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Abstract

Background: Hairy cell leukemia (HCL) and hairy cell leukemia variant (HCLv) are rare 

diseases with overlapping clinicopathological features. Features distinguishing HCL from HCLv 

include expression of CD25, CD123, CD200, annexin-A1, and the presence of BRAF V600E 

mutation. HCLv typically lacks these markers, but they may occur in a subgroup of HCL patients 

with an aggressive clinical course. We examined CD43, CD81, CD79b, and CD200 expression in 

HCL and HCLv.

Methods: Multiparametric flow cytometry (FCM) was performed on blood from 59 HCL and 15 

HCLv patients for protocol entry. Mean fluorescent intensity (MFI) of CD43, CD79b, CD81, and 

CD200 was determined (for CD200, n = 17 and 7, respectively).

Results: Median MFI of HCL vs HCLv was 545 vs 272 for CD43, 602 vs 2,450 for CD81, 4,962 

vs 1,969 for CD79b, and 11,652 vs 1,405 for CD200, respectively. Analysis of the median 

differences, HCL minus HCLv (and their 95% confidence intervals and P-values) indicated that 

CD43 MFI (estimated median difference (95% CI): 212 [72–413; P = 0.0027) and CD200 MFI 

(9,883 [3,514–13,434]; P < 0.0001) were higher in HCL than in HCLv, while CD81 MFI (−1,858 

[−2,604 to −1,365]; P < 0.0001) was lower in HCL than in HCLv. CD79b MFI HCL median was 

more than double that of HCLv, but the observed difference (1,571 [−739 to 4,417]) was consistent 

with the null hypothesis of no difference (P = 0.13).

Conclusions: CD200, CD43, and CD81 are likely differentially expressed between HCL and 

HCLv, reflecting their differing disease biology. Inclusion of these markers in FCM is potentially 

informative. © 2019 International Clinical Cytometry Society
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INTRODUCTION

Hairy cell leukemia (HCL) is a rare, indolent neoplasm of mature B-cells representing 

approximately 2% of lymphoid leukemias. HCL variant (HCLv) is an even rarer B-cell 

lymphoproliferative disorder that may resemble HCL morphologically but is clinically and 

biologically distinct from classic HCL. As such, the 2017 WHO classification of 

hematological malignancies classifies HCLv under “splenic B-cell lymphoma/leukemia, 

unclassifiable” (1). HCLv is a more aggressive disease, with significantly shorter median 

survival than HCL (2). Since HCL and HCLv may show overlapping clinicopathologic 

features, distinguishing these diseases from each other is critical for appropriate treatment 

and prognostic assessment (2,3). Multiparameter flow cytometry (FCM) is necessary in the 

diagnosis and differentiation of HCL from HCLv, has the sensitivity for detecting minimal 

residual disease (MRD) posttherapy (4–6), and is appropriate in the evaluation of patients 

with suspected HCL or HCLv (3). HCL classically expresses bright CD20, bright CD22, 

bright CD11c, bright CD25, CD103, and bright CD123, while HCLv is typically negative 

for CD25, with diminished or negative CD123 (2,7–11).

The clinical and diagnostic utility of CD43, CD79b, CD81, and CD200 has been shown in a 

variety of B-cell neoplasms by FCM. The expression patterns of CD43, CD79b, CD81, and 

CD200 are described in chronic lymphocytic leukemia (CLL) (12,13), CD10-expressing 

lymphomas (14), and other B-cell lymphoproliferative disorders and in plasma cell 

neoplasms (15–18). CD81 is also described in B-cell precursors, and aberrantly decreased 

CD81 expression is a helpful feature in the diagnosis of B-lymphoblastic leukemia (19). 

Distinct CD200 expression patterns are also described in HCL (18,20) and HCLv (21), as 

well as in CLL and mantle cell lymphoma (MCL) (22). Although there are reports of CD43 

(23) and CD79b (16,24) expression in HCL and/or HCLv by FCM, these markers have not 

been extensively assessed in this context. Our study explores the potential utility of the 

expression patterns of CD43, CD79b, CD81, and CD200 in a substantial number of these 

two rare diseases.

