MOLECULAR MEDICINE REPORTS 10: 959-964, 2014

Reduced levels of interleukin-1 receptor antagonist
act as a marker for pneumonia in the elderly
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Abstract. Pneumonia is a disease causing serious inflam-
mation and infection of the lungs and accounts for
>50,000 mortalities annually. The elderly are at an increased
risk of developing pneumonia. Pneumonia is more serious in
the elderly than in any other age group due to the increased
inflammation and risk of community-acquired pneumonia
associated with aging. Interleukin-1 receptor antagonist
(IL-1RA) is an anti-inflammatory protein that counteracts
the destructive effects of inflammatory proteins. Therefore,
the possible association between pneumonia in elderly indi-
viduals and reduced levels of IL-1RA was investigated in
the present study. The number of lymphocytes was counted
in all subjects and the relative protein expression levels of
IL-1RA were determined using western blot analysis. In addi-
tion, the immunological activities of IL-IRA were measured
using ELISA. The results demonstrated that the numbers of
lymphocytes in the serum and bronchoalveolar lavage fluid
(BALF) were significantly higher in elderly patients than
those in young patients. Furthermore, the serum and BALF
levels of IL-1RA in elderly patients were significantly lower
than those in young patients (P<0.05 and P<0.01, respec-
tively). Therefore, reduced levels of IL-1RA in BALF may
act as a marker for pneumonia in the elderly and may be a
potential adjuvant for the diagnosis of pneumonia in elderly
individuals. The results also showed that smoking was associ-
ated with significant reductions in the levels of IL-1RA in the
BALF of elderly patients. The association between smokers
and non-smokers found in this study provides support for the
hypothesis that smoking may contribute to the pathogenesis
of pneumonia by further reducing IL-IRA levels in certain
elderly patients.
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Introduction

Pneumonia is a disease causing serious inflammation and
infection of the lungs and represents one of the leading causes
of mortality, accounting for >50,000 deaths annually (1).
Individuals aged =65 years are particularly vulnerable to
developing the disease. Furthermore, pneumonia is more
serious in the elderly than in any other age group (2).
However, the diagnosis of pneumonia in older populations
can be difficult since the elderly are less likely to report the
symptoms associated with the disease, such as fevers, chills
and chest pains. Chest radiography and physical examinations
are necessary for a diagnosis to be obtained, but the diagnosis
often remains difficult due to the fact that the accuracy of
chest radiographs in the diagnosis of pneumonia is low (3).
Sputum samples and antigen tests may be useful in the diag-
nosis; however, these methods are time-consuming and lack
sensitivity (4).

Biomarkers have the potential to aid health practitioners
in clinical practice. The information provided by biomarkers
should not duplicate that available by standard methods and
the use of the biomarker should enable certain definitive
actions to be taken. Prior to the acceptance of a specific
biomarker for clinical use, the biomarker should have been
proven to be successful in at least one of the following:
(i) Showing diagnostic or prognostic efficacy; (ii) reflecting
disease progression; (iii) aiding patient selection for specific
therapeutic regimens; (iv) exhibiting a wide variety of values;
and (v) being unaffected by the duration of the infection and
continuing to be show efficacy even during prolonged and
successive infections (5).

Aging is often associated with an increase in inflamma-
tion and in the risk of community-acquired pneumonia (6).
Interleukin-1 receptor antagonist (IL-1RA) is an anti-inflam-
matory protein that counteracts the destructive effects of
inflammatory proteins (7). Taking this into account, it was
hypothesized in the present study that pneumonia in elderly
patients may be associated with reduced levels of IL-1RA.
Tobacco smoking has also been associated with impaired
pulmonary function and an increased incidence of infec-
tions (8,9), including in elderly patients (10); however, the
mechanism behind this phenomenon has yet to be elucidated.
Therefore, in the present study, it was also investigated
whether smoking affects the level of IL-1RA and increases
the risk of pneumonia.
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Materials and methods

