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Deregulation such as overexpression of adhesion molecules influences cancer

progression and survival. Metastasis of malignant cells from their primary tumor site

to distant organs is the most common reason for cancer-related deaths. Junctional

adhesion molecule-C (JAM-C), a member of the immunoglobulin-like JAM family, can

homodimerize and aid cancer cell migration and metastasis. Here we show that this

molecule is dynamically expressed on multiple myeloma (MM) cells in the bone marrow

and co-localizes with blood vessels within the bone marrow of patients and mice. In

addition, upregulation of JAM-C inversely correlates with the downregulation of the

canonical plasma cell marker CD138 (syndecan-1), whose surface expression has recently

been found to dynamically regulate a switch between MM growth in situ and MM

dissemination. Moreover, targeting JAM-C in a syngeneic in vivo MM model ameliorates

MM progression and improves outcome. Overall, our data demonstrate that JAM-C might

serve not only as an additional novel diagnostic biomarker but also as a therapeutic

target in MM disease.

Introduction

Multiple myeloma (MM) is a B-cell malignancy with clonally expanding antibody-producing plasma cells in
the bone marrow (BM) that has a significant impact on morbidity and mortality. Its incidence has steadily
increased in the past few decades. Although there have been therapeutic advances and major improve-
ments in transplantation techniques and new targeted therapies, including novel agents (eg, chimeric
antigen receptor T cells, bi-specific T-cell engagers, monoclonal antibodies (mAbs), and checkpoint inhib-
itors), MM remains incurable and has the lowest 5-year survival rate (�40%) of the 3 blood cancers that
occur most often (ie, lymphoma, leukemia, and myeloma).1 MM progression seemingly depends on inter-
actions with the local microenvironment in the BM.2,3 The cell adhesion-mediated drug resistance of MM
cells interacting with BM stromal cells and extracellular matrix components poses a major challenge in
MM therapy.4,5 With its specialized endosteal and vascular niches, the BM provides a supportive micro-
environment for maintaining hematopoietic and nonhematopoietic stem cells as well as long-term immune
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Key Points

� JAM-C identifies a
distinct MM cell
population in bone
marrow of patients
and mice.

� Targeting JAM-C
ameliorates MM
progression and
offers potential
therapeutic options
that might
complement standard
treatment regimens.
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memory cells.6 Notably, disseminated tumor cells in the BM can per-
sist in a dormant state for many years until they progress to macro-
metastatic lesions.7 Dissemination of malignant cells from a primary
tumor site to distant tissues and organs is the most prominent
cause for cancer-related deaths, which may also apply for MM,
although it predominantly disseminates in the skeleton where it ini-
tiates a characteristic myeloma bone disease.8,9

To leave their site of origin, MM cells need to loosen their anchor-
ing connection to cells of their individual primary niche within the
BM and to interact with cells of the blood vessel (BV) system such
as endothelial cells (ECs). Disseminating malignant cells will also
need to migrate through connective tissue and enter the blood cir-
culation using adhesion molecules such as integrins and
immunoglobulin-like proteins such as members of the junctional
adhesion molecule (JAM) family, as described for common leuko-
cytes.10 JAMs have been described to support leukocyte recruit-
ment and promote leukocyte movement through intercellular
junctions.11 Because the cell adhesion and migration system in
the MM microenvironment has been recognized as supporting MM
cell survival, progression, and development of drug resistance, it
became a key target in MM treatment.12,13 However, the specific
role and function of JAMs in maintaining the MM microenvironment
and its potential role in MM dissemination within and outside the
BM remains largely elusive. It has recently become evident that
signaling through adhesion molecules regulates MM-BM microen-
vironment interactions and that their overexpression and dysregula-
tion is implicated in cancer pathogenesis.14 In a previous study,
we identified a member of the JAM family (JAM-A) as a promising
candidate to target MM stroma- EC interactions. JAM-A is constitu-
tively expressed on primary patient-derived MM cells and on
human MM cell lines (eg, RPMI 8226). JAM-A expression on MM
cells segregated disease outcome, and higher JAM-A expression
correlated with poor prognosis.15,16 Others have shown that tar-
geting another member of the JAM family, JAM-C, prevented tumor
engraftment in a xenograft model of mantle cell lymphoma and
exhibited an anti-angiogenic effect in lung carcinoma tumor grafts.
In addition, the dimerization of that molecule aided cancer cell
migration and metastasis in a mouse lung squamous cell carci-
noma model and was shown to mediate the recruitment of embry-
onic endothelial progenitor cells during tumor angiogenesis.17-20

