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Dear Editor,
Daratumumab (Dara) and Isatuximab (Isa) are monoclonal

antibodies that target CD38, a glycoprotein highly expressed by
plasma cells and Multiple Myeloma (MM) cells [1]. While CD38
expression can predict response to anti-CD38 antibodies [1, 2] and
strategies increasing CD38 expression improve responses to Dara
[3, 4], other factors likely are relevant in the response to these
drugs. CD56 or NCAM1 is a surface glycoprotein aberrantly
expressed in more than seventy percent of patients with MM [5].
We recently showed that CD56 activates RSK2 and CREB1, and
modulates expression of MCL1 and CRBN [6]. In this report, we
investigate whether CD56 expression affects responses to anti-
CD38 monoclonal antibodies, especially in combination with
immunomodulatory drugs (IMiDs).
We first evaluated whether Dara or Isa changed CD56 levels. We

observed downregulation of CD56 surface expression with Dara
and Isa, with Dara being more effective than Isa (Fig. 1A and Fig.
S1A). CD56 surface downregulation occurred at low concentration
(Fig. S1B) and after just one hour of treatment (Fig. S1C). Since the
downregulation was very quick, we hypothesize that CD56 could
be internalized. We confirmed increased intracellular CD56 mainly
with Dara (Fig. 1B and Fig. S1D–E). Treatment with Dara not only
reduced the total protein levels of CD56 but also its downstream
targets, MCL1 and BCL2, at protein (Fig. 1C) and mRNA levels (Fig.
1D), without affecting CD56 mRNA levels. Isa effects were less
evident (Fig. S1F). As expected, Dara also reduced MCL1 levels in
U266 cells overexpressing CD56 (Fig. S1G,H). These data suggest
that Dara functions by triggering CD56 internalization and hence
impeding its signaling, while Isa does not affect this pathway.
To confirm whether CD56 expression could predict responses to

Dara, we evaluated 152 patients (Table S1) who were treated with
Dara single agent (n= 30), Dara in combination with IMiDs
(lenalidomide or pomalidomide, n= 84), or Dara in combination
with proteasome inhibitors (PIs- bortezomib or carfilzomib)
(n= 38). CD38 was usually expressed by the primary clone
(Median CD38 clone size= 97.25%), while CD56 clone size varied
(Fig. S2A; median CD56 clone size= 42.90%). Low (n= 48) or High
CD56 (n= 104) classification was based on a 10% cutoff of CD56-
expressing clonal MM cells, as previously reported [6]. The two
groups were well-balanced in terms of patient and disease
characteristics (Table S1). Including all the patients treated with
Dara independently of the combination regimen, we observed
better responses to Dara in “High CD56” patients (CR/VGPR versus
PR/MR, p= 0.012; Fig. 1E) and longer progression-free survival
(PFS) from first day of Dara therapy (HR= 0.65, 95% CI: 0.43–0.98,
p= 0.04; Fig. 1F), with a median PFS of 23.7 versus 14.6 months.
Adjusting for stage, race, cytogenetics (t(4;14), del(13q), t(11;14),
del(17p), and 1q+ ), and CD38 clone size, PFS remained significant

(HR= 0.45, 95% CI: 0.28–0.72, p < 0.001). Overall survival (OS) from
the first day of Dara was not different between the two groups
(HR= 1.36, 95% CI: 0.737–2.5, p= 0.322; Fig. S2B).
CD56 signaling protects the cells from the activity of

lenalidomide by decreasing CRBN expression [6]. Therefore, we
hypothesized that Dara-IMiDs combination could be particularly
effective in the “High CD56” group (Table S2). PFS was indeed
superior in “High CD56” patients (HR= 0.58, 95% CI: 0.32–1.05,
p= 0.06; Fig. 1G), with a median PFS of 21.1 versus 11.7 months.
Adjusting for the same variables as above, PFS became even more
significant (HR= 0.260, CI 95%: 0.12–0.55, p < 0.001). Conversely,
the PFS effect was not statistically significant in patients treated
with Dara-PIs (HR= 0.61, CI 95%: 0.23–1.67, p= 0.690; Fig. S2C) or
Dara single agent (HR= 0.86, CI 95%: 0.402–1.827, p= 0.334; Fig.
S2D). Thus, our data establish CD56 expression as a predictive
marker of response to Dara in combination with IMiDs.
Since CD38 expression is linked to Dara response [1, 2], we

