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Summary

Introduction: Since 2012, both the 13-valent pneumococcal conjugate vaccine (PCV13) and the 23-valent
pneumococcal polysaccharide vaccine (PPV23) have been recommended for pneumococcal
infection prevention in patients with chronic lymphocytic leukemia (CLL). Available literature
data indicate that leukemic cells may respond to the presence of pathogens through specific
Toll-like receptors (TLR).
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The aim of the study was to assess the effect of in vitro PPV23 stimulation of peripheral blood
mononuclear cells (PBMCs) on expression of TLR-2, TLR-4, CD25, CD69, and CD95 on the surface

Atotal of 30 previously untreated patients with CLL, stage 0 according to the Rai classification,
were included in the study. PBMCs obtained from each patient were cultured with and without
PPV23 antigens. After 24-, 48-, and 72 h cultures, the viable cells underwent labeling with
fluorochrome-conjugated monoclonal antibodies, and were analyzed using a flow cytometer.

Between 24 h and 72 h (p=0.002) stimulation with PPV23 and between 48 h and 72 h (p=0.034)
stimulation with PPV23 the frequencies of CD3+TLR-2+ cells were diminished. Increase of the
value of the percentage of CD19+CD69+ cells was observed after 24 h (p=0.003), 48 h (p=0.025)
and 72 h (p=0.012) of stimulation with PPV23. Stimulation with PPV23 led to an increase of
the percentage of CD19+CD95+ cells after 24 h (p=0.003), 48 h (p=0.015), and 72 h (p=0.006).

We found that both T and B cells respond to antigens of PPV23 by inducing TLR-dependent
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INTRODUCTION

Chronic lymphocytic leukemia (CLL) is the most common
type of leukemia in European and North American adult
populations and leads to significant immune system
dysfunction [24,29]. The dominant clinical presentation
in 50% of patients consists of recurrent, often severe,
infections [26,29,45]. Infections are the most common
cause of deaths in CLL patients, with 60-80% mortality
[26]. There are a number of factors causing immune sup-
pression in CLL patients. They include both the specific
(humoral and cellular) and innate immunity (dysfunc-
tion of the complement system, NK cells, neutrophils
and monocytes). The risk of infection is dependent on
the duration of the disease and its clinical stage [42].
According to recent data, infectious agents may play an
important role in the development of CLL [36]. A partic-
ularly frequent pathogen which is isolated from patients
with CLL is Streptococcus pneumoniae [10,28]. This patho-
gen is characterized by high virulence and resistance
to many classes of antibiotics [45]. The polysaccharide
coat is a feature of invasiveness of this microorganism
and enables the immune system to avoid components
[39,42]. Since 2012, both the 13-valent pneumococcal

conjugate vaccine (PCV13) and the 23-valent pneumo-
coccal polysaccharide vaccine (PPV23) have been rec-
ommended for pneumococcal infection prevention in
patients with CLL [42].

Correct and appropriately quick reaction to the presence
of a pathogen restricts infection and induces a second-
ary immune response. This leads to effective eradica-
tion of the microorganism [43]. Available literature data
indicate that leukemic cells may respond to the pres-
ence of pathogens through specific Toll-like receptors
(TLR) [44]. TLR are common receptors in the body and
have a wide spectrum of recognition ligands [2]. The
interaction of TLR with an appropriate ligand causes
synthesis of pro-inflammatory cytokines and increases
expression of histocompatibility complex antigens and
co-stimulatory molecules as well as synthesis of inter-
ferons and chemokines [2,11]. This interaction induces
helper T-cell response type 1 (Th1) but can also lead to
the appearance of regulatory T cells (Treg) [11,41]. The
B-cell response to the presence of a ligand for the TLR
is manifested by the proliferation and expression of co-
stimulatory molecules and the secretion of antibodies
[11,17,23]. The role of TLR also includes the promotion
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of class switching as well as the activation of memory
B cells [11,18]. CLL cells’ response to TLR ligands can be
observed in vitro, leading to the increased expression
of co-stimulatory molecules, proliferation or apoptosis
[14,44].

The influence of the antigens included in the PPV23
on TLR expression on the surface of leukemic cells has
not been analyzed yet. In the available literature there
can be found only information about the effects of TLR
ligands (e.g. immunostimulatory CpG oligonucleotides)
on CLL cells [44]. Epidemiological evidence indicates
that the stimulation of CLL cells by pathogens contrib-
utes to the initiation of the disease or its progression
[4]. CLL cells can receive signals from the environment
and the TLR may lead to cell activation [8,40]. TLR indi-
rectly contribute to the death of the infected cells. CLL is
classified as a disease involving a defect of programmed
cell death (19). Leukemic cells are characterized by low
expression of CD95 (Fas) [33]. In contrast, in vitro spon-
taneous apoptosis occurs, most likely in the absence of
inhibitory factors [35].

