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Abstract

Objective: This study aimed to investigate the serum inflammatory cytokines levels in patients with COPD, pneumonia and lung
cancer, and assess the correlation between the levels of inflammatory cytokines levels and development of these diseases.
Methods: Two hundred thirty-two patients including |14 patients with pneumonia, 76 patients with chronic obstructive
pulmonary disease (COPD) and 42 patients with lung cancer, and 62 age-matched healthy volunteers as controls were enrolled.
The pro-inflammatory cytokine IL-6, IL-2, IFN-y, TNF-o, anti-inflammatory cytokines IL-4 and IL-10 in serum were analyzed by
flow cytometry microsphere array (CBA). Results: We found that the levels of TNF-a and IL-10 in patients with lung cancer,
COPD and pneumonia were significantly higher than control group. The IL-6 in the lung cancer group were significantly increased
compared with the controls and COPD group, pneumonia group. IFN-y and IL-2 levels were lower in lung cancer compared with
controls and COPD group, pneumonia group. TNF-a,, IL-4 and IL-10 levels were increased in patients with COPD and pneumonia
compared with controls. In addition, the concentrations of IFN-y and IL-6 were increased in acute exacerbation COPD
(AECOPD) group compared with stable COPD group. Conclusion: In conclusion, elevated TNF-o and IL- 10 levels in serum may
be related with lung diseases including lung cancer, COPD and pneumonia. Additionally, IFN-y and IL-6 might be potential
biomarkers for the further deterioration of lung disease patients. The increased concentrations of IFN-y and IL-6 might be used to
predict the exacerbation of COPD.
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recognized as a causative factor of COPD.® With the increase
of the number of smoking population and the aggravation of
environmental pollution, the morbidity and mortality of COPD
are increased year by year. The Global Burden of Disease
Study speculates that there are 328 million patients with COPD
around the world.” According to report from the World Health

Introduction

Lung cancer is the most frequently diagnosed cancer and the
leading cause of cancer-related deaths worldwide,! with
approximately 10-20% 5-year survival rate.” Many studies
showed that chronic obstructive pulmonary disease (COPD)
is an important risk factor of lung cancer.> COPD is a common
lung disease that includes chronic bronchitis and emphysema,

exerts a high morbidity in the middle-aged and elderly popu-
lation.* The International Lung Cancer Collaboration Group
reported that emphysema and the chronic bronchitis increased
the occurrence rate of lung cancer by 2.44 and 1.47 times,
respectively.” Anthonisen ez a/ found that lung cancer is one
of the predominant causes in the death of patients with COPD
according to 14.5 years of follow-up.®’” Smoking is usually
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Organization, COPD will become the third leading cause of
death worldwide by 2030."° Until the end of 2017, years lived
with disability (YLD) of the COPD has become the fourth
disease in China.'' Patients with acute exacerbation COPD
(AECOPD) usually shows a sudden deterioration in lung
function and ultimately death.'>!® Infections, tobacco, toxic
particle inhalation and air pollution have all been reported
to induce the excessive secretion of cytokines and chemo-
tactic factors that can destroy immune system. Studies have
reported that inflammatory damage is the main causative
factor of COPD progression.'* Pneumonia is the lung dis-
ease with the inflammation of terminal airway, alveoli and
pulmonary interstitium. Inflammation has been reported to
enhance tumor development.'>'® However the mechanisms
of inflammation-induced tumor development remain
unclearly. Several studies also found that the levels of
serum inflammatory cytokines in lung cancer patients can
monitor the tumor development and prognosis.”’18 Cur-
rently, the cancer treatment targeting inflammation and
tumor microenvironment has been considered as a novel
therapy direction'®°

There is evidence supporting the hypothesis that inflam-
matory conditions in solid tumor tissues promote cancer
development including tumor initiation, promotion, progres-
sion, and metastasis. Some pro-inflammatory cytokines such
as interleukin (IL)-6 in tumor microenvironment are related to
tumor development.”° IL-6 favors lung cancer growth by inhi-
biting the host anti-tumor immune system.>'* Additionally,
in some cancers including lung cancer, secretion of anti-
inflammatory cytokines IL-4 and IL-10 by tumor cells help
to drive and sustain pro-tumorigenic inflammatory loops.**?°
However, the pro-inflammatory cytokines tumor necrosis fac-
tor alpha (TNF-a), interferon gamma (IFN-v) and IL-2 med-
iate antitumor effects.’®® IL-1, TNF-o and IL-6 play an
important role in the acute phase response of COPD.?*-*
Previous studies have shown that increase of the IL-10 and
TNF-a were significantly associated with COPD progres-
sion.>%%7 During exacerbations of COPD, the levels of IL-6,
IL-1B, TNF-a and IL-8 were found to be increased in spu-
tum.>® Research has shown that the balance between IL-6 and
IL-10 serum levels showed to be a more discriminative mar-
ker for severity definition and evaluation of recovery in
patients with pneumonia.*® The levels of IL-1p, IL-6 and
TNF-a are usually elevated in patients with community-
acquired pneumonia.***?

