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Several lines of evidence confirmed the idea that stem cells are among 
the major players in orchestrating the response of our body to nutrients, 
mainly due to their crucial role in tissue homeostasis as dietary 
components and nutritional status can significantly impact stem cell 
survival and performance in human body and subsequently health status. 
This review concentrated on literature findings to determine the impact of 
food components on function, proliferation, differentiation, homeostasis, 
and regenerative capacity of body mesenchymal stem cells by searching 
related databases and focusing on related keywords from June 2000 to June 
2026. Even many studies regarding the impact of vitamins and mineral 
components on proliferation, differentiation, homeostasis and regenerative 
capacity of body mesenchymal stem cells are in vitro and require in vivo 
validation; but the positive physiological effects of vitamins and minerals 
through several mechanisms in the literature reflect their pivotal role in 
regenerative medcicne. It seems that improving nutritional intake and 
biochemical status of key micronutrients (e.g. vitamins and minerals) 
can be supportive for the efficacy of MSCs in therapies and immune 
function and subsequently the recovery and clinical outcome of patients. 
A proper food intake can particularly target the enhancement of stem 
cell activity, epigenetic regulation, redox–inflammatory pathways and 
cellular metabolism. In this review, mitochondrial metabolic checkpoint 
regulating stem cell maintenance was highlighted. It was discussed how 
diet affects the metabolism of stem cells through the nutrient sensing 
pathways, thereby affecting stem cell fate decision and tissue regeneration. 
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Introduction
Nutrients can directly affect stem cells or indirectly 
via regulating the stem cell niche. Also, nutrients 
can regulate hormone production, which in turn 
can impact the behavior of stem cells and their 
niche (1). Several lines of evidence confirmed 
the idea that stem cells are among the major 
players in orchestrating the response of our body 
to nutrients, mainly due to their crucial role in 
tissue homeostasis as dietary components and 
nutritional status can significantly impact stem 
cell survival and performance in human body 
and subsequently health status (2-7). In doing so, 
tissue stem cells not only use nutrients for their 
metabolic needs but also adapt their activities, such 
as self-renewal, autophagy or differentiation to the 
metabolic environment and nutrient availability (1). 
Micronutrients and dietary components are among 
the major signaling molecules that not only influence 
the cell metabolism; but also can modulate stem 
cell activity. In particular; minerals, vitamins, etc. 
are important to maintain stem cell proliferation 
and self-renewal via signaling pathways and gene 
expression networks and epigenetic regulation. 
So the regulation in nutrition can be an emerging 
target to control stem cell function, survival and 
pools in body tissues (8-10). In this relation, the 
concept of functional food components is crucial to 
provide s physiological and health benefits relevant 
to stem cell function (11). The functional food 
micronutrients can potentially enhance regenerative 
outcomes and protect stem cells from stress and 
to be novel perspectives for health promotion and 
disease prevention (12).

Among the functional food micronutrients, 
vitamins and minerals are provided to human body 
from natural sources of vegetables, fruits, oils, nuts, 
meat, dairy products, etc. So selected micronutrients 
found in foods can have specific effects at cellular 
level (13). It was shown that functional food 
components have various physiological advantages 
in human body as plausible modulators of stem cell 
function and enhancing regenerative outcomes in 
several diseases (3, 14).

Food-gene interaction was depicted as a leading 
risk factor for some diseases like inflammatory bowel 
disease (IBD) and colorectal cancer (CRC). Recent 
studies in stem cell biology demonstrated that diet and 
nutrition by signaling to intestinal MSCs (I-MSCs) 
by shifting nutrient-sensing transcriptional functions 
could impact barrier integrity and susceptibility to 
inflammation and tumorigenesis (15). Some nutrient 
ingredients and dietetic regimens were shown to 
have beneficial effects on the regulation of stem cells 
and tissue homeostasis and can lead to inhibition of 

the cancer transformation process and progression 
and prevention of the onset of a drug resistance 
(16). Nutrients can normally affect the physiology 
of stem cells due to capability of several nutrient 
derived metabolites, released during the catabolic 
process, to induce chromatin reshaping, epigenetic 
modifications and gene expression modulation (17). 

