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Plasma cell myeloma (PCM) is a hematological malignancy characterized by systemic proliferation of neoplastic
plasma cells within the bone marrow. Diagnosis requires clinical findings and immunohistochemical staining,
including CD138, CD79a, cyclin D1, immunoglobulin « (Igk), and A (Igh). However, CD79a and cyclin D1 have
limited sensitivity and specificity, and Igk/IgA assessment is often difficult due to overstaining. Therefore, more
reliable antibodies are needed to accurately diagnose PCM. In this study, we examined the diagnostic utility of
CD56 expression in PCM. We retrospectively performed immunostaining for CD138, CD56, CD79a, cyclin D1,
Igk, and IgA in bone marrow samples from 116 patients with PCM.

CD56 expression was observed in 85/116 cases (73.3 %), CD79a was downregulated in 46/116 cases (39.7 %),
and cyclin D1 expression was observed in 42/116 cases (36.2 %). The expression of CD56 was significantly
higher than that of CD79a and cyclin D1 (both p < 0.001). The combination of two antibodies resulted in the
highest detection rate when combining CD56 and CD79a (105/116, 90.5 %), which was significantly higher than
the detection rates of CD56 and cyclin D1 (93/116, 80.2 %) and CD79a and cyclin D1 (75/116, 64.7 %) (both p
< 0.001). In contrast, lymphoplasmacytic lymphoma and marginal zone lymphoma lacked CD56 and cyclin D1
expression. Furthermore, in cases where light chain restriction was undetectable (11/116, 9.5 %), all could be
diagnosed as PCM based on CD56, CD79a, and cyclin D1. Among these, CD56 showed the highest detection rate
(8/11, 72.7 %).

These findings highlight CD56 as a helpful marker for PCM diagnosis and support further clinical research.

1. Introduction

examinations, blood tests, imaging tests, and flow cytometry. Identifi-
cation of neoplastic plasma cells in the bone marrow is essential, making

Plasma cell myeloma (PCM) is a hematological malignancy charac-
terized by the proliferation of neoplastic plasma cells primarily within
the bone marrow. It accounts for approximately 10 % of all hematologic
neoplasms [1]. This disease is characterized by the presence of mono-
clonal (M) proteins produced by neoplastic plasma cells, which are
detectable in the blood and/or urine, and is associated with end-organ
manifestations caused by various bioactive substances. Epidemiologi-
cally, PCM constitutes approximately 1 % of all malignant tumors and
causes approximately 20 % of deaths owing to hematologic malig-
nancies [1,2].

The diagnostic criteria for PCM include clinical and pathological
findings based on a comprehensive evaluation of bone marrow
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immunohistochemical staining a critical component of the diagnostic
process [2,3]. Common antibodies used to detect neoplastic plasma cells
include CD79a, cyclin D1, Igk, and Igh. CD79a is widely expressed from
precursor B cells to plasma cells; however, its downregulation has been
observed in approximately 50 % of PCM cases [3]. Cyclin D1, which is
expressed in mantle cell lymphoma, is dysregulated in 20-30 % of PCM
cases [4]. Immunostaining for Igk and Ig\ is commonly used to assess
light chain restriction; however, in some cases, interpretation is chal-
lenging owing to overstaining of background or decreased antigen
expression. Therefore, immunostaining markers capable of accurately
detecting neoplastic plasma cells in PCM are required.

CD56 is not expressed in reactive plasma cells but has been reported
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to be specifically expressed in PCM [5-11]. Furthermore, because CD56
is expressed in neoplastic plasma cells, it is helpful in distinguishing
PCM from monoclonal gammopathy of undetermined significance, a
premalignant plasma cell disorder [7,10]. Although CD56 is expected to
be a helpful marker for the pathological diagnosis of PCM, no previous
studies have examined its utility in combination with existing anti-
bodies. In this study, we analyzed the expression of CD56 in PCM and its
correlation with clinical parameters to evaluate its diagnostic utility.
Additionally, comparative analyses were conducted with lymphomas
that may contain neoplastic plasmacytic cells, such as bone marrow
involvement in lymphoplasmacytic lymphoma (LPL) and marginal zone
lymphoma (MZL).

2. Materials and methods
2.1. Patients, samples, and clinical data

This study included bone marrow biopsy or clot specimens from 116
patients diagnosed with PCM at Okayama University Hospital between
1997 and 2021. All PCM cases met the diagnostic criteria established by
the International Myeloma Working Group [1]. For comparison, bone
marrow biopsy or clot specimens from seven cases of LPL diagnosed
between 2015 and 2022 and eight cases of MZL diagnosed between 2001
and 2018 were examined.

