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Abstract
Background  Cathepsin D (CTSD) is an aspartyl proteinase that plays an important role in protein degradation, antigen 
processing and apoptosis. It has been associated with several pathologies such as cancer, Alzheimer’s disease and inflam-
matory disorders. Its function in lung diseases remains, however, controversial. In the current study, we determined CTSD 
activity in serum of patients with chronic obstructive pulmonary disease (COPD) and evaluated the correlations between this 
proteinase and inflammatory and oxidative parameters. We also investigated the impact of a CTSD C224T polymorphism 
on enzyme activity and clinicopathological parameters.
Methods  Our population included 211 healthy controls and 138 patients with COPD. CTSD activity, MMPs (-1/-7/-12), 
cytokines (IL-6, TNF-α), malondialdehyde (MDA), nitric oxide and peroxynitrite levels were measured in patients and 
controls using standard methods. Genotyping of CTSD C224T polymorphism was determined using PCR–RFLP.
Results  Our results showed an increased CTSD activity in COPD patients compared to healthy controls (4.87 [3.99–6.07] 
vs. 3.94 [2.91–5.84], respectively, p < 0.001). COPD smokers presented also a higher CTSD activity when compared to non-
smokers (4.91[3.98–6.18] vs. 4.65[4.16–5.82], respectively, p = 0.01), while no differences were found when subjects were 
compared according to their GOLD stages. The activity of this proteinase was not dependent on the C224T polymorphism 
because we did not found any influence of this SNP on proteinase activity among patients and controls. Furthermore, our 
data provide the first evidence of the interrelationships between CTSD activity and both MMPs and TNF-α levels (MMP-
1[r = − 0.4; p = 0.02], MMP-7[r = 0.37; p = 0.04], MMP-12[r = 0.43; p = 0.02], TNF-α [r = 0.89, p = 0.001]) in COPD smok-
ers. There were no correlations, however, between CTSD activity and oxidative stress parameters in controls and patients.
Conclusion  Our findings suggest that CTSD could be a relevant marker for COPD disease. Alteration of CTSD activity may 
be related to increased MMPs and TNF-α levels, particularly in COPD smokers.

Keywords  Cathepsin D · Chronic obstructive pulmonary disease · Polymorphism · Smoking

Introduction

Chronic obstructive pulmonary disease (COPD) is a com-
mon cause of morbidity and mortality, and its incidence is 
still increasing. It is predicted by the World Health Organiza-
tion to become the third leading cause of death worldwide 
by 2030 [1]. COPD is characterized by a progressive revers-
ible airflow limitation that is associated with an abnormal 
inflammatory response of the lungs to noxious particles and 
gases [2]. Besides inflammation, the pathogenesis of COPD 
involves other processes such as oxidative stress and imbal-
ance in the activity of proteases and antiproteases in the lung 
parenchyma. Growing evidence suggests the contribution of 
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proteases in pulmonary diseases and especially in COPD. As 
an example, neutrophil elastase has been shown to aggravate 
airflow obstruction in COPD by enhancing inflammation 
and apoptosis [3, 4]. Matrix metalloproteinases-9 and -12 
are also implicated in tissue damage and remodeling and 
were associated with the severity of COPD [5, 6]. Among 
cysteine proteases, cathepsin S and caspase-8 were found 
to be highly expressed in COPD patients [7, 8]. In contrast, 
little is known about the role of aspartic proteases, particu-
larly cathepsin D (CTSD) in the pathogenesis of COPD.

CTSD is a lysosomal acid proteinase synthesized as 
a preprocathepsin D in the rough endoplasmic reticulum. It 
breaks down denatured and abnormal proteins and modu-
lates proteolysis by activating precursor forms of many pro-
teases and inactivating their inhibitors [9]. It is also involved 
in antigen processing and apoptosis [10]. CTSD has been 
associated with numerous human pathologies such as cancer, 
Alzheimer’s disease and inflammatory disorders [11–13]. 
The gene encoding of this proteinase is located on chromo-
some 11 (11q12). A C to T substitution in exon 2 at position 
224 (rs17571) of the CTSD gene has been suggested to affect 
protein secretion and maturation in breast cancer cells [14].

The goals of the current report were therefore to explore 
the CTSD activity in patients with COPD and to evaluate 
relationships with tobacco smoking, inflammatory and 
oxidative stress markers. We also investigated whether the 
CTSD C224T polymorphism affects CTSD activity and risk 
of COPD.

