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Gasb6 (growth arrest-specific gene 6) is a widely expressed vitamin K-dependent protein that is involved in many
biological processes such as homeostatic regulation, inflammation and repair/fibrotic processes. It is known that it
is the main ligand of TAMSs, a tyrosine kinase receptor family of three members, namely MerTK, Tyro-3 and Axl, for
which it displays the highest affinity. Gas6/TAM axis activation is known to be involved in modulating inflammatory
responses as well as fibrotic evolution in many different pathological conditions. The Axl is a SARS-CoV-2 infection

driver, the use of existing Axl inhibitors is beneficial for COVID-19 management.

Gas6 TAM receptors inflammation fibrosis COVID-19

| 1. Gas6/TAM Axis in COVID-19

Due to its immunomodulatory role, as well as its involvement in the modulation of inflammation and subsequent
fibrotic evolution, the Gas6/TAM axis is emerging as an interesting research item in the context of the ongoing
COVID-19 pandemic, caused by SARS-CoV-2. This new viral agent is a positive, enveloped, single-stranded RNA
virus, with high genetic similarity with both SARS-CoV and MERS-CoV, two epidemic coronaviruses responsible for

two other severe pneumonia outbreaks in 2002 and 2012, respectively L2E],

SARS-CoV-2-positive patients show different clinical manifestations, ranging from asymptomatic forms or mild flu-
like presentation to severe interstitial pneumonia, acute respiratory distress syndrome (ARDS) and severe
multiorgan failure, leading, in the most severe cases, to death LIHIBIBITE A distinctive hallmark of severe COVID-
19 manifestations is the aberrant immune response following pathogen recognition, leading to uncontrolled
production and release of proinflammatory mediators, accounting for the so-called “cytokine storm”, which appears
to have peculiar characteristics in COVID-19 compared to what is observed in other non-COVID-19-related
manifestations QY. Such hyperinflammatory response correlates with disease severity and is characterized by an

increase in proinflammatory cytokines, both in the bloodstream and in the bronco—alveolar lavage fluids [2IEI2][201[11]
(12],

Many studies have reported that a great percentage of patients surviving COVID-19 infection still display
respiratory impairment even after discharge, resulting in a reduction in some key physiological parameters such as
total lung capacity, forced vital capacity and forced expiratory volume as well as gas transfer ability, finally resulting

in a long-term progressive and irreversible deterioration of lung function “IEILI14][15][16][17][18]
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Consistently, recent studies showed that a large proportion of severe COVID-19 survivors develop fibrotic changes
in the lung persisting for months after discharge, especially in elderly, male and mechanically ventilated patients,
displaying high levels of inflammation markers (i.e., C-reactive protein (CRP), IL-6, lactate dehydrogenase (LDH),
D-dimer). Furthermore, it has been observed that the degree of inflammation and the extent of lung tissue damage
correlate with the degree of lung fibrosis, supporting the observed high prevalence of such complication in the most
critical patients compared to those experiencing only a mild or moderate form of COVID-19 [13I[15][18][19]

Considering its effect in modulating host immune responses, the Gas6/TAM axis has also gained attention in the
context of COVID-19 studies, showing a direct correlation between plasma Gas6 levels and disease severity [201[21]
(22]23] Table 1 and Table 2 summarize the most relevant papers investigating Gas6 and TAM receptor involvement

in SARS-CoV-2 infection and subsequent disease.

Table 1. Summary of the most relevant literature (in vitro and clinical studies, clinical trials, and case reports)
regarding Gas6 and TAM receptors involvement in SARS-CoV-2 infection and COVID-19 progression and

