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SUMMARY
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OBJECTIVE: Ki-67 is a nuclear protein associated with cellular proliferation in normal or leukemic conditions that can help identify more
aggressive diseases and is usually evaluated with immunohistochemistry. The aim of this was to assess Ki-67 expression on mature
B-cell neoplasms samples with flow cytometry immunophenotyping.

METHOD: After surface staining with CD19 and CD45, intracellular staining for Ki-67 was performed in leukemic mature B-cells. Ki-67

expression was evaluated with flow cytometry.

RESULTS: Ki-67 expression was higher in mantle cell lymphoma, Burkitt lymphoma, and diffuse large B-cell lymphoma cases. It was

also associated with CD38 mean fluorescence intensity.

CONCLUSIONS: Ki-67 expression evaluated by flow cytometry can be a useful tool in the diagnosis of mature B-cell neoplasms. More
studies are needed to validate Ki-67 assessment with flow cytometry immunophenotyping.
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INTRODUCTION

Mature B-cell neoplasms (MBCN) are a hetero-
geneous group of diseases have rearranged immu-
noglobulin gene, characterized by a monoclonal
B-cell lymphoid population that usually has kappa
or lambda restriction'. In the course of illness, there
is a progressive accumulation of clonal cells, caus-
ing lymphocytosis, infiltration of bone marrow and
other tissues? The current classification of MBCN is
based on the assessment of clinical, morphological,
immunophenotypic, and genetic data 3.

Uncontrolled proliferation is a key feature of tu-
mor cells and, in most cases, the percentage of prolif-
erating cells provides the biological behavior and clin-

ical course of the disease?. Ki-67 is a nuclear protein
associated with cell proliferation that is expressed in
all active stages of cell division, both in normal and
leukemic cells, and contributes to the cell cycle reg-
ulation®”. Therefore, Ki-67 is an excellent marker
to establish the growth fraction of a cell population
at a certain time, and the percentage of tumor cells
expressing Ki-67 is used as a proliferation index for
evaluating several types of cancer®?. Most studies as-
sessing Ki-67 expression in MBCN were performed
with immunohistochemistry, which can be influ-
enced by the presence of non-malignant reactive cells
between tumor cells, different methodologies used in

sample processing, and interoperator variations'".
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This study was conducted to establish the expression
of Ki-67 on B-cell lymphocytes of MBCN with a flow
cytometry methodology.

METHOD

Flow cytometry staining for intracellular Ki-67
was performed in samples from 147 patients diag-
nosed with MBCN, according to the World Health
Organization criteria®. The exclusion criteria were
known previous treatment for B-cell neoplasms and
presence of other hematological malignancies. Data
were obtained in reports provided by the medical as-
sistants.

The flow cytometric analysis was processed as
reported elsewhere™. Briefly, samples were stained
with fluorochrome-conjugated monoclonal antibod-
ies (MoAbs) against CD45 FITC and CD19 APC. Red
blood cells were lysed with Human BD Phosflow
Lyse/Fix Buffer. Cells were washed and incubated
with Fix/Perm Buffer (Transcription Factor Buffer
Set). Cells were washed and incubated with Perm/
Wash Buffer (Transcription Factor Buffer Set) and
5pL of Ki-67 PerCP-Cy 5.5 MoAb (clone B56). Cells
were washed and resuspended in phosphate buff-
ered saline (PBS). All samples were processed within
48-hours of collection®™. All reagents were purchased
from BD Biosciences (San Diego, CA, USA). Cells
were acquired on a FACSCalibur flow cytometer us-
ing CellQuest software (BD Biosciences, San Diego,
CA, USA). Analyses were carried out with CytoPaint
Classic 1.1 (Leukobyte, Pleasanton, CA, USA). Expres-

sion intensities of CD19 and CD45 were used to gate
B-cell population; the percentage and relative mean
fluorescence intensity (MFI) of Ki-67 expression in
CD19*/CD45riht B-cell lymphocytes were recorded.
MFI of CD5, CD10, CD19, CD20, CD23, CD38 and
CD45 of MBCN cells were also registered.