The initial Relating Clinical Outcomes in Multiple Myeloma to Per-
sonal Assessment of Genetic Profile (CoMMpass) trial21 from the
Multiple Myeloma Research Foundation (MMRF) revealed that
patients with MM cells with high expression of cell adhesion mole-
cule JAM-C had significantly lower progression-free survival (PFS)
and overall survival (OS) compared with the patients with lower
gene expression.

Here we report that JAM-C expression is upregulated in vivo in a
syngeneic murine MM model, which may be crucial for distinct
advanced stages of the disease such as the process of MM dis-
semination.22,23 Notably, we found that this induced JAM-C expres-
sion was closely associated with the previously reported dynamic
regulation of CD138, which demarcates a switch between in situ
growth and proliferation and a more disseminative status of MM.24

So we explored, visualized, and quantified the dynamic expression
of JAM-C and CD138 on MM cells interacting with BM endothe-
lium. We also wanted to target JAM-C and determine the subse-
quent effect on MM progression and dissemination in our syngeneic

mouse model of MM bone disease. Subsequently, we confirmed
our findings on the basis of our mouse model in the human and
clinical situations and have also detected this novel CD138low/neg

JAM-C1 population in primary human MM BM biopsies by flow
cytometry.

Materials and methods

Ethics statement

Approval for the study was obtained from the Institutional Ethics
Committee of W€urzburg University Hospital and Bari University. Writ-
ten informed consent was obtained from all patients with MM, and
all clinical investigations were conducted in accordance with the
Declaration of Helsinki. All animal experiments were performed in
accordance with the German regulations for animal experimentation.

Cell lines and antibodies

The firefly luciferase and MOPC-315.BMP2.FUGLW23 MM cell line
(which expresses enhanced green fluorescent protein [eGFP]) was
cultured in complete RPMI 1640 medium: RPMI 1640 medium sup-
plemented with 20% v/v heat-inactivated fetal calf serum, 100 U/mL
penicillin, 100 g/mL streptomycin, 1 mM sodium pyruvate, and
2 mM glutamine (all from Life Technologies, Karlsruhe, Germany).
Murine EC line EOMA (ATCC CRL-2586; LGC Standards, Wesel,
Germany) was maintained according to manufacturer’s instructions
in EC medium (PELOBIOTECH, Planegg/Martinsried, Germany).
The human MM cell line RPMI 8226 (German Collection of Microor-
ganisms and Cell Culture, Braunschweig, Germany) was maintained
in complete RPMI 1640 medium, and human umbilical vein endo-
thelial cells (HUVECs) were cultured in EGM MV2 medium (Promo-
Cell, Heidelberg, Germany). Details regarding antibodies used in
this study are provided in the supplemental Materials and methods.

Confocal microscopy and 3D-light sheet

fluorescence microscopy (LSFM) of bone

To depict the BM-infiltrating MM cells at a single-cell resolution
within the intact BM compartment of MM-harboring mice, we used
confocal microscopy as well as the previously described multicolor
LSFM technique.25,26 Details regarding experimental procedures
and image analysis are provided in supplemental Materials and
methods.

Direct in vitro co-culture experiments

EOMA ECs were seeded at a density of 2.5 3 105 cells per 4 mL
of EC medium in a 6-well plate and left to settle in an incubator for
at least 5 hours. Afterward, 5 3 105 MM cells (MOPC-
315.BMP2.FUGLW) resuspended in 4 mL MM medium were
seeded directly on top of settled ECs, which resulted in a mixed cell
culture in 8 mL cocktail medium that was left untouched for specific
time intervals. Then, 5 3 105 MM cells were incubated without ECs
in 8 mL cocktail medium for the same time intervals to serve as a
control.

