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Abstract. The outbreak of Sars-CoV-2 (COVID-19)

poses serious challenges to people´s health worldwide. The management of the disease is mostly
supportive, and respiratory failure from acute respiratory distress syndrome is the leading cause
of death in a significant proportion of affected patients. Preliminary data point out that dramatic increase in IL-6 and subsequent cytokine release
syndrome may account for the development of fatal
interstitial pneumonia. Inhibition of IL-6 by blocking its specific receptor with monoclonal antibodies has been advocated as a promising attempt.
Here we assess the potential utility of myo-Inositol, a polyol already in use for treating the newborn
Respiratory Distress Syndrome, in downregulating
the inflammatory response upon Sars-CoV-2 infection. Myo-Inositol proved to reduce IL-6 levels in a
number of conditions and to mitigate the inflammatory cascade, while being devoid of any significant
side effects. It is tempting to speculate that inositol
could be beneficial in managing the most dreadful
effects of Sars-CoV-2 infection.
Key Words:
Sars-CoV-2, COVID-19, Myo-Inositol, Acute Respiratory Distress Syndrome, Interleukin-6 (IL-6).

Sars-CoV-2 (Covid-19) Epidemics
A coronavirus-based disease – Sars-CoV-2, previously known as COVID-19 - is currently spreading worldwide1. Current management of COVID-19
is mostly supportive, and respiratory failure from
acute respiratory distress syndrome is the leading
cause of death. Despite corticosteroids should be
avoided as they might worsen lung damage (as
demonstrated by previous pandemics), down-regulation of immune function is deemed beneficial
3426

given that patients with severe COVID-19 might
display a cytokine storm syndrome. Thereby, new
treatment options are urgently warranted.

Inositol and Pulmonary Function
Inositol and Respiratory Distress Syndrome
in the newborn. In 1955, Pattle et al2 described
the pulmonary surfactant (PS) and provided the
first evidence about the involvement of PS in
several lung diseases. Pulmonary surfactant is a
surface-active lipoprotein complex (phospho-lipoprotein) formed by type II alveolar cells3,4.
Secondary alveolarization, begins at about 32
weeks’ gestation. During this phase, alveoli form
and mature, and alveolar walls thin. All cell types
proliferate during this phase, including type II
pneumocytes. The overall result is a maturing
lung with a larger surface area and a minimal diffusion distance for gas exchange2. Abnormalities
in surfactant composition and/or reduced surfactant synthesis have been described in Respiratory Distress Syndrome5 (RDS, formerly known
as hyaline membrane disease) in the infants, as
well as in many similar illnesses6. Indeed, the absence or the inadequacy of surfactant in the liquid
film lining of alveoli cause an increase in surface
tension and alveolar collapse7. Furthermore, RDS
may lead to very severe forms of Chronic Lung
Disease (CLD)8, even if after the introduction of
RDS therapy those clinical pictures have been
less frequently recorded. Actually, current CLD
form comprises incomplete growth and development of alveoli and vasculature, sustained inflammatory cell activation, akin to that of chronic
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obstructive disease. A prominent feature of CLD
is a persistent/recurrent inflammatory reaction,
due to several factors: hyperoxia, baro/volu-traumas, toxin stimulation, intrauterine infections9.
Accordingly, anti-inflammatory drugs proved to
ameliorate clinical symptoms, even if glucocorticoid should be avoided. Researchers have recently focused interest on the use of myo-inositol (myo-Ins) supplementation in preterm infants
for the prevention of bronchopulmonary disease
(BPD) and retinopathy of prematurity (ROP)10-12.
Myo-Ins is a naturally occurring polyol, widely
represented in foods and actively synthesized by
living organisms, that is involved in a number
of critical physiological processes13. In the lung,
myo-Ins promotes maturation of the surfactant
phospholipids, phosphatidylcholine and phosphatidyl-inositol. Namely, the synthesis of phosphatidylinositol in type II pneumocytes appears to
be dependent on extracellular inositol concentrations14,15. Compositional changes in fetal rat lung
surfactant correlate with changes in plasma inositol levels, and supplementation restores normal
phospholipid levels in the deprived rat pup16,17.
In human infants with RDS, a premature drop
in serum inositol levels predicts a more severe
course18. Inositol supplementation increases the
saturated phosphatidylcholine/sphingomyelin ratio in surfactant in newborns, and produces a rise
in serum inositol concentration. In humans, free
inositol levels in sera from preterm neonates are
2-20 times higher than maternal or adult sera19,20.
Human milk has a high concentration of inositol,
with preterm milk being the richest source, and
studies in newborns suggest an endogenous synthesis of inositol during fetal life. Infants who are
breast fed have higher serum inositol levels compared to those that are not at 1-2 weeks of life21,22.
These facts suggest a critical role for inositol in
fetal and early neonatal life. Several studies have
been published assessing serum inositol levels in
the preterm human infant23,24, as well as the effects of inositol supplementation. However, only
few published RCTs of inositol supplementation
have been subjected to systematic review25. Yet,
while the number of studies available for analysis was small, the quality of the reports was
considered appropriate, as recently stated by a
Cochrane study26. A statistically significant reduction in death or BPD in infants with inositol
supplementation was indeed demonstrated, and a
striking reduction was found in ROP stage 4 or in
that needing treatment. When a secondary analysis was carried out, a significant reduction was