Experimental populations. Ethical approval was obtained from
the General Hospital of Shenyang Military Area Command
(Shenyang, China) and written informed consent was obtained
from the patients (project no. DQKY2011-2049B). Ninety
young patients with pneumonia (52 males and 38 females;
30 smokers and 60 non-smokers), aged ~22 years (range,
18-24 years) and 90 elderly patients with pneumonia (50 males
and 40 females; 40 smokers and 50 non-smokers), aged
~70 years (range, 65-73 years) were selected for this study.
Patients with collagen vascular diseases (CVDs) were excluded.
For all patients, the diagnosis was pathologically confirmed
by open lung biopsy or video-assisted thoracoscopic surgery.
The mean + standard deviation (SD) percentage vital capacity
(%VC) of the young patients was 88+25% (range, 68-120%)
and the mean + SD arterial oxygen tension (PaO,), measured
while breathing room air, was 11+1.9 kPa (range, 8-15 kPa).
The mean + SD %VC of the elderly patients was 85+16%
(range, 61-112%) and the mean + SD PaO, while breathing
room air was 11+1.3 kPa (range, 9-13 kPa). In all patients,
crackles were present predominantly in basal areas and
inspiratory squeaks were not found. No positive serological or
other markers of CVD were observed. None of the patients had
taken medicine or immunosuppressant therapy at the time of
the clinical sample collection.

Blood sample collection and bronchoalveolar lavage fluid
(BALF) procedure. Serum samples were obtained from young
and elderly patients. Peripheral venous blood samples were
taken and immediately stored at -80°C. BAL was performed
using a flexible fiberoptic bronchoscope (Olympus 1T-200;
Olympus, Tokyo, Japan) following local anesthesia of the
upper airways with 4% lidocaine. The bronchoscope was
inserted into one of the segmental bronchi of the right middle
lobe and 50 ml sterilized saline was then instilled through the
bronchoscope. The fluid was immediately retrieved by suction
using a sterile syringe and the procedure was repeated three
times. BALF was passed through two sheets of gauze and
then centrifuged at 500 x g for 10 min at 4°C. The cells were
washed twice with phosphate-buffered saline (PBS) and the
remaining cells were then suspended in PBS supplemented
with 10% heat-inactivated fetal calf serum and counted using a
hemocytometer. An aliquot was then diluted to a concentration
of 2x10° cells/ml and a 0.2-ml cell suspension was spun down
onto a glass slide at 300 x g for 2 min. The remaining fluid
was centrifuged at 500 x g for 5 min and the supernatant was
stored at -80°C. The slides were dried, fixed and then stained
using the May-Giemsa method.

Western blot analysis of the relative protein levels of IL-IRA.
Antibodies against IL-1IRA and GAPDH (loading control)
were purchased from Beijing Biotech Co., Ltd., (Beijing,
China). BALF and serum were dissolved in radioimmunopre-
cipitation assay buffer [150 mM sodium chloride, 1% NP-40,
0.5% sodium deoxycholate, 0.1% SDS and 50 mM Tris-HCl
(pH 8.0)] and cOmplete Mini protease inhibitor [Roche R&D
Center (China) Ltd., Shanghai, China] was included. The
debris was removed and the supernatants were boiled and
mixed with an equal volume of 20% glycerol containing 0.02%
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bromophenol blue. Proteins were separated using SDS-PAGE
and transferred to a polyvinylidene difluoride membrane
(Millipore Corporation, Billerica, MA, USA). The membranes
were blocked with 5% skimmed milk in 10 mM Tris (pH 7.5),
100 mM NaCl and 0.1% Tween-20 (TBST) and incubated
with primary antibodies in TBST with 0.5% skimmed milk
overnight at 4°C. The membranes were treated with primary
antibodies and horseradish peroxidase-conjugated goat
secondary antibodies (Sangon Biotech Co., Ltd., Shanghai,
China).