Materials and methods

Study population

The subjects included in this study were 138 patients with 
COPD, recruited from the services of Physiology and Pneu-
mology, Farhat Hached Hospital, Sousse, Tunisia. The con-
trol group consisted of 211 healthy subjects having normal 
spirometry results and no history of any disease. A ques-
tionnaire was filled out containing demographic character-
istics, severity of disease based on the criteria of Global 
Initiative for Chronic Obstructive Pulmonary Disease [2] 
and history of cigarette smoking. Written informed consent 
was obtained from all subjects. All patients had a diagnosis 
confirmed by plethysmography (ZAN 500 Body II; ZAN 
Meβgrerate GmbH, Germany) according to American Tho-
racic Society standardizations [15]. COPD was diagnosed 
based on a clinical history of dyspnea and not fully revers-
ible airflow obstruction which is defined as the ratio of 
forced expiratory volume in one second (FEV1)/ forced vital 
capacity (FVC) < 70% after the inhalation of 400 µg salbu-
tamol. COPD patients were classified using GOLD criteria 
[2] as mild (GOLD I) with FEV1 ≥ 80% predicted, moderate 

(GOLD II) FEV1 < 80% and ≥ 50% predicted, severe (GOLD 
III) with FEV1 < 50% and ≥ 30% predicted and very severe 
(GOLD IV) with FEV1 < 30% predicted. None of the COPD 
patients reported exacerbation for the previous two months.

Genotyping of C224T CTSD variant

Genotyping of CTSD was performed using by PCR–RFLP. 
The PCR mixture was composed of DNA (100 ng), 5 μl of 
5 × PCR buffer, 1.5 mM of MgCl2, 100 μmol/l of desoxynu-
cleotide triphosphates, 0.5 units of Taq®DNA polymerase 
(Promega Corp., Madison, WI, USA) and 60 pmol of each 
primer 5′-GTG​ACA​GGC​AGG​AGT​TTG​GT-3′(forward)
and5′-GGG​CTA​AGA​CCT​CAT​ACT​CACG-3′(reverse). 
Reaction conditions used were as follows: 94 °C for 5 min, 
35 cycles of 94 °C for 1 min, 60 °C for 1 min and an elon-
gation step at 72 °C for 1 min, final elongation at 72 °C for 
7 min. The PCR products were digested with the restriction 
enzyme MwoI and separated by electrophoresis on a 2% 
agarose gel (Supplementary file1).

Determination of CTSD activity

Blood samples were collected within the same period from 
healthy controls and patients with COPD. Serum and plasma 
were immediately frozen at − 80 °C for further analysis.

Preparation of hemoglobin solution: The supernatant 
containing plasma and leukocytes was removed after centrif-
ugation at 8000 rpm for 10 min. Packed erythrocytes were 
then washed four times with isotonic saline (NaCl, 9 g/l), 
hemolyzed and frozen at − 20 °C. Then, the supernatant 
was denaturated with citrate buffer (400 mM, pH 2.8). After 
precipitation with ammonium sulfate (0.1 M) for 30 min at 
4 °C, 10 ml of water was added. Then, the supernatant was 
frozen at − 20 °C for dialysis. To 1 ml of hemoglobin solu-
tion (2.5%), 1.5 ml water was added and was applied on a 
NAP-10 column.

Enzymatic assay: serum CTSD activity was assayed using 
hemoglobin as a substrate as previously described [16]. 
Serum was incubated with dialyzed hemoglobin in citrate 
buffer (400 mM, pH 2.8) for 20 h at 37 °C, and the reaction 
was stopped with addition of trichloroacetic acid (5%). After 
centrifugation, the supernatant was rescued and the absorb-
ance of the liberated peptides was measured according to 
Lowry procedure [17]. The amount of 0.5 ml of superna-
tant was supplemented with 1.5 ml of copper reagent. Then, 
0.25 ml of Folin and Ciocalteu’s reagent diluted with dis-
tilled water (2:1 v/v ratio) was added. The absorbance was 
measured at 750 nm after 30 min, and the activity of CTSD 
was expressed as nM of tyrosine/mg protein/min. Reactions 
were made in the presence or absence of the CTSD inhibitor 
pepstatin (1.43 mM).
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For tyrosine estimation, 0.5 to 2 μg of tyrosine was made 
up to 1 ml with 0.5 ml TCA 5% and 0.5 ml citrate buffer 
(400 mM, pH 2.8). Then, 1.5 ml of copper reagent was added 
to the solution followed by 0.25 ml of 2:1 diluted Folin–Cio-
calteu reagent. The absorbance was taken at 750 nm. The 
amount of total protein was measured at 595 nm using the 
Bradford protein assay [18].

