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Abstract
The cytological and immunocytochemical features of the lymphocytes with villous morphology in peripheral blood and bone 

marrow in some B-lymphoproliferative disorders were studied. The diagnosis of hairy cell leukemia, a hairy cell leukemia variant, 
splenic marginal zone lymphoma and splenic diffuse red pulp small B-cell lymphoma was ascertained in accordance with the new 
revision of the WHO classification (2016). The neoplastic cells of hairy cell leukemia were determined by the presence of high tar-
trate resistant acid phosphatase (TRAP) activity. Cell surface expression of CD19, CD20 and CD21 antigens was detected. Also, the 
expression of CD25, CD103 and CD200, and in some cases cyclin D1, was found out. CD5, CD10 and CD23 were not detected. The 
immunophenotype of cells in splenic marginal zone lymphoma with villous processes also corresponded to the mature B cells. The 
expression of CD19, CD20 and CD21 was observed in all cases, CD11c – in 50 % of patients, CD25 or CD5 – in 10 % of patients. In 
80 % of patients, the pathologic cells did not show TRAP activity. In the bone marrow and peripheral blood cells of patients with 
diffuse red pulp lymphoma, TRAP activity was not detected. An immunophenotype in the hairy cell leukemia variant was different 
from those of classic HCL (CD19+CD20+CD22+CD103+CD11c+CD5–CD10–CD23–). Characterized immunophenotypical markers, 
which have differential diagnostic values in several forms of lymphoid tumors of B cell origin, will be important for the choice of 
treatment methods and prognosis.
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1. Introduction
Lymphoid malignancies encompass an extremely heterogeneous group of diseases, based on 

their histological forms, biological and molecular genetic features, sites of clinical presentation (nodal 
or extranodal), tumor behavior (localized or disseminated), and response to the treatment [1–4].

According to the new revision of the World Health Organization classification [5], the delin-
eation of separate forms of non-Hodgkin’s lymphomas (NHL) is based on clinical findings and the 
data of pathologic and immunohistochemical studies and molecular-genetic analysis. The lymphoid 
tumors of B cell origin account for more than 90 % of NHL. The separate group of B-cell lymphoid 
malignancies comprises the disorders, originated from the mature B cells at the antigen-dependent 
stages of their differentiation. Such diseases are characterized by the pronounced splenomegaly 
and the presence of neoplastic lymphoid cells with hairy-like projections of the cytoplasm. This 
group comprises hairy cell leukemia (HCL), HCL variant (HCL-v), splenic marginal zone lympho-
ma (SMZL), splenic diffuse red pulp small B-cell lymphoma (RPBL) [6–9].

The aim of the study consists in clarifying the nature of neoplastic cells in the above-men-
tioned group of B-cell lymphoid malignancies, based on the comparative analysis of enzymocyto-
chemical and immunophenotypical features.
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We believe that only precise diagnosis of these types of B cell lymphomas in accordance 
with up-to-date classifications may represent the basis for further molecular biological studies. The 
insight into the nature of these tumors should be advantageous for improving our ability to evaluate 
patients and select the appropriate therapy. 

2. Patients and Methods
The samples of peripheral blood and the sternal puncture of the bone marrow of 113 patients 

with various types of B-cell lymphoproliferative diseases are presented (Table 1). The patients 
were under observation and treatment at the specialized oncohematological facilities of Kyiv city 
and hematological units of the regional hospitals in 16 regions of Ukraine. The precise diagnostic 
studies were provided at the Oncohematology Department of R. E. Kavetsky Institute of Experi-
mental Pathology, Oncology and Radiobiology, NAS of Ukraine. The whole study covered the pe-
riod from January 2016 to December 2019 and was performed within the framework of the research 
project “Diagnostic study of the malignant diseases of lymphoid tissue”. The study was approved 
by the decision of the Institutional Ethics Committee (Protocol No. 4 of 17.11 2015. The informed 
consent was obtained from all the patients, included in the study. All the samples were analyzed in 
patients prior to the beginning of the treatment.  

