected inflamma-
tory products.

Direct microbial effects surrogated by
LPS induce DC to maturate and express
CD38 (along with the reference marker
CD83). IFN-γ mimicks the effects ruled
by the effectors of innate immunity (NK
cells and macrophages) and by T lym-
phocytes, and is generally considered
as a broader activation signal operating
during DC maturation. DC treated with
IFN-γ upmodulate CD38 at levels sig-
nificantly higher than the reference
CD83 (33). CD40 ligation (a late T-cell-
derived signal of DC maturation oper-
ating in the secondary lymphoid organs)
induces a similar up-regulation of
CD38, even if lower to that of CD83.
CD38 may be considered an early matu-
ration marker induced by microbial
molecules and cytokines produced in
early steps in the innate immune re-
sponse. Late events (for example,
driven by CD40 ligation) are less im-
portant in the induction of CD38 (33)

These findings support the hypothesis
that CD38 may act as a surface molecule
modulating adhesion and signaling be-
tween DC and T lymphocytes. Owing to
its intrinsic ineptitude to act as a recep-
tor, the search was addressed to candi-
date surface molecules working as trans-
ducers. The results indicate that CD83, a
marker of human mature DC and a key
player in mDC-mediated T cell activa-
tion, is constantly membrane-associated
with CD38. Secondly, this association can
be instrumental in mDC-mediated T cell
activation of naive T cells (CD31+). Fur-
ther, other molecules implicated in mi-
gration (for example, CD11b and CCR7)
are also constantly associated with CD38.
On the contrary, no association was
found with other signaling receptors,
such as CD86 or with CD31. Lastly, the
signaling role of CD38 was indirectly
confirmed by its localization in lipid
rafts, key structures in initiating and sus-
taining signaling events (35). Immature

DC (CCR7+) migrate from the skin and
mucosal epithelia to the draining lym-
phoid tissue, where they interact with
naive T cells. The maturation is charac-
terized by a progressive loss of the abil-
ity to endocytose. The experience gath-
ered on the role of CD38 in rolling and
adherence of lymphocytes through inter-
action with CD31 expressed by endothe-
lial cells was transferred to the analysis
of the migration properties of DC.
Chemotaxis and trans-endothelial pas-
sage in response to CCL21 indicate that
migration of LPS-matured DC is signifi-
cantly inhibited in the presence of block-
ing anti-CD38 mAb and of recombinant
soluble CD38 (sCD38). Significant inhibi-
tions are also observed in the presence of
anti-CD31 mAb. The enzymatic activity
of CD38 is not involved in this context,
because the addition of 8-Br-cADPR, an
antagonist of cADPR, does not influence
chemotaxis and trans-endothelial migra-
tion. Latest in vitro evidence on human
models indicate that the receptorial activ-
ity of CD38 is involved in DC migration,
even if the contribution of NAD sub-
strate or other end-products (e g., ADPR
and NAADP) cannot be excluded (35).

Another issue considered was the
analysis of a potential link between
CD38 and cellular longevity. Pathogen-
or T cell-derived maturation stimuli
confer resistance to environmental and
intrinsic death signals in DC by regulat-
ing the expression of the anti-apoptotic
factor Bcl-2 and the pro-apoptotic factor
Bax, a mediator of mitochondrial dam-
age. Signals mediated by CD38 con-
verge on these pathways and finely
tune the expression of pro- and anti-
apoptotic molecules, increasing DC lon-
gevity, at least for the time needed to
reach lymph nodes and prime T lym-
phocytes. Inhibition of CD38 engage-
ment during LPS-driven maturation in-
creases the sensitivity of mDC to
intrinsic pathways of apoptosis after
LPS treatment. LPS-induced survival is
reacquired when the signals mediated
by CD38 are restored (35).

Another critical point considered was
the role of CD38 in the polarization of

T helper cells (Th)1. The regulation of
Th cell development by DC is a complex
interplay induced by different pathogen-
associated molecules and their inter-
actions with PRR. Protective Th1 re-
sponses are directed against intracellular
pathogens (e g., virus and intracellular
bacteria), while Th2 responses operate
against helminths and allergy-induced
events. Exacerbated Th1 or Th2 responses
are regulated by fine-tuning: for instance,
a type of polarized response (i.e., Th17) is
specifically involved in autoimmune dis-
eases (36). CD38 is involved in the Th1
response induced by LPS-matured DC.
Indeed, inhibition of CD38 signals during
the LPS-induced maturation process af-
fects mDC-driven IFN-γ production by
naive T lymphocytes due to an impaired
IL-12p70 secretion by mDC. IL-12 secre-
tion is restored upon CD38 ligation by
the agonistic anti-CD38 mAb (35).

CD157 AS A RECEPTOR
CD157 is a GPI-anchored ectoenzyme

showing 36% amino acid identity with
human CD38 and 33% with the endocel-
lular soluble ADPRC from Aplysia califor-
nica (6). Originally identified as a bone
marrow (BM) stromal cell molecule
(BST-1) (37), human CD157 is prevalently
expressed by cells of the myeloid lineage
and exerts enzymatic activities along
with receptor functions. Early evidence
for the receptor nature of CD157 came
from the BM microenvironment where it
is expressed by stromal cells and sup-
ports the growth of pre-B lymphocytes
(38). Functional analyses by means of ag-
onistic mAb mimicking the natural lig-
and(s), suggest that CD157 could act as a
receptor with signal transduction capac-
ity. Indeed, CD157 ligation induces tyro-
sine phosphorylation of a 130 kDa pro-
tein identified as focal adhesion kinase
(FAK) in selected myeloid cell lines
(39,40). Further, it regulates calcium ho-
meostasis and promotes polarization in
neutrophils and mediates superoxide
(O2

-) production in the human U937
myeloid line (41,42).

