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Abstract: Post-acute conditions after coronavirus disease 2019 (COVID-19) are quite common, al-
though the underlying pathogenetic mechanisms leading to these conditions are not yet completely
understood. In this prospective observational study, we aimed to test the hypothesis that Growth
Arrest-Specific 6 (Gas6) and its soluble receptors, Axl (sAxl) and MerTK (sMer), might be implicated.
A total of 263 subjects underwent a structured clinical evaluation one year after their hospital dis-
charge for COVID-19, and they consented to donate a blood sample to measure their circulating
Gasb, sAx], and sMer levels. A total of 98 (37.3%) post-COVID-19 subjects complained of at least
one residual physical symptom one year after their hospital discharge. Univariate analysis revealed
that sAxl was marginally associated with residual symptoms, but at the level of logistic regression
analysis, only the diffusing capacity of the lungs for carbon monoxide (DLCO) (OR 0.98, CI 95%:
0.96-0.99; p = 0.007) and the female sex (OR 2.49, CI 95%: 1.45-4.28; p = 0.001) were independently
associated with long-lasting symptoms. A total of 69 (26.2%) subjects had hair loss. At the level of
univariate analysis, Gas6, sAxl, DLCO, and the female gender were associated with its development.
In a logistic regression analysis model, Gas6 (OR 0.96, CI 95%: 0.92-0.99; p = 0.015) and sAxl (OR 0.98,
CI 95%; 0.97-1.0; p = 0.014), along with the female sex (OR 6.58, CI 95%: 3.39-12.78; p = 0.0001), were
independent predictors of hair loss. Decreased levels of Gas6 and sAxl were associated with a history
of hair loss following COVID-19. This was resolved spontaneously in most patients, although 23.7%
complained of persistent hair loss one year after hospital discharge.

Keywords: post-acute COVID-19; Gas6; TAM receptor; inflammation; hair loss

1. Introduction

It is widely acknowledged that a relevant proportion of coronavirus disease 2019
(COVID-19) survivors continue to experience physical and neuropsychiatric symptoms
including fatigue, dyspnea, chest tightness, cough, “brain fog”, headache, sleep diffi-
culties, anxiety, and depression for several months after the initial recovery [1-4]. Less
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frequently, patients could also develop osteoarticular complaints and neurosensorial al-
terations [5]. These post-acute conditions, also known as “Long COVID”, include a con-
stellation of signs and debilitating symptoms that remain or develop after Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection has seemingly resolved, last-
ing for more than 2 months and remaining unexplained by an alternative diagnosis [6-8].
At present, the underlying processes involved in long COVID pathogenesis are not fully
understood [9]. However, it has been suggested that the persistence of a viral reservoir
and the establishment of a pro-coagulant condition driven by SARS-CoV-2 infection, to-
gether with a chronic pro-inflammatory status promoted by cytokines, may lead to these
long-lasting symptoms [10-13].

Growth arrest-specific 6 (Gas6) and its receptors, Axl and MerTK, are known to
play a major role in promoting and maintaining inflammation [14]. Gas6 is a 75 kDa
soluble glycoprotein that belongs to the family of vitamin-K-dependent proteins and
interacts with TAM, a specific tyrosine kinase (TKr) receptor family consisting of three
different receptors: Tyro-3, Axl, and MerTK [15,16]. Gas6 binds Axl with a higher affinity
than when compared to Tyro-3 and MerTK [17,18]. After the cleavage by proteases, the
extracytoplasmic structure of the transmembrane receptor is released into the plasma in a
soluble form (sAxl and sMer) that is still able to bind Gas6, and it is probably exerting a
modulatory function [19]. Gas6/TAM signaling is a highly pleiotropic system involved
in cell survival, growth, aggregation and migration, angiogenesis, and in the control of
inflammatory responses [20-22]. Moreovet, the system is engaged in chronic immunological
diseases, with its overactivation linked to several neoplastic conditions [23-34]. More
recently, the TAM system has been proposed as involved in COVID-19. Indeed, different
authors have suggested the importance of the TAM receptor family in SARS-CoV-2 infection,
COVID-19 severity, and the development of clinical complications. In particular, it has been
reported that higher baseline plasma Gas6 and sAxl concentrations are associated with
worsening clinical conditions and that they correlate directly with disease severity [35,36].
In addition, it has been highlighted that TAM signaling could be involved in coagulopathies
correlated to aberrant inflammation and fibrosis development in COVID-19 patients [37,38].

While the involvement of Gas6/TAM signaling has already been investigated in
the acute phase of the disease, its role in the development of long COVID syndrome
remains unexplored. Thus, the aim of the present study was to investigate a possible
association between circulating Gas6, sAxl, and sMer levels with long-term sequelae in
COVID-19 survivors.

2. Results
2.1. Study Population

A total of 263 patients previously hospitalized for COVID-19 (162 males, 61.6%), with
a median age of 60 (IQR: 51-69) years old, were recruited for this study. During the acute
phase of the disease, the median duration of the hospital stay was 11 days [7-16], the
median cumulative illness rating scale (CIRS) in the study population was 2 [1-4], and the
class of severity was distributed as shown in Table 1.

Table 1. Distribution for the class of severity in the study population at their time of hospitalization.

