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ABSTRACT 
Relevance: Immunophenotyping with multiparameter flow cytofluorimetry differentiates classical variants of chronic B-lymphoprolif-

erative diseases. However, some atypical conditions are hard to interpret, leading to the search for new differential markers.
The study aimed to analyze the predictive value of monoclonal markers CD200, CD103, and CD11c in differential diagnostics of hairy 

cell leukemia, splenic marginal zone lymphoma, and splenic mantle zone lymphoma.
Methods: We studied open access articles with a search depth of 10 years using the following databases of scientific publications 

and specialized search engines: PubMed, Google Scholar, Cochrane Library, Web of Science, Scopus, Сyberleninka, and the eLIBRARY 
electronic library. As a result, 30 literary sources were identified, of which eight publications were the basis of the analytical material for 
this article. Inclusion criteria: Evidence level A, B publications: meta-analyses, systematic reviews, cohort, and cross-sectional studies. 
Exclusion criteria: expert opinion in the form of short messages or promotional articles.

Results: We revealed a different degree of informativeness of some traditional markers in immunophenotypic diagnostics of B-cell 
lymphoproliferative diseases by flow cytometry; the use of additional differential markers CD200, CD103, and CD11c showed their high 
informativeness in differential diagnostics between different variants of B-cell lymphoproliferative diseases with initial immunophenotypic 
and morphological characteristics of lymphoid elements.

Conclusion: Analysis of the selected publications gives grounds to improve the multiparametric panel for differential diagnostics of 
chronic B-lymphoproliferative diseases.
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Introduction: Chronic lymphoproliferative disorders 
(CLDs) are a group of diseases comprising a pathology 
caused by the malignant transformation of mature lym-
phocytes, leading to infiltration of lymph nodes or ex-
tranodal organs and accompanied by a highly variable 
clinical course and uneven prognosis [1]. 

B-cell CLDs are diagnosed by blood tests, blood 
films, and immunophenotyping of circulating B-lym-
phocytes, identifying a population of clonal B-cells car-
rying the CD5 antigen and typical B-cell markers [2].

Flow cytometry characterization is mandatory and 
often sufficient for definitive diagnostics [3]. The clas-
sic immunophenotype includes expression of pan-B cell 
markers (CD19, CD20, CD22, CD79b) along with CD5, 
CD23, and LEF1 and is negative for FMC7 and CD10 [4]. 
However, CD23 may be absent or expressed below the 
detection level. Weak expression of CD20, CD22, CD5, 
and surface light chains is regular. In questionable cas-
es, positive CD200, upregulation of CD43, and weak 
CD81 expression are helpful and support the diagnos-

tics of chronic lymphoma leukemia (CLL) compared to 
simulators (especially lymphoma from spleen mantle 
cell lymphoma (SMCL)). In addition, the European Re-
search Initiative for CLL (ERIC) now recommends an 
expanded panel of monoclonal antibodies (including 
CD43, CD79b, CD81, CD200, CD10, and ROR1) for initial 
characterization, differential diagnostics, and follow-up 
of the minimal residual disease [5].

Flow cytometry, state-of-the-art technology for rap-
id automated measuring the cell characteristics, has 
naturally evolved from traditional histochemical and cy-
tochemical analysis methods. This technology speeds 
up the analysis in clinical cytology and cytodiagnostics. 
Flow cytometry has gradually evolved into a practical 
approach for many essential tasks in cell biology, immu-
nology, cell engineering, etc. [6]. High performance dis-
tinguishes flow cytometry from classical cytochemistry. 
Thus, samples from several thousand to several millions 
of cells are examined, which guarantees the statistical 
reliability of the results. In turn, modern cytometry dif-
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fers from classical biochemistry and molecular biology 
in its ability to analyze individual parameters for each 
cell rather than average molecular characteristics for 
the entire population. The advantages of the multicolor 
flow cytometry method determine the vast possibilities 
of its use, primarily in the diagnostics and classification 
of CLD, monitoring of residual tumor clones, assessment 
of prognostic factors, and resistance to therapy. Con-
ventional morphological examination in CLD does not 
allow determining whether tumor lymphoid cells be-
long to any lineage (T-, B- or NK) or stage of differentia-
tion. Flow cytometry quickly detects clonality of tumor 
B-lymphocytes and co-expression of major tumor-spe-
cific surface and cytoplasmic markers. However, not al-
ways the immunophenotypic characteristic of tumor 
lymphocytes of individual patients corresponds to the 
classical picture of this or that variant of B-CLD, which 
complicates the interpretation of obtained data and can 
lead to wrong diagnostics [7].

