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Abstract

Multicolor flow cytometry (MFC) is crucial in detecting occult or minimal bone mar-

row (BM) involvement by non-Hodgkin lymphomas (NHL), which may not be

detected using trephine biopsy or imaging studies. Detection of low-level BM

involvement can be challenging without definite immunophenotypic aberrancies. We

studied the utility of CD305 in MFC detection of minimal BM involvement by

B-NHL, especially in the absence of aberrancies by commonly used markers. The

study included 1084 consecutive BM samples submitted for the staging of B-NHLs

(excluding CLL) over two years. Samples were studied for morphological, immunophe-

notypic, and histopathological assessment. MFC studies were performed using 10–13

color MFC, including CD305-antibody (clone, DX26). Minimal BM involvement was

defined with a cutoff of ≤10% lymphoma cells in viable cells on MFC assessment. Of

1084, 148 samples revealed overt morphological involvement by B-NHL and were

excluded from analysis. BM samples of 172/936 patients were morphologically nega-

tive but revealed involvement using MFC independently. Corresponding trephine

biopsy involvement was detected in only 79/172 (45.9%) patients. On MFC, 23/172

samples showed BM involvement with >10% lymphoma cells, and 149/172 (86.6%)

samples revealed minimal involvement. In 54/149 (36.24%) samples, lymphoma cells

were detected only with aberrant loss of CD305 expression. In 78 of the remaining

95 samples (82.1%), it provided an immunophenotypic aberrancy addition to other

markers and supported the results. CD305 is a highly useful marker in the flow cyto-

metric assessment of minimal BM involvement by B-NHL. MFC is a superior modality

to trephine biopsy in detecting low-level BM involvement.
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1 | INTRODUCTION

Bone marrow (BM) assessment is an essential part of the initial

workup of lymphomas for establishing diagnosis, determining the

extent of disease spread and staging of the disease (Chaganti

et al., 2016). Additionally, it is the most common site of extranodal

involvement in lymphoid malignancies (Adams et al., 2015a). Evidence

of BM involvement on trephine biopsy definitively indicates an

advanced stage of the disease. It escalates the stage of the disease

to stage 4, which is known for adverse clinical outcomes

(Arima et al., 2013; Campbell et al., 2006; Chung et al., 2007; El-Galaly

et al., 2015; Martín-Moro et al., 2020; Min et al., 2020; Okamoto

et al., 2021; Palacio et al., 2001; Stacchini et al., 2003; Soydal et al.,

2016; Takahashi et al., 2012; Terziev et al., 2020; Yan et al., 1995;

Yao et al., 2018). Hence, assessment of BM involvement is crucial for

determining treatment strategies in lymphoma (Armitage, 2005;

Cheson, 2008; Cheson, 2015; Lu, 2005; Yoo, 2022). The international

prognostic index that is an integral part of the clinical assessment of

patients includes age, lactate dehydrogenase (LDH), performance

status, stage, and extranodal involvement. Of all these, BM status can

influence both stage and extranodal involvement (The New England

Journal of Medicine, 1993).

The modalities commonly used for the detection of BM involve-

ment include BM biopsy and imaging studies such as positron emission

tomography with computed tomography (PET-CT) scan or FDG-PET

scan (Adams et al., 2015a; Cheson, 2008; El-Galaly et al., 2015; Soydal

et al., 2016). Recent data have demonstrated that PET-CT scan is more

sensitive than biopsy, indicating BM biopsy can miss the involvement

of non-Hodgkin lymphomas (NHL) in a subset of cases due to the low

disease or patchy involvement (Adams et al., 2015a; Barrington

et al., 2014; Chen-Liang et al., 2015; Cheson et al., 2014; Goudarzi

et al., 2010; Ricard et al., 2023; Teagle et al., 2017). On the other hand,

PET-CT scans may not be effective in low-grade (LG) lymphomas and

tend to provide false positive results (Adams et al., 2015a; Adams

et al., 2015b; Adams & Kwee, 2015a; Adams & Kwee, 2015b; Adams &

Kwee, 2018; Chen-Liang et al., 2017; Hao et al., 2018).

Morphologically apparent BM involvement can be easily detected

on light microscopy. However, detecting low-level disease involve-

ment is challenging using light microscopy. Although immunohisto-

chemical (IHC) staining can help up to an extent, limitations such as

single-color IHC (commonly available) and small biopsy tissue's inabil-

ity to provide multiple tissue cuts for multiple markers using IHC make

it difficult to detect low-level tumor cells in the background of normal

hematopoietic cells and reactive/normal lymphocytes (Adams

et al., 2015a; Okamoto et al., 2021; Soydal et al., 2016). Clonality

staining for light chains is also difficult using IHC due to high back-

ground staining for light chains (Guo et al., 2018; Hristov et al., 2020;

Rimsza et al., 2014).

Multicolor flow cytometry (MFC) is a powerful, highly sensitive

single-cell analysis technique that simultaneously allows the evalua-

tion of multiple surface and cytoplasmic proteins. It has been widely

used for diagnosing, staging, and monitoring hematological malignan-

cies for the last 3–4 decades (Alaggio et al., 2022; Chatterjee

et al., 2017; Chatterjee et al., 2023; Falini et al., 2023; Panda

et al., 2021a; Panda et al., 2021b; Sriram et al., 2022; Stetler-

Stevenson & Tembhare, 2011; Tembhare et al., 2013; Tembhare

et al., 2014; Tembhare et al., 2017; Tembhare et al., 2020a; Tembhare

et al., 2020b; Tembhare et al., 2020c; Tembhare et al., 2022a;

Tembhare et al., 2022b). MFC allows detailed immunophenotypic

characterization and confirmation of clonality of suspicious cells

simultaneously and detects small tumor cell populations that can be

challenging to identify on BM biopsy (Boveri et al., 2009; Carulli

et al., 2010; Debord et al., 2020; Martín-Moro et al., 2020; Palacio

et al., 2001; Perea et al., 2004; Stacchini et al., 2003; Talaulikar et al.,

2008). Such low-level involvement is usually refers to “occult or

minimal involvement” (Arima et al., 2013; Talaulikar et al., 2007;

Talaulikar & Dahlstrom, 2009). Furthermore, previous studies have

demonstrated the clinical impact of minimal BM involvement using

MFC (Duggan et al., 2000; Iancu et al., 2007; Kim et al., 2015; Sorigue

et al., 2021).

