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Abstract: Chronic obstructive pulmonary disease (COPD), characterised by persistent airflow limita-
tion during breathing, is considered to be the third leading cause of death worldwide. Among the
mechanisms involved in this pathology is the excessive generation of neutrophil extracellular traps
(NETs), which can induce an unwanted inflammatory response. These traps have been reported to be
generated by the enzyme peptidyl arginine deiminase 4 (PAD4). The aim of this work is therefore
to evaluate the effect of the administration of a siRNA targeting PAD4 on lung damage in a COPD
animal model. Wistar rats weighing 300–350 g were administered cadmium chloride (5 mg/kg i.p.)
every 24 h. Then, following one week of the administration of cadmium chloride, the PAD4-targeted
siRNA was administered, and at the second week, lung function was measured, as were lung and
heart weights, as well as PAD4 expression by RT-PCR. Our results showed that cadmium adminis-
tration generated a COPD model, which increased PAD4 expression and decreased lung and heart
weights and respiratory function. SiRNA administration partially reversed the changes associated
with the COPD model. In conclusion, our results suggest that administration of an siRNA targeting
PAD4 could improve respiratory function by decreasing lung and heart damage.

Keywords: COPD; PAD4; siRNA; respiratory function; cadmium

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung condition
characterised by chronic respiratory symptoms (dyspnoea, cough, sputum production) due
to abnormalities of the airways (bronchitis, bronchiolitis) and/or alveoli (emphysema) caus-
ing persistent, often progressive, airflow obstruction [1]. The estimated prevalence of this
pathology was 10.3% in people aged 30 to 79 years, equivalent to 391.9 million people [2],
causing more than 3 million deaths by 2022 [1]. COPD is mainly classified into six types
based on its aetiology. One of the most important types is COPD of environmental origin,
which is often secondary to exposure to cigarettes, biomass, or pollution [1]. It is estimated
that a quarter of the population (22.3%) uses tobacco in any form, which carries a risk
of developing COPD [3], because cadmium is present in cigarettes (approximately >1 µg
per cigarette) [3,4]. Cigarettes contain cadmium because tobacco plants absorb cadmium
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from the pesticides with which they are treated through their roots, resulting in it accumu-
lating in the leaves [5]. These leaves are then used to make cigarettes and, consequently,
are an important source of cadmium for people who smoke.

It has been reported for years that the chronic cadmium inhalation associated with cigar
consumption causes lung damage such as severe pulmonary oedema, alveolar metaplasia
of the lung, and pneumonitis, which can lead to death [6,7]. Cadmium inhalation has been
found to induce interstitial infiltration of neutrophils and macrophages in the lung [8,9].
Cadmium has been reported to induce, through NADPH oxidase and ERK1/2 and p38
MAPK signalling pathways, the formation of neutrophil extracellular traps (NETs), which
then cause lung damage [10].

NETs were described as a physiological defence mechanism that occurs when neu-
trophils destroy bacteria by releasing granular proteins and chromatin-forming extracellular
fibres that bind to bacteria, apparently as part of the innate immune response [11]. Within
these traps are citrullinated histones due to the clearance that is induced by inflammatory
stimuli [10]. However, it has been found that excess NETs induce the release of proteases
and reactive species, and this favours inflammation [12]. The enzyme responsible for
this elimination was discovered in 1977, when it was found that proteins rich in arginine
residues could undergo in situ conversion of the side chain to citrulline residues in extracts
of hair follicle tissue, which contained an enzyme that acted on the trichohyalin protein (TR
fraction) [13]. However, it was not until 1981 that the enzyme was identified as peptidyl
arginine deiminase (PAD), which is able to use natural protein substrates such as protamine
and histones to perform this conversion of arginine residues to citrulline residues, inducing
a charge change in histones that allows the activation of NET formation [14,15].

PADs, known as protein-arginine deiminase enzymes or protein L-arginine amidohy-
drolase (EC 3.5.3.15), are widely distributed in different tissues [16,17]. To date, five PAD
isotypes (PAD1, 2, 3, 4, and 6) have been identified, with transcript lengths varying accord-
ing to species and subtype from 2124 to 4689 nucleotides [18]. Increased levels of PAD2 and
PAD4 have been found in the lungs of COPD patients. The increase in PAD2 is related to
higher levels of local expression, while PAD4 expression is due to neutrophil recruitment,
where this enzyme is performed [19]. In addition, PAD4 plays a crucial role in the formation
of NETs at the pulmonary level in people with COPD and actively participates in the innate
immune response [20].