observed in ROP (any stage) as well26. A further
survey released in 201227 recorded five randomized clinical trials, reaching similar conclusions:
myo-Ins supplementation results in statistically
significant and clinically important reductions in
short-term adverse neonatal outcomes, decreases
the incidence of broncho-pulmonary dysplasia
and significantly reduces neonatal death.
The effectiveness of myo-Ins in reducing the
severity of RDS is consistent with experimental
data indicating that it serves as a substrate to enhance the synthesis and the secretion of surfactant phospholipid in immature lung tissue28. It is
unclear whether the decrease in RDS severity in
newborns treated with myo-Ins was due to the
surfactant increase – as documented by the significant increase in lecithin:sphingomyelin ratio
during the first days of life – or to the effect on
other lung structural and molecular components
as well. Those data prompted clinicians to investigate the usefulness of myo-Ins in the combined
treatment of other diseases of the upper and lower
respiratory system (acute sinusitis, chronic obstructive bronchopneumopathy, bronchiolitis and
eventually lung cancer).

Inositol and Lung Cancer
Dietary inositol has been shown to inhibit
lung tumorigenesis in female A/J mice exposed
to the carcinogen benzo(α)-pyrene or 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone in a
number of studies29-33. With doses as low as 0.3%
added to the diet, myo-Ins inhibited pulmonary
tumor formation by 53% when given continuously, starting one week before benzo(α)-pyrene
administration34. Moreover, combination of
myo-Ins with dexamethasone was the only chemopreventive regimen that attenuated the weak
carcinogenicity of unfractionated environmental
carcinogenic compounds35. Myo-Ins was also effective in the post-initiation phase and when given for short periods before, during, and immediately post carcinogen exposure36. In humans,
myo-Ins in a daily dose of 18 g per os showed to
be safe and well tolerated, meanwhile inducing
a significant regression of individual pulmonary
dysplastic lesions (91% in the myo-Ins group versus 48% in the placebo group)37. Myo-Ins plays
a relevant set of pleiotropic effects on several
different pathways that can collectively exert
many of anticancer activities (inhibition of cell
proliferation, increased apoptosis, modulation
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of cytoskeleton architecture and so forth)38,39.
As PI3K activation represents a critical and early step in lung carcinogenesis, its inhibition is
likely to be a key factor in lung cancer chemoprevention. Indeed, a significant increase in a
genomic signature of phosphatidylinositol 3-kinase (PI3K) pathway activation in cells from
the bronchial airway of both smokers with lung
cancer and smokers with dysplastic lesions has
been recorded, suggesting that PI3K is activated
in the proximal airway before tumorigenesis. It is
worth noting that PI3K activity decreases in the
airway of high-risk smokers who had significant
regression of dysplasia after treatment with the
chemopreventive agent myo-Ins40. Moreover, following myo-Ins treatment, significant decreases
in Akt and ERK phosphorylation were observed
in dysplastic lung lesions (p<0.05) in vivo; in vitro, inositol decreased endogenous and tobacco
carcinogen-induced activation of Akt and ERK
in immortalized human bronchial epithelial cells,
ultimately leading to decreased cell proliferation
and to G1-S cell cycle arrest41. Besides the inhibitory effect upon “canonical” pathways, myo-Ins
demonstrated to modulate a number of other
relevant biochemical cascades. In a transgenic
mouse oncogenic Kras model (CC-LR), myo-Ins
significantly reduces cancer development while
reducing oncogenic KrasG12D and downstream
effectors, cRaf and p-ERK in the lungs of CC-LR
mice. Given that CC-LR mice exhibited a substantially higher inflammatory cytokines (IL-6
and Leukaemia Inhibiting Factor, LIF), it was
hypothesized that myo-Ins could interfere with
the inflammatory pathway. As a result, it was
showed that the activity of both IL-6 and LIF
significantly decreases in lungs of CC-LR mice
when they were fed with myo-inositol diet42. Additionally, those animals displayed a concomitant
suppression of pStat3 activity.
Those data further confirm the differentiating
activity exerted by myo-Ins and provide meaningful insights into new chemoprevention strategies43. All of these findings support the ongoing
phase 2 multicenter study sponsored by the NCI
Mayo Clinic Cancer Prevention Network44.

