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Abstract: In this study, we investigated the correlations between airway and systemic Tumor Necrosis Factor-alpha
(TNF-a) and Monocyte Chemoattractant Protein -1 (MCP-1) levels and pulmonary function and quality of life in
patients with stable COPD. A low-risk COPD patient group (32 cases), a high-risk COPD patient group (29 cases)
and a healthy control group (30 cases) were included in the study. The TNF-o and MCP-1 levels in the induced
sputum and serum of the three groups were compared. The correlation between inflammatory factor levels in the
COPD patients and pulmonary function, body-mass index(BMI), airflow obstruction(FEV,%), dyspnea(MMRC
scale), exercise capacityf(6WMD), BODE index and SGRQ score was analyzed by a multiple variable linear
regression model. The TNF-a and MCP-1 levels in induced sputum and serum of the three groups were all
significantly different (2<<0.001). The MCP-1 level in the induced sputum of the low-risk COPD patient group was
negatively correlated with the 6 MWD and with the SGRQ symptom score (P=0.014). The serum TNF-a level in the
high-risk COPD patient group was negatively correlated with the FEV,/FVC(P=0.001) and was positively correlated
with the SGRQ total score (P=0.005). The serum MCP-1 level in the high-risk COPD patient group was negatively
correlated with the FEV/FVC and the MMRC dyspnea scale (P=0.007).
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Introduction in the process of airway imflammation.®® However, to
Chronic obstructive pulmonary disease (COPD) date, no research has investigated how the TNF-a and

is a chronic inflammatory disease that is primarily MCP-1 levels in induced sputum and peripheral blood

characterised by airflow obstruction resulting from samples from COPD patients are related to these

small airway inflammation (chronic bronchitis) and patients’ disease severity and quality of life. Therefore,

damage to the pulmonary parenchyma (emphysema).' this study examined how TNF-a and MCP-1 levels in

Relevant international research has demonstrated that induced sputum and serum samples from patients who

tumour necrosis factor (TNF)-o and monocyte were in a stable period of COPD were correlated with

chemoattractant protein-1 (MCP-1) are important pulmonary function and quality of life. The study

inflammatory mediators in COPD inflammation. In findings are reported below.

particular, TNF-a is involved in the recruitment and

migration of inflammatory cells,” promotes the Materials and methods

secretion of airway mucus, and participates in the Study subjects

remodelling of the organisational structure of the The following three groups were included in the

airway tissue,”” whereas MCP-1 has an important role study: a low-risk COPD patient group (30 cases), a

in the recruitment and migration of airway monocytes high-risk COPD patient group (26 cases), and a
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healthy control group (28 cases). All of the subjects
signed an informed consent form which ratified by
Medical Ethics Committee.The study protocol was
adhered to the recommendations for biomedical
research involving human subject of the Declaration of
Helsinki(1975). The COPD patients were at a stable
stage of COPD and treated at Guangdong People's
Hospital from January 2010 to June 2011. The subjects
in the healthy control group were healthy volunteers
recruited during the same period. The diagnosis of
stable COPD was based on the 2007 version of the
Chronic Obstructive Pulmonary Disease Diagnosis and
Treatment Guideline of the Chinese Medical

Association.' Other respiratory diseases were excluded.

The healthy subjects did not have chronic respiratory
diseases or a history of infectious disease within the
previous eight weeks. Malignancy, severe heart failure,
connective tissue disease, metabolic disease, bone and
joint diseases, and neuromuscular joint diseases were
ruled out in all of the subjects. None of the subjects
had experienced myocardial infarction or unstable
angina in the month preceding the study; had received
surgery in the previous six months; or had received
corticosteroids, nutritional support, or lipid-reducing
medication within the previous two months. All of the
subjects had normal liver and kidney function. All of
the COPD patients were classified into low-risk and
high-risk groups based on the 2011 COPD Global
Initiative for Chronic Obstructive Lung Disease
(GOLD).” The correlations between the TNF-a and
MCP-1 levels in the induced sputum and serum of the
patients and pulmonary function and quality of life
were investigated.

Methods
The MCP-1 and TNF-a levels in the induced

sputum and serum were measured in all of the subjects.

