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Purpose: Chronic obstructive pulmonary disease is characterized by chronic inflammatory
response both at the lung site and at the systemic level. Abnormalities in circulating
leukocytes have been reported to occur in COPD patients and have been often shown to
correlate with the decline in lung function. COPD affects men and women at a virtually
comparable rate, even though distinct sex specific symptoms, progression and therapeutic
implications have been described. Nonetheless, these sex-associated differences have not
been analyzed in terms of circulating leukocytes. To assess the impact of sex on the changes
of circulating immune cells in COPD patients.

Patients and Methods: Blood samples were collected from 50 COPD patients (31 males,
19 females) and 63 age and sex-matched controls (35 males, 28 females) enrolled in this pilot
study. Complete blood cell count and multi-parametric flow cytometry analysis were per-
formed to characterize the leukocyte populations and subsets.

Results: Male COPD patients are distinguished from controls by a significant increase in
white blood cell counts, neutrophil total and differential counts, and neutrophil-to-
lymphocyte ratio. Conversely, a generalized leukocyte decrease discriminated female
COPD patients from the related controls. The impact of sex is further remarked by
a decrease in adaptive immune cell subpopulations in males as opposed to a consistent
increase of innate immune cell types in females correlating with disease severity.
Conclusion: These data indicate that the definition of specific changes of circulating
leukocytes to be used as reliable biomarkers of the disease severity cannot be accomplished
irrespectively of sex.

Keywords: sex, COPD, blood leukocytes, neutrophil-to-lymphocyte ratio, neutrophilia

Introduction

Chronic obstructive pulmonary disease (COPD) is an inflammatory disease of the
lung characterized by airway obstruction and destruction of the parenchyma, lead-
ing to a progressive and irreversible decline in lung function." COPD is currently
the third cause of death globally, after stroke and heart diseases,” and it is expected
to increase in the coming decades.’

Although the primary site of disease is the lung, COPD is recognized as a chronic
inflammatory disorder. Initially considered a neutrophilic disease, based on the increased
neutrophil count in bronchoalveolar lavage and peripheral blood, COPD is currently
acknowledged as a disease in which innate and adaptive immunity play important roles in
the development and progression.* Furthermore, the components of this systemic inflam-
mation may account for the systemic manifestations of COPD and may worsen comorbid
diseases that affect outcomes in COPD patients, who mainly die of non-respiratory
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disorders such as cardiovascular diseases or cancer.’ Indeed,
markers of systemic inflammation, including inflammatory
cytokines, chemokines, acute phase proteins, and abnormal-
ities in circulating leukocytes, have been correlated with dif-
ferent clinical aspects of the disease, such as incidence of
exacerbations, disease severity, increased mortality or
increased risk to develop one or more COPD-associated
comorbidities.®

Among the different markers of disease severity, changes
in the total and differential counts of circulating leukocyte
populations have been reported to occur in COPD patients
and have been often shown to correlate with the decline in
lung function. In addition, the neutrophil-to-lymphocyte ratio
(NLR), a reliable marker of systemic inflammation in several
pathologies,” is significantly elevated in acute as well as in
stable COPD patients, suggesting that this simple, rapid, and
cost-effective blood count index could be adopted as a valid
parameter in the clinical evaluation of the disease.” However,
data on alterations of specific circulating leukocyte populations
or of NLR values in COPD patients are highly discordant. The
lack of consensus on the suitability of these parameters as
disease biomarkers has been mainly ascribed to the consider-
able heterogeneity of the cohorts studied and the impact of
factors such as comorbidities and smoking habits. Still, one
factor likely impacting the inconsistency of circulating leuko-
cyte data is represented by the patient sex, frequently neglected
in the most of the analysis performed. However, COPD cannot
be longer considered a disease that predominantly affects men,
since in the last decade the prevalence of COPD among women
has equaled that of men.® Furthermore, several sex-based
differences concerning susceptibility to tobacco exposure, phe-
notypic differences, symptoms, clinical parameters, quality of
life, and therapeutic implication have been recently reviewed.”
Nevertheless, only few studies addressed the difference in
circulating leukocyte in male and female COPD.

