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Introduction

The mammalian or mechanistic target of rapamycin 
(mTOR) signaling in mammals is an intracellular kinase 
that regulates cell growth and development in response to 
growth factors, nutrients (amino acids, glucose, and fatty 
acids), cytokines and hormones such as insulin (Tremblay 
et al., 2001; Hands et al., 2009; Zoncu et al., 2011; Cornu 
et al., 2013). 

More recent studies have suggested that two mTOR 
complexes; namely, mTORC1 and mTORC2 are involved 
in the management of polyunsaturated fatty acids (PUFAs). 
Further, the compelling reasons have shown that mTOR 
dysregulation is explained by the progress of autoimmune 
diseases, including cancer cells, diabetes mellitus (DM), 
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and multiple sclerosis (MS) (Blagosklonny, 2013; 
Giacoppo et al., 2017)

Cancer cells often use mTOR as a mechanism to 
increase their capacity to grow. The important roles of 
mTOR signaling delve into cell migration, inflammation, 
and regulation of transcription factors associated with 
cancer progression (Murray et al., 2018). The role of 
fatty acids in cancer risk and development is becoming 
more and more accepted, especially in terms of dietary 
intake of essential fatty acids (EFAs), which may be 
related to their special effects on the inflammatory 
processes (Dasilva et al., 2015). PUFAs suppress the 
expression of target genes as well as those involved in 
desaturation and elongation of fatty acids. Desaturases 
(FADS1, FADS2) and elongases (Elovl2, Elovl4, and 
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Elovl5) are involved in PUFA synthesis. PUFAs are 
feedback inhibitors of their own synthesis (Jump et al., 
2013). PUFAs should be taken up in the diet. They are 
the major components of phospholipids (PLs) structured 
by cell membranes that share the physical state and 
functions (Henderson, 1987). Environmental alterations 
are shown as important factors in the development of 
many diseases. The development of alternative treatments 
of DM and insulin resistance (IR) has been extensively 
studied in the last decades. Mistreatment  of tuberculosis 
(TB) vaccination (Al-Attiyah et al., 2009), alteration 
of gut microbiota (Caricilli et al., 2013), intervention 
effects through phosphatidylinositol 3-kinase/ protein 
kinase B /mammalian target of rapamycin (PI3K/Akt/
mTOR) signaling pathway (Blagosklonny, 2013) and the  
inhibition of delta-6-desaturase (D6D) enzyme activity 
by 2,2-diphenyl-5-(4-[[(1 E)-pyridin-3-yl-methylidene]
amino]piperazin-1-yl) pentanenitrile (SC-26196), an 
inhibitor of D6D, are used to treat DM (Obukowicz et al., 
1998). Despite the fact that the PI3K/Akt/mTOR signaling 
is involved in the management of PUFA, an inhibitor of 
D6D is used due to PUFA dysregulation. In addition, in the 
case of MS, EFAs are critical during the active period of 
myelination. If EFAs are not available in this period or are 
metabolically blocked, dysregulation of myelin synthesis 
may occur, including amyelination, dysmyelination, or 
demyelination (Auestad, 2000; Salvati et al., 2000). The 
mechanisms underlying disturbance in EFA metabolism 
of autoimmune diseases and abnormalities of D6D were 
reviewed in the current investigation. Surprisingly, in 
most of the autoimmune and inflammatory diseases, the 
excessive activity and expression of the D6D have been 
proven, although current treatments, regardless of the 
cause of increased activity, have focused on preventing 
its expression by mistreatment, which has been ineffective 
up to now. In this article, the role of the D6D enzyme in 
cellular metabolism and its natural regulation methods 
was discussed, in order to assist the management of 
intracellular mechanisms rather than the use of incorrect 
therapies.

Role of PUFAs in Cell Membrane Fluidity 
Cell membranes mark the boundaries of live cells 

and their organelles and play a critical role in cellular 
connections and functions (Cooper et al., 2009). Cellular 
membranes are dynamic structures in which lipids are 
continuously added, removed, or modified to membrane 
type (Quinn et al., 1989). Consequently, membrane fluidity 
alterations, throughout cellular development, will be a fair 
mark for the correct performance of the cell wall. The 
fluidity of the cell membrane is involved in distinction 
functions, including permeability, deformability, transport 
of glucose, ions, or oxygen, and membrane-related 
enzymes (Knowles et al., 1976; Candiloros et al., 1995; 
Barclay, 2006). Cell membrane fluidity (CMF) may be a 
parameter describing the free movement of protein and 
lipid constituents at cell membrane intervals (Schroeder 
et al., 1976). In healthy tissue, CMF is at an optimum 
state which is vital for the mechanical behavior of 
the membrane. CMF is significantly affected by the 
cholesterol content, the fatty acids (FAs) constitution, 

and lipid-protein interactions (Shinitzky, 1984). Among 
the many components of the cell membranes are 
phospholipids (PLs) that contain FAs. A phospholipid is 
made of a saturated fatty acid (SFA), includes a different 
structure, and is a smaller amount of fluid than one that 
comprises an EFA (Yehuda et al., 2005). Additionally, an 
increase in the cholesterol/PL ratio reflects a decrease in 
fluidity (Shinitzky et al., 1978). Higher membrane PUFAs 
levels are associated with increased CMF. Given that diets 
deficient in EFAs is associated with CMF-influenced 
diseases (Rivers et al., 1981). CMF can be a vital indicator 
of cellular function maintenance. Alterations in CMF are 
seen in several inflammatory diseases.