For experiments that included treatment, bortezomib was used at a
final concentration of 2.5 ng/mL. Subsequently, MM cells were har-
vested by flushing them off the ECs followed by centrifugation. Pel-
leted cells were immediately and completely processed for further
analysis. Corresponding co-culture experiments using human endo-
thelial and MM cell lines were performed by using 4 3 104
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HUVECs and 1.5 3 105 RPMI 8226 cells per 2 mL in a 24-well
format. Details regarding flow cytometry and quantitative real-time
polymerase chain reaction (qRT-PCR) are provided in supplemental
Materials and methods.

In vivo anti–JAM-C treatment of MM-bearing mice

Female 8- to 10-week-old BALB/c mice (Charles River, Sulzfeld,
Germany) were injected intratibially with 1 3 105 MOPC-315.
BMP2.FUGLW cells in 15 mL of phosphate-buffered saline (PBS).
One day after injection, mice were monitored with in vivo biolumi-
nescence imaging (BLI) to confirm MM engraftment. The mice were
then randomly assigned to 1 of 2 groups, each comprising mice
with comparable initial tumor signal (9 treated vs 8 isotype controls).
Treatment with mAbs started 1 day after MM cell injection (day 0).
Mice were treated with anti–JAM-C mAb (clone #42) 100 mg/20 g
body weight intraperitoneally (IP) (in 100 mL of PBS) or with a
matched isotype control mAb (clone #238) 100 mg/20 g body
weight IP (in 100 mL PBS). Antibodies were administered 3 times
per week (9 administrations IP) on days 0, 2, 5, 7, 9, 12, 14, 16,
and 19. On day 21, mice were euthanized, bones were subse-
quently imaged ex vivo (BLI), and BM was analyzed by flow
cytometry.

Results

Patients with high expression of JAM-C have worse

PFS and OS

In line with our previous study, which explored the impact of aber-
rant JAM-A expression on MM disease progression and outcome,
we again examined the MMRF CoMMpass study21 regarding possi-
ble similar effects of divergent JAM-C expression on MM. These
analyses discovered that patients with MM cells showing high
JAM-C expression had a significantly shorter PFS compared with
the patients with a lower JAM-C expression (median PFS, 1259 vs
773 days; hazard ratio, 1.98; 95% confidence interval, 1.44-2.72)
(Figure 1A). Moreover, high JAM-C expression significantly corre-
lated with shorter OS (median survival not reached vs 1590 days;
hazard ratio, 1.66; 95% confidence interval, 1.08-2.54) (Figure 1B).
JAM-C expression has already been described as relevant for hema-
togenous metastasis and invasion of solid cancers as well as for
angiogenesis and tumor growth.19,20,27-30 Therefore, we hypothe-
sized that JAM-C expressed on MM might be a relevant factor for
vascular endothelial interactions and MM dissemination, which
prompted us to investigate the mechanics of aberrant JAM-C
expression in detail in our functional MM in vitro systems (murine
and human), in vivo in our preclinical MM mouse model, and in pri-
mary patient-derived BM biopsies.

MM cells co-localize with BVs within their BM niche

To further investigate and visualize MM cells within their intact three-
dimensional (3D) BM niche architecture, we first quantified MM cells
co-localizing with ECs of the BV system within the intact 3D BM
environment by using LSFM on cleared long bones (supplemental
Figure 1A-B; supplemental video 1) of MM-harboring mice. Analysis
of segmented MM and BV signals (supplemental Figure 1C-E)
revealed that �60% of MM cells were in direct contact with vascular
ECs (supplemental Figure 1F). Next, we wondered whether JAM-C
could be involved in MM-EC interactions. Again using LSFM, our
analysis of 3D-reconstructed multichannel stacks of segmented MM

and BV signals revealed that �60% to 80% of MM cells were in
direct contact with vascular ECs and that there is a 70% spatial
co-localization of MM and JAM-C signal in the vicinity of BVs. Fur-
thermore, JAM-Chigh cells were positioned in the immediate vicinity
of BVs. Interestingly, these JAM-Chigh

– expressing cells seemed to
have a diminished CD138 signal (Figure 2; supplemental video 2).
On the basis of these findings, we analyzed mice with established
MM by using confocal microscopy on long bone sections compared
with nonaffected BM compartments of the same mouse. These
images showed a specific surface molecule expression signature as
well as a remarkable spatial cellular distribution pattern which was
not detectable in nonaffected BM compartments (Figure 3A-B).

