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Abstract: Calprotectin (CP) is a non-covalent heterodimer formed by the subunits SI00A8 (A8) and
S100A9 (A9). When neutrophils become activated, undergo disruption, or die, this abundant cytosolic
neutrophil protein is released. By fervently chelating trace metal ions that are essential for bacterial
development, CP plays an important role in human innate immunity. It also serves as an alarmin by
controlling the inflammatory response after it is released. Extracellular concentrations of CP increase
in response to infection and inflammation, and are used as a biomarker of neutrophil activation in a
variety of inflammatory diseases. Although it has been almost 40 years since CP was discovered, its
use in daily pediatric practice is still limited. Current evidence suggests that CP could be used as a
biomarker in a variety of pediatric respiratory diseases, and could become a valuable key factor in
promoting diagnostic and therapeutic capacity. The aim of this study is to re-introduce CP to the
medical community and to emphasize its potential role with the hope of integrating it as a useful
adjunct, in the practice of pediatric respiratory medicine.
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1. Introduction

In 1965, Moore published an article about newly discovered proteins found in the
nervous system of the bovine brain. They were partly soluble in 100% saturated ammonium
sulfate, so they were named S100 proteins [1]. They belong to a Ca?*-binding superfamily
that comprises many proteins, including SI00A8 and S100A9 [2]. About three decades
later, Rammes et al. coined the terms myeloid-related proteins 8 and 14 (MRP8 and MRP14,
respectively) in light of the primary expression of SI00A8 and S100A9 in myeloid lineage
cells [3]. Later, the nomenclature was refined, and the proteins were renamed calgranulin
A and calgranulin B based on their Ca?*-binding properties [4].

The term calprotectin (CP) was coined only after its role in inflammatory processes
in the human body was discovered (the terms S100 proteins, SI00A8/A9, MRP8/MRP14,
calgranulin A and B, which are all synonyms of calprotectin, are still used by some au-
thors). CP was identified as a promising marker of inflammation or nutrient antagonism
occurring within the organism for the first time in 1984 [5]. Numerous reports since then
have emphasized the critical role of CP in human defense mechanisms, and it has been
extensively studied as a surrogate marker of inflammatory bowel disease. At the same
time, however, it is only beginning to be understood in pediatric respiratory care.

2. CP Structure and Genes

CP is a 24-kD heterodimer that is a member of the 5100 protein family. It shares a
helix-loop-helix motif structure with S100 proteins, consisting of two helices connected
by a central hinge region [6]. Each monomer contains two EF-hand motifs that can be
coupled to two Ca?* ions or other divalent metal ions such as zinc (Zn?*). The binding
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capacity of 100 proteins to Ca2* has no effect on the zinc-binding capacity. Additionally,
histidine-binding sites contribute to the antibacterial properties of CP [7].

The CPs role in ion binding significantly influences their activity. S100 proteins
(S100A8/ A9) that form CP translocate to the plasma membrane and intermediate filaments
in a calcium-dependent manner. S100 proteins are able to affect the activity of other proteins
by adjusting extracellular and intracellular concentrations of calcium, zinc, and copper.
Binding to metal ions initiates oligomerization and the folding of S100 proteins, leading to
their regulation [8].

As previously stated, each SI00A8 and S100A9 monomer contains two EF-hand motifs
with varying Ca?* affinity. Ca?* binding causes a conformational change that influences
target recognition [9]. Additionally, the CP complex exhibits a high affinity for Zn** and
Mn?* binding. [10]. The affinity of CP for Zn** and Mn?* could be a possible explanation
for its antimicrobial properties, as CP sequesters these elements from the surroundings [11].

Vogl et al. [12] demonstrated that, while CP can form heterodimers spontaneously in
the absence of metal ions, tetramers of SI00A8/S100A9 are strictly dependent on the pres-
ence of Ca* or Zn?*. There is as yet no scientific consensus about the biological significance
of intracellular S100A8 and S100A9 heterodimers. Nonetheless, heterotetramerization ap-
pears to be critical for CP intracellular functions, as failure to form tetramers is associated
with a loss of within-cell function [13].

