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Abstract
CD38 expression on myeloma cells is a critical factor affecting the early response to 
the anti-CD38 antibody daratumumab. However, factors affecting CD38 expression 
in untreated multiple myeloma are not fully elucidated. In this study, we found that 
CD38 expression was significantly lower in myeloma patients with the transloca-
tion t(11;14)-associated immature plasma cell phenotype, and particularly in those 
expressing B–cell-associated genes such as PAX5 and CD79A. CD138, a representa-
tive marker of plasmacytic differentiation, was also significantly lower in these pa-
tients, suggesting that CD38 expression may be associated with the differentiation 
and maturation stages of myeloma cells. Furthermore, the BCL2/BCL2L1 ratio, a re-
sponse marker of the BCL2 inhibitor venetoclax, was significantly higher in patients 
with the immature phenotype expressing B–cell-associated genes. The BCL2/BCL2L1 
ratio and CD38 expression were significantly negatively correlated. We also con-
firmed that patients with translocation t(11;14) expressing B–cell-associated genes 
were indeed less sensitive to daratumumab-mediated direct cytotoxicity but highly 
sensitive to venetoclax treatment in ex vivo assays. Moreover, all-trans-retinoic acid, 
which enhances CD38 expression and induces cell differentiation in myeloma cells, 
reduced B-cell marker expression and the BCL2/BCL2L1 ratio in myeloma cell lines, 
leading to reduced efficacy of venetoclax. Venetoclax specifically induces cell death 
in myeloma with t(11;14), although why patients with translocation t(11;14) show 
BCL2 dependence is unclear. These results suggest that BCL2 dependence, as well 
as CD38 expression, are deeply associated with the differentiation and maturation 
stages of myeloma cells. This study highlights the importance of examining t(11;14) 
and considering cell maturity in myeloma treatment strategies.
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1  | INTRODUC TION

Daratumumab, a fully human monoclonal antibody against CD38, has 
emerged as a promising agent for treating MM.1 It has shown sub-
stantial clinical activity in several clinical trials when used in combi-
nation with PIs or IMiDs.2-5 Various mechanisms of action have been 
reported for daratumumab. Daratumumab has classic Fc-dependent 
immune effector mechanisms, including CDC and ADCC.6 A previ-
ous study has demonstrated a significant positive association be-
tween CD38 expression levels in myeloma cells and the efficacy 
of daratumumab monotherapy.7 In addition, daratumumab targets 
CD38-expressing immunosuppressive cells, including CD38-positive 
(CD38+) regulatory T-cells (Tregs), thereby inducing immunomodu-
latory effects. It has been shown previously that cytotoxic T-cell 
number and clonality are increased after daratumumab treatment.8,9

We recently showed that CD38 expression levels on myeloma 
cells and the frequency of circulating CD38+ Tregs are associated 
with the response to daratumumab.10 In the study, we demonstrated 
that the pretreatment levels of CD38 on myeloma cells may be a 
predictive marker for an early response to daratumumab treatment, 
reflecting the direct cytotoxicity of daratumumab. A previous study 
showed that IMiDs such as lenalidomide upregulate CD38 expres-
sion and prime myeloma cells for daratumumab-mediated cytotox-
icity by degrading the CD38 gene repressors, IKZF1 and IKZF3.11 
Therefore, prior exposure to IMiDs may cause heterogenous CD38 
expression in previously treated patients with MM. Daratumumab 
was recently approved for treating newly diagnosed patients with 
MM. however the factors affecting CD38 expression in untreated 
MM remain unclear. It is important to obtain a rapid response by 
daratumumab during initial treatment, as several reports have sug-
gested that immunomodulatory effects are less likely to be induced 
if debulking of the tumor is not achieved.12,13 Therefore, it may be 
clinically relevant to identify the determinants of CD38 expression. 
Therefore, we investigated the factors affecting CD38 expression in 
newly diagnosed patients with MM.

It has been shown that MM produces tumors at various stages of 
differentiation and maturation. Particularly, cases with translocation 
t(11;14) frequently show an immature phenotype, such as lympho-
plasmacytic morphology,14,15 B–cell-associated gene expression,16,17 
low-concentration of monoclonal proteins,18 and unmeasurable se-
cretory status such as oligosecretory and nonsecretory types.19 In 
this study, we show that CD38 expression is significantly lower in 
patients with myeloma and the t(11;14)-associated immature plasma 
cell phenotype. Moreover, we found that CD38 expression was nega-
tively correlated with the BCL2/BCL2L1 ratio, and BCL2 dependence 
was significantly higher in patients with myeloma and the t(11;14)-
associated immature phenotype. These results suggest that BCL2 
dependence, as well as CD38 expression, could be deeply associated 
with the differentiation and maturation stages of myeloma cells.