Enzyme‑linked immunosorbent assays of serum 
MMPs (‑1, ‑7 and 12)

MMPs (-1/-7/-12) levels were determined by enzyme-linked 
immunosorbent assays using commercially available kits 
according to the manufacturer’s instructions [MMP-1 (OK-
0272); Assay Biotechnology Company, Inc., Sunnyvale, 
CA, USA; MMP-7 (DMP700); R&D Systems, Abingdon, 
UK, and MMP-12 (EK0950); Boster Biological Technology, 
Pleasanton, CA, USA)].

2.5 Enzyme‑linked immunosorbent assays 
of cytokines (IL‑6 and TNF‑ α).

IL-6 and TNF-α levels were evaluated by ELISA using 
commercially available kits according to the manufactur-
er’s instructions [IL-6 (D6050); TNF-α (DTA00C) R&D 
Systems].

Determination of nitric oxide (NO), peroxynitrite 
and thiobarbituric acid‑reactive substances 
(MDA‑TBARS)

Nitric oxide was determined using the Griess reaction as 
previously described [19] and was expressed as pmol/mg 
of protein. The concentration of peroxynitrite was deter-
mined according to VanUffelen and colleagues [20] and was 
expressed in µmol/ml of plasma. The concentration of MDA 
was assayed as previously described [21] and was expressed 
in μmol/l of plasma.

Statistical Analysis

Statistical analyses were performed using SPSS, version 
17.0 (SPSS Inc., Chicago, IL, USA). Student’s t test and 
Mann–Whitney U test were applied to compare groups, and 
data were expressed as the mean ± SD or median (interquar-
tile range). Correlations between the different parameters 
were analyzed using the Spearman rank correlation coef-
ficient. The genotype frequencies of CTSD polymorphism 
were compared between patients and controls using the Chi-
square (χ2) test. The odds ratios (OR) and 95% confidence 
intervals (CI) were calculated using an unconditional logistic 
regression model and were adjusted for age and sex. A p 
value < 0.05 was considered statistically significant.

Results

Clinical characteristics of the control subjects 
and patients with chronic obstructive pulmonary 
disease

Clinical characteristics of patients and controls are sum-
marized in Table1. The study included 211 controls and 
138 patients with COPD. As shown in Table1, the mean 
age was 61.61 ± 13.2 in cases and 57.2 ± 9.6 in healthy 
subjects. As expected, FEV1% and FVC% were signifi-
cantly lower in patients compared to controls (55.7 ± 18.6 
vs. 93.8 ± 0.8 and 77.9 ± 19.6 vs. 96.2 ± 10.2, respectively) 
(Table1). As indicated in Table1, CTSD activity was sig-
nificantly increased in COPD patients compared to healthy 
controls (4.87 [3.99–6.07] vs. 3.94 [2.91–5.84] nM tyr/mg 
prot/min, respectively, p < 0.001). Similarly, the levels of 
MMP-12, MDA and IL-6 were markedly higher in cases 
than in controls (p < 0.05) (Table1). Conversely, increased 
level of NO was found in healthy controls in comparison 
with patients with COPD (213.3 [142.7–309.68] vs. 178.6 
[128.07–269.18] pmol/mg, respectively, p = 0.01). There 
were no significant differences in MMP-7/-1, peroxyni-
trite and TNF-α levels between COPD patients and healthy 
subjects (p > 0.05) (Table1). In COPD group, there were 
10.2%, 44.9%, 39.1% and 5.8% patients with stages I, II, 
III and IV disease, respectively. No significant differences 
in MMPs, oxidative and inflammatory parameters were 
found in patients with mild–moderate disease (GOLD I/II) 
when compared to patients with advanced disease stages 
(GOLD III/IV) (Table1).

Impact of smoking on clinicopathological 
parameters in COPD patients and controls

We also determined the impact of smoking on the different 
clinicopathological parameters (Table2).