Indeed, nutrients may play a direct or indirect role 
by regulating the stem cell niche and can regulate 
hormone production, which in turn can affect the 
behavior of stem cells and their niche. In response 
to these stimuli, stem cells can activate signaling 
pathways, reprogram their metabolism and gene 
expression, and convert the dietary input into fate 
decisions. For stem cells, the main molecular node 
connecting diet and function was depicted by the 
adenosine monophosphate-activated protein kinase 
(AMPK)-mammalian target of rapamycin (mTOR)- 
sirtuin 1, (SIRT1) pathway (1). Even though these 
pathways are common to stem cells, the impact 
of diet on stem cells may be dramatic for various 
reasons. Stem cells have unique metabolic needs, 
which can be different based on their developmental 
stage (18-20). 

Activation of these metabolic pathways is 
necessary for stem cell activities, inducing 
nutrient dependencies more profound than those 
in differentiated cells (21). Also, stem cells are 
characterized by lower levels of reactive oxygen 
species (ROS) when compared to their more 
differentiated counterparts; which are greatly 
affected by diet and nutrients and are important 
regulators of the balance between cell selfrenewal 
and differentiation (22). Therefore, this review 
has searched findings available in the literature to 
determine the impact of food components on body 
mesenchymal stem cells’ function, proliferation, 
differentiation, homeostasis and regenerative 
capacity.

Materials and Methods
A comprehensive literature search was carried out 
utilizing databases of Scopus, Web of Science, 
PubMed, Cochrane, Science Direct, Ovid and 
Google Scholar by focusing on keywords of 
“food”, “nutrition”, “diet”, “minerals”, “vitamins”, 
“mesenchymal stem cells”, “cell function”, “cell 
proliferation”, “cell differentiation”, “homeostasis”, 
“regenerative capacity” and “healing” from June 
2000 to June 2026.

Mesenchymal stem cells
Mesenchymal stem cells (MSCs) as multipotent 

adult stem cells having self-renewal and 
differentiation properties into specialized cell types 
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such as osteoblasts (bone cells), adipocytes (fat 
cells), and chondrocytes (cartilage cells) in order 
to maintain homeostasis and tissue regeneration 
in human being based on their anti-inflammatory 
and immunomodulatory characteristics and 
activities to repair damaged tissues (23-25). Their 
immunomodulatory characteristics can impact 
the activity of different immune cell types. They 
can promote polarization of macrophages from a 
pro-inflammatory (M1) to an anti-inflammatory 
(M2) phenotype, and enhance regulatory T cell 
populations making MSCs beneficial in conditions 
such as inflammation during tissue damages (26). 

They secrete several bioactive factors such as 
cytokines and growth factors, which not only protect 
tissue regeneration and repair; but also modulate the 
local immune responses. This regenerative potential 
is enhanced by their involvement in the process of 
new blood vessel formation, which is crucial to supply 
injured tissues with nutrients and oxygen in order 
to promote wound healing by facilitating cellular 
communication and extracellular matrix (ECM) 
remodeling (27). They have the regenerative potential 
of migrating to sites of injury from distant organs 
and have the potential to exert paracrine effects in 
situ making them a proper candidate to counteract 
many diseases and degenerative conditions (28). 
MSCs have been dispersed throughout the body in 
various tissues such as bone marrow (29), adipose 
tissue (30), dental pulp (31), Wharton’s jelly (32) 
endometrium (33) and menstrual blood (34). The 
therapeutic application of MSCs is intrinsically 
correlated to their potential for robust proliferation, 
effective self-renewal, and resistance to cellular 
senescence (3). They have been successfully utilized 
in treatment of many diseases such as infertility (35), 
spinal cord injury (36), burns (37), osteoarthritis (38), 
liver injuries (39), etc. MSCs have been labeled to 
track the cell fate after transplantation to confirm 
their share in healing process too (40). 