2  | MATERIAL AND METHODS

2.1 | Patients

In total, 72 patients newly diagnosed with symptomatic MM at 
Kameda Medical Center between October 2017 and September 
2020 were included. Of these, patients from whom sufficient RNA 
could be extracted were included in this study. All patients were 
diagnosed with symptomatic MM in accordance with International 
Myeloma Working Group criteria.20 Cytogenetic abnormalities 
including t(4;14), t(14;16), del(17p), t(11;14), del(13q), and 1q gain 
were examined in all patients using interphase fluorescence in situ 
hybridization, which was performed in accordance with the manu-
facturer's protocols at the Special Reference Laboratory (Hachiohji) 
using bone marrow plasma cells purified by CD138-coated magnetic 
beads (Miltenyi Biotec). Written informed consent was obtained 
from all patients. The study was conducted in accordance with the 
Declaration of Helsinki and approved by the institutional review 
board of Kameda Medical Center (protocol number: 19-014).

2.2 | Flow cytometric analysis of bone marrow 
samples from patients

CD38 and CD138 expression levels were determined as MFI 
using flow cytometry. Flow cytometry was performed using the 
DURAClone RE PC antibody panel on a Navios cytometer, and the 
data were analyzed using Kaluza analysis software (all from Beckman 
Coulter). CD38 and CD138 MFI were accessed in the neoplastic 
plasma cell population (CD38+/CD138+/CD56+ or CD56−/CD19−) as 
previously described.10

2.3 | Real-time quantitative RT-PCR analysis

Real-time quantitative RT-PCR analysis was performed using the 
TaqMan method (Applied Biosystems) on a Light Cycler Nano instru-
ment (Roche). TaqMan probes for GAPDH (Hs02758991_g1), PAX5 
(Hs01045955_m1), CD79A (Hs00998119_m1), BCL2 (Hs01048932_
g1), BCL2L1 (Hs00236329_m1), and MCL1 (Hs01050896_m1) were 
purchased from Applied Biosystems. Quantitative analysis was 
performed by determining the threshold cycle (Ct) values during 
the exponential phase of amplification. The ΔCt value was calcu-
lated as the difference between the Ct values for a specific mRNA 
and the Ct value for GAPDH. Relative expression levels were pre-
sented as 2−ΔCt values. Total RNA was extracted using TRIzol rea-
gent (Life Technologies) from bone marrow CD138-purified plasma 
cells. Reverse transcription was performed using a Transcriptor First 
Strand cDNA Synthesis Kit (product no. 04379012001, Roche).

K E Y W O R D S

BCL2, CD38, daratumumab, multiple myeloma, venetoclax
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2.4 | Myeloma cell lines and culture

MM cell lines (KMS12BM, NCU-MM1, U266, MM.1S, H929, and 
RPMI8226) were cultured in RPMI 1640 medium (Invitrogen), sup-
plemented with 10% fetal bovine serum (Sigma-Aldrich).

2.5 | Cell viability assay

Cell viability assays were carried out using an MTT-based In Vitro 
Toxicology Assay Kit, in accordance with the manufacturer's proto-
col (Sigma-Aldrich).

2.6 | Flow cytometry-based ex vivo CDC and 
ADCC assays

Among the 72 samples from patients with MM, bone marrow mono-
nuclear cells (BM-MNCs) derived from 48 patients with MM, con-
taining 10-67% CD138-positive tumor cells but also autologous 
effector cells, were available for the ADCC and CDC assays. Lysis 
of MM cells by CDC and ADCC was measured using flow cytometry 
after measuring the percentage of propidium iodide-positive cells, as 
previously reported.21 All cells were cultured at 37°C in a 5% CO2 in 
air atmosphere. MM cell lysis was determined after counting viable 
cells within the CD138-positive cell population. For the CDC assay, 
BM-MNCs were treated with daratumumab (10 µg/mL) and pooled 
human serum as source of complement for 1 h prior to flow cyto-
metric analysis. For the ADCC assay, BM-MNCs were treated with 
daratumumab (10 µg/mL) or control antibody (IgG1-B12) for 48 h. 
The percentage of daratumumab-mediated ADCC was then calcu-
lated using the following formula: % lysis  =  1 − (absolute number 
of surviving CD138+ cells in the presence of daratumumab/absolute 
number of surviving CD138+ cells in the presence of control anti-
body)  ×  100%. Complement-dependent lysis was calculated using 
the following formula: % lysis = 1 − (absolute number of surviving 
CD138+ cells in the presence of native human serum/absolute num-
ber of surviving CD138+ cells in the presence of heat-inactivated 
serum) × 100%.