Maintenance of CMF in cancer, MS and DM
Dietary fat is an essential nutrient and an important 

source for the EFAs, linoleic acid (LA 18:2n-ɷ6) and 
alpha-linolenic acid (ALA 18:3n-ɷ3), contributing to the 
appropriate growth and development. The development 
of colorectal, breast, prostate, endometrial and ovarian 
cancers is associated with the type and quality of fat, 
suggesting its underlying role. Tumor growth is the 
disruption of the homoeostatic balance, which regulates 
cell differentiation, proliferation, and apoptosis and it is 
related to altered lipid metabolism (Abel et al., 2014). 
Predominantly, changes in cell membrane FA metabolism 
related to ω6 and ω3-PUFA, are associated with alterations 
in membrane structure, function, cellular oxidative status, 
the activity of enzymes, and signaling pathways (Abel et 
al., 2014).  Therefore, the normalization of CMF in these 
diseases may have therapeutic effects (Schroeder et al., 
1976; Dobretsov et al., 1977) due to the availability of cell 
membrane receptors (Knazek et al., 1979) such as glucose 
transporter 4 (GLUT4) for glucose uptake in healthy tissue 
and inducing events occurring during the cell cycle (Lai 
et al., 1980). Finally, CMF could be a parameter for the 
different effects of the various ω6 / ω3-PUFAs ratios 
(Yehuda et al., 2000; Yehuda, 2003). EFAs determine 
CMF in neurons and manage the physiological functions 
of the brain. EFAs are additionally concerned with the 
synthesis and functioning of immune system molecules 
and brain neurotransmitters (Yehuda et al., 2005). Several 
studies have shown a relationship between mortality 
factor and dietary fat in patients with MS (Esparza et al., 
1995). In addition, abnormalities of PUFAs synthesis 
could also be involved in MS (Ghadirian et al., 1998). If 
EFA deficiency occurs during the stages of life, there can 
be a significant delay in myelin synthesis, accompanied 
by impaired learning, vision, motor, and more additive 
abnormalities (Stockard et al., 2000). These abnormalities 
are associated with significant evidence of the elevations 
of pro-inflammatory eicosanoids like prostaglandin 
(PG)E2 (Horrobin et al., 1999). There is evidence that 
ω3-PUFAs can suppress elevation of pro-inflammatory 
eicosanoids like PGE2 and interferon (IFN)-γ production 
in patients with MS (Gallai et al., 1995). Low levels of 
each ω3-PUFAs and ω6-PUFAs in each plasma and red 
cells are found in depression. The ω3-PUFAs depletion is 
consistently bigger than the ω6-PUFAs depletion, resulting 
in elevations of the ω6/ω3, AA (arachidonic acid)/EPA 
(eicosapentaenoic acid), and AA/DHA (docosahexaenoic 
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neuronal membrane, which can reduce CMF, and then 
make it hard for the cell to hold its best functions and 
increase the cell condition to tissue damage (Manku et 
al., 1984). CMF may also be implicated in the changes 
associated with the aging process. Age-related lowering 
of D6D activity will reduce anti-inflammatory eicosanoids 
synthesis such as PGE1 (Horrobin, 1981), which would 
be expected to increase CMF (Kury et al., 1974). D6D 
is the first enzyme of the sequence forming the gamma-
linolenic acid (GLA) and stearidonic acid (STA or SDA) 
by adding a double link to LA and ALA, respectively. It is 
also responsible for the synthesis of ω6-AA and increased 
D6D activity can lead to enhanced ω6-AA production 
(He et al., 2012). There are strong positive correlations 
between serum PUFAs precursor/product ratios reflecting 
systemic D6D activity (e.g.,LA/AA) incidence of type 2 
diabetes (Hodge et al., 2007; Kroger et al., 2011), and 
the development of metabolic syndrome (Vessby, 2003; 
Warensjo et al., 2005). Altogether, if ω6 and ω3 EFAs 
be given together with balance in ratio, GLA is rapidly 
converted to DGLA by elongase enzyme (Nakamura et 
al., 2004). From the DGLA, the PGE1 arises through 
the cyclooxygenase (COX1) enzyme, which has anti-
inflammatory potency and modulates with a negative 
feedback mechanism of AA release in a free form from 
the membranous deposits (Borgeat et al.,1985) (Figure 1).

Therefore, the disturbance in the ratio of intake 
ω6 and ω3-EFAs in favor of ω6-FAs lead to increased 
production of ω6-AA, PGE2, leukotriene B4 (LTB4) 
and inflammation in cancer and allergy (Yu et al., 1998; 
Arshad et al., 2018). D6D activity is upregulated during 
inflammatory status in melanoma and lung tumor growth 
and suppressing D6D activity by balancing the ratio of 
intake of ω6 and ω3-EFAs (Rezapour-Firouzi et al., 2013a; 
Rezapour-Firouzi et al., 2013b; Rezapour-Firouzi et al., 
2013c; Rezapour-Firouzi et al., 2013d) can reduce tumor 
growth. Consequently, the content of AA and AA-derived 
tumor-promoting metabolites is substantially reduced (He 
et al., 2012), without a need for treating a specific D6D 
inhibitor. As a result, angiogenesis and inflammatory status 
are also reduced. In mammals, the conversion of LA to 
GLA is slow, especially during stress, aging or diseases 
(hypertension, diabetes, etc.). If the conversion from LA 
to GLA is impaired by disturbing the enzyme D6D, dietary 
supplementation with GLA can help improve the situation. 
Moreover, excessive consumption of GLA metabolites: 
high rates of cell division, inflammatory and antiviral 
reaction and trauma. This is why the key deficits are to be 
in the production of GLA, dihomo-gamma-linolenic acid 
(DGLA), and PGE1 (Horrobin, 1990; Horrobin, 1992). 

