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Letter to the Editor

Targeting T-cell senescence and cytokine storm with rapamycin to prevent severe progression in
COVID-19

Dear Editor-in-Chief,

Recently, Zhang et al. published “The use of anti-inflammatory
drugs in the treatment of people with severe coronavirus disease 2019
(COVID-19): The perspectives of clinical immunologists from China”
[1]. We have read with great interest this review. As mentioned, current
knowledge of anti-inflammation treatment in COVID-19 patients sup-
ports the use of glucocorticoids, tocilizumab, JAK inhibitors, chlor-
oquine and hydroxychloroquine [1].

The emergence of a new SARS-CoV-2 betacoronavirus has led to a
major health-related crisis resulting in significant mortality in intensive
care units (ICU), due to pulmonary complications of COVID-19 [1].
Mortality is also associated with advanced chronological age, diabetes,
or cardiovascular disease [1].

Reduced counts and functional exhaustion of T lymphocytes, and
cytokine release syndrome have been identified as adverse factors in
patients affected by severe SARS-CoV-2 infection [2,3]. Severe COVID-
19 can therefore mimic a state of immune senescence [4].

In COVID-19, the serine/threonine kinase mTOR (mechanistic
Target Of Rapamycin) pathways may offer valuable targets to control
cell injury, oxidative stress, and the onset of hyperinflammation [5].
mTOR is a central regulator of inflammation within the immune system
[6,7] and a sensor of oxidative stress [8]. mTOR forms two complexes:
mTORC1 mediates TH1 and TH17 differentiation at the time of viral
antigenic presentation by dendritic cells (DC) [9]; mTORC2 mediates
TH2 differentiation; while both complexes restrict regulatory T-cell
(Treg) differentiation [7]. With regards to T cells, mTORC1 activation is
consequence of oxidative stress, which can be blocked by N-acet-
ylcysteine in Systemic Lupus Erythematosus (SLE) patients [10]. Con-
sistent with its role in pro-inflammatory T-cell differentiation, mTORC1
activation is involved in SLE patients which can be blocked by rapa-
mycin [7]. In addition, mTORC1 is thus known as the rapamycin-sen-
sitive complex [9].

The aim of this letter is to discuss the potentiality for rapamycin
(sirolimus), an mTOR inhibitor, to restore T-cell functionality and de-
crease cytokine storm.

Cytokine storm, a hyper-inflammatory reaction in which cytokines
are produced rapidly and extensively by immune cells in reaction to
endogenous or exogenous stress [11], is a major contributor to acute
respiratory distress syndrome and multiple organ dysfunction syndrome
[11].

In severe COVID-19 patients, IL-2, IL-6, IL-7, IL-10, TNF-α, G-CSF,
IP-10, MCP-1, and MIP-1α levels increase significantly [1,2]. Among
these, several cytokines are involved in TH17 type responses. IL-1β and
TNF-α (TH17 and TH1 cells highly express TNF-α), both promote TH17
responses and vascular permeability and leakage [12]. COVID-19 ex-
pands TH17 cells further supporting a TH17 type cytokine storm in this
disease [12]. Cytokine storm may promote T-cell apoptosis, necrosis or
pyroptosis, causing reduced T-cell counts [2].

T-cell senescence is a state of T-cell dysfunction that occurs in
chronic infections and cancer [2,4]. In COVID-19, patients over
60 years, and patients in ICU care have a decrease in CD4+, CD8+,
and total T-cell numbers [2], and this is inversely correlated with pa-
tients' survival [2].