CP is encoded by genes located in the chromosomal region 1q21, which also encodes
the vast majority of S100 proteins, except for S100B, S100P, and S100Z [14,15].

3. Mechanisms of CP Release

Passive and active mechanisms mediate the release of CP from myeloid cells into the
extracellular space. Tissue damage, cellular necrosis [16], and neutrophil extracellular trap
(NET) formation [17] can all cause the cytosolic protein complex to be released passively.
The heterodimer must be transported from the cytosol to the plasma membrane in a Ca®*-
dependent manner during active release [18]. However, at the cellular level, the classical
secretion route is mediated by the Golgi apparatus, and the CP complex lacks the structural
requirements for this. It is therefore reasonable to assume that an alternative secretory
route controls the active secretion of CP.

Human leukocytes are capable of actively secreting CP in an energy-dependent man-
ner via protein kinase-C and an intact microtubule network. However, neither the classical
protein secretion route nor the interleukin-1 alternative protein secretion route [3] are used
in the release process. It appears that C5a and formyl peptide (fMLP) stimulation regulate
the release mechanism [19]. Frosch et al. reported that when monocytes interact with
activated TNF-«, CP is released, implying that endothelial inflammatory changes can act as
a trigger [20]. The endothelium is specifically adjusted to optimize leukocyte recruitment in
the presence of inflammation. The leukocytes are recruited after a well-defined activation
cascade [21] that starts with the engagement of endothelial expressed selectins. Leucocyte
rolling along the endothelium is mediated by P-selectin glycoprotein ligand 1 (PSGL1),
which enables endothelial chemokines to interact with the corresponding chemokine recep-
tors on leucocytes. The B2 integrins expressed on leucocytes are subsequently subject to a
conformational change to help cells adhere strongly [22].

Pruenster et al. demonstrated, in 2015, that the binding of PSGL1 to E-selectin re-
sults in rapid CP secretion by neutrophils in vitro and in vivo [23]. In a TNF-a-induced
inflammation model, the same team discovered that neutrophils are the main source of
serum CP. To corroborate this, neutrophil-depleted mice had significantly lower serum
CP levels. Additionally, when they blocked E-selectin in vivo with a blocking antibody,
they observed a dramatic decrease in the serum levels of CP in the same model, demon-
strating the specificity of the E-selectin-PSGL1 interaction in the rapid release of CP from
neutrophils (Table 1).
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Table 1. Current concepts of calprotectin release.

Cell Type Mode of Release

Actively:
Independent of Golgi pathway;
Monocyte Endolysosomes and secretory lysosomes are involved.
Passively:
Necrosis.

Actively:

Independent of Golgi pathway;
Neutrophil Passively:

Necrosis;

NET formation.

NET, neutrophil extracellular traps.

4. Distribution and Reference Range of CP in Humans

CP is predominantly found in neutrophils and a subpopulation of reactive tissue
macrophages, with some expression in endothelial and epidermal cells [24]. It accounts
for approximately half of the total cytosolic protein in neutrophils [25]. It is also found in
non-keratinizing squamous epithelia, renal tubules, and some mucosal epithelial cells [26].

The free/soluble form of CP can be found in serum with a reference range of 1-6 mg/L
in healthy people. In active inflammation, a 100-fold increase in serum CP levels may be
observed [27]. Although gender does not have any influence on serum CP levels [28], it
does not seem to apply in obese and overweight children, where levels are higher than
in normal-weight subjects [29]. CP can also be found in urine, body secretions, intestinal
fluid, and feces [30]. It is reported that the normal range of fecal CP lies between 10 and
50 mg/L [27].

However, fecal CP levels should be viewed with caution because children under the
age of four have naturally higher levels [31] and an upward trend has been shown before
the age of four years [32]. Children aged 2-9 years old have substantially higher fecal CP
concentrations than subjects aged over 10 years old, according to other studies [33]. Fecal
CP appears to increase with age in children with cystic fibrosis (CF), with levels exceeding
50 mg/kg in children aged 4 to 10 years. [31].