MATERIALS AND METHODS

Patients

FCM of 74 cases (59 HCL and 15 HCLv), evaluated for initial protocol eligibility from 2011 

to 2014, was included in this study, and included both treated and newly diagnosed patients 

(NCT01087333, NCT01059786, NCT00923013). The HCL group included 45 males and 14 

females, ranging from 32 to 92 years of age, with a median age of 53 years. The HCLv 

group included 12 males and 5 females, ranging from 41 to 83 years of age, with a median 

age of 70 years. CD43, CD81, and CD79b were assessed in all cases. CD200 was evaluated 

in a subset of these cases (17/59 HCL, 7/15 HCLv), because this testing was not available in 

our laboratory prior to 2014 and not all samples had sufficient numbers of cells to include 

CD200. All patients signed institutional review board-approved informed consent to be 

screened.
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Flow Cytometric Immunophenotyping

Peripheral blood specimens were stained within 24 h of collection with a panel of 

antibodies. Erythrocytes were lysed by incubating with lysing solution (150 mmol/L NH4Cl, 

10 mmol/L KHCO3, and 0.1 mmol/L EDTA) for 10 min at room temperature at a ratio of 

1:9 (volume of sample/volume of lysing solution). Specimens were subsequently washed 

with phosphate-buffered saline, and stained for 30 min at room temperature with antibody 

combinations in eight-color cocktails (Supporting Information Table S1) according to 

Clinical Laboratory Standards Institute document H43-A2 recommendations (25). All cells 

were fixed in 1.0% paraformaldehyde after staining and stored at 4C for up to 12 h before 

acquisition. Specimens were acquired on an FACSCanto II (BD Biosciences, San Jose, CA). 

A target of at least 500,000 to 1 million cells were acquired per tube. Data collected in list 

mode were analyzed with FCS Express v4 (De Novo Software, Glendale, CA). For analysis, 

cell populations were gated by forward and side light scatter properties consistent with 

mononuclear cells, in conjunction with antigen backgating to ensure that relevant cell 

populations were included. FCM analysis and diagnostic interpretation were performed as 

previously described (10) and rendered in accordance with WHO 2017 guidelines (1). 

Normal hematopoietic elements within the specimen served as internal controls for 

interpretation of expression intensity; furthermore, in accordance with recommended 

guidelines (26), antigen intensity of abnormal/disease populations (e.g., HCL or HCL-v 

cells) was described as “dim” or “bright” relative to the fluorescence of relevant normal 

populations within the sample (e.g., normal B-cells).

Assessment and Statistical Analysis of MFI

The mean fluorescence intensity (MFI) of CD43, CD79b, CD81, and CD200 was 

determined on HCL and HCLv cells and on normal B-cells (when present). The Wilcoxon 

rank sum test was performed to compare distributions of MFI of CD43, CD79b, CD81, and 

CD200 between the HCL and HCLv groups with the null hypothesis of zero difference 

between medians. The Hodges–Lehmann estimate of the median difference and its 95% 

confidence interval (CI) are reported as well. A small P-value indicates that the data (or 

more extreme data) may be inconsistent with the null hypothesis; a large P-value indicates 

that the data (or less extreme data) may be consistent with the null hypothesis. All reported 

P-values are two-tailed and unadjusted for multiple comparisons. Thus, the results should be 

viewed as exploratory. Since all the MFI distributions were positively skewed, the data were 

base 10 log-transformed for graphical presentation.

RESULTS

CD43 expression was variable in HCL and predominantly negative in HCLv. In HCL, CD43 

was dimly positive in 20/59 cases (34%) and negative in the remaining 39 cases (66%). 

CD43 was dimly positive in 1 HCLv case, and negative in the remaining 14/15 (93%) cases. 

The median value for MFI of CD43 was double that of HCL (545 [95% CI: 439–670]) 

compared with HCLv (272 [95% CI, 200–523]) (Table 1). The estimated median difference 

between the CD43 MFI of the HCL and HCLv groups was 212 (95% CI, 72–413) (Table 2). 

CD43 MFI showed a wide distribution in HCL, as well as complete overlap with the CD43 
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MFI of the HCLv group (Fig. 1). Nevertheless, there was evidence that the median 

difference between the two groups was inconsistent with the null hypothesis (P = 0.0027).