In light of the relationship between PAD4 and lung damage in COPD, a PAD4-targeted
siRNA was designed to decrease PAD4 expression and thus reduce cadmium-associated
damage in a COPD model. The aim of this study is to study the effect of the adminis-
tration of a PAD4-targeted siRNA on the deterioration of respiratory function associated
with COPD.

2. Materials and Methods
2.1. Selection and Care of Laboratory Animals

In this study, male Wistar rats weighing 300–500 g were used. The rats were maintained
in standardised laboratory housing conditions and received ad libitum access to water and
food (Purina LabDiet 5001). A light/dark cycle was established with a pattern of 12 h of
light followed by 12 h of darkness, according to the guidelines established by the NORMA
OFICIAL MEXICANA NOM-062-ZOO-1999, which details the technical specifications of
the production, care, and use of laboratory animals [21] (Supplementary Material).

Approval by the Bioethics Committee: This research project was reviewed by the ethics
committee and received the approval of the internal committee for the care and use of
laboratory animals (CICUAL) of the Escuela Superior de Medicina del Instituto Politécnico
Nacional. The project is registered with the number ESM-CICUAL-01/18-12-2019.

The number of animals allocated per group was based on the principle of the 3Rs
(reduce, refine, and replace) and statistical parameters. A significance level of α = 0.05
was used, as this value is common in biomedical studies, to minimise the probability of
type 1 errors [22]. Additionally, a statistical power (β) of 0.2 was used to detect significant
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differences while limiting the number of animals used to avoid unnecessary excesses. A
variance of 5.985 and an allowed difference of 3 were used. Sample Size Calculations in
Clinical Research were used to calculate the sample size [23]. The sample number obtained
was 6. A randomisation process was employed to assign animals to groups. Random
numbers were generated using the RAND function in Microsoft Excel. We ensured that
there was no significant difference in the weights of the groups at the initial timepoint (0) by
conducting a one-way ANOVA at a significance level of α = 0.05. We opted for a statistical
power (β) of 0.2, balancing the need to detect significant differences with the limitation in
the number of animals used to avoid unnecessary excesses.

2.2. Physiological Parameters—Weights of the Rats, Systolic and Diastolic Blood Pressure, and
Heart Rate

Rats were weighed using a digital scale (Crow Baccara). Measurements were taken at
the beginning (Week 0), at 7 days (Week 1), and at 14 days (Week 2). Systolic and diastolic
blood pressure and heart rate were measured at the same timepoints using plethysmogra-
phy pressure measuring equipment (IITC Life Science Inc., Woodland Hills, CA, USA).

2.3. COPD Model

The model was developed by administering cadmium chloride (5 mg/kg i.p.) every
24 h for 5 days. Two days after the last cadmium administration, siRNA administration
was performed (Week 1), and the effect was evaluated 7 days after commencing siRNA
administration (Week 2). The control group received the transfection vehicle (Turbofect).
The groups were therefore:

• Control group: Rats not exposed to cadmium chloride. Administered only with 0.9%
saline solution (1 mL) every 24 h for 5 days. n = 6 rats.

• Cadmium group: Rats exposed to cadmium chloride to induce COPD, with adminis-
trations of 5 mg/kg body weight by IP administration every 24 h for 5 days. n = 6 rats.

• Cadmium + vehicle group: Rats exposed to cadmium chloride to induce COPD with
administrations of 5 mg/kg body weight by IP administration every 24 h for 5 days.
On day 7, the administration of the transfection vehicle was performed. n = 6 rats.

• Cadmium + siRNA group: Rats exposed to cadmium chloride to induce COPD, with
administrations of 5 mg/kg body weight by IP administration every 24 h for 5 days.
On day 7, the vehicle administration was performed by administering transfection +
5 µL of the siRNA solution with the single dose turbofect. n = 6 rats.