B-cell NHLs (B-NHLs) with characteristic immunophenotypes,

such as aberrant expression of CD10 or CD5 along with other com-

mon immunophenotypic abnormalities, can be readily identified using

MFC with the inclusion of these markers (Debord et al., 2020; Perea

et al., 2004; Stacchini et al., 2003; Sorigue et al., 2021) However,

detecting minimal involvement in the absence of characteristic immu-

nophenotypic aberrancies is challenging. Additionally, normal popula-

tions in BM, such as CD5 positive naïve B cells and CD10 positive

transitional B-cells, can pose difficulty in identifying the true disease,

especially when the tumor cell population is minimal (Chatterjee

et al., 2022; Chatterjee et al., 2023; Clavarino et al., 2016; Tembhare

et al., 2022a). Thus, there is a requirement to include additional

markers for flow cytometric assessment of minimal BM involvement.

Previously, EuroFlow had incorporated CD305 (LAIR1) as a part

of their B-NHL panel, which helped differentiate hairy cell leukemia

(HCL) from other lymphomas and, along with newer markers like

CD200 (van Dongen et al., 2012). CD305, also known as LAIR1 (leu-

kocyte immunoglobulin-like receptor-1), is a transmembrane glycopro-

tein that acts as an inhibitor receptor and is expressed by most

immune cells. The known LAIR ligands are extracellular matrix colla-

gen and Cq1, the first component of the complement complex

(Ouyang et al., 2003; Son, 2022). LAIR1 expression varies during vari-

ous stages of B cell differentiation (Meyaard et al., 1997;

Meyaard, 2008; van der Vuurst de Vries et al., 1999; Van Laethem

et al., 2022; Zhang et al., 2014). It inhibits B-cell receptor (BCR)-

mediated signaling and controls kinase pathways involved in cell
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proliferation (Meyaard et al., 1997; Son, 2022). It has been studied in

chronic lymphocytic leukemia (CLL) as a prognostic marker and is

associated with a favorable prognosis (Perbellini et al., 2014). Thus,

the role of CD305 in the immunophenotyping of B-NHL, other than

CLL and HCL, remains unexplored. In this study, we determined the

utility of CD305 for the assessment of minimal BM involvement by

B-NHL other than CLL. We highlighted the crucial role of LAIR1

(CD305) in detecting minimal BM involvement by B-NHL, especially

in the absence of common aberrancies involving CD5 or CD10

expression.

2 | PATIENT AND METHODS

We conducted a study on 1084 consecutive BM samples submitted

for staging in patients recently diagnosed with B-NHLs other than

CL at our hospital between January 2020 and December 2021. The

clinical, laboratory, and radiological details were noted from elec-

tronic medical records. Staging BM samples from patients with solid

tumors, T-NHLs, and other hematologic malignancies, including

plasma cell neoplasms, were excluded. The study was approved by

the Institution's Ethics Committee (IEC). The final diagnosis and

subtyping of B-NHL were established based on histopathological

tissue diagnosis, including morphology and immunohistochemistry

evaluation.

2.1 | Cytomorphology

BM aspirate smears were stained with Wright's stain. Morphological

details were studied including the adequacy of cellularity, differential

count, and nuclear and cytoplasmic details of lymphocytes. BM biop-

sies were processed using the Hammersmith Protocol (Naresh

et al., 2006). A tissue biopsy (TB) examination was conducted on

hematoxylin and eosin (H&E) stained sections in conjunction with IHC

studies. TB sections were performed using 5-μm thick, formalin-fixed,

and paraffin-embedded tissue, and IHC was performed after heat-

induced epitope retrieval as described below.

2.2 | IHC Studies

IHC was performed using avidin-biotin complex method on formalin-

fixed paraffin sections using automated immunostainers (Ventana

Benchmark XT) as described previously (Tembhare et al., 2022b). The

panel of antibodies for IHC studies included- LCA, CD3, CD5, CD4,

CD8, CD10, CD15, CD20, CD23, CD30, CD34, CD43, CD117,

CD138, CD163, AE1/AE3, ALK-1, BCL2, BCL6, BOB1, C-myc, CK7,

CK20, EMA, Granzyme-B, MIB1, myeloperoxidase (MPO), MUM-1,

OCT2, PAX-5, terminal deoxynucleotidyl transferase (TdT), and

EBVLMP1. The selection of IHC panels was primarily based on the tis-

sue adequacy, availability of reagents at the time of evaluation, and

judgment of the reporting pathologist.

2.3 | MFC immunophenotyping

BM samples were processed for MFC immunophenotyping using the

bulk lyse and stain method described elsewhere (Tembhare

et al., 2022b). In brief, the cell suspension was prepared by bulk eryth-

rocyte lysing with ammonium chloride-based lysing reagent (0.15 M

NH4Cl, 1.0 g KHCO3, 37 mg EDTA, and 1 L distilled water). After the

lysis and washing step, the cells were resuspended in phosphate-

buffered saline with 5% bovine serum albumin. The cell count was

adjusted to get a final concentration of 2 � 106 cells in 80 μL and

stained for immunophenotyping using 11–13 color antibody panels.

The panel included an anti-CD305 antibody (DX26, BD Bioscences).