CD81 was expressed in both HCL and HCLv, but bright CD81 expression was a notable 

feature of HCLv. In HCL, 57/59 (97%) specimens were positive for CD81, with bright 

CD81 expression observed in 6/57 cases (11%). In HCLv, all specimens expressed CD81, 

with bright expression observed in most cases (10/15 cases, 67%). The median CD81 MFI 

for HCLv was 2,450 (95% CI: 1,866–4,183) which was about fourfold the median MFI for 

HCL (602 [95% CI: 514–791]). There was strong evidence that the median difference 

between the two groups (−1,858 [95% CI: −2,608 to −1,365]) was inconsistent with the null 

hypothesis (P < 0.0001) with less overlap between the two disease entities, especially when 

compared with the overlap of CD43 MFI (Fig. 1).

CD200 was expressed in all HCL specimens (17/17, 100%), and bright CD200 expression 

(15/17; 88%) was a characteristic feature. In contrast, CD200 expression was lower in HCLv 

specimens; expression was predominantly dim (5/7), with moderate expression noted in 2/7 

cases (29%). The MFI of CD200 in HCL (11,652 [95% CI: 5,687–14,227]) was more than 

eight times that in HCLv (1,405 [95% CI: 438–4,543]), and there was strong evidence that 

the median difference between the two groups (9,883 [95% CI: 3,514–13,434]) was 

inconsistent with the null hypothesis (P < 0.0001). The distribution of CD200 MFI showed 

the least degree of overlap between HCL and HCLv among all the antigens studied (Fig. 1). 

However, given the small sample sizes (especially for HCLv, n = 7), these results should be 

viewed cautiously.

CD79b was expressed on all HCL specimens (59/59, 100%), with a single case (1/59, 2%) 

showing variable/partial expression, and five cases (5/59, 8%) showing dim expression. 

CD79b was also expressed in 12/15 (80%) cases of HCLv. Although the median MFI of 

CD79b in HCL (4,962 [95% CI: 3,391–7,453]) was more than double that of HCLv (1,969 

[95% CI: 367–7,008]), the median difference between the groups (1,571 [95% CI: −739 to 

4,417]) was consistent with the null hypothesis (P = 0.13). The expression of CD79b tended 

to be more variable than the other three antigens and the distribution of CD79b MFI widely 

overlapped between HCL and HCLv (Fig. 1).

Figure 2 illustrates the above findings by demonstrating the flow cytometric expression 

patterns of CD43, CD81, CD200, and CD79b in a representative case of HCL (Fig. 2A) and 

HCLv (Fig. 2B). The contrasting expression patterns of CD43, CD81, and CD200 are 

shown. Although CD79b expression was observed for all HCL cases and most (80%) HCLv 

cases, expression of CD79b was variable, and lack of CD79b was noted in a minority of 

HCLv cases (Fig. 2B).

DISCUSSION

HCL and HCLv are biologically distinct entities, with different treatment and prognosis. The 

simultaneous expression of bright CD25, bright CD11c, and bright CD123 is valuable in 

differentiating HCL from HCLv (1,7,9–11,27). Annexin-1, tartrate-resistant acid 

phosphatase staining, and BRAF V600E mutations also distinguish HCL from HCLv 

Salem et al. Page 4

Cytometry B Clin Cytom. Author manuscript; available in PMC 2021 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(28,29). The BRAF mutation is an important disease-defining molecular genetic event in 

HCL, resulting in constitutive MAPK activation. HCLv typically lacks Annexin-1 and 

exhibits wild-type BRAF; however, a minor but significant subset of immunophenotypically 

classic HCL cases has been identified with these features by molecular studies (30), and 

biologically behave more aggressively than the typically indolent HCL (31). The rarity of 

HCL, and especially HCLv, limits the number of cases available for evaluation and reporting 

in the literature. Our institution is in the unique position to evaluate both HCL and HCLv on 

a routine basis, and the size of this study is noteworthy. Additionally, BRAF and MEK 

inhibitor therapies for HCL (32,33) may downregulate expression of CD25 and alter other 

HCL-defining immunophenotypic features (34). Therapy-related immunophenotypic 

alterations may pose a challenge in detecting MRD, if additional immunophenotypic 

markers are not also carefully evaluated. Identifying and incorporating new, clinically useful 

markers into FCM panels may be helpful in this regard, as new therapies continue to be 

developed.

