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Abstract
Micro-environment plays important role in the pathogenesis of CLL by providing protective niche for CLL cells. Several
molecules play important role in communication between CLL cells and immune cells like CD86.Some of the data suggest that
CLL patients with high CD86 level need earlier treatments and cells with higher CD86 expression has higher proliferation rate
but the role of CD86 in the survival and proliferation of CLL cells is unclear. We investigated the effect of CD86 expression to
CLL cells in 50 peripheral blood and 15 lymph node biopsy samples from CLL patients. Our results showed that the expressions
of CD86 increased significantly after 7 day culturing in medium, or in the presence of bone marrow stromal cells (BMSCs). We
found positive correlation between CD86 and CD23 expression (p < 0.05), but no correlation with other markers. Furthermore,
no correlation were found between the CD86 expression and the proliferation of CLL cells. Analysis of clinical data showed that
cases with high CD86 expression had lower level of serum lymphocyte count (p < 0.04) at the time of the diagnosis. CD86 shows
multiple appearances in the lymph nodes containing pseudofollicules, but no correlation was found between CD86 positivity, and
Ki67 positivity. Our results suggest that the use of CD86 molecule as a proliferation marker for CLL is highly questionable.
However, the CD86 molecule may interfere with the immune system of patients with CLL by activating and depleting immune
functions. That can be the reason why CD86 positivity may mean worse prognosis.
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Introduction

The chronic lymphocytic leukemia (CLL) is the most common
leukemia in adults in the western world. The CLL cells have
heterogeneous biological attribution so the clinical appearance
of the disease largely depends on biological behaviour of CLL
cells [1]. Based on clinical progression two groups of disease
can be distinguished: there are patients who usually does not
need treatment for several years, while patients with poor prog-
nosis need an early treatment, and have less survival prospects
[2]. Several prognostic factors (e.g. p53 mutation, 11q deletion)
[3] have been found that can be used to foreshow the course of
the disease and help to plan the therapy.

The micro-environment plays an important role in patho-
genesis of CLL, provide protective niche for the surviving and
proliferating CLL cells [4, 5]. Not only the microenvironment
has effect on the CLL cells, but CLL cells are also form their
environment to get more survival signal from it [6], and cause
immunsuppression as produce IL-10 or anti-inflamatory cyto-
kines [7, 8]. Several molecules play important role in commu-
nication between CLL cells and immune cells like CD86.

The CD86 molecule (B7–2) is a monomer immunoglobulin-
like protein belonging to the B-7 family that is expressed on
antigen presenting cells (APCs, like dendritic cells,macrophages,
B cells) together with the CD80 molecule (B7–1). CD86 plays a
role as a co-stimulator molecule to make and regulate immuno-
logical synapses (IS) [9]. Dai et al. showed that the expression of
CD86 is lower in CLL compared to normal B cells, however
there are only few data available about its role in the survival of
CLL cells [10].

Huemer et al. showed that CLL cells with CD86high

CXCR4low expression had a greater expression of Ki67 than
the CD86low population, and was overlapped with CD5high
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CXCR4low cells. In addition, patients with CD86high expres-
sion needed earlier therapeutic intervention compared to ones
with CD86low expression [11].

To understand the importance of CD86 in the survival and
the proliferation of CLL cells, we investigated the relationship
of CD86 expression with other surface markers, some clinical
parameters and its expression pattern in lymph node. Our re-
sults showed that CD86 expression correlated positively with
the expression of CD23, but had no effect on the proliferation
rate of the CLL cells neither in peripheral blood nor in lymph
node samples.

Materials and Methods

CLL Samples

50 peripheral blood samples (male female ratio was 1.27 with
median of age 67 years [40–87]) and 15 lymph node biopsy of
patients with CLL (male female ratio was 1.5 with the median
age 53.5 [42–90]) were examined. For the analysis of clinical
parameters (e.g. count of lymphocytes, LDH, time to treat-
ment) we had data from 18 patients (7 from the CD86low

group and 11 from the CD86high group). The diagnosis of
CLL was based on the World Health Organization (WHO)
classification of tumors of lymphoid tissue [12]. Only those
blood samples were used in which the ratio of CLL cells
among lymphocytes exceeded 85%. The study was conducted
in accordance with the Declaration of Helsinki and has been
approved by the local Ethics Committee in the Semmelweis
University.