5. The Importance of Membrane-CP Interaction

To eliminate the inflammatory trigger and aid tissue repair, circulating blood leuko-
cytes must migrate to sites of tissue injury and infection [34]. The development of weak
and temporary adhesive interactions between the white cells and endothelial cells of post-
capillary venular walls near inflamed tissues is the first step in leukocyte migration [21].
Heparin sulfate (HS), a linear polysaccharide present in all animal tissues, is involved in
leukocyte attachment. [35].

HS is a proteoglycan located near extracellular matrix proteins and cell surfaces [36].
HS is found in endothelial cells, and in vitro studies have shown that it interacts with
the MRP-14 subunit of CP, thus facilitating the extravasation of leukocytes [37-40]. After
trans-endothelial migration, leukocytes release CP, thus increasing the CP concentration in
the body fluids of patients with acute or chronic inflammatory conditions [41,42].

The role of CP in Th2 inflammation has received a lot of attention in recent years.
Thymic stromal lymphopoietin (TSLP) and IL-25, two newly discovered epithelial-derived
cytokines, can induce Th2—cytokine-dependent inflammation and play a role in innate
and adaptive immune responses in the airway mucosa [43]. Allergic stimulants such as
Alternaria alternata and house dust mites (HDM) cause the airway epithelial cells to produce
TSLP and IL-25 through the protease-activated receptor (PAR)-2 [44]. In allergic rhinitis,
asthma, and atopic dermatitis, these cytokines play a role in the initiation and progression
of allergic inflammation [45]. In cultured normal human bronchial epithelial cells, airborne
allergens like Alternaria and HDM stimulate the production and secretion of CP, where the
combined effect of CP and ATP induces the production of TSLP and IL-25. These findings
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indicate that CP, through the secretion of TSLP and IL-25, promotes allergen-induced Th2-
type inflammatory responses in airway epithelial cells, and that CP released by epithelial
cells may be involved in the pathogenesis of allergic diseases [46].

The S100 protein, uric acid, ATP, and high-mobility group box 1 (HMGB1) protein are
all examples of damage-associated molecular patterns (DAMPs). DAMPs, also known as
alarmins, are intracellular molecules that participate in cellular functions under normal
homeostasis, but are released outside the cell when tissue damage occurs [47]. DAMPs
and allergic inflammation have recently been related, and very high levels of HMGB1 have
been discovered in the sputum and nasal secretions of patients with asthma, nasal allergy,
or chronic rhinosinusitis [48-50].

6. The Importance of Soluble CP

In humans, the main role of CP is to engage in and mediate the inflammatory response.
Infection-induced inflammation is, in fact, one of the key causes of CP secretion. As bacteria
invade the body, the cells involved in innate immunity, such as neutrophils, macrophages,
and monocytes, express and secrete CP. This occurs to regulate inflammation through the
release of cytokines, reactive oxygen species (ROS), and nitric oxide (NO) [51]. CP also
exhibits broad-spectrum antimicrobial activity against a variety of bacteria after being
released into the extracellular space by recruited phagocytes, or after cell necrosis. The
CPs ability to bind and regulate the levels of key trace metals including Zn** and Mn?*,
which are necessary for bacterial development, underpins the entire procedure. Nutritional
immunity is a term used to describe this mechanism [52].

Both Zn?* and Mn?* binding sites in CP must be functional, since a mutation in either
site impairs antimicrobial activity [53]. Furthermore, since the local levels of Zn?* and
Mn?* may modulate the affinity between CP and its targets, the antimicrobial properties
of CP may vary in different pathological conditions. Aside from its metal-chelating abili-
ties, CP has been shown to improve human neutrophil phagocytosis in a Syk-, Erk1/2-,
and PI3K/Akt-dependent manner, enhancing its antimicrobial activity against Klebsiella
pneumoniae and Escherichia coli [54].