Pulmonary function tests and the BODE index
[including body-mass index (BMI), the percentage of
forced expiratory volume in the first second of
expiration over the predicted values (FEV,%), the
British Modified Medical Research Council (MMRC)
dyspnea score, and the six-minute walk distance
(6MWD)] were completed. The COPD patients were
scored according to St. George's respiratory
questionnaire (SGRQ)."

Measurement of MCP-1 and TNF-a levels in the
serum and induced sputum

The subjects fasted for ten hours without inhaling
supplemental oxygen, and then 3 ml of venous blood
was withdrawn and transferred to a tube. The blood
sample was immediately centrifuged (Eppendorf
centrifuge 58 10R, W/O ROTOR, 230V, Sigma-Aldrich
Ltd., United States) at 3000 r/min for 20 minutes to
remove the blood cells. The serum was collected,
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mixed well, and stored at -70°C for subsequent
examinations. Induced sputum was collected
according to the revised Pin method."" The collected
sputum was then processed within two hours. The
sputum sample was weighed, and 0.1% dithiothreitol
(DTT) was added to the sputum at a sputum weight to
0.1% DTT volume ratio of 1:2. The sample was
vortexed (XW-80A, Shanghai Medical Instrument
Factory) for 15 minutes and incubated at 37°C in a
water bath for 15 minutes to sufficiently homogenize
the sputum. The sample was filtered through a 40-pm
mesh screen to remove the mucus. The filtrate was
centrifuged (Hettich Universal centrifuge 320R,
Hettich Ltd., Germany) at 1500 r/min for ten minutes.
The supernatant was collected. The TNF-o and MCP-1
levels in the serum and induced sputum samples were
determined with enzyme-linked immunosorbent assays
(ELISA) from R&D (SCP00 and STA00C).

Pulmonary function tests

The subjects quietly rested and inhaled 200 pg of
the bronchodilator salbutamol. After 10 minutes, the
forced vital capacity (FVC), percentage of FVC over
the predicted value (FVC%), FEV,, and FEV,% were
measured with a spirometer (SensorMedics, Vmax 622,
Sen Disi Ltd., United States) according to the
American Thoracic Society/European Respiratory
Society spirometer quality control standards.

SGRQ score

The COPD patients were scored on the SGRQ.
The symptom score, activity score, impact score, and
total score were calculated using the scoring method
provided by the SGRQ."”

BODE index measurement

(1) BMI measurement: the subjects’ height (H, m)
and weight (W, kg) were measured. BMI (kg/m?) was
calculated using the equation BMI = W/H”. (2) FEV,%
measurement: the same method described for the
pulmonary function tests was used for the FEV,%
measurement. (3) Dyspnea scale: The dyspnea scale
was assessed in the subjects using the MMRC."> The
following rating scale was used: 0: the subjects only
experienced shortness of breath during excessive
physical activity; 1: the subjects experienced shortness
of breath when walking on level ground or a mild
slope; 2: due to shortness of breath, the subjects
walked more slowly than their peers or had to stop to
catch their breath when walking on level ground; 3:
the subjects needed to stop to catch their breath after
walking on level ground for a few minutes; and 4: the
subjects were unable to leave home due to shortness of
breath or experienced shortness of breath when putting
on or taking off clothes. (4) 6MWD test: The 6MWD
(m) was measured using the guidelines developed by
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the American Thoracic Society in 2002."° (5) The
BODE index was calculated based on the method
suggested by Celli et al.'"* The score from each
component was calculated first (0: BMI>21kg/m’,
FEV,%>65, MMRC dyspnea scale 0-1, 6MWD>350
m; 1: BMI<21 kg/m’, FEV,%=50-64, MMRC dyspnea
scale 2, 6MWD=250-349 m; 2: FEV,;%>36-49,
MMRC dyspnea scale 3, 6MWD>150-249 m; 3:
FEV,%<35, MMRC dyspnea scale 4, 6MWD<149 m).
The total score was then calculated as the sum of each
component.

Severity assessment in COPD patients

Based on the COPD patients’ FEV,%, MMRC
dyspnea scale, and the number of episodes of acute
exacerbation in the past one year, the COPD patients
were classified into categories A, B, C, and D
according to the method described in the 2011 version
of GOLD.? The patients in categories A and B were
assigned to the low-risk group, and the patients in
categories C and D were assigned to the high-risk

group.