T cells play a vital role in viral clearance, particularly through se-
cretion of cytotoxicity molecules such as perforin, granzyme and IFN-γ
[3]. However, patients with severe form of COVID-19 have less multi-
functional and more non-functional CD4+ T cells, as well as higher
senescent CD8+ T cells, that are unable to secrete the cytotoxicity
molecules, than patients with mild COVID-19 [3]. Also, reduced T-cell
numbers are negatively correlated with serum IL-6, IL-10 and TNF-α
[2] with higher levels of senescence markers PD-1 and Tim-3 [2], CTLA-
4 and TIGIT [3]. These constitute a hallmark of severe forms of COVID-
19 [2,3]. In addition, senescent cells are known to secrete a broad
spectrum of molecules such as cytokines (IL-1β, IL-6, IL-8, IL-10, IL-17,
TNF-α…), chemokines, proteases and growth factors, which distinguish
them from healthy cells present within tissues [13]. These factors re-
present a typical hallmark of senescence and therefore they have been
defined as senescence-associated secretory phenotype (SASP) [13].
Taken together, T-cell senescence might be the primum movens of cy-
tokine storm in severe COVID-19 [14].

In these patients, the potential of rapamycin, a specific mTOR
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inhibitor that can promote autophagy and suppress the SASP, to reverse
T-cell senescence can be discussed [15].

In elderly with increased senescent PD-1+ T-cells, everolimus (an
analog of rapamycin) enhanced immune function, and improved T-cell
responses to antigenic stimulation with an acceptable risk/benefit
balance [4]. In elderly with coronary artery disease, rapamycin reduced
serum senescence markers through IL-6 suppression [16].

In patients infected with the H1N1 influenza virus, early adjuvant
rapamycin therapy during a short period (2 mg/day for 14 days) was
significantly associated with an increased viral clearance, a greater
improvement in lung injury (i.e. less hypoxemia), and a decrease of
multiple organ dysfunction. The duration of ventilation in survivors
was also shortened [17].

In a mouse model, H1N1 causes acute lung injury in an IL-17-de-
pendent manner [18]. mTOR blockade with rapamycin might inhibit
the expansion of Th17 cells in COVID-19 patients such as in Systemic
Lupus Erythematosus patients [19,20].

H1N1 and SARS-CoV-2 both activate mTOR, and NLRP3

inflammasome pathway [5,21] leading to the production IL-1β, the
mediator of lung inflammation, fever and fibrosis [5,17] and induces
pyroptosis, a hyperinflammatory form of cell death [22]. Rapamycin
inhibits H1N1-induced mTOR pathway activation, and thus IL-1β se-
cretion [21]. In COVID-19, the binding of SARS-CoV-2 to Toll Like
Receptor (TLR), which leads to IL-1β production, could be reversed by
rapamycin [23].

Furthermore, rapamycin promotes de novo expression of Foxp3 in
naive T cells, leading to Treg proliferation and survival in vivo and in
vitro [9]. As a result, rapamycin inhibits effector T-cell proliferation
and promotes Treg accumulation [9].

In addition, rapamycin was recently identified in a network-based
drug repurposing study as a candidate for potential use in COVID-19
[23].

When given at the early onset of the cytokine storm phase, rapa-
mycin, through the down-regulation of the SASP, of the mTOR-NLRP3-
IL-1β axis, of the IL-6 pathway, and of senescent T-cell number, might
prevent progression to severe forms of COVID-19 (Fig. 1).

