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1.INTRODUCTION

Thanks to the trachea, bronchioles, and alveoli, the
lungs are able to efficiently perform gas exchange and are
quite branched. The normal state of lung cells has as low
turnover rate. With injury, however, lung progenitor cells
immediately proliferate and differentiate to repair
structures, and this keeps the lungs functioning normally
(Kim, 2007, Rawlins et al., 2009). The damage caused by
severe acute lung diseases, such as acute lung injury (ALI)
and acute respiratory distress syndrome (ARDS), is
located deep in the lungs, which makes it difficult to treat
(Kumar et al, 2011). Destruction of the bronchial
structure, especially the terminal bronchioles, results in
significant worsening of lung functionality and the
development of chronic obstructive pulmonary disease
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(COPD)(Hogg, 2012). Lung epithelium has been the focus
of recent studies attempting to improve outcomes in acute
and chronic lung diseases. However, the epithelium’s
progenitor cell hierarchy and the cell changes over time
remain to be fully explained. Therefore, lung regrowth and
cancer development cell mapping should concentrate on
cellular detail and the transcriptional machinery involved.
Translating these mechanisms into practice could be key
in preventing and treating chronic lung disease (Spella et
al,, 2017).

The respiratory tract has three secretory epithelial
cells: serous cells, goblet cells, and Clara cells. More serous
cells populate the large airways, and Clara cells dominate
in the small airways, under 0.4 mm in width. Clara cells
have a dome-shaped protrusion extending to the airway,
while serous epithelial cells have a top surface that is
smooth (Massaro et al,, 1979, Reynolds and Malkinson,
2010). Recent literature pertaining to cellular biology has
continued to focus on the many biological activities and
functions of Clara (or club) cells (Atkinson et al., 2008).
They are named after the anatomist Max Clara. These cells
are multiciliated, secretory epithelial cells and are located
in the lungs’ terminal and respiratory bronchioles. \Wthin
the bronchioles, Clara cells are the most prominent
secretory cells. They produce and secrete non-mucous
proteins that serve a protective function (Chookliang et al.,
2021, Rokicki et al., 2016). Clara cells are a variety of cells
that perform function within the mammalian lungs. There
are differences between species in the quantity and
distribution of these cells (Weibel, 1997).
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Clara cells are known to have a nucleus that is located
at the base and has a euchromatic structure along with
surrounding the nucleus with several extensions. In these
cells, the Golgi apparatus and rough endoplasmic
reticulum are positioned next to each other. The apical
part of Clara cells contains numerous mitochondria,
glycogen granules, and electron dense spherical granules
(Chookliang et al., 2021, Rokicki et al., 2016).

These cells synthesize and secrete Club Cell Secretory
Protein (CCSP/CC16) which serves to protect the airway
epithelium. Clara cells also metabolically detoxify inhaled
hazardous substances by pulmonary xenobiotic
metabolism. Also, when there is harm done to the
bronchiolar epithelium, Clara cells serve as progenitor
cells, enabling the epithelium to keep regenerating,
assisting in tissue homeostasis (Reynolds and Malkinson,
2010, Singh and Katyal, 1997, Stripp and Reynolds, 2006).
This means that Clara cells may also serve a defensive role
against airway obstruction. In transgenic mice, absences
of club cells is correlated to squamous metaplasia of the
airways which creates an impediment for the epithelial
cells to adequately rest and replenish, resulting in
peribronchial fibrosis. These alterations seem to be
analogous to ones present in airways of individuals with
COPD (Perl et al., 2011). One of our main jobs is helping
control the inflammation response of the lungs. In the case
of asthma or chronic pulmonary diseases, the number of
these cells increases, while the amounts of certain
biomolecules these cells are releasing decreases. This
information indicates that additional club cells are
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involved in the mechanism of these diseases
(Almuntashiri et al., 2020).