In order to fill up this gap of information, a preliminary
study aimed at thoroughly characterizing changes in the
absolute number and frequency of circulating leukocytes
in stable male and female COPD patients and identifying
potential correlations between defined leukocyte traits and
clinical/diagnostic features was undertaken.

Patients and Methods

Patients

COPD patients (n = 50) and age- and sex-matched controls
(n = 63) were obtained from the Respiratory Medicine
Unit, Verona University Hospital, Verona, Italy. The local

ethics committee approved the research protocol (protocol
n. 42052/2015) in agreement with the principles of the
Declaration of Helsinki. All patients and control subjects
enrolled signed an informed consent form before partici-
pating in the study. Patients fulfilling the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) criteria
were diagnosed as COPD and graded for disease
severity.'” All subjects met the following criteria: (i)
older than 55 years old; (ii) not affected by infectious,
inflammatory, autoimmune, lung (other than COPD), and
neoplastic diseases or cancer history in the last three years;
(iii) not under treatment with oral or systemic steroids.
Lung function was tested according to international
recommendations.'' Forced expiratory volume in the
first second (FEV,), forced vital capacity (FVC), and FEV,
/FVC ratio were measured with a flow-sensing spirometer
connected to a computer for data analysis (Jaeger
MasterScreen PFT System). FEV, and FVC were expressed
as absolute values and as percentage of the predicted

values.'>!3

Whole Blood Leukocyte Composition
Analysis

Blood samples were collected in K,EDTA and analyzed using
XN-9000 (Sysmex Co., Kobe, Japan), within 2 hours from
sample collection. Blood leukocyte composition was reported
both as count (cells x 10%mL) and as percentage of white
blood cells (WBC). Neutrophil and lymphocyte counts
obtained from automated Complete Blood Count (CBC)
were used to calculate the Neutrophil-to-Lymphocyte
Ratio (NLR).

Flow Cytometric Analysis of Circulating

Leukocyte Populations

Leukocyte populations were characterized by multiparametric
FACS analysis. Briefly, 50 uL of whole blood were incubated
with
(Supplementary Table 1) for 15 min at room temperature in
the dark. Erythrocytes were lysed by incubation with BD
Pharm Lyse™ lysing Solution (BD Bioscience, San Diego,

specific fluorochrome-conjugated antibodies

CA, USA) for 5 minutes followed by washing and resuspen-
sion in PBS + 2% FBS (<10 EU/mL endotoxin, Millipore
Sigma, St. Louis, Missouri, United States) + 2mM EDTA
(Millipore Sigma, St. Louis, Missouri, United States) and
immediately analyzed on the 8-colour MACSQuant Analyzer
10 flow cytometer (Miltenyi Biotec, Auburn, CA, USA). Data
were analyzed using the FlowJo software (FlowJo 10.6.2,
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Ashland) following published guidelines.'* Cell count (cells
x10%mL) for each leukocyte population identified by FACS
analysis was calculated based on the WBC count obtained
from CBC.

Statistics

Dataset distribution was evaluated using the Shapiro—Wilk
normality test. According to normality test results, analysis of
differences was performed with Mann Whitney test or
Student’s #-test. Impact of comorbidities and smoking on leu-
kocyte counts was tested with the analysis of variance
(ANOVA); non-normally distributed data were previously log-
transformed. The correlation coefficient was determined using
the Spearman rank correlation or the Pearson correlation test as
appropriate. Statistical significance was defined as a P-value
below 0.05. Statistical analysis was performed using GraphPad
Prism version 8.0 (GraphPad Software Inc.) and R.