The details of clones and fluorochrome combinations are mentioned

in Table 1. The cells were either acquired within 4 h of staining or

fixed with 0.5% paraformaldehyde and acquired within 24 h of fixa-

tion. Samples were acquired on a three-laser 13-color Cytoflex instru-

ment (Beckman Coulter, BC), and a minimum 500,000 events per tube

were collected. The instrument calibration, quality control, and voltage

and compensation were performed as per the manufacturer's instruc-

tions. For cases in which BM involvement was morphologically evi-

dent, we proceeded directly with a dedicated 10–13 color antibody

panel (Table S1), whereas in morphologically uninvolved cases, we

used the 13-color comprehensive lymphoma screening tube (LST)

including CD305 (Table 1). The normal range for lymphocyte percent-

age in BM aspirate is approximately 11%–20% (Sovani, 2021), and in

our experience, BM involvement with more than 10% of lymphoma

cells is not easily missed on morphology and commonly used immuno-

phenotypic markers. Hence, we defined minimal BM involvement with

a cutoff of ≤10% lymphoma cells in viable cells on MFC. The expres-

sion pattern of all markers, including CD305, was categorized as nega-

tive, dim or weak, moderate or intermediate, bright or strong, partial,

and variable based on its expression on internal negative and positive

control population (shown in DATA S1) as described earlier (Sriram

et al., 2022). Normal mature B-cells showed moderate to variable

expression of CD305 and were taken as an internal positive control,

and precursor erythroid cells (nucleated red cells) were taken as an

internal negative control.

3 | RESULTS

We studied BM samples from 1084 patients submitted for B-NHL

staging. As shown in Figure 1, 148 out of 1084 samples revealed

overt involvement by lymphoma cells upon morphological evaluation,

which was further confirmed on immunophenotypic evaluation. Since

this study focused on minimal BM involvement evaluation, we

excluded these patients from further analysis. Of the remaining

936 patients, 172 did not show microscopic features of morphological

involvement but revealed BM involvement by B-NHL cells on MFC

independently, with a median tumor burden of 1.05% (0.005%–24%).

The distribution of these cases is shown in Figure 2. CD5 and CD10

are commonly expressed aberrant markers in B-cell lymphoma and are

routinely used to identify clonal abnormal B-cells in the background of
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normal cells. To assess the value of CD305 as an independent marker,

we divided these 172 cases into three groups based on CD5 expres-

sion and CD10 expression such as CD5-positive B-NHL (35/172,

20.3%), CD10-positive B-NHL (77/172, 44.7%), and CD5 and CD10

double-negative B-NHL (60/172, 34.8%). Of the 172 cases, 23 cases

showed BM involvement with >10% tumor cells on MFC, and

149 (86.6%) cases revealed minimal BM involvement.

3.1 | Correlation between BM biopsy and MFC
findings

Among 172 patients without morphological findings of involvement in

BM aspirate smears, BM biopsy revealed involvement in 79 out of

172 (45.9%) patients, while no involvement was found in the remain-

ing 93 (54.1%). IHC was performed in 51 of 79 BM biopsies with

B-NHL involvement. Among the remaining 93 BM biopsies, IHC was

performed in 29 samples where suspicion of BM involvement arose

during H&E evaluation, and these were finally reported as uninvolved.

In the remaining 64 samples, IHC was not performed due to the

absence of suspicion of BM involvement in H&E. Thus, IHC was not

performed in the majority of biopsy samples in the absence of suspi-

cion of involvement in H&E section evaluation. Upon comparison of

MFC results, the median level of tumor burden in these 93 patients

(median, 0.4%; range, 0.005%–6.4%) was significantly lower compared

with that in 79 patients with trephine biopsy involvement (median,

3.3%; range, 0.01%–24%) (p < 0.0001) indicating low-level involve-

ment can be easily missed on trephine biopsy evaluation. This high-

lights the impact of MFC in BM involvement analysis for B-NHL

staging.

3.2 | CD305 expression

In 95/149 cases (63.75%) with minimal disease, lymphoma cells were

identified using the aberrant or altered expression pattern of CD5,

CD10, CD11c, CD20, CD38, CD45, and forward scatter in the back-

ground of normal B-cells. In the remaining 54/149 cases (36.2%), the

tumor population was identified using only CD305 negative expres-

sion (see Figure 3). Thus, CD305 was indispensable in detecting BM

involvement in these cases, which lacked immunophenotypic abnor-

malities based on commonly used markers such as CD5, CD10,

CD11c, CD20, CD38, and so on.

Moreover, out of 149 samples, CD305 aided in detecting minimal

BM involvement in 78 out of the remaining 95 (82.1%) cases, along

with one or more additional markers from the panel used. The median

(range) of tumor burden in minimal BM involvement cases was 0.59%

(0.016%–9.7%). These 95 cases include 43 cases of diffuse large

B-cell lymphoma (DLBCL), which exhibited other immunophenotypic

aberrancies such as CD10 expression and high forward scatter charac-

teristics (FSC) in tumor cells; 24 cases of follicular lymphoma (FL),

which showed weak CD10 and negative CD38 expression; 13 cases

of mantle cell lymphoma (MCL) which showed weak-variable CD5T
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expression; 9 cases of Burkitt lymphoma (BL) which showed co-

expression of CD10 and CD38; 3 cases of small cell lymphoma (SLL)

which showed weak-variable CD5 and CD20 expression; 2 cases of

HCL which showed strong CD19, CD20, CD11c, and CD305 expres-

sion and one case of marginal zone lymphoma (MZL) with weak

CD11c expression.

The expression pattern of CD305 in these patients is shown in

Figure 4 and DATA S2. Overall, CD305 was downregulated

in 152 out of a total of 172 cases (88.4%; negative, 145 and weak, 7).

Eleven patients (6.39%) showed moderate CD305 expression, and

two patients (1.1%) showed bright CD305 expression, both diagnosed

with HCL. The eleven patients with moderate expression of CD305

included six patients with DLBCL and one each with splenic marginal

zone lymphoma (SMZL), BL, MCL, LG B-NHL not-classified, and high-

grade (HG) B-NHL not-classified.

