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Multiple Myeloma (MM) is a plasma cell (PC) malignancy, which despite significant therapeutic advances, is still
considered incurable. This is due to the persistence of chemotherapy-resistant minimal residual disease in the patients’
bone marrow (BM) after an effective induction therapy. Immunotherapies targeting surface molecules expressed on the
bulk of tumor cells and the chemotherapy-resistant, myeloma-propagating cells could play a central role in this clinical
setting. We recently described surface molecule CD229 as a potential therapeutic target for MM. In our current study we
assessed the expression of CD229 on different PC subtypes and on cells with a myeloma-propagating phenotype in a
total of 77 patients with PC dyscrasias independently at 2 different cancer centers. We found that CD229 was strongly
and homogeneously overexpressed on the PC of patients with monoclonal gammopathy of undetermined significance
(MGUS), smoldering myeloma, MM, and PC leukemia. CD229 was particularly overexpressed on those PC showing an
abnormal phenotype such as expression of CD56. Most importantly, CD229 was also highly expressed on those cells in
the patients’ BM displaying the phenotype of chemotherapy-resistant and myeloma-propagating cells. In conclusion,
our combined findings suggest that immunotherapies targeting CD229 will not only be effective for the bulk of tumor
cells but will also help to eradicate chemotherapy-resistant cells remaining in the patients’ BM after induction
treatment. Hopefully, the design of CD229-specific monoclonal antibodies or chimeric antigen receptor-transduced T
cells will help to achieve prolonged remissions or even cures in MM patients.

Introduction

Multiple myeloma (MM) is a plasma cell (PC) cancer, which
is the result of a malignant transformation of a PC resulting in
the secretion of high levels of monoclonal protein with renal fail-
ure, bone marrow (BM) insufficiency with cytopenias, osteolytic
lesions and hypercalcemia, and immunosuppression with life-
threatening infections.1 MM is the second most common hema-
tologic malignancy with about 22,000 new cases in the US alone
and 10,000 disease-related deaths per year. The field of myeloma
therapy has seen enormous progress in the past decade and as a
result median overall survival has increased to approximately
6 years.2 However, MM is still considered an incurable disease
and most patients will eventually experience a fatal relapse. This
is due to the persistence of chemotherapy-resistant myeloma

cells3-6 in the BM even after destruction of the bulk of tumor
cells7-10 and, accordingly, the disease will become more and
more refractory to chemotherapy after each additional line of
treatment.

Immunotherapeutic approaches could potentially play an
important role in the global treatment concept for myeloma, tar-
geting residual disease after an effective initial therapy. However,
an essential first step would be to identify target antigens
expressed on the bulk of tumor cells as well as the chemotherapy-
resistant and myeloma-propagating cells in the patients’ BM. We
have recently described surface antigen CD229, which belongs to
the SLAM family of receptors, as strongly expressed on the sur-
face of MM cell lines and the malignant plasma cells of myeloma
patients.11 However, the number of patients included into our
previous analysis was limited, we did not include patients with
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plasma cell dyscrasias other than MM, and, importantly, we did
not evaluate CD229 expression on plasma cell subtypes with
myeloma-propagating properties within the BM. The latter issue
is of particular importance since it has recently been shown that
myeloma-propagating activity is the exclusive property of a cell
subpopulation characterized by its ability for bidirectional transi-
tion between the dominant CD19-CD138C PC fraction and a
small fraction of pre-PCs expressing a CD19-CD138- pheno-
type.4 Remarkably, it has been demonstrated that pre-PCs are
more quiescent, are enriched in epigenetic regulators, and are up
to 300-fold more drug-resistant than the common malignant
PCs of myeloma patients.4

In our current study, we analyzed the expression of surface
receptor CD229 in a large number of patients with different
plasma cell dyscrasias independently at 2 different centers for the
treatment of patients with hematologic malignancies. CD229
expression was assessed on different plasma cell subtypes and on
cells with a myeloma-propagating phenotype.