Further, there is a positive notable role for D6D in 
insulin resistance and diabetes. Mechanisms responsible for 
increased D6D activity are imbalances of ɷ6/ɷ3-PUFAs; 
consequently, inhibition of D6D expression by SC-26196 
(Obukowicz et al., 1998), can not be a proper therapeutic 
approache. The balance in the ratio of ɷ6-PUFAs/ 
ɷ3-PUFAs suppresses the expression of target genes, 
including desaturases and elongases; in addition PUFAs 
are feedback inhibitors of their own synthesis (Jump et 
al., 2013). Therefore, increased D6D would be expected 
to result in PUFA precursor/product imbalance in obese, 

acid) ratios. These abnormalities are associated with 
significant elevation of pro-inflammatory eicosanoids 
like PGE2 (Horrobin et al.,1999). Current studies have 
shown dramatically reduced levels of ω3 and ω6-PUFAs 
in plasma, red blood cells, and adipose tissue of MS 
patients, and in a period of time, deficiency of PUFAs 
within the diet may also be a risk factor to develop MS 
(Holman et al.,1989). 

It has been shown that IR in non-insulin-dependent 
diabetes mellitus (non-IDDM) may be associated with 
changes in cell membrane properties (Tong et al., 1995). 
A number of clinical and metabolic abnormalities have 
been reported in diabetic nephropathy (DN) related to 
lipid bilayer modulation of cell membrane fluidity (Jones 
et al., 1998). Erythrocyte membranes isolated from 
diabetic patients have been shown to be scientifically 
fluidized in cell membranes, regardless of the type of 
diabetes or the presence of complications that could 
play a role in damaged cell functions in diabetes, which 
is controlled by the cell membrane (Waczulikova et al., 
2000). Excess SFAs (by dietary or conversion of sugars 
into saturated fats by lipogenesis) results in rigid cellular 
membranes that in turn impair insulin signaling, glucose 
uptake, and blood circulation, making a malignant 
cycle that contributes to the development of obvious 
type 2 diabetes. Low membrane fluidity is an important 
component of diabetes pathophysiology (Pilon, 2016). 
A shift from PUFAs to the SFAs chains of membrane 
PLs, results in a more tight packing of PLs, decreasing 
the capacity for GLUT4 glucose transport (Garvey et al., 
1998). For example, in type-2 diabetes, the concomitant 
increase in erythrocyte membrane stiffness can reduce 
the microcirculatory flow and cause tissue hypoxia and 
insufficient tissue nutrition, and lipid molecules can 
affect glucose transport by insulin-independent GLUTs 
and in turn glucose efficiency (Weijers, 2012). It has 
been shown that a significant decrease in erythrocyte 
membrane fluidity in patients with type 2 diabetes is 
dependent on the presence of SFAs and PUFAs (Mc 
Murchie et al.,1979; Rabini et al.,1993; Emam et al., 
2008). Insulin sensitivity with the ratio of PUFAs/SFAs 
in membrane PLs is consistent with the notion that the 
amount of long-chain polyunsaturated fatty acids (Lc-
PUFAs) in PLs is absolutely related to insulin sensitivity 
in healthy individuals (Borkman et al., 1993). Compared 
to healthy individuals, type 2 diabetic patients showed a 
significantly higher proportion of palmitate (C16:0-SFA) 
components in erythrocyte and leukocyte membranes 
and plasma samples (Bakan; 2006). Thus, development 
of each of cancer, DM and MS is accompanies dramatic 
alteration in the intake of dietary fatty acids in sufferers.

Normalization of D6D activity and CMF by balancing 
ɷ6/ɷ3-PUFAs 

PUFAs are formed from LA and ALA, as the EFAs, 
by a series of elongation and desaturation reactions are 
mediated by elongases (Elovl2, Elovl4, Elovl5) and 
desaturases (D5D, D6D) (Beck, 2008; Miyazaki et al., 
2008; Sul et al., 2008) (Figure 1.).