Most strikingly, the JAM-Chigh
–expressing cells in close proximity to

BVs apparently expressed lower CD138 levels compared with the
neighboring MM cells as shown by both microscopy techniques
(Figures 2A-C and 3A). Statistical analyses of mean fluorescent
intensity signals comparing CD138high and CD138low/neg JAM-Chigh

cell populations revealed significantly higher vessel intensities in
areas where the latter population was predominantly located
(Figure 3C).

However, limited penetration depth, limited availability of fluores-
cence channels regarding confocal images, and high autofluores-
cent background of cleared BM samples processed for LSFM
rendered these microscopic evaluations neither adequate nor sensi-
tive enough to discriminate small dynamic and graded differences in
CD138 expression on individual MM cells, so it was not possible to
determine their distinct cellular phenotype. Therefore, we used multi-
parameter flow cytometry to quantify subtle dynamic changes in
JAM-C and CD138 expression on individual BM-infiltrating MM cells
and to unequivocally determine their malignant cellular identity.

Histopathologic analysis of a primary BM biopsy from a patient with
MM identified MM cells growing in a perivascular and interstitial
manner (supplemental Figure 2A). Overall, JAM-C is widely
expressed showing highest intensity in the perivascular compart-
ment (supplemental Figure 2B). However, more primary BM-derived
biopsies from newly diagnosed patients and at different time points
during disease progression will be needed to further elucidate the
exact role of JAM-C in the human setting.

Differential JAM-C and CD138 expression on murine

MM cells in vivo

To investigate a possible function of JAM-C and CD138 in MM
interaction with BM vascular ECs and subsequent MM dissemina-
tion, we used flow cytometry to analyze the surface expression of
CD138 and JAM-C on BM cells and peripheral blood (PB) cells
from MM-bearing mice. Mouse MM cells could be unequivocally
identified by eGFP reporter gene expression. Notably, eGFP1 MM
cells in the BM expressing high JAM-C levels displayed a
CD138low/neg phenotype in contrast to CD138high MM cells
(Figure 4A-B). Similarly, in the PB, eGFP1 JAM-C-expressing MM
cells expressed lower or no CD138 (Figure 4B).

JAM-C upregulation correlates with decreased

CD138 expression in vitro

To recapitulate in vivo findings (Figure 4), we performed direct
co-culture assays of mouse MOPC-315.BMP2.FUGLW MM cells
and mouse ECs (EOMA cells). EC-MM cell co-culture led to the
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emergence of an MM cell population that displayed a decreased
CD138 surface expression and simultaneous upregulation of JAM-C
over time (Figure 5A). The frequency of CD138low/neg/JAM-C1 MM
cells significantly increased by about 3.5-fold within 48 hours in an
EC-MM co-culture setting compared with MM cells without EC con-
tact (Figure 5B). This inverse regulation of CD138 and JAM-C could
be reverted when culturing MM cells from the EC-MM co-culture
(after 72 hours) for another 48 hours without ECsin complete
growth medium (Figure 5C-D). In line with surface receptor changes
in CD138 and JAM-C on a protein level, qRT-PCR confirmed that
EC-MM cell co-culture significantly decreased CD138 messenger
RNA expression in MM cells within 24 hours, which inversely corre-
lated with a marked upregulation of JAM-C messenger RNA within
48 hours (Figure 5E-F). Like the dynamic changes on a protein level,
this process was completely reverted after culturing MM cells from
a 72-hour EC-MM coculture again without ECs for 48 hours in com-
plete growth medium (Figure 5G).

Similar to the observations mentioned above, co-culturing the
human MM cell line RPMI 8226 with HUVECs induced significant
JAM-C upregulation and CD138 downregulation on MM cells within
24 hours. Again, after co-culture, the inverse regulation of JAM-C
and CD138 could be reverted within 48 hours by putting RPMI
cells back into solitary culture with the corresponding growth
medium (Figure 5H-K).

