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Abstract: Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection was first re-
ported in Wuhan, China, and was declared a pandemic by the World Health Organization (WHO) on
20 March 2020. The respiratory system is the major organ system affected by COVID-19. Numerous
studies have found lung abnormalities in patients with COVID-19, including shortness of breath,
respiratory failure, and acute respiratory distress syndrome. The identification of lung-specific
biomarkers that are easily measurable in serum would be valuable for both clinicians and patients
with such conditions. This review is focused on the pneumoproteins and their potential to serve as
biomarkers for COVID-19-associated lung injury, including Krebs von den Lungen-6 (KL-6), surfac-
tant proteins (SP-A, SP-B, SP-C, SP-D), and Clara cell secretory protein (CC16). The current findings
indicate the aforementioned pneumoproteins may reflect the severity of pulmonary manifestations
and could serve as potential biomarkers in COVID-19-related lung injury.
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1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection was first
reported in December 2019, in Wuhan, China, and this outbreak was declared a pandemic
by the World Health Organization (WHO) in March 2020 [1,2]. SARS-CoV-2 has infected
more than 100 million people. As of 2 June 2021, the WHO has reported 3,840,223 deaths
as a result of SARS-CoV-2. Coronaviruses are a large group of enveloped, single-stranded
RNA viruses [3]. In the past two decades, two coronaviruses, Severe Acute Respiratory
Syndrome Coronavirus (SARS-CoV) and Middle East Respiratory Syndrome Coronavirus
(MERS-CoV), have emerged and affected public health in terms of morbidity and mortality.
Globally, SARS-CoV has infected over 8,000 people with a mortality rate of around 10%,
while MERS-CoV has infected 857 patients with a mortality rate of 35.5% [4,5].

SARS-CoV-2 is primarily transmitted by droplets from sneezes or coughs of symp-
tomatic and asymptomatic infected patients [6,7]. The clinical features of coronavirus
disease 2019 (COVID-19) range from asymptomatic to critical. Patients in critical condi-
tions require invasive or non-invasive oxygen therapy [8,9]. The respiratory system is the
major organ system affected by COVID-19. Various studies have found lung abnormalities
in patients with COVID-19, including shortness of breath, respiratory failure, and acute
respiratory distress syndrome (ARDS) [10,11]. It has previously been reported that approx-
imately 30% of patients with SARS and MERS had persisting pulmonary manifestations
following recovery [12-14]. Thus, the identification of lung epithelium-specific proteins
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that are easily measurable in the circulation would be beneficial in monitoring the lung
conditions of such patients. In this review, we highlight the role of pneumoproteins, namely
Krebs von den Lungen-6 (KL-6), surfactant proteins (SP-A, SP-B, SP-C, SP-D), and Clara
cell secretory protein (CC16), as potential pulmonary biomarkers for COVID-19-associated
lung injury.

2. Krebs von den Lungen-6 (KL-6) in COVID-19 Patients

Krebs von den Lungen-6 (KL-6) is a high-molecular-weight glycoprotein mainly pro-
duced by damaged or regenerating type II pneumocytes and bronchial epithelial cells [15].
It plays a major role in fibroblast stimulation and apoptosis inhibition in normal lungs [16].
KL-6 promotes chemotactic activity and anti-apoptotic effects on human lung fibroblasts,
but the exact mechanism remains unknown [16]. Fibroblast apoptosis is vital to normal
wound healing, whereas apoptosis resistance in fibroblasts leads to progressive scarring
and pulmonary fibrosis [17]. Since KL-6 has anti-apoptotic activities on stimulated fibrob-
lasts, an elevated serum level of KL-6 is known to be a sign of active pulmonary fibrosis.
KL-6 levels are raised in the serum of patients with interstitial lung diseases (ILDs), ARDS,
pulmonary tuberculosis, and bronchopulmonary dysplasia (BPD) [18-23]. In COVID-19, it
is suspected that viruses can induce cytopathic effects against type I or II pneumocytes and
contribute to lung injury [24]. It is also postulated the epithelial cell injuries cause leakage
in the air-blood barrier, leading to an elevation in the serum levels of KL-6 [21]. Measuring
KL-6 in serum could evaluate lung scarring and aid in diagnosis and prognosis during or
after COVID-19 infection.

