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The Role of CD200 and CD43 Expression in Differential
Diagnosis between Chronic Lymphocytic Leukemia and Mantle

Cell Lymphoma

Kronik Lenfositik Losemi ve Mantle Hucreli Lenfoma Ayirici Tanisinda CD200 ve CD43
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Objective: Atypical chronic lymphocytic leukemia (CLL) is most
frequently confused with mantle cell lymphoma (MCL). Several
markers may contribute to the diagnosis of CLL. However, there is
no consensus on which markers are needed to be used in flow
cytometry for the diagnosis of CLL. The aim of the present study was
to investigate the role of CD43 and CD200 markers in the differential
diagnosis between CLL and MCL.

Materials and Methods: To address this issue, 339 consecutive
patients with CLL and MCL were included in the flow cytometry
lymphoproliferative disease panel for evaluation of CD43 and CD200
expressions, but not in the Matutes scoring system.

Results: CD200 was expressed in 97.3% of atypical CLL cases, whereas
it was dimly expressed in only 6.1% of MCL cases. CD43 expression
was 95.7% in atypical CLL cases. In the MCL cases, its expression rate
was 39.4%.

Conclusion: CD43 and CD200 were found to be more valuable
markers than CD22, CD79b, and FMC7. CD43 and CD200 could also
be considered as definitive markers in atypical CLL patients, for whom
the Matutes scoring system remains ineffective.

Keywords: Chronic lymphocytic leukemia, Mantle cell lymphoma,
Immunophenotyping, CD200, CD43

Amac: immUnfenotip olarak atipik kronik lenfositik l6semi (KLL) ile
mantle cell lenfoma (MCL) siklikla karisabilmektedir. KLL tanisi icin
bircok marker kullaniimaktadir, ancak akim sitometride KLL tanisi
icin tam bir konsensiis olusmamistir. Bu ¢alismada KLL ve MCL ayirici
tanisinda CD43 ve CD200 ifadeleri arastirilmistir.

Gere¢ ve Yontemler: Matutes skorlama sisteminde olmayan CD43
ve CD200't akim sitometri lenfoproliferatif hastalik paneline dahil
ederek 339 KLL ve MCL olgusunda incelenmistir.

Bulgular: Atipik KLL olgularinin %97,3'linde CD200 pozitifken MCL
olgularinin ise sadece %6,1'inde disiik oranda ifade ediliyordu.
CD43'te atipik KLL olgularinin %95,7'sinde ifade edilirken MCL
olgularinin %39,4'tinde donuk ifade ediliyordu.

Sonug: CD43 ve CD200; CD22, CD79b ve FMC7'ye gore daha anlamh
bulundu. CD43 ve CD200 Matutes skorlama sistemi skorunun
yetersiz kaldigr KLL olgularinin tanisinda tamamlayici marker olarak
kullanilabilir.

Anahtar Sozciikler: Kronik lenfositik 16semi, Mantle cell lenfoma,
Immiinfenotiplendirme, CD200, CD43

Introduction

The World Health Organization (WHO) classification of
hematolymphoid system neoplasms is based on clinical,
morphological, immunophenotypic, and genetic features.
Mature B-cell lymphoproliferative diseases (LPDs) account for