Statistical analysis

The statistical analysis software SPSS13.0 was
used. Comparisons among the three groups were
analyzed using one-way analysis of variance
(ANOVA). If two groups exhibited equal variance, the
least significant difference (LSD) test was used to
analyze the difference. If two groups exhibited unequal
variance, Dunnett’s T3 test was applied. A ’ test was
used to compare ratios. Comparisons of ranked data
were analyzed by the Kruskal-Wallis H test, which is a

completely random sample comparison. The
between-group comparisons of measurement data were
analyzed based on a one-sided,

two-independent-sample ¢ test. The multiple-variable
linear regression model was analyzed using a stepwise
regression method. The individual inflammatory factor
levels in the COPD patients were used as dependent
variables; the patients’ pulmonary function, BODE
index, and SGRQ score were used as independent
variables. P values<<0.05 were considered statistically
significant.

Results
General characteristics of the subjects in the three
groups

The low-risk COPD patient group included 28
males and 4 females. The high-risk group included 27
males and 2 females. The healthy control group
included 24 males and 6 females. There was no
significant difference in the gender distribution of the
three groups (y°=2.232, P=0.328). The average ages of
the low-risk, high-risk, and control groups were
70.63+7.78, 69.7248.62, and 67.47+8.54, respectively.
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There was no significant difference in age among the
groups (F=1.176, P=0.313).

Comparisons of the inflammatory factor levels,
pulmonary function, and BODE index in the
subjects

The ANOVA analysis and pairwise comparisons
revealed that the TNF-a and MCP-1 levels in the
induced sputum and serum and the pulmonary function
index were significantly different among subjects of
the three groups (Table 1 and Table 2). The
inflammatory factor levels increased sequentially from
healthy subjects to low-risk COPD patients to
high-risk COPD patients; the FEV,%, FVC%, and
FEV,/FVC decreased sequentially in the same order.
Comparisons of the individual components and overall
BODE index showed that there was no significant
difference in the BMI and 6MWD of the three groups,
the MMRC dyspnea scale and BODE index total score
increased sequentially in the same order.

General condition of the two COPD patient groups
and SGRQ score comparisons

Table 3 illustrates that the duration of COPD in
the high-risk patient group was significantly longer
than the disease duration in the low-risk patient group;
the number of acute attacks in the high-risk patient
group was significantly higher than the number of
acute attacks in the low-risk patient group. The total
SGRQ score, activity score, and impact score in the
high-risk patient group were significantly higher than
the same parameters in the low-risk patient group,
whereas the symptoms score was not significantly
different between the two groups.

Multiple-variable linear regression analysis of the
inflammatory factor levels, pulmonary function,
and quality of life of COPD patients

Table 4 demonstrates that the MCP-1 level in the
induced sputum was negatively correlated with the
results of the 6MWD and positively correlated with
the SGRQ symptoms score in the low-risk COPD
patient group. The induced sputum TNF-a level and
serum TNF-o and MCP-1 levels were not correlated
with pulmonary function and quality of life in the
low-risk patient group. In the high-risk patient group,
the serum TNF-a level was negatively correlated with
the FEV,/FVC value and positively correlated with
total SGRQ score. The serum MCP-1 level was
negatively correlated with the FEV/FVC value and
with MMRC dyspnea scale in the high-risk patient
group. The serum levels of the two inflammatory
factors were not correlated with pulmonary function
and quality of life in the high-risk patient group.
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Table 1. Biomarker levels, lung function, BMI, 6 MWD, and BODE index for the three groups ()_C ts )