CD43 (leukosialin) is a cell-surface sialoglycoprotein involved in cell adhesion, 

differentiation, and activation. It is predominantly expressed on hematopoietic cells (T-cells, 

NK cells, granulocytes, monocytes, macrophages, hematopoietic stem cells, platelets) and 

nonhematopoietic tumors (35), but not on erythrocytes (36). Interestingly, CD43 is able to 

mediate seemingly opposing functions. Due to the inherent negative charge of its sialic acid-

rich extracellular domain, CD43 facilitates cellular repulsion; conversely, posttranslational 

modification and various resulting glycoforms promote cellular adhesion (37). In T-cells, 

intracellular processing of CD43 and its nuclear translocation regulate cellular pathways that 

protect a cell from apoptosis (38). Consequently, CD43 expression may facilitate oncogenic 

cell survival in both nonhematopoietic and hematopoietic malignancies (35,39).

Most circulating B-cells lack CD43, with the exception of a minor subset of activated B-

cells, and its expression is observed to varying degrees in a range of B-cell lymphomas 

(40,41). Flow cytometric assessment of CD43, in combination with CD20, shows a 

reproducible expression pattern that is reminiscent of the expression pattern of CD10 and 

CD20 in the progressive maturation of marrow B-cell precursors/hematogones (42). Bright 

CD43 expression is a notable feature for MRD detection of CLL, when evaluated in the 

context of an appropriate immunophenotypic marker combination (13). Though a report 

including CD43 assessment by FCM exists (23) in a case of CD27(+) HCLv/japanese 

variant, FCM assessment of CD43 in HCL and HCLv has not been extensively evaluated. In 

our series, we demonstrate that HCL exhibits a median difference of 212 (95% CI: 72–413) 

in CD43 MFI over HCLv (Table 2) with a twofold ratio of the medians (Table 1). However, 

overlapping distributions of CD43 MFI values suggest that CD43 may have limited clinical 

utility to distinguish between HCL and HCLv, especially at lower levels of CD43 expression 

(Fig. 1). Nevertheless, bright expression of CD43, when used in combination with other 

traditional immunophenotypic markers (i.e., CD20, CD22, CD11c, CD25, CD103, CD123), 

is a helpful confirmatory feature of HCL.

CD81 is a tetraspanin molecule expressed as part of a B-cell receptor (BCR) complex with a 

multitude of functions. CD81 is involved in lowering the threshold for B-cell activation, 

appropriate trafficking, and cell surface expression of CD19, signaling through downstream 
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kinases, cellular proliferation, adhesion, and migration (43,44). Hepatitis C virus enters and 

infects B-cells via CD81, leading to subsequent B-cell stimulation and IGHV mutation (45).

Patterns of tetraspanin molecule expression, including CD81, have been described in stages 

of normal B-cell maturation, as well as in various B-cell lymphoproliferative disorders and 

plasma cell myeloma (46). Bright CD81 is a feature of Burkitt lymphoma and distinguishes 

it from other CD10-expressing lymphomas (14). CD81 is expressed on B-cell precursors, 

and its expression is aberrantly decreased in B-lymphoblastic leukemia (19). FCM 

assessment of CD81 in HCL and HCLv, however, has not been extensively evaluated. In our 

study, CD81 was expressed in all HCLv (100%) and almost all HCL (97%) specimens. 

Bright CD81 expression was a notable feature of HCLv; a median difference of 1,858 (95% 

CI: 1,365–2,604) in CD81 MFI between HCLv and HCL was observed, with a roughly 

fourfold ratio of median MFI of HCLv over that of HCL (Table 1 and Fig. 1). Furthermore, 

the expression of both CD43 and CD81 tended to show an inverse pattern when comparing 

HCL (CD43+, CD81dim+) with HCLv (CD43 dim+, CD81bright+) (Figs. 1 and 2).