2.2. Immunohistochemical staining

Formalin-fixed paraffin-embedded tissue blocks were prepared from
all specimens using 10 % neutral-buffered formalin, and 3 pm-thick
sections were stained with hematoxylin and eosin (H&E). For PCM
cases, immunohistochemical staining was performed for CD138 (MI15,
1:200, DAKO, Glostrup, Denmark), cyclin D1 (SP4, 1:75, Nichirei,
Tokyo, Japan), CD56 (1B6, 1:20, Nichirei), CD79a (JCB117, 1:100,
DAKO), Igk (1:5, DAKO), and Ig\ (1:10, DAKO). Igk and Ig\ were eval-
uated by in situ hybridization (ISH) in 19 cases. In LPL and MZL cases,
immunohistochemical staining was performed for CD138, CD56,
CD79a, and cyclin D1.

All immunostaining procedures were performed using an automated
immunostainer (BOND-III; Leica Microsystems GmbH, Wetzlar, Ger-
many) or VENTANA Benchmark (Roche, Basel, Switzerland).

All specimens were evaluated using H&E to identify clusters of
plasma cells, and immunohistochemical findings were evaluated for
these cell populations (Fig. 1). CD56 and cyclin D1 were considered
positive when >30 % of CD138-positive cells exhibited expression; cases
with <30 % were considered negative. Since these proteins are also
expressed in normal cells, making differentiation difficult, we performed
the evaluation using a higher cut-off value than previously reported
[12]. CD79a expression was considered downregulated if it was <80 %,
and positive if it was >80 %, using the same CD138-positive cell pop-
ulation as a reference.

Light chain restriction was determined by comparing Igk- and Igh\-
stained sections obtained by immunohistochemical staining or ISH. A
case was considered to show light-chain restriction when there was more
than a 10-fold difference in the number of positive plasma cells between
the two stains. If no difference was observed, the case was classified as
negative for light-chain restriction. Cases in which the detection of
plasma cells were impossible owing to the background from diffusion of
dyes or when no positive cells were observed were classified as unde-
termined (U.D.).

2.3. Statistical analysis

Statistical analysis was performed using Fisher's exact test with the
Bonferroni correction. Quantitative data were expressed as percentages,
and laboratory data were expressed as medians (ranges). Comparisons of
CD56 expression with age or clinical information were performed using

Annals of Diagnostic Pathology 81 (2026) 152587

independent t-tests. Comparisons between the expression of CD56 and
that of CD138, CD79a, and cyclin D1, as well as other clinical parame-
ters, were performed using either the chi-square test or Fisher's exact
test, depending on the sample size. All statistical analyses were con-
ducted using R version 4.2.1, and a p-value of <0.05 was considered
statistically significant.

3. Results
3.1. Immunohistochemical staining

The results of immunohistochemical staining of PCM are summa-
rized in Table 1. CD138 expression was observed in 115 of 116 cases
(99.1 %). CD56 was expressed in 85 of 116 cases (73.3 %), and CD79a in
70 of 116 cases (60.3 %), with downregulation noted in 46 cases (39.7
%). Cyclin D1 expression was identified in 42 of 116 cases (36.2 %),
whereas 74 cases (63.8 %) showed no expression. A comparative anal-
ysis of each marker revealed that the expression rate of CD56 was
significantly higher than that of CD79a and cyclin D1 (both p < 0.001).
Light chain restriction was detected in 105 of 116 cases (90.5 %) in
which evaluation was possible. Eleven cases were classified as U.D.
because of background overstaining. All included cases were based on
immunohistochemical staining and did not include ISH.

Table 2 shows details of cases categorized as U.D. for light chain
restriction. All cases could be diagnosed as PCM using either CD56,
CD79a, or cyclin D1 markers. The PCM detection rates were 4/11 cases
(36.4 %) for CD79a, 8/11 cases (72.7 %) for CD56, and 3/11 cases (27.3
%) for cyclin D1, with CD56 showing the highest detection rate.