Healthy control | Low-risk COPD | High-risk COPD | F P

group (n=30) patient group (n=32) patient group (n=29)
Inflammatory factor
Induced sputum TNF-a, pg/ml 5.09+9.50 14.17+10.88* 24.134+20.66*t 12.616 <0.001
Induced sputum MCP-1, pg/ml 102.47+112.34 207.64+180.44* 342.80+275.28*F 10.265 <0.001
Serum TNF-q, pg/ml 0.40+0.99 4.12+5.58* 10.26+£10.52%% 15.687 <0.001
Serum MCP-1, pg/ml 92.03+72.92 205.39+£205.37* 379.74.53£298.23* 13.726 <0.001
Pulmonary function ’
FEV1% 106.50+18.42 69.84+18.14* 34.69+6.86*1 156.745 <0.001
FVC% 107.07+20.87 92.19+15.37* 77.76£13.53%% 22224 )
FEV\/FVC, % 81.20+4.82 55.03+11.67* 36.41£10.67*+ 162.904 <0.001
BODE index <0.001
BMI, kg/m’ 23.21+3.98 22.16+2.76 21.9243.30 1.246 0.293
FEV1% 106.50+18.42 69.84+18.14* 77.76£13.53%% 140.488 <<0.001
6MWD, m 406.07+112.61 399.47+67.19 371.14+66.43 1.415 0.248
BODE index (Total score) 0.27+0.45 1.09£1.00* 3.97+1.48% 100.186 <0.001

"P<<0.05 compared with the healthy control group. "P<<0.05 compared with the low-risk COPD group.
COPD, chronic obstructive pulmonary disease; TNF-a, Tumor Necrosis Factor-alpha; MCP-1, Monocyte
Chemoattractant Protein -1; BODE index, include body-mass index, airflow obstruction, dyspnea, exercise capacity;
BMI, body-mass index; FEV %, the percentage of forced expiratory volume in the first second of expiration over
predicted values; FVC, Forced Vital Capacity; 6MWD, the six-minute walk distance; SGRQ, St. George's

respiratory questionnaire.

Table 2. MMRC dyspnea scale in the three groups

Group 1(\)/IMRC ld yspne; scale 3 Average scale Xz P
Healthy control group (n=30) 30 0 0 0 0 27.00 42.674 <0.001
Mild-moderate COPD patient group (n=30) 18 9 3 1 0 45.05

Severe-very severe COPD patient group (n=26) 4 15 8 2 0 66.71

MMRC, modified british medical research council; COPD:chronic obstructive pulmonary diseas

Table 3. Clinical characteristics and SGRQ scores in low-risk COPD patient group and high-risk COPD patient

group (X £5)

Low-risk COPD patient group (n=29) High-risk COPD patient group (n=28) t P
Duration of the disease, years 7.53+10.47 17.24+15.22 -2.876 0.006
Number of acute attacks, time 0.66+1.12 1.28+1.22 -2.062 0.044
Total SGRQ score 25.82+16.87 39.68+18.77 -3.039 0.004
SGRQ symptoms score 45.41+19.83 54.58+18.19 -1.877 0.066
SGRQ activity score 25.88+22.52 42.75+24.51 -2.531 0.014
SGRQ impact score 18.72+17.02 30.89+20.51 -2.804 0.007

COPD, chronic obstructive pulmonary disease; SGRQ, St. George's respiratory questionnaire

Table 4. Multiple-variable linear regression model for the biomarker levels, lung function, and quality of life of
COPD patients

Model parameters Variable parameters

djusted R® F P B SE B t P

Low-risk COPD group
Induced sputum MCP-1 model 0.208 5.058 | 0.013
6MWD -0.959 0.431 -0.357 -2.226 0.034
SGRQ symptoms component -3.562 1.459 0.392 -2.441 0.021
High-risk COPD group
Serum TNF-o model 0.383 9.675 0.001
FEV,/FVC -0.540 0.146 -0.548 -3.687 0.001
Total SGRQ score 0.201 0.083 0.358 2.411 0.023
Serum MCP-1 model 0.274 6.290 | 0.006
FEV,/FVC -10.594 4.598 -0.379 -2.304 0.029
MMRC dyspnea scale 191.397 61.532 0.512 3.111 0.004

