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Abstract

Background: Systemic manifestations and comorbidities are characteristics of chronic obstructive pulmonary
disease (COPD) and are probably due to systemic inflammation. The histone methyltransferase SUV39H1 controls the
Th1/Th2 balance. We previously reported that reduced SUV39H1 expression contributed to abnormal inflammation in
COPD. Here, we aimed to determine whether impaired SUV39H1 expression in COPD patients associated with neutro-
philic/eosinophilic inflammation responses and comorbidities.

Methods: A total of 213 COPD patients and 13 healthy controls were recruited from the Shuang Ho Hospital, Taipei
Medical University. SUV39H1 levels in peripheral blood mononuclear cells (PBMCs) from 13 healthy and 30 COPD par-
ticipants were measured by immunoblotting. We classified the patients into two groups based on low (fold change,
FC<0.5) and high SUV39H1 expression (FC > 0.5) compared to normal controls. Clinical outcomes including neutro-
phil or eosinophil counts associated with SUV39H1-related inflammation were evaluated by Chi square analyses or
Mann-Whitney U test. The correlations between the percentage of neutrophils and number of COPD comorbidities
or Charlson Comorbidity Index (CCl) scores were performed by Spearman’s rank analysis.

Results: Low SUV39H1 expression group had high neutrophil counts relative to high SUV39H1expression group. In
the COPD cohort, the high comorbidity group (> 2 comorbidities) had higher counts of whole white blood cell (WBC)
and neutrophil, and lower proportion of eosinophil and eosinophil/neutrophil, as compared with low comorbid-

ity group (0 and 1 comorbidities). The quantity of neutrophils was associated with COPD comorbidities (Spearman’s
r=0.388, p<0.001), but not with CCl scores. We also found that the high comorbidity group had more exacerbations
per year compared with low comorbidity group (1.5 vs. 0.9 average exacerbations, p=0.005). However, there were

no significant differences between groups with these non-frequent (0-1 exacerbation) and frequent exacerbations
per year (> 1 exacerbation) in numbers of WBC and proportion of neutrophils, eosinophils or eosinophil/neutro-

phil. Finally, patients with high comorbidities had lower SUV39H1 levels in their PBMCs than did those with low
comorbidities.
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Conclusion: Blood neutrophil counts are associated with comorbidities in COPD patients. Impaired SUV39H1 expres-
sion in PBMCs from COPD patients are correlated with neutrophilic inflammation and comorbidities.

Keywords: COPD, Neutrophil, Comorbidity, Inflammation, SUV39H1

Background
Chronic obstructive pulmonary disease (COPD) is a
chronic inflammatory airway disease with systemic man-
ifestations and comorbidities, e.g., osteoporosis, hyper-
glycaemia, cardiovascular dysfunction, and even different
malignant neoplasms [1]. The comorbidities are believed
to be related to systemic inflammation. The accompany-
ing progression of comorbidities has a large contribution
to prolonged hospitalization, leading to increased medi-
cal expenses and overall mortality [2]. Although cur-
rent pharmacological therapy, which is mainly focused
treating on airway inflammation and airflow limitation,
effectively relieves symptoms, improves the health status,
and reduces exacerbations, a decrease in mortality has
not been confirmed. Two large-scale clinical trials using
inhaled corticosteroids plus long-acting beta2-agonists
failed their primary endpoint of mortality [3, 4]. In addi-
tion to developing more effective treatments for airway
issue, a strategy to combat systemic effects, probably by
targeting systemic inflammation, is urgently needed.

Although nonspecific inflammation and the Thl
response have been generally recognized as the major
sources of inflammation in COPD, Th2 effector eosino-
phils are also implicated in some patients. Eosinophilic
COPD, which is defined using peripheral blood eosino-
phils as a practical biomarker, is a generally accepted
treatable trait that is responsive to inhaled corticosteroids
[5]. Recent meta-analyses [6] have clearly demonstrated
a continuous relationship between ICS prescription
and a reduced exacerbation risk at variable thresholds,
confirming the biomarker role of blood eosinophils.
Nevertheless, anti-IL5 or anti-IL-5 receptor monoclo-
nal antibodies have failed to demonstrate consistent
effects on patients with high blood eosinophil counts
[7]. Blood eosinophils are also associated with a trend
towards an increased risk of exacerbation, with either
a positive relationship or no relationship [5]. Interest-
ingly, in the Hokkaido COPD Cohort Study, subjects with
blood eosinophilia had significantly slower annual FEV1
decline rates [8]. Additionally, subjects with two or more
asthma-like features had a lower 10-year mortality rate.
Therefore, the role of eosinophils in COPD is more com-
plicated than that in asthma. Understanding the control
of eosinophilia in COPD is therefore critical.