CD138low/neg JAM-C1 MM cells are less proliferative

and more resistant to bortezomib treatment

To determine the proliferation status and the effect of JAM-C upre-
gulation and EC interaction on drug sensitivity of this increasing
CD138low/neg/JAM-C1 MM cell population, we treated cells after
48-hour murine MM-EC co-culture with bortezomib with a final con-
centration of 2.5 ng/mL for 24 hours. After treatment, cells were
stained for surface expression of CD138 and JAM-C and
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intracellular levels of Ki-67. Included LIVE/DEAD Fixable Violet Dead
Cell Stain was used for discriminating living cells from dead cells
(supplemental Figure 3). Emerging CD138low/neg/JAM-C1 cells pro-
liferated at a lower level than CD138high MM cells (supplemental
Figure 3B-C) as shown by decreased Ki-67 levels. Furthermore,
CD138low/neg/JAM-C1 cells proved to be more resistant to protea-
some inhibition and significantly increased in frequency (3.3-fold),
whereas treatment with bortezomib basically eradicated the highly
proliferative CD138high MM population (supplemental Figure 3B-D).

Targeting JAM-C ameliorates MM

progression in vivo

To assess the role of JAM-C expression on MM cells in vivo, we
treated immunocompetent syngeneic mice that developed
MM locally in the left tibia with our newly established
anti–JAM-C–blocking (aJAM-C) mAb (supplemental Figure 4) or

a matched isotype control antibody. We followed tumor
progression by using sensitive in vivo BLI. MM-derived BLI sig-
nals significantly progressed more slowly in aJAM-C–treated
mice than in isotype-treated mice (Figure 6A-B). Additional
tumor foci in isotype-treated mice significantly appeared earlier
and in larger numbers over time compared with aJAM-
C–treated mice (Figure 6C). Ex vivo BLI of bones that had been
removed from the mice remaining at the end of the experiment
revealed an overall higher MM burden in long bones in controls
than in aJAM-C–treated mice (Figure 6D). Following animal pro-
tocol guidelines, 50% of isotype-treated mice had to be eutha-
nized prematurely because of the very high MM burden
measured with BLI and/or a substantial decline in health status.
In contrast, all mice in the aJAM-C–treated group could be kept
until the end of the experiment without signs of impaired health
status (Figure 6E). Furthermore, aJAM-C treatment markedly
reduced dissemination of MM to other bones (Figure 6D,F).
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and standard error of the mean for qRT-PCR results.

12 APRIL 2022 • VOLUME 6, NUMBER 7 JAM-C: NOVEL PREDICTIVE TARGET MOLECULE IN MM 2201



Isotype ctrl Isotype ctrl Isotype ctrl (8)

Isotype ctrl

�-JAM-C

d+5

5.0

4.0

3.0
x107 x105

2.0

1.0

d+9

d+14 Radiance
(p/sec/cm2/sr)

Color scale
Min = 5.00e5
Max = 5.00e7

d+19

d+5

d+9

d+14

d+19

Ventral

Ph
ot

on
s/

s (
ve

nt
ra

l)

1�1010

1�107 2

1

0

p=.026

p=.028

1�106

1�105

1�104

p=.009
1�109

1�108

1�107

1�106

1�105

100

50

0
0 5 10

Days elapsed

Pe
rc

en
t s

ur
viv

al

Ph
ot

on
s/

s (
bo

ne
s)

GF
P+  c

ell
s (

%
)

15 20

0 5 7 9
Days post treatment

12 14 16 19

Dorsal

�-JAM-C

�JAM-C (9)

�JAM-C

6.0

10

8

6

p=.031

4

No
. a

nim
als

 w
ith

 a
dd

itio
na

l t
um

or
 fo

ci

2

0
5 7 9 12

Days post treatment
14 16 19

5.0

4.0

3.0

2.0

1.0

Color scale
Min = 6.00e4
Max = 6.00e5

Radiance
(p/sec/cm2/sr)

5.0
Luminescence

4.0

#1 #2

#3 #4

#1 #2

#3 #4

3.0 x105

2.0

1.0

Radiance
(p/sec/cm2/sr)

Color scale
Min = 5.00e4
Max = 5.00e5

+

+

+
+

+

+

Isotype ctrl (8)

Isotype ctrl (8)

p=.019

�JAM-C (9)

�JAM-C (9)
Isotype ctrl (4)
�JAM-C (4)

A C

D

B

E F G

+

+

Isotype (4)
�JAM-C (4)

+

+

+

Bone pairs BM
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Figure 6 (continued) (C) Number of additional tumor foci within the isotype control (ctrl) and aJAM-C–treated group over time after treatment (P 5 .031; Wilcoxon test).