2.7 | Reagents

Venetoclax was purchased from Selleck Chemicals. Daratumumab 
was obtained from Janssen Pharmaceuticals. ATRA was purchased 
from Sigma-Aldrich.

2.8 | Statistical analysis

Mann-Whitney U tests, Kruskal-Wallis test and Student t tests were 
used to examine significance. Correlations between variables were 
identified using the Spearman's rank correlation coefficient. P-values 

below .05 were considered as significant. All statistical analysis was 
performed using GraphPad Prism 8 software (GraphPad, Inc).

3  | RESULTS

3.1 | CD38 expression is significantly lower in 
t(11;14) myeloma, particularly in patients with 
the immature plasma cell phenotype and B-cell-
associated gene expression

The clinical characteristics of the patients are shown in Table  1. 
First, we confirmed that CD38 MFI was heterogeneous in the newly 
diagnosed cases, as it is in relapsed/refractory cases (Figure 1A).7,10 
As previously reported, CD38 expression was not significantly as-
sociated with clinical parameters such as age, sex, lactate dehydro-
genase levels, β2-microglobulin levels, and the International Staging 
System stage (data not shown).7 In contrast, we found that CD38 
MFI was significantly lower in cases with lymphoplasmacytoid 
morphology, which was identified by Hoyer et al14 (Figure 1B). In 
these patients, the plasma cells were small, with scant cytoplasm 
and without prominent nucleoli, suggesting a less differentiated 
plasma cell phenotype. This lymphoplasmacytoid morphology was 

TA B L E  1   Patient characteristics

Parameter
Number of 
patients (N = 72)

Median age, years (range) 76 (30-97)

Male 29 (52%)

Female 43 (48%)

Paraprotein type

IgG 30 (42%)

IgA 22 (31%)

IgD 1 (1%)

LCD 19 (26%)

International staging system

I 16 (22%)

II 15 (21%)

III 41 (57%)

Elevated LDH level (>ULN) 26 (36%)

Elevated β2-MG level (≥3.5 mg/L) 47 (65%)

Cytogenetic abnormalities

t(4;14) 7 (10%)

del(17p) 9 (13%)

t(14;16) 2 (3%)

t(11;14) 24 (32%)

del(13q) 37 (51%)

1q21 gains 36 (50%)

Lymphoplasmacytoid morphology 12 (16%)

Abbreviations: LCD, light chain disease; LDH, lactate dehydrogenase; 
ULN, upper limit of normal; β2-MG, β2-microgulobulin.
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reportedly associated with t(11;14).14,15 Indeed, lymphoplasmacy-
toid morphology occurred only in patients with t(11;14) (in 50% 
of such cases), which was consistent with previous reports.14,15 

Furthermore, CD38 MFI was significantly lower in patients 
with t(11;14) compared with those without t(11;14) (Figure  1C). 
CD38 and CD138 expression levels increase during plasma cell 
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     |  3649KITADATE et al

development.22 Notably, CD138 MFI was also significantly lower 
in patients with lymphoplasmacytoid morphology and with t(11;14) 
(Figure  1D). Furthermore, CD38 and CD138 expression levels 
were significantly positively correlated (Figure  1E). However, not 
all patients with t(11;14) showed lower CD38 and CD138 MFI. 