The first study that measured KL-6 levels from COVID-19 patients found that the
serum concentrations of KL-6 were significantly higher in severe cases than in the non-
severe group. The high levels of KL-6 detected in patients with severe pulmonary in-
volvement suggests that KL-6 levels in serum can be a useful measurement for assessing
the interstitial lung damage, epithelial lung alterations, and remodeling processes after
SARS-CoV-2 infection [25]. Similarly, another study reported that KL-6 levels were sig-
nificantly higher in COVID-19 patient populations than in healthy subjects. Interestingly,
when comparing the KL-6 levels from COVID-19 cases to a group of patients with ILDs,
KL-6 concentrations were significantly higher in ILDs than in the COVID group, thus
concluding that KL-6 can be a potential biomarker to assess the severity of ILDs in patients
with COVID-19 [26]. Furthermore, KL-6 levels were significantly elevated in severe COVID-
19 patients compared to mild or non-COVID-19 subjects [27]. In the two previous studies,
KL-6 was significantly correlated with different oxygenation indices, such as arterial pulse
oxygen saturation (SpO,), arterial partial pressure of oxygen (PaO,), and oxygen partial
pressure difference of alveolar artery (PA-aDO,), which reflect the severity of COVID-19.
Moreover, one study assessed KL-6 levels in COVID-19 patients at two different times: at di-
agnosis and 1 week later. KL-6 serum levels were significantly higher in the severe subjects
compared to the non-severe group. The median differences in KL-6 levels between those
different times in each group were 404 U/mL and 0 U/mL in the severe and non-severe
groups, respectively (p < 0.001) [28]. Thus, it is recommended to measure KL-6 repeatedly
to evaluate the potential severity or recovery of COVID-19. In addition, one study aimed
to investigate and distinguish between the clinical, imaging, and laboratory findings of
COVID-19 cases. The researchers found that patients with CT infiltrate had higher KL-6 lev-
els in comparison to patients with no CT infiltrates [29]. In another recent study, researchers
measured KL-6 in COVID-19 patients during hospitalization and 6-9 months after being
discharged from the hospital. KL-6 levels were significantly decreased after months of
recovery in comparison to KL-6 levels that were obtained at the admission, suggesting
that interstitial lung abnormalities related to SARS-CoV-2 infection were not progressive in
the majority of patients [30]. Similarly, a recent study reported that KL-6 levels gradually
reduced after reaching a peak in 1 month [31].

On the other hand, one study correlated KL-6 levels and the fibrotic changes that
were associated with COVID-19 by performing chest CT imaging tests. It was shown
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that the higher levels of KL-6 in COVID-19 patients represented fibrotic changes [30]. A
recent study also identified COVID-19 infection as a potential factor that causes lung
fibrosis [32]. Thus, high serum concentrations of KL-6 might predict the pulmonary fibrotic
sequelae in COVID-19 patients. Peng et al. found that serum KL-6 levels in COVID-19
patients who developed pulmonary fibrosis were higher than those who did not develop
pulmonary fibrosis [33]. In the same study, the prevalence rate of pulmonary fibrosis in
severe COVID-19 cases was much higher than in non-severe cases, indicating that high
KL-6 levels in serum in severe COVID-19 cases may be a useful biomarker for predicting
lung fibrosis [33].

Based on these findings, it is clear that KL-6 levels in serum were higher in most
COVID-19 patients, as shown in Table 1. However, it seems that KL-6 increased only in
severe cases and not in mild cases. KL-6 levels from mild patients and healthy controls
were almost similar, suggesting that not all cases of COVID-19 lead to lung injury. Another
finding is that KL-6 was higher in ILDs compared to severe cases of COVID-19, confirming
the reliability of KL-6 as a serum assessment of ILDs’ severity and suggesting a promising
serum biomarker in the early stages of lung injury in COVID-19. As shown in Tables 2
and 3, KL-6 levels in serum were different between those studies, and the cutoff values
were different as well. Thus, there is a need to establish an optimal reference range to
allow clinicians to easily evaluate their patients. In addition, more studies using a larger
number of participants with COVID-19 are needed to draw accurate conclusions. In the
meantime, it is recommended to measure KL-6 in serum as a lung biomarker in response
to SARS-CoV-2 infection.

Table 1. The changes of KL-6 and SP-D levels in COVID-19 patients.

