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The analysis of CD87 (urokinase-type plasminogen activator
receptor – uPAR) expression has a potential role in the
diagnostic or prognostic work-up of several hematological
malignancies, particularly acute leukemia and multiple myelo-
ma. The distribution of CD87 in acute myeloid leukemia (AML)
varies according to the FAB subtype (highest expression in M5
and lowest in M0). Functionally, it is conceivable that the
expression of CD87 could contribute to the invasive properties
of the leukemic cells towards the skin and mucosal tissues as
reflected by the clinical behavior of CD87 high cases. The lack
of or weaker expression of CD87 on blast cells from ALL
patients supports the concept that CD87 investigation might
help in the distinction of AMLs from lymphoid malignancies.
Among lymphoproliferative disorders, the expression of CD87
is exclusively found in pathological plasma cells. Since plasma
cells also coexpress some adhesion molecules such as CD138
and CD56, this observation is consistent with the capacity of
these cells to home in the bone compartment. High levels of
soluble uPAR appear to represent an independent factor
predicting worse prognosis and extramedullary involvement
in multiple myeloma.
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General aspects

The urokinase-type plasminogen activator (uPA) system consists
of a proteinase (the uPA), its receptor (the urokinase-type
plasminogen activator receptor – uPAR or CD87) and two major
inhibitors, the plasminogen activator inhibitor 1 (PAI 1) and
PAI 2.1,2

uPA is a specific serine protease, which converts plasminogen
into its active form, plasmin, a broad-spectrum serine protease
involved in the digestion of basement membranes and of various
protein substrates in the extracellular matrix. Therefore, it plays
a crucial role in cell migration and extravasation.3–6 Two major
functional domains have been identified in the uPA molecule:
an N-terminal domain also known as ‘growth factor domain’
due to its homology with the epidermal growth factor and a C-
terminal domain that displays protease activity. The N-terminal
domain has no enzymatic activity but binds with high affinity to
the cell-surface uPA receptor, uPAR or CD87.

uPAR is a heavily glycosylated glycosyl-phosphatidylinositol
(GPI)-anchored cell-surface receptor, composed of 274 amino-
acid residues, which binds uPA produced endogenously or
released from surrounding cells, and focuses plasmin proteolytic
activity on the relevant cell’s surface. uPAR belongs to the Ly6/
neurotoxin receptor family and consists of three internally
disulfide-bonded domains (D1, D2 and D3). It is attached to the
cell surface by a GPI anchor7 (Figure 1). The receptor has neither
transmembrane nor cytoplasmic domains. The ligand-binding
activity resides in the N-terminal domain, but all three domains
are necessary to achieve a high-affinity binding of uPA. By
binding to uPAR through its N-terminal domain, the catalytic C-
terminal domain of (pro)-uPA gets close to membrane-bound
plasminogen. This process results in the enzymatic activation of
(pro)-uPA into uPA, which subsequently activates more plasmi-
nogen to generate additional plasmin in a mechanism that is
referred to as ‘reciprocal zymogen activation’.8 Vitronectin
represents another important ligand for uPAR; the binding of
uPA and vitronectin to uPAR is not mutually exclusive and uPA
stimulates the vitronectin binding to uPAR.9

uPA and uPAR functions are modulated by the two specific
inhibitors, PAI 1 and PAI 2. These two proteins belong to the
serpin family and they bind and inhibit both free and receptor-
bound uPA. The binding of PAI 1 to uPAR changes the
properties of the receptor. Indeed, the uPAR–uPA–PAI 1
complex displays a binding site for the alpha-2-macroglobulin
receptor, leading to an increased rate of internalization and
degradation of this complex. uPAR is then recycled to the cell
surface while the uPA–PAI 1 pair is degraded. Therefore, PAI 1
controls both the cell-surface proteolytic activity and the cellular
distribution of uPAR in the plasma membrane.

uPAR-related cell functions

uPAR exerts multiple regulatory effects on cell migration,
leukocyte adhesion, chemotaxis and signal transduction during
leukocyte recruitment from the circulation to extravascular sites
of inflammation.