Some patients with t(11;14) have been reported to express B–cell-
associated genes such as PAX5 and CD79A.16,17 Silencing of PAX5 
is essential for the terminal differentiation of B-cells to plasma 
cells. However, in our study, PAX5 expression was detected more 
frequently in patients with t(11;14) (Figure  1F) and in those with 

F I G U R E  2   The BCL2/BCL2L1 ratio was inversely correlated with CD38 MFI, and was significantly higher in t(11;14) patients expressing 
B–cell-associated genes. Asterisks denote significant changes (*.01 ≤ P < .05, **.001 ≤ P < .01, and ***P < .001); ns, not significant. A, BCL2 
relative expression in myeloma patients with PAX5high or PAX5low expression. Bars indicate the median with interquartile range. Significance 
was assessed by Mann-Whitney U test. Expression levels were normalized to that of GAPDH. Specific mRNA relative expression levels are 
presented as 2−ΔCt. B, The BCL2/BCL2L1 ratio in patients with t(11;14) plus PAX5high or PAX5low, or without t(11;14). The BCL2/MCL1 ratio is 
also shown. Bars indicate the median with interquartile range. Significance was assessed by Kruskal-Wallis test. C, The BCL2/BCL2L1 ratio 
in patients by CD79A expression. Bars indicate the median with interquartile range. Significance was assessed by Mann-Whitney U test. D, 
Correlations between CD38 MFI and the BCL2/BCL2L1 ratio, and CD38 MFI and the BCL2/MCL1 ratio; r, correlation coefficient. Significance 
was assessed by Spearman test

F I G U R E  1   CD38 expression is significantly lower in t(11;14)-associated immature plasma cell morphology, especially in cells expressing 
B–cell-associated genes. Asterisks denote significant changes (* .01 ≤ P < .05, **.001 ≤ P < .01, and ***P < .001); ns, not significant. 
A, Flow cytometry analysis of CD38 MFI in newly diagnosed multiple myeloma patients. Bars indicate the median. B, Comparison of 
CD38 MFI in myeloma patients with or without lymphoplasmacytoid morphology. Representative typical plasma cell morphology and 
lymphoplasmacytoid morphology are shown. Lymphoplasmacytoid morphology type was defined as the cases with reduced cytoplasm 
(nuclear cytoplasmic [N/C] ratio exceeding 0.6) and >25% tumor cells showing lymphoplasmacytoid morphology. Bars indicate the median 
with interquartile range. Significance was assessed by Mann-Whitney U test. C, CD38 MFI in patients with or without t(11;14). Bars 
indicate the median with interquartile range. Significance was assessed by Mann-Whitney U test. D, CD138 MFI in myeloma patients with 
or without lymphoplasmacytoid morphology and t(11;14). Bars indicate the median with interquartile range. Significance was assessed by 
Mann-Whitney U test. E, The correlation between CD38 and CD138 MFI is shown; r: correlation coefficient. Significance was assessed by 
Spearman test. F, Real-time quantitative RT-PCR (qRT-PCR) analysis of PAX5 in newly diagnosed multiple myeloma patients. Expression 
levels were normalized to that of GAPDH. Specific mRNA relative expression levels are presented as 2−ΔCt. X-axis: case numbers. Y-axis: 2−ΔCt 
values for PAX5 mRNA expression. Results are representative of 3 different experiments. Error bars represent the mean ± standard error of 
3 independent experiments. G, CD38 MFI in myeloma patients with PAX5high or PAX5low expression, as defined by the PAX5 median value of 
all patients. CD38 MFI by CD79A expression is also shown. Blue denotes the cases with lymphoplasmacytoid morphology. Significance was 
assessed by Mann-Whitney U test
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lymphoplasmacytoid morphology (Figure 1G). Importantly, PAX5high 
cases showed significantly lower CD38 expression compared with 
PAX5low cases in t(11;14) patients (Figure 1G). Furthermore, CD38 
MFI was significantly lower in patients with high CD79A expression 
(Figure  1G). PAX5high and CD79Ahigh mostly occurred together in 
patients, although some divergence was observed. PAX5 is a tran-
scription factor of CD19, and therefore, we examined the surface 
expression of CD19. All our patient samples were negative for sur-
face expression of CD19. We also examined the expression of CD19 
mRNA. However, the expression of CD19 mRNA and CD38 MFI and 
PAX5 mRNA expression did not show a significant correlation. This 
may be because the expression of PAX5 in t(11;14) myeloma pa-
tients is relatively lower than that in normal B-cells, and therefore 
it does not have sufficient ability to induce the expression of CD19. 
In the process of plasma cell development, the expression of CD38, 
CD138, IRF4, XBP1, and PRDM1 increases, whereas that of CD19, 
CD20, BCL6, PAX5, and CD79A decreases.23 Therefore, we also ex-
amined other differentiation markers such as CD20, BCL6, XBP1, 
IRF4, and PRDM1; however, none of these genes was significantly 
correlated with CD38 MFI. These results suggested that CD38 ex-
pression is affected by the t(11;14)-associated immature plasma cell 
phenotype, particularly when B-cell-associated genes such as PAX5 
and CD79A are also expressed.