Reference  Protein Country No. of Patients Conclusion p-Value
KL-6 was higher in severe subjects than the
. non-severe subjects 0.0118
05 Ital 22 patients KL-6 was only elevated in the severe group admitted ’
23] KL-6 ay 22 healthy to the ICU and requiring mechanical ventilation
volunteers
No significant difference in KL-6 level between 0.5277
non-severe COVID-19 cases and healthy controls ’
Higher in COVID-19 cases than healthy subjects <0.001
Lower in COVID-19 cases than ILD group '
KL-6 was not associated with severe dyspnea 0.585
KL-6 was not associated with ICU admission 0.434
83 COVID patients N X :
[26] KL-6 Belgium 70 healthy subjects KL-6 did not show an impact on mortality >0.05
31 ILDs patients No correlation between high KL-6 levels and CRP 0.482
High KL-6 was correlated with high LDH levels
0.004
(r = 0.31)
High-KL-6 levels were associated with higher values 0.04
of platelet/lymphocyte ratio ’
KL-6 was higher in COVID-19 than those in <0.001
non-COVID-19 patients ’
KL-6 was higher in severe patients compared with <0.05
63 COVID patients mild patients '
[27] KL-6 China 43 nonTCOVID A significant correlation between KL-6 and <005
patients pulmonary lesion area in severe cases (r = —0.14) ’

A significant correlation between the KL-6 and T
lymphocyte (CD3+CD45+) in severe subjects <0.05
(r=-0.24)
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Table 1. Cont.
Reference  Protein Country No. of Patients Conclusion p-Value
Ts (CD3+CD8+) and Th (CD3+CD4+) lymphocyte
subsets were closely associated with KL-6 levels <0.05
(r=—0.19 and —0.25)
IL-6 and IL-10 were significantly correlated with <0.05
KL-6 levels, (r = 0.38 and 0.19) ’
21 severe COVID
28] KL-6 Japan patients KL-6 was higher in the. severe group than the <0.001
33 non-severe non-severe group at admission and one week later
patients
Japan,
China;
[29] KL-6 from multi- 74 patients KL-6 was associated with CT infiltrates 0.02
national
database
KL-6 levels were high at hospitalization and reduced <0.05
after months of recovery '
[30] KL-6 Italy 26 patients Increased in fibrotic than non-fibrotic group 0.0225
In the fibrotic group, KL-6 reduced after 6 and <0.05
9 months of discharge '
. 32 patients .
[34] KL-6 China 7 healthy controls KL-6 was higher compared to healthy controls <0.05
KL-6 was higher compared to healthy controls <0.001
No significant correlation between KL-6 and 50.05
pulmonary lesion area at the first week '
A significant correlation between KL-6 and <0.001
pulmonary lesion areas two weeks later '
KL-6 gradually reduced after reaching a peak level <0.05
in a month in some patients '
. 166 patients A significant positive correlation between the serum
[31] KL-6 China 59 calthy controls ~ KL-6 and CD4+CXCR5+ T cells (v = 0.535) and 0,05
CD4+/CD8+ ratio (r = 0.511), and CD3+CD4+ T ’
cells (r = 0.510) among severe patients
A significant negative correlation between the serum
KL-6 and Tregs (r = —0.516), CD3+CD8+ T cells <0.006
(r = —0.475), and CD8+CD161+ T cells (r = —0.425) ’
among severe patients
KL-6 was correlated to coagulation indexes; D-dimer
(r = 0.692) and fibrin degradation product FDP 0.001
(r = 0.641) among severe patients
[35] KL-6 Ital 54 patients KL-6 higher in severe cases than in non-severe <0.0001
y p subjects '
KL-6 higher in non-survivors compared to survivors <0.001
KL-6 above 1000 U/mL was independently
36] KL-6 Ttaly 34 patients associated with mortality compared to the P/F ratio <0.05
and IL-6
KL-6 negatively correlated with the P/F ratio <0.05