3.2. CD56 expression and clinical information

The association between CD56 expression and clinical features of
PCM was evaluated (Table 3). In the CD56-positive group, there was a
tendency toward the presence of serum-free light chains, urinary Bence
Jones protein, and elevated serum p2-microglobulin levels; however,
none of these differences were statistically significant (p = 0.161, p =
0.158, and p = 0.114, respectively). Additionally, there were no sig-
nificant differences between the CD56-positive and CD56-negative
groups with respect to the clinical manifestations typical of PCM (hy-
percalcemia, renal impairment, anemia, and bone lesions [CRAB]).

3.3. Optimization of antibody combinations for PCM diagnosis

The number of cases in which each antibody was detectable in the
PCM is shown in Fig. 2A. There were 108/116 cases of PCM (93.1 %)
detectable by CD56, CD79a, or cyclin D1. Consequently, only eight cases
(6.9 %) were undetectable using all three antibodies. In addition, tumor
plasma cells were detected using all antibodies in four cases (3.5 %).

To ensure accurate diagnosis of PCM, combinations of immunobhis-
tochemical markers with higher diagnostic values were evaluated
(Fig. 2B). The combination of the two antibodies was examined, and 105
cases (90.5 %) of PCM were identified using a combination of CD56 and
CD79a. A combination of CD56 and cyclin D1 was identified in 93 cases
(80.2 %), whereas that of CD79a and cyclin D1 was identified in 75 cases
(64.7 %). Comparison of the detection of each marker combination
revealed that both CD56/CD79a and CD56/cyclin D1 had significantly
higher detection rates than CD79a/cyclin D1 (p < 0.0001 and p < 0.05,
respectively). There was no significant difference between the detection
rates of CD56,/CD79a and CD56/cyclin D1 (p = 0.12). A summary of the
immunohistochemical findings is presented in Fig. 2. The detection rates
of CD79a and cyclin D1 were nearly equivalent; however, only 12 cases
(12.1 %) were positive for both markers, indicating that CD79a and
cyclin D1 had expression patterns independent of CD56.
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Fig. 1. Immunohistochemical staining patterns for PCM.

a: CD138 staining patterns. Expression was observed on the membranes of plasma cells. b: CD56 staining patterns. Expression is observed in 90 % of CD138-positive
cells and is localized to the cell membrane of plasma cells. c: Cyclin D1 staining patterns. Expression is observed in 40 % of CD138-positive cells and is localized to the
nuclei of plasma cells. d: CD79a staining pattern. Expression is observed in less than 80 % of the CD138-positive cells and is localized to the cytoplasm of plasma cells.
e: Igk staining pattern. Only a few plasma cells tested positive. f: Ig\ staining pattern. Compared to Igk, there is a 10-fold or more difference in expression, indicating
light chain restriction.
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Table 1
Immunohistochemical staining for PCM.

Antibody Result Number of cases (%)
CD138 Positive 115/116 (99.1)
Negative 1/116 (0.9)
CD56 Positive 85/116 (73.3)
Negative 31/116 (26.7)
CD79a Positive 70/116 (60.3)
Downregulation 46/116 (39.7)
cyclin D1 Positive 42/116 (36.2)
Negative 74/116 (63.8)
light chain restriction Positive 105/116 (90.5)
Negative 0/116 (0)
U.D. 11/116 (9.5)

U.D.: undetermined. PCM: Plasma cell myeloma.
All cases evaluated as U.D. were based on immunohistochemical staining.

Table 2
Details of PCM cases with light chain restriction undetermined.
No. CD79a CD56 cyclinD1
1 Positive Positive Negative
2 Positive Positive Negative
3 Positive Positive Negative
4 Positive Positive Negative
5 Positive Positive Negative
6 Downregulation Negative Negative
7 Positive Positive Positive
8 Downregulation Negative Negative
9 Downregulation Positive Positive
10 Downregulation Negative Positive
11 Positive Positive Negative
Table 3
Comparison of CD56 expression and clinical information.
CD56-positive CD56- p-
negative value
Sex, N =116 male: n 55 (47.4) 17 (14.6) 0.389
(%) 30 (25.9) 14 (12.1)
female: n
(%)
Age: median (range), N 69 (39-88) 69 (30-87) 0.565
=116
Ca, mg/dL: median 9.2(6.6-11.8) 9.3(8.2-11.3)  0.329
(range), N = 96
Alb, g/L: median 3.6 (1.2-5.1) 3.6 (2.3-4.9) 0.390
(range), N = 94
Cre, mg/dL: median 0.9 (0.5-11.5) 0.8 (0.5-7.7) 0.239

(range), N = 94
Hb, g/dL: median 11.7 11.9 0.348

(range), N = 97 (6.2-17.1) (6.5-15.5)