IL-6 release and Acute Respiratory
Distress Syndrome
Pathogenic human coronavirus infections,
such as the current CoVid-19 (Sars-CoV-2), is associated with high mortality in a fraction (5-10%)
3428

of patients in which the virus triggers an interstitial pneumonia that quickly evolves into a severe respiratory distress syndrome (pneumonia
associated respiratory syndrome, PARS)45. Even
though the mechanisms that orchestrate PARS are
still unknown, preliminary data suggest that a deregulated cytokine response (akin to the Cytokine
Release Syndrome) plays a critical role, as already
shown in previous corona-virus infections46,47.
Indeed, it has been shown that CD4 T lymphocytes are rapidly activated to become pathogenic
T helper-1 cells, subsequently unleashing a “cytokine storm” through increased expression of
IL-6 and many other cytokines, thus promoting
the recruitment of inflammatory CD14 and CD16
monocytes48. Indeed, lungs of Sars-CoV-2 patients
are infiltrated by a large amount of inflammatory cells that disrupt the interstitium and alter the
physiological cross-talk between cells and their
microenvironment, thus hindering O2 exchange49.
Moreover, inflammatory cells and cytokines can
enter the blood and play a relevant role in initiating a Multiple organ dysfunction syndrome50.
It is remarkable that patients who develop PARS
when infected by Sars-CoV-2 are mostly affected by a number of co-morbidities associated with
persistent high levels of IL-651: hypertension
(73.8%)52, cardiovascular diseases (52.1%)53, cancer (19.5) and chronic renal failure (20.2)54. We
hypothesize that Sars-CoV-2 infection can further
exacerbate IL-6 release in these patients in which
IL-6 levels are already very high, thus fostering a
true cytokine storm55.
IL-6 is a multifunctional cytokine that regulates humoral and cellular responses, playing a
pivotal function in inflammation and tissue damage during infections and degenerative diseases
(atherosclerosis, cancer). IL-6 acts through interaction with the receptor complex, IL-6Rb (also
known as gp130), which transduces IL-6 effect
into the cell. IL-6 levels are higher in patients
affected by cardiovascular diseases56, hypertension57, in diabetes58, as well as in other relevant
diseases like cancer59, deregulated inflammatory
response60, sepsis61, and viral infections62. It is
worth noting that patients with persistently elevated IL-6 levels demonstrate a worse in-hospital
outcome following admission63,64.
It is widely recognized that IL-6 can promote
carcinogenesis, angiogenesis and metastasis in a
number of experimental animal models65. Moreover, IL-6 mediated inflammatory pathway renders lung cancer cells resistant to cisplatin treatment66, while higher systemic IL-6 levels are
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associated with poor prognosis in non-small cell
lung cancer67.

New Therapeutic Perspectives
in Counteracting IL-6 Storm Release
These preliminary data support the hypothesis of a causative role of IL-6 in driving the inflammatory response that leads to morbidity and
mortality in patients with COVID-19 who develop
acute respiratory distress syndrome. Therefore,
it has been proposed that monoclonal antibodies
targeting IL-6 or drugs able to downregulate IL-6
may be effective in blocking inflammatory storms,
therefore representing a potential treatment for severe COVID 19 patients. Some promising, albeit
unconfirmed, clinical results have shown that tocilizumab, a specific inhibitor of IL-6 receptor68,
can significantly improve oxygenation and clinical
outcome of Sars-CoV-2 patients69. However, IL-6
has a role in both the innate and adaptive immune
responses that protect the host from a variety of
infections. Clinical studies of IL-6 inhibitors, specifically tocilizumab, revealed that their use is associated with an increased rate of both serious and
opportunistic infections generally observed with
other non-IL-6-directed biologic therapies70.
High concentrations of inositol (or its derivatives) in surfactant preparations mitigate key inflammatory pathways in inflammatory lung disease71. Inositol and its metabolites also decrease
pulmonary edema after lung injury72. In an animal model of Ovarian hyperstimulation syndrome
(OHSS) – a condition that in some instances can
be characterized by life-threatening events, like
acute respiratory distress syndrome (ARDS),
hypovolemia, ascites, edema, and thrombosis73 –
myo-Ins was able to counteract the main clinical
features, while significantly reducing a number of
inflammatory signatures, including Vascular permeability, VEGF and COX-2 expressions74.
Moreover, inositol specifically down-regulates
IL-6 levels42, PI3K75 (a key factor in the transduction of IL-6 signal), as well as many inflammatory
parameters – like PGE and COX276 – downstream
of PI3K activation in different diseases like cancer
and polycystic Ovary Syndrome (PCOS). In this latter condition, myo-Ins supplementation significantly
reduces pro-inflammatory cytokines like IL-6 and
p-STAT377. A general model has been proposed in
which the chemo-protective effect of myo-Ins on lung
functionality was directly linked to downregulation
of IL-6 and modulation of the microenvironment

