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Post-Covid pulmonary fibrosis is evident following severe COVID-19. There is an urgent need to identify the
cellular and pathophysiological characteristics of chronic lung squeals of Covid-19 for the development of future
preventive and/or therapeutic interventions. Tissue-resident memory T (Try) cells can mediate local immune
protection against infections and cancer. Less beneficially, lung Tgy cells cause chronic airway inflammation and
fibrosis by stimulating pathologic inflammation. The effects of Janus kinase (JAK), an inducer pathway of

cytokine storm, inhibition on acute Covid-19 cases have been previously evaluated. Here, we propose that
Tofacitinib by targeting the CD8" Tgy cells could be a potential candidate for the treatment of chronic lung
diseases induced by acute SARS-CoV-2 infection.

1. Introduction

A considerable number of COVID-19 patients following their recov-
ery from the acute phase, continue the symptoms for at least more than
12 weeks from the start of the disease and illness is not explained by an
alternative diagnosis [1]. However, the underlying mechanisms and
possible therapeutic options for this condition have remained unknown
[2]. Tissue-specific memory responses have recently been identified in
the respiratory tract following SARS-CoV-2 infection. These
over-activated tissue-resided CD8" T cell responses could propagate
chronic lung damage and functional impairment following acute
COVID-19 [3].

In Covid-19, pulmonary involvement is pathologically characterized
by microvascular thrombosis and diffuse alveolar damage (DAD),
resulting in the clinical picture of ARDS (Acute Respiratory Distress
Syndrome). Direct damage of SARS-CoV-2 combined with deregulated
immuno-coagulative pathways affects the pulmonary system in severe
Covid-19 that may be modified by individual factors and disease dura-
tion [4]. Another important and deleterious effect of COVID-19 is the
possibility of post-infection pulmonary fibrosis [5-7] and anti-fibrotic
agents have been suggested to diminish pulmonary fibrotic remodel-
ing in these cases [8,9]. The lung tissue autopsy results of COVID-19
patients have been compatible with acute DAD, alongside vascular
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pathology, and fibroproliferative activities. Such patterns can be
impacted by age and weight [4]. Therefore, there is an imperative need
to recognize the pathophysiological and cellular features of chronic lung
squeals of COVID-19 and the development of future preventive and/or
therapeutic interventions in these areas [3].

2. Tissue-resident memory T cells in SARS-COV-2 infection

Tissue-resident memory T (Tgy) cells are a subgroup of memory T
cells that reside in peripheral tissues and independent of circulating
memory T cells, they are responsible for immediate and intense
response, secreting rapidly antiviral cytokines such as interferon-gamma
(IFN-y) [10]. The Tgry cells can facilitate local immune protection
against cancer and infections by their rapid and direct mechanisms of
action. Localized Tgy can provide rapid and robust local protection
against viruses, particularly in the lungs. Meanwhile, by stimulating
pathologic local inflammation, they induce chronic airway inflamma-
tion and fibrosis [11]. They have been involved in the pathogenesis of
autoimmune diseases such as inflammatory bowel disease [12], type 1
diabetes mellitus [13], and multiple sclerosis [14]. Additionally, Trm
cells are participated in mediating autoimmune skin diseases such as
vitiligo, alopecia areata, and psoriasis [15]. Due to their tissue-injurious
capability, dysregulated and/or prolonged activities of CD8™ Tgy cells
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can significantly contribute to the development of lung dam-
age/pathology following respiratory viral infection [16].

Tissue-specific memory responses have been discovered following
coronavirus infection in the respiratory tract during which tissue CD8' T
cells exert a local protective function [16]. The deposition of paren-
chymal CD8" Tgy and airway CD4" Tgy cells in animal models could
protect against SARS-CoV-1 infection [17,18]. Moreover, activated
profiles of lung CD8" and CD4" Tgy cells are reported in COVID-19
patients and these cells are frequently detected even ten months after
infection in these patients [19,20]. Recovered patients acquire Tgy cells
with Th1 phenotype against COVID-19 [20]. Even though less is known
about specific-Tgy in SARS-CoV-2 infection, data suggest that respira-
tory tract Try might play a protective role against COVID-19. However,
in a recent study, a sub-lethal mouse model of COVID-19 was used to
assess whether the infection-accelerated pulmonary resident CD4" and
CD8" T cell responses could generate protection against a secondary
viral attack or not. It was shown that although resident T cells are eli-
cited by COVID-19 infection, they do not present sufficient protection
against secondary viral infection [17].