management.
ATr;::Le Main Findings Reference
Clinical In a cohort of moderate/severe COVID-19 patients admitted to the high-
stud dependency/subintensive ward during the third wave of the pandemic, plasma Gas6 [29]
y levels at admission predicted an adverse disease outcome.
Clinical In a cohort of COVID-19 patients admitted to the general wards or the intensive care
stud unit during the first wave of the pandemic, plasma Gasé6 levels correlated with [21]
y negative disease evolution.
- In a cohort of severe COVID-19 patients admitted to the intensive care unit during
Clinical . . L . [22]
stud the first wave of the pandemic, plasma Gas6 levels discriminated survivors from
y nonsurvivors.
Clinical In a cohort of COVID-19 patients admitted to the emergency department during the
stud first wave of the pandemic plasma Gas6 and Axl levels reflect COVID-19 severity [23]
y and could predict disease evolution.
Clinical In a cohort of COVID-19 patients admitted to the pediatric emergency department, [24]
study plasma Gas6 and MerTK levels were lower when compared to healthy controls.
Identification of Axl as a candidate receptor involved in SARS-CoV-2 infection and
as a potential pharmacological target for clinical interventions.
. SARS-CoV-2 spike protein has been described as able to bind the Axl receptor and
In vitro . . i . [25]
stud to use it as an alternative entry route, as confirmed by the lower viral load observed
y after Axl knockout or blocking with the soluble recombinant protein. Based on such
observations, the authors suggest the use of soluble recombinant human-grade Axl
as a potential therapeutic intervention in COVID-19 patients.
In vitro Overview of Axl's role in SARS-CoV-2 infection and role of its inhibitor bemcentinib [26]
study as an antiviral agent.
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Article S
Type Main Findings Reference
SARS-CoV-2 spike protein has been described as able to directly bind Axl, which
can then act as an alternative receptor for virus entry, and the pharmacological
inhibition of the Axl pathway by bemcentinib strongly reduced viral load.
. Identification of gilteritinib as an antiviral agent against SARS-CoV-2.
In vitro G . . . - . , [27]
stud Gilteritinib’s antiviral effect is supposed to rely on its ability to activate innate
y immunity by blocking AxI, which acts as an inhibitor of innate immune responses.
Identification of gilteritinib as an in vitro antiviral agent and confirmation of its
Preclinical protective effect in vivo (Syrian hamster model). 28]
study Gilteritinib’s antiviral effect has been supposed to rely on its ability to interfere with
Axl-mediated viral entry.
Identification of bemcentinib as an antiviral agent against SARS-CoV-2 in different
In vitro cellular lines. [29]
study The authors suppose that the observed pharmacological effect relies on AxI
involvement in viral entry, as previously observed for other viral agents.
In vitro Identification of gilteritinib as a potent antiviral agent against SARS-CoV-2.
Gilteritinib inhibits Axl and consequently downregulates the p38/MAPK pathway, 30
study S . . . .
which is involved in proinflammatory cytokine production.
Identification of bemcentinib as an antiviral agent against SARS-CoV-2.
In vitro Bemcentinib inhibits Axl, which has been observed to be upregulated in COVID-19-
infected lung cells. As Axl-mediated signaling is known to downregulate interferon- (21
study ; . . . .
related host immune responses, its pharmacological inhibition could help in reducing
viral infection.
Clinical Overview of an ongoing clinical trial aimed to evaluate different drugs, including [32]
trial bemcentinib, as candidate agents for COVID-19 treatment.
Case Case report showing the successful use of gilteritinib in a patient with FLT3-mutated [33]
report acute myeloid leukemia and severe COVID-19.
Identification of Axl as a candidate pharmacological target to revert SARS-CoV-2-
induced epithelial-to-mesenchymal transition (EMT).
In vitro Axl is a tyrosine kinase receptor typical of a mesenchymal phenotype, the
stud expression of which is induced by SARS-CoV-2 infection and drives the EMT (341
y responsible for ARDS. The authors hypothesize that Axl inhibition by gilteritinib and
bemcentinib, two drugs with proven antiviral activity, will not only reduce viral septors in
infection load but also will improve patients’ conditions by reverting EMT.
Article S
Main Findin Referen
Type a dings eference
Review Description of the possible Gas6/TAM axis involvement in SARS-CoV-2 infection and 133)

COVID-19 complications. Overview of the first studies focused on TAM-targeted
inhibition for COVID-19 management.

TAM (in particular Axl) signaling is supposed to be involved at different stages of
COVID-19 evolution. In particular, it has been supposed that the TAM pathway supports
viral entry but also the development of immunothrombosis, which has been described
to be associated with respiratory failure. According to Axl's supposed role in the viral
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A;;::ée Main Findings Reference
infection process, the already clinically available Axl inhibitors are being tested in
clinical trials as anti-COVID-19 drugs.
Overview of Axl involvement in SARS-CoV-2 infection.
Axl has been described as an alternative receptor for SARS-CoV-2 viral entry.
Review Interestingly, the interaction involves the spike protein N-terminal domain instead of the [36]

receptor binding domain that is recognized by ACE-2. AxI’s role as an entry receptor
appears of particular interest in those cells and tissues where it is not co-expressed
with ACE-2.

