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Abstract

Objective: Pneumonia is a common disease in infants that has been a major cause of death in children
worldwide. Although studies have suggested that T cell subsets and cytokines in the Bronchoalveolar
Lavage Fluid (BALF) may reflect the severity of pneumonia, the exact connection remains un-clarified.
This study aimed to elucidate the changes of T cell subsets and cytokines in BALF in paediatric
pneumonia.
Patients and methods: A total of 90 cases of pneumonia children who were examined in our hospital
between January 2015 and January 2016 were selected in this study. The patients were divided into
mild-to-moderate (n=36) and severe pneumonia group (n=54). Thirty children without any lung diseases
were used as controls. The bronchial secretion was collected and analyzed by flow cytometry to
determine the expression of surface activation marker of CD3+ T cell subpopulation (CD69, CD25 and
HLA-DR). The expression of IL-6, IL-17 and HMGB1 was measured by ELISA.
Results: The expression of CD69, CD25 and HLA-DR in BALF in patients was significantly higher
compared with controls (P=0.033). The level of IL-6, IL-17 and HMGB1 in patients was also
significantly higher than that in control (P=0.026). The expression of CD69, CD25 and HLA-DR as well
as IL-6, IL-17 and HMGB1 in severe pneumonia group was significantly higher compared with mild-to-
moderate pneumonia group (P <0.05).
Conclusions: The significant increase in the surface activation markers and cytokines in BALF
suggested the immune dysfunction in pneumonia patients. The positive correlation between cytokine
expression and the severity of pneumonia indicated their role as biomarkers in immunotherapy.
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Introduction
Pneumonia is a common disease that has been a major health
threat to children worldwide. The disease results in
approximately 200 million deaths of children aged younger
than 5 per year. The incidence rate of severe pneumonia in
young children less than 3 y old is around 10-15%, ranking
first among all paediatric critical diseases [1-3]. The researches
on the pathogens and other causes of pulmonary infection, as
well as immune pathological mechanism have received
extensive attention.

T lymphocytes play an important role in the regulation of the
body’s immune system. T lymphocytes are generally analyzed
by the detection of T cell surface antigen. In this study, the T
cell common antigens CD3+CD69+, CD3+CD25+ and
CD3+HLA-DR+ were selected for the analysis of T cell

subsets [4-7]. IL-6 is a pro-inflammatory cytokine produced by
T cells and monocytes. It has been suggested that the elevated
expression of IL-6 may be used as an indicator for infection
[8]. IL-17 is a novel pro-inflammatory cytokine secreted by
Th17 cells that is crucial for the regulation of inflammation and
autoimmune diseases [9]. High Mobility Group protein
(HMGB1) is a highly conserved non-histone chromosomal
binding protein that is widely present in animal tissues and
cells. The serum HMGB1 level is extremely low in healthy
people, but is markedly increased in patients with various
diseases such as sepsis and chronic hepatitis B, suggesting that
HMGB1 plays an important role in the development of
inflammation [9-11]. For instance, the HMGB1 level in
patients with haemorrhagic shock is increased in a time-
dependent manner and peaks at 72 h after the onset. The
HMGB1 level is gradually recovered to normal level as the
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clinical symptoms are alleviated. The high expression of
HMGB1 in several cancers further suggests its involvement in
the pathogenesis of multiple diseases [12,13]. Extracellular
HMGB1 is an essential inflammatory cytokine, and its
expression level is associated with the severity of diseases
[14-16]. Nevertheless, the pathological significance of
HMGB1 in paediatric pneumonia remains unclear. In this
study, the HMGB1 expression in paediatric pneumonia and its
connection with the disease severity was investigated.

The changes in T cell subsets and cytokines in paediatric
pneumonia have been previously reported. These studies,
however, are generally conducted on blood or sputum samples.
There are currently very few studies that investigated the T cell
subsets and cytokines in the Bronchoalveolar Lavage Fluid
(BALF) [17]. BALF is directly collected in the bronchial and
alveolar lesions in patients, and therefore can more accurately
reflect the condition of the disease when compared with blood
and sputum samples. In the current study, the expression of T
cell surface antigens and cytokines in BALF in paediatric
pneumonia was detected to elucidate their association with the
severity of the disease. The study will shed lights on the
immune mechanisms of severe pneumonia and provide new
biomarkers for the treatment and prognosis of the disease.