Migration

uPAR expression is strictly linked to cellular migration through
its capacity to promote pericellular proteolysis. In response to
uPA binding, the uPAR–uPA complex has been shown to cluster
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and polarize at focal sites of the cell-substratum or intercellular
contacts.10,11 uPAR clustering favors the concentration of uPA
and plasmin activity on the cell surface, a property likely to
facilitate pericellular proteolysis and cell movement across
tissue barriers.

Chemotaxis

uPAR is directly involved in the chemotaxis of monocytes and
neutrophils. Chemotaxis is induced through a uPA-dependent
conformational change of uPAR, which uncovers very potent
chemotactic sequences residing in the linker connecting
domains D1 and D2;12 such a chemotactic role of uPA may
also be independent of uPA activity.13,14

Adhesion

Apart from inducing cell migration, uPA and uPAR can regulate
cell adhesion to extracellular matrix proteins including vitro-
nectin and fibronectin. The adhesion of myeloid cells to
vitronectin might relate to uPAR occupancy, since uPAR itself
binds vitronectin and mediates adhesion processes.15,16 The
binding of uPAR to vitronectin also inhibits adhesion to other
proteins, such as fibronectin or fibrinogen, and inhibits
fibrinogen internalization via the CD11b/CD18 integrin. This

suggests that uPAR competition is involved in adhesion as well
as in internalization/degradation processes.6,17

Signal transduction

Recently, it has been documented that uPAR, in spite of lacking
an intracytoplasmic domain, is involved in signal transduction
pathways.7,18 uPAR aggregation triggers activation signals
through its association with such membrane spanning proteins
as b1, b2 and b3 integrins, specialized in relating the
intracellular and extracellular environments of the cells. It has
been suggested that uPAR may act as a ligand rather than as an
integrin-associated protein.19

Tissue remodeling

Recent results indicate that the activation of plasminogen into
plasmin focuses the proteolytic activity on the surface of
multiple myeloma (MM) plasma cells and may contribute to
the removal of bone matrix noncollagenous proteins in this
disease.20.In addition, plasmin can be involved in the activation
of latent MMPs,21–23 which, by degrading type I collagen, may
also participate in bone remodeling.24

The uPA system is also involved in the activation of
prohepatocyte growth factor into its active form, which in turn
induces the secretion of IL-11 by osteoblasts, a cytokine with a
potent stimulatory effect on osteoclastogenesis.25,26 The expres-
sion of uPA and uPAR could therefore represent a pathway by
which normal and MM plasma cells interact with the bone
marrow (BM) structure and might influence or trigger biological
events such as bone matrix degradation, plasma cell invasion
and homing, and potentially disease progression, in MM.

Soluble uPAR (suPAR)

A suPAR has been characterized in the plasma of normal healthy
subjects as well as in the plasma and body fluids of cancer
patients.27–33

suPAR is released from the plasma membrane by cleavage of
the GPI anchor. suPAR can be further cleaved in the region that
links domain D1 to domain D2 to yield two fragments,
respectively, composed of D1 and D2D3. The latter exhibits
direct chemotactic activity.7 Cleaved uPAR is unable to bind
uPA/PAI 1 complexes, neither is it internalized nor does it have
high affinity for vitronectin,34 and may be unable to act as a
mediator of cell adhesion.14

It has been suggested that in cancer patients, peripheral blood
levels of suPAR confer a poor prognosis.30–32 In fact, although
suPAR is actively released from cancer cells, the rate of receptor
shedding does not correlate with the intensity of uPAR
expression or with the amount of tumor cells in the BM.31

Recent observations suggest that suPAR fragments display
chemokine-like activities, and that, in vitro, suPAR could be
capable of modulating different processes such as cell adhesion,
migration and proliferation4,35–37

Expression of uPAR (CD87) in normal hematopoietic cells
and hematologic disorders

While the biochemical and functional properties of the uPA/
uPAR system have been largely investigated,7 few reports have
been published so far in which the distribution of the uPAR