Therefore, we speculated the concentration of serum inflam-
matory cytokines might be related with the occurrence and
development of lung diseases such as lung cancer, COPD and
pneumonia. To our knowledge, no previous studies have com-
pared the difference of serum inflammatory cytokines levels
among COPD, AECOPD and lung cancer. In this study, we
compared the levels of inflammatory cytokines among COPD,
pneumonia and lung cancer. Additionally, we also assessed the
levels of cytokines between stable COPD and AECOPD
patients. Altogether, our study provided theoretical basis for

developing a clinical strategy for COPD, pneumonia and lung
cancer diagnosis.

Methods

Study Subjects

From November 2018 to March 2019, 114 patients with pneumo-
nia who were admitted to the Affiliated Longyan First Hospital of
Fujian Medical University for respiratory medicine, 76 patients
with COPD, 42 patients with non-small cell lung cancer (NSCLC)
and 62 healthy participants as control at the same time were
enrolled. Diagnostic criteria for these diseases were referred to
the Chinese Medical Association Respiratory Diseases Commit-
tee for the diagnosis and treatment of chronic obstructive pulmon-
ary disease, guidelines for the diagnosis and treatment of
community-acquired pneumonia, and the National Comprehen-
sive Cancer Network (NCCN) NSCLC diagnosis, respectively.

All subjects were excluded from diabetes, hypertension, con-
nective tissue disease, and other neoplastic diseases. Among
them, there were 52 males and 24 females in the COPD group,
the age ranged from 52 to 87 (70.3 + 10.8) years. There were 72
males and 42 females in the pneumonia group, aged 18-82 (58.1
+ 20.8) years old, 29 males and 13 females in the lung cancer
group, age 32-84 (68.2 + 11.2) years old. Another 62 medical
center health volunteers were selected as the control group,
including 36 males and 26 females, aged 40-69 (55.67 + 7.6)
years old. There was no significant difference in gender ratio and
age between COPD, pneumonia, lung cancer group and control
group (P> 0.05). This study was approved by the human research
ethics committee of the Affiliated Longyan First Hospital of
Fujian Medical University (2018-025). And consent forms were
obtained from each patient prior to sample collection.

Flow Cytometry

Peripheral venous blood samples (5 mL) were collected from
each patient when they were enrolled in the investigation. The
blood was centrifuged at 800xg for 20 mins to separate the
serum, which was stored at 2-8°C before testing and complete
detection within 24 hours after sampling. Levels of IL-2,
IFN-vy, IL-4, IL-10, IL-6, TNF-o were analyzed by Human
Th1/Th2 phenotyping Kit (Hangzhou Cellgene Biotech Co.,
Ltd, Zhejiang, China) on a DXFLEX clinical flow cytometer
(Beckman Coulter, USA).

Statistical Analysis

All data were analyzed using SPSS 19.0 (USA), and the data
were presented as the mean + SD (standard deviation, SD).
Comparisons of cytokines were assessed by One-way
ANOVA, P < 0.05 was considered to indicate a statistically
significant difference.
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Table 1. Subject Characteristics.

Group
Variable Pneumonia (n = 114) COPD (n = 76) Lung cancer (n = 42) Control (n = 62)
Age (years), mean + SD 58.1 + 20.8 70.3 + 10.8 68.2 + 11.2 55.67 + 7.6
Male/Female 72/42 52/24 29/13 36/26
Smokers (%) 43 (37.7%) 42 (55.3%)* 24 (57.1%)* 21 (33.8%)
Obesity (BMI > 25%) (%) 22 (19.2%) 17 (22.3%) 12 (28.6%) 16 (25.8%)

BMI, body mass index. *, P < 0.05; comparison with the control group.