The histone methyltransferase SUV39H1 mediates
the epigenetic silencing pathway controlling the Thl
response and maintains the balance between Thl and

Th2 responses [9]. Previously, we reported that reduced
SUV39H1 expression was implicated in the abnormal
inflammation of COPD observed in the clinical set-
ting [10]. The reduction in SUV39H1 expression was
correlated with poor pulmonary function and elevated
serum levels of IL-6 and IL-8. We thus hypothesized that
impaired SUV39H1 expression in COPD patients leads
to neutrophilic and Th1-skewed inflammation and there-
fore reduced eosinophilia. We also studied the relation-
ships of SUV39H1 and related inflammation with major
clinical outcomes to understand their clinical impacts.

Methods

Study population

A cohort study was conducted in a tertiary teaching
hospital in New Taipei City. Patients with COPD were
diagnosed and graded according to the guidelines of the
Global Initiative for Obstructive Lung Disease [11]. Nor-
mal subjects and patients with COPD, who were aged
between 40 and 80 years old and signed an informed con-
sent form, were enrolled during the study period from
2015 to 2017. Total blood and peripheral blood mononu-
clear cells (PBMCs) were harvested from the healthy sub-
jects and patients with stable COPD. For a retrospective
observational study (213 COPD patients), we reviewed
the medical records of patients in our COPD registry,
which were obtained from both outpatient clinics and
inpatient wards, from March 2015 to December 2017.
The study protocol was approved by the Taipei Medical
University-Joint Institutional Review Board (TMU-JIRB
N201502024 and N201802023). All experiments were
performed in accordance with the relevant guidelines
and regulations.

The COPD registry enrolled patients with a diagnosis
of COPD confirmed at least twice within 90 days and a
pulmonary function test compatible with a post-bron-
chodilator FEV1/FVC ratio<70%. The timing of the
haemogram obtained was defined as follows: 1. No recent
bacterial infection within 7 days, 2. No systemic steroid
use within 1 month, 3. No previous exacerbation within
3 months, and 4. No chemotherapy administration
within 2 weeks. Total WBC and automated differential
counts were measured with a haematology analyser (Uni-
Cel DxH 800 cellular analysis system, Beckman Coulter,
Miami, FL, USA).

An exacerbation of COPD was counted only if it was
a moderate or severe exacerbation, which is defined
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by the 2019 report of the Global Initiative for Chronic
Obstructive Lung Disease as patients being treated with
a short-acting bronchodilator plus antibiotics or oral
corticosteroids or patients requiring hospitalization, vis-
iting the emergency room or exhibiting acute respira-
tory failure. The comorbidities that were strongly related
to COPD were defined according to the comprehensive
review article by Professor Peter John Barnes published
in 2009 [1] and included heart failure, coronary artery
disease, pulmonary hypertension, lung cancer, anxiety/
depression, osteoporosis, malnutrition, diabetes mellitus,
obstructive sleep apnoea, normocytic anaemia, and lung
fibrosis. We also compared our results with these specific
comorbities and Charlson comorbidity index (CCI) score,
which was first described by Mary Charlson in 1987 for
prediction of 1 year mortality in specific comorbidities
[12]. The calculation of CCI is the sum of all of the fol-
lowing items: age 50—59 years (1 point), 60—69 years (2
points), 70-79 years (3 points), age > 80 years (4 points);
myocardial infarction (1 point); congestive heart failure
(1 point); peripheral vascular disease (1 point); history
of cerebrovascular accident (1 point); dementia (1 point);
COPD (1 point); connective tissue disease (1 point); pep-
tic ulcer disease (1 point); liver disease (chronic hepatitis
or cirrhosis without portal hypertension (1 point), cir-
rhosis with portal hypertension (3 points)); diabetes mel-
litus [uncomplicated (1 point), with end-organ damagen
(2 points)]; hemiplegia (2 points); moderate to severe
chronic kidney disease (2 points); solid organ tumor
(localized (2 points), metastatic (6 points)); leukemia (2
points); lymphoma (2 points); AIDS (6 points).

Western blot analysis

PBMCs from normal or COPD subjects were separated
from the whole blood by Ficoll-Hypaque density gradient
centrifugation, as previously described [13]. Total cellular
proteins (30 pg) were subjected to 10% SDS-polyacryla-
mide gel electrophoresis and blotted onto polyvinylidene
difluoride membranes. Antibodies against SUV39H1
(Cell Signalling, Hitchin, UK) and B-actin (Abcam, Cam-
bridge, UK) were used for immunoblotting. The levels
of immunoreactive bands were measured using Image
Gauge software (Fuji Film, Tokyo, Japan). The fold change
(FC)<0.5 or FC>0.5 of SUV39H1 proteins in COPD
patients were indicated as groups of low (SUV-Lo) or
high (SUV-Hi) SUV39-H1 expression relative to average
normal controls, respectively.