Overview of Axl inhibitors as potential pharmacological treatments for COVID-19.
Review Axl receptor acts as an alternative receptor for SARS-CoV-2 entry and its 37
pharmacological inhibitors are currently being tested as potential anti-COVID-19 drugs.

Overview of Axl inhibitors (gilteritinib and bemcentinib) as antiviral agents against
COVID-19. [38]
Gilteritinib and bemcentinib antiviral action mainly rely on their ability to inhibit AxI
signaling and consequently the downstream p38/MAPK pathway.

Review
Isaus and

CUlCagUTo, WU U g oicu— o — TV POty v GIiveT e G aine o stag oo ommo-oouv-2—nnoousll, mainly
focusing on viral mimicry and immunothrombosis, which is often observed as a complication in severe patients
experiencing ARDS 3], Since the publication of that work, many research groups focused their attention on this
signaling pathway activation in COVID-19 to disclose the existing correlations between the Gas6/TAM axis and
disease evolution. To date, most of the available studies in the literature on this topic date back to the first wave of
the pandemic and show some important limits. The most significant limitations of these studies are represented by
the wide difference in disease severity at admission and the hospital management of patients, as no clear
therapeutic guidelines were available at that time, so, in many cases, information about pharmacological treatment

is missing in published reports.

In their study, Morales and coworkers evaluated plasma Gas6 and sTAM expression at admission to emergency
care units and observed a direct correlation between basal Gas6 and sAxl levels and disease severity 22, Similar
results were obtained also by Huckriede and colleagues, who studied a cohort of patients admitted to the ICU with
severe disease, observing that plasma Gasé6 levels were significantly higher in nonsurvivors compared to patients
recovering from the disease, allowing good discrimination of patients who will develop irreversible acute lung injury.
On the other hand, they did not find any correlation between sAxl levels and organ damage, further highlighting the
importance of Gas6 in predicting disease evolution [22. De Bruin’s research group also obtained similar results in a
cohort of patients admitted to the ICU and general wards, where a correlation between plasma Gasé6 levels and

negative disease evolution was observed 211,

It is important to note that almost all reports in the literature about the involvement of the Gas6/TAM axis in COVID-
19 focus on the adult population. To date, only one study 24 evaluated this issue in pediatric patients, highlighting
that, in contrast to what was observed in adults, both Gas6 and MerTK levels are lower in infected individuals than
in healthy individuals, an observation that further supports the different disease evolution according to the age of

the infected patients.
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| 2. Axl Role in SARS-CoV-2 Infection

Even if the majority of the research papers are focused on the Gas6/TAM axis involvement in COVID-19,
interesting results also come from in vitro research. Since the first decade of this century, different studies
demonstrated, in vitro, that TAM receptors and their ligands, by acting as a bridge with PtdSer, could promote
different enveloped virus infections (i.e., filovirus such as Ebola, and flaviviruses such as Dengue and West Nile)
(351[39[40141] |y particular, the Axl role in lung viral infections has also been studied in a murine model, where it has
been demonstrated that its inhibition by monoclonal antibodies locally enhanced innate and adaptive immunity,
suggesting Axl-targeted inhibition as an interesting clinical approach to treat viral lung diseases 42l It is noteworthy
that, according to available in vitro and in vivo evidence, Axl is not indispensable for enveloped virus entry, but

might reasonably act as a “facilitator” in some cell types rather than others 22,

According to such evidence, Axl has also been investigated in the context of COVID-19 and in vitro results have
highlighted an unsuspected role of Axl in the SARS-CoV-2 infection process, even if its exact mode of action has
not yet been clarified. In particular, some reports demonstrated that the Axl receptor can specifically interact with
the N-terminal domain of SARS-CoV-2 spike protein in an ACE2-independent manner, thus representing a potential
alternative receptor for viral entry in pulmonary and bronchial epithelial cells, where Axl and ACE2 receptors are not
co-expressed. These in vitro studies highlighted that knocking down Axl or its addition in the soluble recombinant
form to cell culture is effective in reducing the viral infection of pulmonary epithelial cells, while its biological ligands
(Gas6 and protein S) do not bind to SARS-CoV-2 23881 According to this evidence, Axl may be involved in the viral
endocytosis mechanism by interacting with virion-associated PtdSer residues [2837, Consistently, the inhibition of
the intracellular Axl signaling pathway with bemcentinib reduced receptor-mediated viral internalization and new