A significant increase in CTSD activity was found 
among COPD smokers as compared with nonsmokers 
(4.91 [3.98–6.18] vs. 4.65 [4.16–5.82] nM tyr/mg prot/
min, respectively, p = 0.01) (Table2). CTSD activity was 
also significantly higher in COPD smokers than in healthy 
controls (4.91 [3.98–6.18] vs. 3.94 [2.91–5.84] nM tyr/
mg prot/min, respectively, p < 0.001). Likewise, the lev-
els of MMP-7/-12, NO, MDA and IL-6 were significantly 
higher in the COPD smokers group when compared with 
the controls group (p < 0.05). NO and MDA levels were 
also increased in COPD nonsmokers compared to healthy 
controls (p < 0.05) (Table2). However, no difference in the 
mean values of the other parameters was found between 
the two COPD subgroups.
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Relationships between CTSD activity 
and the different studied parameters in COPD 
patients and controls

There were correlations between CTSD activity and both 
MMPs [MMP-12 (r = 0.4, p = 0.02), MMP-7 (r = 0.27, 
p = 0.04), MMP-1 (r = −  0.32, p = 0.02)] and TNF-α 
(r = 0.85, p < 0.001) levels in COPD patients (Table3). CTSD 
activity was also correlated with MMPs and TNF-α levels in 
COPD smokers (Table3). Conversely, no correlations were 
found for the different parameters in controls and COPD 
patients.

Impact of the C224T CTSD polymorphism on COPD 
risk

The distribution of CTSD C224T genotypes in patients and 
controls did not differ from that expected from Hardy–Wein-
berg equilibrium (Table4). The frequencies of CC, CT, and 
TT genotypes in the control and COPD groups were 78.7%, 

18.5% and 0.9% and 81.2%, 18.1% and 0.7%, respectively. 
There were no significant differences in genotype distribu-
tion of the CTSD C224T polymorphism between the two 
groups before and after adjustment for age and sex (Table4). 
As shown in Table4, the distribution of the C224T CTSD 
genotypes was not different between smokers without COPD 
and COPD smokers.

Impact of a C224T polymorphism on cathepsin D 
activity and clinicopathological parameters

We further analyzed the correlations between CTSD C224T 
variants and clinicopathological parameters in COPD 
patients and healthy controls (Table5). Table5 shows lower 
FEV1/FVC in patients carrying CT and TT genotypes when 
compared to those having the CC genotype (51.8 ± 2.4 vs. 
57.57 ± 1.06, respectively, p = 0.02). Likewise, decreased 
FEV1% was also observed in patients with CT and TT gen-
otypes but the difference was not significant (Table5). No 
significant impact of the.

Table 1   Clinical characteristics of the control subjects and patients with chronic obstructive pulmonary disease according to disease stages

Data are expressed as mean ± SEM or median (interquartile range)
COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, GOLD Global Initiative for 
Chronic Obstructive Lung Disease [GOLD I = mild, GOLD II = moderate, GOLD III = severe, GOLD IV = very severe], % pred percentage of 
predicted value. CTSD cathepsin D, MMP metalloproteinases, NO nitric oxide, MDA malondialdehyde, IL-6 interleukin-6, TNF-α tumor necro-
sis factor alpha
Significant results (p values) are in bold
pa COPD vs. controls
pb COPD GOLD I–II vs. controls
pc COPD GOLD III–IV vs. controls
pd COPD GOLD III–IV vs. COPD GOLD I–II

Characteristics Controls COPD pa GOLD Stage

GOLD I–II pb GOLD III–IV pc pd

Age (years) 57.2 ± 0.8 61.61 ± 1.3 0.66 58 ± 3.88 0.8 61.73 ± 1.7 0.94 0.36
FEV1 2.9 ± 0.22 1.6 ± 0.06  < 0.001 2.64 ± 0.16  < 0.001 1.83 ± 0.07  < 0.001  < 0.001
FEV1%pred 93.8 ± 2.41 55.7 ± 1.57  < 0.001 87 ± 1.48  < 0.001 64.41 ± 1.14  < 0.001  < 0.001
FVC 3.5 ± 0.27 3 ± 0.08 0.52 3.91 ± 0.23 0.34 3.05 ± 0.11  < 0.001 0.002
FVC% pred 96.2 ± 2.73 77.9 ± 1.61  < 0.001 104 ± 3.48 0.05 85.08 ± 1.66 0.001  < 0.001
FEV1/FVC 81.9 ± 1.45 56.5 ± 0.89  < 0.001 67.07 ± 1.65  < 0.001 60.62 ± 1.21  < 0.001 0.02
CTSD ( nM tyr/mg 

prot/min)
3.94 (2.91–5.84) 4.87 (3.99–6.07)  < 0.001 5.25 (4.05–5.95) 0.008 4.89 (3.81–6.08) 0.001 0.91