Statistical analysis was performed with ANOVA
and comparisons were adjusted by the Bonferroni
test. The association of variables with Ki-67 MFI
was evaluated by the correlation test of Spearman.
Backward multiple linear regression, including
variables associated with MFI of Ki-67 with P<0.2,
was performed to identify factors independently
associated with it. When variables had co-linear-
ity, the more representative one was included in
the analysis. Data were analyzed with SPSS v.18.0
(Chicago, IL, USA), and differences were considered
significant when P<0.05.

This study was conducted from October 2014 to
October 2015 in accordance with the Declaration
of Helsinki and current laws in Brazil. This study
was performed after approval of the Research Eth-
ics Committee of the Hospital de Clinicas de Porto
Alegre (14-0104). Written informed consent was
deemed unnecessary.

RESULTS

This study included 94 chronic lymphocytic leu-
kemias (CLL) (63.9%); 5 atypical chronic lymphocyt-
ic leukemias (aCLL) (3.4%); 19 marginal zone lym-
phomas (12.9%); 9 lymphoplasmacytic lymphomas

TABLE 1. CHARACTERISTICS OF THE SAMPLES INCLUDED IN THE STUDY, SEPARATED BY DISEASE.

CLL aCLL LPL (n=9) | HCL (n=2) | MCL (n=9) | FL (n=5) MZL BL (n=2) | DLBCL
(n=94) (n=5) (n=19) (n=2)
Sample
Bone marrow 38 (404%) [1(20.0%) | 8(889%) |2(100%) 6(66.7%) |4(80.0%) |12(63.2%) |1(500%) |1(50.0%)
Peripheral blood 56 (59.6%) | 4(80.0%) |1(111%) 0 3(333%) |0 7(36.8%) |1(50.0%) |1(50.0%)
Lymph node 0 0 0 0 1(200%) |0 0 0
Sample counts
Lymphocytes (%) | 69.53 76.87 3910 60.75 5873 64.28 45.68 49.21 62.55
(£18.23) (£14.30) (x24.82) (x0.57) (£26.19) (£26.75) (£21.40) (£19.34) (£24.02)
CD19+ (% of 62.72 66.78 251 20.46 50.76 51.60 3315 38.30 48.23
lymphocytes) (£20.34) (£19.57) (x22.85) (£17.09) (£26.81) (£23.80) (+20.80) (£29.95) (£34.90)
MFI of CD20 on 1m.22 89.16 489.01 787.59 512.60 397.76 75342 (x 247.85 20313
neoplastic cells (#119.28) | (#3173) | (227168) | (£354.94) | (:25064) |(+21161) | 484.89) | (216225) | (+105.90)
MFI of CD38 on 7.75 11.78 2242 750 3048 34.80 9.86 10319 40.46
neoplastic cells (+8.00) (£7.50) (+20.46) (+3.54) (x26.71) (x44.69) (+8.05) (£19.06) (x4917)

Data are shown as mean +SD or number (n). Abbreviations: CLL: chronic lymphocytic leukemia; aCLL: atypical chronic lymphocytic leukemia; MZL: marginal zone lymphoma;
LPL: lymphoplasmacytic lymphoma; MCL: mantle cell lymphomas; FL: follicular lymphoma; HCL: hairy cell leukemia; BL: Burkitt lymphoma; DLBCL: diffuse large B-cell lym-

phoma.
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(6.1%); 9 mantle cell lymphomas (MCL) (6.1%); 5 follic-
ular lymphomas (3.4%); 2 hairy cell leukemias (1.4%);
2 Burkitt lymphomas (1.4%) and 2 diffuse large B-cell
lymphomas (DLBCL) (1.4%). Sample characteristics
separated per disease category are shown in table 1.
The expression of Ki-67 of MBCN samples included
in the study is shown in table 2.