Figure 1 Schematic representation of the uPA system. uPAR is a
glycosylated GPI-anchored cell-surface receptor composed of three
extracellular domains (D1, D2 and D3). The receptor has neither
transmembrane nor cytoplasmic domains. By binding to uPAR, (pro)-
uPA is enzymatically activated into uPA, which subsequently activates
plasminogen to generate plasmin in a mechanism that is referred to as
‘reciprocal zymogen activation’. Vitronectin (VN) represents another
important ligand for uPAR: the binding of uPA and VN to uPAR is not
mutually exclusive. uPA and uPAR functions are modulated by two
specific inhibitors PAI 1 and PAI 2. The same region of VN is required
for interaction with PAI 1, uPAR and integrins. The uPAR molecule
after uPAR–uPA–PAI 1 complex internalization and degradation is
recycled to the cell surface. In addition, the uPAR molecule interacts
with the L-selectin and integrins and activates intracellular signaling
pathways.
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molecule has been assessed in hematological disorders. At the
Fifth International Workshop on Leukocyte Differentiation
Antigens,38 six monoclonal antibodies (MoAbs) were verified
as recognizing uPAR and were clustered as CD87.

The flow cytometric evaluation of CD87 expression proved to
be particularly suitable for both a qualitative and quantitative
analysis of this receptor in different hematological conditions,
and it has become the method of choice to assess CD87
expression in normal and neoplastic peripheral blood cells.

In the following sections of this review, we summarize EGIL’s
experience39 together with the most relevant data reported in
the literature on the expression of CD87 in normal hemato-
poietic cells as well as in different hematological disorders. We
will also discuss the potential diagnostic and prognostic utility of
this molecule.

CD87 expression on normal hematopoietic cells

uPA and uPAR are expressed by leukocytes (including poly-
morphonuclear neutrophils, monocytes, macrophages, eosino-
phils and activated T lymphocytes), endothelial cells and
fibroblasts. Among normal BM cells, uPAR is expressed on a
fraction of myeloid precursors (promyelocytes, myelocytes and
metamyelocytes), monocytes and their precursors, but not on
circulating dendritic cell precursors or CD34þ hematopoietic
stem or progenitor cells.40–42 During short-term liquid culture in
the presence of cytokines, the number of CD34þ cells
decreases in parallel concomitant to an increase in the number
of uPARþ cells, which is also associated with a more
differentiated morphology and phenotype.43

CD87 expression in clonal hematopoietic disorders

Table 1 summarizes the distribution and expression of uPAR
(CD87) in different hematological disorders reported in the
literature and from EGIL’s experience through the use of
different MoAbs. As it may be seen in this table, most studies
in which CD87 expression was evaluated have focused either
on acute leukemia or on MM and only limited information is
available in other clonal hematological disorders.

Acute leukemias: Knapp et al44 initially reported CD87
expression in 41% of a series of 50 acute leukemia cases using
the VIM5 MoAb CD87 was most frequently expressed in acute
myeloid leukemias (AMLs) with monocytic differentiation (FAB

M4 and M5), and it was coexpressed with CD14 in nine out of
14 positive cases. A weak CD87 expression was also observed
by these authors in 3/16 precursor B-cell acute lymphoblastic
leukemia (ALL) cases.

Plesner et al,43 using two different MoAbs, reported a similar
reactivity for CD87 in normal monocytes and AML blasts. In
their series of AML patients, CD87 was negative on blasts from
six M1 cases, while this molecule was expressed in 3/4 M2
cases, 2/7 M4 and 7/10 M5 AML cases. uPAR was also present
in 13/13 cases of Langerhans’ cell histiocytosis and 3/4 cases of
histiocytic sarcoma. Using the same antibodies, the expression
of CD87 could not be demonstrated by the same authors on
neoplastic cells from neither B- nor T-cell lymphomas, and it
was also absent in Hodgkin’s disease.

Using a panel of five different MoAbs, Jardı́ et al45 reported
that only a minority of AML patients, those with blasts showing
differentiation features, presented the surface expression of
uPAR (420% of positivity), while permeabilized blast cells
expressed CD87 in all seven cases tested. Based on these results,
Jardı́ et al45 suggest that a mechanism of translocation of uPAR
to the cell surface may regulate the expression of this molecule.