Bone disorder, N = 67 +:n (%) 29 (43.3) 12 (17.9) 0.357

-1 (%) 21 (31.3) 5(7.5)

Serum light chain, N = +: 1 (%) 23 (65.7) 6 (17.1) 0.161
35 -1 (%) 3(8.6) 3(8.6)

Urine B-J protein, N = +: 1 (%) 44 (64.7) 8 (11.8) 0.158
68 - n (%) 11 (16.2) 5(7.3)

Serum IgG, mg/dL: 3762 4868 0.282
median (range), N = (3132-8550) (3242-9982)
89

Serum IgA, mg/dL: 3813 3026 0.222
median (range), N = (2679-5609) (2593-3459)
88

Serum f$2-microglobulin,
mg/L: median (range),
N =166

3.5(1.6-52.0) 3.8(1.8-14.5) 0.114

Independent-test. Ca: calcium, Alb: albumin, Cre: creatinine, Hb: hemoglobin, B-
J: Bence Jones.
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Fig. 2. Comparison of PCM detection rates with CD56, CD79a, and cyclin
D1.

A: Number of detected cases of the three antibodies in 116 PCM cases. CD56-
positive cells were observed in 85 cases (73.3 %), CD79a was downregulated
in 46 cases (39.7 %), and cyclin D1 was positive in 42 cases (36.2 %). B: PCM
detection rate for the two-antibody combination pattern. CD56 or cyclin D1-
positive in 93 cases (80.2 %), CD56-positive or CD79a downregulation in 105
cases (90.5 %), and cyclin D1-positive or reduced CD79a expression in 75 cases
(64.7 %). CD56-positive cells, reduced CD79a expression, or cyclin D1-positive
cells were observed in 108 cases (93.1 %).

3.4. Evaluation of CD56 expression in LPL and MZL

For the differential diagnosis of PCM, the expression of CD56,
CD79a, and cyclin D1 was evaluated in the LPL and MZL. CD79a
expression was downregulated in two of the eight MZL cases (25.0 %),
whereas CD56 and cyclin D1 expression were not detected in either LPL
or MZL (Table 4). Therefore, CD56 and cyclin D1 show 100 % specificity
for PCM. The sensitivities for differentiating PCM from LPL and MZL
were 73.3 % CD56, 61.3 % for CD79a, and 36.2 % for cyclin D1.

4. Discussion

In this study, we evaluated the diagnostic utility of CD56 in bone
marrow PCM specimens by immunohistochemical staining. The diag-
nostic rate of PCM was also examined when CD56 was combined with
the established markers CD79a and cyclin D1. This study showed that
CD56 had the highest expression frequency (73.3 %) and suggested that
the diagnostic utility was improved when CD56 was used in combina-
tion with CD79a or cyclin D1, rather than alone. Additionally, immu-
nohistochemical analyses of CD56, CD79a, and cyclin D1 were
performed to aid in the diagnosis of LPL and MZL, which are difficult to
distinguish from PCM. Although the number of cases varied because the

Table 4
Comparison of immunohistochemical staining for LPL and MZL.
Antibody Result LPL (%) MZL (%)
CD56 Positive 0/7 (0) 0/8 (0)
Negative 7/7 (100) 8/8 (100)
CD79a Positive 7/7 (100) 6/8 (75)
Downregulation 0/7 (0) 2/8 (25)
Cyclin D1 Positive 0/7 (0) 0/8 (0)
Negative 7/7 (100) 8/8 (100)

LPL: Lymphoplasmacytic lymphoma, MZL: Marginal zone lymphoma.
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analysis was limited to bone marrow specimens, CD56 and cyclin D1
were not expressed in LPL or MZL, resulting in a specificity of 100 % for
distinguishing PCM. The specificity of CD79a was 61.3 %, which was
slightly lower than that of the other two antibodies. Thus, CD56 was
found to have the highest sensitivity and specificity for PCM compared
to CD79a and cyclin D1. Furthermore, the use of CD79a and cyclin D1 as
supplementary markers along with CD56 may enhance the diagnostic
accuracy of PCM. As treatment strategies for PCM and lymphomas differ
significantly [5,13-16], differential diagnosis is crucial.