MCL cases had higher Ki-67 expression compared
to CLL, aCLL, lymphoplasmacytic lymphoma, follic-
ular lymphoma and marginal zone lymphoma cases
(P<0.05). The MFI and percentage of Ki-67 expres-
sion were significantly higher in Burkitt lymphoma
and DLBCL samples compared to the remaining
cases, and Burkitt lymphoma cases had the highest
Ki-67 MFI (P<0.001) (figure 1). Statistical analysis
demonstrated the association of Ki-67 MFI in CD19*
events with MFI of CD38 and CD20, and the percent-
age of CD19 and lymphocytes on the samples. After
multivariable analysis, the MFI of CD38 expression
remained significantly associated with the MFI of Ki-
67 (P<0.001).

DISCUSSION

In our study, the MFI of Ki-67 among different
MBCN was associated with the MFI of CD38 in leu-
kemic cells. Also, the proliferation index — measured
by the Ki-67* percentage and the Ki-67 MFI in CD19*
events — was higher in MBCN that have more aggres-
sive clinical courses compared to indolent diseases.

Few studies have evaluated Ki-67 expression with
flow cytometry. Landberg and Roos™ evaluated Ki-67
expression in non-Hodgkin lymphoma (NHL) cells
and the percentage of expression allowed for the dis-
crimination between high and low-grade lymphomas.
In another study, Ki-67 staining was able to help dif-
ferentiate between low, intermediate and high-grade
NHL®. Our results are similar, with more aggressive
diseases presenting higher proliferative index.

The Ki-67 expression in samples from CLL were
evaluated with flow cytometry. Most studies ev-

idenced low proliferative index, and higher Ki-67
expression was identified in samples from patients
with advanced clinical stage or after cytokine stim-
ulation™?2. Similar results were obtained with an in
vitro proliferation study of MCL cells®. Those are
in accordance with the low Ki-67 expression of CLL
samples from our study, since we only included pa-
tients recently diagnosed. Given that our MCL group
included some blastic variant samples, it had a high-
er and more variable Ki-67.

In a previous study, CLL subclones were sepa-
rated according to their CD38 expression, Ki-67
expression was found with more frequency in the
CD38" population and, cells with higher CD38 MFI
presented higher Ki-67 percentage®®. Lin et al.®
sorted CLL cells from bone marrow or peripher-
al blood according to their Ki-67 expression; Ki-
67" B-cells compartment contained a significantly
higher number of CD38* leukemic cells compared
to B-cells not expressing Ki-67. Interestingly, they
did not find differences in Ki-67 or CD38 expression
in samples collected on the same day from differ-
ent sites of the same patient. CD38 is expressed
by activated B-cells, and it was observed that CD38
expression was significantly higher in the prolif-
erative fraction of CLL cells, this subset also had a
higher number of cells with Ki-67 expression®. We
found an association between the MFI of Ki-67 and
CD38, considering all neoplasms and different sam-
ple types included in our study.

Herishanu et al.# used flow cytometry to evaluate
the Ki-67 expression in CLL cells from different sites
and identified higher expression on lymph nodes,
compared to peripheral blood and bone marrow sam-
ples. We only had one lymph node sample from a fol-
licular lymphoma case and its Ki-67 expression was
low (5.5%, MFI of 10.2).

Immunophenotyping by flow cytometry is a
method of cytological analysis that allows for the
identification and characterization of cells in sus-
pension®®?. A major advantage of flow cytometry

TABLE 2. K|-67 EXPRESSION ON MATURE B-CELL NEOPLASMS, SEPARATED BY DISEASE.

CLL aCLL LPL (n=9) | HCL (n=2) | MCL (n=9) | FL (n=5) MZL BL(n=2) | DLBCL

(n=94) (n=5) (n=19) (n=2)
Ki-67+ / CD19+ (% of | 163 (£1.32) | 1.67 (¥2.07) | 0.81 0.99 11.99 3.28 1.56 (¥1.25) | 35.79 3810
total events) (x0.70) (x0.95) (x16.72) (x2.84) (+31.57) (+3077)
MFI of Ki-67 in 73(£12.0) | 46 (£1.7) 7.8 (£3.8) 8.8 (¢1.3) 63.3 21.3 9.0 (x5.0) |5016 210.6
CD19+ events (114.1) (£32.9) (+490.8) | (+55.9)