Fig. 1. Rapamycin use in COVID-19. ①SARS-CoV-2 entry into lungs through respiratory droplets ②Alveolar (Type II) Epithelial cell zoomSARS-CoV-2 bindingACE2
and entry into Alveolar (Type II) Epithelial cell SARS-CoV-2 replication into Alveolar (Type II) Epithelial cell Cell apoptosis releasing DAMPs Innate immune cells
recruitment ROS releasing Innate immune response with chemokines and cytokines release ③ DC Zoom Binding SARS-CoV-2 to TLR Activation of NFkB signaling
pathway Activation of PI3K/AKT/mTOR signaling pathway Activation NLRP3 inflammasome pathway by the ROS as result of SARS-CoV-2 binding ACE2 Production
of IL-1β by Caspase-1 from pro- IL-1β Caspase-1 mediate cell pyroptosis Rapamycin blocks mTOR and finally limits IL-1β and IL-6 production as well as pyroptosis ④
Preferential differentiation of ETC, TH1 and TH17 by activation of mTORC1 pathway by ROS ⑤ ROS, Pyroptosis, extensive and prolonged cytokines release lead to
immunosenescence Expression of senescent markers such as PD-1 Senescent Associated Secretory Phenotype (SASP) with IL-1, IL-6, IL-8, TNFα, Chemokines, MMPs,
and Growth Factors ⑥ Critical phase of SARS-CoV-2 infection with Cytokine Storm and immunoscenescence SASP and Pyroptosis lead to Macrophages, Monocytes,
PMNs recruitment and cytokines release. SASP, Pyroptosis, and cytokines released by Macrophages, Monocytes, and PMNs are the main components of CYTOKINE
STORM CD8+ T lymphocytes senescence under cytokine storm and extensive SARS-CoV-2 replication : Cytokine storm increases the numbers of STC expressing the
senescent marker PD-1 PD-1+ STC become unable to secrete IFN-γ, Perforin, and Granzyme, and eventually kill the infected cell ⑦ Kinetics of SARS-CoV-2 infection
and window of opportunity for rapamycin treatment Abbreviations: DAMPs: Damage Associated Molecular Paterns; PMNs : Polymorphonuclear Leukocytes ; ROS:
Reactive Oxygen Species; DC : Dendritic Cell ; TLR : Toll Like Receptor ; ACE2 : Angiotensin Converting Enzyme 2; MAVS : Mitochondrial Anti-Viral Signaling; STC :
Senescent T Cell; ETC: Effector T Cell; MTC: Memory T Cell; ARDS : acute respiratory distress syndrome.
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The adverse effects of rapamycin are well known and include leu-
kopenia, thrombocytopenia, diarrhea, stomatitis, hypercholester-
olemia, and rarely interstitial pneumonitis [24].

Associated to antiviral therapy, rapamycin could optimize the
treatment of COVID-19 patients with advanced chronological age, and/
or comorbidities, or those with reduced T-cell counts who are more
likely to progress to severe disease.

To date, there is one registered clinical trial of rapamycin:
“Sirolimus Treatment in Hospitalized Patients With COVID-19
Pneumonia (SCOPE)” (NCT04341675).

Author contribution statement

LO: Conception, design, literature analysis, and manuscript redac-
tion.

AJ: Analysis, manuscript redaction, revising the manuscript for
important intellectual content.

FP: Drafting the figure, and revising the manuscript for important
intellectual content.

BL: Analysis, revising the manuscript for important intellectual
content.

OM: Analysis, revising the manuscript for important intellectual
content.

GM: Analysis, revising the manuscript for important intellectual
content.

Each author revised the report and approved the submitted version
of the manuscript.

Each author has agreed both to be personally accountable for the
author's own contributions and to ensure that questions related to the
accuracy or integrity of any part of the work, even ones in which the
author was not personally involved, are appropriately investigated,
resolved, and the resolution documented in the literature.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Permission information

The authors do hereby declare that all illustrations and figures in the
manuscript are entirely original and do not require reprint permission.

Ethics approval

Not applicable.

Declaration of Competing Interest

All authors declare they have nothing to disclose, and no competing
interests.

Acknowledgements

The authors wish to thank Ms. Hazel Chaouch for English language
correction. The authors wish to thank Mr Loïc Fin, for his adminis-
trative contribution to the success of this study. The authors wish to
thank the “CHU de Rennes – Corect” for their support for our work.

References

[1] W. Zhang, Y. Zhao, F. Zhang, Q. Wang, T. Li, Z. Liu, J. Wang, Y. Qin, X. Zhang, X. Yan,
X. Zeng, S. Zhang, The use of anti-inflammatory drugs in the treatment of people with
severe coronavirus disease 2019 (COVID-19): The Perspectives of clinical immunologists
from China, Clin. Immunol. 214 (2020) 108393, https://doi.org/10.1016/j.clim.2020.
108393.