Biological function of MSCs was shown to 
be modulated by environmental factors such as 
dietary components including minerals, vitamins, 
etc. which can affect cell proliferation, aging, 
inflammatory response and resistance to oxidative 
stress (3). Growing body of evidences revealed 
that minerals and vitamins are pivotal modulators 
in MSCs function, proliferation, differentiation, 
and homeostasis (5, 7, 41-45). The profound 
immunomodulatory capabilities of MSCs are crucial 
for their therapeutic efficacy in inflammatory and 
autoimmune diseases. These activities are not 
static; but are modulated by microenvironmental 
factors such as vitamins A, B3, B6, C, D, E and K 
together with minerals like magnesium, selenium, 

zinc, iron and lithium chloride which are important 
for immunosuppressive and anti-inflammatory 
characteristics of MSCs because of a change in 
the profiles of cytokine secretion, surface marker 
expression, and intracellular signaling (3).

Vitamins
Vitamins are involved in various cellular 

activities, and their deficiency often leads to serious 
symptoms to people, sometimes even death. Most 
vitamins can be obtained through balanced food 
intake, and vitamin supplements are also extensively 
applied in healthcare practices. Different vitamins 
possess regulatory mechanisms at cellular level, 
particularly in stem cells. Functional stem cells need 
a culture system in which all components including 
water, inorganic salts, growth factors, amino acids, 
buffering reagent, energetic substrates, extracellular 
matrix, vitamins, vitamin-like organic factors are 
suitably balanced. So the regulation of nutrition is 
emerging as a viable target for stem cell modulation, 
which can impact not only cell survival; but also 
pluripotency and cell fates (41).

Human vitamins are generally divided into two 
groups of water-soluble vitamins and fat-soluble 
vitamins. Water-soluble vitamins are consisted of 
the B type vitamins and vitamin C, and fat-soluble 
vitamins compromize vitamins A, D, E and K. Some 
vitamins can be synthesized in the body, but at a 
very low rate; but all vitamins can be provided from 
food to fulfill the nutritional needs. Vitamins B1, 
B3, B6 and B7 participate in glucose metabolism 
of glycolysis, pentose pathway, glycogenolysis and 
gluconeogenesis; while vitamins B2, B3 and B5 are 
involved in fatty acid synthesis and degradation 
and vitamins B3, B6, B9 and B12 are essential in 
amino acid degradation. Vitamin C as an antioxidant 
suppresses generation of ROS. Vitamin A acts as 
an antioxidation and transcriptional regulation 
factor; vitamin D is a hormone that binds to 
nuclear receptors and regulates transcription, 
and is involved in calcium absorption; vitamin E 
is a strong fat-soluble antioxidant and modulates 
signal transduction and vitamin K is a cofactor 
for γ-glutamyl carboxylase that is crucial in blood 
clotting. (41). Six vitamins of B1, B2, B3, B5, B6 
and B9 are necessary in cell proliferation. So in cell 
cultures, Basal Medium Eagle (BME), Minimum 
Essential Medium (MEM), Dulbecco’s Modified 
MEM (DMEM) and DMEM, Ham’s F12, RMPI, 
IMDM and α-MEM were developed with various 
vitamins (41).

The MSCs potentials to facilitate tissue repair 
is prominently affected by the local biochemical 
environment of different vitamins that can play a 
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direct role in modulating regenerative activities. 
It was shown that the differentiation of MSCs is 
effectively modulated by a wide range of vitamins 
that play a crucial role in tissue homeostasis and 
regenerative applications (3). In this relation, 
vitamins A, B, C, D, E and K have been highlighted 
as key micronutrients for stem cell activity (41, 46). 