In Kazakhstan, lymphoid and hematopoietic sys-
tem disorders are in the nop 10 cancer pathologies. 
They rank 8th, accounting for 4% of the total cancer 
incidence structure. In the mortality structure, hemo-
blastoses also rank 8th. The lymphoma incidence is the 
highest in the Akmola, East Kazakhstan, Karaganda, 
Kostanay, Pavlodar, and North Kazakhstan regions, and 
the city of Nur-Sultan. This might be partly due to the 
ethnic composition of the population and the access 
to diagnostics. The mortality rate from malignant lym-
phomas is the highest in the Karaganda, Pavlodar, and 
North Kazakhstan regions [8]. 

According to the clinical protocols of the Ministry of 
Healthcare of the Republic of Kazakhstan from 2016. [9], 
hairy cell leukemia (HCL) immunophenotypes include: 
CD20+, CD10+/-, BCL-2+, BCL-6+, CD3-, CD5-, CD23+/-,  
CD43-, cyclin D1-. In SMCL, the tumor immunopheno-
type is characterized by the expression of pan-B-cell an-
tigens, particularly CD20 (intense membrane expres-
sion). In general, the immunophenotype of nodal and 
extranodal B-cell lymphomas of the splenic margin-
al zone lymphoma (SMZL) is identical: CD20+, CD5-
, CD10-, CD23-, BCL-2+/-, BCL-6-, MUM 1 (weak nu-
clear expression in cells of the tumor infiltrate). An 
additional study of CD38(-) and CD44(+) expression 
is recommended in complicated cases with predom-
inant diffuse growth. In B-cell SMZL, CD5 co-expres-
sion may be present in up to 20% of cases. The immuno-
phenotype of SMZL: SIgM+; cyt IgM+; CD5-; CD10-;  
CD19+; CD20+; CD22+; CD23-; CD79b+/. The differen-
tial diagnostics is based on a standard panel that in-
cludes CD19+CD20+CD79α+CD103+CD11c [9]. 

Thus, the fact that HCL, SMCL, and SMZL have iden-
tical phenotypes necessitates a further study of the dif-
ferential diagnostic markers of these diseases [4, 10].

This fact points to the need to include new markers 

CD 200, CD103, and CD11c for the differential diagnos-
tics of B-cell CLDsby flow cytofluorimetry.

The study aimed to analyze the predictive value of 
monoclonal markers CD200, CD103, and CD11c in differ-
ential diagnostics of hairy cell leukemia, splenic margin-
al zone lymphoma, and splenic mantle zone lymphoma.

Materials and methods: The authors searched the 
MEDLINE database through Pubmed, Google Scholar, 
Cochrane Library, Web of Science, Scopus, CyberLenin-
ka, and eLibrary using the grid term “CD200”, “CD103”, 
“CD11c” (last search January 15, 2022) with no date lim-
it. Searches were also conducted among the abstracts 
of the American Society of Hematology (ASH), European 
Hematology Association (EHA), and International Con-
ference on Malignant Lymphoma (ICML) for potentially 
relevant publications from 2006. The authors followed 
PRISMA (Preferred Reporting Items for Systematic Re-
views) requirements for systematic reviews in planning 
and conducting the study. Criteria for inclusion in the 
review were randomized clinical and prospective co-
hort studies published between 2011 and 2021. Based 
on the title and abstract, where appropriate, all stud-
ies reporting the diagnostic use of CD200, CD103, and 
CD11c in B-cell СLDs were considered for inclusion. Ex-
clusion criteria included reported results not obtained 
by flow cytometry (i.e., immunohistochemistry, gene 
expression). The publications that did not report (or did 
not contain any data regarding) the CD200, CD103, or 
CD11c diagnostic value for any histological subtypes 
were excluded.