Class of Severity Frequency (%)
3 40 (15.2)
4 5(1.9)
5 86 (32.7)
6 115 (43.7)
7 17 (6.5)

2.2. Residual Symptoms

After a median period of 368 (IQR: 364-392) days, 98 (37.3%) subjects complained
about residual symptomes, as reported in Supplementary Figure S1.
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First, we evaluated whether Gas6/sTAM values, along with clinical variables of
potential interest according to our previous publications on the same cohort [3,5,13], were
associated with the persistence of physical symptoms 1 year after hospital discharge. Data
are shown in Supplementary Table S1.

As reported in Supplementary Table S1, at univariate analysis, only sAxl was signifi-
cantly lower in patients complaining of persistent symptoms (Figure 1). We then built a
multivariate model with variables that were significantly associated (p < 0.05) with uni-
variate analysis, which included DLCO, the female sex, and sAxl plasma concentrations.
As shown in Table 2, sAxl lost its statistical significance. In addition, we discovered that
both sAxl (p < 0.008) and Gas6 (p < 0.005) but not sMer (p < 0.09) levels one year after
hospital discharge were directly associated with the class of severity reported during the
acute phase of the disease.
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Figure 1. Comparison between median plasma Gasé6 concentration (a), sAxl concentration (b), and
sMer concentration (c) of patients with and without residual symptoms one year after hospital
discharge. Results are shown as medians (IQR). * p = 0.036, ns: not significant.

Table 2. Variables associated with the persistence of symptoms one year after hospital discharge.
Coefficient, p-value; the odds ratio (OR) with a 95% confidence interval (CI) is reported. The bold

text highlights statistically significant results. For abbreviation: DLCO, diffusing capacity of carbon
monoxide in lungs.

Predictors Coefficient p-Value OR (95%CI)
Sex (female) 0.91 0.001 2.49 (1.45-4.28)
DLCO, % —0.02 0.007 0.98 (0.96-0.99)
sAxl (ng/mL) —0.006 0.24 0.99 (0.98-1.0)

2.3. Hair Loss

Moreover, 26.2% (N. = 69) of the study population reported hair loss following their
contraction of SARS-CoV-2 infection.

We also evaluated the association of the Gas6/sTAM system with the development of
hair loss (Table 3). Interestingly, both Gas6 and sAxl significantly decreased in patients de-
scribing hair loss who first complained after experiencing SARS-CoV-2 infection (Figure 2).
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Table 3. Univariate analysis of clinical variables and Gas6/sTAM among patients with and without
hair loss. Evaluation of the possible association between hair loss and clinical variables: CIRS, DLCO,
age, Gasb, sAxl, sMer, sex, and class of severity. Continuous variables are presented as medians
and interquartile range (IQR), while categorical variables are an absolute number (%). Bold text
highlights statistically significant results. For abbreviation: CIRS, cumulative illness rating scale;
DLCO, diffusing capacity of carbon monoxide in lungs.

Variables No Hair Loss (n = 194) Hair Loss (n = 69) p-Value
CIRS 2.0(14) 2.0 (1-3) 0.10
DLCO, % 82.0 (70-93) 76.0 (68-85) 0.017
Age, years 59 (51-68) 61 (50-70) 0.38
Gas6 (ng/mL) 29.39 (24.2-36.8) 26.01 (20.3-30.9) 0.0012
sAxl (ng/mL) 66.5 (55.6-79.1) 57.3 (51.6-68.1) 0.0011
sMer (ng/mL) 8,49 (7.09-10.18) 9.43 (7.61-10.49) 0.12
Sex (male/female) 141 (72.7)/53 (27.3) 21 (30.4)/48 (69.6) 0.0001
3 29 (15) 11 (15.9)
4 4(2) 1(1.5)
Class of
. 5 62 (32) 24 (34.8) 0.78
severity
6 91 (46.9) 24 (34.8)
7 8 (4.1) 9(13)
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Figure 2. Comparison between median plasma Gasé6 concentration (a), sAxl concentration (b), and
sMer concentration (c) of patients reporting hair loss and patients without hair loss. Results are
shown as medians (IQR). ** p = 0.001, ns not significant.

At univariate analysis, Gas6, sAxl, DLCO, and the female sex were associated with the
development of hair loss (p < 0.05). We then built a logistic regression analysis including the
variables of Gas6, sAx], and the female sex, which maintained their significant association
with hair loss; however, DLCO did not fit into the model (Table 4).
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Table 4. Variables associated with the development of hair loss. Coefficient, p-value, and odds ratio
(OR) with a 95% confidence interval are reported in the table. The bold text highlights the statistically
significant results. For abbreviation: DLCO, diffusing capacity of carbon monoxide in lungs.