Vitamin A
Vitamin A is practically a group of compounds 

known as retinoids, including retinol, retinal and 
retinoic acid (RA). Vitamin A compounds are 
normally present in food of animal origin; while 
their precursor known as carotenoid is found in 
plants. Humans can synthesize vitamin A from 
carotenoids like β-carotenes that can be converted 
into two retinals that can be further reduced to retinol. 
Retinol either is then esterified into retinyl palmitate 
for storage, or is oxidized into RA. Vitamin A has 
also distinctive roles in embryogenesis and stem cells 
in culture as retinol and retinal are readily oxidized 
in culture and function as antioxidants to promote 
cell survival and growth (41). 

RA, also known as tretinoin, is a bioactive 
derivative of vitamin A that mediates transcriptional 
programs critical for cell proliferation, differentiation 
and development (47). RA can enhance MSCs 
potential in suppression of T cell proliferation (48) and 
activate pro-inflammatory pathways within MSCs 
(49). RA in vitro with human umbilical cord-MSCs 
(UC-MSCs); in vivo in mouse model of liver diseases 
and ex vivo in liver inflammation co-culture model 
of human periodontal ligament-MSCs (PDL-MSCs) 
could enhance immunosuppression by suppressing 
proliferation of CD4+ and CD8+ T cells; reduction 
in programmed death-ligand-1 (PD-L1) expression; 
a significant rise in expression of human leukocyte 
antigens (HLA) class I and class II; a decrease in 
tumor necrosis factor-alpha (TNF-α) secretion and 
activating the pro-inflammatory nuclear factor 
kappa-light-chain-enhancer of activated B cells/
nucleotide-binding-domain, leucine-rich repeat 
containing protein 3 (NF-κB/NLRP3) axis and 
promoting the production of the proinflammatory 
cytokine of interleukin-1 beta (IL-1β) (48, 49).

Vitamin A (retinol) and its metabolites (4-OH-
RA and 4-Oxo-RA) roles in cell development were 
exhibited (50). In weaned piglets, dietary vitamin A 
could significantly affect I-MSC differentiation and 
stemness (51).

Vitamin B3
Vitamin B3 is a water-soluble B vitamin 

found naturally in many foods in common forms 
of niacin (nicotinic acid), nicotinamide (NAM) 

and nicotinamide riboside (NR) as precursors of 
nicotinamide adenine dinucleotide (NAD) and 
nicotinamide adenine dinucleotide phosphate 
(NADP) that are cofactors or substrates in a wide 
range of metabolic reactions. Nicotinamide in 
medium can easily cross plasma membrane and 
enter the cytoplasm (41). Niacin acts in the body as 
a coenzyme, with more than 400 enzymes dependent 
on it for several reactions to help converting nutrients 
into energy, create cholesterol and fats, create and 
repair DNA, and exert antioxidant effects (52). 

Vitamin B3 when treated with mouse adipose 
tissue deried-MSCs (Ad-MSCs) could regulate 
histone deacetylation and telomere maintenance via 
activating SIRT1, nicotinamide adenine dinucleotide 
(NAD+)-dependent histone deacetylase to postpone 
senescence and support differentiation (53). It was 
shown that nicotinamide and pyridoxine could 
stimulate muscle stem cell expansion and enhance 
regenerative capacity during aging as skeletal muscle 
is dependent on resident muscle MSCs (Mu-MSCs) 
for growth and repair. Nicotinamide and pyridoxine 
synergize through CK1-mediated cytoplasmic 
β-catenin activation and protein kinase B (AKT) 
signaling to promote amplification and differentiation 
of Mu-MSCs. Oral intake of nicotinamide and 
pyridoxine can accelerate muscle regeneration in 
vivo by stimulating Mu-MSCs, increase muscle 
strength and overcome Mu-MSC dysfunction and 
regenerative failure during aging (54). 