MMP-7 (ng/ml) 0.14 (0.1–0.17) 0.19 (0.1–0.31) 0.08 0.13 (0.09–0.17) 0.41 0.15 (0.09–0.26) 0.02 0.57
MMP-12 (ng/ml) 0.19 (0.15–0.23) 0.28 (0.17–0.47) 0.04 0.37 (0.19–0.56) 0.16 0.29 (0.16–0.45) 0.56 0.46
MMP-1 (ng/ml) 5.07 (4.27–5.99) 5.49 (1.54–7.24) 0.18 5.6 (4.9–6.82) 0.02 5.26 (4.5–7.21) 0.1 0.74
NO (pmol/mg) 213.3 (142.7–

309.68)
178.6 (128.07–

269.18)
0.01 151.31 (125.5–

231.53)
0.04 184 (130.83–

280.42)
0.03 0.23

Peroxynitrite 
(μmol/ml)

1.04 (0.7–1.61) 0.93 (0.73–1.34) 0.16 1.34 (0.7–1.49) 0.56 0.99 (0.76–1.41) 0.01 0.5

MDA (µmol/l) 0.83 (0.5–1.35) 1.16 (0.66–1.91)  < 0.001 1.33 (0.83–1.93) 0.001 1.16 (0.66–1.91) 0.006 0.73
IL-6 (pg/ml) 2.41 (1.8–2.65) 2.93 (2.32–4.87)  < 0.001 2.17 (2.07–4.43) 0.003 2.79 (2.41–3.59) 0.002 0.38
TNF-α (pg/ml) 0.88 (0.7–1.18) 1.21 (0.72–1.62) 0.34 1.12 (0.72–1.51) 0.55 1.09 (0.63–1.72) 0.4 0.9



461Clinical and Experimental Medicine (2021) 21:457–465	

1 3

CTSD C224T polymorphism on lung function was found 
among controls. As shown in Table5, MMP-7 and MMP-12 
levels were significantly higher among patients carrying the 
T allele in comparison with those with the C allele (p < 0.05). 
Similarly, levels of MMP-7 and MMP-12 still significantly 

higher in COPD smokers with the T allele compared to those 
with the C allele. No significant impact of CTSD C224T 
polymorphism on MMP-7 and MMP-12 levels was found, 
however, among healthy subjects (Table5). CTSD activity, 
MMP-1, NO, peroxynitrite, MDA and cytokines levels did 

Table 2   Clinical characteristics of the control subjects and patients with chronic obstructive pulmonary disease according to their smoking status

Data are expressed as mean ± SEM or median (interquartile range)
COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, GOLD Global Initiative for 
Chronic Obstructive Lung Disease, % pred percentage of predicted value. CTSD cathepsin D, MMP metalloproteinases, NO nitric oxide, MDA 
malondialdehyde, IL-6 interleukin-6, TNF-α tumor necrosis factor alpha
Significant results (p values) are in bold
pa COPD nonsmokers vs. controls
pb COPD smokers vs. controls
pc COPD smokers vs. COPD nonsmokers

Characteristics Controls COPD nonsmokers pa COPD smokers pb pc

Age (years) 57.2 ± 9.6 56 ± 16.05 0.27 62.62 ± 12.44 0.12 0.23
FEV1 2.9 ± 0.22 1.37 ± 0.14  < 0.001 1.61 ± 0.06  < 0.001 0.13
FEV1%pred 93.8 ± 2.41 57.82 ± 4.43  < 0.001 55.42 ± 1.7  < 0.001 0.62
FVC 3.5 ± 0.27 2.19 ± 0.22  < 0.001 3.12 ± 0.08 0.65 0.16
FVC% pred 96.2 ± 2.73 76.94 ± 5.34 0.005 78.47 ± 1.67  < 0.001 0.76
FEV1/FVC 81.9 ± 1.45 63.31 ± 2.6  < 0.001 55.38 ± 1.03  < 0.001 0.005
CTSD ( nM tyr/mg prot/min) 3.94(2.91–5.84) 4.65(4.16–5.82) 0.11 4.91(3.98–6.18)  < 0.001 0.01
MMP-7 (ng/ml) 0.14(0.1–0.17) 0.12(0.09–0.21) 0.95 0.21(0.11–0.37) 0.03 0.2
MMP-12 (ng/ml) 0.19(0.15–0.23) 0.19(0.17–0.22) 0.94 0.28(0.17–0.44) 0.02 0.26
MMP-1 (ng/ml) 5.07(4.27–5.99) 6.44(5.13–7.93) 0.09 5.26(4.5–7.04) 0.32 0.18
NO (pmol/mg) 213.3(142.7–309.68) 158.77(121.61–234.41) 0.03 184.1(128.07–280.42) 0.03 0.38
Peroxynitrite (μmol/ml) 1.04(0.7–1.61) 0.92(0.71–1.51) 0.83 0.94(0.72–1.25) 0.1 0.34
MDA (µmol/l) 0.83(0.5–1.35) 1.2(0.71–1.51) 0.04 1.08(0.66–1.91) 0.001 0.91
Il-6 (pg/ml) 2.41(1.8–2.65) 2.49(2.17–2.92) 0.13 3.21(2.36–5.47)  < 0.001 0.17
TNF-α (pg/ml) 0.88(0.7–1.18) 1.21(0.74–1.24) 0.51 1.19(0.68–1.76) 0.37 0.76