Results
Peripheral Blood Leukocyte Composition
in COPD Patients

A case—control study of peripheral blood leukocytes com-
position was conducted in 50 COPD patients (31 males

and 19 females) and 63 age and sex-matched controls (35
males and 28 females). The main features of COPD
patients and age-matched controls enrolled in this study
are summarized in Table 1. In order to characterize in
details differences in the composition of circulating white
blood cell (WBC), we first examined the absolute concen-
tration and differential count of peripheral blood leuko-
cytes from COPD patients. Total WBC counts, assessed by
automated coulter Complete Blood Count (CBC), were not
significantly different between the cohorts of COPD
patients (6.5 [5.5-7.4] x 10%mL) and control subjects
(6.1 [5.3-6.9] x 10°mL) (Figure 1A). No significant dif-
ference in total (Figure 1A) and differential counts
(Figure 1B) of any leukocytes type was detected.
Consequently, the neutrophil-to-lymphocyte ratio (NLR)
value in COPD vs control cohorts was comparable
(Figure 1A). However, when the same analysis was per-
formed stratifying subjects by sex, male COPD patients
were characterized by a significant leukocytosis (COPD
6.9 [5.8-7.6] x 10%/mL vs Control 5.9 [5.3-6.6] x 10®/mL,
p = 0.0017) (Figure 1C), whereas female COPD showed
a significant reduction of circulating leukocytes (COPD
5.6 [4.2-6.8] x 10°mL vs control 6.3 [5.3-7.9] x 10%

Table 1 Demographic Data for Recruited COPD and Control Subjects

Control Donors COPD Patients

n Median (QI1-Q3) n Median (QI1-Q3) P value
Sex (M/F) 35/28 31719 0.5659 *
Age 63 76.00 (66.00-80.00) 50 76.00 (69.75-80.50) 0.8322 *
BMI 53 26.64 (24-16-29.93) 40 27.25 (24.00-31.50) 0.5820 *
Smoker 42/18/3 5/32/1 I*#* <0.0001 *
(never/formerl/current)
Smoking (packl/year) 62 0.00 (0.00-12.13) 48 30.00 (20.00-51.69) <0.0001 *
Charlson Comorbidity Index* 46 2 (0-3) 49 2 (1-3) 0.5148°%
FEV,, L 40 2.565 (2.093-3.008) 48 1.245 (0.9025-1.845) <0.0001 *
FEV,, % of predicted 40 115.0 (103.0-127.8) 49 66.0 (47.0-80.0) <0.0001 ©
FVC, L 40 3.270 (2.538-3.635) 49 2.740 (2.185-3.535) 0.0859 *
FVC, % of predicted 40 109.5 (101.0-123.8) 49 103.0 (87.0-116.5) 0.0478 ¢
FEV,/FVC 40 0.77 (0.74-0.79) 49 0.50 (0.39-0.58) <0.0001 *
GOLD (1/2/3/4) 12/21/14/2

Notes: Values reported indicate the number (n) of subjects and/or the median for each parameter (interquartile range, if not otherwise indicated). *COPD pathology was
not included in Charlson index; ** 2 patients unknown; © — Student’s t-test, * — Mann—Whitney test, * — Fisher’s exact test; significant (p < 0.05) differences are in bold.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV|, forced expiratory volume in | second; FVC, forced vital capacity; GOLD, The

Global Initiative for Obstructive Lung Disease.
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Figure | Sex-specific alteration of circulating leukocytes in COPD patients and controls. White blood cells (WBC), neutrophils (N), lymphocytes (L), monocytes (M),
eosinophils (E), basophils (B) total counts in controls (ctrl, empty dots) and COPD patients (black dots) complete cohorts (A), male cohort (C) and female cohort (E).
Differential counts of neutrophils (N), lymphocytes (L), monocytes (M), eosinophils (E), basophils (B) in controls (empty dots) and COPD patients (black dots) complete
cohorts (B), male cohort (D) and female cohort (F). The red line represents the median. *P < 0.05, **P < 0.0] according to Mann Whitney or Student’s t-test.

mL, p = 0.038) (Figure 1E), as compared to the respective
age and sex-matched controls (Supplementary Table 2).