More recently, Lanza et al40 showed that AML blasts
displayed a heterogeneous pattern of expression of CD87, with
reactivity strictly dependent on the type of cell involved
(granulocytic or monocytic) and its degree of maturation. The
highest rate of uPAR expression was observed in this study in
monoblastic AML (20/20 uPARþ patients), while the lowest
was found among patients with poorly differentiated AML (M0
subtype). Overall, 60/74 AML cases showed CD87 expression.
In addition, two out of three biphenotypic acute leukemias
showed CD87 expression, while blasts from only 3/24 ALL cases
(12.5%) studied were CD87þ . However, the degree of
positivity was considerably weaker in ALL blasts than in AML
cells.40

A comparative analysis between peripheral blood and BM
blasts at diagnosis and relapse revealed that the intensity of
uPAR expression was significantly higher in circulating blast
cells and at relapse, supporting the notion that the cellular uPAR
content positively correlates with invasive manifestations of
AML.40

Similar findings were reported by Mustjoki et al46 who found
CD87 expression in 28/29 AML patients, 2/3 biphenotypic acute
leukemias and in only 2/9 ALL cases.

Interestingly, in AML patients whose blast cells show
monocytic differentiation, uPARþ blasts were also CD11cþ ,
CD14þ , CD13 low, CD33 high, lysozyme high and MPO low/
negative. By contrast, in cases having myeloid/granulocytic

Table 1 Flow cytometric expression of CD87 in different hematologic malignancies

CD87 clone AML ALL MM MGUS NHL SMCD Author

VIM5 14/34 (M4-M5) 3/16 (B-ALL) F F F F Knapp et al44

R2 and R4 12/27 0/5 0/10 F 0/22 F Plesner et al43

Mo3f, VIM5, Mo3f109, Mo3e68, Mo3c100 2/16a 7/7b 0/6a 1/1b F F F F Jardi et al45

Mo3f 2/15 0/6 F F F F Lopez-Pedrera, et al47

3B10 and VIM5 60/74 3/24 F F F F Lanza et al40

R3 and R4 28/29 2/9 F F F F Mustjoki et al46

3937 F F 7/7 F F F Hjertner et al20

VIM5 72/98 5/32 F F F F Castoldi, unpublished data
VIM5 F 0/3 49/49 10/16 4/10c F Rigolin et al48

VIM5 F F F F F 3/7 Escribano (personal communication)

a420% surface expression.
b420% intracellular expression.
c3/4 Waldenstrom macroglobulinemia.
SMCD: adult indolent systemic mast cell disorders.
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AML, uPARþ blasts showed a coexpression of CD34, CD117,
HLA-DR and CD13, and were MPO high, lysozyme low40 in
greater than 60% of cases. In particular, CD14, an antigen,
strongly expressed on the surface of monocytes and macro-
phages, appeared to be differently distributed according to the
intensity of expression of uPAR: 87% of CD14 positivity for
bright CD87þ blasts and 34% for CD87� or -dim blast cells.
Furthermore, a bright CD87 expression positively correlated, in
the different FAB subtypes, with the intensity of expression of
CD116 (the GM-CSF receptor), but not with CD117 (Figures 2
and 3).

In addition to these phenotypic associations, uPAR expression
has also been correlated with cytogenetic findings in AML.
Clonal alterations have been observed in 93% of AML patients
with a bright uPAR expression, but only in 71% of AML patients
having either low or no uPAR expression.40 Half of the patients
with bright uPAR expression had a complex karyotype, while
this was seen in only 11% of those patients with low or negative
uPAR expression. A normal karyotype was present in 7 and 29%
of uPAR bright and uPAR neg/low blasts, respectively. A
complex karyotype, including rearrangements of chromosome
11 at band 11q23, and a bright uPAR expression were almost
exclusively associated with M5 AML, suggesting that these
characteristics may identify a peculiar variant of AML patients
with a worse prognosis.40

In line with these observations, bright CD87 expression has
also been correlated in AML patients with mucocutaneous
infiltration, hepatosplenomegaly, lymphadenopathy and CNS
involvement.40 In addition, AML patients expressing uPAR
manifested a higher frequency of bleeding complications.47

These observations suggest that uPAR expression is associated
with clinical features predicting a more aggressive course of the
disease.