It has been reported that CD103™ Tgy cells present pathogenic po-
tential in the influenza virus infection model. Persistent T cell receptor
(TCR) signaling in the lung of these animals could drive the preservation
of CD103™ CD69™" T cells [11]. Consistent with this result, it is found
that lung CD103~ CD69" T cells of older patients with COVID-19 pro-
duce elevated levels of inflammatory molecules that are associated with
worse lung pathology and reduced lung function [3]. The transcript
profiling of CD103™ T cells is related to the TCR signaling pathway,
signifying that these cells could be sustained by antigenic or tonic
signaling within the damaged lung [3]. It is logical to speculate that after
clearance of infectious virus, SARS-CoV-2 antigen might be persistent
for a time; thus, stimulating and/or sustaining CD103~ Tgry cells to
cause tissue damage. On the other hand, in those with autoantibodies
against type I IFNs that are at higher risk of COVID-19 development,
self-antigen may stimulate a portion of CD103~ CD69"1 T cells [18].
Moreover, CD103~ CD69" T cells in the circulation that have potential
lung homing [19] may participate in the pathology of the lung during
acute and chronic viral-induced lung injury. It has been found that
respiratory CD103” CD69™ T cells exacerbate lung pathology and reduce
lung function [3].

It has been also proposed that the expanded Try17 cells (Try-like
Th17 cells) even continue after the lung’s viral clearance and these
Trm17 cells could further interact with cytotoxic CD8™ T cells and local
macrophages; consequently, they exacerbate the lung injuries and dis-
ease severity [20]. The Try17 cells and their attributed cytokines
including GM-CSF (granulocyte-macrophage colony-stimulating factor)
and IL17A are the potential orchestrators of the extreme inflammation in
severe COVID-19 infection [20]. Following the resolution of acute
COVID-19 infection, deregulated pulmonary immune responses, mainly
exuberant respiratory CD8" T cells’ responses, can contribute to the
progress of chronic lung injury.

The CD4™ T cells promote T-dependent B cells activation and anti-
body production, while cytotoxic CD8™ T cells can destroy virus-infected
cells [21]. The pulmonary interstitial CD8™ T cells, encompass the ma-
jority of infiltrated inflammatory cells that are crucial for virus clear-
ance. In rhesus macaques, low titers of antibody is adequate for
protection against SARS-CoV-2 and CD8™ T cells play a role in restricting
viral replication when the antibody titers are suboptimal [22]. Depletion
of CD4" T cell is connected with the attenuation of the neutralizing
antibody production, recruitment of the lymphocytes to the lung tissue,
and cytokine release, which subsequently, postpones the clearance of
the virus [21]. However, CD8" depletion does not influence viral
replication. CD8 depletion experiments have proposed its critical role to
counteract the rechallenges of SARS-COV-2 infection, indicating the
possible restricting role of CD8" T cells on viral replication [22]. These
results indicate the role of CD"8 T cells in virological control which also
needs further studies to yield the proof-of-concept of the current
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findings. It should be noted that the proliferation, differentiation, and
survival of CD4" T and CD8™ T cells are regulated through STAT3 [23].

3. JAK inhibitors

The JAK (Janus kinase)/STAT (signal transducers and activators of
transcription) are members of a cascade involved in the COVID-19-
related cytokine storm, which is associated with the cytokine receptor
signaling in the classical pathway [24]. Cytokine receptor stimulation
results in the activation of the SH2 domain of the STAT proteins [25].
Consequently, STAT proteins are dimerized via the JAK-induced phos-
phorylation leading to their translocation into the nucleus and further
stimulation of diverse pathways including immune regulation,
apoptosis, cell cycle, and transcription of distinct genes. Importantly, the
function of the immune system is extensively affected by the JAK/STAT
signaling and the differentiation of Th1l, Th2, Th9, and Th17 cells is
mediated by JAK/STAT signaling pathway [25].

Several therapeutic strategies have been developed to target the Try
cells. The IFN-y- producing Th1 cells in the skin initiate the cytotoxic
CD8™ T cells infiltration to the perifollicular area, resulting in hair cycle
arrest and the development of alopecia areata (AA) [26]. The JAK
signaling pathway inhibitors that inhibit type I/II cytokine receptors
have the potential efficiency in the treatment of AA [27]. Nezulcitinib,
tofacitinib, ruxolitinib, and baricitinib can prevent hyperinflammatory
state by modulating cytokine production. These JAK inhibitors have
been applied effectively in the clinical treatment of inflammatory (e.g.
hemophagocytic lymphohistiocytosis) and rheumatologic (e.g. rheu-
matoid arthritis) diseases. Tofacitinib is the FD-approved oral JAK2/1/3
inhibitor, declining the release of Th1 and Th17 cytokines and IL-6 that
are involved in the pathogenesis of the ARDS.