(D) BLI images of 4 representative bone pairs of isotype-treated (dots) and aJAM-C–treated (squares) mice at day 21 and (F) corresponding graphical and statistical signal

quantification (P 5 .026; 2-way ANOVA). (E) Survival rate of isotype-treated and aJAM-C–treated mice over time after treatment (P 5 .019; Gehan-Breslow-Wilcoxon test).

(G) Frequency of GFP1 cells from BM of isotype- or aJAM-C–treated mice determined by FACS analysis (P 5 .028; Mann-Whitney U test). Error bars indicate SD. The

horizontal lines represent the % of GFP positive cells.
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Fluorescence-activated cell sorting analysis of the BM of these
bones confirmed our findings (Figure 6G).

JAM-C is upregulated on CD138low/neg malignant

plasma cells in BM of patients with MM

Next, we explored the regulation of JAM-C on malignant plasma
cells in patients with MM. Flow cytometry of matched human BM
samples from patients with MM (n 5 17) at the diagnosis time point
(T0) and x 11 relapse (T2) revealed that the JAM-C molecule is
almost exclusively upregulated on the surface of CD138low/neg MM
cells (Figure 7A-B). Notably, numbers of CD138low/neg JAM-C1

cells (gated on living CD45–CD561CD38dim/1 cells31; detailed gat-
ing strategy is provided in supplemental Figure 5) significantly
increased from time T0 to T2 within the majority of analyzed patient
BM samples, whereas the number of CD138high JAM-C1 cells
decreased on trend without being significant (Figure 7B-C). Similar
observations were made when we analyzed percentages of
CD138low/neg JAM-C1 events and compared them to CD138high

JAM-C1 events at T0 and T2 (Figure 7D; supplemental Figure 6).
Our results reveal a distinct CD138low/neg JAM-C1 MM population
that could be missed by relying on CD138 expression, and they
support an increase of CD138low/neg JAM-C1 malignant plasma
cells with MM disease progression.

Discussion

In this study, we demonstrate for the first time a dynamic regulation
of the cell adhesion molecule JAM-C on MM cells upon MM-EC
interaction, which inversely correlates with CD138 expression. Visu-
alizing JAM-C expression in intact murine BM and human BM infil-
trates revealed JAM-C at the interface of MM with BM vascular
ECs, especially within the perivascular compartment that was shown
to be crucial for MM cell survival.32 Importantly, JAM-C defined an
MM population that was insensitive to proteasome inhibitors. The
direct targeting of JAM-C with a blocking antibody in vivo inhibited
progression of MM bone disease in mice and reduced overall tumor
burden as well as MM dissemination. In line with those findings,
JAM-C expression correlated with poor PFS and OS of 577
patients with MM, and we observed the increase of a CD138low/neg

JAM-C1 malignant plasma cell population with disease progression
from diagnosis to relapse in a retrospective evaluation in 17 patients
with MM.

JAMs are commonly thought to have pleiotropic functions in cell
physiology and development.33 JAM-C localizes at intercellular junc-
tions, mediates tumor cell-EC interaction and helps leukocytes cross
the endothelial barrier.30,34 Dissemination of malignant cells from pri-
mary tumor sites to distant organs requires migration through con-
nective tissue and intravasation into BVs, including the process of
diapedesis. These early steps are not very well understood, but they
likely involve cell adhesion molecules in a way similar to that
described for common leukocyte migration during inflammation.10

JAM-C plays a pivotal role in metastasis of solid cancers and acts
as a counter-receptor on different cell types. Several previous stud-
ies showed JAM-C to be directly involved in cancer cell migration
and metastasis.27,28,30,35,36

JAM-C expression delivers an advantage to cancer cells for cru-
cial steps of metastasis (ie, the detachment from the primary
tumor and intravasation) as described by Garrido-Urbani19 in a
lung carcinoma model, and it is enriched on the surface of highly

disseminating human fibrosarcoma variants.,37 Therefore, we
asked whether JAM-C may also contribute to the metastatic pro-
cesses of MM by promoting interaction with the vascular endo-
thelium. The confirmation of the co-localization of MM cells with
ECs in the BM niche prompted the analysis of JAM-C surface
expression while using CD138 as a routine standard MM cell
marker. However, we noted that in the BM of MM-bearing mice,
JAM-C expression was significantly higher on the surface of
CD138low/neg MM cells. Similarly, we identified this MM cell pop-
ulation within BM of primary patient samples especially after
relapse.