Results

Surface molecule CD229 is commonly and strongly
overexpressed on the malignant plasma cells of patients
with multiple myeloma

Within our current study we, for the first time, examined the
expression of CD229 as a target molecule for immunotherapeutic
approaches on BM samples of a large group of patients with
plasma cell dyscrasias. All patients were admitted for treatment
or diagnostic purposes to the University Medical Center Ham-
burg-Eppendorf (UKE) in Germany or to the Huntsman Cancer
Institute (HCI) in Salt Lake City, Utah. After obtaining
informed consent, a total of 77 patients with plasma cell dyscra-
sias were included into the study, 43 of these at UKE and 34 at
HCI. In total, 49 patients had had been diagnosed with MM, 7
with smoldering myeloma (SMM), 17 had a monoclonal gamm-
opathy of undetermined significance (MGUS), and 4 patients
had a plasma cell leukemia. Of the MM patients 21 were newly
diagnosed and untreated and all had active disease with a signifi-
cant number of plasma cells in their BM.

Performing flow cytometry on whole BM samples using the
monoclonal antibodies shown in Table 1, we observed that
CD229 was homogenously expressed on the plasma cells of all
our patients irrespective of their individual diagnosis (Fig. 1A)
The homogeneous expression pattern of CD229 on PC was also
confirmed by immunohistochemical stains of bone marrow core
biopsies (Fig. 1C). It is known that CD229 is also expressed on
normal leukocytes other than plasma cells such as T and NK
cells,11 however, within our patients’ bone marrow the malignant
plasma cells usually showed higher expression levels of CD229
than normal B cells and leukocytes other than PC (Figs. 1B,D).

Myeloma plasma cells showing a more aberrant phenotype
express higher levels of CD229

Next, we determined the expression level of CD229 on
phenotypically aberrant PC within the BM of patients with

all 3 types of plasma cell dyscrasias (N D 17) as defined by
the absence or presence of CD19/CD56 and CD45/CD28,
respectively. Surprisingly, we found significantly elevated lev-
els of CD229 among those of the patients’ plasma cells show-
ing the CD56C aberrant phenotype (Fig. 2A). The same
applied to those BM-derived plasma cells showing the aber-
rant CD45-/CD28C phenotype versus, for example CD45C/
CD28C PC (Fig. 2B). Thus, those myeloma plasma cells
showing a more malignant phenotype evidenced increased
levels of target molecule CD229.

CD229 is homogenously expressed on the bulk of myeloma
plasma cells and on the majority of chemotherapy-resistant
myeloma-propagating cells

Using multicolor flow cytometry (Fig. 3A) we next analyzed
the expression of CD229 on both, the dominant CD19-
CD138C PC fraction and the comparably small fraction of
CD19-CD138- myeloma-propagating pre-PCs.4 Importantly,
we found that in all myeloma patients analyzed conventional
CD138-positive PC as well as CD138-negative pre-PC mye-
loma-propagating cells expressed similarly high levels of surface
molecule CD229 (Fig. 3B).

Discussion

Myeloma therapy has become highly effective and using
combinations of conventional chemotherapy and novel agents
the vast majority of patients will respond very well to the first
lines of treatment.12-16 Unfortunately, cures still remain a
rare exception and most patients will eventually experience
a chemotherapy-refractory relapse of the disease.

Table 1. Monoclonal antibodies used for flow cytometry/
immunohistochemistry

Antigen Conjugate Clone Manufacturer

CD2 PerCP S5.5 Invitrogen
CD3 PerCP OKT3 BioLegend
CD14 PerCP 3G8 BioLegend
CD16 PerCP MfP9 BD Biosciences
CD19 FITC HIB19 BioLegend
CD19 BrilliantViolet510 HIB19 BioLegend
CD28 BV510 CD28.2 BioLegend
CD38 FITC HIT-2 BioLegend
CD38 PerCP HIT-2 BioLegend
CD45 AlexaFluor700 HI30 BioLegend
CD56 PacificBlue HCD56 BioLegend
CD138 APC DL-101 BioLegend
CD138 BrilliantViolet421 MI15 BioLegend
CD200 PE-Cy7 OX-104 BioLegend
CD229 PE HLy9.25 BioLegend
CD229 * 249936 R&D Systems
CD253a PerCP R10 R&D Systems
CD319 PE 162.1 BioLegend