Table 3   Spearman correlations 
between the studied parameters 
and CTSD expression in 
controls and COPD patients

r Spearman’s correlation coefficient, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity,
MMP metalloproteinases, % pred percentage of predicted value, NO nitric oxide, MDA malondialdehyde,
IL-6 interleukin-6, TNF-α tumor necrosis factor alpha. Significant results (p values) are in bold

CTSD (nM tyr/mg prot/min)

Study parameters Controls COPD COPD smokers

r p r p r p

FEV1% pred 0.5 0.67 − 0.04 0.64 − 0.003 0.97
FEV1/FVC − 0.87 0.33 − 0.09 0.3 − 0.08 0.43
MMP-7 (ng/ml) − 0.15 0.53 0.27 0.04 0.37 0.04
MMP-12 (ng/ml) 0.1 0.72 0.4 0.02 0.43 0.02
MMP-1 (ng/ml) − 0.23 0.34 − 0.33 0.03 − 0.4 0.02
NO (pmol/mg) 0.14 0.07 0.12 0.18 0.13 0.18
Peroxynitrite (μmol/ml) 0.17 0.05 − 0.07 0.44 − 0.05 0.62
MDA (µmol/l) − 0.15 0.07 − 0.17 0.08 − 0.16 0.12
IL-6 (pg/ml) 0.05 0.83 − 0.01 0.96 − 0.09 0.48
TNF-α (pg/ml) − 0.02 0.95 0.85  < 0.001 0.89 0.00
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not differ also according to CTSD C224T genotypes in cases 
and controls (Table5).

Discussion

The purpose of the current study was to explore CTSD activ-
ity in COPD patients and to determine the impact of smok-
ing as well as relationships with inflammatory and oxidative 
markers. We also evaluated the role of a C224T CTSD vari-
ant on enzyme activity and susceptibility to COPD.

CTSD is a lysosomal aspartic proteinase involved in 
proteolytic degradation, apoptosis and inflammation. It is 
synthesized as an inactive preprocathepsin D form, which 
undergoes several proteolytic cleavages to produce the active 
enzyme [22]. Up to now, only a few studies explored the role 
of this proteinase in pulmonary diseases. Among these, Faiz 
et al. [23] reported no significant differences in the activ-
ity and expression of CTSD in the bronchoalveolar lavage 
fluid from asthmatics. Pulmonary emphysema was associ-
ated, however, with the activation of cathepsins D and E [24, 
25]. In pulmonary fibrosis, CTSD was involved in airway 
remodeling with excessive apoptosis and prolonged inflam-
mation leading to tissue degradation [26, 27]. In the current 
report, we found an increase in CTSD activity among COPD 
patients in comparison with healthy controls, which suggests 

a potential role of this enzyme in COPD. This confirms ear-
lier findings showing higher levels of CTSD in blood and 
bronchoalveolar lavage fluid from COPD patients [28–30]. 
The higher activity of CTSD in COPD patients was not 
dependent, however on the C224T variant since no influ-
ence of this SNP on proteinase activity was found among 
patients and controls. These findings contrast with two previ-
ous reports showing that a C to T transition corresponding to 
the substitution of alanine by valine might alter procathepsin 
D secretion and maturation [14, 31]. Besides, the C224T 
genotype frequencies were not different between COPD 
patients and healthy controls, which may suggest that this 
variant is not associated with the risk of COPD among Tuni-
sians. From our results, there was also a significant increase 
in CTSD activity in patients with mild to moderate disease, 
as well as, those with advanced COPD in comparison with 
healthy individuals. We did not find, however, significant 
differences in activity between different GOLD stages which 
may suggest a role of this proteinase in COPD development 
rather than to disease progression. These results contrast 
with data from Ohlmeier et al. [30] showing higher levels of 
this enzyme in mild to moderate individuals in comparison 
with patients with advanced disease.