3.2 | The BCL2/BCL2L1 ratio is inversely correlated 
with CD38 MFI and significantly higher in t(11;14) 
patients expressing B–cell-associated genes

Venetoclax, a first-in-class BCL2 inhibitor, has shown clinical activ-
ity in MM, particularly in patients with t(11;14), who often show 
high BCL2 expression and low expression of MCL1 and BCL2L1 
(encoding Bcl-xL).24 However, not all t(11;14) patients showed 
high BCL2 expression, and it remains unclear why t(11;14) patients 
showed BCL2 dependence. Interestingly, BCL2 expression was 
significantly higher in PAX5high cases than in PAX5low cases among 
our t(11;14) patients (Figure 2A). In a previous study, it was shown 
that the expression of BCL2 family members in MM cells is hetero-
geneous, and upregulation of either MCL1 or BCL2L1 can confer 
resistance to venetoclax.25 Indeed, in a recent clinical study, high 
BCL2/BCL2L1 and/or BCL2/MCL1 mRNA ratios showed a good cor-
relation with the response to venetoclax.24 Therefore, we analyzed 
these ratios in our patient samples. Importantly, the BCL2/BCL2L1 
and BCL2/MCL1 ratios were also significantly higher in the PAX5high 
t(11;14) cases (Figure  2B). Furthermore, we confirmed that the 
BCL2/BCL2L1 ratio was significantly higher in the CD79Ahigh cases 
than in the CD79Alow cases (Figure 2C). Notably, the BCL2/BCL2L1 
ratio, but not the BCL2/MCL1 ratio, showed a significant negative 
correlation with CD38 MFI (Figure  2D). These results suggested 
that BCL2 dependence, as well as CD38 expression, is deeply as-
sociated with the differentiation and maturation stages of myeloma 
cells.

3.3 | Patients with t(11;14) expressing B–cell-
associated genes are less sensitive to daratumumab-
induced direct cytotoxicity but highly sensitive 
to venetoclax

In Figures 1 and 2, we showed that PAX5high t(11;14) cases displayed 
lower expression of CD38 and a higher BCL2/BCL2L1 ratio. These 
results suggested that PAX5high t(11;14) cases may show different 
sensitivities to daratumumab and venetoclax. To determine whether 
patients with the t(11;14)-associated immature plasma cell pheno-
type were indeed less sensitive to daratumumab-mediated direct 
cytotoxicity, we conducted ex vivo CDC and ADCC assays using 
primary MM samples. Notably, PAX5high t(11;14) cases showed de-
creased sensitivity to daratumumab-mediated ADCC and CDC com-
pared with other cases (Figure 3A). In contrast, the PAX5high t(11;14) 
patients were highly sensitive to venetoclax and more so than 
PAX5low t(11;14) and other patients (Figure 3B). A similar trend was 
obtained when t(11;14)-positive cases were divided by cell morphol-
ogy, because almost all cases with PAX5 expression showed a lym-
phoplasmacytoid morphology (Figure S1). These results suggested 
that the t(11;14)-associated immature phenotype can affect sensitiv-
ity to daratumumab and venetoclax.

3.4 | ATRA induces CD38 expression and cell 
differentiation in MM cell lines but decreases the 
BCL2/BCL2L1 ratio and venetoclax efficacy