LA and ALA have an impression on the neuronal 
CMF. They are able to reduce the cholesterol level in the 
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diabetes and hyper insulinemia individuals as a hallmark. 
The activity of D6D is impaired by viral infection, aging, 
high blood pressure, high alcohol intake, high level 
cholesterol, stress-related hormones, radiation, nutritional 
factors (deficiencies of Zn+, Mg+, vitamins: C, B5, B6, 
B3 and high level of trans fatty acid), diabetes (Horrobin, 
1990; Horrobin, 1992), and genetic deficiency (inactive 
D5D and D6D enzymes) (Bates, 1988), which can 
reduced DGLA production and then PGE1. Their relative 
deficiency may lose the negative feedback mechanism 
performed on AA, leading to its continued release from 
deposits and making it available for the formation of 
preferred high pro-inflammatory eicosanoids PGE2. The 
PGE2 is drawn from the AA through the COX2 pathway, 
while in normal people, the free AA concentration is low 
(Ruzicka et al., 1986). Moreover, alteration in exposure 
to PUFAs during pregnancy can affect the development 
of autoimmune diseases (Pike et al., 2012) including MS, 
type 1 DM, and atopic diseases. It has been indicated that 
experiments in the utilization of EFA in cancer modulation 
exist regarding intake and effect on cell structure and 
biochemical interactions within the cell in the prevention 
of cancer development. A diet containing high levels 
of ω6-FA, such as corn oil, has been shown to increase 
the development of tumors (Reddy, 1994). As a result, 
utilizing dietary PUFA in a specific ω6/ω3 ratio may 
be an essential chemo preventive tool in modifying the 
growth characteristics of cancer cells, since they are the 
major components of PLs structured by cell membranes 

that share the physical state and functions (Abel et al., 
2014). Therefore, dramatic changes in the cellular lipid 
composition in favor of ω6-FA can disturb the structural 
and functional properties of membranes, thereby altering 
the growth features of neoplastic cells (Abel et al., 2014), 
including the increased intake of processed foods rich 
in SFA and trans FA and an imbalance change in EFA 
intake (Malhotra, 2013). It seems that the ideal ratio of 
ω6/ ω3 fatty acids should be 2.3:1 and even lower (1:1); 
this ratio needs to be reached because of these two groups 
of EFAs, complete distinct and complementary functions 
(Roncone et al., 2010). Present studies have estimated 
that the ω6/ω3 PUFAs ratio in developed nations are as 
high as 25:1 advising people that it should be too much 
lower (Delaleu et al., 2008). Altogether, if ω6 and ω3 
EFAs be given together in 2.3:1 ratio, the D6D expression 
would be down-regulated; and it is not necessary to use 
SC-26196 to inhibit D6D expression in DM (Obukowicz 
et al., 1998) or in cancer (He et al., 2012). In a previous 
study, the intervention of a mixture of hempseed oil 
(HSO) and evening primrose oil (EPO) with ω6/ω3 EFAs 
(with a ratio of  2.3:1) in relapsing-remitting (RR) MS 
patients could down-regulate D6D, and phospholipases 
A2(PLA2) expression. (Rezapour-Firouzi et al., 2015, 
Rezapour-Firouzi, 2017).

Role of Phospholipases A2 in Cancer, MS and DM
Bioactive lipids are generated by hydrolysis of 

membrane lipids, mainly by phospholipases giving rise 

Figure 1. Metabolic Pathway of Polyunsaturated Fatty Acids

CMF and LA/
ALA balance

PUFAs P/P 
balance

mTORC1
mediated

COX/ 
PGE2/ Th1

mTORC2-
mediated

LOX/ 
LTB4/ Th2

Therapy with 
RAPA

D6D 
activity

sPLA2

Cancer reduced reduced _ _ elevated elevated Yes abnormality elevated

* Allergy reduced reduced _ _ elevated elevated No abnormality elevated

Diabetes Mellitus reduced reduced elevated elevated _ _ controversial abnormality elevated

Multiple Sclerosis reduced reduced elevated elevated _ _ in animal model abnormality elevated

LA/ALA, linoleic acid/linolenic acid; PUFAs - P/P, poly unsaturated fatty acids-precursor/product; mTORC, mammalian target of rapamycin 
complex; COX, cyclooxygenase; PGE2, prostaglandin E2; LOX, lipoxygenase; LTB4, leukotriene B4; Th, T helper; RAPA, rapamycin D6D: delta-
6-desaturase; sPLA2, secretory PLA2.*, Refer to the article (Arshad et al., 2018).

Table 1.The Biochemical and Immunological Factorsinvolved in Diseases of Cancer, Allergy, Diabetes Mellitus, and 
Multiple Sclerosis
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to FAs and lysophospholipids (lyso-PLs) that either 
directly exert their function or are further converted 
to active mediators and regulate several basic cell 
responses (Huwiler et al., 2009). Functional reactions 
of PUFAs in membrane PLs is severely controlled by 
PLA2 and acyltransferases, which are referred to as the 
“deacylation-reacylation cycle” (Sun et al., 2004). The 
important role of PLA2 in cellular death and tissue damage 
is revealed that follows through necrosis or apoptosis 
(Caro et al., 2006). Furthermore, the secretory PLA2 
(sPLA2) involves many inflammatory conditions and 
implicates most of the membranes in any organ of the body 
(Yedgar et al., 2006). The PLA2 super family mobilizes 
free fatty acids (FFAs) by hydrolyzing of PLs and releasing 
lyso-PLs in the blood. Actually, inhibition of PLA2 would 
result in reduced levels of AA, which is necessary for 
pro-inflammatory eicosanoids production (Obukowicz et 
al.,1998). This is not possible unless sufficient EFAs are 
available in the diet to control any EFA metabolism by 
elongases and desaturases (Henderson, 1987). A number 
of FFAs will mediate inflammation and hallmarks of 
autoimmune diseases, such as AA (Masuda et al., 2005). 