Considering smoking status, an increased CTSD activ-
ity was observed in COPD smokers compared with both 
healthy controls and COPD nonsmokers. These results 

Table 4   Comparison of genotype frequencies of Cathepsin D (CTSD) -224C/T polymorphism between chronic obstructive pulmonary disease 
patients and controls

The Chi‐squared test was used for the determination of genotype distributions between the cases and controls. Adjustments for age and sex were 
performed by logistic regression analysis
OR odds ratio, CI confidence interval

CTSD genotypes Controls (n = 211) COPD (all 
patients) (n = 138)

Crude (unadjusted) Adjusted for age and sex

OR 95%CI p OR 95%CI p

CC 170 (78.7%) 112 (81.2%) 1 1
CT 39 (18.5%) 25 (18.1%) 0.97 (0.56–1.69) 0.92 0.73 (0.32–1.66) 0.46
TT 2 (0.9) 1 (0.7) 0.76 (0.07–8.47) 0.82 0.93 (0.04–22.11) 0.97
CT + TT 41 (19.4%) 26 (18.8%) 0.96 (0.56–1.66) 0.89 0.74 (0.33–1.66) 0.47

Controls (n = 211) COPD smokers 
(n = 117)

OR 95%CI p OR 95%CI p

CC 170 (80.6%) 91 (77.8%) 1 1
CT 39 (18.5%) 25 (21.4%) 1.19 (0.68–2.1) 0.53 1.2 (0.47–3.04) 0.7
TT 2 (0.9%) 1 (0.9%) 0.93 (0.08–10.44) 0.96 1.16 (0.04–37.19) 0.93
CT + TT 41 (19.4%) 26 (22.3%) 1.18 (0.88–2.06) 0.55 1.2 (0.48–2.97) 0.69

Smokers without 
COPD (n = 107)

COPD smokers 
(n = 117)

OR 95%CI p OR 95%CI p

CC 87 (81.3%) 91 (77.7%) 1 1
CT 19 (17.8%) 25 (21.4%) 1.26 (0.65–2.44) 0.5 1.25 (0.43–3.64) 0.68
TT 1 (0.9%) 1 (0.9%) 0.96 (0.06–15.52) 0.97 1.1 (0.02–75.83) 0.96
CT + TT 20 (17.8%) 26 (22.3.%) 1.24 (0.65–2.38) 0.51 1.24 (0.44–3.54) 0.68
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are consistent with data from Bracke et al.  [32], showing 
a higher CTSD expression after exposure of pulmonary 
macrophages to cigarette smoke. Similarly, Nagaraj et al. 
[33] suggested that treatment for human oral squamous cell 
carcinomas with cigarette smoke condensate activates cath-
epsins B, D and L in a dose-dependent manner and further 
increases MMPs expression and/or activity. In the current 
report, as for CTSD, the levels of MMP-7, MMP-12 and 
IL-6 were increased in COPD smokers compared to healthy 
subjects, which may suggest that CTSD could play a role in 
COPD development through enhanced tissue destruction and 
inflammation. In line with this, CTSD has been reported to 
contribute to tissue degradation and remodeling in the alveo-
lar epithelium during early and late stages of pulmonary 
fibrosis [26]. It also plays an important role in the activation 
of nuclear factor-kappa B required for the transcription of 
most pro-inflammatory factors [34].

We further determined the relationships between CTSD 
activity and both MMPs and inflammatory markers. Interest-
ingly, CTSD activity was positively correlated with TNF-α 
levels in both COPD and smoking patients, which suggest 

the contribution of this proteinase in inflammatory processes 
[35]. In this regard, Liu and colleagues [36] found that ele-
vated levels of TNF-α and FasL induced the expression and 
activity of CTSD. From our results, significant relationships 
were also found between CTSD activity and MMP-1/-7/-12 
levels in COPD smokers which may support the role of these 
enzymes in extracellular matrix breakdown and abnormal 
tissue remodeling in COPD leading to airway limitation 
[37]. These results agree with data from Wang and col-
leagues [24] demonstrating that an emphysematous response 
in mice associates with the activation of both MMP-12 and 
cathepsin D.