[2] B. Diao, C. Wang, Y. Tan, X. Chen, Y. Liu, L. Ning, L. Chen, M. Li, Y. Liu, G. Wang,
Z. Yuan, Z. Feng, Y. Zhang, Y. Wu, Y. Chen, Reduction and functional exhaustion of T cells
in patients with coronavirus disease 2019 (COVID-19), Front. Immunol. 11 (2020),
https://doi.org/10.3389/fimmu.2020.00827.

[3] H.-Y. Zheng, M. Zhang, C.-X. Yang, N. Zhang, X.-C. Wang, X.-P. Yang, X.-Q. Dong, Y.-
T. Zheng, Elevated exhaustion levels and reduced functional diversity of T cells in per-
ipheral blood may predict severe progression in COVID-19 patients, Cell. Mol. Immunol.
(2020), https://doi.org/10.1038/s41423-020-0401-3.

[4] J.B. Mannick, G. Del Giudice, M. Lattanzi, N.M. Valiante, J. Praestgaard, B. Huang,
M.A. Lonetto, H.T. Maecker, J. Kovarik, S. Carson, D.J. Glass, L.B. Klickstein, mTOR in-
hibition improves immune function in the elderly, Sci. Transl. Med. 6 (2014) 268ra179,
https://doi.org/10.1126/scitranslmed.3009892.

[5] P. Conti, Induction of pro-inflammatory cytokines (IL-1 and IL-6) and lung inflammation
by COVID-19: anti-inflammatory strategies, J. Biol. Regul. Homeost. Agents 34 (2020) 1,
https://doi.org/10.23812/CONTI-E.

[6] H. Chi, Regulation and function of mTOR signalling in T cell fate decisions, Nat. Rev.
Immunol. 12 (2012) 325–338, https://doi.org/10.1038/nri3198.

[7] N. Huang, A. Perl, Metabolism as a target for modulation in autoimmune diseases, Trends
Immunol. 39 (2018) 562–576, https://doi.org/10.1016/j.it.2018.04.006.

[8] Z. Lai, I. Marchena-Mendez, A. Perl, Oxidative stress and Treg depletion in lupus patients
with anti-phospholipid syndrome, Clin. Immunol. 158 (2015) 148–152, https://doi.org/
10.1016/j.clim.2015.03.024.

[9] R. Gedaly, mTOR signaling in regulatory T cell differentiation and expansion, SOJ
Immunol. 3 (2015), https://doi.org/10.15226/soji/3/1/00122.

[10] Z.-W. Lai, R. Hanczko, E. Bonilla, T.N. Caza, B. Clair, A. Bartos, G. Miklossy, J. Jimah,
E. Doherty, H. Tily, L. Francis, R. Garcia, M. Dawood, J. Yu, I. Ramos, I. Coman,
S.V. Faraone, P.E. Phillips, A. Perl, N -acetylcysteine reduces disease activity by blocking
mammalian target of rapamycin in T cells from systemic lupus erythematosus patients: a
randomized, double-blind, placebo-controlled trial, Arthritis Rheum. 64 (2012)
2937–2946, https://doi.org/10.1002/art.34502.

[11] P. Mehta, D.F. McAuley, M. Brown, E. Sanchez, R.S. Tattersall, J.J. Manson, HLH across
speciality collaboration, UK, COVID-19: consider cytokine storm syndromes and im-
munosuppression, Lancet Lond. Engl. (2020), https://doi.org/10.1016/S0140-6736(20)
30628-0.

[12] D. Wu, X.O. Yang, TH17 responses in cytokine storm of COVID-19: an emerging target of
JAK2 inhibitor Fedratinib, J. Microbiol. Immunol. Infect. (2020), https://doi.org/10.
1016/j.jmii.2020.03.005.

[13] S. Lopes-Paciencia, E. Saint-Germain, M.-C. Rowell, A.F. Ruiz, P. Kalegari, G. Ferbeyre,
The senescence-associated secretory phenotype and its regulation, Cytokine 117 (2019)
15–22, https://doi.org/10.1016/j.cyto.2019.01.013.