The aim of the study was to assess the effect of in vitro
PPV23 stimulation of peripheral blood mononuclear
cells on expression of TLR-2, TLR-4, CD25, CD69, and
CD95 on the surface of CD3+ T cells and CD19+ B cells in
CLL patients.

MAaTERIAL AND METHODS

Study group

A total of 30 previously untreated patients with CLL (12
women and 18 men) who were diagnosed in the Outpa-
tient Immunology Clinic of Autonomous Public Clini-
cal Hospital No. 4 in Lublin, Poland, were included in the
study. All patients enrolled in the study were in stage
0 according to the Rai classification [30]. None of the
patients had been receiving drugs affecting the immune
system, none showed any signs of infection (at least 2
months prior to the study) or any signs of autoimmune
or allergic disease, and none had received blood transfu-
sions. CLL was diagnosed based on the National Cancer
Institute (NCI) International Workshop on CLL (IWCLL)
guidelines [16]. The complete blood count, beta-2-mi-
croglobulin, and lactate dehydrogenase (LDH) serum
concentration, as well as imaging examinations, were
conducted using standard diagnostic and radiological lab-
oratory methods. The average age of patients was 64.9+9.1
(median: 65; min. 52; max. 80). This study was approved
by the Ethics Committee of the Medical University of Lub-
lin (decision no. KE-0254/227/2010). Written informed
consent was obtained from all patients with respect to the
use of their blood for scientific purposes.

Examined material

Peripheral blood samples were collected into EDTA tubes
and were used to isolate peripheral blood mononuclear

cells (PBMCs) by density gradient centrifugation.

The peripheral blood samples were diluted with 0.9%
calcium (Ca*") and magnesium (Mg?')-free phosphate
buffered saline (Biochrome AG, Germany) at a 1:1 ratio.
The diluted material was layered onto 3 mL Gradisol L
(Aqua Medica, Poland) with specific gravity of 1.077 g/
mL, and then centrifuged in a density gradient at 700 g
for 20 minutes. The obtained peripheral blood mononu-
clear cells (PBMCs) were collected with Pasteur pipettes
and washed twice with Ca?*Mg?-free PBS for 5 min-
utes. Subsequently, the cells were suspended in 1 mL of
Ca**Mg?-free PBS, counted with a Neubauer chamber,
and their vitality was assessed with trypan blue (0.4%
Trypan Blue Solution, Sigma Aldrich, Germany).

After isolation, the cells were cultured for 72 h. Com-
plete culture medium was used for the culture PBMCs
consisted of RPMI 1640 (PAA Laboratories, Austria) with
10% human albumin (Baxter, US) and antibiotics: pen-
icillin (100 TU/ml), streptomycin (50 ug/ml) and neo-
mycin (100 pg/ml) (Sigma Aldrich, Germany). Cells
were cultured at 37°C in a 5% CO, atmosphere. PBMCs
obtained from each patients were cultured with PPV23
(PNEUMO 23, Pneumococcal Polysaccharide Vaccine,
Sanofi Pasteur, France) and without PPV23 antigens. The
cells were stimulated the most effectively with the dose
of PPV23 of 100 ul.

After 24-, 48-, and 72 h cultures, following density gra-
dient centrifugation, the viable PBMCs underwent
two- or three-color labeling with adequate quantities
of monoclonal antibodies, according to the manufac-
turer’s instructions. The isolated suspension of cells
was divided into individual test tubes at 1x10°/sample
and incubated with monoclonal antibodies (MoAbs).
20 uL of antibodies was added to each sample of eval-
uated cells and incubated at room temperature for 20
minutes. Following incubation, the cells were washed
twice with PBS (at 700 g, 5 minutes) and immediately
analyzed with the FACSCalibur flow cytometer (Becton
Dickinson, US), equipped with an argon laser of 488 nm
wavelength. Data acquisition was conducted with the
specialist FACS Diva Software 6.1.3 system (Becton Dick-
inson, US). The data were analyzed with CellQuest Pro
(Becton Dickinson, US). CaliBRITE (Becton Dickinson,
US) was the calibrating system used to optimize flow
cytometer settings. For each sample, data were acquired
by routine collection of 30,000 events in the lymphocyte
gate (region R1) in a forward-scatter (FSC)/side-scatter
(SSC) dot plot. This allowed us to exclude erythrocytes,
platelets, dead cells, and cell fragments from the anal-
ysis. Labeled cells were recorded based on the created
lymphocyte gate. The results were presented as a per-
centage of CD45+ cells stained with antibody. The fol-
lowing MoAbs conjugated with relevant fluorochromes
were used: anti-CD3 PE-Cy5, anti-CD19 PE; anti-CD-69
PE-Cy5, anti-CD95 PE-Cy5, anti-CD25 PE-Cy5, anti-CD45/
CD14 FITC, PE, anti-CD3/CD19 FITC/PE (BD Biosciences,
US), anti-TLR-2 FITC, and anti-TLR-4 FITC (Abcam, UK).
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Table 1. Frequencies of the T D3+ and B (D19+ cells in PBMCs cultured for 24-72 h in the complete medium with and without PPV23