Data are shown as mean £SD. Abbreviations: CLL: chronic lymphocytic leukemia; aCLL: atypical chronic lymphocytic leukemia; MZL: marginal zone lymphoma; LPL: lymphoplas-
macytic lymphoma; MCL: mantle cell lymphomas; FL: follicular lymphoma; HCL: hairy cell leukemia; BL: Burkitt lymphoma; DLBCL: diffuse large B-cell lymphoma.
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KI-67 EXPRESSION IN MATURE B-CELL NEOPLASMS: A FLOW CYTOMETRY STUDY
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is the possibility of methodology standardization
for assessing multiple parameters on a single cell,
as well as staining of more than one antigen®. The
International Lunenburg Lymphoma Biomarker
Consortium investigated the impact of immunohis-
tochemical staining procedures and interoperator
variation for the quantification of several markers in
DLBCL and observed that Ki-67 expression had low
reproducibility among the participant laboratories™.
In our study, we used a flow cytometry approach to
assess Ki-67 expression in different MBCN, flow cy-
tometry has a methodological advantage compared
to the current standard methodology for evaluation
of Ki-67 expression, considering that immunopheno-
typing procedures can be standardized and validated
for use in laboratories worldwide, the cell of interest
can be gated, and test results are ready within hours.

Our study has some limitations. The major one
is the inclusion of normal residual B-cells within the
heterogeneous population of clonal lymphocytes on
samples. Besides, MCL cases were considered to-
gether as one group, regardless of the variant type,
and we had few cases of some types of MBCN. Also,

FIGURE 1 Box-plot diagram of Ki-67 mean fluorescence
expression in mature B-cell neoplasms (the line shows the
mean). Abbreviations: CLL: chronic lymphocytic leukemia;
aCLL: atypical chronic lymphocytic leukemia; MZL: marginal
zone lymphoma; LPL: lymphoplasmacytic lymphoma; MCL:
mantle cell lymphomas; FL: follicular lymphoma; HCL: hairy
cell leukemia; BL: Burkitt lymphoma; DLBCL: diffuse large
B-cell lymphoma. * BL MFI was higher than all other groups,
P<0.001. ™ DLBCL MFI was higher than other groups, except
BL cases, P<0.001.

we only had access to immunophenotyping and bi-
opsy results as complementary tests for the disease
entity definition, the latter provided by different lab-
oratories.

CONCLUSION

In summary, in our study, Ki-67 expression was
higher in MCL, Burkitt lymphoma and DLBCL cases
and was associated with the MFI of CD38. The as-
sessment of Ki-67 expression with flow cytometry
has the potential to be used in the differential diag-
nosis of MBCN and other neoplasms. More studies
are needed to compare Ki-67 expression with flow cy-
tometry and immunohistochemistry in order to vali-
date the flow cytometry methodology for diagnostic
and research purposes.

ACKNOWLEDGMENTS

We are grateful to the FIPE/HCPA for the financial
support.

OBJETIVO: Ki-67 ¢ uma proteina nuclear associada a proliferagdo celular em condi¢des normais ou leucémicas que pode ajudar a iden-
tificar doengas mais agressivas. Este marcador é geralmente avaliado com imuno-histoquimica. O objetivo deste estudo foi avaliar a
expressdo de Ki-67 em amostras de neoplasias de células B maduras com imunofenotipagem por citometria de fluxo.

METODO: Apés marcagdo de superficie com CD19 e CD45, foi realizada marcagdo intracelular para Ki-67 em células B maduras leucé-
micas. A expressdo de Ki-67 foi avaliada por citometria de fluxo.

RESULTADOS: A expressdo de Ki-67 foi maior em células de linfomas de manto, linfoma de Burkitt e linfoma difuso de grandes células
B. Também houve associacdo de Ki-67 d intensidade de fluorescéncia média de CD38.

CONCLUSAO: A expressdo de Ki-67 avaliada por citometria de fluxo pode ser til no diagndstico de neoplasias de células B maduras. Sdo
necessdrios mais estudos para validar a avaliagdo de Ki-67 com imunofenotipagem por citometria de fluxo.

PALAVRAS-CHAVE: Citometria de fluxo. Imunofenotipagem. Antigeno Ki-67.
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