There are many substances the immune system
undergoes changes with that are produced and released
by Clara cells. These substances are classified by origin,
size, and their actions within the body. The Clara protein
family encodes a remarkable group of proteins, such as
CC16, present in rodents, primates, and humans and
mammaglobin and uteroglobin of human and rabbit
origin. These proteins have been named in correlation
with their origin and molecular weight (CC10, CC16, and
CC17) and their function (blastokinin, Clara cell
phospholipid-binding protein, and PCB binding
protein).(human protein-1, wurinary protein-1, and
uteroglobin), There are many substances the immune
system undergoes changes with that are produced and
released by Clara cells. These substances are classified by
origin, size, and their actions within the body. The Clara
protein family encodes a remarkable group of proteins,
such as CC16, present in rodents, primates, and humans
and mammaglobin and uteroglobin of human and rabbit
origin. These proteins have been named in correlation
with their origin and molecular weight (CC10, CC16, and
CC17) and their function (blastokinin, Clara cell
phospholipid-binding protein, and PCB binding protein)
(Broeckaert and Bernard, 2000, Coraux et al., 2005, Yao et
al., 1998). The most common secreted protein is Club Cell
Secretory Protein (CCSP), which is also called CC16. The
amino acid sequence of CC16 exhibits significant
homology with CC16 found in various mammalian species,
including primates and rodents. This high level of
sequence conservation shows that CC16 is an
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evolutionarily important protein that plays an important
role in keeping the lungs working and the cells in balance
(Hashimoto et al., 1996). Clara cells in the non-ciliated
bronchioles secrete CC16, a 15.8 kDa homodimeric
protein (Broeckaert et al., 2000, Singh and Katyal, 2000).
CC16 was initially identified in the urine of individuals
with renal failure (Jackson et al, 1988). found it in
bronchoalveolar lavage samples (Singh et al., 1988) and
later isolated it. Because it can change the immune system
and reduce inflammation, CC16 is thought to be an
endogenous protector against lung diseases (Lin et al,
2020, Zhou et al,, 2019).

Different amounts of CC16 have been seen in the
development of different lung diseases, like ARDS, asthma,
and COPD.

2. CHANGES IN CC16 LEVELS iN LUNG DiSEASES
2.1.CC16 in ALI and ARDS

Both ARDS and ALI are conditions associated with
hypoxemia and are very debilitating due to the presence
of pulmonary infiltrates and diminished lung function.
There is even the possibility of death (Matthay et al,,
2019). Prior research indicates that even small smoke
exposures may increase serum concentrations of CC16. A
case in point is that of asymptomatic firefighters exposed
to smoke for 20 minutes and whose CC16 serum levels
increased following the exposure (Bernard et al,, 1997).
This is the first study to show that CC16 levels in serum
correlate with the degree of environmental exposure,
which points to CC16 as a potential biomarker for the
early detection of airway damage and assessment of
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pulmonary epithelium (ARSALANE et al., 2000, Hermans
etal, 1999).

Research from both the clinics and the labs show that
when patients inhale pulmonary irritants, temporary
acute increases in airway permeability will increase an
individual's serum CC16 levels temporarily. Inhaled
smoke exposure in serum CC16 concentrations clinically
investigates reports and photochemical smog exposure
increases significantly. In the screenshot, or in the
screenshot Example Table O and other chemical
substances, there are no visible differences in rat models.
Reports indicate that serum CC16 levels in ARDS patients
correlate positively with disease severity and are
markedly elevated in non-survivors compared to
survivors. Conversely, CC16 concentrations in
bronchoalveolar lavage fluid (BALF) are markedly
diminished in both non-survivor ARDS patients and rats
subjected to lipopolysaccharide (LPS) or acid aspiration.
Consequently, findings from both animal models and
human studies indicate that the reciprocal changes in
serum and BALF CC16 concentrations display analogous
trends, suggesting that this protein can be consistently
regarded as a reliable biomarker of lung injury.
(Almuntashiri et al., 2020).

2.2, CC16 in Asthma

Asthma is a long-term respiratory disease that causes
wheezing, shortness of breath, coughing, and tightness in
the chest (Duru and Kurt, 2014). Reports indicate that
circulating CC16 levels are markedly reduced in patients
with asthma lasting over 10 years compared to those with
a shorter disease duration. The same study also showed
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that there was no big difference in the levels of CC16 in the
blood between people with asthma who were atopic and
those who weren't (Shijubo et al, 1999). When the
literature is evaluated as a whole, it has been reported that
serum CC16 levels tend to decrease significantly with
increasing duration of asthma. Most studies examining
CC16 concentrations in the bronchoalveolar lavage fluid
(BALF) of asthmatic individuals have shown significantly
reduced levels in comparison to control groups. However,
no significant correlation or difference has been observed
between CC16 levels in serum or BALF and the severity of
the disease (Almuntashiri et al., 2020).