Table 2. Comparison of Pulmonary Function in AECOPD and Stable
COPD.

Stable COPD

(n=41) AECOPD (n = 35)
Variable Subjects Ratio (%) Subjects Ratio (%) P-value
GOLD (grade) <0.05
1-2 22 53.7% 10 28.6%
3-4 19 46.3% 25 71.4%
CAT(Score) <0.05
0-20 20 48.8% 16 45.7%
21-40 21 51.2% 19 54.3%
mMRC <0.05
0-1 22 53.7% 13 37.1%
>2 19 46.3% 22 62.9%
Pulmonary <0.05
function
A-B 24 58.5% 12 34.2%
C-D 17 41.5% 23 65.8%

AECOPD, acute exacerbation of chronic obstructive pulmonary disease;
GOLD, Global Initiative for Chronic Obstructive Lung Disease; CAT, COPD
assessment test; mMRC, modified Medical Research Council. A, B, C and D
rank the lung function in patients with COPD.

Results

Subject Characteristics

A summary of patient demographics and clinical characteristics
was shown in Table 1. No significant difference of age and BMI
were found in all patients with COPD, pneumonia or lung cancer
and control group. However, the numbers of smokers were obvi-
ously increased in the patients with COPD and lung cancer
groups compared with control group (Table 1). There were 43
(37.7%), 42 (55.3%), 24 (57.1%), 21 (33.8%) subjects with a
smoking history in pneumonia, COPD, lung cancer and control
group, respectively. It also indirectly suggested that smoking
was a key pathogenic factor of lung cancer and COPD.

The COPD group was further divided into stable COPD and
AECOPD according to the degree of disease. There was no signif-
icantly difference in age between control group, stable COPD
group and AECOPD group (Table 2). Lung function in COPD
patients was assessed using Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD), COPD assessment test (CAT) and
modified Medical Research Council (mMRC). As shown in
Table 2, pulmonary function was significantly deteriorated in
AECOPD patients compared with stable COPD patients (P <0.05).

The Level of Cytokines in the Patients With Lung Cancer,
COPD and Pneumonia

The levels of IL-2, TNF-a, IFN-y, IL-4, IL-6 and IL-10 were
detected by flow cytometry. As shown in Table 3 and Figure 1,
the IL-2 (0.12 £+ 0.07 pg/mL) and IFN-y (0.59 + 0.26 pg/mL)
concentrations in the peripheral blood of the lung cancer
group were significantly lower compared with IL-2 (0.28 +
0.11 pg/mL) and IFN-y (1.14 + 0.28 pg/mL) levels in the
control group, respectively. And then to compare with TNF-o
(0.11 + 0.02pg/mL), IL-6 (5.10 £+ 2.79 pg/mL) and IL-10
(1.42 + 0.71 pg/mL) levels in the control group, the concen-
trations of TNF-o (0.35 + 0.13 pg/mL), IL-6 (31.98 + 16.29
pg/mL) and IL-10 (2.80 + 0.88 pg/mL) in the lung
cancer group were significantly increased. The IL-2 (0.39 +
0.15 pg/mL), TNF-o (0.27 + 0.07 pg/mL), IL-4 (0.41 + 0.12
pg/mL) and IL-10 (4.23 + 3.33 pg/mL) levels in the pneumo-
nia group were higher than control group. Additionally, the
levels of IL-2, IFN-y(1.36 + 0.21pg/mL) and IL-4 (0.41 +
0.12 pg/mL) in patients with pneumonia were increased com-
pared with lung cancer group. In the COPD patients, our results
showed that the levels of TNF-a (0.51 + 0.12pg/mL), IL-4
(0.37 £+ 0.13pg/mL) and IL-10 (3.74 + 1.59 pg/mL) were
higher than control group. Then the IL-2 (0.17 + 0.07pg/mL)
was decreased compared with controls. Compared with lung
cancer group, the concentrations of [IFN-y and IL-4 were signif-
icantly increased and the IL-6 was decreased in both patients
with COPD and pneumonia. In addition, the level of IL-2 was
higher in pneumonia group than lung cancer group and COPD
group. And the levels of TNF-o and IL-10 in patients with lung
cancer, COPD and pneumonia were significantly higher than
control group. These results suggested that the imbalance of
inflammatory cytokines occurred in patients with lung cancer,
COPD and pneumonia. It revealed that inflammatory cytokines
play an important role in the development of these lung diseases
including lung cancer, COPD and pneumonia.