more than 80% of hematolymphoid neoplasms [1]. Chronic

lymphocytic leukemia (CLL) is the most frequent type of LPD
[1,2]. Genetics has no role in the diagnosis of CLL, although there
are numerous genetic abnormalities. The presence of persistent
clonal B lymphocytosis (>5x10°/L lymphocytes) for more than 3
months is needed to make a diagnosis of CLL. It has characteristic
morphological features, as well as immunophenotypic features
in flow cytometry [1,2,3,4]. These include CD5+CD19+, CD23+,
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weak surface membrane immunoglobulins (slg), and absent or
low expression of CD79b and FMC7 [3,4]. Immunophenotyping
has a major role in the diagnosis of CLL. However, CLL is a
quite heterogeneous disease; for this reason, it can be difficult
to diagnose [3,4,5,6,7]. Accordingly, a scoring system for the
diagnosis of CLL was first defined in 1994 by Matutes et al.
[8]. This scoring system consists of five parameters: CD5, CD22,
CD23, FMC7, and slg. In 1997, Moreau et al. [9] replaced CD22 by
CD79b in the scoring system. According to this scoring system,
a score of 4-5 indicates typical CLL and a score of 3 indicates
atypical CLL, whereas a score of 0-2 excludes CLL [8,9]. Atypical
CLL is most frequently confused with mantle cell lymphoma
(MCL), which co-expresses CD5 and CD19 similarly to CLL
[4,10,11,12,13,14,15,16]. Generally, MCL is more aggressive and
requires a different therapeutic approach; therefore, differential
diagnosis between these two diseases should be performed
precisely. Histochemical or molecular tests [cyclin D1, SOX11,
t(11;14)] can be used for differential diagnosis [4,12]. Molecular
tests are not easily available, and they are time-consuming
and more expensive. For this reason, reliable additional new
markers have been investigated in cases in which the Matutes
score is inadequate. Several markers such as CD200 and CD43
may contribute to the diagnosis of CLL. However, there is no
consensus on which markers are needed to be used in flow
cytometry for the diagnosis of CLL. In the present study, we
aimed to investigate the role of markers that were included in
our LPD panel in flow cytometry but not in the Matutes scoring
system in the differential diagnosis between CLL and MCL.

Materials and Methods
Patients and Samples

The present study retrospectively evaluated the medical records
of 339 patients diagnosed with CLL (n=306) and MCL (n=33)
according to the WHO criteria [1]. For all patients, data on
complete blood count and peripheral blood (PB) and/or bone
marrow (BM) smear performed for morphological assessments
were obtained. All atypical CLL patients were evaluated for
cyclin D1 and/or t(11;14). Diagnosis of MCL was confirmed by
immunohistochemical detection of cyclin D1 in BM biopsies
or detection of t(11;14) by fluorescence in situ hybridization.
SOX11 expression was not evaluated.

Flow Cytometry Immunophenotyping

For flow cytometric study, fresh PB/BM samples were drawn
into 4-mL K3-EDTA tubes (BD Vacutainer, USA) and studied
immediately. Cells in suspension (2x10° cells in 50-100 ulL per
tube) from the PB and BM samples were stained with monoclonal
antibodies (MoAbs) directed against cell surface markers via a
stain-lyse-and-then-wash direct immunofluorescence method
[17]. The MoAbs used for labeling in flow cytometry were obtained

from Beckman Coulter (BC, USA). A five-color staining was applied
for all samples using the following fluorochrome-conjugated
antibodies. MoAbs including fluorescein isothiocyanate (FITC),
phycoerythrin (PE), phycoerythrin-Texas red (ECD), phycoerythrin
cyanine 5 (PC5), and allophycocyanin (APC) were used for all
patients: ~ CD45/CD5/CD10/CD19/CD23,  CD19/CD103/CD22/
CD11¢/CD25, CD5/CD20/slgk/slgh CD45, CD19/CD3/CD79b/
CD22, and CD19/CD43/CD200/CD38. A tube containing lg isotype
controls for FITC/PE/ECD/PC5/APC was used for all patients. Data
were immediately obtained at the end of sample staining using
a flow cytometer (Navios, BC, USA) and Kaluza Flow Cytometry
Analysis Software (BC, USA). For each sample, data from at least
10x10* events per tube were obtained. Instrument alignment was
confirmed daily using an alignment control bead (Flow-Check,
BC, USA). The accuracy and precision of cell counts were tested
using international quality controls purchased from the United
Kingdom National External Quality Assessment Scheme (UK
NEQAS LI, Sheffield, UK) (z-score range of -2.0 to 2.0). Briefly,
CD19+ B cells were selected (at least 2000 events according to
the threshold of the isotype control) from the data file using
conventional gating strategies (forward and side scatter and
the pattern of CD19 expression). As recommended by the British
Committee for Standards in Haematology guideline [2], a cut-
off value of 30% of lymphoid cells was accepted to indicate a
positive result with a given antibody using the Kaluza software.
The Matutes scoring was defined as >30% cell surface expression.
In all patients, the same fluorescent-labeled MoAbs were used
to ensure that the Matutes scoring was accurate. Diagnosis of
LPD was established according to the WHO classification based on
clinical data and morphologic, immunophenotypic, and genetic
criteria. The revised Matutes scoring system [9], based on the
immunophenotypic analysis of five membrane markers (CD5,
CD23, FMC7, slg, CD79b), was used to classify all patients. This
scoring system assigns 1 point each for expression of CD5, CD23,
and slg and for lack of expression of CD79b and FMC7. A score of
>4 indicates typical CLL patients and a score of 3 or a lack of CD23
indicates atypical CLL patients. In all patients, cyclin D1 and/or
t(11;14) was used for the differential diagnosis. Diagnosis of MCL
was confirmed by cyclin D1 and/or t(11;14).