A significant increase in NLR value was observed in
the male COPD cohort compared to controls (Figure 1C).
In contrast, the NLR value in female COPD patients and
controls was comparable (Figure 1E), indicating that the
increased NLR value detected in the total COPD versus
the control cohort (2.4 [1.7-3.6] vs 2.1 [1.7-2.7], p =
0.073), even though not statistically significant, reflects
confined in the male

an  increase population

(Supplementary Table 2).

Analysis of the absolute and differential counts of
leukocyte populations showed that the increased WBC
and NLR in the male COPD cohort directly results from
the increase in absolute (Figure 1C) as well as differential
(Figure 1D) counts of neutrophils (Supplementary
Table 2). Consequently, the lymphocyte frequency in

WBCs decreased (Figure 1D), whereas the absolute num-
ber of lymphocytes was comparable to that of controls
(Figure 1C). Conversely, absolute count and frequency of
lymphocytes, monocytes, eosinophils and basophils were
equally represented in male COPD and control group
(Figure 1C and D and Supplementary Table 2). On the
opposite, the reduction of total WBC in female COPD
patients versus the respective controls (Figure 1E) resulted

from a reduction of each leukocyte population analyzed
that reached statistically significant values for lymphocytes
(p = 0.029) and monocytes (p = 0.0286) (Figure 1E). As
expected, the frequency of every leukocyte population in
female COPD patients was comparable to that of controls
(Figure 1F and Supplementary Table 2). Collectively, data

show that in COPD patients sex is a relevant factor con-
ditioning circulating leukocyte homeostasis. Data also
uncover that while neutrophilia is a potential hallmark of
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COPD in males, a generalized leukopenia characterizes
COPD in the female population.

Characterization of Circulating Leukocyte
Subtypes in COPD Patients

We then characterized leukocyte subsets of COPD patients
by flow-cytometry. Myeloid cell subtypes were identified
according to the gating strategy shown in Supplementary
Figure 1. Flow-cytometry analysis showed that the fre-
quencies of different monocyte subsets, (classical, mono-
(M-MDSC),
intermediate, and non-classical), were similarly repre-
sented in COPD and controls both for males (Figure 2A)
and females (Figure 2B and Supplementary Table 3).
Likewise, no difference in total dendritic cells (DC) and
DC (pDC, ¢DC1, cDC2) was detected
(Figure 2C-F and Supplementary Table 3).

cyte-myeloid-derived  suppressor  cells

subtypes

Lymphoid populations and CD4+ T lymphocyte sub-
types were identified according to the gating strategy
shown in Supplementary Figure 2. No significant differ-
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B (CD3 CD19"), NK (CD3°CDI9°CD56") and NKT
(CD3"CD56") cells in male COPD patients versus controls
was observed (Figure 3A). Conversely, a reduction of each
of these lymphocyte populations was detected in female
COPD compared to controls (Figure 3B). However, such
a reduction reached statistically significant value only for
B cells (Supplementary Table 4). Notably, these data
further strengthened the observation that every single leu-

kocyte subtype contributes to the significant reduction of
WBC detected in the female COPD cohort.

No significant variation in the frequencies of CD4"
T helper (Th) and CD8" cytotoxic T-lymphocyte (CTL)
subsets was observed (Figure 3C male, and 3D female).
However, in the context of CD4" Th lymphocytes, the
frequency of regulatory T-cells (Treg, CDI127 CD25")
was significantly increased both in male (Figure 3E) and
female (Figure 3F) COPD patients as compared to their
related controls. Otherwise, the frequency of Thl
(CXCR3'CCR6), Th2 (CD3"CRTH2"), Th17
(CXCR3 CCR6") Thl1/17 (CXCR3'CCR6") lymphocytes
(Figure 3E male and 3F female) in COPD patients and
controls was comparable.

