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Summary

Tregs and Th17 functioning may be impaired in patients with recurrent furunculosis (RF);
therefore, we analyzed changes in CD4+ lymphocyte T subsets (Treg/Th17) in patients with
RF, and assessed the relationships between increased susceptibility to infections and Treg/
Th17 status in RF patients and healthy subjects.

Peripheral blood samples from 30 patients with RF and 20 healthy age - and sex-matched
subjects were examined. The percentage and number of Th17 cells, Tregs, and other basic
lymphocyte subsets were examined.

Tregs and CD3+CD4+ count was significantly lower in patients with RF (p <0.0001 and p =0.0003),
while Th17 and CD19+CD25+ cell count was significantly higher (p = 0.0450 and p = 0.0119) in
comparison with controls. Strong positive correlations occurred between the following subsets
of cells: Th17 and Th CD3+CD4+(r = 0.55, p<0.05); CD3+CD4+T17 and CD3+CD4+ lymphocytes
(r=0.66, p <0.05); CD3+CD4+ lymphocytes and CD3+CD25+ lymphocytes (r = 0.69, p <0.05), and
between lymphocytes B and CD19+CD25+ lymphocytes (r = 0.81).

Proportions of subpopulations of lymphocytes in patients with RF differ to those in healthy
subjects. It is possible that a decrease in the percentage and number of Tregs together with
a decrease in the number of CD3+CD4+ and increase in the percentage and number of Th17
may contribute to the pathogenesis of RF.

staphylococcal infection - staphylococcosis - recurrent furunculosis - immune response - skin infection «
in vitro study

GICID

DOI:

Word count:
Tables:
Figures:
References:

01.3001.0013.1136
10.5604/01.3001.0013.1136
2298

1

1

22

*This study was supported by the National Science Center, Poland [grant numbers: UMO-2011/01/N/NZ6/01762 and
UMO- 2016/21/B/NZ(7/02179] and grant no. DS46o0 of the Medlcal University of Lublin]. The funders had no role in
study design, data collection and analysis, decision to publish, or preparation of the manuseript.

® Postepy Hig Med Dosw (online), 2019; 73 159



® Postepy Hig Med Dosw (online), 2019; tom 73: 159-164

Author’s address:

Danuta Nowicka MD, PhD, Department of Dermatology, Wroclaw Medical University, Wroclaw,

Poland; T. Chalubinskiego str 1; 50-368 Wroclaw, Poland; e-mail: danuta.nowicka@umed.wroc.pl

Abbreviations:
Treg - regulatory T cell.

INTRODUCTION

Regulatory T cells (Tregs) constitute only approximately
10% of a population of CD4+ cells in the peripheral blood,
but they play an important role in many physiologic and
pathologic processes such as autoimmune reactions,
infections, and carcinogenesis. They can be identified
with a flow cytometer based on the presence of CD4 and
CD25 molecules on their surface as well as intracellular
expression of FOXP3 antigen [12]. The presence of CD25
antigen is equivalent to the interleukin (IL)-2R receptor
alpha-chain. Thanks to that, Tregs need IL-2 for prolife-
ration, functioning and survival; however, they do not
produce IL-2 themselves [5].

Expression of FOXP3 is characteristic for Tregs which
differentiate in the thymus (induced regulatory-iTreg)
in response to own antigens and for those native T-cells
which differentiate based on their peripheral activation,
outside of the thymus, in the vivo or in vitro (peripherally
induced regulatory-pTreg) [1, 22]. The presence of FOXP3
in Tregs is responsible for their dual activity: at low con-
centration of exogenous IL-2, Tregs suppress other cells
from the CD4+ subpopulation, while at a high concen-
tration, this activity becomes abrogated [13]. The activ-
ity of Tregs affects helper cells - CD4+, suppressor cells
- CD4+CD8+ and Tregs with reciprocal functioning - Th
17 cells. Th17 cells secrete IL-17A and they affect develop-
ment of inflammatory and autoimmune processes as well
as development of cancer diseases [4]. In sepsis, infection
triggers the systemic inflammatory response which is
accompanied by defective immune responses. When sep-
sis is caused by superantigen-producing organisms, an
additional mechanism is activated in which direct supe-
rantigen-stimulation of CD25 - FOX P3 - T cells results in
more T cells with regulatory function [18].

Furunculosis, as well as chronic and recurrent follic-
ulitis caused by Staphylococcus aureus stains, engage
the immune system, both specific and non-specific
responses [15]. It seems interesting what the exact
mechanisms predispose to the development of this
chronic disease which frequently appear in inpatient
and outpatient settings [9].