immune response78. Again, it should be stressed that
myo-Ins administration – both through intravenous
route and by oral supplementation – is almost completely devoid of any significant adverse effect.
Overall, these findings suggest that IL-6 is a
major target of myo-Ins and raise the possibility that Sars-CoV-2 patients with IL-6-driven inflammation may benefit from myo-Ins treatment.
Our laboratory already showed familiarity
with the IL-6 release and the underlying mechanisms that regulate it. Specifically, we showed
that IL-6, as well as IL-1b, are epigenetically upregulated by the hypomethylation of the gene promoter region in cell culture models and in human
specimens from neurodegenerative disorders79-81.
Unpublished preliminary results indicating that
myo-Ins seems to exert epigenetic effects, suggest
a possible mechanism of action in IL-6 regulation.
Overall, these findings indicate that IL-6 is a
major target of myo-inositol and raise the possibility that Sars-CoV-2 patients with a high level of
IL-6-driven inflammation may show benefit from
treatment with myo-inositol.
Conflict of Interests
V.U. is an employee of Lo.Li.Pharma Srl. All other authors
declare that they have no conflict of interests.

References
  1) Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG,
Hu Y, Tao ZW, Tian JH, Pei YY, Yuan ML, Zhang YL,
Dai FH, L iu Y, Wang QM, Zheng JJ, Xu L, Holmes
EC, Zhang YZ. A new coronavirus associated
with human respiratory disease in China. Nature
2020; 579: 265-269.
  2) Pattle RE. Properties, function and origin of the
alveolar lining layer. Nature 1955; 175: 1125-1126.
  3) M ason RJ. Pulmonary alveolar type II epithelial
cells and adult respiratory distress syndrome.
West J Med 1985; 143: 611-615.
  4) Joshi S, Kotecha S. Lung growth and development.
Early Hum Dev 2007; 83: 789-794.
  5) Warren JB, A nderson JDM. Core concepts: respiratory distress syndrome. Neoreviews 2009; 10:
e351.
  6) Clements JA, Avery ME. Lung surfactant and neonatal respiratory distress syndrome. Am J Respir
Crit Care Med 1998; 157: S59-66.
  7) Kopelman AE, M atthew OP. Common respiratory
disorders of the newborn. Pediatr Rev 1995; 16:
209-217.
  8) Northway Jr, WH, Rosan RC, Porter DY. Pulmonary
disease following respiratory therapy. New Engl J
Med 1967; 276: 357-374.