COPD, chronic obstructive pulmonary disease; MCP-1, Monocyte Chemoattractant Protein -1; 6MWD, the
six-minute walk distance; SGRQ, St. George's respiratory questionnaire; TNF-a, Tumor Necrosis Factor-alpha;
FEV,, Forced Expiratory volume in the first second of expiration; FVC, Forced Vital Capacity.
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Discussion
Analyses of TNF-a and MCP-1 levels in induced
sputum and serum samples from COPD patients
Previous studies have revealed that levels of
inflammatory mediators in airways and serum are
significantly higher in COPD patients than in healthy
individuals.””" To increase the accuracy of assessing
the condition of COPD patients and devise improved
treatment regimens, the 2011 Global initiative for
chronic Obstructive Lung Disease (GOLD) guidelines
divide COPD patients into four groups, designated as
A, B, C, and D, based on each patient’s pulmonary
function, level of dyspnoea, and frequency of acute
exacerbation of COPD.’ In this study, to provide a
highly comprehensive evaluation of the conditions and
prognoses of different patients, COPD patients from
groups A and B were regarded as the low-risk group of
subjects, and COPD patients from groups C and D
were regarded as the high-risk group of subjects. Our
results indicated that TNF-oo and MCP-1 levels in
induced sputum and serum were significantly greater
in both the low-risk patient group and the high-risk
patient group than in healthy individuals, and this
elevation of the TNF-a and MCP-1 levels was more
pronounced in patients from the high-risk group than
in patients from the low-risk group. These results
suggested that even during stable periods of COPD,
airway and systemic TNF-o and MCP-1 levels are
significantly higher in COPD patients than in healthy
individuals of similar age; moreover, the levels of both
mediators may tend to increase as the disease
progresses. Both inflammatory mediators may
participate in the formation and development of
COPD-related airway inflammation and affect the
progression and prognosis of COPD.
An analysis of the quality of life of COPD patients
The BODE (body mass index (BMI), airflow
obstruction, dyspnoea, and exercise capacity) index for
COPD is a composite indicator that provides an

overall evaluation that encompasses various
characteristics of COPD patients, including each
patient’s nutritional status, airflow limitations,

dyspnoea, and exercise capacity; thus, this index
comprehensively reflects the disease status of these
patients and can be used in combination with the St.
George’s Respiratory Questionnaire (SGRQ) to
indicate the degree of severity of COPD."

In our study, the BODE index was significantly
higher for COPD patients than for healthy individuals,
indicating that quality of life has been greatly
impacted in both the low-risk and the high-risk groups
of COPD patients. However, the BMI and six-minute
walk distance (6MWD) results for COPD patients did
not significantly differ from the corresponding results
for healthy individuals. This phenomenon may reflect
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the relatively small sample size of this study and/or the
existence of biases with respect to the subjects who
were enrolled in this investigation. The testing
locations of this study were in hospitals, and patients
considered their general health status prior to reaching
a decision regarding participation in the assessments
that were conducted during this investigation; thus,
weaker patients were frequently unwilling or unable to
participate in these assessments. Therefore, the
nutritional status and exercise capacity of the enrolled
patients may have caused us to overestimate the actual
status of the overall population of COPD patients.

The SGRQ index is divided into three domains:

symptoms, activity, and impact. An SGRQ score
includes not only a total score but also scores for each
domain. In this study, SGRQ scores in the symptoms
domain were high for both the low-risk and the
high-risk groups of patients, whereas SGRQ scores in
the impact and activity domains were more elevated
from normal levels in high-risk patients than in
low-risk patients. Therefore, airway symptoms have
already become obvious for patients with relatively
mild COPD; as the disease progresses, patients
experience gradually declining mobility, leading to
additional deterioration of the quality of these patients’
everyday lives.
Analyses of how TNF-a and MCP-1 levels in
induced sputum and serum are correlated with the
pulmonary function and quality of life of COPD
patients

