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Abstract

The Acute Respiratory Distress Syndrome (ARDS) is a common, devastating clinical pattern characterized by life-
threatening respiratory failure. In ARDS there is an uncontrolled inflammatory response that results in alveolar damage,
with the exudation of protein-rich pulmonary-edema fluid in the alveolar space. Although severe COVID-19 lung failure
(CARDS) often meets diagnostic criteria of traditional ARDS, additional features have been reported, such as delayed
onset, binary pulmonary compliant states, and hypercoagulable profile. Increased levels of Krebs von den Lungen 6 (KL-
6, also known as MUC1) have been reported in both ARDS and CARDS. KL-6 is a transmembrane protein expressed on
the apical membrane of most mucosal epithelial cells and it plays a critical role in lining the airway lumen. Abnor-
malities in mucus production contribute to severe pulmonary complications and death from respiratory failure in pa-
tients with diseases such as cystic fibrosis, chronic obstructive pulmonary disease, and acute lung injury due to viral
pathogens. Nevertheless, it is not clear what role KL-6 plays in ARDS/CARDS pathophysiology. KL-6 may exert anti-
inflammatory effects through the intracellular segment, as proven in animal models of ARDS, while its extracellular
segment will enter the blood circulation through the alveolar space when the alveolar epithelial cells are damaged.
Therefore, changes in plasma KL-6 levels may be useful in ARDS and CARDS phenotyping, and KL-6 might guide
future clinical trials in ‘personalized medicine’ settings.
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1. Introduction of gastric contents, inhalational injury, contusion,
vasculitis and near drowning. Among the indirect
risk factors there are: sepsis from an extra-pulmo-
nary source, non-cardiogenic shock, severe trauma,
pancreatitis, extensive burns, drug overdose and
multiple blood transfusions. Pathologically, ARDS is
characterized by diffuse alveolar damage (DAD),
and evolves over 2 or 3 weeks through exudative,
inflammatory and fibro-proliferative  phases.
Superimposed cardiac failure, pneumonia, pulmo-
nary embolism, ventilator-induced lung injury,
malposition of tubes, central venous catheters and
drainages or other conditions may suddenly worsen
the clinical evolution. Progressive lung fibrosis and
pulmonary hypertension can be infrequent

I n acute respiratory distress syndrome (ARDS)
there is an uncontrolled inflammatory response
that results in alveolar damage, with the exudation
of protein-rich pulmonary-edema fluid in the alve-
olar space, eventually causing respiratory failure [1].
ARDS is characterized by an acute onset of lung
injury, which can be caused by a variety of pulmo-
nary or extra-pulmonary diseases. Subsequent
development of non-cardiac lung edema causes
hypoxemia, which may lead to multi-organ failure
and death. The more common precipitating condi-
tions are: pneumonia (pulmonary ARDS), aspiration
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complications of ARDS. From its first description in
1967, a number of prospective studies have
demonstrated that ARDS is not rare, as its frequency
is reported to be between 14 and 86 persons per
100,000 per year in a general adult population [2,3],
but there is a great variability when focused inter-
vention are set up as in Olmsted County, where
incidence descended from 81 to 38.3 cases per
100,000 person-years driven by reduction in ‘hos-
pital acquired” ARDS [4].

Although severe coronavirus disease 2019
(COVID-19) lung failure often meets diagnostic
criteria of traditional ARDS, additional features
have been reported, such as delayed onset, binary
pulmonary compliant states, and hypercoagulable
profile. The efficacy of steroids in COVID-19 [5—7]
and need for systemic anticoagulation have been
established. Despite its novelty, COVID-19 ARDS
(CARDS) has clear crossover with traditional ARDS
therapy, and lung-protective ventilation and prone
positioning should be widely used [8].