3429

M. Bizzarri, A.S. Laganà, D. Aragona, V. Unfer
  9) Zimmerman, JJ, Farrell, PM. Advances and issues
in bronchopulmonary dysplasia. Curr Probl Pediatr 1994; 24: 159-170.
10) Hallman M, Jarvanpaa AL, Pohjavuori M. Respiratory distress syndrome and inositol supplementation in preterm infants. Arch Dis Child 1986; 61:
1076-1083.
11) Hallman M, Bry K, Hoppu K, L appi M, Pohjavuori M.
Inositol supplementation in premature infants with
respiratory distress syndrome. New Engl J Med
1992;326:1233.
12) Hallman M, Pohjavuori M, Bry K. Inositol supplementation in respiratory distress syndrome. Lung
1990; 168 Suppl: 877-882.
13) Bizzarri M, Fuso A, Dinicola S, Cucina A, Bevilacqua
A. Pharmacodynamics and pharmacokinetics of
inositol(s) in health and disease. Expert Opin
Drug Metab Toxicol 2016; 12: 1181-1196.
14) Hallman M, Epstein BL. Role of myo-inositol in the
synthesis of phosphatidylglycerol and phosphatidylinositol in the lung. Biochem Biophys Res
Commun 1980; 92: 1151-1159.
15) Hallman M. Effect of intracellular myo-inositol on the
surfactant phospholipid synthesis in the fetal rabbit
lung. Biochim Biophys Acta 1984; 795: 67-78.
16) Egberts J, Noort WA. Gestational age-dependent
changes in plasma inositol levels and surfactant
composition in the fetal rat. Pediatr Res 1986; 20:
24-27.
17) Guarner V, Tordet C, Bourbon JR. Effects of maternal protein-calorie malnutrition on the phospholipid composition of surfactant isolated from
the fetal and neonatal rat lungs. Compensation
by inositol and lipid supplementation. Pediatr Res
1992; 31: 629-635.
18) Hallman M, Saugstad OD, Porreco RP, Epstein BL,
Gluck L. Role of myo-inositol in regulation of surfactant phospholipids in the newborn. Early Hum
Dev 1985; 10: 245-254.
19) L ewin LM, Melmed S, Passwell JH, Yannai Y, Brish M,
Orda S, Boichis H, Bank H. Myoinositol in human
neonates: serum concentrations and renal handling. Pediatr Res 1978; 12: 3-6.
20) Burton LE, Wells WW. Studies on the development pattern of the enzymes converting glucose-6-phosphate to myo-inositol in the rat. Dev
Biol 1974; 37: 35-42.
21) Bromberger P, Hallman M. Myoinositol in small
preterm infants: Relationship between intake and
serum concentration. J Pediatr Gastroenterol Nutr 1986; 5: 455-458.
22) Pereira GR, Baker L, Egler J, Corcoran L, Chiavacci
R. Serum myoinositol concentrations in premature infants fed human milk, formula for infants,
and parenteral nutrition. Am J Clin Nutr 1990; 51:
589-593.
23) L ewin LM, Melmed S, Passwell JH, Yannai Y, Brish M,
Orda S, Boichis H, Bank H. Myoinositol in human
neonates: serum concentrations and renal handling. Pediatr Res 1978; 12: 3-6.
24) Hallman M, A rjomaa P, Hoppu K. Inositol supplementation in respiratory distress syndrome:
relationship between serum concentration, renal
excretion, and lung effluent phospholipids. J Pediatr 1987; 110: 604-610.

3430

25) Soll RF, McQueen MC. Respiratory distress syndrome. In: Sinclair JC, Bracken MB editor(s). Effective care of the newborn infant. Oxford: Oxford
University Press, 1992.
26) Howlett A, Ohlsson A. Inositol for respiratory
distress syndrome in preterm infants (Review).
The Cochrane Library 2003, Issue 4. http://www.
thecochranelibrary.com
27) Howlett A, Ohlsson A, Plakkal N. Inositol for respiratory distress syndrome in preterm infants.
Cochrane Database Syst Rev 2012; CD000366.
28) A nceschi MM, Petrelli A, Z accardo G, Barbati A,
Di Renzo GC, Cosmi EV, Hallman M. Inositol and
glucocorticoid in the development of lung stability
in male and female rabbit fetuses. Pediatr Res
1988; 24: 617-621.
29) Wattenberg LW, Estensen RD. Chemopreventive effects of myo-inositol and dexamethasone on benzo(a)pyrene and 4-(methyl-nitrosamine)-1-(3-pyridyl)-1-butanone-induced pulmonary carcinogenesis in female A/J mice. Cancer Res 1996; 56:
5132-5135.
30) Zhang Z, Liu Q, L antry LE, Wang Y, Kelloff GJ,
Anderson MW, Wiseman RW, Lubet RA, You M. A
germ-line p53 mutation accelerates pulmonary tumorigenesis: p53-independent efficacy of chemopreventive agents green tea or dexamethasone/
myo-inositol and chemotherapeutic agents Taxol
or Adriamycin. Cancer Res 2000; 60: 901-907.
31) Estensen RD, Wattenberg LW. Studies of chemopreventive effects of myoinositol and benzo(a)pyrene
induced neoplasia of the lung and forestomach of
female A/J mice. Carcinogenesis 1993; 14: 19751977.
32) Hecht SS, K enney PM, Wang M, Trushin N, Agarwal
S, R ao AV, Upadhyaya P. Evaluation of butylated
hydroxyanisole, myo-inositol, curcumin, esculetin, resveratrol and lycopene as inhibitors of benzo[a]pyrene plus 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone-induced lung tumorigenesis in
A/J mice. Cancer Lett 1999; 137: 123-130.
33) Hecht SS, Upadhyaya P, Wang M, Bliss RI, McIntee
EJ, K enney PM. Inhibition of lung tumorigenesis by
N-acetyl-S-(N-2-phenethylthiocarbamoyl)-L-cysteine and myo-inositol, individually and in combination. Carcinogenesis 2002; 23: 1455-1461.
34) Wattenberg LW, Wiedmann TS, Estensen RD, Zim merman CL, G albraith AR, Steele VE, K elloff GJ.
Chemoprevention of pulmonary carcinogenesis
by brief exposures to aerosolized budesonide or
beclomethasone dipropionate and by the combination of aerosolized budesonide and dietary
myo-inositol. Carcinogenesis 2000; 21: 179-182.
35) Witschi, H. A/J mouse as a model for lung tumorigenesis caused by tobacco smoke: strengths
and weaknesses. Exp. Lung Res 2005; 31: 3-18.
36) Hecht SS, Kenney PM, Wang M, Upadhyaya P. Dose-response study of myoinositol as an inhibitor of lung
tumorigenesis induced in A/J mice by benzo[a]
pyrene and 4-(methylnitrosamino)-1(3pyridyl)-1butanone. Cancer Lett 2001; 167: 1-6.
37) L am S, McWilliams A, L eRiche J, M ac Aulay C, Watten berg L, Szabo E. A phase I study of myoinositol for
lung cancer chemoprevention. Cancer Epidemiol.
Biomarkers Prev 2006; 15: 1526-1531.