Conclusion

Our results highlight an increase in CTSD activity in COPD 
patients and particularly in smokers. This proteinase was 
also correlated with both MMPs (-1/-7/-12) and TNF-α 
levels in COPD patients. Our observations do not support, 
however, the impact of a CTSD C224T polymorphism on 

Table 5   Clinical characteristics of patients with chronic obstructive pulmonary disease and controls according to different genotypes of CTSD 
C224T polymorphism

Results are expressed as mean ± SEM or median (interquartile range). FEV1 forced expiratory volume in 1 s; % pred percent of predicted value, 
FVC forced vital capacity
CTSD cathepsin D, MMP metalloproteinases, NO nitric oxide, MDA malondialdehyde, IL-6 interleukin-6, TNF-α tumor necrosis factor alpha. 
Significant results (p values) are in bold

s CTSD C224T

Controls COPD COPD smokers

CC CT + TT p CC CT + TT p CC CT + TT p

FEV1 3.13 ± 0.27 2.59 ± 0.36 0.25 1.59 ± 0.67 1.55 ± 0.13 0.8 1.64 ± 0.07 1.55 ± 0.13 0.58
FEV1% pred 97.11 ± 2.99 88 ± 2.74 0.07 56.73 ± 1.83 51.56 ± 3.55 0.21 56.52 ± 2.02 51.56 ± 3.55 0.24
FVC 3.67 ± 0.34 3.11 ± 0.46 0.36 3.01 ± 0.28 2.93 ± 0.14 0.9 3.17 ± 0.33 2.93 ± 0.14 0.7
FVC% pred 99 ± 3.25 91.2 ± 4.51 0.2 78.2 ± 1.99 76.88 ± 3.03 0.7 78.93 ± 2.15 76.88 ± 3.03 0.64
FEV1/FVC 82.78 ± 1.78 80.4 ± 2.6 0.47 57.57 ± 1.06 51.8 ± 2.4 0.02 56.4 ± 1.12 51.2 ± 2.4 0.04
CTSD (nMtyr/

mgprot/min)
3.88 (2.84–

5.88)
4.68 (3.07–6.8) 0.2 5.04 (3.84–

6.11)
4.67 (4.16–

5.81)
0.72 5.14 (3.84–6.4) 4.67 (4.16–

5.81)
0.66

MMP-7(ng/ml) 0.14 (0.09–
0.16)

0.16 (0.13–
0.18)

0.51 0.17 (0.08–
0.28)

0.32 (0.17–
0.44)

0.04 0.19 (0.07–
0.32)

0.32 (0.17–
0.44)

0.04

MMP-12(ng/ml) 0.18 (0.15–
0.22)

0.27 (0.25–
0.29)

0.11 0.25 (0.15–
0.42)

0.44 (0.33–
0.53)

0.03 0.27(0.15–0.38) 0.44 (0.33–
0.53)

0.03

MMP-1(ng/ml) 4.94(4.27–5.99) 5.26(4.11–12.3) 0.7 5.57(4.53–7.2) 5.28(5.02–7.3) 0.56 5.18(4.44–6.92) 5.28(5.02–7.27) 0.31
NO (pmol/mg) 215.09 (136.32–

302.9)
208.82 (169.9–

355.83)
0.28 174.08 (128.7–

265.42)
192.3 (122.75–

277.83)
0.83 184.08 (128.7–

280.86)
192.3 (122.75–

277.83)
0.97

Peroxynitrite 
(μmol/ml)

1.02 (0.71–
1.66)

1.07 (0.63–
1.54)

0.91 0.93 (0.76–
1.34)

0.96 (0.64–
1.35)

0.98 0.93 (0.74–
1.22)

0.96 (0.64–
1.35)

0.88

MDA (µmol/l) 0.83 (0.5–1.41) 0.75 (0.5–1.08) 0.37 1.08 (0.66–
1.91)

1.2 (0.91–1.7) 0.41 1 (0.66–1.99) 1.2 (0.91–1.7) 0.42

Il-6 (pg/ml) 2.1 (1.74–2.66) 2.43 (2.06–
2.55)

0.71 2.9 (2.38–3.6) 3.07 (2.06–
6.83)

0.84 3.24 (2.41–
4.36)

3.07 (2.06–
6.83)

0.96

TNF-α (pg/ml) 0.82 (0.63–
1.06)

2.56 (0.92–
4.21)

0.2 1.22 (0.68–
1.58)

1.14 (0.88–
2.47)

0.5 1.24 (0.64–
1.71)

1.13 (0.88–
2.47)

0.5
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CTSD activity and susceptibility to COPD. Further studies 
in a larger population are needed to validate our findings 
and to clarify the mechanism of action of CTSD in COPD.
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