Measurement of the immunological activity of IL-IRA. The
levels of IL-IRA were measured using commercial kits in
accordance with the manufacturer's instructions. IL-1RA
concentrations in the serum and BALF were measured
using an ELISA kit (Sino Biological Inc., Beijing, China). To
compare the levels of IL-1RA with other biomarkers of pneu-
monia known to be useful for clinical decisions, the serum
levels of periostin, a matrix protein used as a biomarker to
assess histopathological types of pneumonia, were addition-
ally measured (11). Periostin levels were measured using an
ELISA kit (R&D Systems China Co., Ltd., Beijing, China).

Statistical analysis. Differences between the two groups
were compared using one-way analysis of variance. Fisher's
protected least significant difference test was used as a post
hoc test. Spearman's rank correlation coefficient was used
to identify the strength of correlation between the levels of
IL-1RA in the serum and BALF. The correlation between
tobacco smoking and the levels of IL-1RA was also examined.
All subjects had a personal history of smoking O to 12 ciga-
rettes/day (the same brand of cigarettes) for the last 10 years.
Online software (available at http:/www.wessa.net/rwasp_
spearman.wasp/) was used to compute the Spearman's Rank
Correlation and the two-sided P-value, as well as to create
the ordinary scatterplot between the ranks of X and Y. Data
were analyzed using Statview 5.0 software (Abacus systems,
Berkeley, CA, USA). P<0.05 was considered to indicate a
statistically significant difference.

Results

Cell counts in BALF. Numerous types of cell are responsible
for producing cytokines in response to local or systemic injury.
These cells can be local resident cells within the lung, including
alveolar macrophages, lung epithelial cells and fibroblasts, or
cells such as neutrophils, lymphocytes, monocytes and plate-
lets (12-14). The number of inflammatory cells may reflect
certain characteristics of specific types of pneumonia. For
young patients, the total cell counts of macrophages, eosino-
phils and neutrophils were significantly higher than those in
elderly patients (P<0.05). However, in the elderly patients,
the absolute number of lymphocytes was higher than those
in the young patients (P<0.05) (Table I). Thus, pneumonia in
elderly patients may be characterized by the high levels of the
predominant inflammatory cells, lymphocytes.

Relative protein levels of IL-1RA in the serum and BALF.
The relative protein levels of IL-1IRA in the serum differed
between young and elderly patients: The relative protein levels
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Table I. Cell counts in bronchoalveolar lavage fluid among different groups.
Patient groups Number Total cells?, x105/ml Macrophages® Neutrophils® Eosinophils® Lymphocytes®
Young 40 5.7 (11.8) 75.8 (36.3) 6.4(5.5) 3.8(6.1) 13.7 (8.5)
Elderly 50 44(1.3) 52.8 (21.1) 3.1(1.9) 1.7 (1.8) 42.0(21.3)

All values are expressed as means and (medians). ‘P<0.05 for the overall comparison of the two groups (one-way analysis of variance).
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Figure 1. Western blot analysis of the relative protein levels of interleukin-1
receptor antagonist in serum and BALF from young and elderly patients. Each
bar represents the mean + standard deviation of three independent experiments.
BALF, bronchoalveolar lavage fluid; IL-1R A, interleukin-1 receptor antagonist.

of IL-1RA in the serum were lower in elderly patients than
those in young patients (P<0.05; Fig. 1). Similarly, the rela-
tive protein levels of IL-1RA in BALF differed significantly
between young and elderly patients: The relative protein levels
of IL-1IRA in the BALF were lower in elderly patients than
those in young patients (P<0.01; Fig. 1). This difference in
protein levels between young and elderly patients was greater
in the BALF than that in serum. Therefore, reduced protein
levels of IL-1RA in BALF may act as an effective biomarker
for the diagnosis of elderly pneumonia.