The following information was obtained for each 
study: author, year of publication, number and age of 
patients, and main results. A total of 9 full-text studies 
were included in the analysis.

Results: To date, there have been published works 
describing attempts at differential diagnostics of CLDs 
by flow cytometry by expression of monoclonal anti-
bodies CD200, CD103, and CD11c, which we analyzed.

According to V.P. Pop and O.A. Rukavitsyn [1], a 
study was conducted where 215 cases of CD103+ 
B-cell lymphoproliferative diseases were characterized 
by flow cytometry and immunohistochemical analy-
sis. All 215 cases showed robust expression of CD11c, 
CD20, and CD22, a characteristic phenotypic profile for 
CD103+ diseases. In addition, they generally lacked ex-
pression of CD5, CD23, and CD38 detected only in a sub-
set of cells by flow cytometry in 2.3%, 4.7%, and 8.8% of 
cases, respectively. No strong co-expression of CD5 and 
CD23, characteristic of CLL, was observed. According to 
the flow cytometry study, 169 cases (78.6%) were classic 
HCL with CD25 co-expression. These studies consistent-
ly presented a distinct population of lymphocytes in 
CD45 analysis compared with lateral and direct scatter. 
The remaining 46 cases (21.4%) lacked CD25 and con-
sisted of small B-cells in average lymphocyte gates. In 
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addition, three cases of CD103+ diffuse large B-cell lym-
phoma and prolymphocytic leukemia had immunophe-
notypic features identical to other CD25 cases, except 
for an increase in direct light scatter correlating with in-
creased cell size.

Since its discovery, CD103 has been widely used for 
the diagnostics of HCL. Despite rare exceptions in the 
recent literature [11], CD103 has been detected along 
with CD25 in every case of HCL in virtually all extensive 
flow cytometry studies [12]. In contrast, CD103 is usu-
ally undetectable in other B-cell lymphoproliferative 
disorders, except for rare B-cell SMZL and diffuse large 
B-cell lymphomas. Only rare entities frequently express 
CD103+, namely variant HCL and splenic red pulp lym-
phoma with villous lymphocytes. Consequently, CD103 
expression has been considered one of the most useful 
diagnostic criteria for HCL. HCL has traditionally been 
diagnosed by distinct clinical signs combined with mor-
phological features of hairy cells. Co-expression of CD25 
and CD103 detected by flow cytometry has been the 
most reliable result in diagnostics [13]. 

A five-year study by D. Jain et al. [14] participated on 
19 patients with HCL. In only one of them, the researchers 
first observed a positive CD5 and positive CD103, CD11c, 
CD25, and CD123, leading to the diagnostics of typical 
HCL. Bone marrow biopsy showed hematopoietic cells of 
all three growths with interstitial aggregates and layers 
of abnormal lymphoid cells. Bone marrow imprint smears 
were cellular, showing normal hematopoietic cells and 
approximately 21% lymphoid cells, including irregular 
forms. The bone marrow sample was processed for flow 
cytometric immunophenotyping. The gated lymphoid 
cells were predominantly B cells (30% of total events) and 
were gated on the CD-19-SSC graph. The gated cells were 
positive for CD20, CD22 (bright), CD103, CD123, CD25, 
CD200, CD23 (heterogeneous) and negative for FMC7, 
CD38, CD138, CD10, IgM, kappa and lambda. Interesting-
ly, these cells were also positive for CD5.