Statistical Analysis

Data analysis was performed using SPSS 15 for Windows (SPSS
Inc., Chicago, IL, USA). Descriptive statistics were expressed as
numbers and percentages. Categorical data were analyzed by
multivariate forward stepwise regression analysis, Pearson's chi-
square test, or Fisher's exact test as appropriate. A p-value of
less than 0.05 was considered statistically significant.

Results

The evaluation of 339 patients (100 females, 239 males) with
mean age of 68+10.4 years (range: 31-87 vyears) revealed
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that median PB lymphocyte count at diagnosis was 19.8x10°
lymphocytes/L (range: 0.8-274x10° lymphocytes/L). Of the
patients, 306 (90.26%) had CLL and 33 (9.74%) had MCL (Table
1). According to the Matutes scoring of CLL patients, 121 (40%)
patients had a score of >4 (of whom 105 (34.3%) had a score
of 4 and 16 (5.2%) had a score of 5), 178 (58.2%) patients had
a score of 3, 6 (20) patients had a score of 2, and 1 patient
(0.3%) had a score of 1 (Table 2). There was no significant
difference between the typical and atypical CLL patients in
terms of morphological evaluation. In all atypical CLL cases,
cyclin D1 and/or t(11;14) were negative. The Matutes scores of
the MCL patients with positive cyclin D1 and/or t(11;14) were
3 in 7 (21.2%) patients, 2 in 11 (33.3%) patients, and 1 in 15
(45.5%) patients. There were no MCL patients with a score of
>4, Regarding CD22, CD79b, FMC7, and CD23 expressions in the
Matutes score, CD23 expression was negative in 11 (3.5%) CLL
patients (3 had typical CLL and 8 had atypical CLL), whereas it
was positive in 6 (21.2%) MCL patients CD23 expression was
not diagnostic for CLL but it was significantly more expressed
in CLL patients (p<0.001). CD22, CD79b, and FMC7 expressions
were highly positive in atypical CLL patients (96.2%, 81.6%, and
97.3%, respectively) (Table 3); however, the difference was not
significant in the differential diagnosis between CLL and MCL
(p=1.000, p=0.431, and p=1.000, respectively). CD79b expression
was also positive in 38.8% of the CLL patients. No significant
difference was found between the CLL and MCL patients
regarding slg expression intensity (p=0.385). Evaluations of
CD38, CD43, and CD200 expressions were included in the LPD
panel but not in the Matutes scoring system (Table 2). While
CD38 expression was moderate to strong in 93.9% of the MCL
patients, it was dimly expressed in 24% of both atypical and
typical CLL patients (p<0.001). When CD43 expression was
evaluated, 95.7% of the patients with atypical CLL and 98.3% of
the patients with typical CLL had moderate to strong expression.
Among the MCL patients, CD43 expression was dim to moderate
in 39.4% (p<0.001). When CD200 expression was evaluated, it
was moderate to strong in 95.8% of the CLL patients (3.6% had

Table 1. Demographic features.

| n=339
68.0+10.4 (45-89)

Variables
Age, years (range)

Sex

negative expression), whereas it was dimly expressed only in 2
MCL patients (6.1%) (p<0.001; Table 2). There was no significant
difference in CD200 expressions between the atypical and
typical CLL patients. In the differential diagnosis of MCL and
atypical CLL patients, multivariate forward stepwise regression
analysis revealed the most determinant marker to be CD200
(p<0.001, 95% CI; Table 4).