ATRA is known to enhance CD38 expression and induce cell differ-
entiation in MM cells.26,27 To clarify the relationship between the 
expression of CD38 and the B-cell gene expression and myeloma 
cell differentiation, we conducted an experiment using ATRA. The 
expression of PAX5 and CD79A was confirmed only in the KMS12BM 
and NCU-MM1 cell lines that harbored the t(11;14) translocation 
(Figure 4A). Interestingly, these cell lines showed an immature mor-
phology; however, ATRA-treated KMS12BM and NCU-MM1 cells 
displayed the morphological characteristics of plasma cell differen-
tiation, namely eccentric nuclei and a distinct clear perinuclear re-
gion of the cytoplasm (Figure 4B). In contrast, MM.1S, with neither 
t(11;14) nor B-cell marker expression, exhibited mature plasma cell 
morphology, and showed no morphological changes following ATRA 
treatment. Furthermore, the fold increases in CD38 MFI and CD138 
MFI were higher in KMS12BM and MCU-MM1 than in other cell 
lines, as these cell lines showed lower baseline CD38 and CD138 
expression levels (Figure 4C). We confirmed that the sensitivity to 
daratumumab was increased by ATRA in KMS12BM and NCU-MM1 
cells (Figure S2). In these cell lines, ATRA treatment downregulated 
PAX5 and CD79A expression (Figure 4D). Moreover, these cell lines 
showed a high baseline BCL2/BCL2L1 ratio, whereas ATRA exposure 
resulted in a lower ratio (Figure 4E). Consistent with these results, 
pretreatment with ATRA significantly reduced the efficacy of vene-
toclax in the KMS12BM and NCU-MM1 cell lines (Figure 4F). These 
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results indicated that the differentiation and maturation stages of 
myeloma cells, CD38 expression, and BCL2 dependence are closely 
related.

4  | DISCUSSION

Our findings suggested that it may be difficult to obtain rapid direct 
effects using daratumumab in patients with the t(11;14)-associated 
immature phenotype, because of their decreased CD38 expression. 
Indeed, in the ALCYONE study, a randomized phase 3 trial of borte-
zomib, melphalan, and prednisone, with or without daratumumab, in 
patients with newly diagnosed MM, addition of daratumumab failed 
to improve survival in the non-IgG type.4 It has been reported that 
the frequency of IgG type is relatively lower, whereas that of the 
non-IgG type is relatively higher in t(11;14) cases.18,28 Therefore, the 
t(11;14)-associated immature phenotype may be more abundant in 
the non-IgG type in the ALCYONE study, which may lead to a poor 
early response to daratumumab. However, the long-term follow-
up data in the ALCYONE study showed improved efficacy for the 
non-IgG type, suggesting that the durable response, reflecting the 
immunomodulatory effects, may be induced for cases with t(11;14)-
associated immature phenotype, as well. Therefore, we recommend 
the combination of daratumumab and IMiDs, rather than daratu-
mumab, and PIs, for patients with the immature phenotype. This is 
because PIs are less effective and IMiDs are more effective in imma-
ture cases,29 and IMiDs enhance CD38 expression on myeloma cells 
and the immunomodulatory effect of daratumumab.8,9,11 Indeed, 
in the MAIA study, a randomized phase 3 trial of lenalidomide and 

dexamethasone, with or without daratumumab, patients with newly 
diagnosed MM demonstrated survival benefits in the non-IgG type 
rather than in the IgG type.5

Furthermore, the BCL2/BCL2L1 ratio was negatively correlated 
with CD38 expression. Considering that plasma cells are BCL2L1 de-
pendent, and that post-germinal center B-cells are BCL2 dependent 
during B-cell differentiation,30 these findings appear to be compati-
ble. That is, less differentiated plasma cells may show lower BCL2L1 
expression and higher BCL2 expression, thereby exhibiting BCL2 
dependence and high sensitivity to venetoclax. Consistent with this, 
Cleynen et al reported that BCL2/BCL2L1, but not BCL2/MCL1, sep-
arated t(11;14) patients into 2 groups.31 These findings are also con-
sistent with a report that the BCL2/BCL2L1 ratio is a better marker 
for venetoclax sensitivity than the BCL2/MCL1 ratio.32 Patients with 
t(11;14) showed BCL2 dependence, possibly because the frequency 
of the immature phenotype in t(11;14) is relatively high. Recently, 
Gupta et al also reported that B-cell gene expression is associated 
with the response to venetoclax.33 Our results confirmed their find-
ings; in addition to the presence of t(11;14) and the expression of 
B–cell associated genes, the immature morphology and lower CD38 
expression may be useful for predicting the response to venetoclax.