2.3.CC16 in COPD

COPD is a breathing problem that is common and also
to an extent treatable. People that have these breathing
problems have a more difficult time than others letting air
in and out of their lungs. They also have a tough time
letting air in and out of their lungs. These problems stem
from the lungs and airways that respond to toxic gases and
particles and become inflamed (Celli and Vestbo, 2011).
Studies have proven that smaller amounts of CC16 present
in blood and in the airways correlates to the increasing
amount of people that have COPD and the level of severity
of their disease. Studies from the Lung Health Study
further confirm the above statement by showing how
decreased amounts of CC16 in the blood is associated with
a faster reduction in FEV class 1 over a period of 9 years
(Park et al., 2013). It has been found that in children poor
lung development and function are associated with lower
levels of circulating CC16. In adults, lower levels of
circulating CC16 are associated with significant declines in
lung function and obstructive airflow deficiency (Guerra
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et al., 2015). For six months CC16 deficient and wild-type
mice were exposed to cigarette smoke. Among CC16-
deficient mice, there was greater physiological alteration
and greater apoptosis of pulmonary alveolar cells, more
mucus metaplasia, and greater NF-«kB activation
compared to wild-type mice (Laucho-Contreras et al,
2016). Studies, both in the lab and clinical settings, report
that CC16 levels decrease as COPD advances. Compared to
healthy smokers and non-smokers, patients with COPD
exhibit significantly lower serum CC16 levels. Moreover,
CC16 levels were significantly associated with disease
severity FEV: decline both in childhood and in old age
(Almuntashiri et al.,, 2020).

Patients with stable COPD have lower serum CC16
concentrations compared to healthy controls (Rong et al.,
2020). For those suffering from COPD, the decrease in
Clara cell numbers and CCSP levels in peripheral and
central airways could represent the COPD condition
causing substantial pathogenic mechanisms leading to
impaired epithelial repair, increased mucus production,
and peribronchial fibrosis. These results suggest CCSP-
based therapies could have clinical application for COPD.
A single intratracheal dose of recombinant human CCSP
(rhCCSP) was given to premature infants suffering from
respiratory distress syndrome, and the infants showed
lower levels of inflammation in their tracheal aspirates
(Levine et al., 2005).

2.4. CC16 and cigarette smoke

Research involving COPD patients demonstrates that
airway CC16 expression is significantly reduced in mouse
models of COPD induced by tobacco smoke. In these
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animal models, studies have shown that the absence of
CC16 exacerbates airway inflammation and the loss of
alveoli. The findings suggest that CC16 is protective in
pulmonary disorders related to cigarette smoke exposure
(Zhu et al., 2015).

2.5. CC16 in Idiopathic Pulmonary Fibrosis (IPF)

[PF is an ailment whereby ventillation is obstructed as
functioning pulmonary parenchyma is substituted for
non-functioning fibrotic connective tissue. While it is
known that the cause of this progressive lung disease is
unknown, most of the underlying mechanisms are still a
mystery. (Ucar et al., 2024). In the ailment of damage of
the interstitial alveolar structures, Clara cells of the
bronchioles become mobilized and nest to the interstitial
damage. This is known as alveolar bronchiolization. The
Clara cells' mobilization to fill in the alveolar voids and
clear the underlying lesions still remain a mystery (Akram
et al.,, 2013). The individuals who suffer from idiopathic
pulmonary fibrosis (IPF) have much higher serum CC16
and fluid bronchoalveolar lavage (BALF) levels as
compared to their counterparts without IPF and the
healthy control group (Buendia-Roldan et al.,, 2016). Also,
higher CC16 levels in serum and in BALF fluid were
experienced by patients with IPF compared to the CVD-
ILD and chronic hypersensitivity pneumonitis patients.
CC16 had diagnostic sensitivity of 24% and specificity of
90%, in addition to a positive predictive value of 56% and
a negative of 69% (Buendia-Roldan et al., 2016).
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2.6. CC16 in Infections of the Respiratory Tract