*IHC antibody.
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Immunotherapy could play an important role in this clinical
setting eradicating even chemotherapy-resistant disease from
the patients BM and, accordingly, in other cancer types
tumor-specific monoclonal antibodies have become essential
components of the global therapeutic concept. Very recently,
promising clinical results have become available showing the
great potential of monoclonal antibodies targeting surface
molecules such as CD38 or CS1 in MM.18 However, the
number of promising therapeutic targets expressed on the sur-
face of the bulk of myeloma cells as well as the chemother-
apy-resistant and myeloma-propagating subpopulation of PC
is still very limited.

We have recently described surface receptor CD229 as a
potential therapeutic target for MM and applying a murine
monoclonal antibody against human CD229 we also found
that this antigen can be targeted efficiently via complement-

derived cytotoxicity (CDC) and antibody dependent cellular
cytotoxicity (ADCC).11 Here, we have shown that CD229 is
homogenously expressed on the malignant plasma cells across
all plasma cell dyscrasias while it shows much lower levels of
expression on the other leukocyte subpopulations present in
the patients’ bone marrow. We have also shown that CD229
is preferentially expressed on those bone marrow-infiltrating
plasma cells showing an abnormal, more “malignant” pheno-
type as indicated, for example, by expression of CD56. This
result would also be supported by our previous observation
that PCs from healthy donors show less strong expression of
CD229 than PCs from MM patients.11 These combined
findings suggest that CD229 represents a promising target for
all the different types of plasma cell dyscrasias, e.g. applying
a therapeutic monoclonal anti-CD229 antibody or chimeric
antigen receptor (CAR)-transduced T cells.

Figure 1. CD229 is strongly and homogeneously overexpressed on BM plasma cells. Expression of CD229 was assessed by flow cytometry on whole BM
samples, which were collected as parts of routine diagnostic procedures. The study protocol had received approval by the local internal review boards at
both institutions. BM samples were analyzed according to standard staining protocols and were stained for 30 minutes using the conjugated monoclo-
nal antibodies shown in Table 1. After red blood cell lysis (RBC Lysis/Fixation solution; Biolegend) cells of the HCI cohort were analyzed on a Beckton
Dickinson FACSCanto flow cytometer. UKE samples were analyzed with a reduced 5-color panel on a Beckman Coulter Navios flow cytometer. Plotted
for both cytometers is Median intensity of arbitrary fluorescent units (MFI). Both cytometers use different analog to digital converters (ADC) and also
have different laser and detector configurations, thus providing the relative different values of median intensities. Doublet cells were excluded by using
FSC-H/FSC-A characteristics. Plasma cells (PC) were gated according to their CD138 and CD38 expression. Immunohistochemistry was performed on par-
affin embedded formalin fixed bone marrow samples according to standard staining procedures. The slides were stained with anti CD229 antibody
(clone 249936). (A) At 2 different centers, HCI (left) and UKE (right), BM samples of 7 (HCI) / 10 (UKE) patients with MGUS, 7 (HCI) patients with smoldering
myeloma, 19 (HCI) / 30 (UKE) patients with multiple myeloma, 3 (UKE) patients with plasma cell leukemia, and 2 (HCI) healthy donors were analyzed by
flow cytometry on CD138CCD38C PC. (B) CD229 expression levels are shown as median fluorescence intensity (MFI) on CD138CCD38C PC,
CD45CCD19C B cells, and other CD45CCD138-CD38- non-PC after doublet exclusion with a minimum of 100 acquired events within the respective
gate. ***p < 0.001 using student’s T test. (C) Positivity of BM plasma cells for CD229 IHC staining is indicated by brown color. Hematoxylin (blue color)
was used as a counter stain to highlight nuclei and cytoplasm of haematopoietic cells. (Original magnification 500x). (D) Exemplary dot blot of
BM-derived lymphocytes from one MM patient blotted against CD38 and CD229. The CD138CCD38C PC population is highlighted in red.
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Importantly, we have shown here that CD229 is not only
strongly expressed on the bulk of malignant plasma cells but also
on the pre-PC carrying the phenotype of chemotherapy-resistant,
myeloma-propagating cells. It is a well-known fact that the per-
sistence of chemotherapy-resistant minimal residual disease
(MRD) in the bone marrow, even after the achievement of a
complete response by induction therapy, will eventually result in
relapse and progression of the disease.7-10 It has recently been
shown in an elegant study by Chaidos et al. that myeloma-propa-
gating activity is the exclusive property of a cell subpopulation
persistent in the patients’ bone marrow, which is capable of tran-
sitioning back and forth between the dominant CD19-CD138C
PC fraction and a low percentage of pre-PCs expressing a CD19-
CD138- phenotype.4 Remarkably, they demonstrated that pre-
PCs are more quiescent and are up to 300-fold more drug-resis-
tant than the common malignant PCs of myeloma patients.4 We
have shown here for the first time that CD229 is highly and
homogeneously expressed on these cells evidencing the pheno-
type of myeloma-propagating and chemotherapy-resistant cells.
Although the role of CD19-CD138- myeloma cells remains
somewhat controversial,19 this finding suggests that a myeloma