. . With PPV23 Without PPV23
Marker cells Stlm.u lation
time Mean=£SD Median (range) Mean=SD Median (range)

TC(D3+TLR-2+ 24h 1.23+0.97% 0.98% (0.4-3.82%) 0.89%0.47% 0.71% (0.26-1.86%)
48h 0.65+0.46% 0.47% (0.2-1.76%) 0.78%=0.47% 0.67% (0.15-1.8%)
72h 0.29+0.21% 0.25% (0.09-0.73%) 0.72%=0.31% 0.65% (0.36-1.38%)

B(D19+TLR-2+ 24h 0.41£0.25% 0.34% (0.12-0.99%) 0.40+ 0.16% 0.44% (0.1-0.66%)
48h 0.25+0.27% 0.14% (0.05-0.95%) 0.66+0.21% 0.73% (0.13-0.88%)
72h 0.21£0.32% 0.06% (0-1.13%) 0.65+0.13% 0.67% (0.44-0.83%)

T(D3+TLR-4+ 24h 1.56+0.96% 1.34% (0.65-3.95%) 3.75+£2.97% 2.92% (0.55-9.17%)
48h 0.74+ 0.68% 0.38% (0.08-2.3%) 5.51+3.07% 4.43%(0.77-9.51%)
72h 0.74+0.68% 0.38% (0.08-2.3%) 5.51+3.07% 4.43%(0.77-9.51%)

B (D19+TLR-4+ 24h 0.91+0.40% 0.92% (0.16-1.5%) 2.30+1.23% 2.47% (0.29-4.06%)
48h 0.64+0.41% 0.48% (0.35-1.76%) 2.65+1.57% 3.06% (0.12-5.01%)
72h 0.54+0.56% 0.37% (0.02-1.84%) 3.48+0.81% 3.46% (2.32-4.92%)

T(D3+(D69+ 24h 30.98+21.45% 32.95% (2.6-58,76%) 4.39+3.64% 2.91% (0.95-10.35%)
48h 21.23+20% 15.44% (1.23-64.82%) 3.17£3.52% 1.48% (0.41-9.99%)
72h 17.04£16.47% 15.05% (1.49-46.74%) 3.2243.10% 2.22% (0.62-10.42%)

B (D19+(D69+ 24h 57.74%27.95% 52.13% (9,39-95.29%) 38.05+27.22% 33.41% (4.81-91.48%)
48h 58.15%30.77% 57.68% (12.56-97.05%) 33.36£25.34% 23.09% (12-91.14%)
72h 59.03£35.61% 73.42% (7.28-97.41%) 36.75+30.84% 27.52% (7.72-92.16%)

T(D3+(D25+ 24h 30.21£17.77% 29.42% (8.24-69.98%) 22.68+15.01% 22.48% (5.76-48.89%)
48h 28.53+19.00% 31.22% (0.59-68.42%) 22.74+15.40% 23.25% (1.56-47.21%)
72h 30.44+15.85% 25.61% (10.55-67.49%) 20.70+14.12% 20.68% (5.64-42.18%)

B (D19+(D25+ 24h 93.57£8.19% 97.22% (69.45-98.68%) 91.55+7.59% 95.2% (72.97-98.51%)
48h 82.63% 29.74% 92.66% (1.8-98.74%) 80.32+32.51% 94.11% (3.03-98.43%)
72h 92.43+9.77% 98.11% (74.48-99.72%) 89.96+ 18.00% 98.44% (39.93-99.49%)