Although PCM diagnosis is not difficult when light chain restriction
is clear, this restriction is often not distinctly evident. Notably, detection
of light chain restriction by immunostaining frequently becomes unde-
terminable, affecting the diagnosis of PCM. While ISH can remove this
instability, its high cost and lack of insurance coverage impose a sig-
nificant financial burden on clinical laboratories. In some cases, flow
cytometry can identify light chain restrictions, eliminating the need for
expensive ISH methods. For these reasons, the examination of light
chain restriction in pathological testing is primarily based on immuno-
staining. Therefore, most of the light chain restrictions examined in this
study were also investigated by immunostaining, with only a few cases
using ISH. In the diagnosis of PCM, the detection of tumor cells by an-
tibodies other than Igk and Ig\ is crucial. Tanaka et al. reported that
downregulation of CD79a and overexpression of cyclin D1 served as
strong diagnostic clues, regardless of light-chain restriction results.
However, the combination of CD79a and cyclin D1 alone could only
diagnose 59 % of the PCM cases [3]. Van Camp et al. [11] and Ely et al.
[7] reported that CD56 is positive in approximately 70 % of PCM cases.
In this study, the expression of the three antibodies was mutually
exclusive. These antibodies are expected to improve the detection rate of
PCM. As noted by Tanaka et al. [3], a significant advantage of this three-
marker combination is that the three monoclonal antibodies are widely
used in many laboratories.

Among the 116 PCM cases included in this study, one was negative
for CD138. Clusters of uniformly sized plasma cell-like cells with peri-
nuclear clearance are observed in the bone marrow. Tumor cells were
negative for CD56, positive for CD79a, and expressed cyclin D1 in 50 %
of cases. Although differentiation from mantle cell lymphoma was
initially considered, a final diagnosis of PCM was made based on clinical
presentation and flow cytometry findings. In such cases, the loss of
CD138 expression in the PCM may reflect incomplete maturation of B
cells following class switching before full differentiation into plasma
cells [17-20]. Because only one case of CD138-negative PCM was
identified in this study, the diagnostic utility of CD56 in such cases re-
mains unclear and warrants further investigation.

CD56 is a member of the immunoglobulin superfamily and functions
as a membrane glycoprotein involved in cell adhesion, growth, and
migration [21]. In PCM, CD56 mediates homotypic adhesion between
neoplastic plasma cells and osteoclasts within the bone marrow,
resulting in cellular clustering [7]. The expression of CD56 in PCM may
restrict tumor cell mobility and promote retention within the bone
marrow [21]. Conversely, in cases of CD56-negative PCM, the absence of
CD56 may enhance the influence of matrix metalloproteinase-9 (MMP-
9) within the marrow environment, thereby facilitating tumor cell in-
vasion and metastasis [18,21]. Clinically, CD56-positive PCM is more
frequently associated with Stage I or II disease, whereas CD56-negative
PCM tends to be present in Stage III and is considered more aggressive
[22]. Therefore, the assessment of CD56 expression is valuable not only
for pathological diagnosis but also as a prognostic indicator for patients
with PCM.

In this study, no correlation was found between CD56 expression and
clinical manifestations such as CRAB or associated laboratory abnor-
malities. Although the mechanisms underlying CD56 expression in PCM
remain unclear, previous studies indicate that it is strongly associated
with osteolytic lesions. Ely et al. reported that CD56 expression was
significantly higher in patients with PCM with osteolytic lesions than in
those without lesions [7]. However, in the present study, no significant
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association was observed between CD56 expression and the presence or
absence of osteolytic lesions (p = 0.357). The discrepancies between our
findings and those previously reported may be attributed to differences
in the number of cases analyzed and the different biopsy approaches
used. The study by Ely et al. included 352 osteolytic lesions; however,
we examined 116 specimens at diagnosis, suggesting that differences in
clinical staging may have contributed to these findings.

Previous studies have reported associations between CD56 expres-
sion and not only bone lesions, but also other clinical features and
prognoses [18]. Patients with CD56-positive PCM showed improved
treatment efficacy when CREB1/RSK2 inhibitors and lenalidomide were
used [5]. Patients with CD56-negative PCM have significantly poorer
prognoses than those with CD56-positive PCM, with a higher incidence
of renal impairment, presence of Bence-Jones protein, and extra-
medullary disease [18,21]. Furthermore, the International Staging Sys-
tem (ISS) for multiple myeloma proposes a staging system based on two
laboratory values: serum albumin and serum p2-microglobulin [23,24].
In the present study, the latter tended to be higher in CD56-positive
cases; however, the difference was not statistically significant. This
may partly result from the limited number of cases for which p2-
microglobulin levels were available (66/116 cases).