A bone marrow biopsy showed infiltration with atyp-
ical mature B-lymphoid cells positive for CD20 and fo-
cal grade I fibrosis on immunohistochemical examina-
tion. The results of bone marrow examination, biopsy, 
and immunophenotyping were consistent with the di-
agnostics of HCL. The case was considered a classical 
HCL considering the morphology, clinical findings, and 
positive CD25. Genetic analysis using sequencing re-
vealed no BRAF V600E mutation in the patient. On ex-
amination three months later, complete disappearance 
of all disease symptoms and normalization of the spleen 
size were noted. At the last 6-month follow-up, the pa-
tient was disease-free. CD5 positivity is more common 
in HCL-variant cases compared to V600. Additional pro-
spective studies of CD5+ HCL and its variants are need-
ed to show whether they are a clinically significant sub-
group of lymphoid malignancies.

A paper published by P. Challagundla et al. [15] inves-
tigated the expression levels of CD200 in 505 peripher-
al blood, bone marrow, and lymphoid tissue biopsy sam-
ples, including 364 cases positive for B-cell leukemia 
and lymphoma. CD200 expression in CLL cases was as 
bright or brighter than average B-cells in almost all cases, 
whereas SMCL cases were usually dull or negative. How-
ever, rare cases of bone marrow lymphoma (about 5%) 
were moderately bright for CD200. SMZLs varied by sub-
type: nodal cases were brighter, splenic cases were dim-
mer, and extranodal cases were heterogeneous in CD200 
expression. CD200 staining by flow cytometry can be 
helpful in differential diagnostics of B-cell neoplasms and 
their detection in the bone marrow.

In Y.Y. Mirolyubova et al. study [5], 187 patients 
were diagnosed with CLL, 14 with SMCL, 9 with SMZL, 
2 with follicular lymphoma (FL), 5 with HCL, and 6 
with T-cell lymphoproliferative diseases. The clonal 
disease of the blood system was excluded in 12 sub-
jects with suspected CLDs. The CLD variants were di-
agnosed based on the 2008 WHO classification crite-
ria [16]. Immunophenotype variants were as follows: 
CD5+/- (n=2), CD43+ (n=1). CD200 expression on tu-
mor B cells in this group was the most heterogeneous 
(0.14-98.0%). CD200 expression was observed in 6 pa-
tients with SMZL of nodal type. All five patients with 
HCL had pronounced CD200 expression. In 3 patients 
with SMCL, no CD200 expression was observed. The 
following atypical variants of tumor B-lymphocyte 
immunophenotype were observed in the group of 
SMCL patients (n=14): CD23+ (n=1), CD23+/- (n=1), 
CD5+/- (n=2), CD43+ (n=1), CD22+/- (n=1). CD200 ex-
pression was absent in 12 (85.7%) of 14 patients. In 
1 case of SMCL, CD200 expression was evaluated as 
+/- (42.89%; geometric mean 43.29); the other case 
showed CD200 expression in 98% of events with mod-
erate fluorescence intensity. A repeated immunohis-
tochemical examination of the axillary lymph node 
was performed for differential diagnostics. Diffuse in-
filtration by lymphoid cells larger than small lympho-
cytes with marked expression of cyclin D1 was noted. 
Cytogenetic examination (FISH) confirmed the pres-
ence of t(11;14)(q13;q32) translocation. Based on this, 
the diagnostics of SMCL were established. Based on 
these studies, it should be noted that in patients with 
SMZL, the diagnostic value of determining CD200 ex-
pression lies in comparison with other immunophe-
notype data, such as in the differential diagnostics of 
SMZL with HCL or CLL.

A study by N.B. El Din Fouad et al. [17] included 67 
consecutive patients with newly diagnosed mature 
B-cell neoplasms. All patients with CLL and HCL showed 
positive CD200 expression, while all patients with SMZL 
were negative for CD200. Among the other non-Hod-
gkin’s lymphoma groups, three patients (30%) were pos-
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itive for CD200 (one patient with low-grade non-Hod-
gkin’s lymphoma and two patients with mature B-cell 
non-Hodgkin’s lymphoma with restricted κ-chain.