Statistical analysis

Data were analysed with GraphPad Prism 5.0 software
(GraphPad Software, San Diego, CA, USA). Unless
stated otherwise, all data except age and BMI (which
were naturally distributed) are presented as median and
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interquartile range (IQR). Chi square analyses were com-
pared for Cigarette smoking, Comorbidities and COPD
subtypes and Mann—Whitney U test for other variables.
Spearman’s rank correlation was used to compare the
relations between the percentage of neutrophils and
number of COPD comorbidities or CCI. Differences were
considered significant at p <0.05.

Results

Low SUV39H1 expression was associated with high blood
neutrophil counts

The enrollment of study population is presented in Fig. 1.
The levels of SUV39H1 protein in the peripheral blood
mononuclear cells (PBMCs) of COPD patients (n=30)
and normal control (n=13) were measured by Western
blotting (Additional file 1: Figure 1). The characteristics
of the study subjects with normal lungs or COPD evalu-
ated with immunoblot assays are indicated in Additional
file 2: Table 1. The lung function index was significantly
decreased in the COPD patients compared with the
normal controls, including smokers and non-smokers.
Moreover, lung function was reduced in the more severe
COPD patients compared with the mild COPD patients
(GOLD Stage III/IV vs. I/1I). As SUV39H1 controls genes
encoding Thl cytokines and non-specific inflammatory
mediators [10], including IL-8, we tested whether low
expression of SUV39H1 was associated with increased
neutrophil counts. To this end, we divided the patients
into low SUV39H1 expression (<0.5-fold average of the
normal subjects) and high SUV39H1 expression (> 0.5-
fold average of the normal subjects) groups (Fig. 2).
Additionally, characteristics of the COPD patients were
compared between these two groups (Table 1). We

Patients who received COPD registration during the
outpatient and hospitalization period of Shuang Ho
Hospital. (n=218)

Patients (n=5) were excluded as following reasons:
Data missing: 3

Patient with liquid tumor: 2

(1 with lymphoma, 1 with multiple myeloma)

|

Finally, 213 COPD patients were enrolled for clinical
statistical analysis.

Of whom 30 patients and other normal healthy subjects
(n=13) received drawing of blood for further
immunoblotting.

Fig. 1 Patient enrollment flow chart
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Fig. 2 SUV39H1 levels are reduced in the peripheral blood mononuclear cells (PBMCs) of COPD patients. a The representative SUV39H1 expression
in PBMC samples from normal control (n=3) and COPD subjects (n=7) was measured by immunoblotting. The levels of SUV39H1 expression

were significantly reduced in the PBMCs from COPD patients compared with those from normal controls. Actin served as a loading control. b The
densitometry values for SUV39H1 in normal (n=13) or COPD PBMCs (n=30) were quantified and normalized to the actin value. Relative expression
values are expressed as the fold change over the normal control value. ***p < 0.001

found that the low SUV39H1 expression group had a sig-
nificantly higher percentage of neutrophils in the blood
(65.33% vs. 56.53%, p=0.015). There was no difference in
the total leukocyte count between the groups (7933/uL
vs. 6773/uL, p=0.110).

We also examined the levels of blood eosinophils,
which are Th2 downstream effector cells. Although we
found a trend towards an increase in the percentage of
blood eosinophils in the high SUV39H1 group, the dif-
ference was not statistically significant (Fig. 3, 2.01% vs.
3.29%, p=0.125). Interestingly, in contrast to the high
SUV39H1 group, which had a wide variation in the per-
centage of blood eosinophils, the low SUV39H1 group
had consistently low eosinophil percentages. The ratio of
eosinophils/neutrophils showed a similar trend (3.3% vs.
6%, p=0.071).

Characteristics of the COPD cohort

Measuring SUV39H1 levels in PBMCs requires an ade-
quate amount of blood; therefore, it was difficult to
recruit more subjects to correlate SUV39H1 levels with
additional clinical outcomes. We thus used an extended
cohort to study blood cell counts instead. Medical
records from 218 patients in our COPD registry cohort
collected from March 2014 to December 2017 were
reviewed; two patients were excluded for having liquid
tumours, and three were excluded for missing data. Of
the 213 enrolled patients, 112 (52.6%) were included in
GOLD group A, 39 (18.3%) were included in group B,
21 (9.9%) were included in group C, and 41 (19.2%) were
included in group D (Table 2). A total of 193 patients
(90.6%) were male, the average age was 73.1+8.4 years,
and the average BMI was 23.57 +4.11. Eighty patients
(37.5%) were current smokers, 113 patients (53.1%) were
ex-smokers, and 20 patients (9.4%) were never smokers.
Nineteen patients (8.9%) had a history of asthma or met

the diagnostic criteria of ACO, which was defined in the
joint project of GOLD and GINA in 2015.

The most common COPD-related comorbidities were
coronary artery disease (n=54, 25.35%), malnutrition
(n=38, 17.8%), diabetes mellitus (n=234, 16.0%), pul-
monary hypertension (n=28, 13.2%), normocytic anae-
mia (n=26, 12.2%), heart failure (n=17, 8.0%), lung
fibrosis (n=14, 6.6%), osteoporosis (n=12, 5.6%), anxi-
ety/depression (n=9, 4.2%), obstructive sleep apnoea
(n=38, 3.8%), and lung cancer (n=3, 1.4%). The Charlson
Comorbidity Index score was 1.1 in average.

