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Abstract

Background: Overexpression of syndecan-1 (CD138) in breast carcinoma correlates with a poor prognosis and an
aggressive phenotype. The objective of this study was to evaluate the potential of targeting CD138 by immuno-
PET imaging and radioimmunotherapy (RIT) using the antihuman syndecan-1 B-B4 mAb radiolabeled with either
124I or 131I in nude mice engrafted with the triple-negative MDA-MB-468 breast cancer cell line.

Method: The immunoreactivity of125I-B-B4 (80%) was determined, and the affinity of125I-B-B4 and the expression
of CD138 on MDA-MB-468 was measuredin vitroby Scatchard analysis. CD138 expression on established tumors
was confirmed by immunohistochemistry. A biodistribution study was performed in mice with subcutaneous MDA-
MB-468 and125I-B-B4 at 4, 24, 48, 72, and 96 h after injection and compared with an isotype-matched control.
Tumor uptake of B-B4 was evaluatedin vivoby immuno-PET imaging using the124I-B-B4 mAb. The maximum
tolerated dose (MTD) was determined from mice treated with131I-B-B4 and the RIT efficacy evaluated.

Results: 125I-B-B4 affinity was in the nanomolar range (Kd = 4.39 ± 1.10 nM). CD138 expression on MDA-MB-468
cells was quite low (Bmax = 1.19 × 104 ± 9.27 × 102 epitopes/cell) but all expressed CD138in vivoas determined
by immunohistochemistry. The tumor uptake of125I-B-B4 peaked at 14% injected dose (ID) per gram at 24 h and
was higher than that of the isotype-matched control mAb (5% ID per gram at 24 h). Immuno-PET performed with
124I-B-B4 on tumor-bearing mice confirmed the specificity of B-B4 uptake and its retention within the tumor. The
MTD was reached at 22.2 MBq. All mice treated with RIT (n = 8) as a single treatment at the MTD experienced a
partial (n = 3) or complete (n = 5) response, with three of them remaining tumor-free 95 days after treatment.

Conclusion: These results demonstrate that RIT with131I-B-B4 could be considered for the treatment of metastatic
triple-negative breast cancer that cannot benefit from hormone therapy or anti-Her2/neu immunotherapy.
Immuno-PET for visualizing CD138-expressing tumors with124I-B-B4 reinforces the interest of this mAb for
diagnosis and quantitative imaging.
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Background
The expression of syndecan-1 in breast cancer is described
as a poor prognostic factor. However, the potential of
targeting this antigen for immuno-PET or radioimmu-
notherapy has not yet been investigated. Syndecans repre-
sent a four-member family of transmembrane cell-surface
heparan sulfate proteoglycans. Their biological effects on
adhesion, migration, and growth factor signaling are
thought to be mediated by their binding to growth factors,
including FGFs, VEGF, HGF, or ECM molecules, via their
HS chains [1-3]. Syndecan-1, also named CD138, is
expressed by normal epithelial cells but is also transiently
expressed in condensing mesenchyma during embryonic
morphogenesis [4]. The biological functions of syndecan-1
potentially affect several steps in tumor progression and
facilitate metastasis [5]. A prognostic value has been
assigned to changes in syndecan-1 expression in several
cancer types, including breast, colorectal, gastric, pancrea-
tic, prostate, lung, endometrial, and ovarian cancers, as
well as squamous cell carcinoma of the head and neck and
multiple myeloma [6,7]. Syndecan-1 appears particularly
interesting for breast carcinoma radioimmunotherapy
(RIT). The antigen is expressed by potentially aggressive
breast carcinomas, and its expression is tightly associated
with the absence of estrogen receptors (ER) as well as with
a high Ki67 proliferation index [8]. Triple-negative (ER-
negative, progesterone receptor (PR)-negative, HER2/neu
not overexpressed) breast cancer (TNBC) represents
approximately 15% of all breast carcinomas [9]. It gener-
ally occurs in women below the age of 50 years and is
associated with a high risk of distant recurrence and death
during the first 3 to 5 years of follow-up [10]. Cytotoxic
chemotherapy is currently the only treatment available for
TNBC patients, but most of them have chemoresistant
rampant disease with a poor prognosis. However, novel
targeted therapies have the potential to change its natural
course [11]. Monoclonal antibody therapy is one such tar-
geted therapy that may prove beneficial in the manage-
ment of these breast cancer subtypes [9,12].