Based on the findings of this study, in cases where a plasma cell-like
morphology was observed, the presence of CD138 and CD56 expression
strongly suggested a diagnosis of PCM. Even in the absence of CD56
expression, PCM should be strongly suspected if decreased CD79a or
cyclin D1 expression is observed. Conversely, in cases lacking CD56
expression and showing neither decreased CD79a nor cyclin D1
expression, the likelihood of PCM is low, and alternative differential
diagnoses should be considered (Fig. 3).

In the present study, we evaluated the diagnostic utility and clinical
relevance of CD56 in the pathological evaluation of PCM. Among
existing PCM markers, CD56 showed the highest frequency of expression
in PCM. The combination of CD56 with CD79a and cyclin D1 improved
the diagnostic accuracy and proved useful in distinguishing PCM from
LPL and MZL. These findings underscore the value of CD56 as a novel
marker for the differential diagnosis of PCM and highlight the need for
further research to support its future clinical application.

5. Conclusions
Among the existing PCM markers, CD56 showed the highest

expression frequency. Furthermore, the combination of CD56, CD79a,
and cyclin D1 can further improve the diagnostic accuracy of PCM, and

CD138-positive

l yes
no  CD79a downregulation
CD56-positive =—> or —
cyclin D1-positive
lyes

PCM

PCM ruled out

‘ yes

PCM suspected

Fig. 3. Algorithm for PCM diagnosis using immunohistochemical staining.
With the presence of plasmacytoid cells by H&E staining, the expression of
CD138 should be initially examined. The expression of CD56 and CD138 is
strongly suggestive of PCM (Plasma cell myeloma). In cases in which CD56 is
negative, PCM should be suspected if downregulation of CD79a or cyclin D1 is
observed. In contrast, in cases negative for CD56, CD79a, and cyclin D1, PCM is
unlikely, and differential diagnoses, including MZL and LPL, should
be considered.
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we expect these markers to be actively utilized.
CRediT authorship contribution statement

Midori Imai: Writing — original draft, Methodology, Investigation,
Formal analysis, Data curation, Conceptualization. Asami Nishikori:
Writing — review & editing, Supervision. Tomoka Haratake: Investi-
gation, Data curation. Midori Filiz Nishimura: Writing — review &
editing, Supervision. Rio Yamada: Investigation. Syoma Kato: Inves-
tigation, Data curation. Mizuha Tabe: Investigation, Data curation.
Hiroyuki Yanai: Investigation. Hidetaka Yamamoto: Investigation.
Yasuharu Sato: Writing - review & editing, Supervision,
Conceptualization.

Consent for publication
Not applicable.
Ethics approval and consent to participate

This study was approved by the Institutional Review Board of
Okayama University (protocol numbers 2204-003 and 2102-002) and
was performed in accordance with the tenets of the Declaration of
Helsinki. Given that the study was retrospective and used residual
diagnostic samples, the requirement for written informed consent was
waived. Instead, information about the study was disclosed to potential
participants, and they were given the opportunity to opt out, in accor-
dance with the committee's approval.

Funding

This study received no funding.
Declaration of competing interest

The authors declare no competing interests.
Acknowledgements

Not applicable.
Data availability

The datasets used and/or analyzed in the current study are available
from the corresponding author upon reasonable request.

References

[1] Rajkumar SV, Dimopoulos MA, Palumbo A, Blade J, Merlini G, Mateos MV, et al.
International Myeloma Working Group updated criteria for the diagnosis of
multiple myeloma. Lancet Oncol 2014;15(12):e538-48. https://doi.org/10.1016/
5$1470-2045(14)70442-5.

[2] Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, et al. WHO
classification of tumours of haematopoietic and lymphoid tissues4th ed; 2017
[Lyon].

[3] Tanaka T, Ichimura K, Sato Y, Takata K, Morito T, Tamura M, et al. Frequent

downregulation or loss of CD79a expression in plasma cell myelomas: potential

clue for diagnosis. Pathol Int 2009;59(11):804-8. https://doi.org/10.1111/j.1440-
1827.2009.02448.x.

Pruneri G, Fabris S, Balsini L, Carboni MA, Cicen G, Lombardi L, et al.

Immunohistochemical analysis of cyclin D1 shows deregulated expression in

multiple myeloma with the t(11;14). Am J Pathol 2000;156:1505-13.