Increase of PLA2 activity leads to accelerated membrane 
PLs hydrolysis and, in turn, increased plasma membrane 
permeability and cell lysis (Caro et al., 2006). The strategy 
for controlling inflammatory lipid mediator production is 
to protect the cell membrane against sPLA2 (Yedgar et 
al., 2006). To evaluate the PLA2-COX coupling result in 
pro-inflammatory eicosanoids PGE2 generation, sPLA2 
was induced after cytokine stimulation, with IFN-γ, the 
hallmark of Thelper (Th) 1 cells, exhibiting a potent 
effect than interleukin (IL)-1β or tumor necrosis factor 
(TNF)-α (Masuda et al., 2005). PLA2 plays a greater role 
in the clearance of myelin by macrophages and a critical 
role in the progression of MS (Lopez-Vales et al., 2008; 
Kalyvas et al., 2009). Regardless of immunomodulation 
therapy, mean levels of sPLA2 were increased 6-fold in 
the urine of MS patients in relapses or in the active phase 
of disease and 4-fold in patients in remission (Cunningham 
et al., 2006). Alterations in the proportions of various FA 
classes cause a decrease in CMF in membranes with an 
increase in PLA2 classes in the serum of MS patients. 
With respect to gained evidence, the disturbance in the 
structure of PLs and the dysregulation of lipid metabolism 

Figure 2. Metabolic and immunologic pathway underling mTOR signaling
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in the myelin and sub cellular membrane, such as the 
inner mitochondrial membrane (IMM), along with a 
wide variety of enzymatic activities can contribute to 
the acute apoptosis of oligodendrocytes and neurons of 
the central nervous system (CNS) in MS development 
(Rezapour-Firouzi, 2017). PLA2s have been implicated in 
the pathology of a number of neurodegenerative diseases. 
In particular, in the CNS, sPLA2 mRNA is expressed in 
response to pro-inflammatory cytokines TNF-α, IL-1β, 
and IFN-γ (Sun et al., 2004). In human cells, IL-1β and 
TNF-α mediated the increase in PLA2 activity and the 
release of AA (Chenevier-Gobeaux et al., 2007), and its 
link with COX-2 and PGE2 in exacerbating inflammatory 
events under pathological conditions.

Surprisingly, PLA2 may be implicated in the 
pathogenesis of IR, leading to diabetes through 
inflammatory modulation. The tissue damage of DM 
and MS patients involve in lipoprotein-associated 
PLA2 (Lp-PLA2) with pro-inflammatory activity and 
it is related to the generation of significant amounts 
of lysophosphatidylcholines (lyso-PC) and AA from 
the degradation of phosphatidylcholine (PC), leading 
to inflammatory cell activation (MacPhee et al., 1999; 
Sternberg et al., 2012). Lp-PLA2 may be a member of 
the intracellular and sPLA family secreted by activated 
macrophages (Lerman et al., 2008; Vittos et al., 2012). 
Although generation of lyso-PLs and FFAs by LP-PLA2 
contribute to its pro-inflammatory status, diabetic patients 
may be involved with some nutritional factors contributing 
to the regulation of this enzyme (Cheraghi et al., 2015).  

Several sPLA2s have been associated with the 
initiation and progression of certain types of various 
cancers, including lung, breast, prostate, colon, and gastric 
cancers. The expression of some sPLA2s is up regulated 
in various tumor tissues. The role of sPLA2s in cancer has 
been generally associated with their enzymatic activity 
and the ability to participate in the release of an effective 
biologically active lipid mediator, exactly AA-derived 
eicosanoids such as PGE2, promoting tumor igenesis by 
stimulating cell proliferation and cell survival through 
abolishing apoptosis and increasing local inflammation 
and angiogenesis (Brglez et al., 2014). PLA2 has also 
been identified as a potential target of cancer therapy 
(Quach et al., 2014). 

Role of mTOR Pathway in Management of PUFAs and 
vice versa

The mTOR kinase that is activated by nutritional 
signals plays a fundamental role in regulating fatty 
acids and metabolism in response to nutrients. The 
mTOR kinase are two large protein complexes known 
as mTOR complex 1 (mTORC1) and mTOR complex 2 
(mTORC2). Following their activation, these complexes 
facilitate the accumulation of triglycerides by promoting 
a dipogenesis and lipogenesis (Caron et al., 2015). The 
mTOR signaling pathway plays a crucial role in dictating 
the T cell fate through the interaction and balance of two 
mTOR-containing complexes (Kim et al., 2002; Zoncu 
et al., 2011). Although the control of lipogenesis was 
mainly reported in relation to mTORC1, recent studies 
have indicated that mTORC2 also plays a critical role 

in modulating lipid synthesis (Hagiwara et al., 2012; 
Yuan et al., 2012). The mTORC1 may be critical for 
the long-term regulation of lipid homeostasis. Reduced 
mTORC1 activity increases lipolysis and decreases 
mitochondrial oxidization of FFA (Chakrabarti et al., 
2015). The mTOR signaling, which plays a central role 
in the regulation of mRNA translation in mammalian 
cells (Redig et al., 2011), has been reported to activate the 
transcription factor, SREBP (Sterol Regulatory Element 
Binding Protein) (Brown et al., 2007), which in turn 
activates acetyl-CoA carboxylase (ACC) (Peng et al., 
2002), fatty acid desaturase (FASD) (Mauvoisin et al., 
2007), stearoyl-CoA desaturase (SCD) (Lamming et al., 
2012), and enzymes involved in lipogenesis (Brown et 
al., 2007) (Figure 2). 