Immunological activities of IL-IRA in the serum and BALF.
The average concentrations of IL-IRA were 160 pg/ml (range,
84-185 pg/ml) and 138 pg/ml (range, 78-170 pg/ml) in the serum
of the young and elderly patients, respectively. The average
concentrations of IL-1RA were 85 pg/ml (range, 50-143 pg/ml)
and 70 pg/ml (range, 40-105 pg/ml) in the BALF of young
and elderly patients, respectively. IL-1RA levels in the serum
differed (P<0.05) between young and elderly patients. The
levels of IL-1RA in the serum were higher in young patients
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Figure 2. Immunological activities of IL-1RA in the serum and BALF of
young and elderly patients. The bars in the boxes are average activities and
the boxes represent 95% of the samples. The error bars are shown above
and below the boxes. Young patients, n=90; elderly patients, n=90. IL-1RA,
interleukin-1 receptor antagonist; BALF, bronchoalveolar lavage fluid.

than those in elderly patients (Fig. 2). IL-1RA levels in the
BALF also differed significantly (P<0.05) between young and
elderly patients: IL-1RA levels in the BALF were higher in
young patients than those in elderly patients (Fig. 2). All the
results were in accordance with the results obtained from the
western blot analysis.

Correlation between the percentage of lymphocytes and
concentration of IL-IRA. The levels of IL-1RA in the serum
and the BALF were inversely correlated with the percentage of
lymphocytes in all individuals (Fig. 3A and B). No significant
correlations were observed between the levels of IL-1IRA and
the percentages of neutrophils or eosinophils in the BALF.
The mean serum concentrations of periostin in young patients
were significantly higher than those in elderly patients [young
patients, 49 ng/ml (range, 35.8-77.1 ng/ml) versus elderly
patients, 18.7 ng/ml (range, 11.3-30.1 ng/ml); P<0.005] (data not
shown). In addition, the clinical utility of reduced serum and
BALF IL-1RA levels as markers of pneumonia in the elderly
was investigated. No significant differences were identified in
the mean %VC or PaO, between young and elderly patients.
The serum and BALF levels of IL-1RA also did not signifi-
cantly correlate with any of the pulmonary function test results
or PaO, (data not shown) in the patients with pneumonia.

Association between smoking and the levels of IL-1RA.
Smoking damages the natural defenses of the body against
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Figure 3. Correlation between the percentage of lymphocytes and IL-1RA levels in (A) serum and (B) BALF from young and elderly patients. Statistical
analysis was performed using a Spearman's rank correlation test. Values of ¢ between -1 and -0.5 indicate a strong negative correlation; values between 0.5
and 1 indicate a weak positive correlation. IL-1RA, interleukin-1 receptor antagonist; BALF, bronchoalveolar lavage fluid.
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Figure 4. Correlation between tobacco smoking and the expression levels of IL-1RA in the (A) serum from young patients, (B) BALF from young patients,
(C) serum from elderly patients and (D) BALF from elderly patients. Values of o between -1 and -0.5 indicate a strong negative correlation; values between 0.5
and 1 indicate a weak positive correlation. IL-1RA, interleukin-1 receptor antagonist; BALF, bronchoalveolar lavage fluid.

bacteria and viruses that increase the risk of hospitalization
for pneumonia (15,16). In the present study it was hypothesized
that pneumonia in elderly patients may be due to reduced
levels of IL-1RA; therefore, it was also investigated whether
smoking affected the expression levels of IL-1RA. In young
patients, the average concentrations of IL-1RA in serum and
BALF were not correlated with the degree of tobacco smoking
(P>0.05; Fig. 4A and B). By contrast, the concentration of
IL-1RA in the BALF, but not serum, was closely correlated
with the degree of tobacco smoking in elderly patients
(P<0.01; Fig. 4C and D). These results suggested that smoking
may cause a decrease in the expression levels of IL-1RA in the
BALF of elderly patients. The association between the degree
of tobacco smoking and the levels of IL-1RA in the BALF
indirectly provides support for the hypothesis that smoking
may contribute to the pathogenesis of pneumonia in elderly

patients by reducing IL-1RA levels in the BALF but not the
serum.