Lacking a cytoplasmic domain, CD157
must associate with some professional
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receptor(s) to transduce signals; much in
the same way as CD38, which has a
short intracellular domain, parasites spe-
cific receptors to compensate for its
structural ineptitude to exert receptor
functions. Recent results suggest that
CD157 associates with the CD11b/CD18
complex for signal transduction on
human neutrophils. Indeed, β2 integrin
and CD157 appear to be closely associ-
ated either spatially (ligand-induced
clustering of β2 integrin causes co-
localization with CD157), or structurally
(CD157 co-immunoprecipitates CD18
and vice versa) (42) (and A.F., manu-
script in preparation).

Experimental evidence suggests that
critical functions of human neutrophils
are orchestrated by CD157. Indeed,
CD157-mediated signals promote polar-
ization of these cells, an event central to
chemotaxis, improving mobility, and be-
coming instrumental in perceiving the
existence of chemotactic gradients (43).
When activated neutrophils transform
from resting to migratory cells, CD157
localizes into GM1-enriched rafts and
migrates preferentially to the uropod.
CD157 regulates chemotaxis stimulated
through the high affinity fMLP receptor
and regulates transendothelial migration
(42). Real-time microscopy revealed that
CD157 engagement brings a sort of dis-
orientation among neutrophils, which
meander toward interendothelial junc-
tions where they eventually stop with-
out transmigrating (43) (Figure 3). These
findings are relevant in vivo: indeed
CD157-deficient neutrophils obtained
from patients with paroxysmal noctur-
nal hemoglobinuria (who have defective
expression of GPI-anchored molecules)
are characterized by severely impaired
diapedesis and by consistently defective
migration.

The relationship between the enzy-
matic activities and the receptor func-
tions is an intriguing issue, as well as the
difference seen between the human and
murine models. The molecular details
that govern CD157-mediated effects and
the hypothesized non-substrate ligand(s)
of the molecule remain unknown. Re-

cently, Partida-Sanchez et al. (44) demon-
strated that CD38 regulates chemotaxis
of dendritic cells and dendritic cell pre-
cursors during the inflammatory re-
sponse through the production of
cADPR, a Ca2+-mobilizing second mes-
senger. However, it is unlikely that
human CD157 could exploit this signal
transduction pathway, because its cyclase
activity on PMN and endothelial cells is
extremely poor (42). Moreover, the enzy-
matic efficiency of CD157 is several hun-
dredfold lower than that of CD38 and re-
quires acidic pH and metal ions, far
away from a physiological context
(10,11,40,45).

CONCLUSIONS
One of the ambitious aims of the

Torino CD38 Meeting was to bring
together basic and clinical scientists to

highlight the practical aspects of an enor-
mous investment derived from the anal-
ysis of ectoenzymes. “No clinic, no suc-
cess” means that we must address efforts
in translating as much as possible our
observations in diagnostic and practical
applications to warrant a larger visibility
and a future for the field, apparently dis-
tant from immediate applications. This
goal was definitely reached during the
Torino Meeting. The issues of localiza-
tion, access to substrates, transport of
products from outside to inside of cells
were brilliantly answered and with gen-
eral agreements. The view of CD38/
CD157 as receptors still has some shad-
owed areas, partly derived from im-
munological biases and partly from the
different models used (human vs.
murine). The results obtained confirm
the existence of marked differences be-

Figure 3. Role of CD157 during neutrophil transendothelial migration: role of CD157.
PMN were labeled with carboxyfluorescein succinimidyl ester (CFSE), incubated with
anti-CD157 or irrelevant mAb, and seeded on activated endothelial cell (HEC) mono-
layers grown on collagen. After migration, samples were fixed, washed, stained with
anti-CD31 mAb and F(ab’)2-GαMIg-TexasRed and evaluated by laser-scanning confocal
microscopy. The images show the position of PMN at the end of the transmigration assay.
Samples were analyzed by sequential scanning of the xy planes recorded along the
z axis. Series of confocal optical xy images were processed using a 3D-reconstruction
program and visualized as orthogonal views. PMN treated with anti-CD157 mAb show a
reduced diapedesis.
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tween murine CD38 and its human
counterpart. Results independently ob-
tained from normal and pathological
models indicate that CD38 and CD157
act as receptors in man: the effects
mediated on CD38 by agonistic mAbs
are reproduced using CD31 as counter-
receptor or blocked by soluble CD38 and
CD31 molecules. A reasonable inference
is that CD38 and CD157 may exert more
than one function, a concept embraced
by the term pleiotropism, a characteristic
shared with many other surface mole-
cules, either ectoenzymes or not.

The experience with human models in-
dicates that a high number of functions
mediated by CD38 and CD157 are inde-
pendent of their enzymatic activities. It is
reasonable to assume that the large extra-
cellular domains of ectoenzymes and
their association with other molecules can
mediate response without involvement of
their catalytic properties. Further, both
molecules are frequently shed from the
cell membrane through cleavage or other
mechanisms producing soluble forms.
This implies that the two molecules
might also act as a regulatory system or
even bring to interaction with CD38- and
CD157- cells. High serum concentration
of soluble CD157 has been reported in
patients with severe rheumatoid arthritis
characterized by joint destruction, sug-
gesting a role of molecule in the patho-
genesis of the disease (46).

At the end of the Torino Meeting, our
impression is that a single model com-
bining the characteristics of enzyme and
receptor was not identified. One inter-
pretation is that the two functions are in-
dependent and a further possibility is
that we are seeing only a few facets of a
story and missing some critical keys.
The next meeting is requested to view
the CD38/CD157 family and—more in
general—the ectoenzymes from a physi-
ological view, again using diseases as a
way for confirming normality.
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