females
o ctrl ® COPD
B 100— %c; CO
e 80 % £
5 L3 (=]
22 %07
o O
© £ 40 8
Y— @ L
O° 20 © s 8
X . &
0 %f hd F:
> xS
é\db &“% 06\0 eé’\oo
FR N &
s &
¥ <
E 0.05- F 100
0044 _ 80 . .
Tom] T L Seliz i
£ 0034 ° . e °
5 @ v o= g 38
= 002 2= = ® 40—%$ e
8 %o .”....- % % : £y :
0.014 o, © 204 - °
0.00L——= 0 2 ¢
& & F & &
& < 8 Y

Figure 2 Characterization of monocyte and dendritic cell subtypes populations in COPD patients and controls. Frequency of classical monocytes, monocytic-myeloid
derived suppressor cells (M-MDSC), intermediate monocytes and non-classical monocytes in total monocytes are shown for male (A) and female (B) COPD patients and
controls (ctrl). In addition, total DCs (C and E), as well as the frequency of plasmacytoid (pDC), conventional DCI (cDCl) and DC2 (cDC2) in DCs (D and F) are shown
for male (C and D) and female (E and F) COPD and control donors. Controls: empty dots, COPD: black dots. The red line represents the median.
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Figure 3 Characterization of lymphoid populations in COPD patients and controls. (A and B) T lymphocytes, B lymphocytes, NK cells and NKT cells counts in male (A)
and female (B) COPD and control (ctrl) donors. (C and D) Differential counts of T helper cells (CD3"CD4", Th) and cytotoxic T-lymphocytes (CD3*CD8", CTLs) in total
T cells in male (C) and female (D) COPD and control donors. (E and F) Differential counts of Thl, Th2, Th17, Th1/Th17 and regulatory T cells (Treg) in total T helper cells
in male (E) and female (F) COPD and control donors. Controls: empty dots, COPD: black dots. The red line represents the median. *P < 0.05 according to Mann Whitney

test, **P < 0.01 according to Student’s t-test.

These data collectively emphasize that changes in cir-
culating leukocyte composition in COPD patients are
influenced by sex. While general leukopenia can be
demonstrated in female COPD patients, male COPD
patients are characterized by a significant increase in the
absolute number of circulating leukocytes resulting from
increased neutrophils. Remarkably, both male and female
COPD patients show a significant increase in Treg fre-
quency within CD4+ T cells.

Impact of COPD Severity, Comorbidities
and Smoking on Circulating Leukocyte

Composition

COPD is usually associated with concomitant chronic dis-
eases, such as hypertension, diabetes, dyslipidemia, cardi-
ovascular diseases (CVD), and coronary artery disease
(CAD); these comorbidities increase COPD morbidity
and mortality.” Moreover, these pathological conditions
have been shown to cause by themselves systemic
changes, including alteration in peripheral blood leukocyte
composition. Smoking is also known to have a profound
impact per se on circulating leukocyte composition.'”
Concerning comorbidities, while the female cohort
(COPD and controls) was perfectly balanced, the male
cohort was not balanced for the incidence of CAD, hyper-

tension and arthrosis (Supplementary Table 5). Regarding

the smoking habit, both smoking frequency and index
(pack/year) were significantly different in the male and
female COPD as compared to their respective controls
(Supplementary Table 5).

On these bases, the influence of CAD, hypertension
and arthrosis in the male cohort, together with the influ-
ence of smoking history in male and female cohorts on
peripheral blood cell homeostasis was evaluated by
Analysis of Variance (ANOVA) (Figure 4). CAD, hyper-
tension, and arthrosis were not sufficient per se to deter-
mine the significant changes in WBC, NLR, neutrophil
counts and frequency of Treg in CD4+ T cells observed
in the male cohort (Figure 4A). Similarly, smoking was
not responsible of the changes observed in COPD vs
controls, both in the male and female cohorts (Figure 4).
Collectively, this analysis indicates that the COPD pathol-
ogy is an independent factor responsible for the majority
of the statistically significant variations of the leukocyte
parameters identified in male and female cohorts also after
adjustment to smoking and comorbidities.