virions production in a dose-dependent manner 28],

This ability of SARS-CoV-2 to exploit different cellular receptors to infect host cells not only offers a reasonable
explanation for its high infectivity and its wide tropism but also represents a new therapeutic target to limit COVID-
19 spreading. Although AxI's involvement in tumor progression has been known for many years, different drugs
targeting this receptor have already been developed and commercialized, fostering studies about their repurposing
in COVID-19 management. As preclinical studies using Axl inhibitors such as bemcentinib and gilteritinib showed
promising results [Z712811291[301138] ' hemcentinib is under clinical trials to evaluate its effectiveness in treating SARS-
CoV-2 infection B2 while it has been reported that gilteritinib administration in an acute myeloid leukemia
patient ameliorated COVID-19 symptoms 23],

In addition to these studies investigating AxI’s role as an alternative receptor for SARS-CoV-2 cell entry, a recent
study focused on Axl involvement in COVID-19 pathogenesis, especially in the epithelial-to-mesenchymal transition
(EMT) process B4, The SARS-CoV-2 infection has been shown to upregulate different oncogenic pathways,
including EMT B443] Sych an alteration in the adhesive properties of epithelial cells, especially in the lung district
could thus be involved in altering air/blood barrier permeability, finally resulting in impaired respiratory function,

typical of severe COVID-19. Considering AxI's role in regulating EMT, Stewart and coworkers hypothesized that
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reverting EMT using Axl inhibitors such as bemcentinib, which displays a proven in vitro antiviral efficacy against
SARS-CoV-2, could represent an attractive option to limit COVID-19 severity 241,

References

1. Lamers, M.M.; Haagmans, B.L. SARS-CoV-2 pathogenesis. Nat. Rev. Microbiol. 2022, 20, 270—-
284.

2. Osuchowski, M.F.; Winkler, M.S.; Skirecki, T.; Cajander, S.; Shankar-Hari, M.; Lachmann, G.;
Monneret, G.; Venet, F.; Baver, M.; Brunkhorst, F.M.; et al. The COVID-19 puzzle: Deciphering
pathophysiology and phenotypes of a new disease entity. Lancet Respir. Med. 2021, 9, 622-642.

3. Triggle, C.R.; Bansal, D.; Ding, H.; Islam, M.M.; Farag, E.A.B.A.; Hadi, H.A.; Sultan, A.A.
Comprehensive review of viral characteristics, transmission, pathophysiology, immune response,
and management of SARS-CoV-2 and COVID-19 as a basis for controlling the pandemic. Front.
Immunol. 2021, 12, 631139.

4. Shafqgat, A.; Shafgat, S.; Al Salameh, S.; Kashir, J.; Alkattan, K.; Yaginuddin, A. Mechanistic
insights into the immune pathophysiology of COVID-19; an in-depth review. Front. Immunol. 2022,
13, 835104.

5. Baricich, A.; Borg, M.B.; Cuneo, D.; Cadario, E.; Azzolina, D.; Balbo, P.E.; Bellan, M.; Zeppegno,
P.; Pirisi, M.; Cisari, C.; et al. Midterm functional sequelae and implications in rehabilitation after
COVID-19: A cros-sectional study. Eur. J. Phys. Rehabil. Med. 2021, 57, 199-207.

6. Bellan, M.; Gavelli, F.; Hayden, E.; Patrucco, F.; Soddu, D.; Pedrinelli, A.R.; Cittone, M.G.; Rizzi,
E.; Casciaro, G.F.; Vassia, V.; et al. Pattern of emergency department referral during the Covid-19
outbreak in Italy. Panminerva. Med. 2021, 63, 478-481.

7. Corradini, E.; Ventura, P.; Ageno, W.; Cogliati, C.B.; Muiesan, M.L.; Girelli, D.; Pirisi, M.;
Gasbarrini, A.; Angeli, P.; Rovere Querini, P.; et al. Clinical factors associated with death in 3044
COVID-19 patients managed in internal medicine wards in Italy: Results from the MIMI-COVID-19
study of the Italian Society of Internal Medidicine (SIMI). Intern. Emerg. Med. 2021, 16, 1005—
1015.