Twenty-three patients showing overt (>10% lymphoma cells) BM

involvement included 14 patients with CD10 positive FL, 5 patients

with CD5 positive B-NHL and 4 patients with CD5 negative, CD10

negative B-NHL, which were detected using abnormal downregula-

tion of CD305.

4 | DISCUSSION

Multiparameter flow cytometry (MFC) is essential for accurately stag-

ing B-NHLs (Debord et al., 2020; Stacchini et al., 2003; Stetler-

Stevenson & Tembhare, 2011; Tembhare et al., 2022b). A carefully

selected panel of antibodies and their appropriate combinations along

with knowledge of immunophenotypic expression patterns of various

hematopoietic cells in BM, allows prompt detection of BM involve-

ment with high sensitivity (Ramalingam et al., 2022; Tembhare

et al., 2014; Tembhare et al., 2020a; Tembhare et al., 2020c; van

Dongen et al., 2012). A comprehensive antibody panel that includes

markers such as CD5, CD10, CD11c, CD38, CD45, CD200, and

Kappa/Lambda light chains helps detect BM involvement by B-NHL

with high sensitivity (Alaggio et al., 2022; Debord et al., 2020; van

F IGURE 1 Flowchart
representing the distribution of
B-NHL patients studied. “Overt”
BM involvement includes patients
with no morphological
involvement but tumor cells
>10% of all viable cells on flow
cytometric immunophenotyping.
“Occult” BM involvement

includes patients with no
morphological involvement but
tumor cells ≤10% of all viable
cells on flow cytometric
immunophenotyping. BM, bone
marrow; FCI, Flow cytometric
immunophenotyping; CLPD,
chronic lymphoproliferative
disorders; IPT,
immunophenotyping. [Color
figure can be viewed at
wileyonlinelibrary.com]

F IGURE 2 Distribution of patients with minimal bone marrow
involvement (n = 172). BL, Burkitt lymphoma; DLBCL, diffuse large
B-cell lymphoma; FL, follicular lymphoma; HCL, hairy cell leukemia;
LPL, lymphoplasmacytic lymphoma; MCL, mantle cell lymphoma; MZL,
marginal zone lymphoma; SLL, small cell lymphoma; SMZL, splenic
marginal zone lymphoma. [Color figure can be viewed at
wileyonlinelibrary.com]
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Dongen et al., 2012). However, the lack of aberrant expression of

these markers may fail to isolate lymphoma cells in the background of

normal B-cells, leading to false negative results (Wang et al., 2021).

Additionally, adding an extensive panel including antibodies specific

to each subtype of B-NHL is expensive, consumes more sample quan-

tity, and may not be feasible. We studied the utility of CD305

(LAIR-1) for detecting BM involvement by B-NHL involvement using a

lymphoma screening panel, especially in minimal BM involvement.

Our study was focused on evaluating its role in the absence of com-

monly known immunophenotypic abnormalities such as CD5- and

CD10-negative lymphomas.

Previous studies have reported the frequency of BM involvement

by B-NHL using flow cytometry between 18% and 31% (Sorigue

et al., 2021). However, many of these reports were limited by less

than 8-color immunophenotyping and restricted to one or two B-NHL

subtypes such as DLBCL and follicular cell lymphoma or MZL (Boveri

et al., 2009; Iancu et al., 2007; Martín-Moro et al., 2020; Palacio

et al., 2001; Sorigue et al., 2021; Talaulikar et al., 2008; Wang

et al., 2021). A few studies that include all B-NHL subtypes, including

CLL or lymphoplasmacytic lymphoma, have reported high BM involve-

ment frequency (Carulli et al., 2010; Kim et al., 2015; Merli

et al., 2010; Statuto et al., 2020). Since CLL has a distinct immunophe-

notypic signature and is always associated with BM involvement, we

excluded these patients from our study. Thus, our data included

patients with non-CLL B-NHL and revealed BM involvement in 320 of

1084 samples (29.5%) submitted for staging. The prevalence of BM

involvement in our data may be biased as our cohort also included a

few patients who might have received a few cycles of chemotherapy

or steroids before reaching our hospital. Nevertheless, it represents a

real-world practice in tertiary reference centers.

BM involvement was overtly detectable in 148/320 cases by

morphology and immunophenotyping, whereas 172/320 cases were

detected based on immunophenotyping alone. In 23 cases, tumor bur-

den was greater than 10%, and involvement was readily identified

F IGURE 3 The figure shows representative dotplots with only CD19-positive events (from three representative examples) that included
hematogones (Hg, orange dots), normal polyclonal B-cells (blue dots), and tumor B-cells (red dots). Tumor B-cells (red dots) are negative for CD5,
CD10, and CD38 expression and show bright CD45 expression. Tumor cells are separated with negative CD305 expression and their clonality is
confirmed with lambda or kappa light chain restriction. “Example 1” is a case of follicular lymphoma (FL), “Example 2” is a case of marginal zone
lymphoma (MZL), and “Example 3” is a case of diffuse large B-cell lymphoma (DLBCL with discordant BM involvement). In Example 3, tumor
B-cells (red dots) were small and hence, it was labelled as discordant BM involvement. [Color figure can be viewed at wileyonlinelibrary.com]
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based on immunophenotypic abnormalities of commonly used

markers and clonality testing by light chain restriction. Usually, lym-

phoma cells are identified using a panel of surface markers, including

CD5, CD10, CD11c, CD19, CD20, CD38, CD45, and forward scatter,

in the background of normal hematopoietic precursors in BM (Debord

et al., 2020; van Dongen et al., 2012). However, a small population of

mature CD5-positive naive B-cells and CD10-positive transitional

B-cells can be challenging to distinguish from tumor cells in cases of

MCL, FL, and CD5 or CD10-positive DLBCLs (Clavarino et al., 2016;

Debord et al., 2020; Ramalingam et al., 2022; van Dongen

et al., 2012). Our data showed that, in such cases, the abnormal down-

regulation of CD305 with kappa or lambda light chain restriction helps

identify the lymphoma cells and confirm the BM involvement.