Regarding medications, 76 patients (35.7%) received
dual bronchodilators (LABA+LAMA), 66 (31.0%)
received triple therapy (LABA+LAMA+ICS), 36
(16.9%) received LAMA only, 18 (8.4%) received
LABA+ICS, 12 (5.6%) received LABA only, 1 (0.5%)
received LAMA +ICS, and 4 (1.9%) did not receive any
inhaled treatment.

Neutrophilia was correlated with COPD comorbidities

but not the frequency of moderate to severe exacerbations
To identify the associations of systemic inflammation
with comorbidities, we grouped patients with COPD
into two groups according to the number of comorbidi-
ties (low: 0—1 comorbidities; high: >2 comorbidities)
(Table 3). We found that the high comorbidity group
had a lower BMI (22.78 +5.41 vs 23.9+ 3.41, p =0.026),
a smaller percentage of Group A COPD patients (35.5%
vs. 59.6%, p=0.0014), higher percentages of GOLD 4
(22.6% vs. 7.3%, p=0.002) and Group D COPD patients
(32.3% vs. 13.9%, p=0.002), higher total leukocyte
counts (9,187/uL vs. 7,983/uL, p=0.012), a higher neu-
trophil percentage (69.8% vs. 60.7%, p<0.001), a lower
eosinophil percentage (2.3% vs. 3.3%, p=0.037), and
a lower eosinophil/neutrophil ratio (4.1% vs. 6.03%,
p<0.001) (Fig. 4). The neutrophil ratio seemed to have
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Table 1 Characteristics of COPD patients in low and high SUV39H1 expression groups

Variables Low SUV Exp. (n=15) High SUV Exp. (n=15) p value
Male, n (%) 14 (93) 15 (100) 1
Age, years; median (IQR) 71 (64-77) 70 (62-74) 0.561
BMI; median (IQR) 24 (23.2-26.2) 22.7 (19.9-24.6) 0.141
Cigarette smoking, n (%) 0413
Current smoker 5(33) (53)

Ex-smoker 7(47) (40)

Never smoker 3(20) 7)

Comorbidities, n (%) 0919
Heart failure 2(13) 0(0)

Coronary artery disease 3(20) 4(27)

Pulmonary hypertension 4(27) 2(13)

Lung cancer 0(0) 0(0)

Anxiety/depression 1(7) 1(7)

Osteoporosis 0(0) 1(7)

Malnutrition (BMI < 20) 2(13) 4(27)

Diabetes mellitus 1(7) 2(13)

OSA 1(7) 1(7)

Anemia 2(13) 2(13)

Lung fibrosis 1(7) 0(0)

Charlson comorbidity Index score; median (IQR) 5(3-5) 4 (4-6) 0.833
Hemogram values; median (IQR)

Leukocyte count 7800 (6300-9200) 6600 (5950-7200) 0.110
Neutrophil, % 65 (60-71) 59 (52-61) 0.015*
Eosinophil, % 2(1-3) 2 (2-4) 0.125
E/N Ratio, % 36 (1.7-4.7) 4.7 (3.7-7.1) 0.071
Pulmonary function tests; median (IQR)

Post bronchodilator FEV1/FVC,% 62 (50-65) 60 (55-64) 0.868
Post bronchodilator FEV1, % 57 (35-67) 55 (40-73) 0.934
COPD subtypes, n (%) 0.966
Stage 1 2(13) 2(13)

Stage 2 8 (54) 7 (47)

Stage 3 2(13) 3(20)

Stage 4 3(20) 3(20)

ACO, n (%) 0(0) 1(6.7) 1
Exacerbations per year; median (IQR) 1(0-1) 0(0-1) 0.115

BMI, body mass index; E/N Ratio: Eosinophil/neutrophil count ratio; FEV1/FVC, first second of forced expiration/forced vital capacity; LAMA, long acting muscarinic
antagonist; LABA, long-acting B2-agonists; ICS, inhaled corticosteroids; ACO, asthma-COPD overlap

*p<0.05

Data are expressed as n, percentage, median and interquartile range (IQR, Q1-Q3) in bracket

Chi square comparison for Cigarette smoking, Comorbidities and COPD subtypes
Mann-Whitney U test for other variables

The low expression [fold change (FC) <0.5] or high expression (FC > 0.5) of SUV39H1 proteins in COPD patients relative to normal controls were indicated as “Low SUV