Vitamin B6
Vitamin B6 is a water-soluble vitamin naturally 

found in several foods. Pyridoxal 5’ phosphate (PLP) 
and pyridoxamine 5’ phosphate (PMP) are the active 
coenzyme forms of vitamin B6. This vitamin is 
involved in gluconeogenesis and glycogenolysis, 
immune function, and hemoglobin formation (55). 
Administration of vitamin B6 was depicted to 
accelerate the clearance of transplanted MSCs from 
the body in a murine model that can be important 
in therapeutic applications (48). In murine model of 
hepatitis treated with UC-MSCs, an acceleration in 
clearance of MSCs from the body happened. It led 
to lower numbers of detectable UC-MSCs 4h post-
injection, especially when combined with retinoic 
acid (48). Vitamin B6 can modulate the immunogenic 
and immunoregulatory profile of MSCs via a rise 
in the surface expression of HLA molecules; while 
upregulates PD-L1 immunomodulatory molecule 
and interleukin-1 receptor antagonist (IL-1RA) anti-
inflammatory factor (48). 

Vitamin C
Vitamin C, or l-ascorbic acid (AA/LAA), is a 
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water soluble vitamin due to its sugar-like structure. 
It is a strong antioxidant that reduces ROS that acts 
as a kinase inhibitor too. Its roles in promoting cell 
proliferation and survival, cell differentiation and 
reducetion of cell senescence during reprogramming 
was demonstrated via suppressing p53 (41). It is an 
enzyme cofactor of critical importance in synthesis 
of collagen that can strongly support formation 
of ECM, which is necessary in tissue integrity, 
regeneration and remodeling (56, 57). It can improve 
neovascularization and tissue repair (58). In in vivo 
mice model of ischemic limb, transplantation of 
subchondral bone mesenchymal stem cells (SCB-
MSCs) and AdMSCs was shown to enhance 
regeneration and tissue repair in bone defects 
acting as a cofactor in supporting ECM formation 
and deposition, collagen synthesis and improving 
blood perfusion and neovascularization (8, 56-66). 
Vitamin C contributes to immune regulation by 
suppressing the senescence-associated secretory 
phenotype (SASP) in MSCs and a decrease in 
production of proinflammatory cytokines, thereby 
helping maintain the functional integrity of MSCs 
and supporting the activity of immune effector 
cells (58, 67). Vitamin C as a potent antioxidant can 
directly scavenge ROS and protect mitochondrial 
homeostasis, and as a result can support MSCs from 
oxidative damage and the enhanced senescence via 
inhibiting ROS production through key signaling 
pathways (56, 63, 68-71). Vitamin C in presence of 
human bone marrow derived stem cells (BM-MSCs) 
and Ad-MSCs could induce osteogenesis in senescent 
MSCs and activate telomerase and expression of 
runtrelated transcription factor 2 (Runx2), alkaline 
phosphatase (ALP) and collagen type I alpha 1 chain 
(COL1A1) which are necessary in collagen synthesis 
and enhancing mineralization (56, 72, 73). Vitamin 
C when exposed to mouse embryonic mesoderm-
derived MSCs could contribute to adipogenesis by 
a suppression of adipocytes differentiation (74). 
It was shown that vitamin C in addition to Glial-
derived stem cells (GS-MCs) and Ad-MSCs resulted 
in chndrogenesis through enhancing differentiation 
and supporting chondrocytes from oxidative stress 
of hydrogen peroxide (H2O2) (7, 75). In in vivo mice 
model of ischemic limb, SCB-MSCs and Ad-MSCs in 
addition to vitamin C could enhance regeneration in 
bone defects and support ECM formation and tissue 
repair via acting as a cofactor in collagen synthesis 
and deposition and improving blood perfusion and 
neovascularization (8, 56-66). This vitamin with lung 
MSCs in rat model could promote vascular repair, 
bone regeneration and lung development because 
of modulating the immune environment; promoting 
the osteogenic differentiation; improving adhesion 