It was proven that Th17 cells are important for immune
response to extracellular bacterial pathogens and to
some fungi and viruses. Their role was detected in
S. aureus, Streptococcus pneumoniae and Klebsiella pneu-
moniae infections among others [6, 16].

IL - interleukin; PBMC - peripheral blood mononuclear cells; Th17 - T helper 17 cell;

The aim of the present study was to analyze possible
changes in CD4+ lymphocyte T subsets, especially Treg
and Th17, in patients with recurrent furunculosis, and
to assess the relations between increased susceptibility
to infections and Treg/Th17 status in this group in com-
parison to healthy controls.

MATERIALS AND METHODS

Study and control groups

Between 2014 and 2017, we recruited 30 dermatologi-
cal patients (15 men and 15 women) and 20 healthy age
- and sex-matched volunteers who served as a control
group. All patients were being treated for recurrent
furunculosis at the Outpatient Immunology Clinic of
the Medical University of Lublin. The number of furun-
cles varied from 4 to 20 per year. Duration of the disease
was from 1 to 7 years. The current study is a part of a
series on explaining pathogenesis of recurrent furuncu-
losis [14].

The study group included 30 patients aged between 19
and 44 years (average 31.1 years). Recurrent furunculo-
sis started at the average age of 27.7 +2.8 years (range
17-42 years). The duration of the disease varied from 1
to 7 years. Remission period lasted from 4 to 20 years.
Patients received from 4 to 20 antibiotic therapy courses
and underwent from 4 to 12 surgeries. The control group
included 20 healthy, age - and sex-matched volunteers
with the mean age 31.95+ 4.1 years (18-48).

Each patient denied undergoing immunosuppressive
or immunomodulative treatment. None of the patients
presented with signs of infection at the moment of
enrollment and at least 1 month before the study. None
suffered from autoimmune diseases, diabetes, cancer,
and allergy. None reported receiving blood transfusions
in the past.

This study was conducted in accordance with the Code
of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans. The
research was approved by the Local Ethical Committee
at the Medical University of Lublin. All patients gave
their written informed consent prior to entering the
study.
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Blood collection

From each patient and volunteer, 5 mL of peripheral
blood was drawn from the basilic vein for the frequ-
encies of selected lymphocyte subsets and collected to
tubes with the anticoagulant EDTA. Percentages of lym-
phocyte subsets were assessed on fresh peripheral blood
samples.

Isolation of peripheral blood cells and the detection
of Thr; and Treg cells

Isolation of peripheral blood cells and the detection of
Th17 and Treg cells were performed as described previ-
ously [13]. Peripheral blood mononuclear cells (PBMCs)
were aseptically separated by standard density gradient
centrifugation (Gradisol L, Aqua Medic, Lodz, Poland).
In order to detect Th17 cells, they were resuspended in
RPMI-1640 culture medium (Sigma-Aldrich, St. Louis,
MO, USA) containing 10% heat-inactivated fetal calf
serum (FCS) (Sigma-Aldrich, St. Louis, MO, USA), 2mM
l-glutamine, 100 U/mL penicillin (Sigma-Aldrich, St.
Louis, MO, US), and 100 ug/mL streptomycin (Sigma-
Aldrich, St. Louis, MO, USA). Mononuclear cells were
stimulated for 5h at 37°C in 5% CO, with 25 ng/mL of
phorbol 12-myristate 13-acetate (PMA, Sigma Chemi-
cal C., St. Louis, MO, USA), 1 ug/mL of ionomycin (Sigma
Aldrich, St. Louis, MO, USA) and 10 ug/mL of brefeldin
A (Sigma-Aldrich, St. Louis, MO, USA) in order to block
the intracellular transport processes, which results
in the accumulation of cytokine proteins on the Golgi
complex. Following stimulation, PBMCs were collected,
washed with phosphate-buffered saline (PBS) solution,
and added to cell culture media at a final concentration
of 106 cells/mL. Leukocyte viability was tested with 1%
trypan blue exclusion method. Finally, they were stained
with anti-CD3 CyChrome and anti-CD4 fluorescein-iso-
thiocyanate (FITC) conjugated monoclonal antibodies
(Becton Dickinson, San Diego, CA, USA). The cell mem-
branes were permeabilized for 15 min at 4°C with a Cyto-
fix/Cytoperm Kit (BD Pharmingen, San Jose, CA, USA).
Next, mononuclear cells were washed twice with PBS.
The permeabilized cells were stained with a PE-conju-
gated anti-human IL-17A monoclonal antibody (eBio-
science, San Diego, CA, USA). After this procedure, cells
were washed twice with PBS.