[14] C.B. Crayne, S. Albeituni, K.E. Nichols, R.Q. Cron, The immunology of macrophage ac-
tivation syndrome, Front. Immunol. 10 (2019), https://doi.org/10.3389/fimmu.2019.
00119.

[15] R. Wang, Z. Yu, B. Sunchu, J. Shoaf, I. Dang, S. Zhao, K. Caples, L. Bradley, L.M. Beaver,
E. Ho, C.V. Löhr, V.I. Perez, Rapamycin inhibits the secretory phenotype of senescent cells
by a Nrf2-independent mechanism, Aging Cell 16 (2017) 564–574, https://doi.org/10.
1111/acel.12587.

[16] M. Singh, M.D. Jensen, A. Lerman, S. Kushwaha, C.S. Rihal, B.J. Gersh, A. Behfar,
T. Tchkonia, R.J. Thomas, R.J. Lennon, L.R. Keenan, A.G. Moore, J.L. Kirkland, Effect of
low-dose rapamycin on senescence markers and physical functioning in older adults with
coronary artery disease: results of a pilot study, J. Frailty Aging. 5 (2016) 204–207,
https://doi.org/10.14283/jfa.2016.112.

[17] C.-H. Wang, F.-T. Chung, S.-M. Lin, S.-Y. Huang, C.-L. Chou, K.-Y. Lee, T.-Y. Lin, H.-
P. Kuo, Adjuvant treatment with a mammalian target of rapamycin inhibitor, sirolimus,
and steroids improves outcomes in patients with severe H1N1 pneumonia and acute re-
spiratory failure, Crit. Care Med. 42 (2014) 313–321, https://doi.org/10.1097/CCM.
0b013e3182a2727d.

[18] C. Li, P. Yang, Y. Sun, T. Li, C. Wang, Z. Wang, Z. Zou, Y. Yan, W. Wang, C. Wang, Z. Chen,
L. Xing, C. Tang, X. Ju, F. Guo, J. Deng, Y. Zhao, P. Yang, J. Tang, H. Wang, Z. Zhao,
Z. Yin, B. Cao, X. Wang, C. Jiang, IL-17 response mediates acute lung injury induced by
the 2009 pandemic Influenza A (H1N1) Virus, Cell Res. 22 (2012) 528–538, https://doi.
org/10.1038/cr.2011.165.

[19] Z.-W. Lai, R. Borsuk, A. Shadakshari, J. Yu, M. Dawood, R. Garcia, L. Francis, H. Tily,
A. Bartos, S.V. Faraone, P. Phillips, A. Perl, Mechanistic target of rapamycin activation
Triggers IL-4 production and necrotic death of double-negative T Cells in patients with
systemic lupus erythematosus, J. Immunol. 191 (2013) 2236–2246, https://doi.org/10.
4049/jimmunol.1301005.

[20] Z.-W. Lai, R. Kelly, T. Winans, I. Marchena, A. Shadakshari, J. Yu, M. Dawood, R. Garcia,
H. Tily, L. Francis, S.V. Faraone, P.E. Phillips, A. Perl, Sirolimus in patients with clinically
active systemic lupus erythematosus resistant to, or intolerant of, conventional medica-
tions: a single-arm, open-label, phase 1/2 trial, Lancet Lond. Engl. 391 (2018)
1186–1196, https://doi.org/10.1016/S0140-6736(18)30485-9.

[21] X. Jia, B. Liu, L. Bao, Q. Lv, F. Li, H. Li, Y. An, X. Zhang, B. Cao, C. Wang, Delayed
oseltamivir plus sirolimus treatment attenuates H1N1 virus-induced severe lung injury
correlated with repressed NLRP3 inflammasome activation and inflammatory cell in-
filtration, PLoS Pathog. 14 (2018) e1007428, , https://doi.org/10.1371/journal.ppat.
1007428.

[22] M. Yang, Cell pyroptosis, a potential pathogenic mechanism of 2019-nCoV infection,
SSRN Electron. J. (2020), https://doi.org/10.2139/ssrn.3527420.