The absence of CP causes a substantial increase in bacterial load in the blood, liver,
and spleen in a mouse model [55]. Thus, during the early stages of infection, CP suppresses
pathogen growth at infectious sites, allowing time for phagocyte recruitment. CP then
boosts the phagocytic activity of the recruited leukocytes, hastening pathogen clearance.
CP is released from the undamaged macrophages through DDX21-TRIF signaling during
Influenza A virus infection, resulting in an exaggerated inflammatory response and cell
death [56]. The duration of fever before admission, in typhoid fever patients, is linearly
correlated with an increase in CP levels in acute-phase plasma and feces [57]. CP expression
increases gradually until the patient dies of more serious infections associated with septic
shock [58]. CP participates in innate immunity and mediates the inflammatory response,
as shown by the early expression of 5100 proteins during infection-induced inflammation.
CP plays an important role in defending the body against invading pathogens via multiple
TLR4- or RAGE-mediated inflammatory pathways [59]. CP is also involved in cytosol
tubulin polymerization and cytoskeleton rearrangement, both of which are essential for
cell migration. Its capacity to recruit neutrophils during inflammation is explained in part
by this.

A negative feedback regulatory mechanism regulates the expression and secretion
of CP during infection-induced inflammation [60]. The main goal of this mechanism is to
suppress the excessive expression of CP, which amplifies the inflammatory response and
causes neutrophils and macrophages to release more cytokines. The knockout breaks the
vicious cycle that could exacerbate the disorder.

The S100A8 heterodimer is a TLR4 ligand that is strongly induced in endotoxic shock
during a Gram-negative bacteria infection. High levels of SI00A8 and S100A9 have been
shown to stimulate RAGE signaling and cause inflammatory damage in septic shock
patients [61]. SI00A9 does not appear to increase in patients with an infectious flare up of
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chronic obstructive pulmonary disease (COPD), despite the fact that increased expression
of S100 proteins has been linked to disease exacerbation. In this case, the decrease in SI00A9
may indicate weakened immunity, which may explain the infection-induced exacerbation.
Patients with extreme COPD caused by other causes, on the other hand, have a high
expression of SI00A9, indicating an uncontrolled immune response. Thus, both defense
capabilities and immune homeostasis appear to require proper levels of 5100 proteins [62].

7. CP and Respiratory Infections

Acute respiratory infections (ARIs) are the leading cause of death and morbidity
across all age groups and genders in low- and middle-income countries (LMICs) [63,64].
ARIs are viruses or bacteria-related infections that are classified as lower respiratory tract
infections (LRTIs) or upper respiratory tract infections (URTIs). The vast majority (97%)
of acute lower respiratory infection (ALRI) cases occur in LMICs [65], where 6.9 million
children died in 2011, with ALRI accounting for nearly one in five of these deaths [66]. In
2015, over 650,000 children under the age of five died as a result of LRTIs [67].

Although the underlying pathogenetic agents of acute respiratory infections vary
considerably across the globe [68], early diagnosis is critical. There are two primary reasons
for the early detection of ARIs. The first is to reduce the time interval between the onset
of an ARI and the initiation of pathogen-specific treatment in order to decrease the risk
of prolonged infection, sepsis, late respiratory sequelae, and even death [69]. Second,
antibiotic resistance is a significant and growing global problem at the moment.

The initial enthusiasm following penicillin’s discovery in the first half of the 20th
century was followed by concerns regarding emerging resistance, which was observed
only a few years after the (over)application of penicillin in clinical medicine. Currently,
judicious use of antibiotics remains of paramount importance, and despite the existence of
clinical guidelines about the proper use of antibiotics in childhood infections, the medical
community runs in circles [70]. Inappropriate, unnecessary, or overuse of the existing
antibiotics has led to the re-occurrence of bacterial infections and has posed a threat to
people’s health. It is obvious that practicing physicians must not delay diagnosis and
treatment of ARIs, by they also have an obligation to avoid unselective antibiotic use.