B-B4 is a murine IgG1 mAb targeting syndecan-1
that was originally developed for multiple myeloma by
Wijdenes and colleagues [13]. The B-B4 mAb has been
shown to have high specificity for syndecan-1, but it is
not cytotoxic for myeloma cells [14]. Subsequently,
one study reported that 131I-labeled B-B4 mAb induced
cellular death in an in vitro multiple myeloma model
[15].

Several radioimmunotherapy clinical trials have been
performed for breast cancer treatment targeting Tag 72,
mucin, CEA, and an adenocarcinoma antigen recognized
by the ChL6 antibody [16-19]. However, objective tumor
responses were obtained with limited toxicity compared
to standard chemotherapy treatment of patients at the

same disease stage. Repeated dosing with radiolabeled
antibody or combination of RIT with other therapeutic
agents might further improve RIT efficacy.

To date, there has been no study investigating the diag-
nostic and therapeutic potential of radiolabeled B-B4
mAb in breast carcinoma, particularly in TNBC cells
such as the MDA-MB-468 cell line that shows many of
the recurrent basal-like molecular abnormalities [20].
The aim of this study was thus to evaluate the biodistri-
bution, toxicity, and RIT efficacy of the radioiodinated
anti-CD138 antibody B-B4 in mice xenografted with the
MDA-MB-468 TNBC cell line.

Methods
Cell line
The human TNBC cell line MDA-MB-468 was obtained
from LGC Promochem (Molsheim, France). The MDA-
MB-468 cell line was cultured in adherent-cell monolayers
in RPMI medium (Gibco BRL, Cergy-Pontoise, France)
supplemented with 10% bovine calf serum (Gibco BRL),
1% glutamine (L-glutamine 200 mM; Gibco BRL), and 1%
antibiotic (penicillin 100 U/ml, streptomycin 100 U/ml;
Gibco BRL). The human myeloma cell line U266 used for
the radiolabeled B-B4 immunoreactivity assay was
obtained from the American Type Culture collection
(Rockville, MD, USA).

Animal model
NMRI-nu (nu/nu) mice over 8 to 10 weeks of age were
grafted subcutaneously in the right flank with 5 × 106

MDA-MB-468 cells in 0.1 mL of PBS. The animals were
housed in aseptic conditions. Lugol’s 1% solution was
added to drinking water (0.1 mL/L) 2 days before RIT and
then 2 weeks after injecting the radioiodinated reagent.
The mice were injected with radiolabeled mAb 24 days
after MDA-MB-468 engraftment once the tumor volume
had reached a mean volume of 108 ± 55 mm3. The mice
were housed in our animal core facility according to
ongoing national regulations issued by INSERM and the
French Department of Agriculture. The experiments per-
formed in this study were approved by the local veterinary
services (license number B44.565).

Antibodies and radiolabeling
The reference antibody was the B-B4 anti-CD138 mAb
(IgG1). This mouse IgG1 was kindly provided by Dia-
clone (Besançon, France). The 7D4 mAb was used as the
isotype-matched control in the biodistribution studies
[21]. This mAb recognizes the CMH-peptide complex
formed by peptide MAGE3 271-279 and HLA-A2. This
epitope is not expressed on MDA-MB-468 cells. The
antibodies were labeled with 125I (PerkinElmer 16, Ave-
nue du Québec, Courtaboeuf Cedex 1, France) using the
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width (w) and thickness (t). Tumor volume (V) was calcu-
lated according to the formula:V = � /6 × L × w × t.
In order to increase statistical power, the results of tumor
growth assessed by this assay were pooled with those of
the corresponding mice groups receiving the same doses
in the dose escalation assay. The effect of unlabeled B-B4
mAb (120 � g) and the131I-labeled isotype-matched mAb
control was tested in comparison with a PBS control
group in an independent assay.

The parameters used to evaluate the efficacy of each
type of treatment were the minimal relative volume (the
ratio of the smallest measured tumor volume to the initial
tumor volume before treatment) and the event defined as
the growth delay (the time required for the tumor to dou-
ble in size after measurement on the day of treatment).
The mean tumor volume was calculated for each group on
each day of measurement. Tumor responses were categor-
ized as follows: cure (tumor disappeared with no recur-
rence at the end of the study 96 days later), complete
response (CR) (tumor disappeared for at least 7 days but
later re-grew), partial response (PR) (tumor volume
decreased by 50% or more for at least 7 days but then
re-grew).