Discussion

This study demonstrated that reduced levels of IL-1RA may
lead to an increased number of lymphocytes in the BALF of
elderly patients compared with the number of lymphocytes
in the BALF of young patients. The levels of IL-1RA were
observed to be inversely correlated with the number of
lymphocytes in the BALF. These findings suggest that the
reduced levels of IL-1RA at local inflammatory sites may lead
to the pathogenesis of pneumonia in elderly patients and an
increase in the number of lymphocytes in the BALF. Surgical
lung biopsy remains an important method for the pathological
diagnosis and clinical selection of therapeutic management
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for pneumonia. Clinicians often speculate on the presence
of such pathological changes based on non-invasive imaging
studies, for example high-resolution computed tomography
(HRCT) scans (17-19). However, the discrimination between
pneumonias in young and elderly patients, which appear to
have different pathogeneses, may not always be accurately
predicted by HRCT. BAL has been demonstrated to be a
useful method to permit sampling of cells from alveolar
areas. In the present study it was found that reduced levels of
IL-1RA were associated with an increased risk of pneumonia
in elderly patients; this may provide more information for
promoting the prognostic significance of young patients and
healthy subjects. The effect of IL-1R A on lymphocyte infiltra-
tion remains unknown. In the presents study it was indicated
that IL-1RA acts as a functional inhibitor of lymphocyte
accumulation in lung lesions and that elderly patients exhibit
reduced levels of IL-IRA. It was also demonstrated that there
was a significant inverse correlation between the levels of
IL-1RA in BALF and the serum levels of periostin in young
patients and healthy individuals, with serum levels of peri-
ostin being significantly higher in elderly patients.

IL-1RA has been found to have a role in the host immune
defense in pneumonia. For example, IL-1RA polymor-
phism is associated with the risk of multidrug-resistant
Acinetobacter baumannii-related pneumonia (20). In a study
by Patwari et al (21), the presence or absence of the Al allele
in the IL-1RA intron 2 polymorphic site was associated
with a decreased or increased risk, respectively, of severe
lung injury in community-acquired pneumonia. Severe lung
injury was indicated by the requirement for positive pres-
sure ventilation or the development of acute lung injury or
acute respiratory distress syndrome (21). IL-1RA levels have
been reported to be low in elderly patients. For example,
in patients with colorectal cancer undergoing surgery, low
preoperative IL-1RA levels were revealed to be associated
with postoperative infection. Furthermore, lower IL-1RA
levels were commonly observed in elderly patients with low
body mass index. These findings suggest that postoperative
infection, which is common among elderly individuals who
are nutritionally deficient, may be a consequence of a defec-
tive immunoinflammatory adaptation system (22). However,
levels of IL-1RA have not been considered for the diagnosis
of elderly pneumonia. In the present study it was found that
the levels of IL-1RA in elderly patients were significantly
lower than those in young patients, resulting in high levels of
inflammation in elderly patients and making them vulnerable
to the disease. The low levels of IL-1RA were also found to
be correlated with the disease activity of pneumonia. These
results indicate that low levels of IL-1RA in BALF may be
used as a sensitive parameter for the diagnosis of pneumonia
in the elderly.

Smoking increases the risk of hospitalization for
pneumonia, yet the mechanism behind the phenomenon is
unknown. In a previous study, gingival crevicular fluid (GCF)
levels of the cytokine IL-1RA were analyzed with respect
to smoking in patients with moderate to severe periodontal
disease. The clinical characteristics, in terms of probing
depth and frequency of diseased sites and supragingival
plaque, did not differ between smokers and non-smokers, so
the observations did not reveal any influence of smoking on
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the levels of IL-1RA in GCF (23). However, the present study
revealed that changes in IL-1RA levels could be detected in
BALF, rather than in serum; BAL has been demonstrated to
be useful for analyzing cells from the alveolar areas.

In the present study it was demonstrated that IL-1RA
levels in the BALF of elderly patients are reduced compared
with those in young patients. In addition, IL-1RA levels
were shown to significantly correlate with the number of
lymphocytes in the BALF. These results suggest that the
lymphocytosis in the BALF of elderly patients is associated
with the reduced levels of IL-1RA, which may be caused by
smoking. From these results, it is concluded that reduced
levels of IL-1RA may act as a novel biomarker for elderly
pneumonia. Smoking may increase the risk of pneumonia in
the elderly by further reducing IL-1RA levels in the BALF.
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