Isolation and Culturing of CLL Cells

CLL cells were isolated by density gradient centrifugation
using Ficoll-Histopaque-1077 (Sigma Aldrich, San Louis,
MO, USA). Isolated CLL cells were cultured at a concentra-
tion of 2 × 106 cells/ml in RPMI-1640 [Sigma Aldrich] sup-
plemented with 10% Fetal Calf Serum [FCS] [Pan Biotech],
40mg/LGentamycin [Sandoz, Boucherville, QCCanada] and
2 mM L-Glutamine [Gibco Carbbad CA USA] final concen-
tration. CLL cells were cultured in medium alone or in co-
culture with bone marrow stromal cells (BMSC). BMSCs
were isolated from bone marrow aspirates of normal or ITP
patients with no abnormal cells determined by flow cytometry,
and prepared as described previously. BMSC cultures were
maintained in 24-well plates at a concentration of 2 × 104

cells/ml in Dulbecco’s modified Eagle’s medium (DMEM;
Sigma Aldrich) supplemented with 20% FBS (Sigma
Aldrich), gentamycin (Sandoz) and L-glutamine (Gibco).
Co-cultures contained 106 CLL cells and 2 × 104 BMSC in
24 well plate.

Immunophenotype of CLL Cells by Flow Cytometry

The immunophenotype of CLL cells were determined by flow
cytometry. Measurements were performed using
FACSCalibur (Becton-Dickinson Biosciences, (BD)) and
Navios (Beckman Coulter, (BC)) flow cytometers and ana-
lyzed by CellQuest Pro (BD), or Kaluza 1.5. (BC) software.
Data of 20,000 cells were collected from every samples. The
antibodies used in the measurements are listed in Table 1. and
their concentrations were titrated to obtain the best staining
index. The results were based on geometric mean fluorescence
intensity (MFI). The samples were divided into high and low
CD86 expression groups, based on the median fluorescence of
the samples. The cut off value was determined as the median
value of the samples (7.9 MFI).

Proliferation Assay

For the proliferation assay, 5(6)-Carboxyfluorescein diacetate
N-succinimidyl ester (CFSE) dye was used at final concentra-
tion of 5 μM. For proliferation assay, 106 cells were cultured
in 1 ml medium (RPMI-1640 supplemented with 10% FBS,
gentamicin and L-glutamine). We measured the autofluores-
cence of the unlabeled cells on the 0th day of the experiment.
The measurement was performed by a FACS Calibur (BD)
flow cytometer and the result was evaluated using the
CellQuest Pro (BD) software. 20,000 cells were measured
and geometric mean fluorescence intensity (MFI) was used
for the results.

Analysis of Apoptosis by Annexin V/PI Staining

After 7 days of culturing CLL cells, they were stained with
Annexin V-Alexa Fluor 647 (Biolegend) and propidium-
iodide (PI) (Sigma-Aldrich) according to the method de-
scribed by Kriston Cs et al. [13]. Samples were measured by

Table 1 List of the
antibodies that were used
in the flow cytometric
experiments

Antibodies Manufacturer

CD86-PE BD Bioscienses

CD86-APC BioLegend

CD23-PE Beckman-Coulter

CD5-FITC DAKO

CD184-PE BD Bioscienses

CD49d-PE BD Bioscienses

CD19-PC5.5. Beckman-Coulter

CD38-ECD Beckman-Coulter

CD29-PE BD Bioscienses

ROR1-FITC Milteny Biotec

CD126-APC BioLegend
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flow cytometry. Living cells were defined as Annexin V/PI
negative population.

Immunohistochemistry

Paraffin embedded lymph node sections were used for
the immunohistochemical stainings. CD86 antibody
(Abcam) and Polymer Kit (Post Primary Block +
Polymer)(Novocastra Novolink) were used for staining,
and DAB chromogen (Diamino-benzidine [Dako]) for
detection. Immunohistochemistry of Ki67 (DAKO
Mib1) was performed with Leica Bond max immunoas-
say using the polymer-based Bond KIT. For the

development, DAB (Diamino-benzidine [Dako]) was
used. Positive (tonsil) and negative controls (unstained)
were used in our experiments to control the stainings.

Immunohistochemical samples were scanned by
3DHistech intersection scanner and were evaluated by
Panoramic Viewer software in addition to light microscopy.
The images were acquired with the samemagnification (0.32).