Statistical analysis
Correlations between dose and degree of toxicity (body
weight loss, platelets, leukocytes) or efficacy (tumor
growth) were made using the nonparametric Spearman’s
test. Groups of interest (radioimmunotherapy doses) were

also compared using the nonparametric ANOVA with
Bonferroni correction. Curves for event-free survival (the
time required for tumors to reach at least twice the initial
volume) were calculated according to the Kaplan-Meier
method and compared using the Log-rank test. All ana-
lyses were two-sided.P values < 0.05 were considered sig-
nificant. Analyses were performed using SAS 9.1 (SAS
Institute, Cary, NC, USA) and Stata 10.0 SE (StataCorp,
College Station, TX, USA). The comparison of the mean
tumor volume curves was performed using a nonpara-
metric test with an on-line software from UCL Institut de
Statistique (Louvain, Belgium) http://www.stat.ucl.ac.be/
ISpersonnel/lecoutre/Tgca/french/help/help.htm.

Results
Immunoreactivity and affinity of radiolabeled B-B4 mAb
CD138 expression was studied upon equilibrium binding
of the specific B-B4 antibody to the human breast cancer
MDA-MB-468 cell line. The expression of CD138 on this
cell line was rather low; only 1.19 × 104 ± 9.27 × 102

CD138 sites per cell were detected with saturating
amounts of B-B4 mAb (Figure 1A). This result is consis-
tent with previous work indicating that MDA-MB-468 is
among the lowest syndecan-expressing breast cancer cell
lines [24]. The affinity (dissociation constant) of B-B4
mAb was 4.39 ± 1.10 nM. The immunoreactivity assessed
using the method described by Lindmo [23] (Figure 1B)
was close to 80%, showing that the labeling did not modify
the binding of B-B4 mAb to the CD138 antigen. For

Figure 1 Characterization of the B-B4 mAb. (A) The affinity of B-B4 mAb and the number of antigenic sites on MDA-MB-468 breast cancer
cells were evaluated by an equilibrium-binding assay with125I-labeled B-B4 mAb. The nonspecific binding of125I-labeled B-B4 mAb was
evaluated with a tenfold excess of unlabeled B-B4 mAb at three concentrations of125I-labeled B-B4 mAb and subtracted from binding data. The
mean results of a triplicate assay are represented. The Bmax corresponding to the number of antigenic sites on MDA-MB-468 cells, and the Kd of
125I-labeled B-B4 were determined by nonlinear regression using a one-binding site equation.(B) The immunoreactivity of125I-labeled B-B4 mAb
was estimated by measuring the binding of a constant concentration of125I-labeled B-B4 mAb to increasing numbers of U266 multiple myeloma
cells that strongly expressed the CD138 antigen. This is a double-inverse plot of a triplicate assay. The fraction of immunoreactive125I-labeled B-
B4 (R) was determined as the inverse of the ordinate at the origin of the abscissa according to the Lindmo method [23].
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convenience, the immunoreactivity assay was performed
on the multiple myeloma cell line U266 that expresses at
least ten times more CD138 antigen than MDA-MB-468
cells.

Immunohistochemistry
Syndecan-1 expression was further investigated by immu-
nohistochemistry on xenograft tumors in order to validate
the preclinical model for CD138 targeting. The lack of
estrogen or progesterone receptor and Her2/neu expres-
sion on the MDA-MB-468 cell line was consistent with
the capacity of this cell line to form tumors in nude mice
without additional hormone treatment. Figure 2 presents
micrographs of an MDA-MB-468 xenograft with hema-
toxylin-eosin staining (panel A) and CD138 immunostain-
ing (panel B). The trabeculae of carcinoma cells were
observed with high nuclear pleomorphism, high mitotic
activity, and a central necrosis. Despite the relatively low
expression of CD138 on cultured MDA-MB-468 cells,
intense membrane immunostaining of carcinoma cells

from tumor xenografts was visualized by CD138 immu-
nostaining with the B-B4 mAb.

Biodistribution of 125I-labeled B-B4 mAb
In mice injected with 125I-labeled B-B4 mAb, maximum
tumor uptake was reached at 24 h (13.8% ± 1.8% ID per
gram) and was maintained over time with a tumor uptake
of 8.4% ± 1.9% ID per gram at 96 h (Figure 3A). In normal
tissues, the maximum accumulation was observed at 4 h
but rapidly decreased with kinetics similar to those for
blood (Figure 3C). A higher level of 125I-labeled B-B4
mAb was observed in the more vascularized organs such
as the heart and lungs, in keeping with their higher blood
content. The level of 125I-labeled B-B4 mAb in the blood
reflected the serum stability of radiolabeled B-B4 mAb.