2.4. Respiratory Function Measurement

Respiratory function was measured by means of a differential pressure transducer.
The rat was placed in a sealed plethysmography chamber, where the volume of inspiration
and expiration were measured. The transducer was coupled to a Grass 7D polygraph
(Quincy, MA, USA), and the equipment was calibrated by volume, with a volume of 0.1 mL
for calibration. Then, the analysis of the curves was performed, obtaining the area under
the curve (mL/s).

2.5. Evaluation of PAD4 Expression in Lungs

Expression was measured in rat lung samples using the Trizol technique. Approxi-
mately 100 mg of tissue from the middle regions was used according to the manufacturer’s
specifications (Thermofisher, Waltham, MA, USA). The purity was quantified by means
of the 260/280 nm ratio with values 1.8–2.2 in a nanophotometer (IMPLEN, München,
Germany). Subsequently, cDNA synthesis was performed with RNA samples at a con-
centration of 1µg/µL with the Improm-II Reverse Transcription System kit according to
the manufacturer’s specifications (Promega, Madison, WI, USA). Quantification was per-
formed using the SYBR green select master mix (Applied Biosystems, Waltham, MA, USA)
with the primers PAD4 primer sequence Right (GGAT-TCTCATCGGGAGCAG) and PAD4
primer sequence Left (CAGGATCTGGTGCATGTCC) and using Hypoxanthine-guanine
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phosphoribosyl transferase (HPRT) as the constitutive. The amplification conditions were
as follows: 50 ◦C for 2 min, 95 ◦C for 2 min, and then 45 cycles of 95 ◦C for 15 s and 60 ◦C
for 60 s, terminating all reactions with a melting curve to rule out nonspecific amplifications.
Expression levels were determined by 2 − ∆CT, normalising expression with HPRT as
a constituent. We used the PCR method to evaluate expression because it is the most
sensible assay to demonstrate siRNA efficiency. This approach sidesteps issues related to
the half-life of the proteins that could mask the silencing efficiency of gene silencing [24].

2.6. Design and Synthesis of siRNA

We designed an siRNA targeting PAD4. Firstly, we performed a FASTA search for
mRNA from PAD4 of humans and rats, which was aligned by the CRUSTAL OMEGA
software (https://www.ebi.ac.uk, accessed on 12 January 2021). It was then designed
using the human sequence through Wizard (https://www.invivogen.com/sirnawizard,
accessed on 13 January 2021) and checked if the selected sequences could be found in
the human rat. To evaluate the specificity of the siRNA and determine the probability
of off-target effects, human RNA sequences were searched for similar sequences using
BLAST. It was found that the probability of off-target silencing was low, which can be
deduced from the ‘query cover’, the identity percentage, and particularly the E value. A
high E value > 1 indicates that there is a lower probability of off-target silencing occurring.
Furthermore, previous studies have shown that even a single mismatch can significantly
decrease the probability of effective silencing. Therefore, we consider that a similarity
percentage of less than 80% in a 20-nucleotide sequence would be indicative of a low
probability of silencing occurring under these conditions. Subsequently, the selected
sequences were analysed to verify that they were found in the coding regions (CDS), and the
secondary structure of the transcripts was realised with RNAFOLD (http://rna.tbi.univie.
ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi, accessed on 22 January 2021), and the sites of
hybridisation were analysed to find the regions with the greatest silencing efficiencies. To
measure the effectiveness of the selected siRNAs, two algorithms were used: s-Biopredsi
and Reynolds and Ui-Tei, which were evaluated on the website (https://www.med.nagoya-
u.ac.jp/neurogenetics/i_Score/i_score.html, accessed on 27 April 2021). Based on the data
provided, siRNA 1 had scores of 52.4 (s-Biopredsi) and 63.7 (Reynolds), while siRNA 2 had
scores of 49.4 (s-Biopredsi) and 53.8 (Reynolds). The Ui-Tei algorithm classifies siRNAs
according to the accessibility of the binding site and structural characteristics. It uses
categories “I”, “II”, and “III”. Both siRNAs are classified as “II”, indicating moderate
efficacy by this criterion [25]. The leader sequences were synthesised using the MERMADE
8 equipment through a process of deblocking, coupling, capping, and oxidation; afterward,
the cleavage process was applied to the product of the synthesis, and later it was purified
by alcohols and hybridised in a 10 mM HEPES solution with a pH of 7.5 and 150 mM
NaCl. It was then heated at 80 ◦C for 1 min, shaken, and incubated for an hour at 37 ◦C.
Finally, the synthesised siRNAs were prepared in a Turbofect solution with 5% glucose for
later administration according to the manufacturer’s instructions (Thermofisher, Waltham,
MA, USA).