CD79b is the beta chain of a heterodimeric protein that associates with the BCR complex. It 

appears early in B-cell development and its surface expression persists until the plasma cell 

stage; it plays an important role in B-cell development and drives receptor signal 

transduction (47). It is ubiquitously expressed among B-cell lymphomas and 

lymphoproliferative disorders. CD79b detection and quantitation by FCM demonstrates 

decreased expression in CLL/small lymphocytic lymphoma (CLL/SLL), increased 

expression in HCL and MCL, and marked overexpression in splenic lymphoma with villous 

lymphocytes and B-cell prolymphocytic leukemia, when compared with normal B-cells 

(16,48,49), and CD79b was shown to be expressed on HCL (16). Previously, CD79b 

exhibited moderate/weak expression by FCM in 4/7 cases (57%) of HCLv, compared with 

23/24 cases (96%) of HCL with strong expression (27). In HCLv, CD79b is reportedly 

expressed in just under one-third of cases (3/11 cases, 27%) (24). Regarding HCL, our 

CD79b expression data are consistent with the preceding studies. Interestingly, we observed 

a slightly higher percentage of CD79b positivity (80%) in HCLv than that reported in the 

preceding studies, but still less than in HCL (100%). We observed a median difference of 

1,571 (95% CI: −739 to 4,417) between CD79b MFI HCL values (Fig. 2A far left, HCL 

representative case) compared with HCLv (Fig. 2B far left, HCLv representative case) with 

a roughly 2.5-fold ratio of the medians (Table 1). However, the distributions of CD79b MFI 

overlapped considerably (Table 1 and Fig. 1), and so the data are consistent with no 

difference between the two groups. (Table 2). Based on these results, CD79b may not 

discriminate between HCL and HCLv. However, from a treatment standpoint, therapeutic 

modalities targeting CD79b may potentially be applicable to all cases of HCL and most 

cases of HCLv. Two examples of CD79b-targeted therapy, Polatuzumab vedotin, and 

Iladatuzumab vedotin (DCDS0780A), are antibody-drug conjugates comprised of an anti-

CD79b antibody linked to monomethylauristatin E, and are currently under investigation in 

clinical trials for potential therapeutic utility in B-cell malignancies (50).

CD200 (OX-2) is an immunoglobulin superfamily membrane glycoprotein that is expressed 

by various cell types including B-cells, thymocytes, activated T-cells, and neuronal and 

endothelial cells. It is believed to exert an immunosuppressive effect via interaction with its 

Salem et al. Page 6

Cytometry B Clin Cytom. Author manuscript; available in PMC 2021 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



receptor (CD200R) (51,52). CD200 demonstrates different expression patterns in a various 

B-cell lymphoproliferative disorders and B-cell lymphomas, such as B-lymphoblastic 

leukemia/lymphoma (CD200+), Burkitt’s lymphoma (CD200-), diffuse large B-cell 

lymphoma (CD200-), and mediastinal large B-cell lymphoma (CD200+) (53). CD200 

expression distinguishes CLL from MCL and marginal zone lymphoma; the latter two 

entities are both typically negative for CD200 (17). CD200 is expressed on plasma cell 

myeloma and is associated with poor prognosis (54). CD200 assessment by FCM is well 

documented for HCL and has also been described for HCLv. Brunetti et al identified CD200 

expression in 10/10 cases of HCL, with levels significantly higher than CD200 levels in 

normal B-cells (20). Sandes et al. identified bright CD200 expression in 13/13 cases of 

HCL, in contrast to dim CD200 expression observed in six cases of splenic marginal zone 

lymphoma (18). Other studies have also demonstrated similar findings (21,22,55–57). In 

contrast to HCL, HCLv demonstrates diminished or lack of CD200 expression. In a series 

including mature B-cell lymphoproliferative disorders, Mason et al. identified CD200 

expression in 34/34 HCL cases and 0/3 HCLv (56). Pillai et al. demonstrate bright CD200 in 

10 cases of HCL (with a mean MFI of 15,411) that was significantly higher than in four 

cases of HCLv (mean MFI of 742) (21). Similar observations were reported by Rahman et 

al.; CD200 was negative in 1 case of HCLv, whereas 6/6 cases of HCL showed bright 

CD200 (median MFI 5,050, MFI range 3,400–13,101) (57). In our study, the median 

difference between HCL and HCLv CD200 MFI values was 9,883 (95% CI: 3,514–13,434) 

with a roughly eightfold ratio of the medians (Table 1), which confirms the findings of the 

preceding studies, with bright expression of CD200 in HCL, and diminished CD200 in 

HCLv. However, given the small sample sizes (especially for HCLv, n = 7), the results for 

CD200 should be viewed cautiously.

