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Abstract: Differentiation of T follicular helper (Tfh) cells was enhanced in patients with acute asthma exacerbation,
but their associations with the expression of B cells and IgE level were not clear. In this study, we aimed to explore
the correlations between Tfh cells and B cells, as well as plasma IgE, I1gG, levels. Peripheral blood samples were col-
lected from forty-two patients with acute exacerbation and forty-eight matched controls. Tfh cells (CD4*CXCR5*) and
B cells (CD19") were examined by flow cytometry, while plasma IgE, I1gG, and IL-21 level were measured by enzyme-
linked immunosorbent assay (ELISA). The percentage of Tfh cells (P<0.001), B cells (P<0.001) in peripheral blood,
plasma IgE (P<0.001), IgG, (P<0.001) and IL-21 (P<0.001) levels were all increased in patients with acute asthma
exacerbation compared with health controls. The percentage of Tfh cells was associated with B cells (r=0.514,
P<0.001) and plasma IgE level (r=0.620, P<0.001), while no significant correlation between the percentage of Tth
Cells and IgG, (r=0.255, P=0.103) in asthma patients with acute exacerbation was observed. Similarly, plasma IL-21
level was associated with B cells (r=0.831, P<0.001) plasma IgE level (r=0.324, P=0.036), with no significant cor-
relation between the plasma level of IL-21 and IgG, (r=0.207, P=0.188) in asthma patients with acute exacerbation.
Tfh cells may participate in the airway inflammation reaction through promoting the differentiation and IgE class
switching of B cells in asthma patients with acute exacerbation.
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Introduction exacerbation and healthy volunteers, and to
analyze the correlations of Tfh cells, IL-21 level
with B cells, plasma IgE and IgG, levels in pe-

ripheral blood, to investigate whether the en-

T follicular helper cells (Tth cells) are the major
cells which could induce the differentiation,

proliferation and activation of B cells and help
the class switching of the immunoglobulin anti-
body [1, 2]. It has been proved that both the
differentiation and secretion function of Tfh
cells would be enhanced in acute bronchial
asthma (Hereinafter referred to as “asthma”)
exacerbation [3, 4], but it still remained unclear
whether it mediated the differentiation and
secretion function of B cells in asthma. This
study aimed to evaluate the differences of the
molecular mark on the surface of Tfh cells
(CD4*CXCR5"), the level of its primary secretion
cytokines (IL-21), the molecular mark on the
surface of B cells (CD19%) as well as plasma IgE
and IgG, between patients with acute asthma

hancement of Tfh cells differentiation partici-
pated in the differentiation and secretion of B
cells, which could lay the foundation for further
study in the mechanism of Tfh cells in asthma.

Methods
Participants

42 patients with asthma from Department of
Respiratory Medicine in the Central Hospital of
Wuhan between June 2013 and May 2015
were included. Inclusion criteria: matched the
classification of asthma of the American Tho-
racic Society criteria [5], patients with clinical
symptoms of typical acute asthma exacerba-
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Table 1. Characteristics of patients with acute asthma exacer-

bation and controls

at room temperature, the superna-
tant was taken and cryopreserved

Patients with acute asthma Controls

in -80°C fridge. Then it was diluted

Parameters exacerbation (n=42) (n=48) p Value by PBS, the peripheral blood mono-
Age (vears) 41410 44+11  0.319 nuclear cells (PBMCs) were sepa-
Female (%) 22 (52%) 23 (48%) 0.673 rateo! according to the instruction
FVC (L) 2.1+0.3 32102 p<ooor  ©Of Ficoll Lymphocyte separation
FEV, (L) 1.3+0.2 2.6£0.2 P<0.001 medium (Nycomed company, Nor-

way), the washed cells were col-
FEV,/FVC (ratio %) 60.7+2.9 82.5+3.2 P<0.001

Data are presented as Mean values * SD or count and percentages. Signifi-
cance of the comparison is determined by the Student t test and the x? test.
FVC, forced vital capacity; FEV,, forced expiratory volume in one second.

tion (including asthma, chest distress, dyspnea
and increased cough), bronchial provocation or
positive result in diastolic test, positive result in
allergy skin test, increased plasma IgE level
and increased eosinophilic granulocyte in per-
ipheral blood. Exclusion criteria: patients with
the history of immune or tumor diseases, or pa-
tients who had acute infection within 4 weeks
or received general or cortical hormone therapy
in recent 4 weeks.

48 healthy volunteers from physical examina-
tion department of the Central Hospital of
Wuhan were included as controls. Inclusion cri-
teria: no history of asthma, non-allergic consti-
tution, negative results in allergy skin test, nor-
mal lung function, no history of respiratory
disease, no history of immune or tumor diseas-
€es, no acute infection within 4 weeks.

All the participants agreed to participate in this
study and signed the written informed consent.
This clinical protocol has been approved by the
Ethics committee of the Central Hospital of
Wuhan.

Blood sample

The peripheral blood samples from patients
with acute asthma exacerbation were collected
before the treatment, the peripheral blood
samples from healthy volunteers in control gr-
oup were collected during the physical exami-
nation.