Imbalanced distribution of the degree of disease sever-
ity, smoking habit and/or comorbidities between male and
female COPD patients, independently from their respec-
tive controls, may also introduce a bias in the analysis of
the role of sex in circulating leukocyte composition of
COPD patients
Therefore, the distribution of clinical parameter of COPD

compared to sex-matched controls.

https:
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Figure 4 Impact of smoking and comorbidities on leukocyte parameters in male and female COPD patients. Heat map representation of the ANOVA analysis in male (A)
and female (B) COPD patients and sex matched controls. P-value obtained from the ANOVA analysis for COPD, smoking, CAD, hypertension or arthrosis alone or
interacting with COPD (interaction) are plotted according to the scale shown on the right. The smoking impact was evaluated by grouping donors according to smoking

index (pack/year) in: “very light” (pack/year < I5);

severity (GOLD stage, FEV% of predicted, FEV/FVC),
smoking habits, and comorbidities (Carlson Comorbidity
Index — CCI, CVD, CAD, allergy, hypertension, dyslipi-
demia, arthrosis, thyroid disease and BMI) in male and
female COPD enrolled in the study was examined.
Statistical analysis showed that male and female COPD
groups were perfectly balanced for all these parameters,
except than for CCI and allergy (Supplementary Table 6).

To determine the potential impact of CCI and allergy on
circulating leukocytes, we first identified WBC population
significantly different between the male and female COPD
groups (Supplementary Figure 3A). WBC, neutrophil and

monocyte counts were significantly higher in male as
compared to female COPD, while the opposite was
observed for lymphocytes (Supplementary Figure 3A).
ANOVA analysis of the impact of sex, CCI and allergy
alone or in combination allowed us to exclude that an

uneven distribution of factors, such as CCI and/or allergy,
affect the outcome of this analysis (Supplementary

Figure 3B).

Correlation of Leukocyte Counts to

Clinical Parameters

To understand whether circulating leukocyte composition
varied according to COPD disease severity, we searched
for potential correlations between defined leukocyte traits
and clinical features. There is consensus that FEV; does
not adequately describe the complexity of the disease and
that FEV alone cannot be used for an optimal diagnosis.
However, a clear alternative has not yet been defined. To
overcome this limitation, FEV % of predicted, FEV,/FVC,
and GOLD stage were chosen as representative of COPD
severity. A direct correlation between the cell counts and
FEV %, FEV|/FVC, and an inverse correlation between
cell counts and GOLD stage indicates a progressive

“light” (pack/year 15-30), and “heavy” (pack/year 2 30).

decrease of the given cell type with the disease severity.
On the contrary, an inverse correlation between the num-
ber and/or the frequency of a given cell type with FEV %
of predicted, FEV/FVC, and a direct correlation with
GOLD stage marks a progressive increase of the indicated
cell type with disease severity. Among all circulating
leukocytes, some populations were found to correlate
with one or more parameters of COPD severity (Figure 5

and Supplementary Table 7). Remarkably, heat map repre-

sentation of the type and number of correlations indicated

females

WBC (10°/mL)
lymphocytes (10°/mL)
B cells (10°/mL)
NKT (10°mL)| 0.41

pDC (% of DC)
M-MDSC (% of Mo)
eosinophils (10°/mL)
basophils (10°/mL)
¢DC2 (% of DC)
¢DC1 (% of DC)

Th1 (% of Th)

Treg (% of Th)