and migration of endothelial progenitor cells (EPCs) 
and alleviating TNF-α-mediated inflammation 
(44, 76-78). Vitamin C when treated with SCS-
MSCs were indicated to decrease proinflammatory 
phenotype of SASP, TNF-α, IL-1β, IL-6 and IL-8 
and support activation of natural killer (NK) cells 
and cytotoxic T lymphocytes (58). This vitamin in 
vitro when added to Ad-MSCs and lithium chloride 
increased cell proliferation and protected the cells 
from apoptosis via an increase in expression of the 
Bcl-2 gene and a significant reduction in Bax gene 
(14). Vitamin C with Ad-MSCs in vivo in mouse 
model of acute radiation syndrome (ARS) increased 
the survival rate following a lethal irradiation and 
reduced the proinflammatory cytokines, ECM 
formation, adhesion properties and boosted anti-
inflammatory properties, detoxification and anti-
oxidative stress control (79). This vitamin with Ad-
MSCs demonstrated strong antioxidant activity and 
decreased ROS due to scavenging and inhibition of 
ROS production via protein kinase B/AKT/mTOR 
axis (56, 59, 63, 68, 80). Vitamin C in combination 
with gingival MSCs and mouse Ad-MSCs could 
directly modulate DNA and histone demethylation 
by participating as a cofactor for ten-eleven 
translocation (TET) enzymes, promoting an active 
DNA demethylation from 5-methylcytosine (5mC) 
to 5-hydroxymethylcytosine (5hmC); supporting 
Jumonji (JHDM) histone demethylases such as 
histone H3 lysine 36 dimethylation/trimethylation2/3 
(H3K36me2/3) and lead to an increase in cellular 
myelocytomatosis/Krüppel-like factor 4 (c-Myc/
Klf4) and repression of protein 21 (p21) (7) (64) (81).

Vitamin D
Vitamin D (also named calciferol) is fat-soluble 

and biologically inert that is naturally present in 
a few foods and is produced endogenously when 
ultraviolet (UV) rays from sunlight is exposed 
to the skin and stimulate vitamin D synthesis. It 
must undergo two hydroxylations in liver and 
kidney for activation converting vitamin D to 
25-hydroxyvitamin D [25(OH)D], also known as 
calcidiol 1,25-dihydroxyvitamin D [1,25(OH)2D], 
also known as calcitriol (82). The key role of the 
nutrient environment, and vitamin D signaling 
was illustrated in defining contribution of at least 
two different stem cell populations to mucosal 
homeostasis (83). Vitamin D was shown to directly 
enhance the regenerative capacity of MSCs, promote 
bone regeneration by modulating the local immune 
environment and directing osteogenic differentiation 
(44, 46). Also, it participates in angiogenesis and 
vascular repair by improving the endothelial 
progenitor cells activity (76, 78). In rat model, lung 
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MSCs were demonstrated to promote vascular 
repair, bone regeneration and lung development via 
modulation of the immune environment; promotion 
in osteogenic differentiation; improvement in 
endothelial progenitor cells (EPC) adhesion and 
migration; and alleviation of TNF-α-mediated 
inflammation (44, 76-78). Vitamin D has a potent 
immunomodulatory impact via the decrease in 
secretion of proinflammatory cytokines mediated 
by an inhibition in NF-κB signaling (84-87). This 
mechanism can enhance the capability of MSCs in 
suppression of proliferation of T cells and can further 
strengthen their immunosuppressive potential (49, 
85, 88). Also, vitamin D participates in redox balance 
by an activation in vitamin D receptor (VDR) and 
upregulation of antioxidant enzymes which can 
further preserve mitochondrial activity, decrease 
ROS accumulation, and support MSCs from 
oxidative injury (89, 90). Li et al. in their in vivo 
study found that VDR can protect against radiation-
induced intestinal injury in mice via inhibition of 
intestinal crypt stem/progenitor cell apoptosis (91). 
It can improve autophagy and promote resistance to 
oxidative stress, specifically when combined with 
other metabolic modulators (59, 92-95). Vitamin D 
together with BM-MSCs has induced osteogenesis 
via enhancing expression of osteocalcin (OCN), 
ALP and Runx2 through VDR and a synergism with 
transforming growth factor-beta1 (TGF-β1), bone 
morphogenetic protein 2 (BMP-2), dexamethasone 
and metformin to activate Wnt signaling pathway- 
catenin (Wnt/β-catenin) and BMP2 signaling and 
a reduction in ROS (43, 44, 90, 96-99). Addition 
of vitamin D to human BM-MSCs has resulted 
in adipogenesis too due to a reduction in lipid 
accumulation and downregulation of adipocyte-
specific genes andy inhibition of transcription 
factor peroxisome proliferator-activated receptor 
gamma 2 (PPARγ2) (44, 100-102). This vitamin 
in vitro together with human periodontal ligament 
MSCs (PDL-MSCs) and with mouse BM-MSCs in 
vivo participated in bone fracture healing. Also, it 
showed strong anti-inflammatory effects in vivo in 
mouse model of acute and chronic diseases when 
used with lipopolysaccharide (LPS) and high fat diet. 
These changes happened via a decline in secretion 
of TNF-α, IL-1β and IL-6 by blocking NF-κB 
signaling; enhancing MSC-mediated suppression 
of CD4+ T cell proliferation; suppressesion of 
M1 macrophage differentiation; promotion in M2 
macrophage differentiation and Inhibition of M1 
macrophage-mediated MSC migration in a dose-
dependent manner (84, 85, 87). Vitamin D in in 
vitro addition to human and mouse BM-MSCs and 
in vivo with mouse model of high fat diet (HFD)-