Predictors Coefficient p-Value OR (95%CI)
Sex (female) 1.88 0.0001 6.58 (3.39-12.78)
DLCO, % —0.01 0.35 0.99 (0.97-1.01)
Gas6 (ng/mL) —0.04 0.015 0.96 (0.92-0.99)
sAxl (ng/mL) —0.02 0.014 0.98 (0.97-1.0)

Ultimately, to better elucidate the nature and persistence of hair loss, the subjects were
retrospectively invited to answer a short questionnaire, and 59/69 (85.5%) subjects agreed
to participate. The results are extensively reported in Supplementary Table S2. Interestingly,
64.4% of the subjects complaining of hair loss reported that they first noticed it months after
their hospital discharge. Moreover, 74.6% of subjects reported acute/massive hair loss that
was largely resolved by the time of the interview. Furthermore, 71.2% of subjects reported
that their hair loss was completely resolved within 1 year from their hospital discharge, and
this increased to 76.3% by the time of the phone interview. More commonly, hair loss was
an isolated incident. Although, around 1/3 of patients complained of associated symptoms,
such as an itching or burning sensation. Finally, hair loss was generally diffuse (45.8%).
However, it was reported in some cases to be more localized to the forehead (23.7%), the
top of the head (20.3%), or was patchy (10.2%). In addition, 5 (8.5%) participants declared
to have lost not only hair on their scalp but also their eyelashes, eyebrows, or beard, and
22 (37.3%) participants reported a slowdown in their hair growth rate.

3. Discussion

While COVID-19 is still a global public health threat, the persistence of symptoms and
long-term sequelae in people who recovered from SARS-CoV-2 acute infection is emerging
as a relevant health issue worldwide. In this study, we aimed to evaluate the potential
implication of the Gas6/TAM system in the pathogenesis of long COVID. Based on our
data, this system does not seem to be altered among patients complaining of post-acute
COVID symptoms—with a single major exception: hair loss after SARS-CoV-2 infection.

Hair loss is common among COVID-19 survivors. In the present cohort, more than
one-quarter of subjects complained of hair loss following COVID-19, which is a figure in
line with what was reported in a recent meta-analysis reporting that the prevalence of hair
loss in COVID-19 survivors is 25% (CI195%: 17-34%) [39].

The mechanisms underlying this specific complication are unknown. Several risk
factors have been suggested as major players, such as the stress induced by a viral infec-
tion, the potential involvement of the treatment(s) used during the acute phase, and the
psychosocial stress induced by the global pandemic itself [40].

To elaborate, chronic stress seems to impact hair growth by keeping hair follicle stem
cells (HFSCs) in a quiescent state due to microenvironment changes with the consequent
hair loss [41]. Although the Gas6 gene has been revealed as a candidate gene working as a
regulator of hair growth, given the fact that it is stress sensitive, there is currently a paucity
of data evaluating the involvement of this system in the development of hair loss. In a
recent paper, Choi et al. demonstrated that corticosterone, which is the rodent equivalent of
cortisol in humans, controls HFCS’s quiescence and hair growth in mice via the regulation
of Gas6 expression. It is worth noting that the Gas6 protein in normal conditions is able to
bind the Axl receptor on HFSCs activating the genes involved in the cell cycle [42]. Under
chronic stress conditions, increased corticosterone levels lead to the suppression of the
Gasb6 expression acting on the dermal papillae. In mice, the forced expression of Gas6 in
the dermis is able to overcome this inhibition and promotes hair growth [43]. Therefore,
according to these studies, higher levels of Gas6 may protect against hair loss. In line
with this hypothesis is that in our study population, the patients complaining of hair loss
showed decreased levels of Gas6 and sAx] compared to all others.
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Although these findings are interesting, our study has some limitations. First, the
population size is relatively small. Second, we did not measure the baseline levels of Gas6
and sTAM to understand whether these biomarkers may also have a pathogenetic role in
the development of hair loss. Lastly, the definition of hair loss was self-reported without a
formal hair loss diagnosis. Indeed, to overcome the lack of information about this specific
complaint, we administered a retrospective questionnaire. According to this, the majority
of patients described diffuse hair loss, and only a minority described patchy hair loss. In
more than 75% of subjects, the symptom was completely resolved over time; although,
around a quarter reported persistent hair loss. Regarding patients who recovered, a possible
explanation could be telogen effluvium (TE), which is characterized by diffuse hair loss and
increased hair shedding after several weeks post-infection. In a recent systemic review and
meta-analysis, Nguyen and Tosti described the hair-related manifestations of COVID-19,
including telogen effluvium, which is presented as a new-onset sequela of COVID-19 [44].
Moreover, as suggested by Christensen et al., alopecia areata may also be a dermatologic
manifestation that arises 1 to 2 months following a contraction of SARS-CoV-2 infection [45].

We reported that the female sex is strongly associated with hair loss, as increased
hair shedding is more noticeable in women compared to men. However, our findings
strengthen the rationale basis for further studies evaluating the potential involvement of
this pleiotropic system in hair loss beyond the setting of the SARS-CoV-2 infection.

We also evaluated the potential association of Gas6 and its soluble receptors with long
COVID. This hypothesis was based on the observation that long COVID may be associated
with persistent organ damage and lung fibrosis [5]; moreover, according to recent evidence,
this condition may be associated with the presence of persistent low-grade inflammation, as
disclosed by increased levels of pro-inflammatory cytokines [46]. Gasb6 is a central molecule
in the regulation of the interplay between inflammation and fibrosis [14]; therefore, it is a
candidate biomarker of long COVID with a strong rationale. The prevalence of persistent
complaints was high in our population (39.3%), and this was consistent with the data that
we already published on a larger cohort at the same time point, to which this subset of
subjects belongs [5]. However, only sAxl levels were marginally decreased in long COVID
patients in our population, and this association was lost when considered in the context
of a multivariate model. This seems to rule out a potential role of this system; however,
as mentioned above, the baseline levels of Gas6/sTAM should be assessed to definitively
rule out a potential role of this system. Indeed, in previous papers, higher plasma Gas6
concentrations upon hospital admission during the acute phase of COVID-19 predicted
a more severe evolution [35,36]. Whether this is also associated with an increased risk
of long-term sequelae development should be assessed in an ad hoc study. It should be
noted, however, that in our cohort the severity of acute disease was not predictive of
long COVID development. Lastly, it is also worth noting that Gas6 and sAxl levels one
year after hospital discharge remain associated with the class of severity reported in the
acute phase of COVID-19, as this was already shown in baseline Gas6 and sAxl levels by
other authors [36].