The Level of Cytokines in the Stable COPD and AECOPD
Patients

Patients with COPD were further divided into stable COPD and
AECOPD according to the severity of the disease. There was
significant difference in lung function between COPD and
AECOPD group (Table 2). As shown in Table 4 and Figure 2,
the concentration of TNF-a (0.53 + 0.07 pg/mL), IL-6 (15.99
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Table 3. The Level of Cytokines in the Patients With COPD, Pneumonia and Lung Cancer.

Groups IL-2 (pg/mL) TNF-a (pg/mL) IFN-y (pg/mL) IL-4 (pg/mL) IL-6 (pg/mL) IL-10 (pg/mL)
Controls 0.28 + 0.11 0.11 + 0.02 1.14 + 0.28 0.16 + 0.05 5.10 + 2.79 1.42 + 0.71

COPD 0.17 + 0.07* 0.51 + 0.12*% 1.29 4+ 044" 037 + 0.13%%# 1075 + 4.43%# 3.74 + 1.59%
Pneumonia 0.39 + 0.15*## 0.27 4+ 0.07* 1.36 4+ 0217 041 £ 0.12%%+% 9.88 + 5.08" 423 4 3.33%*
Lung cancer  0.12 & 0.07** 0.35 + 0.13* 0.59 + 0.26** 0.25 + 0.11 31.98 4 16.29%** 280 + 0.88*

* P<0.05; %%, P<0.01; *** P <0.001; comparison with the control group; # P<0.05; " P<0.001; comparison with the Lung cancer group, +++, P <0.001;

comparison with the pneumonia group.
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Figure 1. The level of cytokines in the patients with COPD, pneumonia and lung cancer. the level of IL-2, TNF-o, [FN-r, IL-4, IL-6, IL-10 in
serum of patients with pneumonia (n=114), COPD (n=76), lung cancer (n=42), healthy control (n=62) were analyzed by flow cytometry
microsphere array (CBA). Data represent mean + SD.*P <0.05; **P <0.01; ***P <0.001, controls versus COPD or pneumonia or lung cancer
group. P < 0.01; #*P < 0.001, lung cancer group versus COPD or pneumonia.

Table 4. Comparsion of the Levels of Cytokines between COPD and AECOPD Patient.

Groups n IL-2 (pg/mL) TNF-o (pg/mL) IFN-y (pg/mL) IL-4 (pg/mL) IL-6 (pg/mL) IL-10 (pg/mL)
Controls 62  0.28 + 0.11 0.11 &+ 0.02 1.14 + 0.28 0.16 &+ 0.05 5.10 + 2.79 142 4+ 0.71
Stable COPD 41  0.17 + 0.06*  0.51 + 0.15%%* 1.12 + 0.31% 0.36 + 0.09%* 8.56 + 1.55%%# 340 4 1.47*
AECOPD 35 0.15 4 0.09%  0.53 4 0.07*** 1.54 4+ 0.21* 038 + 0.16%*  15.99 4 1.81%*%* 435 4 [.25%%x*

*, P <0.05; **, P <0.01; *** P <0.001; comparison with the control group; # P <0.05 " P<0.001; comparison with the AECOPD group.

+ 1.81 pg/mL) and IL-10 (4.35 + 1.25 pg/mL) in AECOPD
group were sharply increased compared with control group.
The levels of IL-4 (0.36 + 0.09 pg/mL), IL-6 (8.56 + 1.55
pg/mL) and IL-10 (3.40 + 1.47 pg/mL) in stable groups were
higher than controls. And the TNF-o (0.51 + 0.15pg/mL) in
stable-COPD group was significantly increased relative to con-
trols. Besides, levels of IL-2 in stable-COPD group and
AECOPD group were lower compared with control group, rel-
atively. The results showed that serum inflammatory cytokines
have changed in patients with stable COPD and AECOPD.
Furthermore, the levels of IFN-y and IL-6 of AECOPD patients
were prominently higher than stable COPD groups. We specu-
lated that IFN-y and IL-6 might help to evaluate the severity of
COPD and predict the clinical outcomes.