It would be ideal if we could isolate and correctly identify the causative agent of
an ARI promptly. Unfortunately, this is time consuming and not available in any setting.
Therefore, we have to rely on blood tests for biomarkers to differentiate bacterial diseases
from viral respiratory diseases. While the search for the ideal biomarker continues, there
are currently no biomarkers capable of diagnosing bacterial ARI on their own [71]. A
biomarker has been defined as “a characteristic that is objectively measured and evaluated
as an indicator of normal biological processes, pathogenic processes, or pharmacologic
responses to a therapeutic intervention” [72]. The ideal biomarker for bacterial ARIs
should be elevated only when a bacterium causes the infection, not a virus or fungus, to
underline the need of antibiotic treatment. Additionally, the ideal biomarker is expected to
be inexpensive, simple to test, and informative within a short period of time [73].

There are numerous biomarkers available for clinical use, but each has inherent
limitations. The white blood cell (WBC) count, erythrocyte sedimentation rate (ESR), C-
reactive protein (CRP), and procalcitonin (PCT) are the most frequently used. The WBC
count and ESR should not be used as biomarkers because they have a lower sensitivity
and specificity than CRP and PCT [74]. A recent study examined whether serum CRP
can be used to differentiate bacterial from viral pneumonia in 193 pediatric patients. CRP
concentrations were found to have no significant correlation with the microbial etiology of
pneumonia [75].

Furthermore, although PCT is considered more specific to identify a bacterial infection
than other biomarkers, there are limitations to its use. The main one is the high rate of
false-positive and false-negative results. For example, false-positive PCT values may occur
in some viral infections, acute respiratory distress syndrome, inflammation associated with
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cytokine storm or cardiogenic shock. Furthermore, PCT measurement early in the course
of an illness or in localized infections can give false-negatives [76].

Recently, the medical community’s desperate search for an ideal biomarker has shifted
its focus to CP. The reason for this is that both bacterial and viral infections initiate an
acute-phase response aimed at combating the infection and mitigating its effects. The
innate immune system is activated first and most rapidly during infection, recruits other
immune cells to the infection site, and activates both the complement cascade and WBCs to
kill the microorganisms. The neutrophils are the first cells to reach the “battlefield” during
this rapid process, and upon activation, they rapidly release neutrophil activation markers
stored in the granulae or the cytoplasm [77]. Because no de novo synthesis is required,
these markers may serve as an earlier indicator of neutrophil activation, in contrast to
the delayed formation of new WBCs or acute-phase proteins. Since CP is one of the most
abundant proteins in the neutrophil cytosol and is released upon activation, it theoretically
meets some of the criteria for an ideal biomarker.

Havelka et al. compared the diagnostic accuracy of CP with that of heparin-binding
protein (HBP) and PCT in ARIs [78]. They attempted to differentiate between patients with
viral respiratory infections and those with bacterial pneumonia, mycoplasma pneumonia,
and streptococcal tonsillitis (n = 135) by analyzing these biomarkers. The findings were
compared to those of 144 healthy controls. Although all three biomarkers were increased
in response to bacterial and viral infections, CP outperformed the other two. CP was
significantly increased in patients with bacterial infections when compared to patients with
viral infections (bacterial pneumonia, mycoplasma pneumonia, and streptococcal tonsillitis).
The PCT levels were significantly higher in bacterial pneumonia than in viral infections,
but were not significantly higher in streptococcal tonsillitis or mycoplasma infections. HBP
performed even worse and was unable to differentiate bacterial from viral infections.

Fang et al. investigated the correlations between the serum S100A8 heterodimer and
the severity of community-acquired pneumonia (CAP) and inflammatory cytokines in
adults [79]. Another objective was to establish S100A8 cutoff values for predictive power in
CAP patients. The study’s major findings were as follows: (1) serum S100A8 heterodimer
levels were increased in CAP patients upon admission; (2) serum S100A8 heterodimer
levels were positively associated with CAP severity scores; and (3) SI00A8 knockdown
attenuated the inflammatory cytokines induced by Streptococcus pneumoniae infection in
human lung epithelial cells. This suggests that the SI00A8 heterodimer may play a role
in the initiation and progression of CAP. They concluded that in the future, the SI00A8
heterodimer could be used as an early serum diagnostic biomarker and possibly as a
therapeutic target for CAP.