Multiple myeloma: As already outlined above, preliminary
data suggest that primary malignant plasma cells from MM
patients do express uPA and uPAR and that this functionally
active proteolytic system may be involved in bone matrix
degradation in this disease.20

Flow cytometry assays have shown that uPAR was expressed
by neoplastic plasma cells in 49/49 MM patients, although
important variability with respect to the intensity of uPAR
expression was observed20,43,48 (Figure 4). This heterogeneous
pattern of expression probably reflects the fact that uPAR, stored
in the cytoplasmic compartment, is translocated to the cell
surface upon cell activation and later recycled to the cell surface
after internalization and degradation of the uPA–PAI 1
complex.1,2 In MM patients, CD87 expression appears to
correlate inversely with the maturation stage of the malignant
plasma cells.48 CD45þ immature plasma cells49,50 showed the
highest levels of expression of CD87, and also displayed a
stronger reactivity for both CD138 and CD56, two molecules
known to play an important role in cell adhesion processes.51

These findings suggest that, as CD56,51 CD87 might be involved
in the regulation of plasma cell homing, and therefore
participate in the pathogenesis of this disease.

Figure 2 Flow cytometric expression of CD87, CD116 and
CD117 in a patient with AML M5 FAB.

Figure 3 Expression of CD87, CD116 and CD117 in AML
patients.

Figure 4 Flow cytometric expression of CD87 in two MM patients.
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Of interest is the observation that plasma cells from
Monoclonal Gammopathy of Undertermined Significance also
appear to be CD87þ , indicating that CD87 expression might
not be a unique characteristic of MM plasma cells, but rather a
marker of clonal plasma cell proliferation.48

Among MM patients, CD87 expression did not show any
significant association with a deletion of the long arm of
chromosome 13.48

Chronic lymphoproliferative disorders: Conflicting re-
sults have been reported with respect to the CD87 expression
in B-cell chronic lymphoproliferative disorders. While cells from
chronic lymphocytic leukemia patients do not express CD87, in
B-cell lymphoma (B-NHL) patients, CD87 seems to be present
mainly in Waldenström macroglobulinemia, a disease char-
acterized by the proliferation of clonal lymphoplasmocytic cells
and plasma cells, and thus closer to MM than other B-
NHL.43,48.Additional studies on a larger series of patients with
chronic lymphoproliferative disorders are necessary to deter-
mine the level of CD87 expression in this heterogeneous group
of diseases.

Adult indolent systemic mast cell disorders
(SMCD): Clonal BM mast cells from patients withSMCDs
show variable expression of CD87. Accordingly, while four out
of seven adult patients suffering from indolent systemic
mastocytosis were CD87�, the other three cases showed dim
CD87 expression on the clonal mast cells (L Escribano, personal
communication).

suPAR levels in patients with different hematological
malignancies: It has been recently shown that, in AML,
suPAR levels correlate with the number of circulating tumor
cells and with a poor response to chemotherapy, and that suPAR
levels decrease rapidly during chemotherapy.31 This study also
showed that fragmented uPAR (D2D3) was present on the blast
cells from AML patients, but not in peripheral blood leukocytes
from normal healthy controls, which expressed only small
amounts of the full-length receptor. According to Mustjoki
et al31, some peculiar functions of the uPAR fragments can be
further postulated. In particular, an excess of uPA, which is
considered a possible candidate for uPAR cleavage,33 could
explain uPAR fragmentation on the blast cells’ surface leading to
a decreased proteolytic activity because the ligand-binding
domain D1 would be released.31 Altogether, these data suggest
that not only uPAR but also its soluble fragments may play a role
in the pathophysiology of AMLs.

