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Circulating Soluble E-Cadherin Levels are of Prognostic
Significance in Patients with Multiple Myeloma
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Abstract. Background: The epithelial transmembrane molecule
E-cadherin (E-Cad) is the prime mediator of epithelial cell-cell
adhesion, through homotypic interactions. It also participates in
the maintenance of cytoskeletal structure and cell-cell signalling,
while there are no published reports of expression of E-Cad in non-
epithelial tissues. We examined whether the circulating levels of
soluble E-Cad in newly diagnosed patients with multiple myeloma
(MM) are of prognostic significance. Patients and Methods: We
used an ELISA method to determine the levels of circulating
soluble E-cadherin (sE-Cad) in 21 newly diagnosed patients with
MM and in 29 healthy volunteers, as a control group. Results: MM
patients demonstrated increased circulating levels of sE-Cad,
compared with controls (p<0.0001). Increased circulating sE-Cad
levels correlated with LDH levels at diagnosis (p<0.001) and poor
prognosis. Multivariate analysis demonstrated that sE-Cad levels
are an independent prognostic factor of survival (p<0.0207).
Conclusion: Our data suggest that adhesion molecules play a role
in the pathogenesis of MM, establish sE-Cad as an independent
marker of survival and, finally, provide evidence of non-epithelial
production of E-Cad in MM patients.

Abbreviations. BM, bone marrow; BM SCs, bone marrow stromal
cells; CEA, carcinoembryonic antigen; E-Cad, E-cadherin
(epithelial-cadherin); ICAM, intercellular adhesion molecule; MM,
multiple myeloma; NCAM, neural cell adhesion molecule;
PECAM, platelet epithelial cell adhesion molecule; PCL, plasma
cell leukemia; sE-Cad, soluble E-cadherin; TNF-a, tumor necrosis
factor-alpha; TGF-f, transforming growth factor-beta; VCAM,
vascular cell adhesion molecule; VLA, very late antigen.

Correspondence to: Konstantinos N. Syrigos, MD, PhD, Assistant
Professor of Oncology in Medicine, Athens University School of
Medicine, Head, Oncology Unit, 3rd Department of Medicine,
Building Z, Sotiria General Hospital, Mesogion 152, 115 27
Athens, Greece. Tel: +30 210 7781035 / +30 210 6983988, Fax:
+30 210 7719981, e-mail: knsyrigos@usa.net

Key Words: Adhesion, E-cadherin, prognosis, multiple myeloma.

0250-7005/2004 $2.00+.40

Multiple Myeloma (MM) is a B-cell disease, characterized by a
monoclonal expansion of plasma cells localized in the bone
marrow (BM) and the peripheral blood, which express the same
immunoglobulin (Ig) gene rearrangements (1-3). Although
plasma cells represent the dominant malignant cell type in MM,
it is now accepted that more immature B-cells, most likely from
germinal centre B-cells, are also part of the neoplastic cell clone
(3-5). In fact, it has been suggested that these cells might
migrate from the lymph nodes towards the BM environment,
where they proliferate and differentiate into mature plasma
cells under the appropriate stimuli (3,6). The exact mechanisms
by which myeloma cells localize and interact with the BM
environment have not been elucidated yet, but it is clear that
adhesion molecules play a pivotal role in this process (3,7,8).
MM cells specifically adhere to the extracellular matrix and
the bone marrow stromal cells (BM-SCs) via very late antigen-4
(VLA-4), vascular cell adhesion molecule - 1 (VCAM-1),
intercellular adhesion molecule-1 (ICAM-1) and CD44. These
intercellular interactions between MM cells and BM-SCs have
been implicated in the growth, differentiation and survival of
MM cells, as well as the progression of the disease, via the
production of cytokines, mainly of IL-6 (8-10). In MM patients,
IL-6 plays an important role in bone remodelling by regulating
skeletal homeostasis: it stimulates the recruitment of
osteoclasts, while it has been shown recently that it can also
promote the proliferation of osteoblasts (4,5,11,12). After
adhering to BM-SCs, MM cells grow and survive at least in part
due to autocrine and paracrine signalling by IL-6. Moreover,
increased expression of adhesion molecules by MM cells
localized to bone marrow triggers the production of TGF-f1.
MM cells, in contrast to normal B-cells, lack receptors for TGF-
B1 and, therefore, are not down-regulated by its increased levels.
The high local concentrations of TGF-$1, however, promote
the production of cytokines, including tumour necrosis factor - a
(TNF-0) and IL-6 (8,12,14). In addition to contributing to the
growth and proliferation of MM cells, IL-6 also inhibits their
apoptosis and affects the expression of adhesion molecules by
up-regulating type I collagen and down-regulating syndecan-1.
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As the disease progresses, this facilitates mobilization of MM
cells from the bone marrow and promotes cell spread and
development of plasma cell leukaemia (PCL). Away from the
bone marrow microenvironment and the influence of IL-6, PCL
cells regain syndecan-1 expression and bind to metastatic sites
(8,13,15).