0.791

-0.744 0.677

H N

-1 1
correlation to
COPD severity

Figure 5 Correlation of leukocyte populations with parameters of COPD severity.
Correlation analysis between all leukocyte populations and FEV s of predicted,
FEV,/FVC or GOLD was performed separately for male and female COPD patients.
Heatmap shows all leukocyte populations correlating in a statistically significant
manner (P < 0.05) with at least one clinical parameter in male (left) or female (right)
COPD patients. The color scale indicates the degree of the correlation: blue =
leukocyte amount decreases with COPD severity; red = leukocyte amount
increases with diseases severity. Raw Spearman or Pearson correlation coefficient
is reported inside the heatmap.
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that circulating leukocytes and disease severity changes
are once again influenced by sex (Figure 5). Specifically,
a decrease in WBC, total lymphocytes, B, and NKT cell
counts and the increase in COPD severity were observed
in the male cohort (Figure 5 and Figure 6). Conversely, an
increase in the frequency of Thl and Treg in CD4" Th
lymphocytes correlated with reduced lung function in the
female cohort. Remarkably, an increase only of the mye-
loid cell types was observed in more severe female COPD
patients (Figures 5 and 7). Specifically, both eosinophils
(Figure 7E and F) and basophils (Figure 7G) correlated
with disease severity in female COPD patients. Moreover,
a progressive imbalance in DC populations, with an
increase in ¢cDC1 frequency in females (Figure 7H-J) and
c¢DC2 frequency in males (Figure 6I), associated with the

a significant decrease in M-MDSC number (not shown)
and frequency in monocytes (Figures 5 and 7K-M) was
detected in more severe female COPD patients.

Discussion

Analysis of circulating blood leukocyte composition con-
ducted on a pilot study of stable COPD patients and age-
matched controls uncovered that sex plays a role in driving
changes in the absolute number and differential counts of
discrete circulating leukocyte types. Briefly, male COPD
patients are characterized by a significantly higher neutro-
(NLR),
a significant increase in neutrophils’ total number and

phil-to-lymphocyte  ratio consequent  to

frequency. Differently, female COPD patients are charac-
terized by a generalized leukopenia, involving the majority

disease  progression was observed. Surprisingly, of leukocyte populations. The only feature shared by both
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Figure 6 Correlation of leukocyte populations with COPD severity parameters in male COPD patients. Correlation between: WBC (A) or lymphocyte count (B) with
FEV,/FVC; B cell count with FEV,% (C), FEVI/FVC (D) and GOLD (E); NKT cell count with FEV,% (F), FEV,/FVC (G) and GOLD (H); cDC2 frequency with GOLD (I).
Linear regression and 95% confidence interval are drawn. Spearman of Pearson correlation coefficient (r) and p-value (P) are shown.
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Figure 7 Correlation of leukocyte populations with COPD severity parameters in female COPD patients. Correlation between: Thl cell frequency with FEV s (A) and
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male and female COPD cohorts is the increased frequency
of Treg within CD4+ T cells. Even though limited to
a small cohort of subjects, such sex-specific profiles iden-
tified could not be attributed to coexisting conditions, such
as comorbidities or smoking habit, or differences in the
clinical parameters of the male and female COPD patients
enrolled, as assessed by ANOVA analysis.

These findings are particularly relevant in the context of
recent works suggesting NLR as diagnostic and prognostic
marker in COPD’ and help re-evaluate discrepancies in the
literature data. For example, studies that identified differ-
ences in NLR values yielded contrasting results, ranging
from significantly higher to equivalent NLR values in
stable COPD than age-matched controls. Similarly, incon-
sistencies also exist concerning either the association
between NLR and clinical parameters in stable COPD or
the potential use of NLR as a predictor of COPD severity.
Such differences have been attributed mainly to methodo-
logical issues and the variability of the different cohorts
investigated. Such variables include ethnic differences, age
range, comorbidities, but no attention to sex distribution
has been given. While gender differences in plasma bio-
marker levels have been investigated,'® very few studies
focused on the role of sex on white blood cell composition
changes in COPD patients has been performed. Of note,
this is somehow surprising, since the impact of sex on
several features of COPD, such as susceptibility, clinical
presentation, symptoms, prognosis, severity, and comorbid-
ities, is widely acknowledged.'” Indeed, retrospectively,
studies reporting a significant increase in WBC and neu-
trophil count have been performed on cohorts composed
predominantly of male subjects, while no difference in
circulating leukocyte parameters have been reported in
studies performed on sex-balanced cohorts. This issue is
emphasized in a recent comprehensive meta-analysis,
claiming that the most significant limitation of the study
was that men were the sole focus of almost one-third of the
screened articles.'® This lack of information represents
a hurdle in the identification of reliable biomarkers, parti-
cularly of those related to persistent elevation of inflamma-
tory markers, which are related to the progression of the
disease, clinical and functional parameters, and the devel-
opment of comorbidities.