In MM patients, the intensity of CD87 expression on plasma
cells does not correlate with the levels of circulating suPAR.48

However, suPAR levels have been found to correlate with a
number of factors known to predict a more aggressive clinical
course of the disease, including disease stage, plasma creatinine
level, sCD138 and beta-2-microglobulin serum levels. By
contrast no association between C-reactive protein serum levels
or 13q deletion and suPAR levels has been observed. In a
preliminary multivariate linear regression analysis, high suPAR
levels were, along with disease stage, an independent parameter
predicting extramedullary involvement in MM. In addition,
suPAR levels in this study were an independent prognostic factor
for predicting survival. These preliminary results suggest that
suPAR may be a useful parameter to be prospectively
investigated in MM patients, as it might provide additional
prognostic information related to a more aggressive and fatal
course of the disease.

The precise functional role of suPAR is not yet completely
understood but it is likely that full size suPAR as well as its
fragments may compete with cell membrane uPAR and there-
fore affect uPAR occupancy and availability. High levels of
suPAR can be associated with a defective adhesion of plasma
cells to the extracellular matrix, possibly through competition
with plasma cell membrane-bound uPAR for the interaction
with vitronectin and integrins.48,52 High levels of suPAR could
therefore represent an indicator of a reduced capacity for MM
plasma cells to interact with the bone matrix and of their
capacity to disseminate to extramedullary sites. This is
supported by our observations in MM patients.48

In addition, with regard to a possible pathogenetic role of
uPAR and suPAR in MM, it has been shown that functional
uPAR is involved in angiogenesis53 and that the cleavage of
uPAR by metalloprotease-12 (MMP12) decreases its angiogenic
properties, which in turn are restored by the inhibition of
MMP12 activity.54 These observations suggest that uPAR could
represent a new target for such antiangiogenetic factors as
thalidomide and that high levels of suPAR could characterize a
phase of the disease in which angiogenesis is decreased and the
progression of the disease requires a different therapeutical
approach. Further studies are warranted to clarify the interaction
between uPAR and MMPs and their contribution to the
pathogenesis and treatment of MM.

Conclusions

The uPAR system is involved in important physiological
processes, including proteolysis, adhesion, signal transduction,
cell migration and chemotaxis. However, the uPA system, and
particularly uPAR, is also expressed by neoplastic cells in a
variety of hematological and nonhematological malignancies.
The expression of uPAR and its soluble form may play a relevant
role in the pathophysiology of these disorders.

The analysis of the distribution of CD87 in neoplastic cells, at
least in certain hematological disorders such as acute leukemia
and MM, suggests different roles for this molecule. As far as the
demonstration of uPAR in AML is concerned, a significant
diagnostic contribution is coming from several studies. The
combined use of anti-CD87, MPO and lysozyme MoAbs may
provide useful information to distinguish between myeloid and
monocytic leukemia. In addition, a prognostic role may arise
from the observation that patients having an elevated number of
UPA receptors, irrespective of the FAB subtype, have a greater
tendency for cutaneous and tissue infiltration and a higher
frequency of chromosome abnormalities, thus suggesting that
uPAR expression positively correlates with the invasive potential
of AML cells.

As far as the MM is concerned, CD87 expression clearly
correlates with the maturation degree of the plasma cells and
with the expression of such adhesion molecules as CD138 and
CD56. In addition, soluble CD87 seems to represent a good
predictor in MM for an extramedullary involvement of the
disease and a worse prognosis.

Taken together, these data are consistent with a multifaceted
activity of the CD87 molecule, which appears to be able to
influence the clinical and prognostic pattern of these disorders
by different pathophysiologic mechanisms.

The recent development of anti-urokinase receptor antibodies
may further underline the possibility that the uPAR molecule
could represent a suitable target for new therapeutic options.
Among the various therapeutic strategies that might be
envisioned, targeting the uPA system,55–57 the most interesting
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approach, as far as hematological disorders are concerned, is
represented by the development of such fusion proteins as the
diphtheria toxin/urokinase fusion protein, which has been
demonstrated, in vitro, to be toxic to CD87þ AML blasts.58

Overall, these preliminary observations suggest that the uPAR
molecule could represent a suitable target for new therapeutic
strategies in hematological malignancies. For clinical applica-
tion, these new agents may provide additional or synergistic
benefits if used in combination with conventional therapies59 or
with drugs targeting more than one of the interacting proteolytic
pathways.37
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