Exp!” or “High SUV Exp!; respectively

the most significant difference. Next, we examined
whether specific comorbidities related to neutrophilia.
However, post hoc analysis using Dunn’s multiple com-
parison tests did not show statistical significance for
any single comorbidity (Additional file 1: Figure 2). For
the comparison of comorbidities, the average number

of comorbidities in the high comorbidity group was
2.58 (vs. 0.55 in the low comorbidity group, p <0.001).
The high comorbidity group had significantly more
incidences of all comorbidities except lung cancer (3.2%
vs. 0.7%, p=0.149). Further analyses revealed that the
neutrophil percentage was more positively correlated
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Fig. 3 Blood neutrophil counts are increased in COPD patients with low SUV39H1 levels. a WBC counts were analysed in COPD patients with low
SUV39H1 expression [fold change (FC) < 0.5, SUV39H1 Lo] or high SUV39H1 expression (FC > 0.5, SUV39H1 Hi). However, there was no significant
difference (p=0.110). b Notably, the neutrophil percentage in COPD patients with low SUV39H1 expression was markedly higher than thatin
subjects with high SUV39H1 expression. *p=0.015. ¢ The eosinophil percentage in COPD patients with high SUV39H1 expression was increased
compared with that in COPD patients with low SUV39H1 expression. However, there was no significant difference (p =0.125). d Similarly, the ratios
of eosinophils/neutrophils (Eos/Neuts) in COPD patients with high SUV39H1 expression were increased. However, the difference was not statistically
significant (p =0.071). n.s.: not significant

with the number of comorbidities (Spearman’s rank
correlation coefficient r=0.388, p<0.001) than the
Charlson Comorbidity Index (CCI) scores (Spearman’s
r=0.171, p=0.013) (Fig. 5).

In this study, we found that the high comorbidity
group also had more moderate to severe exacerbations
per year (1.5 vs. 0.9, p=0.005). To confirm that the
actual role of neutrophils is related to the number of
comorbidities or frequency of exacerbations, we tested
the associations of blood cell counts with moderate to
severe exacerbations of COPD (Fig. 6) by dividing the
patients into two groups: patients with non-frequent
exacerbations (annual exacerbation rates of 0—1 exac-
erbations/year) and patients with frequent exacerba-
tions (more than 1 exacerbation/year). There were no

significant differences between these two groups in the
total white blood cell count (p =0.078), neutrophil per-
centage (p=0.061), eosinophil percentage (p=0.570),
or eosinophil/neutrophil ratio (p =0.397).

Neutrophilia is increased in groups with high COPD-related
comorbidities

The number of comorbidities in our study was divided
into few comorbidities (0-1) and high comorbidi-
ties (more than 2), which we showed in this study to be
equivalent to the results for the CCI, and a relatively
high correlation with COPD-related comorbidities was
revealed. Thus, the neutrophil percentage in the periph-
eral blood of COPD patients with different numbers of
comorbidities and CCI were further examined. Our data



Chen et al. BMC Pulm Med (2021) 21:276

Table 2 Characteristics of patients with COPD

Variables COPD patients (n=213)
Male, n (%) 193 (90.6)
Age, years (mean £ SD) 731+£84
BMI (mean £ SD) 23574411
Cigarette smoking, n (%)

Current smoker 80 (37.5)
Ex-smoker 113 (53.1)
Never smoker 20(9.4)
Comorbidities, n (%)

Heart failure 17 (7.98)
Coronary artery disease 54 (25.35)
Pulmonary hypertension 28(13.15)
Lung cancer 3(1.4)
Anxiety/depression 9(4.2)
Osteoporosis 12 (5.63)
Malnutrition (BMI < 20) 38(17.84)
Diabetes mellitus 34 (15.96)
OSA 8(3.76)
Normocytic anemia 26(12.2)
Lung fibrosis 14 (6.57)
Charlson comorbidity index score; median (IQR) 5 (4-6)

Hemogram values; median (IQR)
Leukocyte count

Neutrophil, %

Eosinophil, %

Pulmonary function tests; median (IQR)
Post bronchodilator FEV1/FVC, %
Post bronchodilator FEV1, %
COPD subtypes, n (%)

GOLD|

GOLD I

GOLD Il

GOLD IV

Group A

Group B

Group C

Group D

Treatment, n (%)
LABA+LAMA+ICS

LABA +LAMA

LABA+ICS

LAMA+1CS

LAMA only

LABA only

No inhaler treatment

ACO, n (%)

Exacerbations per year; median (IQR)

7800 (6500-9400)
629 (543-71.1)
2.2(1.0-4.0)

56 (40.2-72.2)
56 (47-63.4)

29(13.6)
107 (50.2)
52 (24.4)
25(11.8)
112 (52.6)
39(183)
21(9.9)
41(19.2)

6 (30.99)
6 (35.68)
8 (8.45)
(0.47)
6(16.9)
2(5.63)
4(1.88)
19(8.92)
1(0-1)

6!
7
1
1
3
1

BMI, body mass index; FEV1/FVC, first second of forced expiration/ forced
vital capacity; LAMA, long acting muscarinic antagonist; LABA, long-acting
B2-agonists; ICS, inhaled corticosteroids; ACO, asthma-COPD overlap;

interquartile range (IQR, Q1-Q3)
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showed that the neutrophil percentage was significantly
increased in the high COPD-related comorbidity groups
(Cor 2-3 and Cor > 4) compared with the low comorbid-
ity group (Cor 0-1) (Fig. 7a). The neutrophil percentages
in the high CCI subgroups (CCI 3-4 and >5) were not
significantly increased compared with that in the low
CCI subgroup (Fig. 7b). Our results are consistent with
previous findings [1]. Collectively, our results showed
that the neutrophil percentage in COPD patients was
markedly increased in those patients with a high num-
ber of comorbidities but not in those patients with a high
CClI score (Fig. 7).