Remarkably, we found that sex, other than being rele-
vant in driving changes in peripheral blood cell home-
ostasis, also impacted on changes of circulating
leukocyte composition during different stages of the dis-
ease. Specifically, while a decrease of the absolute number

of lymphocytes (B cells, T cells, and NKT) correlated with
COPD disease severity in males, an increase in the abso-
lute number of granulocytes (eosinophils and basophils)
and the frequency of ¢DC1 dendritic cell populations
marked severe COPD patients in females.

Over the last years, several other circulating leuko-
cytes have been investigated, and imbalances in the num-
ber and/or activation status of different circulating
immune cell subsets have been associated with various
diagnostic and prognostic parameters. However, once
again, because of the variability of the different cohorts
investigated together with the variation in the way leu-
kocyte subtypes were sampled and analyzed, it is not
surprising that contrasting results occur in this field. For
these reasons, we believe that discussing the results
obtained in this work for each leukocyte subtype in the
context of the literature would not add a significant con-
tribution to the current knowledge. We are aware that the
of the cohort
a limitation and results need to be validated on larger

sample size investigated represents
cohorts. Nevertheless, the added value of this preliminary
study consists in providing evidence for the role of sex as
a significant driver of the dynamic changes occurring in
COPD patients. Most importantly, seen as a whole, our
data show that sex may affect the dynamic of these
modifications at different stages: a pro-inflammatory pro-
file characterized by an increase in innate immune cells
(i.e. neutrophils) is an early hallmark of COPD in males,
clearly detectable from GOLD stage 1 to 4. Otherwise,
a decrease in lymphocyte number can be observed only
in more severe male patients. In contrast, a decrease in
adaptive immune cells types marks female COPD from
the initial stages of the disease. In addition, a pro-
inflammatory profile, characterized by increased eosino-
phils and basophils count and Thl cell frequency, is
detectable at more severe stages of the disease in females
(Figure 8).

Accumulating evidence show that sex affects innate
and adaptive immune responses to self and foreign anti-
gens, consequentially yielding to differences in several
pathologic conditions, as well as in responses to infections
and vaccines'®?® This preliminary study provides experi-
mental evidence supporting the awareness that sex-
disaggregated data should be considered when searching
for reliable biomarkers®' and that sex should be integrated
as biological variable in all stages, from basic research to

clinical analysis and evaluation.”
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Figure 8 Dynamic changes in circulating leukocytes in different stages of COPD in males and females. Graphs represent the ratio COPD/controls for granulocytes and
lymphocytes. In male COPD (A), a significant increase in neutrophils compared to controls, is detectable at early stages and it is maintained elevated throughout all the
disease stages, while a decrease in lymphocyte number can be observed only in more severe male patients. In females (B), hallmark of COPD is represented by a significant
reduction in lymphocyte number compared to controls, and an increase in eosinophils and basophils can be observed only as the disease progresses.

Conclusion

This study provides experimental evidence supporting the
awareness that sex-disaggregated data should be consid-
ered as an essential rule when moving toward precision
pulmonary medicine. In fact, the results of our study
uncovered that sex plays a role not only in driving changes
in the absolute number and frequency of discrete circulat-
ing leukocyte types in COPD patients as compared to age-
and sex-matched controls but also that it affects the
dynamic of these modifications at different stages: a pro-
inflammatory profile is an early hallmark of COPD in
males, followed by a reduction of lymphocytes as the
disease progresses. In contrast, a decrease in adaptive
immune cells types marks female COPD from the initial
stages of the disease, while a proinflammatory profile is
detectable at more severe stages of the disease in females.
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