On the other hand, in cases with CD5- and CD10-negative lym-

phomas, identifying low-level disease can be challenging in the

background of normal polyclonal B-cells. Even kappa or lambda light

chain restriction may not help as no prominent immunophenotypic

aberrancies are present for isolating the small tumor population.

Our data included 54/149 (36.2%) CD5- and CD10-negative lym-

phoma cases where BM involvement was confirmed using only neg-

ative/weak CD305 expression combined with light chain restriction.

In these samples, no other immunophenotypic aberrancy was

detected.

Euroflow has reported the expression pattern of CD305 in

chronic lymphoproliferative neoplasms (CLNs) with strong expression

in HCL, moderate to weak expression in most of CLL and MCL, and

occasionally in DLBCL tumor cells (van Dongen et al., 2012). In our

data with minimal BM involvement, CD305 was downregulated in

152/172 (88.4%) cases. Of the remaining patients, it was strongly

positive in HCL (n = 2), moderate in DLBCL (n = 6), followed by MZL,

BL, MCL, LG-BNHL not-classified, and HG-BNHL not-classified each.

In the remaining seven cases, it was variable or partially positive.

CD305 downregulation helped confirm 78/95 (82.1%) cases with

minimal BM involvement by B-NHL and was indispensable in 54/149

(36.2%) cases, which could have been missed without its inclusion in

the antibody panel. CD305 was found prominently useful in the

assessment of BM involvement in patients with MZL/SMZL, DLBCL,

FL, and LPL. This is because no other markers were found useful in

separating abnormal lymphoid populations from background normal

polyclonal B lymphocytes. BM involvement in patients with BL, MCL,

HCL, and CLL could be identified using common markers, such as

CD5, CD10, CD38, and so forth, along with kappa or lambda light

chain restriction.

Our data demonstrated the utility of the addition of CD305 in the

B-NHL antibody panel to evaluate the low-level BM involvement.

One should be aware of a few concerns while interpreting low-level

F IGURE 4 Expression
patterns of CD305 in tumor cells
from samples with bone marrow
involvement (BMI). The attached
table shows the distribution of
BM samples with different levels
of CD305 expression (also refer
to DATA S2). [Color figure can be
viewed at wileyonlinelibrary.com]
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minimal BM involvement. One such concern is the clinical significance

of minimal BM involvement. The studies evaluating the clinical signifi-

cance of minimal BM involvement are limited. Studies by Arima et al.

(2013), Martín-Moro et al. (2020), and Talaulikar et al., (2007) have

shown that DLBCL patients with minimal BM involvement (confirmed

by flow cytometry) had poor clinical outcomes compared to

uninvolved BM.

Similarly, using clonal immunoglobulin gene rearrangements stud-

ies, Berget et al. (2014) have also shown the prognostic significance of

minimal BM involvement in FL. Such data in other LG B-NHL is

scarce, and there is a need to perform the prospective clinical trial to

evaluate it systematically.

Further, with a low-level BM involvement in MFC, it is difficult to

distinguish between true BM involvement versus the presence of cir-

culating tumor cells due to BM hemodilution. The minimal BM

involvement due to hemodilution can be excluded if peripheral blood

is negative for tumor population performing the same assay. Rarely, in

elderly patients, one also needs to be aware of non-CLL type mono-

clonal B-cell lymphocytosis (MBL) which may coexist with well-

established B-NHL. It can be confirmed if B-NHL's immunophenotype

significantly differs from that of clonal B-cells detected in BM sample.

MBL can be divided into two types CLL-type and non-CLL type. CLL-

type of MBL demonstrates immunophenotype features overlapping

with CLL, however, non-CLL MBL immunophenotypically and geneti-

cally significantly differ from CLL (Nieto et al., 2010; Oliva-Ariza

et al., 2023; Rawstron et al., 2017). Non-CLL type MBL has been

described in a smaller proportion with reported prevalence up to 2%

in elderly adults (Nieto et al., 2010; Oliva-Ariza et al., 2023). Its preva-

lence has been found to be higher in a hospital-based registry from

Uganda. Non-CLL MBL can be divided into two groups: CD5+ and

CD5� MBL cases and may raise the suspicion of BM involvement by

B-NHL (Rawstron et al., 2017). Hence, one should be aware of such

condition while interpreting the minimal BM involvement by B-NHL.

In summary, CD305 (LAIR-1) is a highly useful marker in the flow

cytometric evaluation of BM involvement in B-NHL. Hence, compared

with normal B-cells, its downregulation is a common abnormality and

substantially aids in identifying low-level disease. Its inclusion in the

antibody panel of MFC, along with kappa and lambda light chains,

improves the sensitivity of MFC-based BM staging for B-NHLs, espe-

cially in cases with minimal BM involvement and no definitive immu-

nophenotypic abnormalities.
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López, Ó., López-Bernús, A., Bernal-Ribes, M., Belhassen-García, M.,

Pérez-Escurza, O., Pérez-Andrés, M., Vazquez, L., Hernández-

Pérez, G., García Palomo, F. J., Leoz, P., Costa-Alba, P., … Orfao, A.