Mortality among adults with ARDS has been re-
ported as 24%—60%, depending on age and under-
lying health status of the patient. Hospital mortality
increases with ARDS severity and hypoxia, which is
the landmark of this syndrome [2—4]. The severe
hypoxia that characterizes ARDS is mainly due to a
ventilation-perfusion  mismatch, resulting in
increased intrapulmonary shunting due to pulmo-
nary vasodilatation in non-ventilated lung regions
and vasoconstriction in ventilated areas, as well as
pulmonary hypertension. Diagnosis of ARDS is
mainly clinical, but corroborated by Chest X- Ray or
CT scan, showing a severe lung edema, which is not
fully explained by cardiac failure or fluid overload,
and bilateral opacities not entirely explicated by
effusions, lobar/lung collapse or nodules. The
typical computed tomography features of ARDS
show: non-homogeneous distribution, a ventro-
dorsal gradient of density, more dense consolidation
in the dependent regions, widespread ground-glass
opacities associated with thickening of interlobular
septa (crazy paving), and pleural effusion. Signs and
symptoms are not specific (mainly dyspnoea,
cyanosis, tachypnea and hypoxemia) and mimic
those of pulmonary edema. In CARDS clinical
manifestations can be not very prominent in many
hypoxic patients, with no complaint of dyspnea, no
significant increase in respiratory rate, and no res-
piratory distress (the so called “silent hypoxia™) [9].
Therefore, the need for specific biomarkers for
ARDS exists, to enhance prediction of ARDS
development, allowing early targeted interventions
or helping to identify ‘at risk’ patients, in whom
physician should apply a ‘bundle’ of strategies to

prevent ARDS, including optimal mechanical
ventilation, aggressive resuscitation, reduction in
transfusion, prevention of common complications.
Starting from biology of ARDS, we can distinguish
biomarkers of lung epithelial injury, inflammatory
response, lung endothelial injury. Biomarkers may
help to distinguish ARDS caused by direct lung
injury or by indirect lung injury. Direct lung injury
is characterized by a molecular phenotype consis-
tent with more severe lung epithelial injury and less
severe endothelial injury. The opposite pattern was
identified in indirect lung injury. ARDS caused by
direct lung injury has significantly higher levels of
surfactant protein-D, a biomarker of lung epithelial
injury but significantly lower levels of a biomarker
of endothelial injury (angiopoietin-2). Among the
lung epithelium damage biomarkers, there is Krebs
von den Lungen 6 (KL-6) also known as mucin 1
(MUC1) [10].

1.1. KL-6 as a biomarker to phenotype ARDS and
CARDS

KL-6 is a transmembrane protein expressed on
the apical membrane of most mucosal epithelial
cells, which plays a main role in lining the airway
lumen [11]. In healthy individuals, mucus along the
lumen serves as a major protective barrier against
inhaled pathogens, toxins, and other foreign parti-
cles. However, excessive mucus in the airways has
been linked to increased frequency and duration of
infections, decreased lung function, and increased
mortality from respiratory diseases. Abnormalities
in mucus production contribute to severe pulmo-
nary complications and death from respiratory fail-
ure in patients with diseases such as cystic fibrosis,
chronic obstructive pulmonary disease (COPD), and
acute lung injury due to viral pathogens, such as
SARS-CoV2. Overexpression, aberrant intracellular
localization, and changes in glycosylation of this
protein have been associated with carcinomas. In
the cell nucleus, KL-6 regulates the activity of tran-
scription factor complexes that have a documented
role in tumor-induced changes of host immunity.
Type II pneumocytes damage or transformation is a
very relevant element in both CARDS and ARDS by
other viral causes since, in case of alveolar type II
cells injury, removal of alveolar edema fluid is
compromised. Moreover, harm to type II cells re-
duces the production and turnover of surfactant,
which is associated with poor outcome. In a sepsis
study [12], plasma KL-6 levels of septic patients with
ARDS were compared to a group of septic patients
without ARDS. KL-6 levels higher than 1.37 ng/ml
on the day of admission or higher than 2.35 ng/ml
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on the third day identified patients with sepsis with
the highest risk of ARDS. KL-6 levels in the survi-
vors group were lower than that in the non-survival
group, both on the day of enrollment and on the 3rd
day.