In conclusion, our findings confirm that hair loss is common among COVID-19 sur-
vivors and primarily suggest that this symptom may be associated with a derangement of
the Gas6/TAM system. Indeed, while the levels of Gas6 and its soluble receptors one year
after the acute disease bear no significant association with persistent organic symptomes,
lower Gas6 and sAxl are associated with patients with a history of hair loss following
COVID-19. A deeper understanding of the possible factors that contribute to hair loss in
COVID-19 survivors could provide novel insights about this common condition in the
general population, possibly identifying a novel and relevant pathway.

4. Methods and Materials
4.1. Patients

In this prospective observational cohort study, 263 COVID-19 survivors were enrolled
in the “Maggiore della Carita” Hospital in Novara, Italy. The data presented in this paper
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belong to a larger cohort study, the results of which have been partially reported in previous
publications [3,5]. A convenience sample of subjects who survived hospitalization for SARS-
CoV-2 infection between March 2020 and June 2021 during the first and third Italian wave
was invited to attend a follow-up visit 12 months after their hospital discharge. Follow-up
visits have been carried out from March 2021 to June 2022 in a multidisciplinary clinic. All
participants signed an informed consent form and were included if they were over 18 years
old and had a diagnosis of COVID-19 confirmed during their hospital stay using a reverse
transcription polymerase chain reaction (RT-PCR) with a nasopharyngeal swab.

The study protocol was approved by the local Ethical Committee (CE 117/20) and
was conducted in strict accordance with the Declaration of Helsinki.

4.2. Clinical Evaluation

Data about patients” demographic characteristics, ongoing drugs, symptoms at COVID-
19 diagnosis and follow-up evaluation, complications during their hospital stay, and their
type and number of comorbidities were collected by clinicians involved in the treatment of
patients. Among the signs and symptoms investigated, we recorded whether the patients
experienced hair loss in the follow-up period. These subjects were invited to answer a short
retrospective questionnaire about the nature and persistence of hair loss. The severity of
the acute phase of the disease was classified using an eight-category scale, as previously
described [47]. Moreover, all patients underwent standard pulmonary function testing
(PFT) with a Quark PFT with X9 pneumotach (COSMED) for assessing the forced expiratory
volume in 1 s (FEV1), vital capacity, forced vital capacity (FVC), and diffusion capacity of
the lung for carbon monoxide (DLCO), and the total lung capacity was determined by the
single-breath CO technique.

4.3. Blood Sample Collection

Blood was collected by venous punctures using EDTA as an anticoagulant. Plasma
was immediately collected by centrifugation at 3500 rpm for 15 min and stored at —80 °C
until the time of analysis. This research has been conducted using UPO Biobank Resources.

4.4. Circulating Gas6 Levels Determination

The plasma levels of Gas6 were determined by the ELISA technique by using a
commercial kit (R&D Systems DuoSet Elisa DY6488, McKinley, MN, USA) and following
the manufacturer’s instructions. Prior to Gas6 quantification, plasma samples were diluted
1:50. Absorbance was recorded using a Victor X4 microplate reader (Perkin Elmer, Waltham,
MA, USA). The optical density at 450 nm was fitted versus a calibration curve that was
prepared with a standard (0 ng/mL-1 ng/mL range), as suggested by the manufacturer.

4.5. Soluble Axl (sAxl) Levels Determination

Plasma levels of sAx]l were determined by the ELISA technique by using a commercial
kit (R&D Systems DuoSet Elisa DY6488, McKinley, MN, USA) and following the manufac-
turer’s instructions. Prior to sAxl quantification, plasma samples were diluted 1:50 in PBS.
Absorbance was recorded using a Victor X4 microplate reader (Perkin Elmer, Waltham,
MA, USA). The optical density at 450 nm was fitted versus a calibration curve prepared
with a standard (0 ng/mL—4 ng/mL range), as suggested by the manufacturer.

4.6. Soluble Mer (sMer) Levels Determination

The plasma levels of sMer were determined by the ELISA technique by using a
commercial kit (R&D Systems DuoSet Elisa DY6488, McKinley, MN, USA) and following
the manufacturer’s instructions. Absorbance was recorded using a Victor X4 microplate
reader (Perkin Elmer, Waltham, MA, USA). The optical density at 450 nm was fitted versus
a calibration curve prepared with a standard (0 ng/mL-10 ng/mL range), as suggested by
the manufacturer.
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4.7. Statistical Analysis

For continuous variables, the measures of centrality and dispersion were medians
and interquartile ranges (IQR), and comparisons between groups regarding these variables
were performed using the Mann-Whitney U test. The Pearson x? or Fisher’s exact test
was used, as appropriate, to analyze the association between categorical variables that are
shown as frequencies (%).