incorporated median CD38 clone size into our prognostication
model (Table S3), showing that patients in the “High CD38, Low
CD56” group have the shortest median PFS of 8.7 months (All
patients: Log-rank p < 0.001, Fig. 2A and Dara-IMiD patients: Log-
rank p= 0.002, Fig. S3A). Interestingly, CD56 and CD38 are often co-
expressed on MM cells, as noted by a positive correlation between
CD38 and CD56 clone sizes in the 152 studied patients (R= 0.14,
p < 0.0001, Fig. 2B), and between CD38 and CD56 mRNA levels in
the CoMMpass dataset (p < 0.0001, Fig. S3B). We then analyzed
whether CD56 could regulate CD38 expression. Overexpression of
CD56 in U266 cells (Fig. S3C, D), which are negative for both CD56
and CD38 expression, and in MM.1S cells (Fig. S3E), which have low
CD56 expression but high CD38 expression, significantly increased
CD38 surface expression and CD38 mRNA levels (Fig. 2C and Fig.
S3F). While we previously demonstrated that CD56 signals by CREB1
[6], CREB1 overexpression did not increase CD38 levels (Fig. S4A, B).
The relationship between CD56 signaling and the immune

system is still vastly unexplored in MM [7]. We first evaluated an
immune signature ([8] and Table S4), which includes pro-
inflammatory cytokines or molecules (e.g. IL2, IL6, CD3) and
inhibitory markers (CD274, also known as PDL1, B and T
lymphocyte attenuator-BTLA, LAG3, and TIM3). Gene Set Pathway
analysis identified a correlation between CD56 expression and the
above immune signature (Fig. S5A), with higher levels of inhibitory
immune markers (Fig. 2D), including CD274 (p= 0.000025), LAG3
(p= 0.001732), and BTLA (p < 0.000001) and lower levels of FAS
(p < 0.000001), CD28 (p < 0.0001), and CD86 (p < 0.000001) in
“High CD56” patients. We then confirmed increase of surface
expression of CD274 and BTLA with CD56 overexpression (Fig.
S5B, C); while Dara reduced both markers in U266 cells
overexpressing CD56 (Fig. 2E) and OPM-2 treated cells (Fig. 2F).
Finally, Dara-induced antibody-dependent cellular cytotoxicity
(ADCC) was greater in MM.1S overexpressing CD56 compared
with control cells (Fig. 2G). Our findings convey that CD56 drives
an immune inhibitory signature which can be reverted by Dara.
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Isa did not modulate CD56 signaling; therefore, unsurprisingly
no differences in PFS were noted based on CD56 clone size
(HR= 1.530, CI 95%: 0.662–3.536, p= 0.31; Fig. S6A) in 32 patients
(Table S5) treated with Isa-pomalidomide (n= 24, 75%) or Isa-
carfilzomib (n= 8, 25%). While the number of prior lines clearly
affected the overall PFS in our cohorts (Dara median prior
lines= 3; Isa median prior lines= 8), consistently with previous
literature [9], Isa still induced longer PFS in patients with amp(1q)
(PFS: gain(1q)= 7.1 months; amp(1q)= Not-reached (NR), 1q+
negative= 14.3 months, p= 0.06; Fig. S6B), while Dara did not
(PFS: gain(1q)= 15.6 months; amp(1q)= 10.8 months, 1q+
negative = 25.4 months, p < 0.001; Fig. S6C). Interestingly, median
CD56 expression inversely correlates with 1q+ in the MMRF
database (Fig. 2H), while the median CD38 clone size in patients
with 1q+ was bigger (median= 98.3%) compared with patients
without 1q+ (median= 88.2%) (p= 0.01, Fig. S6D). Including 1q+
status to subcategorize Low/High CD56 patients treated with Dara
or Dara-IMiDs (Table S6, Fig. 2I and S6E), the combination of “Low
CD56” and 1q+ had the worst outcomes (PFS: 6.7 or 3.9 months);
“High CD56” status partially overcame 1q+ prognostic impact
(PFS: 19.2 or 15.3 months) and “High CD56, 1q+ neg” patients had
the best outcomes (PFS: 31.9 or 36.8 months). Overall, these data
indicate opportunities to predict outcomes based on MM markers.