Frix [13] showed that serum KL-6 levels in
COVID-19 patients were increased compared to
healthy subjects, but to a lesser extent than in pa-
tients suffering from interstitial lung disease (ILD).
Increased levels of KL-6 in COVID-19 patients were
associated with a more severe lung disease. More-
over, D'Alessandro et al. [14] demonstrated that KL-
6 serum concentrations were significantly higher in
COVID-19 severe patients than the in non-severe
patients (P = .0118), with a cut-off value of 406.5 U/
ml. In our experience ([15], and in press data) at
Salerno University COVID ICU, on 122 very severe
patients, at ICU admission, KL-6 serum level was
significantly lower in the survivors group (median
value 545 U/ml vs 1070 U/ml in those patients who
did not survive at 28 -day after ICU admission) and
in patients that were managed with Non-Invasive
Ventilation (NIV) for the whole length of ICU stay
(711 U/ml vs 1073 U/ml in patients who required
endotracheal intubation at the admission or during
their ICU stay). KL-6 was not correlated with
gender.

Nevertheless, many attempts are still ongoing to
profile COVID patients with proper biomarkers and
different approaches [16].

2. From KL6 increase in serum to a possible
role as drug target

It is not yet clear which is the role of KL-6 in
ARDS. Ye et al. [17] investigated the effect and
mechanism of the Mucin 1 (MUC1) gene and its
recombinant protein on lipopolysaccharide (LPS)-
induced ALI/ARDS. Overexpression of MUC1
effectively ameliorated LPS-induced damage to
BEAS-2B cells and, in an animal model, LPS suc-
cessfully induced ALI/ARDS in mice, while MUC1
attenuated lung injury. MUC1 also reduced the
expression of inflammatory factors (IL-18, TNF-«,
IL-6 and IL-8) and oxidative stress levels in mice.
MUC1/KL-6 mainly exerts anti-inflammatory effects
through the intracellular segment during the
occurrence of acute lung injury caused by sepsis. Its
extracellular segment will enter the blood circula-
tion through the alveolar space when the alveolar
epithelial cells are damaged so changes in plasma
MUC1/KL-6 levels can effectively reflect lung
injury. Even if the role of serum KL-6 in ARDS and
in COVID-19 is still uncertain, Kost-Alimova et al.
[18] proposed R406, the active metabolite of

Fostamatinib, as a compound for the reduction of
KL-6 levels in lung epithelium in the setting of
COVID ARDS. Fostamatinib is a tyrosine kinase
inhibitor medication for the treatment of chronic
immune thrombocytopenia. R406 is a potent inhib-
itor of spleen tyrosine kinase (SYK), a cytosolic
protein tyrosine kinase required for the expression
of several pro-inflammatory cytokines. R406 (at
EC50 concentration) substantially reduced MUC1
abundance in or near the plasma membrane, with a
portion of MUC1 retained in cytosolic and peri-
nuclear cell compartments. Fostamatinib, a Food
and Drug Administration (FDA)- approved drug,
has been proposed also to stop neutrophils release
of neutrophil extracellular traps (NETs) during sys-
temic bacterial or viral infection. A trial is ongoing
(ClinicalTrials.gov Identifier: NCT04579393).

3. Conclusion

Krebs von den Lungen 6 is a mucin-like glyco-
protein expressed on the surface membrane of
alveolar epithelial cells and bronchiolar epithelial
cells. KL-6 serum levels could be useful for detect-
ing the presence of alveolar epithelial cells injury,
evaluating ARDS activity, response to therapy,
predicting clinical outcomes.

However, no single ARDS/CARDS biomarker is
likely to meet all needs but combining panels of
biomarkers with different sources shows promise.
Moreover, combining biomarkers with clinical data
enhances predictive validity. KL-6 may play a key
role in ARDS phenotyping, to guide future clinical
trials in “personalized medicine’ settings.