Reduced SUV39H1 expression was associated with COPD
comorbidities

As reduced SUV39H1 expression was related to neutro-
philia, we next asked whether SUV39H1 is associated
with comorbidities. By reanalysing the densitometry
Western blotting data, we found a modest reduction in
the SUV39H1 level in patients with low comorbidities
(Fig. 8). Moreover, lower levels of SUV39H1 in PBMCs
were observed in COPD patients with high comorbidities
than in those with low comorbidities. These data together
suggest that impaired SUV39H1 expression leads to neu-
trophilia and thus comorbidities.

Collectively, reduced SUV39H1 expression in COPD
patients is associated with neutrophilia and thus comor-
bidities. We suggest that preserving the expression of
SUV39H1 may control the Thl response and maintain
the balance between Thl and Th2 responses (Fig. 9).
Patients in this condition may have milder or eosino-
philic inflammation once they also have asthma or other
Th2-related conditions. This inference might indicate
relatively good outcomes for eosinophilic COPD. In more
severe COPD patients, the nearly depleted expression of
SUV39H1 skews Thl polarization, causing more domi-
nant neutrophilia and COPD comorbidities.

Discussion

We discovered that the levels of SUV39H1 were reduced
and associated with the severity of COPD in previous
work [10]. In the present study, we confirmed the reduc-
tion in the SUV39HI1 level in patients with COPD by
using a previously defined cohort (Fig. 2) and extended
our previous finding to show that reduced SUV39H1
expression in PBMCs was not only associated with sys-
temic inflammation but also linked to comorbidities. In
this study, our results indicated that neutrophilia was
associated with comorbidities in COPD patients. By con-
trast, eosinophilia was associated with fewer comorbidi-
ties, with patients exhibiting relatively normal SUV39H1
levels. The link between SUV39H1 and comorbidities is
supported by a report by Yang et al. [14]. In their study,
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Table 3 Characteristics of COPD patients in low and high comorbidity groups

Variables Low cormobidity (n=151) High cormobidity (n =62) p value
Male, n (%) 138 (914) 55(88.7) 0.542
Age, years (mean £ SD) 71.7+86 75481 0.115
BMI (mean+£SD) 2394341 2278+541 0.026
Cigarette smoking, n (%) 0.804
Current smoker 58 (38.4) 22 (35.5)

Ex-smoker 80 (53.0) 33(532)

Never smoker 13 (8.6) 7(11.3)

No. of comorbidities, median (IQR) 1(0-1) 2(2-3) <0.00071***2
Comorbidities, n (%)

Heart failure 6 (4.0) 11(17.7) <0.0071%**2
Coronary artery disease 21(13.9) 33(53.2) <0.007***
Pulmonary hypertension 9 (6.0) 19 (30.6) <0.007%**
Lung cancer 1(0.7) 2(3.2) 0.149
Anxiety/depression 3(20) 6(9.7) 0.011*
Osteoporosis 5(33) 7(11.3) 0.022*
Malnutrition (BMI< 20) 15(9.9) 23(37.1) <0.0001%**
Diabetes mellitus 12(7.9) 22 (35.5) <0.0001***
OSA 1(0.7) 7(11.3) 0.0002%*
Anemia 4(2.6) 22 (35.5) <0.0001***
Lung fibrosis 6 (4.0) 8(12.9) 0.017*
Charlson comorbidity index score, median (IQR) 4(3-5) 6(5-7) <0.00071***
Hemogram values, median (IQR)

Leukocyte count 7500 (6300-9100) 8300 (7175-11,000) 0.0121*
Neutrophil, % 60 (52.9-68.2) 70.6 (64.9-78.4) <0.0001%**
Eosinophil, % 2.5(14-43) 1.0 (0.5-3) 0.0005***
Pulmonary function tests, median (IQR)

Post bronchodilator FEV1/FVC% 58 (49.1-64.2) 51.8 (42.6-59.8) 0.011*
Post bronchodilator FEV1% 60.5 (43-74.4) 51.8(32.8-63.8) 0.004**
COPD subtypes, n (%) 0.012*
COLD | 22 (14.6) 7(11.3)

GOLD I 82 (54.3) 25 (40.3)

GOLD Il 36 (23.8) 16 (25.8)

GOLD vV 11(7.3) 14 (22.6)

