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Efficacy of Annexin A1 Immunostaining in Bone Marrow for the Diagnosis of Hairy Cell

Leukemia
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Splenic B-cell lymphomas (SBCLs) show characteristically pronounced splenomegaly without significant lymphadenopathy. Distinguishing hairy cell
leukemia (HCL) from other SBCLs (splenic marginal zone lymphoma [SMZL], variant HCL [v-HCL], and splenic diffuse red pulp small B-cell lym-
phoma [SDRPL]) is essential to determine suitable treatments and prognoses. With advances in diagnostic modalities and therapies, splenectomy
is not commonly performed, and thus diagnosis of HCL must be based on the results obtained using blood and bone marrow samples. Annexin A1
is known as the most specific marker for HCL. There has yet been no report of the assessment of annexin A1 immunostaining from Korea. In this
study we analyzed samples from 13 Korean patients with SBCLs (three HCL, three v-HCL, six SMZL, and one SDRPL) from May 2001 to December
2016. Immunohistochemical analyses for annexin A1 and CD20 were performed using bone marrow sections; molecular analyses for detection of
the BRAF V600E mutation were also performed. All HCL patients showed positive results for annexin A1 immunostaining and the presence of the
BRAF V600E mutation, and negative results for other SBCLs. Our results confirmed the high specificity of annexin Al and the BRAF V600E muta-
tion as HCL markers. Molecular analysis requires expensive equipment and substantial manpower. Annexin Al is a better alternative as an HCL

marker than the BRAF V600E mutation in terms of cost-effectiveness.
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Splenic B-cell lymphomas (SBCLs) that characteristically exhibit
pronounced splenomegaly without significant lymphadenopathy

include; splenic marginal zone lymphoma (SMZL), hairy cell leu-
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kemia (HCL), and unclassifiable SBCLs (including the provisional
clinical entities specified by the World Health Organization; vari-
ant HCL [v-HCL] and splenic diffuse red pulp small B-cell lym-
phoma [SDRPL) [1]. Distinguishing HCL among the subtypes of
SBCLs is crucial because HCL is uniquely sensitive to nucleosides
(purine analogs) [2]. Other clinical entities that mimic this disease,
such as v-HCL and SMZL do not respond to HCL therapies and
show a significantly lower survival rate [1]. Diagnosis of HCL has
relied on histopathologic examination of the spleen. However,
with advances in diagnostic modalities and therapies, splenec-
tomy is not commonly performed, and diagnosis must be based
on findings from studies using blood and bone marrow samples.
Distinguishing HCL from other SBCLs requires the use of several

methods, including immunophenotyping, immunohistochemis-
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try, and molecular genetic studies, along with histopathologic ex-
amination of tissue samples. Immunophenotypic analysis using
multi-parameter flow cytometry (FCM) is essential to establish dif-
ferential diagnosis of SBCLs. FCM results revealed that, CD20, CD22,
CDl1c, CD25, and CD103 are expressed in HCL [3, 4]. The immun-
ophenotype of v-HCL has been reported to be typically positive
for CD20, CD22, CD11c, CD103, and negative for CD25 [1, 3-5].
SMZL cells collected from patients usually show a non-specific
immunophenotype (negative for CD5, CD10, CD23 or CD103).
Unlike most cases of SMZL, SDRPL is similar to v-HCL. SDRPL
cells are less likely to express CD103 than v-HCL [6-8].

Specific expression of annexin Al in HCL was initially discov-
ered using gene expression profiling [9]. Annexin Al has been
suggested to play an important role in inflammatory response,
cell proliferation, cell signaling, phagocytosis, and carcinogenesis
[10]. Annexin Al is known as the most specific marker for HCL, as
it was not found to be expressed in SBCLs other than HCL in an
immunohistochemical study [11]. As healthy B cells do not express
the protein, aberrant expression of annexin Al is probably the re-
sult of neoplastic transformation of B cells, most likely of mem-
ory-type B cells [11]. Although HCL cases have often been reported
[12, 13, there has been no official report of assessment of annexin
Al immunostaining from Korea. Thus, we have performed immu-
nohistochemical analyses in order to evaluate the diagnostic util-
ity of annexin A1, along with immunophenotyping and molecular
studies for detection of the BRAFV600E mutation.

A total of 13 Korean patients (three HCL, three v-HCL, six SMZL,
and one SDRPL) were retrospectively enrolled and their clinical
characteristics, complete blood counts (CBC), peripheral blood,
bone marrow morphology, immunophenotypes and molecular
studies for detection of BRAF VO60OE (gain-of-function mutations
of BRAF [v-raf murine sarcoma viral oncogene homolog B1] ser-
ine/threonine protein kinase) were analyzed between May 2001
to December 2016. Each patient had been previously diagnosed
on the basis of clinical information, histomorphology and immu-
nophenotypic characteristics in accordance with the 2017 World
Health Organization classification of tumors of hematopoietic and
lymphoid tissues [1].

