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The human body regenerates constantly in part under the control of signaling pathways that
regulate cell growth. Among these pathways, the mechanistic target of rapamycin (mTOR) has
emerged as a major cellular crossroad that links favorable environmental conditions with cell growth.
Accordingly, mTOR is implicated in different physiological and pathological conditions, and inhibition
of mTOR has been approved for various clinical situations. This special issue “mTOR in human
diseases” covers different aspects of the implication of mTOR in physiological processes as well as in
various diseases.

The role of mTOR and the consequences of mTOR inhibition has been extensively explored
in cancer. Tian et al. review mTOR signaling in solid malignancies and discuss results of clinical
trials that have tested mTOR inhibitors in eight different tumors, including lung, colorectal, gastric,
renal, bladder, prostate and breast cancers as well as head and neck squamous cell carcinoma [1].
The rationale to target mTOR in advanced biliary tract cancers and in medulloblastoma is also presented
by Wu et al. and Aldaregia et al., respectively [2,3]. Besides solid tumors, two reviews highlight
the role of mTOR signaling in leukemia and particularly in T-cell acute lymphoblastic leukemia
and provide future perspective regarding mTOR-targeting agents [4,5]. All together, these reviews
acknowledge the participation of mTOR signaling pathway in tumorigenesis but also highlight the
lack of major anti-tumor efficacy of mTOR inhibitors in patients. Limitations include activation
of alternate proliferative signaling pathways following mTOR inhibition, tumor heterogeneity and
treatment-resistant mTOR mutations. Hence, additional studies are needed to further understand
the role of mTOR signaling pathway in cancer and to characterize resistance mechanisms developed
by cancer cells to bypass mTOR inhibition. In this context, Tavares et al. present the contribution
of mTORC1 and mTORC2 in papillary thyroid carcinoma [6]. Hsu et al. provide results on mTOR
in oral cavity squamous cell carcinoma and show the anti-cancer efficacy of the dual PI3K/mTOR
inhibitor NVP-BEZ235 [7]. Harachi et al. describe the importance of mTORC1 and mTORC2 in
cancer cell metabolism [8]. Identification of biomarkers that predict response to mTOR inhibitors
will further help improve the anti-cancer efficacy of these inhibitors. Nepstad et al. found metabolic
differences in human acute myeloid leukemia cells between responders and non-responders to mTOR
inhibition [9]. Whereas next-generation sequencing is a valuable tool to identify biomarkers, Seeboeck
et al. demonstrate, however, that commercially available ready-made gene panels show limited
applicability for mTOR pathway-related genes [10]. Besides cancer cells, mTOR signaling pathway
regulates cellular processes of non-tumorous cells present in the tumor microenvironment, such as
endothelial cells, lymphocytes and macrophages. Conciatori et al. review the role of mTOR in these cells
and highlight the anti-cancer benefits that result from mTOR inhibition in the microenvironment [11].
Finally, tumor cachexia is associated with poor prognosis in cancer patients. Emerging evidence
suggests that mTOR influences cachexia, as discussed by Duval et al. [12].

Besides cancer, the implication of mTOR signaling pathway in neurological and neuropsychiatric
disorders has been demonstrated. Ryskalin et al. present evidence that autophagy impairment
is involved in synaptic dysfunction found in some psychiatric disorders, such as schizophrenia.
Accordingly, mTOR inhibitors that induce autophagy might represent a therapeutic intervention [13].
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Similarly, accelerating autophagic flux appears to be an effective treatment strategy in Parkinson’s and
Alzheimer’s diseases and two reviews present the role of mTOR and the therapeutic opportunities for
mTOR inhibitors in these diseases [14,15]. Neurodegenerative diseases are also part of age-related
pathologies. Interestingly, recent studies have highlighted mTOR inhibitors as promising treatment for
various age-related disorders and are discussed by Walters and Cox [16]. mTOR is further involved in
Hutchinson—-Gilford progeria syndrome, a rare premature ageing syndrome. Chiarini et al. provide a
complete review on the role of mTOR in this disease as well as in other laminopathies and discuss
therapeutic opportunities for mTOR inhibitors [17].

Several side effects have been observed in patients treated with mTOR inhibitors. In particular,
lung toxicity such as lung fibrosis results in frequent therapy discontinuation. Granata et al. performed
mRNA and microRNA profiling on primary bronchial epithelial cells treated or not treated with mTOR
inhibitors, which led to the identification of novel potential targets [18]. mTOR inhibitors also reduce
male fertility, and the mechanisms controlled by mTOR in the male reproductive tract are presented by
Moreira et al. [19]. Toxicities mediated by drugs might also involve mTOR activation. For instance,
general anesthetic agents harm brain development. Xu et al. suggest that anesthetic agents-mediated
neuron disruption involves upregulation of mTOR activity [20].