(2023). High frequency of low-count monoclonal B-cell lymphocytosis

in hospitalized COVID-19 patients. Blood, 141, 309–314.
Ouyang, W., Ma, D., Lin, D., Sun, Y., Liu, X., Li, Q., Jia, W., Cao, Y.,

Zhu, Y., & Jin, B. (2003). 9.1C3 is identical to LAIR-1, which is

expressed on hematopoietic progenitors. Biochemical and Biophysical

Research Communications, 310, 1236–1240.
Palacio, C., Acebedo, G., Navarrete, M., Ruiz-Marcellán, C., Sanchez, C.,

Blanco, A., & López, A. (2001). Flow cytometry in the bone marrow

evaluation of follicular and diffuse large B-cell lymphomas. Haematolo-

gica, 86, 934–940.
Panda, D., Chatterjee, G., Khanka, T., Ghogale, S., Badrinath, Y.,

Deshpande, N., Sardana, R., Chaturvedi, A., Rajpal, S., Shetty, D.,

Patkar, N. V., Gujral, S., Subramanian, P. G., & Tembhare, P. R. (2021a).

Mast cell differentiation of leukemic blasts in diverse myeloid neo-

plasms: A potential pre-myelomastocytic leukemia condition. Cytome-

try. Part B, Clinical Cytometry, 100, 331–344.
Panda, D., Chatterjee, G., Sardana, R., Khanka, T., Ghogale, S.,

Deshpande, N., Badrinath, Y., Shetty, D., Narula, G., Banavali, S.,

Patkar, N. V., Gujral, S., Subramanian, P. G., & Tembhare, P. R. (2021b).

Utility of CD36 as a novel addition to the immunophenotypic signa-

ture of RAM-phenotype acute myeloid leukemia and study of its clini-

copathological characteristics. Cytometry. Part B, Clinical Cytometry,

100, 206–217.
Perbellini, O., Falisi, E., Giaretta, I., Boscaro, E., Novella, E., Facco, M.,

Fortuna, S., Finotto, S., Amati, E., Maniscalco, F., Montaldi, A.,

Alghisi, A., Aprili, F., Bonaldi, L., Paolini, R., Scupoli, M. T., Trentin, L.,

Ambrosetti, A., Semenzato, G., … Visco, C. (2014). Clinical significance

of LAIR1 (CD305) as assessed by flow cytometry in a prospective

series of patients with chronic lymphocytic leukemia. Haematologica,

99, 881–887.
Perea, G., Altés, A., Bellido, M., Aventín, A., Bordes, R., Ayats, R.,

Remacha, A. F., Espinosa, I., Briones, J., Sierra, J., & Nomdedéu, J. F.

(2004). Clinical utility of bone marrow flow cytometry in B-cell non-

Hodgkin lymphomas (B-NHL). Histopathology, 45, 268–274.
Ramalingam, T. R., Muthu, A., Lakshmanan, A., Narla, S., Subramanyan, A.,

Simon, S., Govindaraj, J., Vaidhyanathan, L., Easow, J., & Raja, T.

(2022). Role of high acquisition flow cytometry in the detection of

marrow involvement in patients with extramedullary B cell non-

Hodgkins lymphoma: a comparison with marrow aspirate cytology,

trephine biopsy, and PET. Leukemia & Lymphoma, 63, 2589–2596.
Rawstron, A. C., Ssemaganda, A., de Tute, R., Doughty, C., Newton, D.,

Vardi, A., Evans, P. A. S., Stamatopoulos, K., Owen, R. G., Lightfoot, T.,

Wakeham, K., Karabarinde, A., Asiki, G., & Newton, R. (2017). Mono-

clonal B-cell lymphocytosis in a hospital-based UK population and a

rural Ugandan population: a cross-sectional study. Lancet Haematol, 4,

e334–e340.
Ricard, F., Cheson, B., Barrington, S., Trotman, J., Schmid, A.,

Brueggenwerth, G., Salles, G., Schwartz, L., Goldmacher, G.,

Jarecha, R., Narang, J., Broussais, F., Galette, P., Liu, M., Bajpai, S.,

Perlman, E., Gillis, J., Smalberg, I., Terve, P., … Korn, R. (2023). Applica-

tion of the Lugano Classification for Initial Evaluation, Staging, and

Response Assessment of Hodgkin and Non-Hodgkin Lymphoma: The

PRoLoG Consensus Initiative (Part 1-Clinical). Journal of Nuclear Medi-

cine, 64, 102–108.
Rimsza, L. M., Day, W. A., McGinn, S., Pedata, A., Natkunam, Y.,

Warnke, R., Cook, J. R., Marafioti, T., & Grogan, T. M. (2014). Kappa

and lambda light chain mRNA in situ hybridization compared to flow

cytometry and immunohistochemistry in B cell lymphomas. Diagnostic

Pathology, 9, 144.

Son, M. (2022). Understanding the contextual functions of C1q and

LAIR-1 and their applications. Experimental & Molecular Medicine, 54,

567–572.
Sorigue, M., Cañamero, E., & Miljkovic, M. D. (2021). Systematic review of

staging bone marrow involvement in B cell lymphoma by flow cytome-

try. Blood Reviews, 47, 100778.

Sovani, V. (2021). Normal bone marrow, its structure and function. Diag-

nostic Histopathology, 27, 349–356.
Soydal, C., Koksoy, E. B., Yasar, A., Turgal, E., Erdogan, B. D., Akbulut, H., &

Kucuk, N. O. (2016). Prognostic Importance of Bone Marrow Uptake

on Baseline (18)F-FDG Positron Emission Tomography in Diffuse

Large B Cell Lymphoma. Cancer Biotherapy & Radiopharmaceuticals, 31,

361–365.
Sriram, H., Kunjachan, F., Khanka, T., Gawai, S., Ghogale, S.,

Deshpande, N., Girase, K., Patil, J., Chatterjee, G., Rajpal, S.,

Patkar, N. V., Bagal, B., Jain, H., Sengar, M., Hasan, S. K., Khattry, N.,

Subramanian, P. G., Gujral, S., & Tembhare, P. R. (2022). Expression

levels and patterns of B-cell maturation antigen in newly diagnosed

and relapsed multiple myeloma patients from Indian subcontinent.