Identification of Tfh cells and B cells levels in
peripheral blood by flow cytometry

5~8 ml venous blood from every subject was
collected by heparin sodium anticoagulation
pipets, and centrifuged for 8 min in 800 r/min
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lected, divided into two groups and
added with anti-human CDA4-PE,
CXCR5-FITC, CD19-PE antibody (all
from eBioscience company, USA),
the mice 1gG marked by FITC and
the rabbit IgG,, marked by PE were Isotype con-
trols. Incubated for 40 min away from light,
washed twice by PBS, after fixed with fixati-
ve (eBioscience company, USA), tested the
expression proportion of the molecular mark
on the surface of the cells by BD FACSAriaTM
flow cytometry. Expression proportion of CD4*
CXCR5* cells (Tfh cells) and CD19* cells (B cells)
was determined by lymphoid cells in PBMCs.

Identification of the plasma IL-21, ISE and IgG,
levels in peripheral blood by Elisa

The peripheral blood plasma from the subjects
was collected and cryopreserved, the IL-21, IgE
and IgG, levels were examined by Elisa accord-
ing to the method described in the instruction
(all from eBioscience company, USA). The
detection range of IL-21 was 8~1000 pg/mL,
the detection range of IgE was 7.8~1000 ng/
ml, the detection range of IgG, was 0.16~10
pg/ml. All the samples were tested for three
times repeatedly.

Statistical analysis

Data was presented as mean values * SD,
median and 25th-75th quartile or percentages.
The variation analysis was conducted by
Student t, Mann-Whitney or x? test; Pearson
and Spearman test were used for correlation
analysis. All the statistical analysis was con-
ducted using SAS 8.1, P<0.05 was defined as
statistical significance.

Results

Characteristics of patients with acute asthma
exacerbation and health controls

There was no significant difference between
the age (41+10 years old) and gender (female
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Table 2. Tth cells (CD4*CXCR5*) and B cells (CD19%) in patients

with acute asthma exacerbation and controls

larly, the Tfh cells proportion
was positively correlated to

Patients with acute asthma

the plasma IgE level in periph-
eral blood (r=0.620, P<0.001)

Marker exacerbation (n=42) Controls (n=48) p Value
CD4*CXCR5* 22.53%+5.40%
CD19* 6.79%+2.57%

17.21%+4.52%  <0.001
3.05%+0.69%  <0.001

(Figure 1B). However, Tfh cells
proportion and plasma IgG,

Data are presented as Mean values * SD. Significance of the comparison is deter-

mined by the student t test.

level in peripheral blood did
not present any significant cor-
relation (r=0.255, P=0.103)
(Figure 1C).

Table 3. Plasma levels of IgE, I18G,, IL-21 in patients with acute

asthma exacerbation and controls

Correlation analysis of the

Patients with acute asthma

IL-21 level and B cells level,
IgE, I8G, in peripheral blood

Parameters exacerbation (n=42) Controls (n=48) p Value
IgE (ng/ml) 88.42 (39.40-172.93) 39.65 (18.54-68.72) <0.001
IgG, (ug/ml) 0.908 (0.473-1.217)

plasma of patients with acute

0.542 (0.342-0.813) <0.001  asthma exacerbation
I-21 (pg/ml)  181.61 (68.21-221.67) 78.42 (33.49-136.11) <0.001

Data are presented as median and 25th-75th quartile. Significance of the com-

parison is determined by the Mann-Whitney test.

22/52%) of the patients with acute asthma
exacerbation and the health controls (age 44+
11 years old, female 23/48%), P=0.319 and
P=0.673, respectively. As shown in Table 1.

Tfh and B cells ratio, plasma IL-21, ISE and
IgG, levels in patients with acute asthma
exacerbation

CD4*CXCR5"* cells (Tfh cells) proportion and
CD19* cells (B cells) proportion in the lympho-
cyte of patients with acute asthma exacer-
bation were significantly higher than that in
health controls (22.53%+5.40% vs. 17.21%%+
4.52%, P<0.001; 6.79%+2.57% vs. 3.05%%
0.69%, P<0.001), presented in Table 2. Besi-
des, plasma levels of IL-21, IgE, 1gG, were re-
markably elevated in asthma exacerbation pa-
tients compared with health controls [181.61
(68.21-221.67) vs. 78.42 (33.49-136.11), P<
0.001; 88.42 (39.40-172.93) vs. 39.65 (18.54-
68.72), P<0.001; (0.908 (0.473-1.217) vs.
0.542 (0.342-0.813), P<0.001, respectively],
as shown in Table 3.