In line with our results, a recent study showed that CD138 surface
expression demarcates two distinct functional states of MM cells
in vivo. Akhmetzyanova et al24 proposed a model in which MM cells
upregulate CD138 in periods of growth and lose expression of
CD138 when they sense nutrient deprivation and switch to a more
motile and disseminative state. Therefore, it is tempting to speculate
that when MM cells leave their increasingly inhospitable microenvi-
ronment, they need to cross the vascular barrier by using JAM-C.
Previous reports have already cautioned that the evident dynamic
CD138 expression in MM disease renders this surface receptor not
an optimal clinical biomarker especially in late-stage disease or
when monitoring imminent relapse.38,39 Therefore, new marker pan-
els that would not exclude CD138low/neg MM cells or conversely
would entirely dispense with CD138 have already been proposed.40

Our findings suggest a nearly reciprocal regulation of CD138 and
JAM-C surface expression, which may add a novel molecular player
to distinguish the MM cells that are switching from an intra- to an
extramedullary dissemination status.

Here we show that only the direct in vitro contact with ECs leads to
comparable regulation dynamics of CD138 and JAM-C as observed
in vivo at the transcriptional and surface protein level. Moreover, we
showed that the increasing MM cell population is basically resistant
to treatment with a proteasome inhibitor, which makes those cells
candidates that might withstand first-line treatment and persist
within patients’ BM. Because the co-culture setting we used repre-
sents an artificial 2D system and can reflect only a minimum of the
genuine MM-BM interactions, we also demonstrated that JAM-C
expression is visibly enhanced at the interface of of BV system cells
with MM cells within an intact BM niche in our MM mouse model.
These observations are in line with the relatively recently described
phenomena of overexpression of junction adhesion proteins in can-
cer pathogenesis.14

The development of individualized and patient-tailored therapies
needs time and might strongly benefit from new initial treatments
that delay disease progression. Our in vivo approach targeting
JAM-C in MM mice proposes anti–JAM-C treatment as an attractive
strategy for impairing MM progression and dissemination. Targeting
only JAM-C ameliorated MM disease progression and significantly
reduced the overall tumor burden and malignant MM dissemination.
Do~nate et al18 described similar effects in a xenograft model of man-
tle cell lymphoma. Because a high initial tumor burden is a hallmark
of the intratibial model used in our study, investigation is still needed
to determine whether blocking JAM-C would impair initial MM cell
engraftment and homing as well as disease onset in models of MM
residual disease by administering MM cells intravenously. Current
experiments that combine anti–JAM-C treatment with administration
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of standard proteasome inhibitors will reveal whether this improves
control of MM progression.

Myeloma spreading and migration are key characteristics of disease
progression but may differ considerably from patient to patient. Mul-
tiple subclones that harbor different mutations might respond differ-
ently to a certain therapy. Our analysis of the MMRF CoMMpass
database suggests JAM-C expression as an additional molecular
biomarker for monitoring patients’ status and adapting treatment
regimens, which is also shown by our evaluation of BM aspirates of
patients at different time points at diagnosis and after relapse. The
cell surface upregulation of JAM-C on CD138low/neg MM cells at
relapse adds a novel molecule not only in terms of patient surveil-
lance but also because it may represent a target for tailored treat-
ment strategies in patients.

Collectively, we show that JAM-C demarks a CD138low/neg MM
cell population in BM of patients and mice and that this adhesion
molecule is involved in MM progression and dissemination.
Because we could also detect these JAM-C1 CD138low/neg MM
cells in the PB of MM-bearing mice, these circulating MM cells
might also determine the prognosis of the MM patient and thus
should be screened for during staging and while monitoring dis-
ease status. A recent study suggests a novel anti-CD138 anti-
body treatment as a promising targeting strategy in MM.41

Ultimately, therapeutic targeting of JAM-C in combination with a
potential anti-CD138 treatment might impair myeloma spreading
and complement standard treatment regimens to benefit patients
suffering from MM.
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