[4

=

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Annals of Diagnostic Pathology 81 (2026) 152587

Cottini F, Benson D. To be or not to be: the role of CD56 in multiple myeloma 2023;
14:47-9.

Dass J, Arava S, Mishra PC, Dinda AK, Pati HP. Role of CD138, CD56, and light
chain immunohistochemistry in suspected and diagnosed plasma cell myeloma: a
prospective study. South Asian J Cancer 2019;8(1):60-4. https://doi.org/10.4103/
sajc.sajc_64_17.

Ely SA, Knowles DM. Expression of CD56/neural cell adhesion molecule correlates
with the presence of lytic bone lesions in multiple myeloma and distinguishes
myeloma from monoclonal gammopathy of undetermined significance and
lymphomas with plasmacytoid differentiation. Am J Pathol 2002;160(4):1293-9.
https://doi.org/10.1016/50002-9440(10)62556-4.

Flores-Montero J, de Tute R, Pavia B, Perez JJ, Bottcher S, Wind H, et al.
Immunophenotype of normal vs. myeloma plasma cells: toward antibody panel
specifications for MRD detection in multiple myeloma. Int Clin Cyt Soc 2016;90B:
61-72.

Harrington AM, Hari P, Kroft SH. Utility of CD56 immunohistochemical studies in
follow-up of plasma cell myeloma. Am J Clin Pathol 2009;132(1):60-6. https://
doi.org/10.1309/AJCPOP7TQ3VHHKPC.

Ioannou MG, Stathakis E, Lazaris AC, Papathomas T, Tsiambas E, Koukoulis GK.
Immunohistochemical evaluation of 95 bone marrow reactive plasmacytoses.
Pathol Oncol Res 2009;15(1):25-9. https://doi.org/10.1007/s12253-008-9069-1.
Van Camp B, Durie BG, Spier C, De Waele M, Van Riet I, Vela E, et al. Plasma cells
in multiple myeloma express a natural killer cell-associated antigen: CD56 (NKH-1;
Leu-19). Blood 1990;76(2):377-82.

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(7):1083-95. https://doi.org/10.1158/1541-7786.mcr-21-0828.

Castillo JJ, Advani RH, Branagan AR, Buske C, Dimopoulos MA, D’Sa S, et al.
Consensus treatment recommendations from the tenth International Workshop for
Waldenstrom macroglobulinaemia. Lancet Haematol 2020;7(11):e827-37. https://
doi.org/10.1016/52352-3026(20)30224-6.

Durie BGM, Hoering A, Abidi MH, Rajkumar SV, Epstein J, Kahanic SP, et al.
Bortezomib with lenalidomide and dexamethasone versus lenalidomide and
dexamethasone alone in patients with newly diagnosed myeloma without intent
for immediate autologous stem-cell transplant (SWOG S0777): a randomised, open-
label, phase 3 trial. Lancet 2017;389(10068):519-27. https://doi.org/10.1016/
S0140-6736(16)31594-X.

Liang D, Bai S, Feng D, Chen G, Liang Y, Wang H. Bortezomib, lenalidomide, and
dexamethasone versus bortezomib, doxorubicin, and dexamethasone in newly
diagnosed multiple myeloma. BMC Cancer 2024;24(1):1123. https://doi.org/
10.1186/512885-024-12880-9.

Zucca E, Conconi A, Martinelli G, Bouabdallah R, Tucci A, Vitolo U, et al. Final
results of the IELSG-19 randomized trial of mucosa-associated lymphoid tissue
lymphoma: improved event-free and progression-free survival with rituximab plus
chlorambucil versus either chlorambucil or rituximab monotherapy. J Clin Oncol
2017;35(17):1905-12. https://doi.org/10.1200/JC0O.2016.70.6994.

Van Valckenborgh E, Matsui W, Agarwal P, Lub S, Dehui X, De Bruyne E, et al.
Tumor-initiating capacity of CD138- and CD138+ tumor cells in the 5T33 multiple
myeloma model. Leukemia 2012;26(6):1436-9. https://doi.org/10.1038/
leu.2011.373.

Koumpis E, Tassi I, Malea T, Papathanasiou K, Papakonstantinou I, Serpanou A,
et al. CD56 expression in multiple myeloma: correlation with poor prognostic
markers but no effect on outcome. Pathol Res Pract 2021;225:153567. https://doi.
0rg/10.1016/j.prp.2021.153567.