Cadherins are a family of transmembrane glycoproteins with
an adhesive role: they mediate homophilic Ca?*-dependent cell-
cell adhesion. They have been shown to play a crucial role in cell
migration and tissue morphogenesis, while they also participate
in wound healing and cell migration. E-Cad is a cell-adhesive
molecule found in epithelial cells in a variety of embryonic and
adult tissues. Several recent studies have suggested a link
between unstable or reduced expression of E-Cad and tumour
progression in solid neoplasms (16-20). Soluble forms of E-Cad
are found as 80-84 kDa peptides released from the human
carcinoma cell line (MCF-7) into the culture medium. These
fragments are degradation products of the 120 kDa form of the
intact E-Cad. They disrupt intercellular connections in cultural
epithelial cells and they have been shown to be a good indicator
of the regeneration of E-Cad in vivo (21-24). Although the
expression of E-Cad in solid malignancies has been thoroughly
examined, little is known about its expression in haematological
malignancies.

IL-6 is known to promote the proliferation and metastatic
potential of cancer cells in solid tumours. This involvement of
IL-6 at a cellular level with the processes of cancer control is
reflected by the results of serum studies of cancer patients,
where IL-6 may reflect prognosis and tumour load. Thus it has
been recently reported that patients with metastatic ovarian,
lung and renal cell carcinomas have higher serum IL-6 levels
than those without disseminated disease (9,10). It has also been
demonstrated that elevated IL-6 levels are associated with a
poor prognosis in tumours such as non-small cell lung cancer,
although the ontological role of IL-6 in this process is not
known (11).

In the present study, we investigated the levels of soluble E-
cadherin (sE-Cad) and of IL-6 in patients with MM and we
correlated them with the clinical and pathological parameters
of the disease.

Patients and Methods

Subjects. Our study included two groups (Table I). The subjects
comprised twenty-one consecutive, newly diagnosed patients with
MM, treated at the Oncology/Haematology Unit, 3rd Department of
Medicine, Athens Medical School, Sotiria General Hospital, Greece.
These included 10 males and 11 females, aged 42-78 years (mean age
68.24 yrs). The patients were diagnosed and staged according to the
system suggested by Durie and Salmon (25). Our study group
consisted of stage I: 6 patients; stage II: 8 patients; stage III: 7
patients. The patients were followed for 5 years (median 3.7 yrs;
range 1.0-5.7 yrs). Three patients were lost to follow-up. Twenty-nine
apparently healthy volunteers were used as a control group (mean
age 69.54 yrs; range 19-68 yrs).
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Table 1. Baseline characteristics of multiple myeloma patients and healthy
individuals (controls).

Characteristics Number (%)

PATIENTS (n = 21)

Gender: male 10
female 11

Age (years) 68.2 (8)*

Stage 1 6 (29%)
2 8 (38%)
3 7 (33 %)

E-Cad (ng/mL)
E-Cad (ng/mL)
IL-6 (pg/mL)
LDH

3291.4 (740-8331)**
3973.2 (2407.1)*
10.6 (6.5-27.8)**
240.7 (72.48)*

CONTROLS (n = 29)
Gender: male 17
female 12
69.54 (9.3)*
648.5 (360)*
10.4 (5.5-27.3)**

Age (years)
E-Cad (ng/mL)
IL-6 (pg/mL)

* mean (SD)
** median (min, max)

Methods. All serum samples were prospectively collected with the
appropriate Ethical Committee permissions. Each sample had been
collected in a Vacutainer (Becton Dickinson, Plymouth, UK) and, after
spinning for 15 minutes at 1500g at room temperature, was stored
without preservative at -80°C and blindly tested with the application
of an immunoenzymatic method.