(r=0.113)
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Reference  Protein Country No. of Patients Conclusion p-Value
Serum concentrations of KL-6 were correlated with 0.04
CRP (r =0.51) ’
41 patients Serum concentrations of KL-6 were correlated with
[37] KL-6 Ttaly 30 healthy controls IL-6 (r = 0.43) 0.04
Peripheral levels of platelets showed an indirect 0.04
correlation with KL-6 (r = —0.56) ’
A significant positive correlation between the serum
. KL-6 and CRP levels in severe COVID-19 patients <0.001
113 patients (r = 0.3803)
[33] KL-6 China 36 suspected cases r=o
65 healthy subjects A significant negative correlation between the serum
KL-6 and lymphocytes counts in severe COVID-19 0.0099
patients (r = 0.1753)
Higher SP-D levels than the control group at 0.001
admission ’
No significant difference in SP-D levels between 50.05
patients and controls at day 5 '
[38] SP-D Turkey 20 hSSII:}? tlentst ) Higher SP-D levels in patients who developed
calthy controls = ARDS or MAS compared to those who did not at <0.05
admission and five days later
Higher among non-survivors compared to survivors 0.03
A negative correlation between SP-D and 0.01
Pa0O, /FiO; level (r= —0.364) ’
16 SARS patients Higher SP-D levels in SARS patients than control 0.026
[39] SP-D China 19 CAP patients No significant difference in SP-D levels between 0.360
16 healthy controls SARS patients and CAP patients '
Table 2. Serum KL-6 and SP-D Concentrations in COVID-19.
Reference Protein Concentration p-Value
Severe cases (n = 12): 1021 (473-1909) U/mL 0.0118
Non-severe cases (1 = 10): 293 (197-362) U/mL ’
Severe cases (n = 12): 1021 (473-1909) U/mL
(25] KL-6 Healthy controls (1 = 22): 239 (132-371) U/mL 0.012
Healthy controls (n = 22): 239 (132-371) U/mL 0.5277
Non-severe cases (1 = 10): 293 (197-362) U/mL ’
Healthy subjects (n = 70): 254 (191-308) U/mL <0.001
COVID-19 (n = 83): 405 (277-592) U/mL '
Healthy subjects (n = 70): 254 (191-308) U/mL
[26] KL-6 Patients with interstitial lung diseases (n = 31): 897 (550-1885) U/mL <0.001
Interstitial lung diseases (n = 31): 897 (550-1885) U/mL <0.001

COVID-19 (n = 83): 405 (277-592) U/mL
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Table 2. Cont.
Reference Protein Concentration p-Value
Non-COVID-19 patients (1 = 43): 173.9 + 63.40 U/mL
COVID-19 patients (n = 63): <0.001
[27] KL-6 Mild (n = 30): 241.2 4 207.90; Severe (n = 33): 676.6 + 506.70 U/mL
All patients (n = 63):
Mild COVID-19 patients: 241.2 £ 207.90 U/mL <0.001
Severe COVID-19 patients: 676.6 & 506.70 U/mL
At diagnosis: Non-severe group (n = 33): 223 (166-255) U/mL <0.001
Severe group (n = 21): 338 (303-529) U/mL ’
28] KL-6 One week after diagnosis (peak levels):
Non-severe group (n = 33): 234 (194-282) U/mL <0.001
Severe group (n = 21): 781 (429-1435) U/mL
Patients with CT infiltrates (n = 48): 337 + 173 U/mL
[29] KL-6 Patients without CT infiltrates (n = 26): 227 + 71 U/mL 0.021
All patients (1 = 26):
At admission: 760 (311-1218) U/mL 0.0208
After 6 months: 309 (210-408) U/mL
All patients (1 = 26):
At admission: 760 (311-1218) U/mL 0.0365
After 9 months: 324 (279-458) U/mL
At admission:
Fibrotic patients (n = 14): 755 (370-1023) U/mL 0.0225
Non-fibrotic patients (n = 12): 305 (225-608) U/mL
[30] KL-6
After 6 months:
Fibrotic patients (n = 14): 290 (197-521) U/mL 0.2236
Non-fibrotic patients (n = 12): 262 (167-382) U/mL
After 9 months:
Fibrotic patients (n = 14): 318 (173-435) U/mL 0.2536
Non-fibrotic patients (n = 12): 320 (214—427) U/mL
Fibrotic patients at admission: 755 (370-1023) U/mL 0.0366
Fibrotic patients after 6 months: 290 (197-521) U/mL ’
Fibrotic patients at admission: 755 (370-1023) U/mL 0.0490
Fibrotic patients after 9 months: 318 (173—-435) U/mL ’
Severe patients: (1 = 17): 898 (567.7-1278.9) U/mL
[31] KL-6 Mild patients: (n = 149): 452.1 (325.6-641.3) U/mL <0.001
Healthy subjects: (1 = 59): 180.9 U/mL
) Severe patients: (n = 14): 1125 (495-2034) U/mL
[35] KL-6 Non-severe patients: (1 = 40): 316 (210-398) U/mL <0.0001
At the time of enrollment (n = 34): 411 (177-1192) U/mL
7 days after enrollment (n = 34): 570 (70-7580) U/mL -
[36] KL-6 14 days after enrollment (n = 15): 296 (137-5548) U/mL
Patients with favorable outcome: (n = 19): 260 (125-421) U/mL <0.001
Patients with unfavorable outcome: (n = 15): 1188 (592-3608) U/mL ’
) Mild to moderate group (1 = 14): 320 (226.3-927.8) U/mL
[37] KL-6 Severe group (1 = 10): 903 (333.8-1956) U/mL 0.035
[33] KL-6 Control subjects (1 = 65): 240.5 (217.5-285.5) U/mL <0.001