Table 2. Mantle cell lymphoma and chronic lymphocytic
leukemia patients’ Matutes scores.

Matutes score | MCL (n) % | CLL (n) %

1 (15) 45.5 (mos

2 (11)33.3 (6) 2.0

3 (7) 21.2 (178) 58.2

4 (<)o (105) 34.3

5 (<)o (16) 5.2

CLL: Chronic lymphocytic leukemia, MCL: mantle cell lymphoma.

Table 3. Distribution of cases by marker positivity in the
differential diagnosis of mantle cell lymphoma and atypical
chronic lymphocytic leukemia score of <3, chronic lymphocytic
leukemia score of >4.

Atypical
CLL score
of <3

CD20 | 31(93.9%) | 184 (99.5%) | 0.061
CD22 | 32(97.0%) | 177 (96.2%) | 1.000
CD23 | 6(21.2%) | 177 (97.0%) | <0.001
CD79b | 25 (75.8%) | 151 (81.6%) | 0.431
CD25 | 10 (30.3%) | 111 (60.0%) | 0.002
CD38 | 31(93.9%) | 185 (24.9%) | <0.001
CD200 | 2 (6.1%) 180 (97.3%) | <0.001
slg 33 (100%) | 74 (40%) 0.385

113 (93.4%) | 1.000
90 (74.4%) | 1.000
118 (96.7%) | <0.001
47 (38.8%) | <0.001
77 (63.6%) | 0.002
29 (24.0%)
117 (96.7%) | <0.001
97 (80%) 0.410

<0.001

CD43 13 (39.4%) | 177 (95.7%) | <0.001 | 119 (98.3%) | <0.001
CDMC | 11(33.3%) | 116 (62.7%) | 0.002 87 (71.9%) | <0.001
FMC7 | 32 (97%) 180 (97.3%) | 1.000 51 (42.1%) | <0.001

MCL: Mantle cell lymphoma, CLL: chronic lymphocytic leukemia, slg: surface membrane
immunoglobulins.

Female, n (%)

100 (29.4%)

Male, n (%) 239 (70.6%)
CLL, n (%) 306 (90.26%)
MCL, n (%) 33 (9.74%)
White blood cells, x103 19.8 (8-274)
Lymphocytes, x10° 17.3 (6.8-240)
Hemoglobin, g/dL 12.7+2.27

Platelets, x10°

202 (19-403)

CLL: Chronic lymphocytic leukemia, MCL: mantle cell lymphoma.
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Table 4. Multivariate analysis for mantle cell lymphoma
and atypical chronic lymphocytic leukemia discrimination.

95% Confidence
0dds ratio interval | Wald | p

Lower | Upper

CD200 1317.886 79.380 | 21879.729 | 25.115 | <0.001
CD38 31.909 2.446 416.220 6.984 | 0.008
CD43 17.632 1.766 176.091 5974 |0.015
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Discussion

The diagnosis of CLL is easy in the presence of characteristic
immunophenotypic  features (CD5+CD19+  dual-positive,
CD23+, CD22-/low, CD79b-/low, slg low, FMC7-, and CD20 low).
However, it is difficult to make a differential diagnosis of CLL
from MCL when immunophenotypic features are not typical.
In the present study, CD43 and CD200 expressions, which were
included in the LPD panel but not in the Matutes scoring system,
were found significant in the differential diagnosis between CLL
and MCL.