Multivariable stepwise regression models were built to identify the variables inde-
pendently associated with the persistence of symptoms one year after hospital discharge.
The threshold for statistical significance was 0.05 (two-tailed). Statistical analyses were
performed with Stata statistical software version 17.0 (StataCorp, 4905 Lakeway Drive
College Station, TX, USA) and MedCalc® Statistical Software version 20.113 (MedCalc
Software Ltd., Ostend, Belgium), while graphs were created using GraphPad Prism version
9.4.0 (GraphPad Software, La Jolla, CA, USA).

Supplementary Materials: The supporting information can be downloaded at https:/ /www.mdpi.
com/article/10.3390/ijms24076257 /s1.
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cenzo Cantaluppi, Giuseppe Cappellano, Alessandro Carriero, Sara Casella, Luigi Mario
Castello, Annalisa Chiocchetti, Elisa Clivati, Donato Colangelo, Marco Confalonieri, Mar-
tina Crevola, Daria Cuneo, Davide D’Onghia, Nicolo Errica, Eleonora Gambaro, Chiara
Gerevini, Mara Giordano, Carla Gramaglia, Luisa Isabella, Fatiha Laaguid, Alberto Loro,
Marcello Manfredi, Debora Marangon, Rosalba Minisini, Emanuele Mones, Elena Parac-
chini, Filippo Patrucco, Giuseppe Patti, David James Pinato, Mario Pirisi, Chiara Puricelli,
Davide Raineri, Giacomo Ratano, Cristina Rigamonti, Roberta Rolla, Valentina Romano,
Barbara Ruaro, Paola Savoia, Stelvio Tonello, Stefano Tricca, Elisa Zavattaro, Patrizia
Zeppegno, Pier Paolo Sainaghi and Mattia Bellan.

References

1.

Phetsouphanh, C.; Darley, D.R.; Wilson, D.B.; Howe, A.; Munier, CM.L.; Patel, S.K.; Juno, J.A.; Burrell, LM.; Kent, S.J;
Dore, G.J.; et al. Immunological dysfunction persists for 8 months following initial mild-to-moderate SARS-CoV-2 infection.
Nat. Immunol. 2022, 23, 210-216. [CrossRef]

Huang, C.; Huang, L.; Wang, Y.; Li, X.; Ren, L.; Gu, X,; Kang, L.; Guo, L.; Liu, M.; Zhou, X,; et al. 6-month consequences of
COVID-19 in patients discharged from hospital: A cohort study. Lancet 2021, 397, 220-232. [CrossRef]


https://www.mdpi.com/article/10.3390/ijms24076257/s1
https://www.mdpi.com/article/10.3390/ijms24076257/s1
http://doi.org/10.1038/s41590-021-01113-x
http://doi.org/10.1016/S0140-6736(20)32656-8

Int. ]. Mol. Sci. 2023, 24, 6257 90f 10

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

Bellan, M.; Soddu, D.; Balbo, PE.; Baricich, A.; Zeppegno, P.; Avanzi, G.C.; Baldon, G.; Bartolomei, G.; Battaglia, M.;
Battistini, S.; et al. Respiratory and Psychophysical Sequelae among Patients with COVID-19 Four Months after Hospital
Discharge. JAMA Netw. Open 2021, 4, e2036142. [CrossRef] [PubMed]

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 cross-sectional study. Eur. ]. Phys. Rehabil. Med.
2021, 57,199-207. [CrossRef]

Bellan, M.; Baricich, A.; Patrucco, F; Zeppegno, P.; Gramaglia, C.; Balbo, PE.; 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. [CrossRef] [PubMed]

Kessel, S.A.M.v,; Hartman, T.C.O.; Lucassen, P.L.B.J.; van Jaarsveld, C.H.M. Post-acute and long-COVID-19 symptoms in patients
with mild diseases: A systematic review. Fam. Pract. 2021, 39, 159-167. [CrossRef]

Crook, H.; Raza, S.; Nowell, ].; Young, M.; Edison, P. Long Covid—Mechanisms, Risk Factors, and Management. BM] 2021, 374.
[CrossRef] [PubMed]

Desai, A.D.; Lavelle, M.; Boursiquot, B.C.; Wan, E.Y. Long-term complications of COVID-19. Am. |. Physiol. Cell. Physiol. 2022,
322, C1-C11. [CrossRef] [PubMed]

Stefanou, M.-I.; Palaiodimou, L.; Bakola, E.; Smyrnis, N.; Papadopoulou, M.; Paraskevas, G.P.; Rizos, E.; Boutati, E.;
Grigoriadis, N.; Krogias, C.; et al. Neurological manifestations of long-COVID syndrome: A narrative review. Ther. Adv. Chronic
Dis. 2022, 13, 20406223221076890. [CrossRef]

Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V,; McGroder, C.; Stevens, ].S.; Cook, J.R.; Nordvig, A.S.; Shalev, D,;
Sehrawat, T.S.; et al. Post-acute COVID-19 syndrome. Nat. Med. 2021, 27, 601-615. [CrossRef] [PubMed]