CD20 is a representative B-cell marker, however, in this study, 
there was no significant difference in CD38 MFI with or without 
CD20 expression. In fact, Grigoriadis et al34 showed that CD20-
positive MM exhibits heterogenous clinical features, morphology, 
immunophenotype, and cytogenetics. Furthermore, it has been re-
ported that the expression levels of CD20 and PAX5 are not con-
cordant.35 Therefore, CD20 may be expressed independently of 
the differentiation and maturation stages in MM. We also found 

F I G U R E  3   Patients with t(11;14) expressing B–cell-associated genes are less sensitive to daratumumab-induced direct cytotoxicity but 
highly sensitive to venetoclax. Asterisks denote significant changes (*.01 ≤ P < .05, **.001 ≤ P < .01, and ***P < .001); ns, not significant. 
ADCC, antibody-dependent cellular cytotoxicity; BM-MNC, bone marrow mononuclear cells; CDC, complement-dependent cytotoxicity. 
A, Ex vivo CDC and ADCC assays using primary myeloma samples. BM-MNCs from 48 patients with newly diagnosed MM were used in 
ADCC and CDC assays with 10 μg/ml daratumumab. ADCC and CDC assays were performed as described in Materials and Methods. Bars 
indicate the median with interquartile range. Significance was assessed by Kruskal-Wallis test. B, Flow cytometry-based ex vivo cell death 
assay in primary myeloma cells treated with venetoclax. BM-MNCs from 48 patients with newly diagnosed MM were treated with 300 nM 
venetoclax or vehicle control (DMSO) for 24 h. Myeloma cells were identified by CD138 staining. Cell death was measured as the loss of 
CD138 staining. The percentage of venetoclax-mediated cell death was calculated using the following formula: % cell death = 1 − (absolute 
number of surviving CD138+ cells in the presence of venetoclax/absolute number of surviving CD138+ cells in the presence of DMSO 
control) × 100%
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no association between CD38 MFI and other differentiation mark-
ers such as BCL6, XBP1, and PRDM1. In this study, we identified a 
population with particularly low CD38 expression. High CD38 ex-
pression may be associated with other factors; this requires further 
investigation.

In conclusion, we found that CD38 expression was significantly 
lower in patients with MM with the t(11;14)-associated imma-
ture plasma cell phenotype, particularly those expressing B–cell-
associated genes such as PAX5 and CD79A. Furthermore, the BCL2/

BCL2L1 ratio was negatively correlated with CD38 expression and 
higher in patients with MM with the immature phenotype accom-
panied by B–cell-associated genes. Our findings may be useful for 
determining the optimal combination in daratumumab-based treat-
ment, as well as for predicting the treatment response to venetoclax. 
Despite being the most frequent chromosomal abnormality in MM, 
t(11;14) has not been widely examined. Our findings highlight the 
importance of evaluating t(11;14) and considering the MM differen-
tiation and maturation stages in treatment strategies.

F I G U R E  4   ATRA induces CD38 expression and cell differentiation in multiple myeloma cell lines, but decreases the BCL2/BCL2L1 
ratio and venetoclax efficacy. Asterisks denote significant changes (*.01 ≤ P < .05, **.001 ≤ P < .01, and ***P < .001). ns; not significant. 
A, qRT-PCR analysis of PAX5 and CD79A mRNA in multiple myeloma cell lines. Bars indicate the mean ± standard error of 3 independent 
experiments. B, Morphological changes in myeloma cell lines following exposure to ATRA. Cells were treated with ATRA (1 µM) or vehicle 
control (DMSO) for 72 h, at which time May-Giemsa staining was performed. Photographs are representative of 3 independent experiments. 
C, Fold increases in CD38 and CD138 MFI in ATRA-treated multiple myeloma cell lines. Cells were treated with ATRA (1 µM) or vehicle 
control (DMSO) for 72 h at which time flow cytometric analysis was performed. D, The qRT-PCR analysis of PAX5 and CD79A in ATRA-
treated KMS12BM and NCU-MM1 cell lines (1 μM for 72 h). Bars indicate the mean ± standard error of 3 independent experiments. The 
significance of differences between the indicated groups was assessed by Student t tests. E, qRT-PCR analysis of BCL2/BCL2L1 ratio in 
ATRA-treated myeloma cell lines (1 μM for 72 h). Bars indicate the mean ± standard error of 3 independent experiments. The significance 
of differences between the indicated groups was assessed by Student t tests. F, Cell viability assay of KMS12BM and NCU-MM1 cell lines 
treated with ATRA and venetoclax. Cells were treated with 1 µM ATRA, or the DMSO control, for 72 h before venetoclax treatment. ATRA-
pretreated KMS12BM and NCU-MM1 cells were treated with venetoclax (250 nM for KMS12BM and 500 nM for NCU-MM1) or the DMSO 
control for 48 h, and cell viability was measured. Bars indicate the mean ± standard error of 3 independent experiments. Significance of 
differences between the indicated groups was assessed by Student t tests
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