Immunity homeostasis is dependent on adequate levels of S100 proteins, as demon-
strated in an animal study examining the role of CP in the host response during Staphylo-
coccus aureus pneumonia infection [80]. MRP14-deficient mice (mice unable to form CP)
were inoculated intra-nasally with wild-type S. aureus. In the BAL and lung tissue, S.
aureus pneumonia was associated with a significant increase in CP. Surprisingly, MRP14
deficiency had a negligible effect on S. aureus clearance, and was associated with increased
cytokine levels in BAL and aggravated lung histopathology. It was also associated with
decreased neutrophil transmigration into BAL at late time points following infection, as
well as decreased nucleosome release. The study concluded that CP has an unexpected
protective effect on the lungs during staphylococcal pneumonia.

A few years earlier, the same research team used the same model to determine the
role of CP in Klebsiella pneumonia sepsis that originated from the lungs. They followed a
well-established model in which bacteria grow gradually and then spread [55]. MRP14-
deficient mice were unable to form MRP8/14 heterodimers, resulting in increased bacterial
dissemination, organ damage, and decreased survival. MRP14-depleted macrophages
exhibited decreased phagocytosis of Klebsiella. Furthermore, only recombinant MRP8/14
heterodimers, not MRP8 or MRP14 alone, inhibited Klebsiella growth in vitro via divalent
cation chelation. Klebsiella growth was inhibited only by neutrophil extracellular traps
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(NETs) prepared from wild-type neutrophils, but not by neutrophils lacking MRP14. As a
result of the study, MRP8/14 was identified as a critical component of protective innate
immunity during Klebsiella pneumonia infection.

CP was evaluated as a biomarker for differentiating between bacterial and viral causes
of CAP in hospitalized adults, as well as a potential predictor of post-discharge mortality.
On admission, elevated CP levels were indicative of bacterial pneumonia. Surprisingly,
6-week CP levels were predictive of 5-year all-cause mortality [81].

Parapneumonic effusion (PPE) is defined as the accumulation of exudative fluids in
the pleural cavity as a result of pneumonia [82]. It is challenging to identify the cause
of PPE because patients experience the same clinical symptoms, such as a cough, chest
pain and fever [83]. PPEs are classified as uncomplicated PPE (UPPE), complicated PPE
(CPPE), or empyema based on the biochemical parameters of the pleural fluid, including
pH, glucose, and lactate dehydrogenase (LDH) [84]. Currently, there is no single serum
biomarker that can assist clinicians in distinguishing infectious from non-infectious PPE
and guiding appropriate treatment [85].

Wu et al. sought to enhance the diagnostic power of these markers by combining them.
They discovered that combining serum CRP and CP levels increased sensitivity to 73.52%
and specificity to 80.55% for correctly diagnosing CPPE and empyema [86]. Notably, it was
discovered that patients with malignant PPE had significantly lower pleural CP levels than
those with infectious PPE. Sensitivity was 96.7% and specificity was 100% (p < 0.001) [87].

Serum CP levels were found to be elevated in patients with tuberculosis (TB), and
when combined with other biomarkers, they may aid in diagnosing and treating this
disease. Globally, tuberculosis is the second leading cause of infectious disease death.
The primary impediment to global tuberculosis control continues to be early diagnosis.
Xu et al. discovered statistical differences between tuberculosis (TB) and other lung disease
cases in three serum proteins (S100A9, SOD3, and MMP9). The combination of these
three biomarkers has the potential to differentiate tuberculosis from healthy controls [88].
Additionally, another study found that plasma a-1-acid glycoprotein (ORM2), IL-36A, and
SOD1 exhibit 90% sensitivity and 89.66% predictive value in distinguishing between those
with severe TB and mild TB, and healthy controls. Furthermore, ORM2, S100A9, IL-36«,
and SOD1 were found to be positively correlated with the development of TB [89].