severe group(n = 36) 373.7 (269.9-428.1) U/mL
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Table 2. Cont.

Reference Protein Concentration p-Value
Non-survivors: 96.7 £ 37.2 Survivors: 56.9 £ 43.5 ng/ml 0.03

At admission
COVID-19 patients with MAS (n = 20): 80.9 + 45.5 ng/mL

COVID-19 patients without MAS (n = 68): 53.7 £ 42.2ng/mL 0.001
Control (n =20): 21.1 £ 18.6 ng/ml
At admission
[38] SP-D COVID-19 patients with ARDS (n = 35): 82.3 £+ 45.4 ng/mL 0.001
COVID-19 patients without ARDS (1 = 53): 46.5 £+ 39.2 ng/mL '
Control (n =20): 21.1 £ 18.6 ng/ml
On day 5
COVID-19 patients with MAS (n = 20): 50.4 + 18.3 ng/mL 0.001
COVID-19 patients without MAS (n = 68): 35.6 + 8.4 ng/ml
On day 5
COVID-19 patients with ARDS (n = 35): 46.4 + 33.2 ng/mL 0.001
COVID-19 patients without ARDS (n = 53): 22.4 £ 189 ng/ml
SARS patients (n = 16): 453 (379-963) ng/mL 0.026
[39] SP-D Control (1 = 16): 218 (160-362) ng/ml ’
SARS patients (n = 16): 453 (379-963) ng/mL 0.360
CAP patients (n = 19): 302 (94-459) ng/ml ’
Table 3. Receiver-operating characteristic (ROC) analysis of the KL-6 levels from previous studies.
Reference Aim AUC% Sensitivity %  Specificity % Cut-glfli;/alue p Value
To evaluate disease 824
[25] severity (95% CI: 62-100) 83 89 406.5 0.0129
At d‘;ﬁ“"SlS: 76.2 86.2 303 <0.05
)8 To evaluate disease
(28] severity One week after
diagnosis 85.7 96.6 371 <0.05
95
To evaluate disease 79.3
[31] severity (95% CI: 71.8-86.8) 753 73:3 642.3 <0.001
To determine
asymptomatic g
[29] patients with CT 75 (58-91) 73 67 216 <0.05
infiltrates
To identify patients
with fibrotic 85
[30] interstitial lung (95% CI: 64-100) & 80 455 0.0404
abnormalities
To predict the critical 84.9
[36] outcome (95% CI: 70.2-99.6) ) ) 1000 <0.01
To evaluate the
[33] severity of lung 82.66 80 68.13 278.3 <0.001

injury

3. Surfactant Proteins A, B, C, and D

Pulmonary surfactants are complex mixtures composed of lipids and proteins that are
produced by epithelial type II cells into the alveolar space [40]. The main function of the
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surfactants is to reduce the surface tension at the air-liquid interface in the alveoli, thereby
preventing its collapse at end-expiration [41]. There are four surfactant proteins—SP-A,
SP-B, SP-C, and SP-D—and each one has a different biological role. These surfactants
proteins can be divided into two groups: hydrophilic and hydrophobic. SP-A and SP-D are
hydrophilic proteins, and they are known for their contribution to pulmonary immunity
and the regulation of inflammation. The molecular weights for SP-A and SP-D are 36 kDa
and 43 kDa, respectively, and they are homologous in their sequences [42]. It has been
shown that Clara cells synthesize and release mature SP-A, SP-B, and SP-D proteins [43,44].
However, only epithelial type II cells can produce all the surfactant components, including
the four types of surfactant proteins and phospholipids [45—-47].