The anabolic role of mTOR is evident in the regulation 
of lipogenesis as mTORC1 activates the transcription 
factor SREBP, the main transcription factor that controls 
FAs synthesis (Peng et al., 2002; Mauvoisin et al., 2007; 
Porstmann et al., 2008), and SCD, a vital enzyme in FAs 
metabolism required for the formation of double bond 
(Kim et al., 2004). The mTORC1 also promotes the 
expression and activation of peroxisome proliferator-
activated receptor γ (PPAR-γ), the principal regulator of 
adipogenesis (Zhang et al., 2009). PPAR plays critical 
roles in the management of cell growth, differentiation, 
and metabolism (protein, carbohydrate, and lipid) 
(Dunning et al., 2014). The mTORC1-PPARγ pathway 
is important for the FAs uptake plan in activated CD4+ 
T cells. This pathway is required for the full activation 
and rapid proliferation of naive and memory CD4+ 
T cells. It means that FA metabolism controls the full 
activation of CD4+ T cells. FAs are known to be essential 
metabolites for maintaining cell activation, proliferation, 
and functioning in rapidly proliferating cells (Angela et 
al., 2016). It appears that ɷ3-PUFAs have an effect in 
the first year of life management of the immune system 
(Calder et al., 2010). FAs have a significant impact 
on mTORC1 regulation (Yasuda et al., 2014). While 
mTORC1 is activated by the SFAs such as palmitate, via 
enhancing the translocation of mTORC1 to the lysosome, 
ɷ3-LC-PUFAs such as EPA inhibit SFA-induced 
translocation of mTORC1 to the lysosome; subsequently, 
induce its activation (Redig et al., 2011). ɷ3-LC-PUFAs-
mediated function mitigates mTORC1 activity and may 
increase the maturation and functioning of T regulatory 
(Treg) cells (Zivkovic et al., 2011), which is similar to 
the administration of rapamycin (RAPA; an inhibitor of 
mTOR) in the induction of tolerance through expansion 
of Treg cells (Wang et al., 2013). Therefore, the quality 
of fat, including reduced ratio of the ω6 /ω3 fatty acids or 
intake increase of ɷ3-PUFAs, as well as administration 
of rapamycin (RAPA), can ameliorate autoimmune 
diseases by inhibiting T-helpers: Th1/Th2/Th17 cells 
and up-regulating of Treg cells via the control of mTOR 
signaling in autoimmune diseases (Sakaguchi, 2004; Yuan 
et al., 2015; Rezapour-Firouzi, 2017). RAPA, or sirolimus, 
is a macrocyclic triene antibiotic and a natural product 
produced by fermentation of Streptomyces hygroscopic 
strain displaying antitumor and immunosuppressive 
activities; it has been generally used for the prevention 
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of clinical allograft rejection and for treating some type 
of cancer and autoimmune diseases (Kelly et al., 1997). 
RAPA can prevent the induction and the progression 
of the relapsing–remitting experimental autoimmune 
encephalomyelitis (RR-EAE), a commonly used animal 
model for studying RR-MS pathology (Esposito et al., 
2010). Of course, the adverse side effects of RAPA such 
as anemia, thrombocytopenia, nausea, headache, fever, 
urinary tract infection and interstitial pneumonitis have 
limited the usefulness of this drug (Merkel et al., 2006). 
However, the reduced proportions of ω6 / ω3 fatty acids 
or intake increase of ω3-PUFAs are without side effect 
and complications.

In summary, the survey of biochemical and 
immunological factors in diseases of allergy (as we have 
described in Arshad et al., (2018), cancer, DM, and MS 
has not only provided insights into the pathogenesis of 
diseases but also lead to the development of potentially 
new therapeutic targets and validated approved therapies. 
The similarities and differences between the biochemical 
and immunological factors involved in these diseases are 
summarized in (Table 1).

Table 1 shows that reduced CMF, decreased EFAs 
balance intake in favor of LA and imbalance in PUFAs 
precursors/products are common features of these 
chronic diseases that are presented by immunological 
abnormalities. This means that imbalance in LA/ALA 
intake and biochemical reactions results in imbalance in 
immunological reactions.