Immunohistochemical studies, using CD20 (DAKO, Glostrup,
Denmark) and annexin Al (Cell Marque, Rocklin, CA, USA) im-
munostaining were performed using formalin-fixed and paraffin-

embedded bone marrow core biopsy sections using an automated
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immunostainer (Ventana Benchmark XT staining system, Ven-
tana Medical Systems, Tucson, AZ, USA) according to the manu-
facturer’s protocols. Hematoxylin and eosin staining and CD20
immunostaining were performed to determine the involvement
of lymphoma. Annexin Al immunostaining in CD20-positive ma-
lignant cells was also evaluated. Immunophenotyping was per-
formed using flow cytometry using the dual-laser FACSCanto™ II
flow cytometer (Becton-Dickinson, San Jose, CA, USA) with a
panel of lymphoid cell-associated monoclonal antibodies against
CD3, CD10, CD19, CD20, CD22, CD25, CD38, CD103, CD11c, and
surface immunoglobulin (Becton-Dickinson). Data were acquired
and analyzed using the BD FACSDiva™ software (Becton—Dickinson).

Genomic DNA was isolated from bone marrow specimens with
written informed consent from patients. Real-time PCR was per-
formed using Real Q BRAF V60OE detection kits (BioSewoom
Inc., Seoul, Korea) and the 7500 Fast Real-Time System (Applied
Biosystems, Foster City, CA, USA) as previously described [14].
Mutant enrichment 3"-modified oligonucleotide (MEMO)-PCR and
sequencing analysis for BRAF V60OE mutation were performed
as previously described [15].

Basic characteristics and findings of experiments from samples
of patients are summarized in Table 1. All HCL patients had ane-
mia and thrombocytopenia and all v-HCL patients had leukocyto-
sis as seen upon performing automated blood counts. Bone mar-
rows of all HCL patients were packed with neoplastic cells (3/3,
100%). Bone marrow findings from 40% (4/10) of the other SBCL
samples showed a nodal infiltration pattern, and 20% samples
(2/10) showed an intrasinusoidal infiltration pattern. All patient
samples were negative for CD5 and CD10, and positive for CD19
and CD20 expression. All HCL cells collected from patients showed
expression of the following antigens: CD25 (3/3, 100%), CD11c
(2/2, 100%), and CD103 (3/3, 100%). All v-HCL patient samples
were positive for CD11c (3/3, 100%) and CD103 (3/3, 100%) ex-
pression, however, they were negative for CD25 expression (0/3,
0%). Thirty-three percent (1/3) of the SMZL patient samples were
CD25(#), and all SMZL samples were CD11c(-), and CD103(-). One
sample from a SDRPL patient showed a CD11c(+)/CD103(partial)/
CD25(-) phenotype. Chromosomal analyses revealed that three
SMZL samples had abnormal karyotype: patient 3, 47,XX,t(2;7)
(p13:p13):+12,1(14;16)(q32;p13.1,t(18;19)(q21.1,q13. DI15)/46,XX[11];
patient 4, 46,XY,del(5)(q13q22)[3]/46,XY[17]; patient 5, 46,XY,dup
(D(q21g32),add(5)(q35),add(6)(q22),i(6)(p10),del(7)(q32)I15]/47 5],
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Table 1. Basic characteristics and results of annexin A1 immunostaining with immunophenotypes and BRAFV600E

Infiltration Annexin A1 Immunophenotypes
Ca’ig Sex /E‘\ge Diagnosis o WBQC PLE BM cellularity pattern in BM immunostain- : il BRAFV600E
: ¥ @) (x10°)  (x10°L) e ing(@)  CD25 CDTlc  CD103

1 F 60 SMZL 19 397 69 Normocellular Intrasinusoidal Neg Neg NA NA NA

2 F 70 SMZL 82 11.52 12 Normocellular Nodal Neg Pos NA Neg NA

3 F 57 SMZL 65 4725 64 Hypercellular Interstitial Neg Neg Neg Neg Not detected

4* M 74 SMZL 105 20 74 Hypercellular  Paratrabecular & Nodal Neg NA NA NA Not detected

5" M 75 SMZL 106 8.48 142 Hypercellular Nodal Neg NA NA NA Not detected

6" F 62 SMZL m 16.76 473 Normocellular Nodal Neg NA Neg Neg Not detected

7* F 48 HCL 77 1.79 46 Hypercellular Packed Pos (20) Pos NA Pos Detected

8* M 50 HCL 92 496 30 Hypercellular Packed Pos (60) Pos Pos Pos Detected

9 M 27 HCL 97 132 19 Hypercellular Packed Pos (90) Pos Pos Pos Detected
10 F 47 v-HCL 87 58.09 194 Normocellular Interstitial Neg Neg Pos Pos Not detected
1% M 40 v-HCL 159 12.71 148 Normocellular Intrasinusoidal Neg Neg Pos Pos Not detected
12¢ M 76 v-HCL 146 263 131 Normocellular Interstitial Neg Neg Pos Pos Not detected
13 F 49  SDRPL 110 417 82  Normocellular Interstitial Neg Neg Pos  Pos (partial) ~ Not detected

*Previously reported by Shin et al. [14].