McElvaney, O.J.; McEvoy, N.L.; McElvaney, O.F; Carroll, T.P.; Murphy, M.P; Dunlea, D.M.; Ni Choileain, O.; Clarke, J;
O’Connor, E.; Hogan, G.; et al. Characterization of the Inflammatory Response to Severe COVID-19 Illness. Am. . Respir. Crit.
Care Med. 2020, 202, 812-821. [CrossRef]

Tang, N.; Li, D.; Wang, X.; Sun, Z. Abnormal Coagulation Parameters Are Associated with Poor Prognosis in Patients with Novel
Coronavirus Pneumonia. J. Thromb. Haemost. 2020, 18, 844-847. [CrossRef] [PubMed]

Bellan, M.; Apostolo, D.; Albe, A.; Crevola, M,; Errica, N.; Ratano, G.; Tonello, S.; Minisini, R.; D’Onghia, D.; Baricich, A.; et al.
Determinants of long COVID among adults hospitalized for SARS-CoV-2 infection: A prospective cohort study. Front. Immunol.
2022, 13, 1038227. [CrossRef] [PubMed]

Bellan, M.; Cittone, M.G.; Tonello, S.; Rigamonti, C.; Castello, L.M.; Gavelli, F; Pirisi, M.; Sainaghi, P.P. Gas6/ TAM System: A Key
Modulator of the Interplay between Inflammation and Fibrosis. Int. ]. Mol. Sci. 2019, 20, 5070. [CrossRef]

Lemke, G. Biology of the TAM Receptors. Cold Spring Harb. Perspect. Biol. 2013, 5, a009076. [CrossRef] [PubMed]

Sainaghi, P.P; Bellan, M.; Nerviani, A. Role of the Gas6/TAM System as a Disease Marker and Potential Drug Target. Dis. Mark.
2021, 2021, 2854925. [CrossRef]

Law, L.A.; Graham, D.K.; di Paola, J.; Branchford, B.R. GAS6/TAM Pathway Signaling in Hemostasis and Thrombosis. Front.
Med. 2018, 5, 137. [CrossRef]

Zhu, C.; Wei, Y.; Wei, X. AXL receptor tyrosine kinase as a promising anti-cancer approach: Functions, molecular mechanisms
and clinical applications. Mol. Cancer 2019, 18, 1-22. [CrossRef]

Ekman, C.; Stenhoff, J.; Dahlbéck, B. Gas6 is complexed to the soluble tyrosine kinase receptor Axl in human blood. J. Thromb.
Haemost. 2010, 8, 838-844. [CrossRef]

Hafizi, S.; Dahlbéck, B. Gas6 and Protein S: Vitamin K-Dependent Ligands for the Axl Receptor Tyrosine Kinase Subfamily.
FEBS J. 2006, 273, 5231-5244. [CrossRef]

Bellan, M.; Pogliani, G.; Marconi, C.; Minisini, R.; Franzosi, L.; Alciato, F.; Magri, A.; Avanzi, G.C.; Pirisi, M.; Sainaghi, PP. Gas6 as
a putative noninvasive biomarker of hepatic fibrosis. Biomar. Med. 2016, 10, 1241-1249. [CrossRef] [PubMed]

Wu, G.; Ma, Z.; Hu, W.,; Wang, D.; Gong, B.; Fan, C,; Jiang, S.; Li, T.; Gao, J.; Yang, Y. Molecular insights of Gas6/TAM in cancer
development and therapy. Cell Death Dis. 2017, 8, €2700. [CrossRef] [PubMed]

Martinelli, E.; Martini, G.; Cardone, C.; Troiani, T.; Liguori, G.; Vitagliano, D.; Napolitano, S.; Morgillo, F; Rinaldi, B,;
Melillo, R M.; et al. AXL is an oncotarget in human colorectal cancer. Oncotarget 2015, 6, 23281-23296. [CrossRef] [PubMed]
May, C.D.; Garnett, J.; Ma, X.; Landers, S.M.; Ingram, D.R.; Demicco, E.G.; Al Sannaa, G.A.; Vu, T.; Han, L.; Zhang, Y.; et al. AXL is
a potential therapeutic target in dedifferentiated and pleomorphic liposarcomas. BMC Cancer 2015, 15, 901. [CrossRef] [PubMed]
Rankin, E.B.; Giaccia, A.J]. The Receptor Tyrosine Kinase AXL in Cancer Progression. Carncers 2016, 8, 103. [CrossRef] [PubMed]
Wu, G.; Ma, Z.; Cheng, Y,; Hu, W,; Deng, C.; Jiang, S.; Li, T.; Chen, E; Yang, Y. Targeting Gas6/TAM in Cancer Cells and Tumor
Microenvironment. Mol. Cancer 2018, 17, 20. [CrossRef]

Paolino, M.; Penninger, ].M. The Role of TAM Family Receptors in Immune Cell Function: Implications for Cancer Therapy.
Cancers 2016, 8, 97. [CrossRef]

Pagani, S.; Bellan, M.; Mauro, D.; Castello, L.M.; Avanzi, G.C.; Lewis, M.].; Sainaghi, P.P,; Pitzalis, C.; Nerviani, A. New Insights
into the Role of Tyro3, Axl, and Mer Receptors in Rheumatoid Arthritis. Dis. Markers 2020, 2020, 1614627. [CrossRef]