Statistical Analysis

All variables were tested for normal distribution to select the
appropriate parametric or non-parametric statistical procedure.
Wilcoxon, Mann–Whitney U-tests, Spearman correlation co-
efficient was used for statistical evaluation using the SPSS
statistical package version 20.0 (SPSS, Chicago, IL, USA).
Statistical significance was set at p < 0.05.

Results

Correlation between CD86 and Other Cell Surface
Markers

In our study CLL cells were cultured in different conditions
for 7 days. The expression of CD86 were significantly in-
creased after 7 days cultivation in medium (mean MFI
values of CD86 expression changed from 6.33 to 15.85, p =
0.001, n = 31, Fig. 1) and also in co-culture with BMSCs
(mean MFI values changed from 6.33 to 19.24, p = 0.001,
n = 31, Fig. 1.). We compared the distribution of the CD86
expression of the CLL cells and we found that only the geo-
metric mean fluorescence were increased during the seven
days culturing, the maximums of the distributions remained
unchanged. It means that the number of cells with lower level
of CD86 were decreased.

Fig. 1 The elevating of CD86 expression after 7 days cultivation. CLL
cells were cultured in different conditions for 7 days. MeanMFI values of
CD86 expression of the CLL cells were increased after seven days of
cultivation in medium or in co-culture with BMSCs. In the small picture
we compared the distribution of the CD86 expression. Only the geometric
mean fluorescence were increased during the seven days culturing, the
maximums of the distributions remained unchanged. The significantly
different populations were labeled with *. Statistical significance was
set as p < 0.05

Fig. 2 Correlation between initial
CD86 and CD23 expression in
CLL cells. We compared the
correlation between the
expression of CD86 and several
other surface markers. CD86 and
CD23 expression showed
significant positive correlation
among the investigated ones.
Statistical significance was set as
p < 0.05
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We investigated the correlation between the expression of
CD86 and several other surface markers (Table 1.) but signif-
icant correlation were detected only with CD23 (Fig. 2.)
(p < 0.05). In the literature positive correlation of CD86 with
CD5 and negative correlation with CXCR4 had been reported
[11]. Among our samples 16 cases were found with CD5high

CXCR4low expression but only 6 of them had high CD86
expression.

Analysis of Clinical Data

We analysed LDH levels and lymphocyte counts at the time of
the diagnosis and time to treatment (TTT) values. There was
no significant difference neither in the level of LDH (371.69 ±
121.91 U/l vs. 362 ± 202.36 U/l, p = 0.34) nor TTT values
(714 ± 730.71 days vs. 1325 ± 1422.11 days p = 0.37) be-
tween CLL cases with high or low CD86 expression:
Lymphocyte count was significantly lower in patients with
high CD86 expression (41.92 ± 58.45 G/l vs. 62.68 ±
52.31 G/l, p = 0.04) (Table 2.).

Effect of CD86 to Apoptosis and Proliferation

We examined the apoptosis and proliferation of CLL cells
with various CD86 expression. We did not found any correla-
tion between the CD86 level and the apoptosis ratio of CLL
cells after 7 days culturing (in medium CD86low 33.38 ± 27%,

CD86high 32.8 ± 21% p = 0.85, in stroma CD86low 48.85 ±
23%, CD86high 52.4 ± 25%, p = 0.6). We performed CFSE
staining for detection of proliferation, but CFSE assay showed
no proliferation neither in the case of CD86low nor among
CD86high CLL cells regardless they were alone in medium
or in co-culture with BMSCs. (Figs. 2 and 3).

Expression Pattern of CD86 in Lymph Nodes

We examined the expression pattern of CD86 in lymph nodes,
which contains proliferation centers, pseudofollicules. CD86 ex-
pression showed various pattern in the lymph nodes: 8 samples
were negative, in 4 samples CLL cells had intracellular CD86
positivity, in 1 sample intracellular and membrane CD86 posi-
tivity were detected, and in 2 samples only membrane positivity
were detected in CLL cells. The CD86 positive cells were not
linked to the pseudofollicules (Fig. 4.). We also performed a
Ki67 staining. Ki67 positive samples showed various CD86
staining from negative to membrane positivity. There was no
correlation between CD86 and Ki67 expression (Fig. 4.).