Cytometry. Part B, Clinical Cytometry, 102, 462–470.
Stacchini, A., Demurtas, A., Godio, L., Martini, G., Antinoro, V., &

Palestro, G. (2003). Flow cytometry in the bone marrow staging of

mature B-cell neoplasms. Cytometry. Part B, Clinical Cytometry, 54,

10–18.
Statuto, T., Valvano, L., Calice, G., Villani, O., Pietrantuono, G.,

Mansueto, G., D'Arena, G., Vita, G., Lalinga, V., Possidente, L., del

Vecchio, L., D'Auria, F., & Musto, P. (2020). Cytofluorimetric and

immunohistochemical comparison for detecting bone marrow infiltra-

tion in non-Hodgkin lymphomas: a study of 354 patients. Leukemia

Research, 88, 106267.

Stetler-Stevenson, M., & Tembhare, P. R. (2011). Diagnosis of hairy cell

leukemia by flow cytometry. Leukemia & Lymphoma, 52(Suppl 2),

11–13.
Takahashi, H., Tomita, N., Yokoyama, M., Tsunoda, S., Yano, T.,

Murayama, K., Hashimoto, C., Tamura, K., Sato, K., & Ishigatsubo, Y.

(2012). Prognostic impact of extranodal involvement in diffuse large

B-cell lymphoma in the rituximab era. Cancer, 118, 4166–4172.
Talaulikar, D., & Dahlstrom, J. E. (2009). Staging bone marrow in diffuse

large B-cell lymphoma: the role of ancillary investigations. Pathology,

41, 214–222.
Talaulikar, D., Dahlstrom, J. E., Shadbolt, B., McNiven, M.,

Broomfield, A., & Pidcock, M. (2007). Occult bone marrow

10 SINGH ET AL.

 15524957, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cyto.b.22193, W

iley O
nline L

ibrary on [13/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



involvement in patients with diffuse large B-cell lymphoma: results of

a pilot study. Pathology, 39, 580–585.
Talaulikar, D., Shadbolt, B., Bell, J., Khan, K., Dahlstrom, J. E.,

McDonald, A., Pidcock, M., & Broomfield, A. (2008). Clinical role of

flow cytometry in redefining bone marrow involvement in diffuse large

B-cell lymphoma (DLBCL)—a new perspective. Histopathology, 52,

340–347.
Teagle, A. R., Barton, H., Charles-Edwards, E., Dizdarevic, S., &

Chevassut, T. (2017). Use of FDG PET/CT in identification of bone

marrow involvement in diffuse large B cell lymphoma and follicular

lymphoma: comparison with iliac crest bone marrow biopsy. Acta Radi-

ologica, 58, 1476–1484.
Tembhare, P., Badrinath, Y., Ghogale, S., & Subramanian, P. G. (2017).

Method for DNA ploidy analysis along with immunophenotyping for

rare populations in a sample using FxCycle violet. Current Protocols in

Cytometry, 80(1), 6–38.
Tembhare, P. R., Chatterjee, G., Chaturvedi, A., Dasgupta, N., Khanka, T.,

Verma, S., Ghogale, S. G., Deshpande, N., Girase, K., Sengar, M.,

Bagal, B., Jain, H., Shetty, D., Rajpal, S., Patkar, N., Agrawal, T.,

Epari, S., Shet, T., Subramanian, P. G., & Gujral, S. (2022b). Critical cole

of flow cytometric immunophenotyping in the diagnosis, subtyping,

and staging of T-Cell/NK-cell non-hodgkin's lymphoma in real-world

practice: A study of 232 cases from a tertiary cancer center in India.

Frontiers in Oncology, 12, 779230.

Tembhare, P. R., Marti, G., Wiestner, A., Degheidy, H., Farooqui, M.,

Kreitman, R. J., Jasper, G. A., Yuan, C. M., Liewehr, D., Venzon, D., &

Stetler-Stevenson, M. (2013). Quantification of expression of antigens

targeted by antibody-based therapy in chronic lymphocytic leukemia.

American Journal of Clinical Pathology, 140, 813–818.
Tembhare, P. R., Narula, G., Khanka, T., Ghogale, S., Chatterjee, G.,

Patkar, N. V., Prasad, M., Badrinath, Y., Deshpande, N., Gudapati, P.,

Verma, S., Sanyal, M., Kunjachan, F., Mangang, G., Gujral, S.,

Banavali, S., & Subramanian, P. G. (2020c). Post-induction measurable

residual disease using multicolor flow cytometry is strongly predictive

of inferior clinical outcome in the real-life management of childhood

t-cell acute lymphoblastic leukemia: A study of 256 patients. Frontiers

in Oncology, 10, 577.

Tembhare, P. R., Sriram, H., Chatterjee, G., Khanka, T., Gokarn, A.,

Mirgh, S., Rajendra, A., Chaturvedi, A., Ghogale, S. G., Deshpande, N.,

Girase, K., Dalvi, K., Rajpal, S., Patkar, N., Trivedi, B., Joshi, A.,

Murthy, V., Shetty, N., Nair, S., … Khattry, N. (2022a). Comprehensive

immune cell profiling depicts an early immune response associated

with severe coronavirus disease 2019 in cancer patients. Immunology

and Cell Biology, 100, 61–73.
Tembhare, P. R., Sriram, H., Khanka, T., Chatterjee, G., Panda, D.,

Ghogale, S., Badrinath, Y., Deshpande, N., Patkar, N. V., Narula, G.,

Bagal, B., Jain, H., Sengar, M., Khattry, N., Banavali, S., Gujral, S., &

Subramanian, P. G. (2020b). Flow cytometric evaluation of CD38

expression levels in the newly diagnosed T-cell acute lymphoblastic

leukemia and the effect of chemotherapy on its expression in measur-

able residual disease, refractory disease and relapsed disease: An

implication for anti-CD38 immunotherapy. Journal for Immunotherapy

of Cancer, 8(1), e000630.