In summary, CD56 expression is a novel positive predictive
factor of response to Dara-IMiD regimens but not Isa-based
regimens, with Dara reducing CD56 surface expression and
signaling. CD56 and CD38 are often co-expressed and CD56
regulates CD38 expression by a mechanism that is CREB1-
independent. Moreover, patients with “High CD56” disease have
a specific inhibitory immune signature, which can be reverted by
Dara leading to increased ADCC, in agreement with previous data
showing CD56 homophilic interaction between MM cells and NK
cells [7].
1q+ status is associated with shorter PFS to Dara but not Isa,

with CD56 expression only partially mitigating the negative
prognosis impact of 1q+ status. These data are intriguingly and
still not fully explained. Several genes are in the 1q21 cytoband,
including MCL1 [10–12]. We hypothesize that CD56-mediated
MCL1 downregulation is important for Dara-responses in patients
without 1q+, while patients with 1q+ do not need CD56 to
induce MCL1, and their increased responses to Isa are hence
driven by other unidentified factors, such as alternative genes in
the 1q21 cytoband or differences in immunity. This topic is the
object of future ongoing research.
As a single-center study, our work has some limitations,

including the low number of patients treated with Isa and the
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Fig. 1 CD56 expression predicts response to daratumumab therapy. A Surface expression of CD56 in OPM-2 and H929 cells treated with
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analysis for CD56, MCL1, BCL2, and GAPDH in OPM-2 cells treated with DMSO and Dara 1 μg/mL for 48 h. D Quantitative PCR analysis for MCL1
(p= 0.05, *), BCL2 (p= 0.02, *), and CD56 (p= 0.12, ns) in OPM-2 cells treated with DMSO and Dara 1 μg/mL for 48 h (n= 2, 3 replicates). E Best
responses to Dara therapy in 48 patients with <10% of CD56-expressing MM clonal cells (“Low CD56” group) or 104 patients with >10% of
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included in the graph. F Progression-free survival (PFS) from the first day of Dara therapy in patients with less (n= 48, Low CD56-blue) or more
than 10% of CD56-expressing MM clonal cells (n= 104, High CD56-fuchsia). Median PFS and 95% confidence intervals (CI) are reported in the
insert of the plot. Log-rank p= 0.04. G PFS from the first day of Dara-IMiD therapy in patients with less (n= 24, Low CD56-blue) or more than
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pomalidomide. Median PFS and 95% CI are reported in the insert of the plot. Log-rank p= 0.06.
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fact that the CD38-CD56 clone size determination preceded
anti-CD38 monoclonal antibody therapy but was not assessed
on the first day of therapy. Despite these limitations, our study
paves the way for precision medicine in MM and raises
important points to better understand the differences between

the two anti-CD38 monoclonal antibodies. In conclusion,
our data are clinically relevant, providing a novel potential
strategy to select patients for the appropriate anti-CD38 therapy
based on routine MM markers, such as 1q status and CD56
expression.
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CD56, 1q+ neg (n= 69, purple), and High CD56, 1q+ (n= 35, orange) disease. Median PFS and 95% CI are reported in Table S6. Log-rank p< 0.001.

Correspondence

3

Blood Cancer Journal           (2024) 14:62 



Allen J. Robinette1, Laila Huric1, Kameron Dona1, Don Benson1 and
Francesca Cottini 1✉

1The Ohio State University, Columbus, OH, USA.
✉email: Francesca.cottini@osumc.edu

DATA AVAILABILITY
The datasets generated during and/or analyzed during the current study are available
from the corresponding author upon reasonable request.

REFERENCES
1. Van de Donk N, Richardson PG, Malavasi F. CD38 antibodies in multiple myeloma:

back to the future. Blood. 2018;131:13–29.
2. Nijhof IS, Casneuf T, van Velzen J, van Kessel B, Axel AE, Syed K, et al. CD38

expression and complement inhibitors affect response and resistance to dar-
atumumab therapy in myeloma. Blood. 2016;128:959–70.