Table 1
Patients with different types of B-cell lymphoproliferative diseases included into the study

Nosological form Number of patients Age of patients (years) Male to female ratio

HCL 45 48±22 1.8:1

HCL-v 5 73±10 4:1

SMZL 60 72.5±12.5 1.6:1.4

RPBL 3 65±7 2:1

The smears were stained with MGG and studied under the light microscope with im-
mersion (1000 x). The intracellular localization and activity of the tartrate-resistant acid phos-
phatase (TRAP) (EC 3.1.2.1) was analyzed by the method of Goldberg and Barka [10]. The 
expression of the surface antigens of cells was studied with the aid of the panel of monoclo-
nal antibodies (MAb) (Dako Cytomation, Denmark) using the alkaline phosphatase strepta-
vidin-biotin technique (LSAB-AP) for visualization. The cells were also stained with f luo-
rochrome-conjugated MAbs and analyzed in Beckman Coulter EPICS XL cytometer (USA). 

3. Results and Discussion
Practically all patients had splenomegalia at presentation. In few patients, the hyperplasia of 

the peritoneal and mediastinal lymph nodes was detected. Sometimes, the lesions in the liver and 
bones were found. Peritoneal or pleural exudates seem to be rare findings. According to the results of 
the complete blood test, most patients had anemia (Hb<100 g/l), thrombocytopenia (<100∙109/l) and 
leucopenia (0.7–1.5∙109/l). The fraction of villous lymphocytes in leukogram amounted to 5–10 %. 

In HCL patients, the cell composition of myelogram varied. Sometimes, the extensive hy-
poplasia with single substrate-specific cells is evident. In other cases, lymphoid cells with charac-
teristic cytomorphological features were predominant.

The principal enzymocytochemic diagnostic criterion of HCL is the presence of high acid 
phosphatase activity, revealed as the intensive staining in cytoplasm of the villous cells (Fig. 1). 
The addition of 0.05 M sodium-potassium tartrate in staining mixture did not prevent enzymo-
cytochemic detection of acid phosphatase. The presence of TRAP (isoenzyme 5) is very reliable 
feature, allowing for differentiate between HCL and other lymphoproliferative diseases.

The neoplastic cells in the bone marrow and peripheral blood of HCL patients had the im-
munophenotype of the relatively mature B cells. Their surface membranes express antigens, asso-
ciated with B cells, such as CD19, CD20, CD22, CD79a (the two latter expressed most markedly). 
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IgM was expressed moderately or strongly. Usually, CD5, CD10, CD23 and CD43 were not detect-
ed. We detected the expression of CD25 (alpha-chain of IL-2 receptor), representing the marker 
of B- and T-cell activation. The expression of CD1c was more pronounced than in other lymph-
oproliferative diseases. In contrast to B-CLL and a few cases of follicular lymphoma and mantle 
cell lymphoma, the neoplastic cells in HCL expressed CD103. In addition, CD200 expression was 
detected. In half of the cases, the weak expression of D1 cyclin was evident.

а

b

Fig. 1. Bone marrow cells in HCL: a – MGG staining; b – TRAP reaction, ×1000

HCL-v differs from HCL by specific histological and immunophenotypical features as well 
as by the sensitivity to chemotherapy. In our HCL-v patients, splenomegalia was evident while 
lymphadenopathy was not detected. Anemia and thrombocytopenia were present in all patients. 
Leukocyte count in peripheral blood was within the range of 30–50∙109/l. In smears from the bone 
marrow and peripheral blood, the lymphoid cells with villous cytoplasm were noticeable. 

The acid phosphatase reaction in cell cytoplasm has a small granular pattern, from weak 
to moderate. When tartrate was added to the incubation mixture, in two cases, acid phosphatase 
was still detected in a fraction of the cells, but the reaction intensity was weak. Nevertheless, in all 
other HCL-v patients, tartrate inhibited this reaction completely. B cell antigens, such as CD19 and 
CD20, were expressed on the surface of the cells in bone marrow and peripheral blood specimens. 
In addition, the weak expression of CD22, CD103 and CD11c was noticeable. The reaction with 
Mabs against CD25 and cyclin D1 was negative.