The concentration of CP was quantified in sputum and serum samples taken from
patients with bronchiolitis obliterans (BO). Spirometric parameters were compared to the
healthy controls. In sputum, CP levels were significantly elevated, which reflects ongoing
neutrophilic inflammation and strongly correlates with FEV1 and MEF25. In comparison
to the controls, serum CP levels were significantly lower in BO patients [90].

Tables 2 and 3 depict a summary of human and animal studies focusing on the use of
CP in infectious diseases. There is a paucity of pediatric studies that concern the implication
of CP in diagnosis and the management of respiratory infections. More pediatric studies
are needed if we are to incorporate CP in clinical practice.

7.1. CP in Cystic Fibrosis (CF) Patients

CP was first identified in CF lung secretions in 1975 [91,92], and was later dubbed
CF antigen [92]. Gray et al. measured sputum and serum CP levels during and after a CF
exacerbation and discovered that serum CP decreased four-fold following exacerbation
treatment. This finding had a greater statistical significance than CP in sputum, implying
that serum sampling is less variable than sputum sampling. Additionally, they discovered
that a serum CP concentration <9.1 pug/mL at the end of an exacerbation predicted a longer
time between exacerbations when compared to patients with CP > 9.1 pg/mL [93].
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Table 2. CP in infectious diseases, human studies.

Authors Age of Cohort Study Results

S100A8 heterodimer is helpful in
adults community-acquired pneumonia diagnosis
and severity assessment

Fang, P. et al.
[79]

Siljan, WW. et al. CP identifies bacterial vs. viral community

adults

acquired pneumonia and predicts the outcome
[81] quired p ia and predicts th
W KA. ot al CP contributes in noninvasive diagnosis of
’ [é 6]. ' adults complicated parapneumonic effusions
and empyema
Mohammed, adults CP helps in differentiation between benign and
O.M. et al. [87] malignant pleural effusion
Xu, D. et al. adults S100A9 heterodimer contributes to early
[88] TB diagnosis
L1u,§9.]et al. adults CP value correlates with TB development
Jerkic, S.P.etal.  children and young adults  CP reflects ongoing neutrophilic inflammation
[90] (6.2 to 27.3 years of age) in patients with obliterative bronchiolitis
Havelka, A. et al. adults CP is a better discriminator between bacterial
[78] and viral infections compared to HBP and PCT

Table 3. CP in infectious diseases, animal studies.

Authors Species Study Results
AChL[gg]et al. mice CP deficiency aggravates staphylococcal pneumonia
Achuiti et al. . CP protects against sepsis secondary to Gram-negative
mice ) .
[55] bacterial pneumonia

Additionally, elevated levels of CP were detected in the patient’s feces during a CF
exacerbation. The finding was hypothetically attributed to the multiorgan dysbiosis that
occurs in cystic fibrosis and was assumed to reflect a systemic exacerbation of the disease
rather than a purely pulmonary manifestation. The exacerbation treatment decreased CP
levels in the feces, possibly through an effect on the intestinal microbiome [94]. Serum
CP levels in the stable state of cystic fibrosis can predict the time until the next exacerba-
tion and the decline in lung function, allowing the treating physician to intervene earlier.
Reid et al. [95] report that the rate of forced vital capacity decline accelerates by approxi-
mately 50 mL/year with a two-fold increase in baseline serum CP, and is independent of all
the other variables tested. The available data indicate that CP may be a useful biomarker
for predicting, diagnosing, and treating CF exacerbations.

7.2. CP in Non-CF Bronchiectasis (Non-CF BE)

The role of CP in the management of patients with non-CF BE has yet to be discovered.
Only one study has looked for sputum biomarkers in patients with chronic suppurative
lung disease [96]. The study reported the presence of calgranulin a, b, and ¢ in abundance
compared to healthy controls. There have been no reports on the levels of CP in protracted
bacterial bronchitis. More studies are needed to clarify the role of CP in monitoring patients
with non-CF BE since in the majority, the pathophysiology of the disease points to chronic
neutrophilic inflammation.
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7.3. CP in Asthmatics

The role of CP in the pathogenesis of asthma has attracted scientific interest. The
S100A9 levels in sputum are significantly higher in patients with severe and neutrophilic-
predominant asthma than in those with eosinophil-predominant and paucigranulocytic
endotypes [97]. This could indicate that SI00A9 initiates and exacerbates neutrophilic
inflammation in these patients. However, the role of CP may vary depending on the type
of underlying lung inflammation.