3. Chemlal D, Varlet E, Machura A, Ovejero S, Requirand G, Robert N, et al. EZH2
targeting induces CD38 upregulation and response to anti-CD38 immu-
notherapies in multiple myeloma. Leukemia. 2023;37:1925–8.

4. Fedele PL, Willis SN, Liao Y, Low MS, Rautela J, Segal DH, et al. IMiDs prime
myeloma cells for daratumumab-mediated cytotoxicity through loss of Ikaros and
Aiolos. Blood. 2018;132:2166–78.

5. Robillard N, Wuilleme S, Moreau P, Bene MC. Immunophenotype of normal and
myelomatous plasma-cell subsets. Front Immunol. 2014;5:137.

6. Cottini F, Rodriguez J, Hughes T, Sharma N, Guo L, Lozanski G, et al. Redefining
CD56 as a biomarker and therapeutic target in multiple myeloma. Mol Cancer
Res. 2022;20:1083–95.

7. Barberi C, De Pasquale C, Allegra A, Sidoti Migliore G, Oliveri D, Loiacono F, et al.
Myeloma cells induce the accumulation of activated CD94low NK cells by cell-to-
cell contacts involving CD56 molecules. Blood Adv. 2020;4:2297–307.

8. Chen L, Diao L, Yang Y, Yi X, Rodriguez BL, Li Y, et al. CD38-mediated immuno-
suppression as a mechanism of tumor cell escape from PD-1/PD-L1 blockade.
Cancer Discov. 2018;8:1156–75.

9. Martin T, Richardson PG, Facon T, Moreau P, Perrot A, Spicka I, et al. Primary
outcomes by 1q21+ status for isatuximab-treated patients with relapsed/
refractory multiple myeloma: subgroup analyses from ICARIA-MM and IKEMA.
Haematologica. 2022;107:2485–91.

10. Boyle EM, Blaney P, Stoeckle JH, Wang Y, Ghamlouch H, Gagler D, et al. Multiomic
mapping of acquired chromosome 1 copy number and structural variants to
identify therapeutic vulnerabilities in multiple myeloma. Clin Cancer Res.
2023;29:3901–13.

11. Carrasco DR, Tonon G, Huang Y, Zhang Y, Sinha R, Feng B, et al. High-resolution
genomic profiles define distinct clinico-pathogenetic subgroups of multiple
myeloma patients. Cancer Cell. 2006;9:313–25.

12. Trasanidis N, Katsarou A, Ponnusamy K, Shen YA, Kostopoulos IV, Bergonia B,
et al. Systems medicine dissection of chr1q-amp reveals a novel PBX1-FOXM1
axis for targeted therapy in multiple myeloma. Blood. 2022;139:1939–53.

ACKNOWLEDGEMENTS
We thank the OSU MM physicians and clinical research team for consenting patients
to the MM registry, and all the MM patients included in our registry and Leukemia
Tissue Bank repositories.

AUTHOR CONTRIBUTIONS
AJR, LH, and KD performed experiments (Western blot analysis, quantitative PCR, flow
cytometry, and ADCC assays); DB provided input to the study and reviewed the
manuscript; FC wrote the IRB protocol, designed the study, supervised data collection
and accuracy, performed analysis of flow cytometry data and RNA-sequencing data
from CoMMpass database, and wrote the manuscript.

FUNDING
FC reports grants from the Multiple Myeloma Research Foundation, Elsa U. Pardee
Foundation, the International Myeloma Society and Paula and Rodger Riney
Foundation Translational Research Award, the Pelotonia Foundation, and the
National Cancer Institute (5K08CA263476-02).

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41408-024-01051-5.

Correspondence and requests for materials should be addressed to
Francesca Cottini.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Correspondence

4

Blood Cancer Journal           (2024) 14:62 

http://orcid.org/0000-0001-8676-7840
http://orcid.org/0000-0001-8676-7840
http://orcid.org/0000-0001-8676-7840
http://orcid.org/0000-0001-8676-7840
http://orcid.org/0000-0001-8676-7840
mailto:Francesca.cottini@osumc.edu
https://doi.org/10.1038/s41408-024-01051-5
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	CD56 expression predicts response to Daratumumab-based regimens
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