SP-B and SP-C are hydrophobic proteins that are essential for the normal functioning
of pulmonary surfactants. Their biological roles are to maintain the surfactant structure and
to stabilize the lipid layers during each respiratory cycle [48]. SP-B is the smallest surfactant
protein, with a molecular weight of around 8 kDa in its mature form. The molecular weight
of SP-C is 21 kDa [49,50]. SP-C is secreted by type II pneumocytes as an integral membrane
precursor protein. In adult lungs, SP-B mRNA expression is limited to alveolar type II
epithelial cells and Clara cells. Similarly, SP-C becomes limited to alveolar type II cells after
its expression in the distal epithelium during early lung development [51].

Lung inflammation and injury influence the secretion of these proteins from the lung
epithelial cells into the systematic circulation. However, the detection of such proteins in
serum may reflect an abnormality in the alveolar epithelial barrier [41]. Thus, they have
been examined as biomarkers in pulmonary diseases such as ARDS, chronic obstructive
pulmonary disease (COPD), and idiopathic pulmonary fibrosis (IPF) [52-55].

Regarding coronavirus infections, two studies have measured SP-D after SARS-CoV-1
and SARS-CoV-2 infections using enzyme-linked immunosorbent assays (ELISA). No study
has measured other surfactant proteins in the serum during the aforementioned pandemics.
SP-D levels were significantly higher in COVID-19 patients than in the control group and
were associated with the development of ARDS and macrophage activation syndrome
(MAS), both of which are considered critical complications of COVID-19. Furthermore,
SP-D levels were elevated in non-survivor patients compared to survivors. The ratio of
arterial oxygen partial pressure to the fractional inspired oxygen (PaO, /FiO;) in hypoxemic
patients was significantly correlated to SP-D [38]. Thus, measuring SP-D in serum may
be valuable for assessing respiratory complications following SARS-CoV-2 infection. In
a SARS-CoV-1 study, SP-D levels in serum were higher in comparison to the healthy
controls. In addition, there was a significant correlation between SP-D and SARS-CoV-
specific antibodies. Interestingly, SP-D levels were not significantly different between SARS
patients and patients with community acquired pneumonia (CAP), suggesting a possibility
to consider SP-D as a lung biomarker in response to infectious diseases caused by different
pathogens [39].

ELISA data in these two studies indicated that SP-D levels were much higher in SARS-
CoV-1 than COVID-19, as shown in Table 2, confirming that SARS was more serious than
COVID-19 in morbidity and mortality [56]. The importance of SP-D as a lung biomarker
has been tested in preclinical and clinical studies. SP-D is primarily released from the lungs
and is increased in circulation due to pulmonary leakage, as reported in experimental
studies [57]. In clinical studies, higher levels of SP-D were associated with mortality
in patients with acute lung injury (ALI)/ARDS and were correlated with worse clinical
outcomes [58,59]. Recently, elevated SP-D was found in patients with COVID-19 infection
compared to the control groups. Thus, it is recommended to monitor patients with a
possible risk of SARS-CoV-2-associated lung injury by measuring SP-D levels in serum.
Future studies may shed light on other surfactant proteins that have not been measured
yet or validate the current findings.
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4. Clara Cell Secretory Protein (CC16) as a Potential Biomarker for COVID-19