COPD subtypes, n (%) 0.0038**
Group A 90 (59.6) 22 (35.5)

Group B 25 (16.6) 14 (22.6)

Group C 15(9.9) 6(9.7)

Group D 21(13.9) 20(32.3)

Treatment, n (%)

LABA 4+ LAMA+1CS 44(29.1) 22 (35.5) 0.363
LABA+LAMA 53(35.1) 23(37.1) 0.782
LABA+ICS 14 (9.3) 4(6.4) 0.502
LAMA +1CS 1(0.7) 0(0) 0.521
LAMA only 24.(15.9) 12(19.4) 0.540
LABA only 11(7.3) 1(1.6) 0.103

No inhaler treatment 4(2.6) 0(0) 0.196
ACO, n (%) 16 (10.6) 3(4.8) 0.181
Exacerbations per year, median (IQR) 0(0-1) 1(0-2) 0.005**

Data are expressed as n, mean =+ SD (the data of age and BMI are normally distributed), or percentage, median and interquartile range (IQR, Q1-Q3) in bracket

Chi square comparison for Cigarette smoking, Comorbidities and COPD subtypes
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Mann-Whitney U test for other variables

The low comorbidity group (0 and 1 comorbidities) and high comorbidity group (> 2 comorbidities) of COPD patients were indicated as “Low Cormobidity” and “High

Cormobidity”, respectively

BMI, body mass index; FEV1/FVC, first second of forced expiration/ forced vital capacity; LAMA, long acting muscarinic antagonist; LABA, long-acting $2-agonists; ICS,

inhaled corticosteroids; ACO, asthma-COPD overlap
*p<0.05, **p<0.01, *** p<0.001
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Fig. 4 Blood neutrophil counts are increased in COPD patients with high comorbidities. WBC and differential counts in COPD patients with 0-1
comorbidities (L-Com) were compared with those in COPD patients with > 2 comorbidities (H-Com) by statistical analysis. a Peripheral blood
WBC counts were increased in COPD subjects with high comorbidities (H-Com) compared with those with low comorbidities (L-Com). *p=0.012.
b Moreover, neutrophil counts were greater in COPD subjects with H-Com than in those with L-Com. ***p <0.001. ¢ However, peripheral blood
eosinophil counts were reduced in COPD subjects with H-Com. *p=0.037. d The ratio of peripheral blood eosinophils/neutrophils was decreased in
COPD subjects with H-Com. ***p <0.001

genetic deletion or pharmaceutical inhibition of SUV39H
worsened cardiac injury following myocardial infarction
in mice.

Our study extends our knowledge on the clini-
cal relevance of neutrophilia in COPD—neutrophilia
is associated with comorbidities. Until the present
study, the roles of neutrophils in COPD were known
to be related to disease pathophysiology and progres-
sion in the lungs, including chronic expectoration
[15], a rapid decline in FEV1 [16, 17], and the develop-
ment of emphysema [18]. In the ECLIPSE study, both

neutrophil and white cell counts were very weak risk
factors for acute exacerbation [19]. In our study, nei-
ther of those blood cell counts was significantly asso-
ciated with exacerbation. This is very likely due to the
too small number of patients compared with the sample
size in the ECLIPSE study, which was sufficient to show
small differences. It is worth confirming the predictive
value of neutrophilia for comorbidities in a large-scale
setting. The present study also provided evidence sup-
porting the relationship between systemic inflamma-
tion and comorbidities.
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p<0.001. b The association between the peripheral blood neutrophil count and CCl was assessed. Spearman’s r=0.171,p=0.013
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Fig. 6 Blood neutrophil and eosinophil counts are not significantly related to moderate to severe COPD exacerbations. WBC and differential counts
in COPD patients with 0-1 moderate to severe exacerbations in the past 1 year (non-AEr) were compared with those in patients with > 2 moderate
to severe exacerbations in the past 1 year (AEr) by statistical analysis. a The peripheral blood WBC counts were similar in COPD subjects with few
exacerbations annually (non-AEr) and those with frequent exacerbations (AEr). p=0.078. b Neutrophil counts were also similar in both groups.
p=0.061. c Eosinophil counts were not different between the groups. p=0.570 (d) The ratio of peripheral blood eosinophils/neutrophils was similar