Reid S, Yang S, Brown R, Kabani K, Aklilu E, Ho PJ, et al. Characterisation and
relevance of CD138-negative plasma cells in plasma cell myeloma. Int J Lab
Hematol 2010;32(6 Pt 1):e190-6. https://doi.org/10.1111/j.1751-
553X.2010.01222.x.

Setiadi AF, Sheikine Y. CD138-negative plasma cell myeloma: a diagnostic
challenge and a unique entity. BMJ Case Rep 2019;12(11). https://doi.org/
10.1136/bcr-2019-232233.

Li L, Li X, Shang A, Zhao Y, Jin L, Zhao M, et al. Prognostic significance of CD56
antigen in newly diagnosed multiple myeloma: a real-world retrospective study.
Medicine (Baltimore) 2022;101(40):e30988. https://doi.org/10.1097/
MD.0000000000030988.

Pellat-Deceunynck C, Barillé S, Jego G, Puthier D, Robillard N, Pineau D, et al. The
absence of CD56 (NCAM) on malignant plasma cells is a hallmark of plasma cell
leukemia and of a special subset of multiple myeloma. Leukemia 1998;12(12):
1977-82. https://doi.org/10.1038/sj.leu.2401211.

Greipp PR, San Miguel J, Durie BG, Crowley JJ, Barlogie B, Bladé J, et al.
International staging system for multiple myeloma. J Clin Oncol 2005;23(15):
3412-20. https://doi.org/10.1200/JC0.2005.04.242.

Palumbo A, Avet-Loiseau H, Oliva S, Lokhorst HM, Goldschmidt H, Rosinol L, et al.
Revised international staging system for multiple myeloma: a report from
International Myeloma Working Group. J Clin Oncol 2015;33(26):2863-9. https://
doi.org/10.1200/JC0O.2015.61.2267.


https://doi.org/10.1016/S1470-2045(14)70442-5
https://doi.org/10.1016/S1470-2045(14)70442-5
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0010
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0010
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0010
https://doi.org/10.1111/j.1440-1827.2009.02448.x
https://doi.org/10.1111/j.1440-1827.2009.02448.x
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0020
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0020
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0020
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0025
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0025
https://doi.org/10.4103/sajc.sajc_64_17
https://doi.org/10.4103/sajc.sajc_64_17
https://doi.org/10.1016/S0002-9440(10)62556-4
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0040
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0040
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0040
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0040
https://doi.org/10.1309/AJCPOP7TQ3VHHKPC
https://doi.org/10.1309/AJCPOP7TQ3VHHKPC
https://doi.org/10.1007/s12253-008-9069-1
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0055
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0055
http://refhub.elsevier.com/S1092-9134(25)00152-2/rf0055
https://doi.org/10.1158/1541-7786.mcr-21-0828
https://doi.org/10.1016/S2352-3026(20)30224-6
https://doi.org/10.1016/S2352-3026(20)30224-6
https://doi.org/10.1016/S0140-6736(16)31594-X
https://doi.org/10.1016/S0140-6736(16)31594-X
https://doi.org/10.1186/s12885-024-12880-9
https://doi.org/10.1186/s12885-024-12880-9
https://doi.org/10.1200/JCO.2016.70.6994
https://doi.org/10.1038/leu.2011.373
https://doi.org/10.1038/leu.2011.373
https://doi.org/10.1016/j.prp.2021.153567
https://doi.org/10.1016/j.prp.2021.153567
https://doi.org/10.1111/j.1751-553X.2010.01222.x
https://doi.org/10.1111/j.1751-553X.2010.01222.x
https://doi.org/10.1136/bcr-2019-232233
https://doi.org/10.1136/bcr-2019-232233
https://doi.org/10.1097/MD.0000000000030988
https://doi.org/10.1097/MD.0000000000030988
https://doi.org/10.1038/sj.leu.2401211
https://doi.org/10.1200/JCO.2005.04.242
https://doi.org/10.1200/JCO.2015.61.2267
https://doi.org/10.1200/JCO.2015.61.2267

	The diagnostic utility and frequency of CD56 expression in plasma cell myeloma
	1 Introduction
	2 Materials and methods
	2.1 Patients, samples, and clinical data
	2.2 Immunohistochemical staining
	2.3 Statistical analysis

	3 Results
	3.1 Immunohistochemical staining
	3.2 CD56 expression and clinical information
	3.3 Optimization of antibody combinations for PCM diagnosis
	3.4 Evaluation of CD56 expression in LPL and MZL

	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Consent for publication
	Ethics approval and consent to participate
	Funding
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