2.7. siRNA Administration

The siRNA was administered by intrajugular injection one week after the adminis-
tration of cadmium chloride. Using the Turboefect transfection vehicle (ThermoFisher
Scientific, Waltham, MA, USA), 5 mL of a solution with a concentration of 0.109 mg/mL
of the siRNAs were administered in a single administration at a dose of 1.6 mg/kg. The
expression was evaluated one week after the administration of siRNA.

2.8. Statistical Analysis

Values are expressed as the media ± SEM (Standard Error of the Mean), and the
statistical analysis was helpful in determining ANOVA proofs from a via, followed by the
Tukey post-hoc test.

https://www.ebi.ac.uk
https://www.invivogen.com/sirnawizard
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
https://www.med.nagoya-u.ac.jp/neurogenetics/i_Score/i_score.html
https://www.med.nagoya-u.ac.jp/neurogenetics/i_Score/i_score.html
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3. Results

The administration of cadmium chloride produces a noteworthy decrease in rat
weights (Table 1) without changes in the heart rate or systolic or diastolic blood pres-
sure (Tables 2–4) in comparison with the control group.

Table 1. Weight of Rats threatened with cadmium chloride.

Group Control Cadmium Cadmium ± Vehicle Cadmium ± siRNA

Week 0 337.00 ± 2.30 330.83 ± 2.18 331.00 ± 2.23 334.83 ± 2.24
Week 1 356.00 ± 3.06 312.66 ± 3.53 * 313.33 ± 2.10 * 312.16 ± 2.41 *
Week 2 395.66 ± 5.12 312.50 ± 4.44 * 316.66 ± 4.92 * 346.83 ± 11.97 *

Values are expressed as mean ± standard error of the mean (SEM), n = 6 rats. Significant differences * p < 0.05 vs.
control. One-way ANOVA was used for the comparisons between the different groups.

Table 2. Systolic pressure of Rats threatened with cadmium chloride.

Group Control Cadmium Cadmium ± Vehicle Cadmium ± siRNA

Week 0 117.27 ± 3.60 119.16 ± 4.61 119.05 ± 2.88 116.12 ± 3.50
Week 1 118.50 ± 4.08 120.19 ± 4.50 116.66 ± 3.64 119.99 ± 5.22
Week 2 119.27 ± 3.61 129.26 ± 8.46 128.94 ± 6.77 116.66 ± 3.64

Values are expressed as mean ± standard error of the mean (SEM), n = 6 rats. Significant differences One-way
ANOVA was used for the comparisons between the different groups.

Table 3. Diastolic pressure of rats threatened with cadmium chloride.

Group Control Cadmium Cadmium + Vehicle Cadmium + siRNA

Week 0 79.25 ± 2.26 78.78 ± 2.34 78.99 ± 2.97 77.19 ± 2.32
Week 1 77.84 ± 3.48 80.61 ± 2.77 78.46 ± 2.44 76.80 ± 2.78
Week 2 77.50 ± 4.80 86.84 ± 2.21 81.35 ± 3.33 78.86 ± 4.73

Values are expressed as mean ± standard error of the mean (SEM), n = 6 rats. Significant differences One-way
ANOVA was used for the comparisons between the different groups.

Table 4. Heart rate of rats threatened with cadmium chloride.

Group Control Cadmium Cadmium + Vehicle Cadmium + siRNA

Week 0 398.77 ± 10.24 393.88 ± 12.74 380.66 ± 16.41 391.16 ± 19.10
Week 1 382.05 ± 18.72 392.22 ± 17.68 374.33 ± 19.68 389.05 ± 17.88
Week 2 374.66 ± 24.69 389.38 ± 16.42 377.22 ± 22.79 361.66 ± 16.96

Values are expressed as mean ± standard error of the mean (SEM), n = 6 rats. Significant differences One-way
ANOVA was used for the comparisons between the different groups.

The respiratory mechanics analysis showed that the area under the curve decreased
significantly after cadmium chloride administration; however, this was reversed by siRNA
administration (Figure 1). On the other hand, no changes are observed in breathing
frequency (Figure 2).