Conflict of interest

All authors declare no financial or competing in-
terests that are directly relevant to the content of this
manuscript.

References

[1] Matthay MA, Zemans RL. The acute respiratory
distress syndrome: pathogenesis and treatment. Annu Rev
Pathol 2011;6:147—63. https://doi.org/10.1146/annurev-pathol-
011110-130158.

Luhr OR, Antonsen K, Karlsson M, Aardal S,
Thorsteinsson A, Frostell CG, et al. Incidence and mortality
after acute respiratory failure and acute respiratory distress
syndrome in Sweden, Denmark, and Iceland. The ARF Study
Group. Am ] Respir Crit Care Med 1999 Jun;159(6):1849—61.
https://doi.org/10.1164/ajrccm.159.6.9808136.

Rubenfeld GD, Caldwell E, Peabody E, Weaver ], Martin DP,
Neff M, et al. Incidence and outcomes of acute lung injury.
N Engl ] Med 2005 Oct 20;353(16):1685—93. https://doi.org/10.
1056/NEJMo0a050333.

Li G, Malinchoc M, Cartin-Ceba R, Venkata CV, Kor D],
Peters SG, et al. Eight-year trend of acute respiratory distress

2

—_—

3

—_—

4

—


https://doi.org/10.1146/annurev-pathol-011110-130158
https://doi.org/10.1146/annurev-pathol-011110-130158
https://doi.org/10.1164/ajrccm.159.6.9808136
https://doi.org/10.1056/NEJMoa050333
https://doi.org/10.1056/NEJMoa050333

[5

—_—

[6

—_

[7]

[8

—_

[9

—_—

[10]

[11]

TRANSLATIONAL MEDICINE @ UNISA 2022;24:12—15 15

syndrome: a population-based study in Olmsted County,
Minnesota. Am J Respir Crit Care Med 2011 Jan 1;183(1):
59—66. https://doi.org/10.1164/rccm.201003-04360C.
Pagliano P, Sellitto C, Scarpati G, Ascione T, Conti V,
Franci G, et al. An overview of the preclinical discovery and
development of remdesivir for the treatment of coronavirus
disease 2019 (COVID-19). Expet Opin Drug Discov 2022 Jan;
17(1):9—18. https://doi.org/10.1080/17460441.2021.1970743.
Pagliano P, Scarpati G, Sellitto C, Conti V, Spera AM,
Ascione T, et al. Experimental pharmacotherapy for COVID-
19: the latest advances. ] Exp Pharmacol 2021;13:1—13. https://
doi.org/10.2147/JEP.S255209.

Trapani V, Rosanoff A, Baniasadi S, Barbagallo M,
Castiglioni S, Guerrero-Romero F, et al. The relevance of
magnesium homeostasis in COVID-19. Eur J Nutr 2022;61:
625—36. https://doi.org/10.1007/s00394-021-02704-y.
Romanelli A, Toigo P, Scarpati G, Caccavale A, Lauro G,
Baldassarre D, et al. Predictor factors for non-invasive me-
chanical ventilation failure in severe COVID-19 patients in
the intensive care unit: a single-center retrospective study.
J Anesth Analg Crit Care 2022;2:10. https://doi.org/10.1186/
544158-022-00038-7.

Tobin Mj LF, Jubran A. Why COVID-19 silent hypoxemia is
baffling to physicians. Am J Respir Crit Care Med 2020;202:
356—60.

Sato H, Callister M, Mumby S, Quinlan GJ, Welsh KI,
duBois RM, et al. KL-6 levels are elevated in plasma from
patients with acute respiratory distress syndrome. Eur Respir
J 2004;23:142—5. https://doi.org/10.1183/09031936.03.00070303.
Ishizaka A, Matsuda T, Albertine KH, Koh H, Tasaka S,
Hasegawa N, et al. Elevation of KL-6, a lung epithelial cell
marker, in plasma and epithelial lining fluid in acute respi-
ratory distress syndrome. Am ] Physiol Lung Cell Mol

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Physiol 2004;28(6):1.1088—94. https://doi.org/10.1152/ajplung.
00420.2002.