8. Gustine, J.N.; Jones, D. Immunopathology of hyperinflammation in COVID-19. Am. J. Pathol.
2021, 191, 4-17.

9. Leisman, D.E.; Ronner, L.; Pinotti, R.; Taylor, M.D.; Sinha, P.; Calfee, C.S.; Hirayama, A.V.;
Mastroiani, F.; Turtle, C.J.; Harhay, M.O.; et al. Cytokine elevation in severe and critical COVID-
19: A rapid systematic review, meta-analysis, and comparison with other inflammatory syndromes.
Lancet Respir. Med. 2020, 8, 1233-1244.

https://encyclopedia.pub/entry/40029 6/9



Gas6/TAM Axis Involvement in COVID-19 Patients | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Salton, F.; Confalonieri, P.; Campisciano, G.; Cifaldi, R.; Rizzardi, C.; Generali, D.; Pozzan, R;
Tavano, S.; Bozzi, C.; Lapadula, G.; et al. Cytokine Profiles as Potential Prognostic and
Therapeutic Markers in SARS-CoV-2-Induced ARDS. J. Clin. Med. 2022, 11, 2951.

Nitin, P.; Nandhakumar, R.; Vidhya, B.; Rajesh, S.; Sakunthala, A. COVID-19: Invasion,
pathogenesis and possible cure—a review. J. Virol. Methods 2022, 300, 114434.

Paludan, S.R.; Mogesen, T.H. Innate immunological pathways in COVID-19 pathogenesis. Sci.
Immunol. 2022, 7, eabm5505.

Al-Jahdhami, I.; Al-naamani, K.; Al-Mawali, A.; Bennji, S.M. Respiratory complications after
COVID-19. Oman. Med. J. 2022, 37, e343.

Fabbri, L.; Moss, S.; Khan, F.A.; Chi, W.; Xia j Robinson, K.; Smyth, A.R.; Jenlins, G.; Stewart, I.
Parenchymal lung abnormalities following hospitalization for COVID-19 and viral pneumonitis: A
systematic review and meta-analysis. Thorax 2022.

McGroder, C.F.; Zhang, D.; Choudhury, M.A.; Salvatore, M.M.; D’Souza, B.M.; Hoffman, E.A.;
Wei, Y.; Baldwin, M.R.; Garcia, C.K. Pulmonary fibrosis 4 months after COVID-19 is associated
with severity of illness and blood leucocyte telomere length. Thorax 2021, 76, 1242-1245.

Bellan, M.; Baricich, A.; Patrucco, F.; Zappegno, P.; Garamaglia, C.; Balbo, P.E.; Carriero, A.;
Amico, C.S.; Avanzi, G.C.; Barini, M.; et al. Long-term sequelae are highly prevalent one year
after hospitalization for severe COVID-19. Sci. Rep. 2021, 11, 22666.

Blanco, J.R.; Cobos-Ceballos, M.J.; Navarro, F.; Sanjoaquin, I.; Arnaiz de las Revillas, F.; Bernal,
E.; Buzon-Martin, L.; Viribay, M.; Romero, L.; Espejo-Perez, S.; et al. Pulmonary long-term
consequences of COVID-19 infections after hospital discharge. Clin. Microbiol. Infect. 2021, 27,
892-896.

Zou, J.-N.; Sun, L.; Wang, B.-R.; Zou, Y.; Xu, S.; Ding, Y.-J.; Shen, L.-J.; Huang, W.-C.; Jiang, X.-
J.; Chen, S.-M. The characteristics and evolution of pulmonary fibrosis in COVID-19 patients as
assessed by Al-assisted chest HRCT. PLoS ONE 2021, 16, e0248957.

Kumar Rai, D.; Sharma, P.; Kumar, R. Post COVID-19 pulmonary fibrosis. Is it real threat? Indian
J. Tuberc. 2021, 68, 330-333.