HCL and HCLv, despite their nomenclature, represent two biologically divergent entities, 

and their different expression patterns of CD43, CD81, and CD200 reflect that divergence. 

Expression of CD200 induces immune tolerance and suppresses antitumor response. 

Engagement of CD81 results in phosphorylation and activation of multiple downstream 

kinases that facilitate cytoskeletal reorganization and induce increased cell proliferation. 

CD43 modulates both cellular repulsion and adhesion, and regulates apoptosis. In this study, 

the majority of HCL were positive for CD43, consistently brightly positive for CD200, but 

with lower CD81 expression. The expression of CD43 and CD200 reflects the features of 

HCL as an indolent malignancy, with protection from apoptosis and cell survival conferred 

by the effect of CD43, along with immune tolerance granted to the HCL cells due to high 

levels of CD200. In this respect, HCL resembles another indolent B-cell lymphoproliferative 

disorder, CLL, which shows characteristic bright CD43, dim CD81, and CD200 expressions 

(13,17). On the other hand, HCLv exhibits high levels of CD81, with lower expression of 

CD43 and CD200. Because CD81 plays a role in cytoskeletal reorganization and cell 

proliferation, the CD81 expression pattern in HCLv is more compatible with that of a more 

actively proliferating neoplasm and may reflect the characteristic lymphocytosis presentation 

of HCLv.

The therapeutic implications of these findings are also an interesting consideration. Due to 

its critical role in regulating immune tolerance, OX-2/CD200 is emerging as a potentially 

interesting target for immune checkpoint blockade (58). Differential expression of CD43 
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glycoforms in various malignancies also makes it an attractive target for cancer 

immunotherapy (35). The role of CD81 as a therapeutic target is currently being explored 

(59). Currently, interest in these molecular targets lies predominantly in the treatment of 

solid tumors; however, CD79b targeted therapy is already under investigation in clinical 

trials for B-cell lymphoma (50).

In summary, multiparametric FCM is a critical test in the differentiation of HCL from HCLv. 

Newer treatment modalities may alter and/or mask the distinguishing immunophenotypic 

features unique to each of these disease entities; therefore, searching for other newer, 

potentially useful markers is important. Our study examines CD200, CD43, CD79b, and 

CD81 in HCL and HCLv. We identify potentially distinguishing differences in CD43 and 

CD81 expression in HCL from HCLv. We demonstrate CD79b expression in all the cases of 

HCL and most cases of HCLv, a finding that may be of therapeutic interest. We demonstrate 

differences in expression of CD200, corroborating results of previous studies. These markers 

may be informative if added to the clinical FCM arsenal and may have therapeutically useful 

implications.
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Fig. 1. 
Box-and-whisker plots representing the MFI distribution of CD43, CD81, CD79b, and 

CD200 in HCL and HCLv. For CD43, CD81, and CD79b, n = 59 (HCL) and n = 15 

(HCLv); for CD200, n = 17 (HCL) and n = 7 (HCLv). Values of y-axis represent 

approximate minimum/maximum values as well as rounded upper/lower quartiles for the 

box plots. Median values are shown as reference lines.

Salem et al. Page 12

Cytometry B Clin Cytom. Author manuscript; available in PMC 2021 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Expression patterns of CD43, CD81, CD79b, and CD200 in a representative case of HCL 

(A, top row) and HCLv (B, bottom row). Cell populations are designated as follows: T-cells 

(green), normal B-cells (purple), and HCL or HCLv cells (red).
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Table 2

The Median Differences of MFI for CD43, CD81, CD79b, and CD200 Between HCL and HCLv Groups

Antigen MFI Median difference* (95% CI) P-value**

CD43 MFI 212 (72–413) 0.0027

CD81 MFI −1,858 (−2604 to −1,365) <0.0001

CD79b MFI 1,571 (−739 to 4,417) 0.13

CD200 MFI 9,883 (3,514–13,434) <0.0001

*
Hodges–Lehmann estimate, HCL group minus HCLv group.

**
Wilcoxon rank sum test.
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