Discussion

The micro-environment plays an important role in CLL path-
ogenesis, and CD86 has a prominent role in the communica-
tion of B-cells with the surrounding cells [5]. Their are few
data about the role of CD86 in the survival of CLL cells.

In our studies, we compared the expression of CD86 with
several surface markers and found postive correlation only
between CD86 and CD23 expression. The correlation be-
tween these two molecules can be originated from IL-4 secre-
tion, which cytokine enhances the expression of CD23 on B-
cells [14] and the expression of CD86 on monocytes and
macrophages as were previously described [15]. We detected

Table 2 Clinical parameters of blood samples

Clinical parameters CD86- CD86+ p value

LDH (U/l) 362 ± 202 371.69 ± 121 0.34

Count of lymphocytes (G/l) 62.68 ± 52 41,92 ± 58 0.04

TTT (day) 1325 ± 1422 714 ± 730 0.37

We marked with bold the significant results

Fig. 3 Correlation between
proliferation and CD86
expression. We performed CFSE
staining for detection of
proliferation on CLL cells
cultured for 6 days. Correlation
could not be detected between
CD86 expression and CFSE
staining on the 2nd day (a) or after
6 day culturing (b). The first spike
showed the 0th day, the second
the 5th and the third 6th day of
culturing
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that the expression of CD86 was increasing during different
culturing conditions. The effect of BMSCswere more remark-
able on CLL cells than the medium alone but there were no
significant differences between the different culturing condi-
tions. Hock et al. showed that CD86 expression of CLL cells
were increased by culturing them with activating T-cells after
72 h, but they did not analysed the CD86 expression before
and after culturing [16].We found that the during the culturing
the number of cells with lower CD86 expression were de-
creased that caused the increasing of the average of the
CD86 expression. One theory is that these cells can be more
sensitive to spontaneous apoptosis than cells with higher
CD86 expression, however we did not found any correlation
between the CD86 level and the apoptosis ratio after 7 days
culturing. The other explanation is that during culturing stress
cells can increase their CD86 level but its upper level is deter-
mined individually.

We investigated whether there was any correlation between
CD86 and CD5high CXCR4low phenotype to prove the results
of Huemer et al. [11]. In our study only just a part of the CLL
cases with high CD86 expression showed this correlation. The
reason for the difference in the obtained results can originated
from the different analysis method. We examined the CD86
intensity of the entire CLL population while they examined
just the part of the populations.

Our results from the analysis of clinical datas showed
that in samples with high CD86 expression patients had
lower level of serum lymphocyte count (p < 0.04) at the
time of the diagnosis. We found that these patients had
higher level of serum LDH, and needed therapeutic in-
tervention earlier than patients with low CD86 express-
ing CLL cells, however later results were not significant
due to the low number of samples. They supported the
observations of Huemer and his team [11].

In our proliferation studies we could not detected higher
proliferation activity in CLL cells with high CD86 expression
either in peripheral blood samples, which opposed to the results
of Huemer et al. [11]. It can be explained by that they focused
on only a small portion of the CD86high CLL cells and assessed
proliferation rate by Ki67 expression, which indicates that the
cells were not in G0 phase. In contrast with it in our
expreiments CFSE staining were used, which directly detects
proliferating cells [17].We did not find any correlation between
the CD86 expression and the proliferation of CLL cells.

We studied the expression pattern of CD86 of CLL cells in
lymph nodes. The lymph nodes containing pseudofollicules
showed various CD86 staining, and we could not find any
correlation between CD86 positivity and Ki67 positivity.

Conclusion

Our results suggest, that the use of the CD86 molecule as a
proliferation marker in CLL is highly questionable. However,
the CD86 molecule may play a role in CLL pathogenesis, as
clinical data indicate: cases with enhanced CD86 expression
needed prior therapeutic intervention. The CD86 molecule
may interfere in the immune system of CLL by activating,
and depleting the immune functions. That can be the reason
why CD86 positivity may mean worse prognosis. Further in-
vestigations are needed to uncover this connection.
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Fig. 4 Pattern of CD86 expression in lymph nodes. CD86 expression
showed various pattern in the lymph nodes and there was no correlation
with Ki67 staining: CD86 intracellular and membrane positivity (a) and

Ki67 negative (b) lymph nodes. CD86 membrane positivity (c) and Ki67
positive (d) lymph node. (A pseudofollicule were marked with white
arrow
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