induced osteoporosis could maintain redox balance 
based on activating VDR to upregulate superoxide 
dismutase 2 (SOD2) and preserving mitochondrial  
function (89, 90).

Recent studies illustrated the effect of the active 
form of vitamin D (vitamin D3) on maintenance of 
I-MSCs and inflammation in crypts. Supplementation 
of vitamin D3 and calcium to the diet can abrogate 
the adverse impact of NWD1 on I-MSC function. 
Vitamin D3 was shown to enhance the differentiation 
of I-MSCs into various specialized epithelial cells 
like Paneth, enterocytes, enteroendocrine and 
goblet cells. The crucial role of vitamin D in I-MSC 
regulation in Vdr knockout mouse model has been 
validated. Vitamin D3/VDR signalling pathway can 
protect I-MSCs and progenitor cells against DNA 
damage and apoptosis due to ionising radiation (50, 
91, 103, 104). 

Vitamin E
Vitamin E is fat-soluble antioxidant vitamin with 

eight known natural isoforms of four tocopherols 
and four tocotrienols, each designated as α, β, γ 
and δ based on the position of methyl groups on 
the chromanol ring. It is found in almost all the 
tissues in the human body, with the highest level 
in the adipose tissue and adrenal gland that plays 
a role as chain-breaking antioxidant, neutralizing 
free radicals and terminating chain reactions in the 
oxidation of polyunsaturated fatty acids. Vitamin 
E also can modulate cellular signal transduction 
through kinases, phosphatases, lipid mediators and 
transcription factors. Vitamin E was frequently 
utilized in primary cell culture to inhibit cell death 
and preserve cell activity when exposed to stress 
conditions. So commercial cell culture supplements 
that contain vitamin E are available (41). 