RSV attacks ranges of ages, although the most
vulnerable groups of people during a RSV attack would be
babies and young children. It is a major public health and
economic problem because it leads to a lot of hospital
stays and outpatient visits (Esposito et al., 2022). Infants
with RSV infection exhibit elevated serum CC16 levels in
comparison to healthy controls (Johansson et al., 2009).
Children infected with influenza or parainfluenza viruses
exhibited serum CC16 levels similar to those of the healthy
control group. The rise in serum CC16 noted during RSV
infection is believed to stem from enhanced epithelial
permeability. Even with the similar symptoms of both
illnesses, the results suggest that RSV results in much
more serious inflammation of the lower respiratory
system (Johansson et al, 2009). Research concerning
adult athletes shows that, in contrast to the control
groups, athletes with repetitive lower respiratory tract
infections have much lower serum levels of CC16
(Kurowski et al., 2014). In mice with CC16 deficiency
subjected to Mycoplasma pneumoniae infection during
early development, a notable escalation in airway
hyperresponsiveness and collagen deposition was
recorded in adulthood, correlating with pulmonary
dysfunction. CC16 has been shown to have a protective
effect by alleviating inflammation and lung remodeling
during early development stages in a mouse model
(Iannuzo et al,, 2023, lannuzo et al., 2022).

2.7.CC16 in Sarcoidosis

Sarcoidosis is a long-term, granulomatous disease that
affects many systems, but mostly the lungs. The lungs and
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intrathoracic lymph nodes are significantly affected in
about 95% of cases (YILDIZ and GOKSEL, 2017). Research
indicates that serum CC16 concentrations in sarcoidosis
patients exceed those in healthy individuals.
Nevertheless, CC16 levels in bronchoalveolar lavage (BAL)
samples from sarcoidosis patients were within the normal
range, and no significant variation in the quantity of CC16-
positive cells was detected in lung biopsy samples. These
findings suggest that the elevated serum CC16 in
sarcoidosis may result from the protein's translocation
across the air-blood barrier rather than an increase in
pulmonary CC16 manufacturing (Hermans et al., 2001).

2.8. CC16 in Bronchopulmonary Dysplasia (BPD)

Bronchopulmonary dysplasia (BPD) is more common
in newborns. It causes lung tissue to grow too much, fluid
to build up in the interstitia (interstitial edema) and the
small air sacs (alveolar edema), and breathing problems
and damage to the big air passages. Elevated serum CC16
levels in ventilated premature infants immediately
following death (postneonatally) were documented in
those experiencing advanced stages of BPD development
(Sarafidis et al., 2008).

It has been shown that recombinant CC16 helps to
suppress inflammatory responses in the airways and
helps to maintain the integrity of pulmonary tissue in
COPD and ARDS (Lopez et al., 2020, Pang et al.,, 2018). It
has been shown that a polymorphism in the CC16 gene
located in the locus that has been linked to several
respiratory diseases is associated with an increased risk
of developing asthma in childhood. CC16 has been shown
to inhibit the migration of fibroblasts and is likely to affect
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some internal and external factors, including
polychlorinated biphenyls (PCBs). Studies on transgenic
mice have demonstrated that lack of CC16 leads to greater
vulnerability to viral infections and oxidative damage to
the lungs, thus confirming this hypothesized protective
mechanism. CC16 is now a highly valuable peripheral
biomarker confirming the integrity of the lungs’ epithelial
cells. Measurement of serum CC16 concentration is a
recent, indirect technique that can indicate Clara cell
damage, elevated permeability of epithelial cells, and a
variety of acute and chronic pulmonary disorders
(Broeckaert and Bernard, 2000, Broeckaert et al.,, 2000).

A study in mice with house dust mite (HDM)-induced
asthma examined the possible protective roles CC16 might
have in allergic airway inflammation and epithelial injury
by giving individual mice varying doses of CC16 before the
HDM challenges. Following the transfer of the HDM, there
was a significant rise in levels of the Th2 cytokines. In the
CC16 treated mice, dust mite induced airway
inflammation and epithelial injury were lessened by the
blockage of the HMGB1 signaling (Liu et al., 2021).

The correlation between serum CC16 levels and the
severity and prognosis of community-acquired
pneumonia has been assessed. It was observed that CC16
levels progressively declined alongside rising severity
scores of the disease. Post-treatment, an elevation in
serum CC16 levels was noted. These results suggest that
serum CC16 levels are inversely related to inflammatory
cytokines (Li et al., 2023).