Over the last decade, multiple studies have unveiled the complex role played by mTOR signaling
pathway in cellular metabolism. Mao and Zhang discuss recent findings on the role of mTOR signaling
pathway in metabolic tissues and organs including liver, adipose tissue, muscle and pancreas [21].
Sangtiesa et al. highlight the consequences of mTOR activation by excessive consumption of sugar [22].
In addition to cellular metabolism, mTOR regulates autophagy. Wang et al. show that mTOR
participates in dopamine receptor D3-mediated autophagy regulation [23]. Finally, Kim et al. found
mTOR pathway activation by fluid shear stress and melatonin in preosteoblast cells [24].

In summary, this special issue highlights the fascinating role played by mTOR in cellular processes.
It further addresses a non-exhaustive panel of human diseases in which mTOR is implicated, from rare
disorders to cancer.

Conflicts of Interest: The author declares no conflict of interest.

References

1.  Tian, T, Li, X.; Zhang, J. Mtor signaling in cancer and mtor inhibitors in solid tumor targeting therapy. Int. J.
Mol. Sci. 2019, 20, 755. [CrossRef]

2. Wu, C.E.; Chen, M.H.; Yeh, C.N. Mtor inhibitors in advanced biliary tract cancers. Int. . Mol. Sci. 2019, 20,
500. [CrossRef] [PubMed]

3. Aldaregia, J.; Odriozola, A.; Matheu, A.; Garcia, 1. Targeting mtor as a therapeutic approach in
medulloblastoma. Int. J. Mol. Sci. 2018, 19, 1838. [CrossRef] [PubMed]

4. Mirabilii, S.; Ricciardi, M.R.; Piedimonte, M.; Gianfelici, V.; Bianchi, M.P; Tafuri, A. Biological aspects of mtor
in leukemia. Int. J. Mol. Sci. 2018, 19, 2396. [CrossRef] [PubMed]

5. Evangelisti, C.; Chiarini, F; McCubrey, J.A.; Martelli, A.M. Therapeutic targeting of mtor in t-cell acute
lymphoblastic leukemia: An update. Int. J. Mol. Sci. 2018, 19, 1878. [CrossRef]

6. Tavares, C.; Eloy, C.; Melo, M.; Gaspar da Rocha, A.; Pestana, A.; Batista, R.; Bueno Ferreira, L.; Rios, E.;
Sobrinho Simoes, M.; Soares, P. Mtor pathway in papillary thyroid carcinoma: Different contributions of
mtorcl and mtorc2 complexes for tumor behavior and slc5a5 mrna expression. Int. J. Mol. Sci. 2018, 19, 1448.
[CrossRef] [PubMed]

7. Hsu, CM,; Lin, PM,; Lin, H.C; Tsai, Y.T.; Tsai, M.S.; Li, S H.; Wu, C.Y,; Yang, Y.H.; Lin, S.F; Yang, M.Y.
Nvp-bez235 attenuated cell proliferation and migration in the squamous cell carcinoma of oral cavities and
p70s6k inhibition mimics its effect. Int. J. Mol. Sci. 2018, 19, 3546. [CrossRef] [PubMed]

8. Harachi, M.; Masui, K.; Okamura, Y.; Tsukui, R.; Mischel, P.S.; Shibata, N. Mtor complexes as a nutrient
sensor for driving cancer progression. Int. J. Mol. Sci. 2018, 19, 3267. [CrossRef]


http://dx.doi.org/10.3390/ijms20030755
http://dx.doi.org/10.3390/ijms20030500
http://www.ncbi.nlm.nih.gov/pubmed/30682771
http://dx.doi.org/10.3390/ijms19071838
http://www.ncbi.nlm.nih.gov/pubmed/29932116
http://dx.doi.org/10.3390/ijms19082396
http://www.ncbi.nlm.nih.gov/pubmed/30110936
http://dx.doi.org/10.3390/ijms19071878
http://dx.doi.org/10.3390/ijms19051448
http://www.ncbi.nlm.nih.gov/pubmed/29757257
http://dx.doi.org/10.3390/ijms19113546
http://www.ncbi.nlm.nih.gov/pubmed/30423811
http://dx.doi.org/10.3390/ijms19103267

Int. ]. Mol. Sci. 2019, 20, 2351 30f3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nepstad, I; Reikvam, H.; Brenner, A.K.; Bruserud, O.; Hatfield, K.J. Resistance to the antiproliferative in vitro
effect of pi3k-akt-mtor inhibition in primary human acute myeloid leukemia cells is associated with altered
cell metabolism. Int. ]. Mol. Sci. 2018, 19, 382. [CrossRef]

Seeboeck, R.; Sarne, V.; Haybaeck, J. Current coverage of the mtor pathway by next-generation sequencing
oncology panels. Int. ]. Mol. Sci. 2019, 20, 690. [CrossRef] [PubMed]

Conciatori, F; Bazzichetto, C.; Falcone, L; Pilotto, S.; Bria, E.; Cognetti, E; Milella, M.; Ciuffreda, L. Role of
mtor signaling in tumor microenvironment: An overview. Int. . Mol. Sci. 2018, 19, 2453. [CrossRef]
Duval, A.P; Jeanneret, C.; Santoro, T.; Dormond, O. Mtor and tumor cachexia. Int. ]. Mol. Sci. 2018, 19, 2225.
[CrossRef]