Palmer et al. used the A. alternata model of type 2 high allergic airway inflammation
to conduct experiments on CP-deficient mice [98]. CP deficiency exacerbated airway
eosinophilia, activated Th2 helpers, and increased methacholine-induced airway resistance
and elastance. The authors hypothesize that the increased allergic inflammation was
caused by T regulatory cells” inability to control Th2 responses in the absence of CP.
Lee et al. discovered that serum CP levels were correlated with lung function, airway
hyperresponsiveness, and the percentage of blood neutrophils in a similar mouse model of
allergic asthma, implying a possible role for CP as a biomarker in asthma [99].

An interesting study evaluated the association of early-age fecal CP levels with the
later development of allergic diseases in children from farming and non-farming envi-
ronments. Additionally, the effect of the gut microbiota on fecal CP levels was investi-
gated [100]. The presence of CP in feces was used to detect intestinal inflammation. It was
observed that a high level of intestinal inflammation at two months of age predicted asthma
and atopic dermatitis (AD) at six years of age, and was associated with a low abundance of
fecal E. coli. Reduced fecal E. coli colonization and impaired IL-10 activation may account
for the intestinal inflammation associated with high fecal CP, and the subsequent risk of
asthma and AD. These studies highlight the potential role of CP in predicting subsequent
asthma and suggest that CP has a variable effect on asthmatic airways depending on the
inflammatory endotype.

7.4. CP in Other Lung Diseases

Patients with systemic sclerosis (55c) and dysbiosis have higher fecal CP levels and
are more frequently affected by interstitial lung disease (ILD), implying that fecal CP serves
as a marker of an abnormal immune response and increases the risk of ILD [101]. Volkman
hypothesized that altering the gut microbiota of SSc patients perpetuates inflammation
and fibrosis via a possible lung—gut crosstalk mechanism or the production of molecules
that travel through the lung to mediate damage [102]. During infections, high CP levels
were also found in the lungs, in addition to high fecal CP [103].

7.5. CP in Children with Obstructive Sleep Apnoea (OSA)

Obstructive sleep apnoea (OSA) is a condition defined by repeated episodes of partial
or complete obstruction of the upper airway during sleep, resulting in disruption of normal
ventilation, hypoxemia, and sleep fragmentation [104]. Pediatric OSA has been identified
as a condition associated with an increased risk of cardiovascular morbidity and metabolic
dysfunction, particularly in obese children [105]. The recurrent hypoxia re-oxygenation
events and sleep fragmentation observed in children with OSAs are thought to increase the
generation of reactive oxygen species (ROS) and systemic inflammation, which are thought
to play a role in the acceleration and propagation of atherogenesis [106].

As a corollary to these speculations, Kim et al. focused on CP and found that children
with OSA have elevated morning plasma CP levels. These levels exhibit dependencies
on the severity of OSAs, even in children who are not obese. Furthermore, CP levels
were found to be highly correlated not only with CRP and IL-6, but also with endothelial
function [107]. Additional research is needed to confirm these findings and to investigate
the intrinsic value of assessing CP levels in the context of evaluating children at risk
for OSA.
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8. Conclusions

The pediatric respiratory community has been in search of new, affordable, easy-to-
use, and accountable biomarkers for many years. The difficulties in defining exacerbation,
predicting future exacerbations, and halting the overuse of antibiotics in many pediatric
respiratory diseases have made the need more imperative. CP is a potential biomarker
that could be implemented in medical practice with the aim of giving answers where there
were not one before. Research on CP in blood, sputum or BAL in respiratory diseases in
children is mandatory to better clarify the role of CP in pediatric respiratory medicine.
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