Material and Methods

Subjects
A total of 90 cases of pneumonia children who were examined
in Maternal and Child Health Hospital of Guiyang city
between January 2015 and January 2016 were selected in this
study, including 34 boys and 56 girls with a mean age of 3.8 ±
0.8 y. The patients were divided into mild-to-moderate (n=36)
and severe pneumonia group (n=54). Thirty children without
any lung diseases were used as controls, including 12 boys and
18 girls with a mean age of 3.6 ± 1.1 y. The subjects had none
of the following diseases: blood diseases, central nervous
system diseases, tuberculosis and immunodeficiency diseases
such as cancer.

This study has been pre-approved by the ethical committee of
Maternal and Child Health Hospital of Guiyang city. All of the
samples were confirmed by family members and signed the
consent form.

Main reagents
HMGB1 ELISA kit was purchased from Chuangxiang Biotech.
(Shanghai, China). Flow cytometry kit was purchased from
Immunotech (Marseille, France). IL-6 ELISA kit was
purchased from Baiaolaibo Biotech. (Beijing, China). Cytokine
detection kit was purchased from Beacon Inc. PBS buffer was
purchased from Beyotime Biotech. Flow cytometry was
purchased from Thermo Fisher Scientific. Plate reader was
purchased from BD Biosciences. Centrifuge was purchased
from Takara.

Extraction of BALF
All children with pneumonia were examined by chest CT and
samples were collected from the largest area of infiltration in
the lung. Samples were collected from the right middle lobe in
normal control group. Briefly, a bronchoscope was inserted
into the sampling site, and 5 ml of 37°C preheated saline was
slow pumped through the bronchoscope using a syringe. The
sampling site was slowly rinsed 2-3 times. The BALF was then
slowly extracted and filtered through sterile gauze. All BALF
samples were centrifuged at 1500 rpm/min at 4°C. The
supernatant was transferred to a new EP tube and stored at
-80°C until use.

Flow cytometry analyses of T cell surface activation
molecule
Samples were completely thawed on ice. Aliquots of samples
(500 μl) were added into the sample tube. CD3+ FITC/CD69+
PE, CD3+ FITC/CD25+ PE or CD3+ FITC/HLA-DR+ PE was
then added to the appropriate tube and mixed for 10 s with an
oscillator. The mixture was allowed to react for 15 min in dark
and incubated at 37°C for additional 20 min. Cells were
collected by centrifugation at 3000 rpm/min for 5 min and re-
suspended in 200 μl of PBS. The cell suspension was
examined by flow cytometer to detect the expression of T cell
surface activation molecules.

ELISA analyses of IL-6, IL-17 and HMGB1 level
The level of IL-6, IL-17 and HMGB1 in BALF was
determined by ELISA. Briefly, aliquots of samples (100 μl)
were added into the appropriate ELISA plate and incubated at
room temperature for 2 h. Each well was rinsed 5 times with
300 μl of washing solution. Antibody solution (100 μl) was
added into each well and the plate was incubated at room
temperature for 1 h. Each well was rinsed 5 times with 300 μl
of washing solution and incubated in 100 μl of enzyme
conjugate working solution in dark for 30 min. The reaction
was terminated by adding 50 μl of stop solution. The OD was
detected by a microplate reader at the wavelength of 450 nm.
Standard samples and blank control were added into each plate.
Three replicates were prepared for each sample and the mean
OD value was calculated as the IL-6, IL-17 and HMGB1 level.

Statistical analysis
All data were expressed as mean ± standard deviation and
analyzed using SPSS 16.0 (IBM SPSS, Chicago, IL, USA).
Difference among groups was compared by ANOVA. P values
smaller than 0.05 are considered statistically significant.

Results

Expression of T cell surface activation molecules
Flow cytometry analyses showed that the expression of CD3+
CD69+, CD3+ CD25+ and CD3+ HLA-DR+ in severe
pneumonia group (42.32 ± 4.87, 54.36 ± 4.35 and 63.66 ±
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5.63, respectively) was significantly higher compared with
mild-to-moderate group (24.61 ± 3.25, 42.82 ± 3.73 and 44.92
± 5.42, respectively, P<0.05, Table 1).

Table 1. Flow cytometry analyses of the expression of CD3+ T cell
surface activation molecules in all groups.

Group Normal control Mild-to-moderate
pneumonia

Severe
pneumonia

n 30 54 36

CD3+CD69+ (%) 14.66 ± 2.65 24.61 ± 3.25*∆ 42.32 ± 4.87*

CD3+CD25+ (%) 33.21 ± 3.21 42.82 ± 3.73*∆ 54.36 ± 4.35*

CD3+HLA-DR+ (%) 25.27 ± 3.36 44.92 ± 5.42*∆ 63.66 ± 5.63*

*P<0.05 compared with control group; ∆P<0.05 compared with severe
pneumonia group.