Cadmium chloride administration produced a reduction in lung weight, which was to
a lesser extent in the right lung after the administration of siRNA (Figure 3). In addition, a
significant increase in PAD4 was observed, which was also reduced after the administration
of siRNA (Figure 4).

The siRNA design showed that the rat-human transcripts had a 29-nucleotide similar-
ity, which indicates equality in the sequences of both rats and humans. This equality in the
region motivated the selection of this area to perform the sequences. (Figure 5). Regions
susceptible to silencing were also identified at the gene coordinates NM_012387.3 of NCBI,
which encodes human PAD4 for the nucleotides 1118–1147 (Table 5). These regions belong
to a region CDS and present loop and stem loop structures in the secondary structure in the
different variants of the mRNA from both rats and humans, which suggests susceptibility
to silencing by siRNA (Figure 6). We found only three important proteins associated with
the generation of off-targets (Tables 6 and 7).



Sci. Pharm. 2024, 92, 12 6 of 11
Sci. Pharm. 2024, 92, x FOR PEER REVIEW 6 of 12 
 

 

 
Figure 1. Areas under the curve for the different groups are shown at weeks 0, 1, and 2. Values are 
expressed as mean ± standard error of the mean (SEM), n = 6 rats. Significant differences: * p < 0.05 
vs. control, and # p < 0.05 vs. cadmium. One-way ANOVA was used for the comparisons between 
the different groups. 

 
Figure 2. Breath per minute for the different groups. Values are expressed as mean ± standard error 
of the mean (SEM), n = 6 rats. Significant differences: One-way ANOVA was used for the compari-
sons between the different groups. 

Cadmium chloride administration produced a reduction in lung weight, which was 
to a lesser extent in the right lung after the administration of siRNA (Figure 3). In addition, 
a significant increase in PAD4 was observed, which was also reduced after the administra-
tion of siRNA (Figure 4).  

 
Figure 3. Lung weights for the different groups. Values are expressed as mean ± standard error of 
the mean (SEM), n = 6 rats. Significant differences: * p < 0.05 vs. control, and # p < 0.05 vs. cadmium. 
One-way ANOVA was used for the comparisons between the different groups. 

Figure 1. Areas under the curve for the different groups are shown at weeks 0, 1, and 2. Values are
expressed as mean ± standard error of the mean (SEM), n = 6 rats. Significant differences: * p < 0.05
vs. control, and # p < 0.05 vs. cadmium. One-way ANOVA was used for the comparisons between
the different groups.

Sci. Pharm. 2024, 92, x FOR PEER REVIEW 6 of 12 
 

 

 
Figure 1. Areas under the curve for the different groups are shown at weeks 0, 1, and 2. Values are 
expressed as mean ± standard error of the mean (SEM), n = 6 rats. Significant differences: * p < 0.05 
vs. control, and # p < 0.05 vs. cadmium. One-way ANOVA was used for the comparisons between 
the different groups. 

 
Figure 2. Breath per minute for the different groups. Values are expressed as mean ± standard error 
of the mean (SEM), n = 6 rats. Significant differences: One-way ANOVA was used for the compari-
sons between the different groups. 

Cadmium chloride administration produced a reduction in lung weight, which was 
to a lesser extent in the right lung after the administration of siRNA (Figure 3). In addition, 
a significant increase in PAD4 was observed, which was also reduced after the administra-
tion of siRNA (Figure 4).  

 
Figure 3. Lung weights for the different groups. Values are expressed as mean ± standard error of 
the mean (SEM), n = 6 rats. Significant differences: * p < 0.05 vs. control, and # p < 0.05 vs. cadmium. 
One-way ANOVA was used for the comparisons between the different groups. 

Figure 2. Breath per minute for the different groups. Values are expressed as mean ± standard
error of the mean (SEM), n = 6 rats. Significant differences: One-way ANOVA was used for the
comparisons between the different groups.

Sci. Pharm. 2024, 92, x FOR PEER REVIEW 6 of 12 
 

 

 
Figure 1. Areas under the curve for the different groups are shown at weeks 0, 1, and 2. Values are 
expressed as mean ± standard error of the mean (SEM), n = 6 rats. Significant differences: * p < 0.05 
vs. control, and # p < 0.05 vs. cadmium. One-way ANOVA was used for the comparisons between 
the different groups. 