Letter to the Editor Clinical Immunology 216 (2020) 108464

3

https://doi.org/10.1016/j.clim.2020.108393
https://doi.org/10.1016/j.clim.2020.108393
https://doi.org/10.3389/fimmu.2020.00827
https://doi.org/10.1038/s41423-020-0401-3
https://doi.org/10.1126/scitranslmed.3009892
https://doi.org/10.23812/CONTI-E
https://doi.org/10.1038/nri3198
https://doi.org/10.1016/j.it.2018.04.006
https://doi.org/10.1016/j.clim.2015.03.024
https://doi.org/10.1016/j.clim.2015.03.024
https://doi.org/10.15226/soji/3/1/00122
https://doi.org/10.1002/art.34502
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/j.jmii.2020.03.005
https://doi.org/10.1016/j.jmii.2020.03.005
https://doi.org/10.1016/j.cyto.2019.01.013
https://doi.org/10.3389/fimmu.2019.00119
https://doi.org/10.3389/fimmu.2019.00119
https://doi.org/10.1111/acel.12587
https://doi.org/10.1111/acel.12587
https://doi.org/10.14283/jfa.2016.112
https://doi.org/10.1097/CCM.0b013e3182a2727d
https://doi.org/10.1097/CCM.0b013e3182a2727d
https://doi.org/10.1038/cr.2011.165
https://doi.org/10.1038/cr.2011.165
https://doi.org/10.4049/jimmunol.1301005
https://doi.org/10.4049/jimmunol.1301005
https://doi.org/10.1016/S0140-6736(18)30485-9
https://doi.org/10.1371/journal.ppat.1007428
https://doi.org/10.1371/journal.ppat.1007428
https://doi.org/10.2139/ssrn.3527420


[23] Y. Zhou, Y. Hou, J. Shen, Y. Huang, W. Martin, F. Cheng, Network-based drug re-
purposing for novel coronavirus 2019-nCoV/SARS-CoV-2, Cell Discov. 6 (2020), https://
doi.org/10.1038/s41421-020-0153-3.

[24] D.J.A.R. Moes, H.-J. Guchelaar, J.W. de Fijter, Sirolimus and everolimus in kidney
transplantation, Drug Discov. Today 20 (2015) 1243–1249, https://doi.org/10.1016/j.
drudis.2015.05.006.

Loukman Omarjeea,b,⁎, Anne Janinc, Frédérique Perrotd,
Bruno Laviollee, Olivier Meilhacf,g, Guillaume Mahee

a Inserm, NuMeCan Institute (UMR INSERM 1241), Rennes F-35033,
France

bUniv Rennes, CHU Rennes, INSERM, CIC1414, Clinical Immunology and
Vascular Medicine, Rennes F-35033, France

c Inserm, (U942), Paris Diderot University, Sorbonne Paris Cité, Paris F-
75018, France

d Cellular and Molecular Biology Consultant, Rennes F-35033, France
e Inserm, Clinical Investigation Center 1414, Univ Rennes, CHU Rennes,

Rennes F-35033, France
f Reunion Island University, INSERM U1188, Diabetes atherothrombosis
Réunion Indian Ocean (DéTROI), CYROI Plateform, Sainte-Clotilde F-

97490, France
g CHU de La Réunion, Saint-Pierre F- 97448, France

E-mail address: loukman.omarjee@chu-rennes.fr (L. Omarjee).

⁎ Corresponding author at: Clinical Immunologist and Vascular Physician, NuMeCan Institute, UMR INSERM U1241, Clinical Investigation Center INSERM
CIC1414, Hôpital Pontchaillou – Rennes University Hospital, 2 rue Henri Le Guilloux, Rennes F-35033, France.

Letter to the Editor Clinical Immunology 216 (2020) 108464

4

https://doi.org/10.1038/s41421-020-0153-3
https://doi.org/10.1038/s41421-020-0153-3
https://doi.org/10.1016/j.drudis.2015.05.006
https://doi.org/10.1016/j.drudis.2015.05.006
mailto:loukman.omarjee@chu-rennes.fr