The expression of the three T-cell surface antigens in both
groups was significantly higher compared with control group
(14.66 ± 2.65, 33.21 ± 3.21 and 25.27 ± 3.36, respectively,
P<0.05 or 0.01). These results suggested that the CD3+ T cell
subsets were markedly increased during the occurrence of
pneumonia, and was positively associated with the disease
severity (Figure 1).

Figure 1. Flow cytometry analyses of the expression of CD3+ T cell
surface activation molecules in all groups. *P<0.05 and **P<0.01
compared with control group.

Comparison of IL-6, IL-17 and HMGB1 level in
BALF
ELISA results showed that the IL-6, IL-17 and HMGB1 level
in both pneumonia groups was significantly higher than that in
control group (P<0.05 or 0.01, Table 2).

Table 2. Comparison of IL-6, IL-17 and HMGB1 level in BALF in
different groups by ELISA.

Group IL-6 (ng/ml) IL-17 (pg/ml) HMGB1 (ng/ml)

Normal control 12.32 ± 2.13 8.61 ± 2.25 10.12 ± 2.13

Mild-to-moderate
pneumonia

60.21 ± 2.31*∆ 42.82 ± 3.73*∆ 34.35 ± 5.25*∆

Severe pneumonia 151.2 4 ± 3.36** 84.92 ± 6.48** 123.65 ± 15.63**

*P<0.05 and **P<0.01 compared with control group; ∆P<0.05 compared with
severe pneumonia group. 

The severe pneumonia group exhibited significantly higher
IL-6, IL-17 and HMGB1 level compared with mild-to-
moderate pneumonia group (P<0.05), suggesting that the level
of these cytokines was closely associated with the severity of
the disease (Figure 2).

Figure 2. Change of IL-6, IL-17 and HMGB1 level in BALF in
different groups.

Discussion
Pneumonia may be caused by infection of a variety of
pathogens such as bacteria and viruses, and therefore should be
symptomatically treated. Although the clinical treatment of
pneumonia has received increased attention, and several new
drugs and antibiotics for pneumonia has been introduced in
recent years, the incidence and mobility rate of severe
paediatric pneumonia is gradually increasing, suggesting that
the therapeutic effect of antibiotics is relatively limited for the
disease [18]. In some cases, treatment failure may occur,
leading to subsequent functional dysfunction of the lung, and
even death of the patient. Therefore, researches on the etiology,
pathogens and immune pathological mechanism of pneumonia
have received extensive concerns. T cells are known to play an
essential role in the regulation of the body’s immune system.
Numerous studies have been previously performed on the T
cell subsets and cytokines in blood or sputum samples in
severe paediatric pneumonia [19]. Nevertheless, there are
currently only very few studies on the BALF and the findings
remain controversy. The change in T-cell subset in pneumonia
patients and its connection with the disease severity needs
further investigation.

As early inflammatory cytokines, IL-6 and IL-17 can clearly
indicate the occurrence and development of inflammation [20].
In this study, the expression of T cell surface antigens and
cytokines in BALF in mild-to-moderate, severe paediatric
pneumonia and control group was compared. It was found that
the expression of T cell surface antigens, IL-6, IL-17 and
HMGB1 in both pneumonia groups was significantly higher
than that in control group (P<0.05 or 0.01). Moreover, the
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severe pneumonia group exhibited significantly higher
expression compared with mild-to-moderate pneumonia group
(P<0.05), suggesting that the elevated expression of level of T
cell surface antigen can be used as an indicator for the
diagnosis of pneumonia. It is worth noting that the expression
of HMGB1 was positively correlated with the severity of
pneumonia, which might be attributed to its stimulatory effect
on the expression of early inflammatory factors as a late
inflammatory factor.

Conclusion
In this study, we investigated the changes of T cell subsets and
cytokines in BALF in paediatric pneumonia, and found that the
expression of T cell surface antigens, IL-6, IL-17 and HMGB1
in both pneumonia groups was significantly higher than that in
control group. The expression in severe pneumonia group was
significantly higher than that in mild-to-moderate pneumonia
group, revealing the positive association between the
expression of T cell subsets and cytokines and the disease
severity. The current study has not only confirmed the
significance of BALF in the determination of the condition of
pneumonia, but also provided a theoretical basis for the
identification of new biomarkers for the treatment and
prognosis of the disease.
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