Discussion

In this study, our results showed that the levels of TNF-o, IL-6
and IL-10 in patients with lung cancer were significantly higher
than healthy controls, while the levels of IL-2 and IFN-y in
patients with lung cancer were significantly lower than con-
trols. IFN-y can induce T cell proliferation, differentiation,
maturation, and promote T cell immune function.*** In addi-
tion, IFN-vy also enhances natural killer cells (NK), mononuc-
lear macrophages and cytotoxic T cells (CTL) killing activity
and lymphocyte infiltration inflammatory response, and then
induces delayed type hypersensitivity.** Thus, IFN-y has a
strong anti-tumor immunological effects.* Here, we found that
IFN-vy in lung cancer group was significantly lower than that
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Figure 2. Comparsion of the levels of cytokines between COPD and AECOPD patient. The level of IL-2, TNF-a, IFN-r, IL-4, IL-6, IL-10 in
serum of patients with stable- COPD (n = 41), AECOPD (n = 35) and healthy control (n = 62) were analyzed by flow cytometry microsphere
array (CBA). Data represent mean + SD. *P < 0.05; **P < 0.01; ***P < 0.001, controls versus stable-COPD, AECOPD group. p< 0.05;

#p < 0.001, stable-COPD versus AECOPD.

other groups. This implied that low IFN-y levels in lung cancer
patients failed to prevent lung tumor development. However,
this could not exclude a possibility that lung cancer cells
decreased the IFN-y secrete by inhibiting the activity of
immune cells. Previous study showed that serum IFN-y levels
are significantly higher in AECOPD than healthy control
group, suggesting that IFN-y is a better diagnostic value for
AECOPD.*® Our results were consistent with this report. Com-
pared with stable COPD and heathy control group, the concen-
tration of the IFN-y in the AECOPD group were higher.
Moreover, we showed that serum TNF-o, IL-6 and IL-10
levels were significantly increased in patients with lung can-
cer. It suggested that TNF-a, IL-6 and IL-10 might be impor-
tant biomarkers for distinguishing patients with the lung
cancer from healthy subjects. Previous study reported that the
increase of only IL-6 levels in patients’ serum can be used to
assist in the diagnosis of sepsis.*’” Here, we thought the
increase of above 3 markers TNF-o, IL-6 and IL-10 might
be used to distinguish patients with the lung cancer from
sepsis. It also hinted that the 3 factors in combination might
be used to distinguish lung cancer from other lung diseases,
such as sepsis or bacterial/viral infection.*® TNF-o, IL-4 and
IL-10 levels were increased in patients with COPD and pneu-
monia, suggesting TNF-o, IL-4 and IL-10 could be used to
assist in the diagnosis of COPD and pneumonia from sepsis or
lung diseases with bacterial or viral infection. In addition, the
serum concentrations of Th17-related cytokines such as IL-17
and IL-23 were associated with M.intracellulare lung dis-
ease.*’ The levels of both IL-6 and IL-8 in cord blood are
useful predictors of onset of chronic lung disease.’® The
results of our study showed that multiple cytokines were
changed in the occurrence and development of pneumonia,
COPD and lung cancer groups. Many studies have shown that

the occurrence and development of lung diseases are caused
by a variety of factors.'*'**® The diagnostic and predictive
role of cytokines in lung diseases still needed more in-depth
discussion and analysis.

‘What is more, the concentrations of TNF-o, IL-4, IL-6 and
IL-10 were increased in stable COPD and AECOPD group
relative to health controls. Previous studies have reported that
fibroblasts, endothelial and epithelial cells could secrete IL-6,
and thus serum IL-6 levels are increased in COPD.>">* IL-4
and IL-10 have been reported to be increased in AECOPD
group relative to health controls.*> Moreover, IL-10 combined
with “kidney injury” biomarker NGAL exerts a better diagnos-
tic value for AECOPD with acute kidney injury.*® Our results
were consistent with these reports. Compared with stable
group, the concentration of the IL-10 and IL-6 in the AECOPD
group were higher. Lung function deterioration could increase
the levels of inflammatory cytokines including IFN-y and
IL-6.73% Therefore, the increase of serum IFN-y and IL-6
levels in patients with AECOPD suggested the deterioration of
lung function were more serious than these ones with COPD.
Prospective studies will need to confirm whether measuring these
inflammatory cytokines can identify the risk of lung disease.

Altogether, our study provided theoretical basis for devel-
oping a clinical strategy to aid diagnosis. however, this study
has limitations which relatively small size affected the power to
detect associations between systemic markers and clinical
parameters. Perhaps, there will be more discoveries as we
expand the sample size. Next, we will expand the sample size
to further study the subject.
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