4. JAK inhibitors reduce the risk of mortality in patients with
acute COVID-19

The growth of viral selective CD8™" T cells has been reported to be in
close association with the components of the JAK/STAT [28].
SARS-COV-2 infection-related hyper-inflammatory conditions can lead
to ARDS and death following cytokine storm [29]. Therefore, the inhi-
bition of the JAK/STAT pathway might prevent the formation of the
cytokine storm. However, it is at the expense of a compromised immune
response [30]. Recent studies have highlighted the promising role of the
JAK/STAT pathway as a valuable marker of a robust immune response
to COVID-19 infection [31]. In another interesting study, it was
demonstrated that JAK/STAT pathway inhibition plummets the hyper-
inflammatory status but does not affect the viral clearance [32].

Mounting evidence demonstrated that the overactivation of the JAK/
STAT pathway is associated with aggravation of the clinical course of
SARS-COV-2 infection [33]. Thus, judicious use of JAK inhibitors in the
treatment of severe COVID-19 could be useful as the effect of JAK in-
hibition has previously been evaluated on acute COVID-19 cases [34,
35]. A meta-analysis on 1190 patients with COVID-19 indicated that the
inhibitors of the JAK signaling are meaningfully associated with clinical
improvement and a decreased risk of mortality in hospitalized patients
[36]. A pooled data from four RCTs (1338 subjects) with COVID-19
infection demonstrated that treatment with JAK inhibitor could
decrease the risk for mechanical ventilation and COVID-19 death
compared to controls [37].

The effects of JAK inhibition in the treatment of COVID-19 were also
evaluated in a combination with remdesivir [38]. Inhibitors of the JAK
signaling pathway are promising in the treatment of hospitalized
COVID-19 patients by diminishing the risk of respiratory failure or
mortality compared to placebo [38]. Phase II trials are currently un-
dergoing for evaluating the efficacy and safety of tofacitinib on
COVID-19 patients (NCT04415151 and NCT04469114). Overall, JAK
inhibitors are safe drugs in the treatment of acute COVID-19 and result
in an improved clinical outcome of hospitalized cases [39].
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Fig. 1. Tofacitinib can be used for post-COVID-19 lung injury by targeting tissue-resident memory T cells.

5. Tofacitinib can be a potential therapy against post- COVID-19
lung injury

Tofacitinib as a pan JAK inhibitor mainly blocks JAK1 and JAK3 and
to a lesser extent the JAK2 and tyrosine kinase 2 (TYK2). Tofacitinib is
supposed to be a promising therapeutic agent against COVID-19 lung
damage as it inhibits different inflammatory pathways [40]. Although
side effects such as abdominal pain, acne vulgaris, diarrhea, nausea,
vomiting, headache, and hepatotoxicity, have been reported, Pfizer
mainly envisioned how safe and effective Tofacitinib was in COVID-19
patients [41]. Compared with the more general aforementioned side
effects of Tofacitinib, the use of other JKA inhibitors such as bariticitinib
has been associated with severe complications such as thrombotic events
[42]. Therefore, based on the proposed pathophysiological character-
istics of dysregulated and/or prolonged activities of CD8" T cell that is
contributed significantly to lung injury following acute COVID-19, there
is a need to develop therapeutic interventions for these dysregulated
respiratory CD8" T cell responses. We present the hypothesis that
Tofacitinib through targeting the tissue memory CD8™ T cells may be an
effective therapy against chronic lung diseases promoted by acute
SARS-CoV-2 infection (Fig. 1). We believe that it is worth conducting
clinical trials for evaluating the effects of Tofacitinib administration on
patients with post-COVID-19 lung injury. Moreover, the use of Tofaci-
tinib in the treatment of COVID-19 shows extra advantages including its
effect on macrophages. SARS-COV-2 infected macrophages release
elevated amounts of IL-6, as one of the most important markers of
infection connected with JAK/STAT activation [43,44]. It has been
shown that the cellular characteristics of bronchoalveolar lavage fluid
from severely ill patients are mainly composed of macrophages [45].
Meanwhile, Tofacitinib not only acts against CD8™ cells but also could
be considered as an anti-IL-6R antibody therapy [46].
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