Tembhare, P. R., Subramanian Pg, P. G., Ghogale, S., et al. (2020a). A High-

Sensitivity 10-Color Flow Cytometric Minimal Residual Disease Assay

in B-Lymphoblastic Leukemia/Lymphoma Can Easily Achieve the Sen-

sitivity of 2-in-10(6) and Is Superior to Standard Minimal Residual Dis-

ease Assay: A Study of 622 Patients. Cytometry. Part B, Clinical

Cytometry, 98, 57–67.
Tembhare, P. R., Yuan, C. M., Venzon, D., Braylan, R., Korde, N.,

Manasanch, E., Zuchlinsky, D., Calvo, K., Kurlander, R., Bhutani, M.,

Tageja, N., Maric, I., Mulquin, M., Roschewski, M., Kwok, M.,

Liewehr, D., Landgren, O., & Stetler-Stevenson, M. (2014). Flow cyto-

metric differentiation of abnormal and normal plasma cells in the bone

marrow in patients with multiple myeloma and its precursor diseases.

Leukemia Research, 38, 371–376.

Terziev, D., Bauer, M., Paschold, L., Wickenhauser, C., Wienke, A.,

Binder, M., Müller, L. P., & Weber, T. (2020). Impact of bone marrow

involvement on outcome in relapsed and refractory transplant eligible

diffuse large B-cell lymphoma and transformed indolent lymphoma.

PLoS One, 15, e0235786.

(1993). A predictive model for aggressive non-Hodgkin's lymphoma. The

New England Journal of Medicine, 329, 987–994.
van der Vuurst de Vries, A. R., Clevers, H., Logtenberg, T., & Meyaard, L.

(1999). Leukocyte-associated immunoglobulin-like receptor-1 (LAIR-1)

is differentially expressed during human B cell differentiation and

inhibits B cell receptor-mediated signaling. European Journal of Immu-

nology, 29, 3160–3167.
van Dongen, J. J., Lhermitte, L., Böttcher, S., Almeida, J., van der

Velden, V., Flores-Montero, J., Rawstron, A., Asnafi, V., Lécrevisse, Q.,

Lucio, P., Mejstrikova, E., Szczepański, T., Kalina, T., de Tute, R.,

Brüggemann, M., Sedek, L., Cullen, M., Langerak, A. W., Mendonça, A.,

… EuroFlow Consortium (EU-FP6, LSHB-CT-2006-018708). (2012).

EuroFlow antibody panels for standardized n-dimensional flow cyto-

metric immunophenotyping of normal, reactive and malignant leuko-

cytes. Leukemia, 26, 1908–1975.
Van Laethem, F., Donaty, L., Tchernonog, E., Lacheretz-Szablewski, V.,

Russello, J., Buthiau, D., Almeras, M., Moreaux, J., & Bret, C. (2022).

LAIR1, an ITIM-Containing Receptor Involved in Immune Disorders

and in Hematological Neoplasms. International Journal of Molecular Sci-

ences, 23(24), 16136.

Wang, W., Li, Y., Rivera Rivera, X., Zhao, L., Mei, D., Hu, W., & Jiang, B.

(2021). Application of CD54 in diagnosing bone marrow involvement

by using flow cytometry in patients with diffuse large B-cell lym-

phoma. BMC Cancer, 21, 1011.

Yan, Y., Chan, W. C., Weisenburger, D. D., Anderson, J. R., Bast, M. A.,

Vose, J. M., Bierman, P. J., & Armitage, J. O. (1995). Clinical and prog-

nostic significance of bone marrow involvement in patients with dif-

fuse aggressive B-cell lymphoma. Journal of Clinical Oncology, 13,

1336–1342.
Yao, Z., Deng, L., Xu-Monette, Z. Y., Manyam, G. C., Jain, P., Tzankov, A.,

Visco, C., Bhagat, G., Wang, J., Dybkaer, K., Tam, W., Hsi, E. D., van

Krieken, J. H., Ponzoni, M., Ferreri, A. J. M., Møller, M. B.,

Winter, J. N., Piris, M. A., Fayad, L., … Young, K. H. (2018). Concordant

bone marrow involvement of diffuse large B-cell lymphoma represents

a distinct clinical and biological entity in the era of immunotherapy.

Leukemia, 32, 353–363.
Yoo, K. H. (2022). Staging and response assessment of lymphoma: a brief

review of the Lugano classification and the role of FDG-PET/CT. Blood

Research, 57, 75–78.
Zhang, Y., Lv, K., Zhang, C. M., Jin, B. Q., Zhuang, R., & Ding, Y. (2014). The

role of LAIR-1 (CD305) in T cells and monocytes/macrophages in

patients with rheumatoid arthritis. Cellular Immunology, 287, 46–52.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Singh, A., Patil, J., Ghogale, S. G.,

Deshpande, N., Girase, K., Shetye, N., Rajpal, S., Chatterjee, G.,

Patkar, N., Jain, D., Epari, S., Shet, T., Gujral, S., Subramanian,

P. G., & Tembhare, P. R. (2024). Utility of leukocyte-associated

immunoglobulin-like receptor-1 (CD305) in flow cytometric

detection of minimal bone marrow involvement by B-cell

non-Hodgkin lymphoma. Cytometry Part B: Clinical Cytometry,

1–11. https://doi.org/10.1002/cyto.b.22193

SINGH ET AL. 11

 15524957, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cyto.b.22193, W

iley O
nline L

ibrary on [13/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/cyto.b.22193

	Utility of leukocyte-associated immunoglobulin-like receptor-1 (CD305) in flow cytometric detection of minimal bone marrow ...
	1  INTRODUCTION
	2  PATIENT AND METHODS
	2.1  Cytomorphology
	2.2  IHC Studies
	2.3  MFC immunophenotyping

	3  RESULTS
	3.1  Correlation between BM biopsy and MFC findings
	3.2  CD305 expression

	4  DISCUSSION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