In the present study, we analysed 11 comorbidities
based on the report of Barnes et al. published in 2009 [1].
However, our results revealed no statistical significance
for any single comorbidity correlated with neutrophilia.
The Charlson Comorbidity Index (CCI) is a common

scoring system for the prediction of mortality and prog-
nosis in many diseases, including COPD [20]. In our
study, the correlation of neutrophilia with the CCI was
less significant than the correlations with the numbers
of the 11 comorbidities. These results suggested that the
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Fig. 7 Neutrophilia is increased in groups with high COPD-related comorbidities. The neutrophil percentage of the peripheral blood in COPD
patients with different numbers of comorbidities and CCl scores were analysed. a The neutrophil percentage was significantly increased in the
high COPD-related comorbidity groups (Cor 2-3 and Cor > 4) compared with the low comorbidity group (Cor 0-1). This comparison was analysed
by one-way ANOVA, with post hoc analysis by Dunn’s multiple comparison test. The post hoc analysis in each subgroup comparison revealed the
following significant differences: Cor 0-1 versus Cor 2-3, ***p <0.0001; Cor 0-1 versus Cor > 4, ***p <0.0001; and Cor 2-3 versus Cor >4, *p < 0.05.
b The neutrophil percentages in the high CCl subgroups (CCl 3-4, > 5) were not significantly different from that in the low CCl subgroup (CCl 1-2).
The post hoc analysis comparing all subgroups also revealed no significant differences. n.s.: not significant

B Nn.S.
n.s.
© 1007 T,
= 801
S 601 i,
£ 40 = ’
2 20
0 . . .
\\'q’ \fb'b‘ \7/(0
& & &

T

2 1.5;

Q 5 *kk

(:/)-) % 1-0' —— * %%

e o T

= £ 0.5/ Kk
© L

[O)

o

Normal L-Com H-Com
Fig. 8 The levels of SUV39H1 are significantly reduced in COPD
patients with high comorbidities. The levels of SUV39H1 protein
expression in PBMCs from normal control (n=13) and COPD subjects
(L-Com: < 1 comorbidity, n=15 vs. H-Com: > 2 comorbidities, n=15)
were measured by immunoblotting. The protein intensity values for
SUV39H1 were normalized to the actin value and are expressed as the
fold change over the control value. **p <0.01

cause of this difference relied on the lack of malnutrition,
pulmonary hypertension, and normocytic anaemia in
the list of CCIL. Thus, numbers of COPD-specific comor-
bidities rather than CCI scores might be an ideal tool for
reflecting the systemic inflammation in COPD.

The negative correlation of SUV39H1 expression with
neutrophilia supports the participation of the SUV39H1-
H3K9me3-HPla pathway in silencing genes encoding
nonspecific inflammation in COPD [10]. An increased
number of neutrophils is evident in all stages of COPD,
and these cells were shown to move faster but with
reduced migratory accuracy in the presence of IL-8,

SUV39H1 SUV39H1
Low Expression Normal Expression

| }

Neutrophilia Neutrophil fine-tuned

COPD comorbidities Eosinophilia in response
to T2 stimulation

Fig. 9 Working model of SUV39H1 in the Th1/Th2 balance and
its impact on inflammation in COPD. Normal SUV39H1 expression
controls Th1 genes and maintains the balance between Th1 and Th2
responses. Eosinophilic inflammation can occur when Th2 stimulation
is present. In more severe COPD, the depleted expression of SUV39H1
skews immunity towards Th1 inflammation, suppressing any possible
eosinophilic inflammation and causing more dominant neutrophilia
and COPD comorbidities

growth-related oncogene alpha, and formyl-methionyl-
leucyl-phenylalanine [21], even after cigarette cessation
[22]. In our observations, most patients had downregu-
lated SUV39H1 expression, which is expected to produce
more IL-8 and thus more neutrophils. We thus infer that
low SUV39H1 expression/neutrophilia is a typical phe-
notype of COPD. Under the antagonistic effect of high
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Thl cytokine levels, the Th2 response cannot be easily
mounted. In other words, eosinophilia will not be com-
mon in patients with COPD, particularly in those with
low SUV39H1 expression levels.

Eosinophilia was associated with low comorbidities
in the present study. While eosinophilia has either no
relationship or a positive relationship with exacerbation
outcomes [23], it seems to be associated with better out-
comes in terms of lung function decline and mortality
[24]. Thus, our observation is consistent with previous
observations. We found a trend towards increased blood
eosinophil counts in patients with relatively normal
SUV39H1 expression, but the difference was not signifi-
cant. We infer that relatively intact SUV39H1 expression
ensures the initiation of eosinophilic inflammation in
patients with Th2 skewing, which was proved in a mouse
model of asthma, reported suppressed SUV39H1 to skew
T cell responses towards the Th1 response, whereas func-
tioning SUV39H1 ensured Th2 lineage stability [9].

Regarding the potential effect on ACO patients in this
study, we have some reasons to enroll them. First, a pre-
vious report showed that the prevalence of ACO varied
widely from 12.6 to 55.7% in patients with COPD [25]. The
proportion was 8.92% in our study population; thus, we
cannot exclude it. Second, we found no significant influ-
ences of the haemogram profile or number of comorbidi-
ties on these ACO patients. As shown in Table 3, there was
also no significant difference in the proportion of ACO
patients between the low and high comorbidity groups.

Conclusion

In this study we reported the blood neutrophil counts
are associated with comorbidities in COPD patients.
Impaired SUV39H1 expression in PBMCs from COPD
patients are correlated with neutrophilic inflammation
and comorbidities.
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