Tonello, S.; Rizzi, M.; Matino, E.; Costanzo, M.; Casciaro, G.F.; Croce, A.; Rizzi, E.; Zecca, E.;
Pedrinelli, A.; Vassia, V.; et al. Baseline plasma Gas6 protein elevation predicts adverse outcomes
in hospitalized COVID-19 patients. Dis. Markers 2022, 2022, 1568352.

de Bruin, S.; Bos, L.D.; van Roon, M.A.; Tuip-de Boer, A.M.; Schuurman, A.R.; Koel-Simmelinck,
M.J.A.; Bogaard, H.J.; Tuinman, P.R.; van Agtmael, M.A.; Hamann, J.; et al. Clinical features and
prognostic factors in COIVD-19: A prospective cohort study. EBioMedicine 2021, 67, 103378.

https://encyclopedia.pub/entry/40029 7/9



Gas6/TAM Axis Involvement in COVID-19 Patients | Encyclopedia.pub

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Huckriede, J.; Bulow Anderberg, S.; Morales, A.; de Vries, F.; Hultstrom, M.; Berggvist, A.; Ortiz-
Pérez, J.T.; Sels, J.W.; Wichapong, K.; Lipcsey, M.; et al. Evolution of NETosis markers and
DAMPs have prognostic value in critically ill COVID-19 patients. Sci. Rep. 2021, 11, 15701.

Morales, A.; Rojo Rello, S.; Cristébal, H.; Fiz-Lopez, A.; Arribas, E.; Mari, M.; Tutusaus, A.; de la
Cal-Sabater, P.; Nicolaes, G.A.F.; Ortiz-Pérez, J.T.; et al. Growth arrest-specific factor 6 (GAS6) is
increased in COIVD-19 patients and predicts clinical outcome. Biomodicines 2021, 9, 335.

Sik, N.; Duman, M.; Kiime, T.; Doruk, O.G.; Yilmaz, D.; Oren, H. Roles of vitamin-K-dependent
factors protein S and GAS6 with TAM recceptors and HMGBL1 in pediatric COVID-19 disease. J.
Pediatr. Hematol. Oncol. 2022.

Wang, S.; Qiu, Z.; Hou, Y.; Deng, X.; Xu, W.; Zheng, T.; Wu, P.; Xie, S.; Bian, W.; Zhang, C.; et al.
AXL is a candidate receptor for SARS-CoV-2 that promotes infection of pulmonary and bronchial
epithelial cells. Cell Res. 2021, 31, 126-140.

Bohan, D.; Van Ert, H.; Ruggio, N.; Rogers, K.J.; Badreddine, M.; Aguilar Briseiio, J.A.; Elliff, J.M.;
Rojas Chavez, R.A.; Gao, B.; Stokowy, T.; et al. Phosphatidylserine receptors enhance SARS-
CoV-2 infection. PLOS Pathog. 2021, 17, e1009743.

Maarifi, G.; Martin, M.F.; Zebboudj, A.; Boulay, A.; Nouaux, P.; Fernandez, J.; Lagisquet, J.;
Garcin, D.; Gaudin, R.; Arhel, N.J.; et al. Identifying enhancers of innate immunity signaling as
broad-spectrum antivirals active against emerging viruses. Cell Chem. Biol. 2022, 29, 1113-1125.

Peng, H.; Ding, C.; Jiang, L.; Tang, W.; Liu, Y.; Zhao, L.; Yi, Z.; Ren, H.; Li, C.; He, Y.; et al.
Discovery of potential anti-SARS-CoV-2 drugs based on large-scale screening in vitro and effect
evaluation in vivo. Sci. China Life Sci. 2022, 65, 1181-1197.

Dittmar, M.; Lee, J.S.; Whig, K.; Segrist, E.; Li, M.; Kamalia, B.; Castellana, L.; Ayyanathan, K.;
Cardenas-Diaz, F.L.; Morrisey, E.E.; et al. Drug repurposing screens reveal cell-type-specific entry
pathways and FDA approved drugs active against SARS-CoV-2. Cell Rep. 2021, 35, 108959.

Bouhaddou, M.; Memon, D.; Meyer, B.; White, K.M.; Rezelj, V.V.; Correa Marrero, M.; Polacco,
B.J.; Melnyk, J.E.; Ulferts, S.; Kaake, R.M.; et al. The global phosphorylation landscape of SARS-
CoV-2 infection. Cell 2020, 182, 685-712.

Banerjee, S.; Yaday, S.; Banerjee, S.; Fakayode, S.O.; Parvathareddy, J.; Reichard, W.;
Surendranathan, S.; Mahmud, F.; Whatcott, R.; Thammathong, J.; et al. Drug repurposing to
identify nilotinib as a potential SARS-CoV-2 main protease inhibitor: Insights from a computational
and in vitro study. J. Chem. Inf. Model 2021, 61, 5469-5483.