Serum E-cadherin concentrations were determined using the
commercially available enzyme-linked immuno-sorbent assay
(ELISA) kit supplied by Takara Shuzo Co, Ltd (Ozaka, Japan).
Serum IL-6 concentrations were determined using the
commercially available enzyme-linked immuno-sorbent assay
(ELISA) kit supplied by Biosource International, (California,
USA). Both assays employ the quantitative sandwich enzyme
immunoassay technique using recombinant human IL-6 and serum
E-cadherin with antibodies raised against the recombinant
proteins respectively.

Optical density was read with a microtiter plate reader by dual
wavelength at 450 nm. All samples were assayed in duplicate.

Statistical analysis. All statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) software.
Comparisons of the sE-Cad and IL-6 levels between MM patients
and controls were performed with the Wilcoxon Rank Sum test
because their distributions deviated from normality. A cut-off point
of twice the highest sE-Cad value from the healthy subjects’ group
was used to divide the MM patients into two groups with "high" and
"low" sE-Cad values. The survival distribution functions for those
two groups were estimated with the Kaplan Meier method and their
equality was tested with the log rank test.
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Figure 1. The distributions (box-plots: medians, quartiles and extreme values) of sE-Cad values among MM patients and healthy controls.

Multivariate survival analysis for MM patients was performed with
Cox proportional hazards models. The association of sE-Cad
(continuous, in increments of 100 ng/ml) and other variables such as
IL-6 (continuous) and LDH (continuous) with death from MM was
examined by alternatively introducing them in a multivariate model,
adjusting simultaneously for age (continuous), gender and stage (in 3
groups as shown in Table I, ordinal).

Results

The characteristics of patients and controls can be seen in Table
I. The median follow-up period was 3.7 years (range: 1-5 yrs).
Three patients were lost in follow-up and there were 11 (52.4%)
deaths in that period.

Circulating sE-Cad levels were found to be significantly
increased in MM patients, compared with the control group,
with median values of 3291.4 ng/ml and 622.9 ng/ml,
respectively. The difference was highly statistically significant
(p<0.0001; Wilcoxon Rank Sum test). The distributions (box-
plots) of sE-Cad values among MM patients and controls are
shown in Figure 1. There was no significant difference in the
sE-Cad values between males and females both in the patients
and the control group (p=0.1 and p=0.28, respectively,
Wilcoxon Rank Sum test).
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Figure 2. MM patients were divided into two groups according to the
values of sE-Cad, with cut-off point at 3000 ng/mL, which equals two
times the highest value observed in the healthy subjects group. The Kaplan-
Meier curves illustrating the survival functions for the two groups
demonstrate that the difference between the two groups is highly significant
(p<0.0015, log rank test).
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Table II. Hazard ratios (and 95% confidence intervals) expressing the
association of sE-Cad, LDH and IL-6 with mortality in 21 multiple
myeloma patients, after alternative introduction in a model adjusting
simultaneously for age, gender and disease stage.

Variables Hazard ratio 95% C1 p-value
Age (years)™* 1.035 0.93, 1.16 0.54
Gender (male)* 3.057 0.46, 20.18 0.25
Stage (ordinal)* 1.226 0.36, 4.232 0.75
sE-Cad 1.057 1.01, 1.1 0.013
LDH (mg/dl) 1.007 0.998, 1.02 0.137
IL-6 (pg/mL) 0.964 0.83, 1.11 0.62

*HRs, 95% Cls, and p-values from the model with sE-Cadherin

Comparisons of IL-6 levels between MM patients and
controls showed no significant difference between the two
groups (p=0.6, Wilcoxon Rank Sum test, Table II).

In an attempt to divide the patients into two groups (high
and low), according to the values of sE-Cad, we chose a cut-off
point of 3000 ng/ml, which equals two times the highest value
observed in the healthy subjects group. Eight out of the 21
patients (8/21, 38%) were below this cut-off point and the
Kaplan Meier curves illustrating the survival functions for the
two groups can be seen in Figure 2. The difference between the
two survival distribution functions was highly significant
(p=0.0015, log rank test).