 
Figure 2. Breath per minute for the different groups. Values are expressed as mean ± standard error 
of the mean (SEM), n = 6 rats. Significant differences: One-way ANOVA was used for the compari-
sons between the different groups. 

Cadmium chloride administration produced a reduction in lung weight, which was 
to a lesser extent in the right lung after the administration of siRNA (Figure 3). In addition, 
a significant increase in PAD4 was observed, which was also reduced after the administra-
tion of siRNA (Figure 4).  

 
Figure 3. Lung weights for the different groups. Values are expressed as mean ± standard error of 
the mean (SEM), n = 6 rats. Significant differences: * p < 0.05 vs. control, and # p < 0.05 vs. cadmium. 
One-way ANOVA was used for the comparisons between the different groups. 

Figure 3. Lung weights for the different groups. Values are expressed as mean ± standard error of
the mean (SEM), n = 6 rats. Significant differences: * p < 0.05 vs. control, and # p < 0.05 vs. cadmium.
One-way ANOVA was used for the comparisons between the different groups.

Table 5. siRNA sequences.

siRNA Sequences Localisations

PAD4 1 TCCTGCATCCACTGGTCATCdtdtdt 1118–1138
PAD4 2 ATCTCCATTTCATCCTGCATdtdtdt 1127–1147

Table 6. Evaluation of off-targets of the siRNA 1.

Sequence siRNA 1 PAD4 (TCCTGCATCCACTGGTCATC) Query Cover Per. Ident Accession E Value

Homo sapiens arylsulfatase B (ARSB) 85% 100.00% NG_007089.1 1.7

Blasting of sequences to check specificity, the possible off-targets of siRNA 1 are shown in addition to values such
as the query cover, the identity percentage, and the E value.
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Table 7. Evaluation of off-targets of the siRNA 2.

Sequence siRNA 2 PAD4 (ATCTCCATTTCATCCTGCAT) Query Cover Per. Ident Accession E Value

Homo sapiens dynein axonemal assembly factor 9 (DNAAF9) 85% 100.00% NG_031974.2 1.7
Homo sapiens interleukin 9 receptor (IL9R) 85% 100.00% NG_013238.2 1.7

Blasting of sequences to check specificity, the possible off-targets of siRNA 2 are shown in addition to values such
as the query cover, the identity percentage, and the E value.
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4. Discussion

Cadmium has been implicated as one of the components present in cigarettes that
may be responsible for causing lung damage in smokers [26], but there is little information
regarding the mechanisms involved in this damage. Our results show that PAD4 may be
part of one of the signalling pathways involved in this damage, likely due to an increase in
the formation of NETs.

There was a decrease in the weight of the rats supplemented with cadmium, which
is concordant with previous studies carried out by other research groups that used cad-
mium to induce lung inflammation through intraperitoneal administration of cadmium
chloride [27,28].

This decrease may be due to reduced food consumption, as has been previously
reported [29]. In addition, an increase in the amount of reactive oxygen species has been
observed, which is related to reduced protein synthesis, lipid peroxidation with an increase
in malondialdehyde, and a decrease in glutathione peroxidase, as well as weight loss in
rats treated with cadmium [30]. These mechanisms can be summarised as an increase in
pro-inflammatory substances with a decrease in anti-inflammatory mechanisms, which
activate other pathways such as the apoptosis pathway. In addition to changes in the
expression of transcription factors related to cell growth and differentiation, which could
also be part of the mechanism of the decrease in the weight of rats [31], it is important to
note that this decrease in rat weight was not reversed by the administration of our siRNA.
These findings may suggest that weight loss has pathophysiological mechanisms other
than PAD4 expression, which could explain our results.

No statistically significant differences were found in systolic blood pressure, diastolic
pressure, or heart rate. The relationship between the administration or ingestion of cad-
mium, its accumulation and concentration, renal damage, and increased blood pressure
is a controversial topic in the literature [32,33]. Although some studies have reported this
relationship, others, like ours, have not found a significant increase in blood pressure levels
in the groups treated with cadmium [34,35]. Furthermore, the duration of exposure of our
groups to cadmium was relatively short compared to other studies that have shown such a
relationship, which could also explain the lack of statistically significant changes in blood
pressure in our study. On the other hand, our rats were kept on a normal diet, in contrast
to some other studies where, to demonstrate changes in pressure, they were kept on a
high-sodium diet.