Clara cell secretory protein, also known as club cell secretory protein or uteroglobin,
is a 10-16 kDa (CC16) protein primarily secreted by the non-ciliated bronchial epithelial
cells in the respiratory epithelium. CC16 can be easily detected in the circulatory system
under both normal and pathological conditions [60]. This protein appears to have a protec-
tive effect against the respiratory inflammatory response by modulating the activities of
phospholipases A2, interferon-y, and tumor necrosis factor-oc (TNF-o) [61]. CC16 has been
studied as a biomarker for lung epithelial injury in most pulmonary diseases, including
COPD, asthma, idiopathic pulmonary fibrosis, ARDS, and sarcoidosis. The majority of
COPD and asthma studies that measured CC16 in serum have reported lower levels com-
pared to the control groups [62—-67]. In contrast, the serum levels of CC16 in pulmonary
fibrosis, sarcoidosis, and ARDS were higher in most patients [67-72]. CC16 levels in
serum were also higher in patients with respiratory infections, such as respiratory syncytial
virus [73]. In general, it appears that most patients with pulmonary diseases that predomi-
nantly affect the bronchial tubes (where the Clara cells are mainly located) tend to have
low serum concentrations of CC16 as compared to healthy controls. Specifically, this can
be seen in COPD and asthma studies. In contrast, patients with conditions characterized
by inflammatory damage involving the alveolar-capillary barrier were found to have high
serum levels of CC16, as shown in pulmonary fibrosis and sarcoidosis.

A recent study showed that patients infected with COVID-19 have diffuse alveolar
damage [74]. Moreover, CC16 mRNA levels appeared to be dramatically reduced in the
lungs of COVID-19 patients, and the circulating CC16 levels in serum were significantly
decreased in COVID-19 patients compared to the healthy controls [75]. It was reported that
Clara cells are involved in the repair of damaged epithelium [76]. Clara cells involved in
wound repair become activated after alveolar injury. In injury remodeling, previous studies
have found that Clara cells can migrate and restore injured alveoli in the lung [77-79].
Severe damage of lung epithelium may lead to a lower level of CC16 in circulation. Yin and
colleagues observed that the number of CC16-positive Clara cells was significantly lower
in the COVID-19 patient than in healthy controls [75]. Thus, there is a high possibility
that SARS-CoV-2 causes severe damage to the Clara cells, which leads to reduced CC16 in
COVID-19 patients. Therefore, CC16 might be a useful lung biomarker for respiratory com-
plications of COVID-19 as well. However, more studies are needed to test the prognostic
value of CC16 in COVID-19 patients. Currently, a pilot clinical trial is ongoing at the Uni-
versity of Arizona’s Asthma & Airways Disease Research Center, which aims to investigate
the relationship between circulating CC16 and the clinical progression of COVID-19.

5. Discussion

Currently, multiple biomarkers in COVID-19 have been identified, such as leukocytes,
C-reactive protein (CRP), procalcitonin (PCT), lactate dehydrogenase (LDH), ferritin, and
cytokines (IL-2R, IL-6, IL-8, IL-10, and TNF-«) [80]. These biomarkers could potentially
help clinicians diagnose and manage patients with COVID-19, and improve patients’
prognosis and outcomes. In our opinion, these biomarkers could be useful for assessing
acute conditions in general, but not for the long-term impact of COVID-19 on the lung after
hospital discharge. Compared to these biomarkers, circulating pnemoproteins in COVID-19
patients may reflect the lung condition, especially the injury of the lung epithelium. Thus,
we reviewed the current knowledge of pneumoproteins and discussed their potential to
serve as biomarkers for lung injury caused by COVID-19. The majority of these studies
support the potential usefulness of pneumoproteins to assess COVID-19 patients’ prognosis.
Still, additional studies are needed to confirm these observations and provide reliable and
reproducible information for the benefit of patients.

One important limitation of this review is that the summarized studies are retro-
spective, with small sample sizes, and were conducted at one center. Large prospective
cohort studies are needed to validate the current findings. Nevertheless, summarizing
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these small-scale studies could help clinicians and researchers conduct further research to
address the unresolved matters.

6. Conclusions

In this review, retrospective and prospective studies focusing on the altered pneumo-
proteins levels in COVID-19 patients were summarized. Most studies included here aimed
to evaluate KL-6 in response to COVID-19. Many ILDs have had KL-6 measured, and com-
parable findings between the studies have allowed for KL-6 to be a reliable biomarker for
lung fibrosis. Two additional studies measured SP-D in coronavirus-infected individuals,
and there is one ongoing clinical trial on CC16. To the best of our knowledge, no pneumo-
proteins other than these three have been reported so far. The current findings indicate
KL-6, SP-D, and CC16 may reflect the severity of respiratory manifestations and could
serve as potential biomarkers in COVID-19-related lung injury. Further investigations of
these pneumoproteins in the circulation from COVID-19 patients are needed in the future.
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