Studies by Liu et al.”” have demonstrated that in
COPD patients, serum levels of inflammatory
mediators are correlated with smoking indices, forced
expiratory volume in one second (FEV,) percentages,
modified Medical Research Council (MMRC) scores,
6MWD levels, BODE index scores, and
corticosteroids usage. Agusti et al®' conducted a
prospective study of a large sample of 1755 COPD
patients and demonstrated that the systemic levels of
multiple inflammatory mediators were higher than
normal in 70% of the examined COPD patients.
Moreover, compared with patients with normal
systemic levels of inflammatory mediators, these
COPD patients demonstrated significantly reduced
BMI, lean body mass index, FEV,, FEV,%, and
6MWD levels but significantly increased smoking
index scores, MMRC scores, SGRQ scores,
frequencies of acute exacerbation, hormone usage, and
BODE index scores. All-cause mortality rates were
significantly greater in patients with continuously
elevated levels of systemic inflammation than in
patients with normal systemic inflammation levels,
suggesting that close correlations exist between
systematic inflammation levels and the illness status,
quality of life, and prognosis of COPD patients.
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Our study investigated both the systemic and
airway-specific inflammation levels of COPD patients
and analysed how these inflammation levels were
related to pulmonary function and quality of life.
TNF-a levels in induced sputum were not correlated
with pulmonary function and quality of life in either
the high-risk or low-risk group of COPD patients.
MCP-1 levels in induced sputum were not only
negatively correlated with 6MWD levels in the
low-risk group of COPD patients but also positively
correlated with these patients’ SGRQ scores in the
symptoms domain. With respect to the serum levels of
inflammatory mediators, in the low-risk group of
patients, serum TNF-o and MCP-1 levels
demonstrated no obvious correlations with either
pulmonary function or quality of life. In the high-risk
group of patients, serum TNF-a and MCP-1 levels
were negatively correlated with FEV,/forced vital
capacity (FVC) ratios, serum TNF-a levels were
positively correlated with overall SGRQ scores, and
serum MCP-1 levels were positively correlated with
MMRC scores. These correlations indicated that the
serum levels of these two inflammatory cytokines are
elevated in patients with relatively serious disease
conditions and obvious reductions in pulmonary
function. To a certain extent, this elevation reflects the
pathological changes and corresponding aggravating
clinical manifestations that occur in bronchial and
pulmonary tissues during the course of COPD.

In summary, in the low-risk group of COPD
patients, there was an obvious relationship between
inflammatory factor levels in induced sputum samples
and impaired quality of life. In the high-risk group of
COPD patients, the levels of serum inflammatory
factors exhibited a correlation with reduced pulmonary
function and impaired quality of life. These changes in
pulmonary function and quality of life among COPD
patients are caused by complicated disease
mechanisms that involve a variety of inflammatory
mediators. Our findings demonstrated not only that
TNF-o and MCP-1 participate in the pathological
process of the occurrence and development of COPD
but also that changes in TNF-o and MCP-1 levels may
be somewhat reflective of changes in a patient’s
condition and quality of life. Thus, to a certain extent,
measurements of the levels of TNF-a and MCP-1 in
induced sputum and serum could serve as reference
data for monitoring changes in the conditions of
COPD npatients and evaluating the therapeutic effects
of COPD treatments. Examinations of the levels of
these inflammatory mediators can also provide
inspiration for the study of new targets for drug
therapies.

Previous similar studies have typically limited
their examinations to serum levels of inflammatory
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cytokines in COPD patients. However, our study
investigated the levels of inflammatory cytokines in
both induced sputum and serum samples from patients
who were in stable periods of COPD and explored
how these levels were related to pulmonary function
and quality of life. In the past, the progression of
COPD in most patients was thought to be correlated
with the severity of airflow limitations; in fact, in prior
GOLD guidelines, FEV, was used to determine the
stage of severity of COPD. However, among COPD
patients, only a weak correlation exists between FEV,
symptoms and the impairment of health-related quality
of life. For a COPD patient, FEV, is not a reliable
indicator of dyspnoea, mobility limitations, and health
status. The most recent GOLD guidelines, from 2011,
involve assessing disease severity based on a patient’s
pulmonary function, dyspnoea score, and frequency of
acute exacerbation of COPD. This approach provides a
more accurate reflection of the complexity of COPD
than the prior approach to staging this disease, which
involved the unidimensional analysis of airflow
limitation.” Thus, the current study employed the more
advanced COPD classification method, which can
provide a more accurate assessment of the disease
status and prognosis of COPD, to divide the examined
patients into a low-risk group and a high-risk group for
analytical purposes. This investigation determined that
patients at these two different stages of illness severity
demonstrated different characteristics with respect to
how the airway and systemic inflammation levels were
related to pulmonary function and quality of life.

The limitations of this study include its relatively
small sample size, its cross-sectional nature, and its
examination of only several selected inflammatory
cytokines. The examination of a large sample in a
prospective study would allow for further investigation
of not only the role of inflammation in the
pathogenesis of COPD but also the relationships
between inflammation and pulmonary function,
quality of life, and prognosis in COPD patients.
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