Inositol and pulmonary function
38) Bizzarri M, Dinicola S, Bevilacqua A, Cucina A.
Broad spectrum anticancer activity of myo-inositol and inositol hexakisphosphate. Int J Endocrinol 2016; 2016: 5616807.
39) Vucenik I, Shamsuddin AM. Cancer inhibition by
inositol hexaphosphate (IP6) and inositol: from
laboratory to clinic. J Nutr 2003; 133 (11 Suppl
1): 3778S-3784S.
40) Gustafson AM, Soldi R, Anderlind C, Scholand MB,
Qian J, Zhang X, Cooper K, Walker D, McWilliams A,
Liu G, Szabo E, Brody J, Massion PP, Lenburg ME, L am
S, Bild AH, Spira A. Airway PI3K pathway activation
is an early and reversible event in lung cancer
development. Sci Transl Med 2010; 2: 26ra25.
41) Han W, Gills JJ, Memmott RM, L am S, Dennis PA.
The chemopreventive agent myoinositol inhibits
Akt and extracellular signal-regulated kinase in
bronchial lesions from heavy smokers. Cancer
Prev Res (Phila) 2009; 2: 370-376.
42) Unver N, Delgado O, Zeleke K, Cumpian A, Tang X,
C aetano MS, Wang H, K atayama H, Yu H, Szabo E,
Wistuba II, Moghaddam SJ, Hanash SM, Ostrin EJ.
Reduced IL-6 levels and tumor-associated phospho-STAT3 are associated with reduced tumor
development in a mouse model of lung cancer
chemoprevention with myo-inositol. Int J Cancer
2018; 142: 1405-1417.
43) M ao JT, Durvasula R. Lung cancer chemoprevention: current status and future directions. Curr
Respir Care Rep 2012; 1: 9-20.
44) ClinicalTrials.gov identifier: NCT00783705.
45) Jiang S, Xia S, Ying T, Lu L. A novel coronavirus
(2019 nCoV) causing pneumonia associated respiratory syndrome. Cell Mol Immunol 2020 Feb
5. doi: 10.1038/s41423-020-0372-4. [Epub ahead
of print].
46) Rockx B, Baas T, Zornetzer GA, Haagmans B, Sheah an T, Frieman M, D yer MD, Teal TH, Proll S, van den
Brand J, Baric R, K atze MG. Early upregulation of
acute respiratory distress syndrome associated
cytokines promotes lethal disease in an aged
mouse model of severe acute respiratory syndrome coronavirus infection. J Virol 2009; 83:
7062-7074.
47) Mehta P, Mc Auley DF, Brown M, Sanchez E, Tatter sall RS, M anson JJ; HLH Across Speciality Collaboration, UK. COVID-19: consider cytokine storm
syndromes and immunosuppression. Lancet
2020 Mar 16. pii: S0140-6736(20)30628-0. doi:
10.1016/S0140-6736(20)30628-0. [Epub ahead of
print].
48) Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, L iu
S, Zhao P, L iu H, Zhu L, Tai Y, Bai C, G ao T, Song
J, Xia P, Dong J, Zhao J, Wang FS. Pathological
findings of COVID-19 associated with acute respiratory distress syndrome. Lancet Respir Med
2020 Feb 18. pii: S2213-2600(20)30076-X. doi:
10.1016/S2213-2600(20)30076-X. [Epub ahead of
print].
49) Tian S, Hu W, Niu L, L iu H, Xu H, Xiao S Y. Pulmonary pathology of early phase 2019 novel
coronavirus (COVID 19) pneumonia in two patients with lung cancer. J Thorac Oncol 2020 Feb
28. pii: S1556-0864(20)30132-5. doi: 10.1016/j.
jtho.2020.02.010. [Epub ahead of print].