Discussion

The obtained evidence has revealed that the inhibition 
of mTOR attenuates the differentiation of effector T cells, 
whereas complete inhibition of mTORC1 largely mitigates 
Th1 differentiation. However, it leaves Th2 differentiation 
complete, and selectively deletes SGK1 (downstream of 
mTORC2) by reducing Th2 differentiation while leaving 
Th1 differentiation intact (Kleinewietfeld et al., 2013; 
Wu et al., 2013). Extreme activation of phosphorylation 
of PI3K/AKT/mTOR signaling is one of the supreme 
common alterations in human cancers (Qi et al., 2017). 
Many studies have established dysregulation of the 
PI3K/AKT/mTOR pathway in tumors, and mainly in 
the biologic regulation of the breast cancer (Mohan et 
al., 2016), gastric cancer (Samuels, Wang et al., 2004), 
liver cancer (Grabinski et al., 2012), colorectal cancer 
(Francipane et al., 2014) and prostate cancer (Chang et 
al., 2015). In addition, allergic people have a high chance 
of getting cancer. Since the immune system tends to be on 
the Th2 immune cells in the cancers. Thus, the increase in 
PI3K/AKT/mTOR signaling activity is due to the creation 
of a series of cytokines in the immune system of Th2 cells 
in cancers and allergies (Arshad et al., 2018). In contrast, 
increasing the activity of PI3K/AKT/mTOR pathway in 
MS and DM is a therapeutic approach that is opposed to 
cancer and allergies. Although scientific evidence does 
not mention the role of this pathway in activating the 
pathway of Th2 immune cells, it seems that this route 
will advance the immune system towards Th2 immune 
cells. On the other hand, mTOR pathway is stimulated 

by environmental and nutritional factors, therefore, in 
people whose immune system is somehow directed 
towards Th2 or Th1 immune cells, the immune system 
can be exacerbated or weakened by environmental and 
nutritional factors. For example, eating allergic foods will 
exacerbate Th2 immune route in an allergic person or a 
cancer patient. This is the same concept that has been cited 
in detail in Traditional Iranian Medicine (TIM) for many 
years (Arshad et al., 2018). As it mentioned, mTORC2 is 
important for Th2 differentiation; whereas, mTORC1 is 
vital for Th1 and Th17 differentiation (Lee et al., 2010). 
Recent results have shown that the phosphorylation of 
PI3K/AKT/mTOR pathway or activation of mTORC2 is 
also a helpful target in the development of remyelinating 
therapies for demyelinating diseases (Narayanan et al., 
2009). Recently, the exact role of mTOR in the modulation 
of glial functions has also been found. Previous studies 
support the notion that mTOR is involved in glial 
proinflammatory activation and it also controls the 
biosynthesis of lipids required for cells proliferation to 
generate cell membranes (Laplante et al., 2009). Reports 
have demonstrated the involvement of the PI3K/AKT/
mTOR pathway in oligodendrocyte differentiation and 
during CNS myelination development (Flores et al., 
2008). Some of the studies reported that activation of the 
PI3K/AKT/mTOR signaling is a pathway required for 
oligodendrocyte survival and axon myelination (Kumar 
et al., 2013).

On the other hand, in adipocytes and muscle 
cells, insulin activates the insulin receptor tyrosine 
kinase (IR), which subsequently activates the tyrosine 
phosphorylation of the insulin receptor substrate 
(IRS) proteins. Once activated, these IRSs activate 
phosphatidylinositide-3-kinase (PI3K), catalyzing 
the production of phosphatidylinositol-triphosphate 
(PIP3) from phosphatidylinositol-biphosphate (PIP2) 
(Hotamisligil et al., 1993; Bammens et al., 2004; 
Turnbaugh et al., 2006), triggering the phosphorylation 
of protein kinase B/Akt (PKB/Akt), and allowing 
the translocation of insulin-sensitive GLUT4 to the 
plasma membrane, and facilitating the uptake of 
glucose (Samuel et al., 2012). Studies on animal have 
demonstrated that insulin and its signaling cascade 
normally control cell growth, metabolism, and survival 
through activation of mitogen-activated protein kinases 
(MAPKs) and phosphotidylinositide-3-kinase (PI3K), 
of which activation of PI-3K- is associated with control 
of nutrient homeostasis and organ survival. Inactivation 
of Akt in different organs following hyperinsulinemia, 
metabolic inflammation, and over nutrition could offer 
the underlying mechanisms for metabolic syndrome in 
humans (Guo, 2014). The PI 3-kinase and its downstream 
target, Akt, promote insulin-induced movement of GLUT4 
to the cell membrane, glucose uptake, glycolysis, glycogen 
synthesis, and protein synthesis (Kohn et al., 1996; Cong 
et al., 1997; Calera et al., 1998; Ueki et al., 1998; Foran 
et al., 1999; Hill et al., 1999; Wang et al., 1999). PI 
3-kinase-Akt signaling promotes and regulates insulin 
action (Egawa et al., 1999). Therefore, the mTORC2 
pathway is strongly implicated in the metabolic switch 
as a result of its activation upregulates the surface 
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expression of the glucose transporter, GLUT1, through 
PI3K and protein kinase B (PKB also known as Akt) 
(Wieman et al., 2007). Akt signaling through mTORC2 
also results in higher expression of amino acid and other 
nutrient transporters, such as the transferrin receptor 
(Zheng et al.,2007). Activation of PI3K and Akt plays a 
central role in metabolic regulation. Mice lacking Akt2 
developed type 2 diabetes mellitus (Cho et al., 2001), 
and Akt2 mutation has also been described in patients 
with type 2 diabetes mellitus (George et al., 2004). It is 
notable is that long-term treatment with RAPA blocks 
mTORC2-mediated Akt phosphorylation/activation; 
therefore the use of RAPA for the treatment type 2 diabetes 
can be a clinical challenge (Sarbassov et al., 2005). Of 
note, with regard to mTORC2, is important for Th2 
differentiation, so the deviation immune system toward 
secretion of cytokines of Th2 has therapeutic effects 
on MS and DM. For instance, they are essential for the 
emergence of Th2 cell subsets and the differentiation 
of gut B cells into immunoglobulin (Ig) A-producing 
plasma cells (Caricilli et al., 2013), or mistreatment of 
TB vaccination (Al-Attiyah et al., 2009), which related 
to the development of alternative treatments of DM and 
insulin resistance (IR), has been extensively studied in the 
last decades. The insulin signaling may also be impaired 
by altered secretion of cytokines and chemokines. For 
example, in type 2 diabetic patients, circulating T cells 
produce higher levels of IL-17 and IFN-γ, leading to 
a pro-inflammatory state (Jagannathan-Bogdan et al., 
2011). Other cytokines, such as TNF-α and IL-6, are also 
related to insulin resistance. TNF-α protein is elevated 
is adipose and the inhibition of its expression leads to 
increased peripheral uptake of glucose (Hotamisligil et 
al., 1993; Federici et al., 2005; Monroy et al., 2009). IL-6 
can also affect insulin signaling: its plasma concentration 
is inversely proportional to insulin sensitivity, which is 
hypothesized by IL-6-induced suppressors of cytokine 
signaling (SOCSs) expression. SOCSs usually suppress 
the effect of cytokines on insulin transduction steps, such 
as IRS-1 phosphorylation, PI3K or PKB activation (Kern 
et al., 2001; Senn et al., 2003). Administration of IL-12, a 
key cytokine which guides the development of Th1 CD4+ 
T cells, induces rapid onset of insulin-dependent diabetes 
mellitus (IDDM) in the nonobese diabetic (NOD) mice, 
but not in BALB/c mice (With tendency of immune cells 
toward Th2).  IL-12 administration accelerates IDDM 
development in genetically susceptible NOD mice and 
this correlates with increased Th1 cytokine production 
by islet-infiltrating cells. These results hold implications 
for the pathogenesis and, possibly, for the treatment of 
IDDM and other Th1 cell-mediated autoimmune diseases 
(Trembleau et al., 1995). Conversely, the Th2-derived 
cytokines IL-4 and IL-10 appear to inhibit progression to 
IDDM in NOD mice (Rapoport et al., 1993; Pennline et 
al., 1994, Scott et al., 1994). DN is considered the main 
cause of end-stage kidney disease around the world. It 
has been shown that concentrations of pro-inflammatory 
cytokines, as IL-1, IL-6, IL-18, IL-33, IFN-γ and TNF-α 
actively participate in the development and progression 
of DN, and thus it seems that they are involved in 
pathogenesis, which is similar to MS. In addition, changes 