We further investigated the specificity of B-B4 mAb
tumor uptake by comparing it with the biodistribution of
an isotype-matched control antibody. To this end, we used
the 7D4 IgG1 antibody developed in our laboratory, which
does not bind to MDA-MB-468 cells. Tumor uptake mea-
sured with the nonspecific 7D4 mAb was subtracted from
that detected with the B-B4 mAb in the same assay. The
results presented in Figure 3B clearly show that all organs
except the tumor displayed an identical B-B4 and 7D4
mAb uptake, with differences that did not exceed 1% ID
per gram. Conversely, a clear and specific binding of
125I-labeled B-B4 mAb was observed in the tumor. This
specific 125I-labeled B-B4 mAb uptake increased rapidly
on the first day post injection and at a lower rate up to
72 h thereafter (Figure 3D). The tumor uptake was long
lasting since 7 days after injection, it reached at least 80%
of the maximum measured at 72 h (data not shown).
Nevertheless, B-B4 tumor uptake was relatively low as
compared to other tumor-specific antibodies. Conse-
quently, in this MDA-MB-468 tumor model, the tumor/
blood ratio is almost 1:1, as compared to 2:1 in other mod-
els. These observations can be explained by the low
CD138 expression by this breast cancer cell line, together
with the central necrosis in the tumors at the time of the
biodistribution study.

Immuno-PET imaging
The availability of isotopes of the same element, such as
124I and 131I or 86Y and 90Y, offers the possibility to
image tumors by immuno-PET with the antibody used
for therapy with identical labeling technology and, there-
fore, the same pharmacokinetics. This should afford
more accuracy in dosimetry calculations before therapy
and in providing information on tumor antigen expres-
sion complementary to metabolic 18FDG-PET imaging.
We thus used the B-B4 mAb labeled with 124I for
immuno-PET imaging in mice engrafted with MDA-
MB-468 cells. Imaging was performed on days 1, 3, and
8 for mice injected with 3.5 MBq 124I-labeled B-B4 mAb

Figure 2 Immunohistochemistry of a MDA-MB-468 breast
tumor xenograft. The expression of CD138 in MDA-MB-468
xenografts was assessed by immunohistochemistry.(A) Original
magnification ×400 for hematoxylin-eosin staining.(B) Original
magnification ×400 for CD138 immunostaining.
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Targeting CD138 for RIT is attractive since this antigen
is associated with an aggressive breast cancer phenotype.
CD138 is expressed by about 75% of ER-negative forms of
breast cancer [39], and it is associated with a high histolo-
gical grade, Ki 67 index, tumor size, and lymph node
involvement [8,40]. RIT targeting CD138 could thus be
very useful in the treatment of triple-negative breast can-
cer that is not eligible for hormone therapy or immu-
notherapy targeting Her2/neu. TNBC accounts for 10% to
17% of all breast carcinomas and among two thirds of
TNBC patients express CD138 on their primary tumor.
TNBC are chemosensitive, but TNBC patients with resi-
dual disease postchemotherapy have a poor outcome with
an increased likelihood of distant recurrence [41]. Target-
ing tumor cells by RIT with 131I-labeled B-B4 mAb could
offer the possibility to achieve responses on chemoresis-
tant cancer cells for patients who relapse after intensive
chemotherapy because ionizing radiations act differently
on cancer cells. When considering breast cancer irrespec-
tive of the ER or PgR expression status, CD138 expression
is associated with the worst prognostic marker Her2/neu.
Barbareschi and colleagues reported on an additive
adverse effect when both Her2/neu and CD138 were over-
expressed [40]. Patients suffering from this kind of cancer
can be treated by immunotherapy with herceptin asso-
ciated to radioimmunotherapy with 131I-labeled B-B4
mAb in order to obtain a synergy between the two thera-
peutic approaches when used in association or as an addi-
tional line of treatment for patients who relapse.

It is generally accepted that RIT is more adapted to the
systemic treatment of small tumors like metastasis. The
expression of CD138 on primary breast tumors and in the
corresponding invaded lymph node has been evaluated.
The level of expression in invaded lymph nodes is at least
equal to that of the primary tumor [24]. The shift of
CD138 expression from epithelial cancer cells to fibro-
blasts of the stroma should not preclude RIT efficacy as
long as the overall level of CD138 expression in the tumor
ensures sufficient uptake. Indeed, the millimeter range of
beta particles enables the irradiation of cells surrounding
tumor epithelial cells via the cross-fire effect [42,43].

Conclusion
RIT targeting CD138 is relevant for the treatment of tri-
ple-negative breast cancer and could be applied to patients
who relapse after a first-line treatment. The possibility of
visualizing tumors by immuno-PET and to perform quan-
titative imaging prior to therapy provides the advantage of
being able to assess CD138 expression in order to con-
clude on the feasibility of RIT [18] for each patient.
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