In order to detect Treg CD4(+)CD25(+)Foxp3(+) cells,
the cell surface and intracellular antigens were deter-
mined on the fresh cells at the time of the sample
submission by cell staining according to the manu-
facturer’s protocols. For each, 5 uL of an appropriate
solution of anti-Human CD25 phycoerythrin (PE) and
anti-Human CD4 PE-Cy5-conjugated antibodies (Bio-
Legend, San Diego, CA, USA) was added to 500 uL of
cell suspension, incubated for 30 min at 4°C in the
dark, centrifuged, washed twice by adding 1 mL of
cold PBS, 1% sodium azide, and 1% FCS to each tube,
and next centrifuged again at 400 x g for 10 min. The
standard incubation was carried out with antibodies

directed against surface markers followed by the incu-
bation by fixation and permeabilization with FoxP3
Fix/Perm Buffer and FoxP3 Perm Buffer (BioLegend,
San Diego, CA, USA). Next, antibodies were directed
against the intracellular protein FoxP3-anti-Human
FoxP3 (Pacific Blue) monoclonal antibody (BioLegend,
San Diego, CA, USA) by subsequent incubation. At the
end, the supernatant was separated and washed. Each
sample was suspended in 200 uL of PBS.

Immediately after preparation, cells were measured
with the Becton Dickinson Canto 1I flow cytometer
(Becton Dickinson, San Diego, CA, USA) and analyzed
with FACSDiva™ Software (Becton Dickinson, San
Diego, CA, USA). The percentage of CD45+ cells stained
with the antibody was calculated based on the com-
parison with the control samples. To increase preci-
sion of measurements, background fluorescence was
determined using isotype-matched directly conju-
gated mouse anti IgG1/IgG2a monoclonal antibodies.
Cell aggregates and debris were excluded from analy-
sis using forward scatter versus side scatter for gating
live cell population [10].

Assessment of basic lymphocyte subsets

Three-color immunofluorescence analyzes were per-
formed using a FACS Calibur flow cytometer (Bec-
ton Dickinson, San Diego, CA, USA) equipped with a
488 nm argon laser. A minimum of 10,000 events were
acquired and analyzed using CellQuest Software. Mean
fluorescence intensity (MFI) and the percentage of cells
expressing surface markers were analyzed. The cells
were phenotypically characterized by incubation (20 min
in the dark at room temperature) with a combination of
relevant fluorescein isothiocyanate (FITC)-phycoery-
thrin (PE)-and CyChrome-labeled monoclonal antibod-
ies. Immunofluorescence studies were performed using
a combination of the following mAbs: CD3 FITC/CD19 PE,
CD8 FITC/CD4 PE, CD25 CyChrome, purchased from Bec-
ton Dickinson (San Diego, CA, USA) [8].

STATISTICAL ANALYSIS

For statistical analysis, the R Project for Statistical
Computing v. 3.4 was used. Descriptive statistics were
calculated. The Student’s t-test, F-test, and the Brown-
-Forsythe were used to carry out a comparison between
groups of variables. Associations between cell counts in
patients with recurrent furunculosis were assessed with
Pearson coefficient for dependent variables. Differences
were considered statistically significant at p<0.05.

RESULTS

In the group of patients with recurrent furuncles, Tregs
count was significantly lower in comparison with the
Tregs count in healthy controls (p=0.000001) and simi-
larly to this, CD3+ CD4+T helper lymphocyte count was
also significantly lower (p=0.0002), while Th17 count was
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significantly higher than in the control group (p=0.04),
despite the lack of difference in B lymphocyte count
between both groups. Additionally, no significant dif-
ference in CD3+ CD25+T lymphocyte count between the
study group and the control group was found. Results are
presented in Table 1 and Figure 1.

Results of cytometry of peripheral blood mononuclear
cells are presented in Table 1 and Figure 1.

The study revealed that Tregs count was positively cor-
related with Th17 cells (r=0.21, p<0.05) and with CD3+C-
D4+(r=0.55, p<0.05), while moderately with CD3+CD25+
cells count. Those cells correlated with B lymphocytes
(r=-0.42, p<0.05) and CD19+CD25+ cells (r=-0.19, p<0.05).

T17 lymphocyte count correlated with CD3+CD4+ lympho-
cyte count (r=0.66, p<0.05), moderately with CD3+CD25+
lymphocyte count (r=0.45, p<0.05) and with CD19+CD25+
lymphocyte count and B lymphocyte count (r=0.10 and
r=0.01, p<0.05, respectively). Additionally, positive cor-
relation was found between CD3+CD4+ lymphocyte
count and CD3+CD25+ lymphocyte count (r=0.69, p<0.05),
while positive between CD3+CD4+ lymphocyte count and
CD19+CD25+ lymphocyte count (r=0.14, p<0.05).