There was no difference in heart rate, which is concordant with previous studies where
no changes have been demonstrated with respect to this parameter [36]. A significant de-
crease in lung weight was observed, which is an important marker in the evaluation of
toxicity [33]. This reduction in lung weight may be linked to decreased protein synthesis,
in addition to altered metabolism and physiological changes [37]. However, the adminis-
tration of our siRNA partially diminished this weight reduction, mainly in the right lung,
which could be explained by differences in the bioavailability of the siRNA between lungs
as well as a greater surface area and size of the lung. Further studies would be needed to
fully understand this effect.

The partial recovery of lung weight can be explained by the decrease in PAD4 ex-
pression that is achieved after the administration of siRNA. It has been reported that lung
damage associated with exposure to some toxic substances, such as cadmium, may be
associated with an increase in the number of NETs activated by an increase in the expression
of PAD4 [10]. In our study, we obtained similar results that could corroborate that the IP
cadmium administration model causes an increase in the expression of PAD4 at the lung
level in the Cadmium and Cadmium + vehicle groups, which is partially reversed in the
group where the siRNA was administered. SiRNA administration may be associated with
less damage and less activation of NET formation, as has been seen in previous studies
where PAD4 inhibitors have been administered [38–40].

Regarding the other respiratory parameters, a significant improvement in AUC was
observed in the groups treated with cardio, cadmium + vehicle, and cadmium + siRNA
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compared to the control group. However, when comparing the cadmium + siRNA group
with the group treated with it, it is seen that although it does not reach the values of the
control group, there is a significant recovery of this parameter, which suggests less damage
in the respiratory pathways. This could be related to the decreased expression of PAD4 in
the group treated with our siRNA.

The off-targets that we found were dynein axonemal assembly factor 9 (DNAAF9),
interleukin 9 receptor (IL9R), and arylsulfatase B (ARSB). DNAAF9 is a protein that is
involved in the assembly and function of the ciliary and flagellar motility apparatus [41],
while interleukin 9 (IL-9) is a cytokine that binds to its receptor, and together they are
involved in several immunological processes. IL9R is mainly expressed in lymphoid cells,
such as T cells and mast cells [42], and arylsulfatase B proteins are enzymes that play a
crucial role in sulphate metabolism, especially in the degradation of glycosaminoglycans
such as dermatan sulphate and heparan sulphate [43]. However, due to the values of E, we
cannot exclude the probability of the side effects associated with these proteins.

In summary, the effect of cadmium administration in our model caused an increase
in the expression of PAD4, which is related to the formation of NETs and lung damage
in COPD. However, our siRNA targeting PAD4 reduced the expression of PAD4 and
partially improved the parameters measured in our assay. These findings suggest a possible
relationship between cadmium and increased PAD4 expression in the pathogenesis of
COPD and the use of siRNA as a potential therapeutic strategy to attenuate the harmful
effects of cadmium in the respiratory system. More research is still required to fully
understand the mechanisms involved, as well as further studies that corroborate the
clinical relevance of these findings.

The clinical relevance of our study lies in its potential for the development of more
effective and targeted interventions for patients with COPD, especially those whose condi-
tion is exacerbated by environmental factors such as cadmium exposure from cigarette use.
Given the emerging role of PAD4 in the pathogenesis of COPD, our findings suggest that
siRNA therapy could be a promising strategy, although further studies are still needed to
establish its safety and efficacy in clinical settings.

Future work should therefore focus on longitudinal studies and more complex models
to validate these results and explore how PAD4 modulation may influence long-term COPD
progression, as well as its role in other lung diseases such as COVID. It would also be
interesting to test our siRNAs for other types of lung disease [44].

5. Conclusions

In conclusion, our study provides significant evidence that siRNA targeting PAD4 may
be an effective therapeutic approach to mitigate lung damage in the rat cadmium-induced
COPD model. These results are an important step toward understanding COPD at the molecu-
lar level, and they offer a promising direction for future research and therapeutic applications.
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