Ryskalin, L.; Limanagqi, F,; Frati, A.; Busceti, C.L.; Fornai, F. Mtor-related brain dysfunctions in neuropsychiatric
disorders. Int. . Mol. Sci. 2018, 19, 2226. [CrossRef]

Zhu, Z.; Yang, C.; Iyaswamy, A.; Krishnamoorthi, S.; Sreenivasmurthy, S.G.; Liu, J.; Wang, Z.; Tong, B.C;
Song, J.; Lu, J.; et al. Balancing mtor signaling and autophagy in the treatment of parkinson’s disease. Int. J.
Mol. Sci. 2019, 20, 728. [CrossRef]

Kou, X.; Chen, D.; Chen, N. Physical activity alleviates cognitive dysfunction of alzheimer’s disease through
regulating the mtor signaling pathway. Int. J. Mol. Sci. 2019, 20, 1591. [CrossRef] [PubMed]

Walters, H.E.; Cox, L.S. Mtorc inhibitors as broad-spectrum therapeutics for age-related diseases. Int. . Mol.
Sci. 2018, 19, 2325. [CrossRef] [PubMed]

Chiarini, F; Evangelisti, C.; Cenni, V.; Fazio, A.; Paganelli, F.; Martelli, A.M.; Lattanzi, G. The cutting edge:
The role of mtor signaling in laminopathies. Int. J. Mol. Sci. 2019, 20, 847. [CrossRef]

Granata, S.; Santoro, G.; Masola, V.; Tomei, P.; Sallustio, F.; Pontrelli, P.; Accetturo, M.; Antonucci, N.;
Carratu, P,; Lupo, A,; et al. In vitro identification of new transcriptomic and mirnomic profiles associated
with pulmonary fibrosis induced by high doses everolimus: Looking for new pathogenetic markers and
therapeutic targets. Int. J. Mol. Sci. 2018, 19, 1250. [CrossRef] [PubMed]

Moreira, B.P; Oliveira, PE; Alves, M.G. Molecular mechanisms controlled by mtor in male reproductive
system. Int. J. Mol. Sci. 2019, 20, 1633. [CrossRef] [PubMed]

Xu, J.; Mathena, R.P; Xu, M.; Wang, Y.; Chang, C.; Fang, Y.; Zhang, P.; Mintz, C.D. Early developmental
exposure to general anesthetic agents in primary neuron culture disrupts synapse formation via actions on
the mtor pathway. Int. J. Mol. Sci. 2018, 19, 2183. [CrossRef]

Mao, Z.; Zhang, W. Role of mtor in glucose and lipid metabolism. Int. ]. Mol. Sci. 2018, 19, 2043. [CrossRef]
[PubMed]

Sanguesa, G.; Roglans, N.; Baena, M.; Velazquez, A.M.; Laguna, J.C.; Alegret, M. Mtor is a key protein
involved in the metabolic effects of simple sugars. Int. . Mol. Sci. 2019, 20, 1117. [CrossRef] [PubMed]
Wang, D.; Ji, X.; Liu, J.; Li, Z.; Zhang, X. Dopamine receptor subtypes differentially regulate autophagy. Int. J.
Mol. Sci. 2018, 19, 1540. [CrossRef] [PubMed]

Kim, C.H,; Jeung, E.B.; Yoo, Y.M. Combined fluid shear stress and melatonin enhances the erk/akt/mtor
signal in cilia-less mc3t3-el preosteoblast cells. Int. J. Mol. Sci. 2018, 19, 2929. [CrossRef]

@ © 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3390/ijms19020382
http://dx.doi.org/10.3390/ijms20030690
http://www.ncbi.nlm.nih.gov/pubmed/30764584
http://dx.doi.org/10.3390/ijms19082453
http://dx.doi.org/10.3390/ijms19082225
http://dx.doi.org/10.3390/ijms19082226
http://dx.doi.org/10.3390/ijms20030728
http://dx.doi.org/10.3390/ijms20071591
http://www.ncbi.nlm.nih.gov/pubmed/30934958
http://dx.doi.org/10.3390/ijms19082325
http://www.ncbi.nlm.nih.gov/pubmed/30096787
http://dx.doi.org/10.3390/ijms20040847
http://dx.doi.org/10.3390/ijms19041250
http://www.ncbi.nlm.nih.gov/pubmed/29677166
http://dx.doi.org/10.3390/ijms20071633
http://www.ncbi.nlm.nih.gov/pubmed/30986927
http://dx.doi.org/10.3390/ijms19082183
http://dx.doi.org/10.3390/ijms19072043
http://www.ncbi.nlm.nih.gov/pubmed/30011848
http://dx.doi.org/10.3390/ijms20051117
http://www.ncbi.nlm.nih.gov/pubmed/30841536
http://dx.doi.org/10.3390/ijms19051540
http://www.ncbi.nlm.nih.gov/pubmed/29786666
http://dx.doi.org/10.3390/ijms19102929
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