In the multivariate analysis only sE-Cad was identified as a
significant predictor of mortality, at the p=0.05 level, while
increasing age, LDH levels, escalated disease stage and male
gender were positively but not significantly associated with the
endpoint (Table II). An increase of 100 ng/ml in sE-Cad was
independently associated with almost a 6% increase in the risk
of dying for the MM patients (Hazard Ratio: 1.057, 95% Cls:
1.012, 1.105; p=0.013).

Discussion

Extensive evidence, produced during the last few years, has
elucidated a strong link between the localisation of myeloma
cells to the BM and the pathogenesis of MM. Cellular contact
between myeloma cells and the BM stroma triggers several
paracrine and autocrine mechanisms, which regulate the
proliferation and differentiation of myeloma cells. Therefore,
knowledge of the expression of the adhesion molecules involved
in these interactions is essential in understanding the disease
process (8). Several investigators have reported enhanced
expression of adhesion molecules, such as NCAM, ICAM-1,
VLA-4, CD44 and CD56. The expression of these adhesion
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molecules is regulated by cytokines, while adhesion itself can
trigger cytokine secretion (mainly IL-6 and TGF-f), which
further augments expression of adhesion molecules (26-28).
The adhesion molecules studied up to now in MM patients
mainly regulate cell-to-substrate interactions (28), while there
is no information regarding the expression of E-Cad, the main
intercellular adhesion molecule. This member of the cadherin
family regulates Ca>*-dependent interactions between cells of
epithelial origin.

It is now recognized that abnormal tissue expression of E-
Cad is associated with increased invasiveness, enhanced
metastatic potential and poor prognosis in patients with
epithelial malignancies. Recent immunohistochemical findings
suggest that loss of normal membranous E-Cad expression is
correlated with a more aggressive phenotype in various
epithelial malignancies, such as colorectal, gastric, pancreatic,
lung and ovarian cancers (29-31). Furthermore, some reports
have demonstrated increased serum concentrations of soluble
E-cadherin in various epithelial malignancies, such as
colorectal, gastric, lung and bladder cancer, with uncertain
biological significance.

Finally, in addition to serum, fragments of soluble E-Cad can
be detected in several human body fluids such as citrated
plasma, urine, normal amniotic and bullous pemphigoid blister
fluid samples (32-35).

Our study is the first to demonstrate significantly increased
(up to 6-fold) levels of sE-Cad in the serum of patients newly
diagnosed with multiple myeloma. Furthermore, when
compared to healthy controls, this increase is statistically highly
significant (p<0.0001). On the contrary, no correlation between
increased serum levels of SE-Cad and advanced stage of disease
was established. This observation could be an indication that
sE-Cad levels increase early in the progress of the disease and,
therefore, play a crucial role in the pathogenesis of the disease.
On the other hand the relatively small number of patients
studied (although evenly distributed per stage) could be the
reason for this observation. With regard to the origin of serum
sE-Cad, it is possible that its levels reflect an increased rate of
turnover of tissue E-Cad, or acquired genetic abnormalities.

According to our findings increased levels of sE-Cad were of
prognostic value, since patients with sE-Cad serum values
>3000 ng/mL had a worse outcome, compared with patients
with sE-Cad serum values <3000 ng/mL. It is also important
that, in the multivariate analysis performed, sE-Cad levels were
an independent factor in predicting patients’ survival.

Our results, if confirmed by larger studies, could form the
basis for the establishment of serum sE-Cad level at diagnosis,
as a predictor of overall survival of MM patients. In conclusion,
we demonstrated, for the first time, significantly increased
serum levels of sE-Cad in patients with MM, a disease of non-
epithelial origin. It seems that serum sE-Cad increases early in
the progress of MM and its level at diagnosis is an independent,
negative predictor of overall survival. A larger study correlating



Syrigos et al: Soluble E-Cadherin in Multiple Myeloma

sE-Cad levels with immunohistochemistry of bone marrow
biopsy specimens is currently being undertaken to clarify the
role of E-Cad in the pathogenesis of this disease.
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