Wilkinson, T.; Dixon, R.; Page, C.; Carroll, M.; Griffiths, G.; Ho, L.-P.; De Soyza, A.; Felton, T;
Lewis, K.E.; Phekoo, K.; et al. ACCORD: A multicentre, seamless, phase 2 adaptive
randomisation platform study to assess the efficacy and safety of multiple candidate agents for

https://encyclopedia.pub/entry/40029 8/9



Gas6/TAM Axis Involvement in COVID-19 Patients | Encyclopedia.pub

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

the treatment of COVID-19 in hospitalised patients: A structured summary of a study protocol for a
randomised controlled trial. Trials 2020, 21, 691.

Wilson, A.J.; Troy-Barnes, E.; Subhan, M.; Clark, F.; Gupta, R.; Fielding, A.K.; Kottaridis, P,;
Mansour, M.R.; O’'Nions, J.; Payne, E.; et al. Successful remission induction therapy with
gilteritinib in a patient with de novo FLT3-mutated acute myeloid leukaemia and severe COVID-
19. Br. J. Haematol. 2020, 190, e189-e191.

Stewart, C.A.; Gay, C.M.; Ramkumar, K.; Cargill, K.R.; Cardnell, R.J.; Nilsson, M.B.; Heeke, S.;
Park, E.M.; Kundu, S.T.; Diao, L.; et al. Lung cancer models reveal severe acute respiratory
syndrome coronavirus 2-induced epithelial-to-mesenchymal transition contributes to coronavirus
disease 2019 pathophysiology. J. Thorac. Oncol. 2021, 16, 1821-1839.

Tutusaus, A.; Mari, M.; Ortiz-Pérez, J.T.; Nicolaes, G.A.; Morales, A.; Garcia de Frutos, P. Role of
Vitamin K-dependent factors protein S and GAS6 and TAM receptors in SARS-CoV-2 infection
and COIVD-19-associated immunothrombosis. Cells 2020, 9, 2186.

Zhang, Q.; Xiang, R.; Huo, S.; Zhou, Y.; Jiang, S.; Wang, Q.; Yu, F. Molecular mechanism of
interaction between SARS-CoV-2 and host cells and interventional therapy. Signal Transduct.
Target Ther. 2021, 6, 233.

Naik, R.R.; Shakya, A.K.; Aladwan, S.M.; El-Tanani, M. Kinase inhibitors as potential therapeutic
agents in the treatment of COVID-19. Front. Pharmacol. 2022, 13, 806568.

Malekinejad, Z.; Baghbanzadeh, A.; Nakhlband, A.; Baradaran, B.; Jafari, S.; Bagheri, Y.; Rael, F,;
Montazersaheb, S.; Farahzadi, R. Recent clinical findings on the role of kinase inhibitors in
COVID-19 management. Life Sci. 2022, 306, 120809.

Wang, Z.Y.; Wang, P.G.; An, J. The multifaceted roles of TAM receptors during viral infection.
Virol. Sin. 2021, 36, 1-12.

Poswiata, A.; Kozik, K.; Migczynska, M.; Zdzalik-Bielecka, D. Endocytic trafficking of GAS6/AXL
complexes is associated with sustained AKT activation. Cell. Mol. Life Sci. 2022, 79, 316.

Bhattacharyya, S.; Zagoérska, A.; Lew, E.D.; Shrestha, B.; Rothlin, C.V.; Naughton, J.; Diamond,
M.S.; Lemke, G.; Young, J.A.T. Enveloped viruses disable innate immune responses in dendritic
cells by direct activation of TAM receptors. Cell Host Microbe 2013, 14, 136-147.

Shibata, T.; Habiel, D.M.; Coelho, A.L.; Kunkel, S.L.; Lukacs, N.W.; Hogaboam, C.M. Ax| receptor
blockade ameliorates pulmonary pathology resulting from primary viral infection and viral
exacerbation of asthma. J. Immunol. 2014, 192, 3569-3581.

Lai, Y.J.; Chao, C.H.; Liao, C.C.; Lee, T.A.; Hsu, J.M.; Chou, W.C.; Wang, J.; Huang, H.C.; Chang,
S.J.; Lin, Y.L.; et al. Epithelial-mesenchymal transition induced by SARS-CoV-2 required
transcriptional upregulation of Snail. Am. J. Cancer Res. 2021, 11, 2278-2290.

Retrieved from https://encyclopedia.pub/entry/history/show/89967

https://encyclopedia.pub/entry/40029 9/9