Gavelli, F.; Molinari, L.; Baldrighi, M.; Salmi, L.; Mearelli, F; Fiotti, N.; Patrucco, F; Airoldi, C.; Bellan, M.; Sainaghi, P.P; et al. Are
Baseline Levels of Gas6 and Soluble Mer Predictors of Mortality and Organ Damage in Patients with Sepsis? The Need-Speed
Trial Database. Biomedicines 2022, 10, 198. [CrossRef]


http://doi.org/10.1001/jamanetworkopen.2020.36142
http://www.ncbi.nlm.nih.gov/pubmed/33502487
http://doi.org/10.23736/S1973-9087.21.06699-5
http://doi.org/10.1038/s41598-021-01215-4
http://www.ncbi.nlm.nih.gov/pubmed/34811387
http://doi.org/10.1093/fampra/cmab076
http://doi.org/10.1136/bmj.n1648
http://www.ncbi.nlm.nih.gov/pubmed/34312178
http://doi.org/10.1152/ajpcell.00375.2021
http://www.ncbi.nlm.nih.gov/pubmed/34817268
http://doi.org/10.1177/20406223221076890
http://doi.org/10.1038/s41591-021-01283-z
http://www.ncbi.nlm.nih.gov/pubmed/33753937
http://doi.org/10.1164/rccm.202005-1583OC
http://doi.org/10.1111/jth.14768
http://www.ncbi.nlm.nih.gov/pubmed/32073213
http://doi.org/10.3389/fimmu.2022.1038227
http://www.ncbi.nlm.nih.gov/pubmed/36601115
http://doi.org/10.3390/ijms20205070
http://doi.org/10.1101/cshperspect.a009076
http://www.ncbi.nlm.nih.gov/pubmed/24186067
http://doi.org/10.1155/2021/2854925
http://doi.org/10.3389/fmed.2018.00137
http://doi.org/10.1186/s12943-019-1090-3
http://doi.org/10.1111/j.1538-7836.2010.03752.x
http://doi.org/10.1111/j.1742-4658.2006.05529.x
http://doi.org/10.2217/bmm-2016-0210
http://www.ncbi.nlm.nih.gov/pubmed/27924629
http://doi.org/10.1038/cddis.2017.113
http://www.ncbi.nlm.nih.gov/pubmed/28333143
http://doi.org/10.18632/oncotarget.3962
http://www.ncbi.nlm.nih.gov/pubmed/25966280
http://doi.org/10.1186/s12885-015-1916-3
http://www.ncbi.nlm.nih.gov/pubmed/26573603
http://doi.org/10.3390/cancers8110103
http://www.ncbi.nlm.nih.gov/pubmed/27834845
http://doi.org/10.1186/s12943-018-0769-1
http://doi.org/10.3390/cancers8100097
http://doi.org/10.1155/2020/1614627
http://doi.org/10.3390/biomedicines10020198

Int. ]. Mol. Sci. 2023, 24, 6257 10 of 10

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.
41.
42.
43.
44.
45.

46.

47.

Sainaghi, P.P; Bellan, M.; Lombino, F; Alciato, E; Carecchio, M.; Galimberti, D.; Fenoglio, C.; Scarpini, E.; Cantello, R,;
Pirisi, M.; et al. Growth Arrest Specific 6 Concentration is Increased in the Cerebrospinal Fluid of Patients with Alzheimer’s
Disease. J. Alzheimer’s Dis. 2016, 55, 59-65. [CrossRef]

Smirne, C.; Rigamonti, C.; de Benedittis, C.; Sainaghi, P.P.; Bellan, M.; Burlone, M.E.; Castello, L.M.; Avanzi, G.C. Gas6/TAM
Signaling Components as Novel Biomarkers of Liver Fibrosis. Dis. Mark. 2019, 2019, 2304931. [CrossRef] [PubMed]

Cohen, PL.; Shao, W.H.; Sainaghi, P.P. Gas6/TAM Receptors in Systemic Lupus Erythematosus. Dis. Mark. 2019, 2019, 7838195.
[CrossRef]

Salmi, L.; Gavelli, F; Patrucco, F; Bellan, M.; Sainaghi, P.P; Avanzi, G.C.; Castello, L.M. Growth Arrest-Specific Gene 6
Administration Ameliorates Sepsis-Induced Organ Damage in Mice and Reduces ROS Formation In Vitro. Cells 2021, 10, 602.
[CrossRef] [PubMed]

Sainaghi, PP; Collimedaglia, L.; Alciato, F.; Molinari, R.; Sola, D.; Ranza, E.; Naldi, P.; Monaco, F.; Leone, M.; Pirisi, M.; et al.
Growth Arrest Specific Gene 6 Protein Concentration in Cerebrospinal Fluid Correlates with Relapse Severity in Multiple Sclerosis.
Mediat. Inflamm. 2013, 2013, 406483. [CrossRef]

Tonello, S.; Rizzi, M.; Matino, E.; Costanzo, M.; Casciaro, G.E.; 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. Mark. 2022, 2022,
1568352. [CrossRef]