Immunophenotyping by flow cytometry, which is a frequently
used method, is beneficial in the distinction of CLL from
MCL [3,4,15]. However, there may be a problem for atypical
immunophenotypes in which the Matutes score is <3. Therefore,
it may be particularly difficult to distinguish some MCL cases
from atypical CLL cases. CD23 positivity is the most characteristic
feature of CLL [10,11]. Earlier studies have reported that CD23
negativity is a reliable marker in the distinction between CLL
and MCL [15]. In the present study, while 2.1% of the typical CLL
patients were CD23-negative, 21.2% of the MCL patients with
positive t(11;14) were CD23-positive. However, according to our
findings, CD23 alone was not efficient to make a differential
diagnosis between CLL and MCL [12,13,16]. On the other hand,
FMC7, which is an epitope of CD20, was expressed in 42.1% of
the typical CLL patients and 97.3% of the atypical CLL patients.
Similarly, the level of CD22 expression was closely correlated
with CD20. CD79b expression was also positive in 38.8% of
the CLL patients, which was considered in normal ranges. The
percent positivity and intensity of CD79b expression in MCL,
atypical CLL, and typical CLL is still controversial. CD22 and
FMC7 expressions are generally higher in MCL patients, whereas
in the present study, they were higher in both the CLL and MCL
patients. For this reason, the majority of the patients (58.2%)
were classified as having atypical CLL when Matutes scoring was
used. Earlier studies stated that FMC7, CD79b, and CD22 are not
efficient in making a differential diagnosis [1,17,18,19]. Every
manufacturer produces MoAbs in different clones and different
stains. There is a need for validation and standardization studies
on these MoAbs. At this point, the present study had a limitation
because the results were not checked with the use of different
MoAbs of different clones from different manufacturers.

With regard to CD38, CD43, and CD200, which were not included
in the Matutes scoring system, the different results obtained
in the present study between the CLL and MCL patients could
be partially explained by the individual differences among
the patients as well as the absence of specific techniques and
procedures in the flow cytometry. In the present study, CD38
expression was higher in the MCL patients than in the CLL
patients (p<0.001) but heterogeneous in the CLL patients; thus,
it was difficult to standardize. In addition, the LPD may have

a fluctuating course [20,21,22,23]. All of these factors need to
be taken into account while making a differential diagnosis
between CLL and MCL.

CD43 expression was first defined in 1999 by Harris et al. [24]
for the classification of malignant lymphomas. In the present
study, CD43 expression was higher in the CLL patients compared
with that in the MCL patients and it was quite effective in
accurate classification of the patients having Matutes scores of
<3 according to the classical classification (p<0.001) [25,26,27].

In the present study, while 95.8% of the CLL patients showed
moderate to strong CD200 expression (3.6% had negative
expression), 6.1% of the MCL patients showed positive CD200
expression (p<0.001). There was no significant difference
in CD200 expressions between the atypical and typical CLL
patients. Moreover, CD200 was constantly expressed in the
typical CLL patients and was an excellent marker for its
differential diagnosis from MCL, as previously shown in other
studies [14,15,16,17,18,19].

Study Limitation

The limitation of the present study was to not evaluate CD200
and CD43 expressions in other LPD groups. If these expressions
were evaluated in other LPD groups, other diseases besides CLL
and MCL would have also been evaluated with regard to CD200
and CD43 expressions. However, as the number of patients
with other diseases was low in the present study, they were not
included.

Conclusion

In conclusion, there has not been a single marker identified
yet to make a definite diagnosis of CLL by flow cytometry.
Therefore, new markers for the differential diagnosis of CLL are
under investigation. The results of the present study revealed
that CD43 and CD200 in particular were more valuable markers
than CD22, CD79b, and FMC7, which are within the scope of
the Matutes scoring system. CD43 and CD200 could also be
considered as definitive markers in atypical CLL patients for
whom the Matutes scoring system remains ineffective. However,
as with the other markers, their heterogeneous distribution
and different rates of expression may still be in question. For
this reason, large-scale harmonization studies are needed
for patients with various diseases by defining standardized
sample preparation and staining, as well as specific techniques.
Identification of a new scoring system following these studies
would also be beneficial.
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