T(D3+(D95+ 24h 97.94+3.23% 99.59% (88.85-99.92%) 94.65+6.38% 97.99% (82.64-99.62%)
48h 82.6+38.02% 99.09% (1.04-99.97%) 78.27+38.71% 98.19% (0.55-99.73%)
72h 96.13+ 6.25% 99.10% (81.05-99.87%) 94.35+7.01% 97.85% (79.34-99.76%)

B (D19+(D95+ 24h 73.71£29.22% 91.27% (29.1-99.31%) 28.59+18.69% 21.36% (14.1-73.14%)
48h 74.45+41.07% 97.42% (1.21-99.75%) 26.22+26.06% 21.52% (0.44-83.05%)
72h 79.76225.07% 93.17% (33.26-99.91%) 38.78+18.99% 32.64% (14.24-82.86%)

Statistical analysis Frequencies of TLR-2+ T CD3+ and B CD19+ cells in

Statistical analysis of the results was conducted using
Statistica 10 (StatSoft, US). Deviation from normality
was evaluated by the Kolmogorov-Smirnov test. Dif-
ferences between groups were assessed using the Wil-
coxon test. Data were expressed as the mean value  SD,
median, minimum and maximum, A value p < 0.05 was
considered statistically significant.

Resutrs

The results of in vitro PPV23 stimulation of peripheral
blood mononuclear cells on expression of TLR-2, TLR-4,
CD25, CD69, and CD95 on the surface of CD3+ T cells and
CD19+ B cells in CLL patients are shown in Table 1.

PBMCs cultured for 24-72 h in complete medium with
and without PPV23

Between 24 h and 72 h (p=0.002) stimulation with PPV23
and between 48 h and 72 h (p=0.034) stimulation with
PPV23 the frequencies of T CD3+TLR-2+ cells were mark-
edly diminished (Figure 1). After 72 h stimulation with
PPV23 the value of the mean percentage of T CD3+TLR-2+
cells was lower in comparison with unstimulated PBMCs
(p=0.013, Figure 2). After 48 h stimulation with PPV23 the
value of the mean percentage of B CD19+TLR-2+ cells was
lower in comparison with unstimulated PBMCs (p=0.008;
Figure 3). After 72 h stimulation with PPV23 the value of
the mean percentage of B CD19+TLR-2+ cells was lower in
comparison with unstimulated PBMCs (p=0.005; Figure 3).
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Fig. 2. Frequencies of (D3+/TLR-2+ cells in 72 h culture of PBMCs
unstimulated and stimulated with PPV23

Frequencies of TLR-4+ T CD3+ and B CD19+ cells in
PBMCs cultured for 24-72 h in complete medium with
and without PPV23

Between 24 h and 72 h (p=0.006) stimulation with PPV23
the value of the mean percentage of T CD3+TLR-4+ cells
was markedly diminished (Figure 1). After 24 h as well as
after 72 h stimulation with PPV23 the value of the mean
percentage of T CD3+TLR-4+ cells was lower in compari-
son with unstimulated PBMCs (p=0.011, p=0.004 respec-
tively; Figure 4).

Fig. 3. Frequencies of (D19+/TLR-2+ cells in 48 h (A) and 72 h (B) culture of
PBMCs unstimulated and stimulated with PPV23

The value of the mean percentage of B CD19+TLR-4+ cells
after 24 h, 48 h and 72 h stimulation with PPV23 was
significantly lower in comparison with unstimulated
PBMCs (p=0.005, p=0.010 and p=0.005, respectively; Fig-
ure 5).

Frequencies of CD69+ T CD3+ and B CD19+ cells in
PBMCs cultured for 24-72 h in complete medium with
and without PPV23

After 24 h stimulation with PPV23 the value of the mean
percentage of T CD3+CD69+ cells was significantly higher
in comparison with unstimulated PBMCs (p=0.004). Sim-
ilarly, after 48 h and 72 h stimulation with PPv23 the
value of the mean percentage of T CD3+CD69+ cells
was higher in comparison with unstimulated PBMCs
(p=0.012 and p=0.022, respectively). A statistically signif-
icant increase of the value of the mean percentage of B
CD19+CD69+ cells was observed after all tested periods
of stimulation with PPV23 in comparison with unstimu-
lated PBMCs: after 24 h (p=0.003), 48 h (p=0.025) and 72 h
(p=0.012).