Morales, A.; Rello, S.R.; Cristobal, H.; Fiz-Lopez, A.; Arribas, E.; Mari, M.; Tutusaus, A.; de la Cal-Sabater, P.; Nicolaes, G.;
Ortiz-Pérez, |.; et al. Growth Arrest-Specific Factor 6 (GAS6) Is Increased in COVID-19 Patients and Predicts Clinical Outcome.
Biomedicines 2021, 9, 335. [CrossRef] [PubMed]

Alhiyari, M.A.; Ata, F; Alghizzawi, M.L; Bilal, A.B.I; Abdulhadi, A.S.; Yousaf, Z. Post COVID-19 fibrosis, an emerging
complicationof SARS-CoV-2 infection. Idcases 2021, 23, e01041. [CrossRef]

Tutusaus, A.; Mari, M.; Ortiz-Pérez, ].T.; Nicolaes, G.A.F.; 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 COVID-19-Associated Immunothrombosis. Cells 2020,
9, 2186. [CrossRef] [PubMed]

Lopez-Leon, S.; Wegman-Ostrosky, T.; Perelman, C.; Sepulveda, R.; Rebolledo, P.A.; Cuapio, A.; Villapol, S. More than 50 long-term
effects of COVID-19: A systematic review and meta-analysis. Sci. Rep. 2021, 11, 16144. [CrossRef]

Olds, H; Liu, J.; Luk, K.; Lim, HW.; Ozog, D.; Rambhatla, P.V. Telogen effluvium associated with COVID-19 infection. Dermatol.
Ther. 2021, 34, €14761. [CrossRef]

Quist, S.R.; Quist, J. Keep quiet—How stress regulates hair follicle stem cells. Signal Transduct. Target. Ther. 2021, 6, 364. [CrossRef]
Yi, R. Relax to grow more hair. Nature 2021, 592, 356-357. [CrossRef] [PubMed]

Choi, S.; Zhang, B.; Ma, S.; Gonzalez-Celeiro, M.; Stein, D.; Jin, X.; Kim, S.T.; Kang, Y.-L.; Besnard, A.; Rezza, A.; et al.
Corticosterone inhibits GAS6 to govern hair follicle stem-cell quiescence. Nature 2021, 592, 428-432. [CrossRef] [PubMed]
Nguyen, B.; Tosti, A. Alopecia in patients with COVID-19: A systematic review and meta-analysis. JAAD Int. 2022, 7, 67-77.
[CrossRef] [PubMed]

Christensen, R.E.; Jafferany, M. Association between alopecia areata and COVID-19: A systematic review. JAAD Int. 2022,
7,57-61. [CrossRef] [PubMed]

Schultheil, C.; Willscher, E.; Paschold, L.; Gottschick, C.; Klee, B.; Henkes, S.-S.; Bosurgi, L.; Dutzmann, J.; Sedding, D.;
Frese, T.; et al. The IL-1$3, IL-6, and TNF cytokine triad is associated with post-acute sequelae of COVID-19. Cell Rep. Med. 2022,
3, 100663. [CrossRef]

Beigel, ].H.; Tomashek, K.M.; Dodd, L.E.; Mehta, A K.; Zingman, B.S.; Kalil, A.C.; Hohmann, E.; Chu, H.Y,; Luetkemeyer, A.;
Kline, S.; et al. Remdesivir for the Treatment of COVID-19—Final Report. N. Engl. |. Med. 2020, 383, 1813-1826. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3233/JAD-160599
http://doi.org/10.1155/2019/2304931
http://www.ncbi.nlm.nih.gov/pubmed/31583026
http://doi.org/10.1155/2019/7838195
http://doi.org/10.3390/cells10030602
http://www.ncbi.nlm.nih.gov/pubmed/33803290
http://doi.org/10.1155/2013/406483
http://doi.org/10.1155/2022/1568352
http://doi.org/10.3390/biomedicines9040335
http://www.ncbi.nlm.nih.gov/pubmed/33810394
http://doi.org/10.1016/j.idcr.2020.e01041
http://doi.org/10.3390/cells9102186
http://www.ncbi.nlm.nih.gov/pubmed/32998369
http://doi.org/10.1038/s41598-021-95565-8
http://doi.org/10.1111/dth.14761
http://doi.org/10.1038/s41392-021-00772-4
http://doi.org/10.1038/d41586-021-00656-1
http://www.ncbi.nlm.nih.gov/pubmed/33790434
http://doi.org/10.1038/s41586-021-03417-2
http://www.ncbi.nlm.nih.gov/pubmed/33790465
http://doi.org/10.1016/j.jdin.2022.02.006
http://www.ncbi.nlm.nih.gov/pubmed/35224518
http://doi.org/10.1016/j.jdin.2022.02.002
http://www.ncbi.nlm.nih.gov/pubmed/35165668
http://doi.org/10.1016/j.xcrm.2022.100663
http://doi.org/10.1056/NEJMoa2007764

	Introduction 
	Results 
	Study Population 
	Residual Symptoms 
	Hair Loss 

	Discussion 
	Methods and Materials 
	Patients 
	Clinical Evaluation 
	Blood Sample Collection 
	Circulating Gas6 Levels Determination 
	Soluble Axl (sAxl) Levels Determination 
	Soluble Mer (sMer) Levels Determination 
	Statistical Analysis 

	Appendix A
	References