therapy targeting CD229 would not
only be able to fight the bulk of tumor
cells but would also be capable of eradi-
cating chemotherapy-resistant MRD
from the patients bone marrow leading
to prolonged remissions or even cures.

A potential issue with the use of
CD229 as a therapeutic target is its
expression on lymphocytes other than
plasma cells.11 In particular, the unin-
tended targeting of normal T and NK
cells by CD229-specific CAR T cells
may affect strategies for their use as a
therapeutic option. However, recent
data suggested that the targeting of T
cells by cross-reactive CARs may not be
as problematic as expected. CD229
belongs to the SLAM family of recep-
tors, which demonstrate varying expres-
sion patterns among immune cell
subsets.20 This family also includes CS-
1, the target of MM-specific monoclonal
antibody elotuzumab. Like CD229, CS-
1 is also expressed by normal B, T and
NK cells. In addition to that, CS-1 is
more broadly expressed on healthy tis-
sues than CD229 being present on acti-
vated monocytes and granulocytes.21-24

One of the major proposed mechanisms
of action of elotuzumab is the induction
of CS-1 specific ADCC.22,25 Surpris-
ingly, in those patients receiving elotuzu-
mab no significant targeting of T or NK
cells has been observed.26 In addition,
NK cells expressing CS-1-specific CARs

efficiently targeted myeloma cell lines but again did not appear
to be activated by other NK cells.27 Finally, T cells expressing a
CD28-based CS-1-specific CAR did not exhibit degranulation or
cytotoxicity toward other T cells.28 While this observation of an
apparent protection of bystander effector cells remains poorly
understood, it may be related to a lower antigen density or the
presence of regulatory molecules on normal leukocytes.

In conclusion, we have shown here that surface antigen
CD229 is strongly and homogenously overexpressed on the
malignant plasma cells of patients across all types of plasma cell
dyscrasias including MM. In addition, CD229 is also expressed
on the surface of a fraction of cells carrying the phenotype of che-
motherapy-resistant and myeloma-propagating cells within the
patients’ bone marrow. These combined findings suggest that
CD229 represents a promising target for anti-myeloma immuno-
therapies leading to prolonged remissions or even cures in this
fatal hematologic malignancy.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Figure 2. CD229 is expressed on abnormal plasma cells within the patients’ bone marrow. PCs from
17 patients with MM, SMM, or MGUS were grouped according to the expression of (A) CD56 and
CD19 or (B) CD28 and CD45 on their BM plasma cells. Exemplary dot blots are shown on the left. Nor-
malized (subtracted from FMO control) median fluorescence intensity (nMFI) of CD229 is shown for
the different PC subsets on the right. Only those samples were taken into account where clear popu-
lations were detectable and the number of events was greater than 50. Data are presented as
mean § SD. *p < 0.05, **p < 0.01.
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