SMZL was earlier known as spleen lymphoma with circulating villous lymphocytesn and 
diagnosed as one of the cytological variants of B cell chronic lymphocytic leukemia (B-CLL). 
Most SMZL patients (49) in our study were presented with splenomegaly with the concomitant 
anemia and autoimmune thrombocytopenia. In 30 patients, lymph nodes, adjoining splenic hi-
lum, were involved in the pathological process as well as the liver and the bone marrow. The 
peripheral lymph nodes were not affected. The leukocyte count in the peripheral blood was usu-
ally within the normal range or slightly elevated. Only in 12 patients (20 %), the leukocyte count 
exceeded 25∙109/l. The count of the villous lymphocyte in peripheral blood varied. The lympho-
cytes in peripheral blood were of small to medium size; sometimes their size was superior to that 
in B-CLL lymphocytes (Fig. 2).

The nuclei were rounded. The size of cytoplasm varied. In most cases, cytoplasm was 
stained light blue, with its area being narrower than in HCL, resulting in the increased nucle-
ar-to-cytoplasm ratio. The fraction of lymphocytes had short few projections in cytoplasm.

In SMZL cells, the activity of the acid phosphatase was detected as weak to moderate stain-
ing of cytoplasm. In most patients, tartrate inhibited completely the acid phosphatase reaction in a 
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majority of cells in bone marrow and peripheral blood smears. However, in 20 % of the cases, tar-
trate did not inhibit the acid phosphatase reaction in 10–15 % of cells. Immunophenotyping finding 
proved that SMZL cells represented relatively mature B cells. The expression of CD19, CD20 and 
CD 22 was detected on the surface of the neoplastic cells. In half of the cases, CD11c expression 
was detected. In 6 patients (10 %), the weak expression of CD25 or CD5 was evident. CD103 and 
cyclin D1 were not expressed. 

Fig. 2. B cells in peripheral blood in SMZL (leukemic phase); MGG, ×1000

RPBL cases account for less than 1 % of all NHL. The pathological process in RPBL in-
volves not only the spleen but also the sinuses of the bone marrow. We have analyzed three RPBL 
cases (the age of the patients was 58, 64 and 72). The clinical and hematological features comprised 
the pronounced spenomegaly, leucopenia and thrombocytopenia. In bone marrow and peripheral 
blood smears, the rounded cells of small to moderate size were detected with the loose chromatin 
structure, narrow cytoplasm with features of basophilia. The cytoplasmic projections were some-
how wider and longer than in cells of HCL and SMZL patients (Fig. 3).

a

b

Fig. 3. Bone marrow cells in RPBL: a – MGG; b – weak activity of TRAP, ×1000

The activity of the acid phosphatase in the neoplastic cells upon cytochemical detec-
tion ranged from weak to moderate. In two patients, the reaction was completely inhibited by 
tartrate ions. In one patient, weak staining was detectable, following inhibition. The cells in 
the bone marrow and peripheral blood were characterized by the typical immunophenotype: 
CD19+CD20+CD22+(bright) CD25–CD103–CD11c–CD5–cyclin D1–. In one patient, CD103 and 
CD11c expression was slightly positive.

The study is limited only by the spectrum of monoclonal antibodies, used for the detection 
of the different markers of B cells.
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The prospects for further diagnostic immunocytochemical studies relate to the wide-scale 
application of the novel monoclonal antibodies against the lymphoid stem cells for detection of the 
potential markers of B cells at the different stages of antigen-dependent differentiation. 

4. Conclusions
1. Our study revealed cytochemical and immunophenotypical features of villous cells, 

found in the bone marrow and peripheral blood of patients with HCL, HCL-v, SMZL, and RPBL. 
The data obtained confirm the justification for delineating the above lymphoid neoplasms as the 
separate nosological forms in the revised WHO classification (2016). 

2. The marker immunocytochemical features of neoplastic cells, presented in our study, 
may be useful as the additional features for differential diagnosis of these forms of tumors upon 
histological and immunohistochemical study of the specimens of spleen, resected surgically in 
such patients. 

3. The identification of small number of neoplastic cells in blood and bone marrow in the 
leukemic phase of B cell lymphoma proved to be possible using the panel of specifically selected 
monoclonal antibodies. 
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