Lymphocyte B count was correlated with CD19+CD25+
lymphocyte count (r=0.81, p<0.05), with both CD3+CD4+
lymphocyte count (r=0.14, p<0.05) and CD3+CD25+ lym-
phocyte count (r=0.10, p<0.05). Also, CD3+CD25+ lympho-
cyte count was positively correlated with CD19+CD25+
lymphocyte count (r=0.17, p<0.05).

DISCUSSION

Tregs are responsible for silencing the immune response
and inducing immune tolerance [17, 19]. Significant
reduction in their number in patients with recurrent
furunculosis may explain frequent clinical manifesta-
tions of infection. A marked predisposition to inflamma-
tory processes due to the lack of inhibiting factors such
as a decrease in the number of Tregs is stimulated by an
increase in the number of Th17 cells which produce pro-
-inflammatory cytokine IL-17 [3, 21]. Also, a significant

decrease in the number of CD3+CD4+ T helper lympho-
cytes observed in the group of patients with recurrent
furunculosis weakens the killing capacity in the scope
of specific cellular immunity. Interestingly in patients
with recurrent furunculosis, a significantly elevated
percentage of T and B lymphocytes with the presence
of IL-2 receptors on their surface that is CD3+CD25+ and
CD19+CD25+ cells was observed.

A CD25+ molecule is mainly expressed on resting Tregs
- Treg FOXP3+ and temporarily on activated T and B
cells [18, 20]. In our study, although the number of Th
and B lymphocytes was lower in patients with furun-
culosis than in healthy subjects, the expression of CD25
molecule appeared on a greater number of cells. Addi-
tionally in patients with recurrent furunculosis, the
CD25+ molecule on resting Tregs FOXP3+ was expressed
to a small extent, which does not preserve proper func-
tion of Tregs because their percentage and number is
significantly smaller than in healthy subjects.

It was experimentally proved that an increase in CD25+
expression may appear on allogeneic CD45+ lympho-
cytes as an effect of the culturing of these cells with
human fibroblasts [11]. The number of CD3+CD25+ lym-
phocytes is positively correlated with the number of
both Tregs and Th17 with similar strength, but this
relationship is the strongest with CD3+CD4+ cells. This
suggests that they may support processes of both inhi-
biting and stimulating of inflammatory reaction as well
as assist acquired cellular immunity due to strong posi-
tive correlation with the number of CD3+CD4+ cells.
This correlation is even strongest than this between
CD3+CD4+ cells and T17 cells. Experiments showed that
it is possible to induce the expression of CD25 antigen
on CD4+ CD25 - T helper lymphocytes by 24-hour sti-
mulation of peripheral blood mononuclear cells with
S. aureus 161:2-cell free supernatant or staphylococ-
cal enterotoxin A. Also, expression of FOXP3 on CD4
Th cells with the possibility to produce IL-10, INF-y
and IL-17A to a smaller extent may be triggered [2].
The experience of Bjorkander’s team and other rese-
archers indicate that the possibility for changing the
cell phenotype under stimulation by microbiological

Table 1. Comparison of the mean cell counts (G/I) measured with cytometry of peripheral blood mononuclear cells between the study group and the control

group
Parameter (Sl:lueti):gosu;) c(::::ll ir;;;) P value

Regulatory T-cells 0.0130+0.0071 0.0500-+ 0.0202 <0.0001

Th17 0.0828+0.0651 0.0489+ 0.0368 0.0450

(D3+(D4+ 0.4269+0.1770 0.6452+ 0.2141 0.0003

(D3+(D25+ 0.1384+0.0767 0.1132+0.0577 0.2167

B lymphocytes 0.2272+0.0971 0.2168+0.1127 0.7294

(D19+CD25+ 0.0093+0.0098 0.0033+0.0034 0.0119

SD, standard deviation; significant difference marked in bold
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Fig. 1. Comparison of the mean percentage of cells between the study group and the control group

factors exists [2, 7]. This fact should also explain inten-
sive expression of CD25 antigen on T and B lymphocy-
tes in patients with recurrent furunculosis. Although
the number of B lymphocytes was similar in patients
with furunculosis and healthy subjects, both the per-
centage and number of CD19+CD25 + cells are higher
in the group of patients with recurrent furunculosis.
Negative, though weak correlation indicates that rela-
tionships between those two populations of cells are
affected by considerable decrease in the percentage
and number of Tregs.

It is not possible to answer the question why in recurrent
furunculosis, Tregs are presented in such a small per-
centage and number. The cause of a decrease in stimula-
tion of proper Tregs production is unknown. However, it
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