A study looked at how silica dust exposure affected
serum Clara cell protein 16 (CC16) levels in Chinese
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workers. It found that CC16 levels were much lower in the
silicosis group than in healthy controls (Jing et al., 2019).

Cigarette smoke causes damage and inflammation
within the lungs and body. CC16 mitigates the damage of
cigarette smoke inflammation. When CC16-lacking mice
were exposed to cigarette smoke, and the mice sang
immoderate pulmonary inflammation in the lungs, were
also noticed to have damage to the epithelial cells of the
lung and bronchial alveoli, showed signs of metaplastic
mucus production, and had tissue of the small bronchi that
had undergone fibrosis (Laucho-Contreras et al., 2016).

Rats exposed to 0.12 ppm Os for 90 days suggest that
tolerance to long-term Os exposure may be related to
increased amounts of CC16 in certain areas of Clara cells
(Dodge et al, 1994). Studies in mice without CC16
demonstrate that it plays a role in protection from
oxidative stress and viral infections and influences
inflammation in the lungs. In mouse models, alack of CC16
makes the lungs more likely to be hurt by O3 (Mango et al,,
1998) and hyperoxia (Johnston et al., 1997) as shown by
higher death rates, earlier onset of pulmonary edema, and
higher levels of proinflammatory cytokine mRNAs. Mice
without CC16 have a lot more lung inflammation after an
acute viral infection. Histological evidence of lung
inflammation in these mice is linked to higher levels of
interleukin-1p (IL-1B), IL-6, and TNF-q, as well as higher
levels of mRNA for chemokines like macrophage
inflammatory proteins and monocyte chemoattractant
protein-1(Harrod et al., 1998). Although CC16 has been
reported to be affected by various pulmonary diseases and
considered a potential biomarker, certain uncertainties
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remain. Most lung inflammation or injury biomarkers
identified to date are components of epithelial lining fluid
sampled via bronchoalveolar lavage (BAL). These
biomarkers comprise proteins or cytokines derived from
plasma, as well as molecules locally produced by epithelial
and inflammatory cells, including enzymes and growth
factors. BAL biomarkers have significant potential for
evaluating inflammation or tissue damage; however, they
are unsuitable for monitoring populations exposed to
environmental or occupational air pollution. Additionally,
these biomarkers are insufficient for assessing health
risks in highly vulnerable populations, including children
and individuals with compromised cardiopulmonary
function (Broeckaert and Bernard, 2000). Researchers
have come up with a new, non-invasive way to find short-
or long-term effects in the respiratory epithelium thanks
to their work on CC16. This method is based on the idea
that proteins that come out of the lungs can passively get
into the serum through the epithelial barrier. Once there,
they show that the epithelium is damaged. Serum CC16
levels may be a sensitive sign of increased epithelial
barrier permeability, or, if the barrier is still intact, they
may be a sign of Clara cell depletion or compromised
integrity (Doyle et al.,, 1998, Hermans and Bernard, 1998,
Hermans and Bernard, 1999).

3.CONCLUSSION

Researchers have come up with a new, non-invasive
way to find short- or long-term effects in the respiratory
epithelium thanks to their work on CC16. This method is
based on the idea that proteins that come out of the lungs
can passively get into the serum through the epithelial
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barrier. Once there, they show that the epithelium is
damaged. Serum CC16 levels may be a sensitive sign of
increased epithelial barrier permeability, or, if the barrier
is still intact, they may be a sign of Clara cell depletion or
compromised integrity. Also, this protein doesn't have a
standard reference range yet. Some diseases are
associated with elevated or diminished levels of CC16;
however, the specific concentration values reported
across various studies exhibit significant variability.
Therefore, it is prudent to consider biological factors such
as age, sex, renal function, and body mass to accurately
assess CC16 levels in both healthy and diseased
individuals. Also, this protein doesn't have a standard
reference range yet. Some diseases are associated with
elevated or diminished levels of CC16; however, the
specific concentration values reported across various
studies exhibit significant variability. =~ Therefore, it is
prudent to consider biological factors such as age, sex,
renal function, and body mass to accurately assess CC16
levels in both healthy and diseased individuals
(Almuntashiri et al., 2020, Laucho-Contreras et al.,, 2016).
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