In a study by M. Sorigue et al. [18], 27 of 43 publi-
cations were included in a systematic review (5,764 
patients). The mean CD200 positivity rate in all stud-
ies and the percentage of CD200-positive (pooled) pa-
tients amounted to 100% and 95% (3,061/3,208) in CLL, 
4 and 8% (86/1,112) in SMZL, and 56 and 62% (425/689) 
in other CLDs, respectively.

The work of E.M. Arlindo et al. [19] mentions 78 cas-
es of CLL, three of atypical CLL, six of MZL, 11 of SMZL, 
nine of lymphoplasmacytic lymphoma, six of SMCL, two 
of HCL, five of FL, one of Burkitt lymphoma and one of 
diffuse large cell lymphoma. The mean fluorescence in-
tensity of CD200 was higher in CLL, atypical CLL, and 
HCL. CD123 showed higher average fluorescence inten-
sity in HCL cells. 

According to Z. Hu et al. [20], of 668 MCL patients 
evaluated by flow cytometry immunophenotyping, 
CD200 was positive in 25 (~4%) patients (bone marrow 
was involved in all 25 patients, and the median of lym-
phoma cells detected by flow cytometry immunophe-
notyping was 16% (CD200 expression range was uni-
formly positive in 8 (32%) patients and partial positive 
in 17 (68%) patients. 

Examples of partial and uniformly positive CD200 
expression. The partial expression group showed an av-
erage CD200 expression of 40% positive cells (range, 20-
75%). Ten of these patients also had peripheral blood 
samples examined by immunophenotyping and flow cy-
tometry; nine were positive for SMZL, and all nine were 
positive for CD200 expression, showing an average ex-
pression level of 42% positive cells (range, 15-100%). Of 
the 668 patients, 60-70 were examined in whom lym-
phoma affected both bone marrow and lymph nodes/
extranodal tissues. Two cases were positive for CD200; 
these two patients also had CD200 expression on bone 
marrow lymphoma cells. CD200 was negative in both 
sample types in the remaining cases.

Discussion: Thus, the literature review indicates a 
significant diagnostic value in using flow cytometry to 
diagnose B-CLDs. In an attempt to extend the effec-
tiveness of flow cytometry in the study of B-cell ma-
lignancies, we used the most reliable quantitative 
methodology, QIFI (quantitative indirect fluorescence 
immunoassay), to examine the expression of CD5, CD10, 
CD11c, CD19, CD20, CD22, CD23, and CD79b in 384 cas-
es of several common B-line malignancies: HCL, diffuse 
large B-cell lymphoma, and follicular lymphoma [7]. The 
impetus for this extensive, unified study of surface anti-
gens came from an assessment of similarities and differ-
ences in antigen expression between B-cell neoplasms 
and a search for additional clinical utility for quantitative 
flow cytometric data. In most cases, these quantitative 

patterns do not enhance the ability of flow cytometry 
to distinguish between them. However, high expression 
of specific antigens in a given B-cell malignancy could 
identify optimal therapeutic targets for current or future 
monoclonal antibody-based therapies [13].

Conflicting data from scientific studies demonstrate 
the relevance of a more in-depth study of this problem.

Conclusion: Flow cytometry plays an essential role 
in the diagnostics of B-CLD. Based on the literature data 
we studied, differential markers CD200, CD103, and 
CD11c showed reasonably high efficiency in the diag-
nostics of HCL, SMZL, and SMZL.

The literature data justifies the improvement of the 
standard differential diagnostics panel and participa-
tion in a future clinical study aimed at inhibiting the 
CD200 expression in tumor cells. This could support the 
development of both immunotherapy and medicine as 
a whole.
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CD 200, CD103, CD11C ДИФФЕРЕНЦИАЛДЫ МАРКЕРЛЕРІНІҢ АҒЫНДЫҚ  
ЦИТОМЕТРИЯ АРҚЫЛЫ СОЗЫЛМАЛЫ В-ЛИМФОПРОЛИФЕРАТИВТІ  

АУРУЛАРДЫ ДИАГНОСТИКАЛАУДАҒЫ РӨЛІ:  
ӘДЕБИЕТКЕ ШОЛУ

К.В. Бақтыкулова1, С.С. Құрманғалиева1, В.А. Тойманова1, Х.И. Құдабаева1, Е.Ш. Базарғалиев1, Н.С. Сағындықова1