in the acquired immune response, especially the presence 
of the pro-inflammatory and effector nature of the cellular 
immune response profiles, in particular Th1 and Th17, as 
the imbalance between the interaction of cytokines and T 
regulatory cells, initiate the onset and progression of DN 
(Araujo et al., 2016), which is similar to MS. Patients 
with DN had a more evident Th1 profile characterized 
by increased IFN-γ, IL-2 and IL-12 and decreased Th2 
cytokines IL-33 and IL-13, indicating that DN can be 
characterized by an increase in Th1 associated with 
suppression of Th2 response (Anand et al., 2014).

In the case of MS, similar DN alteration of the 
cytokine profiles have been documented within CNS tissue 
(Brosnan et al., 1995) and peripheral blood mononuclear 
cells (PBMCs) derived from MS patients (Imitola et 
al., 2005). Some of increased cytokines in MS include, 
IFN-γ (Balashov et al., 2000), TNF-α (Cannella et al., 
1995), IL-8 (Nicoletti et al., 2001), IL-6 (Schonrock 
et al.,2000), and IL-17 (Miossec et al., 2009). In the 
majority of MS cases, several Th1 cytokines increase, 
while Th2 cytokines decrease. Given that several Th2 
cytokines have been implicated in the survival of neurons 
and oligodendrocytes, therapies promoting a Th1 to Th2 
cytokine shift are supported in MS (Imitola et al., 2005). 

However, the bias of the immune system toward Th2, 
which leads to an exacerbation of cancer and allergic 
diseases, or the bias of the immune system toward Th1 
which is due to the intensification of MS and DM, the 
root cause of all these diseases is the imbalance in the 
intake of ω3 and ω6-EFAs of suitable source of fatty 
acids based on TIM, as was explained in (Arshad et al., 
2018), is the condition for the prevention of inflammation 
and the regulation of metabolic and emotional processes. 
The equilibrium in the entry of ω3 and ω6-essential fatty 
acids in the PUFA metabolic cycle causes the balance in 
the function of desaturases and elongases in the process 
of desaturation and elongation PUFAs and the production 
metabolites, preventing the excessive desaturases enzymes 
expression by establishing mechanistic feedbacks for 
them.

In conclusion, there are substantial reasons to believe 
that the inhibition of inflammatory aspects such as 
elevation of delta-6-desaturase activity in cancer, allergy, 
multiple sclerosis, and diabetes mellitus can be reduced 
by the supplementation of essential fatty acids or gamma-
linolenic acid. The supplementation should be provided 
from suitable sources based on TIM, as was explained in 
the previous study (Arshad et al., 2018), to increase the 
cell membrane fluidity and precursor/product balance of 
polyunsaturated fatty acids (ω3-PUFAs, ω6-PUFAs) as 
therapeutic targets.
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