Frequencies of CD25+ T CD3+ and B CD19+ cells in PBMCs
cultured for 24-72 h in complete medium with and with-
out PPV23

We found the value of the mean percentage of T
CD3+CD25+ cells after stimulation with PPV23 was the
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highest after 72 h and was significantly higher in com-
parison with unstimulated PBMCs (p=0.010). After 24 h
stimulation with PPV23 the value of the mean percent-
age of T CD3+CD25+ cells was higher in comparison with
unstimulated PBMCs (p=0.021). The percentage of the
T CD3+CD25+ subpopulation did not differ significantly
between stimulated and unstimulated cells which were
analyzed after 48 h. A significantly higher value of the
mean percentage of B CD19+CD25+ cells in comparison
with unstimulated PBMCs was observed after 24 h stim-
ulation with PPV23 (p=0.003). The percentage of the B
CD19+CD25+ subpopulation did not differ significantly
between stimulated and unstimulated cells when ana-
lyzed after 48 h and after 72 h.

Frequencies of CD95+ T CD3+ and B CD19+ cells in PBMCs
cultured for 24-72 h in complete medium with and with-
out PPV23

We found that the value of the mean percentage of T
CD3+CD95+ cells was higher after 24 h (p=0.003) and 48 h
(p=0.016) T CD3+ stimulation with PPV23 in compari-
son with unstimulated PBMCs but the percentage of the
T CD3+CD95+ subpopulation did not differ significantly
between stimulated and unstimulated cells when ana-
lyzed after 72 h. Between 24 h and 72 h stimulation with
PPV23 the value of the mean percentage of B CD19+CD95+
cells showed a significant increase (p=0.023). Stimulation
with PPV23 was associated with a significant increase
of the value of the B CD19+CD95+ cell mean percent-
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age in comparison with unstimulated PBMCs after 24 h
(p=0.003), 48 h (p=0.015) and 72 h (p=0.006).

Discussion

CLL is characterized by increased frequency of infections.
Antigens of microorganisms may be involved in the pro-
liferation and accumulation of the leukemic clone [5]. 88%
of infections in CLL patients are caused by bacteria, par-
ticularly Streptococcus pneumoniae [12,19]. The polysaccha-
ride capsule is the main pneumococcal virulence factor,
and based on its chemical structure, pneumococci are
divided into over 90 different serotypes which differ sub-
stantially in their capacity to cause disease [20]. It is already
known that the polysaccharide capsule was recognized by
pathogen recognition receptors (PRPs) expressed by mac-
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rophages: C-type lectin SIGN-R1, MACRO and CD14 [25].
There are no available data reporting the influence of cap-
sule antigens on T and B marker cell expression.

Members of the TLR family have been described as PRPs
important in pneumococcal infection. Knapp et al. [22]
performed an in vivo study and estimated the mRNA for
TLR-2 expression in lungs before and after pneumococcal
infection. The results showed that after infection, mRNA
for TLR-2 increased, but the immune response was also
observed in TLR-2-deficient mice [22]. TLR-9 may have
significance in the defense against Streptococcus pneu-
moniae, because TLR-9 recognizes bacterial DNA. Experi-
ments showed that protection of pathogens is dependent
on cooperation between different TLR [22]. Several stud-
ies have revealed that the TLR response to ligands can vary
(31). Grandjenete et al. (32) stimulated TLR-9 by CpG ODN,
which caused a strong increase in the activation and pro-
liferation of CLL cells. In contrast, stimulation of TLR-7 is
characterized by weak cell proliferation [7]. Activation of
tumor cells by TLR can cause that cells will be better recog-
nized by the immune system [32].

In the available literature there are no data on research
assessing the influence of antigens included in PPV23 on
the percentages of B and T cells with TLR expression. In this
study we observed a significant reduction of T CD3+TLR-2+
and B CD19+TLR-2+ cells after PPV23 stimulation in com-
parison to unstimulated cells. The most evident changes in
the frequencies of T CD3+TLR-2+ cells were observed after
72 h culture with PPV23. The percentages of B CD19+TLR-2+
cells were reduced after 48 h stimulation. The frequencies
of T CD3+TLR-4+ and B CD19+TLR-4+ cells were reduced
after PPV23 stimulation. Similar results were obtained by
Antosz et al., who evaluated the percentages of B cells with
TLR-4 expression after LPS stimulation in CLL patients
[2,3]. TLR-4 is activated by pneumolysin during pneumo-
coccal infection or colonization [15]. It has been shown that
pneumolysin-TLR4 signaling can induce host cell apoptosis
in vitro and in vivo, which appears to be a protective host
response [37]. Mice with a defect of this receptor had an
increased mortality rate during Streptococcus pneumoniae
infection [22].

The stimulation of TLR by ligands can lead to cell acti-
vation [8]. B lymphocytes have the ability to produce
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