50) Sapan HB, Paturusi I, Jusuf I, Patellongi I, M assi
MN, Pusponegoro AD, A rief SK, L abeda I, Islam AA,
Rendy L, Hatta M. Pattern of cytokine (IL-6 and
IL-10) level as inflammation and anti-inflammation
mediator of multiple organ dysfunction syndrome
(MODS) in polytrauma. Int J Burns Trauma 2016;
6: 37-43.
51) Characteristics of COVID-19 patients dying in Italy Report based on available data on March 20th,
2020” - https://www.epicentro.iss.it/coronavirus/
sars-cov-2-decessi-italia
52) Vázquez-Oliva G, Fernández-Real JM, Z amora A,
Vilaseca M, Badimón L. Lowering of blood pressure
leads to decreased circulating interleukin-6 in
hypertensive subjects. J Hum Hypertens 2005;
19: 457-462.
53) Bacchiega BC, Bacchiega AB, Usnayo MJ, Bedirian R,
Singh G, Pinheiro GD. Interleukin 6 inhibition and
coronary artery disease in a high‐risk population:
a prospective community‐based clinical study. J
Am Heart Assoc; 6. pii: e005038.
54) Su H, L ei CT, Zhang C. Interleukin-6 signaling
pathway and its role in kidney disease: an update.
Front Immunol 2017; 8: 405.
55) Zhou Y, Fu B, Zheng X. et al. Pathogenic T cells
and inflammatory monocytes incite inflammatory
storm in severe COVID 19 patients. National
Science Review (Oxford) – head of printing - doi.
org/10.1093/nsr/nwaa041
56) Fisman EZ, A dler Y, Tenenbaum A. Biomarkers in
cardiovascular diabetology: interleukins and matrixins. Adv Cardiol 2008; 45: 44-64.
57) Fernández-Real JM, Vayreda M, Richart C, Gutier rez C, Broch M, Vendrell J, Ricart W. Circulating
interleukin 6 levels, blood pressure, and insulin
sensitivity in apparently healthy men and women.
J Clin Endocrinol Metab 2001; 86: 1154-1159.
58) Tuttolomondo A, L a Placa S, Di R aimondo D, Bellia
C, C aruso A, Lo Sasso B, Guercio G, Diana G, Ciaccio M, L icata G, Pinto A. Adiponectin, resistin and
IL-6 plasma levels in subjects with diabetic foot
and possible correlations with clinical variables
and cardiovascular co-morbidity. Cardiovasc Diabetol 2010; 9: 50.
59) Duffy SA, Taylor JM, Terrell JE, Islam M, L i Y, Fowler
KE, Wolf GT, Teknos TN. Interleukin-6 predicts
recurrence and survival among head and neck
cancer patients. Cancer 2008; 113: 750-757.
60) G auldie J, Northemann W, Fey GH. IL-6 functions
as an exocrine hormone in inflammation. Hepatocytes undergoing acute phase responses require
exogenous IL-6. J Immunol 1990; 15: 3804-3808.
61) A ndrejko KM, Chen J, Deutschman CS. Intrahepatic
STAT-3 activation and acute phase gene expression predict outcome after CLP sepsis in the rat.
Am J Physiol 1998, 275: G1423-G1429.
62) Velazquez-Salinas L, Verdugo -Rodriguez A, Rodri guez LL, Borca MV. The role of Interleukin 6 during
viral infections. Front Microbiol 2019; 10: 1057.
63) Biasucci LM, Vitelli A, L iuzzo G, A ltamura S, C aligiuri
G, Monaco C, Rebuzzi AG, Ciliberto G, M aseri A.
Elevated levels of IL-6 in unstable angina. Circulation 1996, 94: 874-877.
64) Biasucci LM, Liuzzo G, Fantuzzi G, C aligiuri G, Rebuzzi
AG, Ginnetti F, Dinarello CA, Maseri A. Increasing