Correlations analysis of Tfh ratio with B cells
ratio, ISE and IgG, levels in patients with acute
asthma exacerbation

CD4*CXCR5" cells (Tfh cells) proportion and
CD19* cells (B cells) proportion were positive
correlated in patients with acute asthma exac-
erbation (r=0.514, P<0.001) (Figure 1A). Simi-
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Plasma IL-21 level in peripher-
al blood presented positive
correlation with CD19* (B cells)
in lymphocyte (r=0.831, P<
0.001) (Figure 2A) in patients with acute bron-
chial asthma exacerbation, as well as IgE level
(r=0.324, P=0.036) (Figure 2B). However, plas-
ma IL-21 and IgG, level did not show any signifi-
cant correlation (r=0.207, P=0.188) (Figure
2C).

Discussion

In the pathogenesis of asthma, both the cellu-
lar immunity mediated by T helper cells and the
humoral immunity mediated by B cells partici-
pates in the disease process [6, 7]. The humor-
al immunity induced by IgE and 1gG, from B
cells is the primary immunologic mechanism of
athsma [8]. In the mice model of bronchial
asthma, the formation of germinal center, acti-
vation of B cells and secretion of IgE could be
observed in lymphoid organ and inflammatory
lung tissue. Meanwhile, the activation, prolifer-
ation and differentiation of B cells are mediat-
ed by the T lymphocyte subpopulation: T Fo-
llicular helper (Tfh) cells [1, 2]. Currently, it has
been demonstrated that the differentiation of
Tfh cells is increased in the patients with acute
asthma exacerbation [3, 4], but it is still not
clear whether the enhancement of Tfh cells dif-
ferentiation and secretion were associated
with B cells.

IL-21 is the most important cytokine in secre-
tion of Tfh cells, which contributes to the adap-
tive proliferation of B cells in germinal center [9,

Int J Clin Exp Med 2017;10(1):1484-1489
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10]. Both in vivo and in vitro test, IL-21 pro-
motes the differentiation of the plasma cells

1487

asthma exacerbation patients
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Figure 1. The correlation of Tfh cells
with B cells, plasma IgE level and 1gG,
level. A. Analyzed by Pearson test; B and
C. Analyzed by Spearman test.
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Figure 2. The correlation of plasma IL-21
level with B cells, plasma IgE level and
IgG, level. Analyzed by spearman test.

via activating STAT3 [11-13], meanwhile incre-
asing the IL-4 mediated transformation of IgE in

Int J Clin Exp Med 2017;10(1):1484-1489
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human B cells through the STAT3-dependent
pathway [14]. In addition, IL-21 increases the
Tfh cells proportion in vivo and vitro conversely,
indicates the interaction between IL-21 and Tfh
cells [15].

In this study, we presented that the proportion
of Tfh cells in patients with acute asthma exac-
erbation and IL-21 level in peripheral blood
plasma were positively correlated to B cells,
which indicated that the differentiation of Tfh
cells and increased secretion of IL-21 might
contribute to the proliferation and differentia-
tion of B cells during the onset of asthma. In
patients with eosinophils nasal polyps, the
number of Tfh cells presents positive correla-
tion with the maturity of B cells in germinal cen-
ter [16]. While the proportion of Tfh cells and
IL-21 level in peripheral blood plasma in
patients with acute asthma exacerbation were
positively correlated to IgE level in peripheral
blood plasma, which indicated that the differ-
entiation of Tfh cells stimulated the class
switching of IgE in B cells. In eosinophils nasal
polyps, the investigators found that the propor-
tion of IL-21* Tfh cells are positively related to
IgE level in plasma [16].

IgG, level was increased in asthma alveolar
lavage fluid [17, 18]. While in plasma, in our
previous study, we have demonstrated that the
IgG, level of patients with acute asthma exacer-
bation was apparently higher than that in
health control group, and increased IgG, level
was positively correlated to the enhancement
of differentiation of B cells [19]. However, in
present study, T cells in patients with acute
asthma exacerbation and the IL-21 level in
peripheral blood plasma showed no obvious
correlation with the secretion of IgG, in periph-
eral blood plasma, which indicated that Tfh
cells might not participate in the class switch-
ing of 1gG, . Early study found that the IgG, level
is evaluated in children who were allergic to
house dust compared with children without
allergy, but the IgG, level in the acute exacerba-
tion was lower than that in the remission status
[20]. Another study on patients who were aller-
gic to birch pollen also found that IgG, sup-
pressesthe anaphylaxis reaction. They believed
that 1gG, probably inhibits the combination
between IgE and its target site through compet-
ing combination of itself, to suppress the aller-
gy reaction [21]. So currently it is still controver-
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sial what role of IgG and its subtype in Th2
airway allergic reaction are, and it needs fur-
ther study on whether there is any other mecha-
nism in the finding showed in present study that
there was no correlation between the differen-
tiation of Tfh cells and IgG,.

This study presented that Tfh cells was posi-
tively correlated to B cells and plasma IgE level
in patients with acute asthma exacerbation
through correlation analysis, as well as 1L-21,
which indicated that Tfh cells and IL-21 might
promote the participation of class switching of
IgE in airway inflammation in asthma via stimu-
lating the proliferation of B cells. Next step, we
will investigate in animal experiment whether
the direct blocking of the differentiation of Tfh
cells could affect the differentiation and func-
tion of B cells in asthma mice model.
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