1«Марат Оспанов атындағы Батыс Қазақстан медицина университеті ҚР» КеАҚ, Ақтөбе, Қазақстан Республикасы

ТҰЖЫРЫМ
Өзектілігі: Мультипараметрлік ағынды цитофлуориметрия көмегімен иммунофенотиптеуді жүргізу созылмалы В-лимфопролифе-

ративті аурулардың (ЛПЗ) классикалық нұсқаларын саралауға мүмкіндік береді. Алайда, түсіндіруге қиын атиптік жағдайлар бар, бұл 
жаңа дифференциалды маркерлерді іздеуге себеп болды.

Мақсаты: түкті жасушалы лейкоздың, мантия аймағындағы лимфоманың және көкбауырдың маргиналды аймағының лимфо-
масының дифференциалды диагностикасындағы CD200, CD103, CD11c моноклоналды маркерлерінің диагностикалық маңыздылығын 
талдау.

Әдістері: PubMed, Google Scholar, Cochrane Library, Web of Science, Scopus, CyberLeninka және eLibrary электрондық кітапхана-
сында Ғылыми жарияланымдардың және мамандандырылған іздеу жүйелерінің мынадай дерекқорларын пайдалана отырып, 10 жылда 
іздеу тереңдігіне қол жеткізуге болатын мақалалар зерделенді. Нәтижесінде 30 әдеби дереккөз анықталды, оның ішінде 8 жарияланым 
осы мақаланың аналитикалық материалының негізі болды. Қосу критерийлері: а, В дәлелділік деңгейінің жарияланымдары: мета-тал-
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АННОТАЦИЯ
Актуальность: Проведение иммунофенотипирования с помощью мультипараметрической проточной цитофлуориметрии позволя-

ет дифференцировать классические варианты В-клеточных хронических лимфопролиферативных заболеваний (ХЛПЗ). Однако встре-
чаются атипичные случаи, сложные для интерпретации, что послужило поводом для поиска новых дифференциальных маркеров.

Цель исследования – анализ диагностической значимости моноклональных маркеров CD200, CD103, CD11c в дифференциальной 
диагностике волосатоклеточного лейкоза, лимфомы из клеток мантийной зоны и лимфомы маргинальной зоны селезенки.

Методы: Изучены статьи, находящиеся в открытом доступе, глубиной поиска в 10 лет, с использованием следующих баз дан-
ных научных публикаций и специализированных поисковых систем: PubMed, Google Scholar, Cochrane Library, Web of Science, Scopus, 
CyberLeninka и электронной библиотеке eLibrary. В результате были определены 30 литературных источников, из которых 8 публи-
каций явились основой аналитического материала для данной статьи. Критерии включения: публикации уровня доказательности А, 
В: мета-анализы, систематические обзоры, когортные и поперечные исследования. Критерии исключения: мнение экспертов в виде 
коротких сообщений, рекламные статьи.

Результаты: Выявлена различная степень информативности некоторых традиционных маркеров при иммунофенотипической ди-
агностике В-клеточных ХЛПЗ методом проточной цитометрии; использование дополнительных дифференциальных маркеров СD200 и 
СD103, CD11c показало их высокую информативность при дифференциальной диагностике между различными вариантами В-клеточ-
ных ХЛПЗ с исходными иммунофенотипической и морфологической характеристиками лимфоидных элементов.

Заключение: Анализ отобранных работ дает основание сделать заключение о необходимости усовершенствовать многопараме-
трическую панель для дифференциальной диагностики В-клеточных ХЛПЗ.

Ключевые слова: CD200, CD103, CD11c, проточная цитометрия, хронический лимфолейкоз (ХЛЛ), волосатоклеточный лейкоз 
(ВКЛ), лимфома маргинальной зоны селезенки (ЛМЗС), лимфома из клеток мантийной зоны селезенки (ЛКМЗС).
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