3431

M. Bizzarri, A.S. Laganà, D. Aragona, V. Unfer
levels of interleukin (IL)-1Ra and IL-6 during the
first 2 days of hospitalization in unstable angina
are associated with increased risk of in-hospital
coronary events. Circulation 1999, 99: 2079-2084.
65) Korkaya H, L iu S, Wicha MS. Breast cancer stem
cells, cytokine networks, and the tumor microenvironment. J Clin Invest 2011; 121: 3804-3809.
66) Duan S, Tsai Y, K eng P, Chen Y, L ee SO, Chen Y. IL6 signaling contributes to cisplatin resistance in
non-small cell lung cancer via the up-regulation
of anti-apoptotic and DNA repair associated molecules. Oncotarget 2015 ;6: 27651-27660.
67) Jones LM, Broz ML, R anger JJ, Ozcelik J, A hn
R, Zuo D, Ursini -Siegel J, H allett MT, K rummel
M, Muller WJ. STAT3 establishes an immunosuppressive microenvironment during the early
stages of breast carcinogenesis to promote tumor growth and metastasis. Cancer Res 2016;
76: 1416-1428.
68) Davies R, Choy E. Clinical experience of IL-6
blockade in rheumatic diseases--implications on
IL-6 biology and disease pathogenesis. Semin
Immunol 2014; 26: 97-104.
69) Chinese Clinical trial Registry, n. ChiCTR2000029765. http://www.chictr.org.cn/showprojen.aspx?proj=49409
70) Rose-John S, Winthrop K, C alabrese L. The role of IL6 in host defence against infections: immunobiology and clinical implications. Nat Rev Rheumatol
2017; 13: 399-409.
71) Spengler D, Winoto -Morbach S, Kupsch S, Vock C,
Blöchle K, Frank S, Rintz N, Diekötter M, Janga H,
Weckmann M, Fuchs S, Schromm AB, Fehrenbach H,
Schütze S, K rause MF. Novel therapeutic roles for
surfactant-inositols and -phosphatidylglycerols in
a neonatal piglet ARDS model: a translational
study. Am J Physiol Lung Cell Mol Physiol 2018;
314: L32-L53.
72) Preuss S, Stadelmann S, Omam FD, Scheiermann J,
Winoto -Morbach S, von Bismarck P, K nerlich -Lukoschus F, L ex D, A dam -K lages S, Wesch D, Held -Feindt
J, Uhlig S, Schütze S, K rause MF. Inositol-trisphosphate reduces alveolar apoptosis and pulmonary
edema in neonatal lung injury. Am J Respir Cell
Mol Biol 2012; 47: 158-169.

3432

73) Kumar P, Sait SF, Sharma A, Kumar M. Ovarian
hyperstimulation syndrome. J Hum Reprod Sci
2011; 4: 70-75.
74) Turan GA, Eskicioglu F, Sivrikoz ON, Cengiz H, Adakan S, Gur EB, Tatar S, Sahin N, Yilmaz O. Myo-inositol is a promising treatment for the prevention
of ovarian hyperstimulation syndrome (OHSS): an
animal study. Arch Gynecol Obstet 2016; 293: 691.
75) Gustafson AM, Soldi R, Anderlind C, Scholand MB,
Qian J, Zhang X, Cooper K, Walker D, McWilliams A,
Liu G, Szabo E, Brody J, Massion PP, Lenburg ME, L am
S, Bild AH, Spira A. Airway PI3K pathway activation
is an early and reversible event in lung cancer development. Sci Transl Med 2010; 2: 26ra25.
76) Dinicola S, Fabrizi G, M asiello MG, Proietti S, Palom bo A, M inini M, H arrath AH, A lwasel SH, Ricci G,
C atizone A, Cucina A, Bizzarri M. Inositol induces
mesenchymal-epithelial reversion in breast cancer cells through cytoskeleton rearrangement.
Exp Cell Res 2016; 345: 37-50.
77) Zhang Y, L i C, Zhang W, Zheng X, Chen X. Decreased insulin resistance by myo-inositol is
associated with suppressed Interleukin 6/Phospho-STAT3 signaling in a rat polycystic ovary
syndrome model. J Med Food 2020 Feb 11. doi:
10.1089/jmf.2019.4580. [Epub ahead of print].
78) Piranlioglu R, Korkaya H, Hassan KA. Dietary
myo-inositol chemoprevents lung carcinogenesis
via boosting immune system in Kras mouse model. J Thorac Dis 2019; 11: 632-635.
79) Nicolia V, Cavallaro RA, López-González I, Maccarrone
M, Scarpa S, Ferrer I, Fuso A. DNA Methylation profiles
of selected pro-inflammatory cytokines in Alzheimer
disease. J Neuropathol Exp Neurol 2017; 76: 27-31.
80) Dinicola S, Proietti S, Cucina A, Bizzarri M, Fuso A.
Alpha-lipoic acid downregulates IL-1β and IL-6 by
DNA hypermethylation in SK-N-BE neuroblastoma cells. Antioxidants (Basel) 2017; 6. pii: E74.
81) Fuso A, I yer AM, van Scheppingen J, M accarrone
M, Scholl T, H ainfellner JA, Feucht M, Jansen
FE, Spliet WG, K rsek P, Z amecnik J, M ühlebner A,
A ronica E. Promoter-specific hypomethylation
correlates with IL-1β overexpression in Tuberous Sclerosis Complex (TSC). J Mol Neurosci
2016; 59: 464-770.