Abbreviations: SMZL, splenic B-cell marginal zone lymphoma; HCL, hairy cell leukemia; v-HCL, variant hairy cell leukemia; SDRPL, splenic diffuse red pulp small B-cell lym-

phoma; BM, bone marrow; Pos, positive; Neg, negative; NA, not available.

+H(6)(p10)[3)/46,XY[2]. All patients, excluding the 3 SMZL cases
described above had normal chromosomes. All HCL patient sam-
ples (3/3, 100%) were positive for annexin Al immunohistochem-
ical staining (Fig. 1) and negative for other SBCL immunostaining
(0/10, 0%). Rates for positive annexin Al expression ranged from
about 20 to 100 percent. All HCL patient samples (3/3, 100%) were
positive for the BRAF V60OE mutation as found using real time
PCR, MEMO-PCR and sequencing. In contrast, other SBCL patient
samples were negative for the BRAF V60OE mutation (0/7, 0%).
Morphologic features observed upon bone marrow examina-
tion may not be sufficient to distinguish between HCL and the
other subtypes. However, a few marrow patterns are helpful in
establishing differential diagnosis of SBCLs. SMZL shows various
patterns of bone marrow infiltration, typically with nodular, inter-
stitial, and intrasinusoidal distribution [6]. Specifically, in SMZL pa-
tients, the nodular pattern excludes hairy cell leukemia as observed
upon performing bone marrow biopsy [1]. Bone marrow results
that help in diagnosing HCL show interstitial or diffuse infiltration
of lymphocytes. V-HCL may tend to exhibit less extensive marrow
involvement than HCL and can show interstitial, predominantly
sinusoidal, or diffuse patterns of marrow infiltration [5, 16]. In our
study (Table 1), nodular patterns were observed only in bone
marrows of patients with SMZL. Bone marrows from SBCL pa-
tients showed higher proportions of diffuse or interstitial patterns

than those from SMZL patients. Moreover, HCL tissue samples ex-
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hibited more extensive marrow involvement than v-HCL. In this
report, immunophenotypic analysis was helpful in classifying
samples as those of HCL, v-HCL, and SDRPL. However, immuno-
phenotypic analysis has some limitations: a fresh sample of tissue
is required, appropriate cell surface markers must be selected, and
samples must be analyzed by an expert.

We observed positive annexin Al immunostaining in samples
from all HCL patients and negative in the other SBCL samples. An-
nexin A1 shows high specificity for HCL and thus is useful for ac-
curate diagnosis. BRAF VO0OE, like annexin Al, is also a highly-
specific marker for HCL, however, Sanger sequencing for BRAF
V600E requires longer duration and is expensive than immunos-
taining for annexin Al. Besides, not all HCL patients show BRAF
VO0OE mutations. One report suggested that 11 of 53 (21%) patients
with HCL may not have BRAF mutations [17]. Of these 11 HCL pa-
tients, seven had bone marrow biopsies which provided adequate
amounts of tissue samples to stain for annexin Al, and all were
positive for annexin A1 [17]. However, annexin Al is strongly ex-
pressed in healthy myeloid cells which makes it difficult to get ac-
curate results. Besides, annexin Al does not stain all malignant
cells of HCL. Although more than 90% of bone marrow biopsies
from HCL patients were positive for CD20, annexin Al results var-
ied from 20% to 90% (Table 1). To overcome such shortcomings,
annexin Al is used for diagnosis of HCL with extensive marrow

involvement or with extramedullary disease, and CD20 staining
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Fig. 1. Three cases of classical hairy cell leukemia. CD20 (A, 1,000x), and annexin A1 (B, 1,000x) immunostaining for tissue samples from patient 7.
CD20 (C, 400x), and annexin A1 (D, 400x) immunostaining for tissue samples from patient 8. CD20 (E, 400x), and annexin A1 (F, 400x) immunos-
taining for tissue samples from patient 9.

must be performed simultaneously to distinguish HCL cells from In order to diagnose HCL, morphologic and immunopheno-

nonlymphoid elements in the marrow. typic features of patients, positive annexin Al immunostaining
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and/or the presence of the BRAF V600E mutation are helpful. Of
these, immunostaining is simple and can be analyzed rapidly. In
the near future, advanced technology might be used to diagnose
hematologic malignancies [18]. However, expensive equipment
and considerable manpower will be required for such methods.
For these reasons, immunostaining for markers like annexin Al is
useful and economical.

In conclusion, our results support high specificity of annexin
Al and BRAF V600E mutations as markers for diagnosis of HCL,
as well as the diagnostic value of standard HCL markers such as
CDllIc, CD25, and CD103. Annexin Al immunostaining is thus a
better alternative than detection of BRAF V60OE mutations or per-

forming immunophenotypic analyses.
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