Ye C, Xu B, Yang ], Liu Y, Zeng Z, Xia L, et al. Mucin1 re-
lieves acute lung injury by inhibiting inflammation and
oxidative stress. Eur ] Histochem 2021;65(4):3331. https://doi.
org/10.4081/ejh.2021.3331.

Frix AN, Schoneveld L, Ladang A, Henket M, Duysinx B,
Vaillant F, et al. Could KL-6 levels in COVID-19 help to
predict lung disease? Respir Res 2020 Nov 24;21(1):309.
https://doi.org/10.1186/s12931-020-01560-4.

d'Alessandro M, Bergantini L, Cameli P, Curatola G,
Remediani L, Bennett D, et al. Serial KL-6 measurements in
COVID-19 patients. Intern Emerg Med 2021;16(6):1541—5.
https://doi.org/10.1007/s11739-020-02614-7.

Scarpati G, Polverino B, Boffardi M, Piazza O. KL-6 levels in
COVID-19. Transl Med UniSa 2020;23:67. https://doi.org/10.
37825/2239-9747.1014.

Ciccarelli M, Merciai F, Carrizzo A, Sommella E, Di
Pietro P, Caponigro V, et al. Untargeted lipidomics reveals
specific lipid profiles in COVID-19 patients with different
severity from Campania region (Italy). ] Pharm Biomed
Anal 2022;217:114827. https://doi.org/10.1016/j.jpba.2022.
114827.

Ye Y, Fu Q, Wang R, Guo Q, Bao C. Serum KL-6 level is a
prognostic marker in patients with anti-MDA5 antibody-
positive dermatomyositis associated with interstitial lung
disease. ] Clin Lab Anal 2019;33(8):e22978. https://doi.org/10.
1002/jcla.22978.

Kost-Alimova M, Sidhom E-H, Satyam A, Chamberlain BT,
Dvela-Levitt M, Melanson M, et al. A high content screen for
mucin-1-reducing compounds identifies Fostamatinib as a
candidate for rapid repurposing for acute lung injury. Cell
Rep. Med. 2020;1:100137.


https://doi.org/10.1164/rccm.201003-0436OC
https://doi.org/10.1080/17460441.2021.1970743
https://doi.org/10.2147/JEP.S255209
https://doi.org/10.2147/JEP.S255209
https://doi.org/10.1007/s00394-021-02704-y
https://doi.org/10.1186/s44158-022-00038-7
https://doi.org/10.1186/s44158-022-00038-7
https://doi.org/10.1183/09031936.03.00070303
https://doi.org/10.1152/ajplung.00420.2002
https://doi.org/10.1152/ajplung.00420.2002
https://doi.org/10.4081/ejh.2021.3331
https://doi.org/10.4081/ejh.2021.3331
https://doi.org/10.1186/s12931-020-01560-4
https://doi.org/10.1007/s11739-020-02614-7
https://doi.org/10.37825/2239-9747.1014
https://doi.org/10.37825/2239-9747.1014
https://doi.org/10.1016/j.jpba.2022.114827
https://doi.org/10.1016/j.jpba.2022.114827
https://doi.org/10.1002/jcla.22978
https://doi.org/10.1002/jcla.22978

	KL-6 in ARDS and COVID-19 Patients
	Recommended Citation

	KL-6 in ARDS and COVID-19 Patients
	1. Introduction
	1.1. KL-6 as a biomarker to phenotype ARDS and CARDS

	2. From KL6 increase in serum to a possible role as drug target
	3. Conclusion
	Conflict of interest
	Conflict of interest
	References