Vitamin is essential for the maintenance of healthy 
skin. It is s a group of eight compounds related in 
molecular structure enrolling four tocopherols and 
four tocotrienols (105). Pretreatment of MSCs with 
vitamin E was demonstrated to protect the stem cells 
from oxidative stress-induced damage and enhance 
the survival and preserve the regenerative capacity 
of MSCs (70). These findings can be promising in 
cartilage regeneration, as vitamin E-treated MSCs 
can promote chondrogenic differentiation and 
can slow the progression of osteoarthritis by an 
inhibition in apoptosis and senescence processes 
(106, 107). In in vitro preconditioning of MSCs and 
in vivo osteoarthritis rat models; an enhancement 
in MSC survival and cartilage regeneration was 
noticed. Preconditioning protected MSCs from 
oxidative stress (H2O2); downregulated apoptosis 
genes, reduced vascular endothelial growth factor 
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(VEGF) and lactate dehydrogenase (LDH) release, 
upregulated TGF-β, and increased proteoglycan 
content in cartilage (70, 106, 107). Vitamin E as a 
major fat-soluble antioxidant is vital to support cell 
membranes from lipid peroxidation and as a result 
can protect the MSC lipid bilayer from oxidative 
stress and has an anti-aging protection role and 
maintains MSC viability and activity, especially 
under the challenging conditions in tissue injuries 
(70, 108, 109). When vitamin E is added to human 
dental pulp MSCs (DP-MSCs), osteogenesis was 
noticed via enhancing osteogenic commitment 
(7, 98). Vitamin E when added in vitro to human 
DP-MSCs; porcine Ad-MSCs and rat BM-MSCs 
and in vivo in rat model of osteoarthritis (OA); it 
could protect from oxidative stress by preventing 
lipid peroxidation of cell membranes; reduction of 
oxidative stress and aging caused because of H2O2; 
maintenance of cell membrane integrity; protection 
against apoptosis and promoting survival and 
enhancing proliferation (70, 71, 110). 

Vitamin K2
Vitamin K2 is found in animal foods such as 

liver, egg yolks, high fat dairy products, organ 
meats and fermented foods like sauerkraut and natto. 
The gut bacteria can also produce some K2. It can 
help to decline the risk of cardiovascular diseases 
(CVDs) by preventing calcium buildup in arteries. 
It is divided into different subtypes like MK-4 and 
MK-7 (111). Vitamin K2 may also support dental 
health by activating osteocalcin, a protein that helps 
stimulate new bone and dentin growth. Talk with a 
healthcare professional before adding vitamin K2 
supplements to the diet, especially if someone takes 
blood thinning medications like warfarin. Vitamin 
K2 in comnination with diet-induced obesity in 
mouse model and synergistically with vitamin D3 
can lead to osteogenesis via enhancing the expression 
of osterix, osteocalcin and Runx2 (112).

Folic acid
Folic acid is a water-soluble B vitamin which 

has critical roles in neural tube development and 
neonatal gut maturation and overall gut health. 
Zheng et al. illustrated that folic acid promoted 
renewal, proliferation, differentiation of intestinal 
stem cells (ISCs) and demonstrated that folic acid 
could enhance ISC-driven epithelial regeneration 
in a β-adrenergic signaling-dependent manner 
and epithelial barrier integrity and homeostasis 
and could modulate epithelial function through 
the upregulation expression of tight junction 
components and nutrient transporters (113). Zhang 
et al. revealed that supplementation of maternal folic 

acid can improve the intestinal health of porcine 
newborns through promoting the proliferation and 
differentiation of I-MSCs, increase in Ki67-positive 
cells and the expression of proliferation-related 
marker genes [(C-Myc, CyclinD1, and proliferating 
cell nuclear antigen (PCNA)] in piglets’ intestinal 
stem cells (114).

Minerals
Essential minerals were exhibited to be integral to 

MSC-mediated repair. The differentiation of MSCs is 
prominently modulated by many minerals; thereby 
they have an important impact on tissue homeostasis 
and in regenerative medicine (3). Minerals such 
as iron, magnesium, zinc, calcium, selenium, etc. 
were highlighted as key micronutrients for stem cell 
activity (41, 46). 

Iron
Iron is a key element in the metabolism of all 

living organisms and is found in two biologically 
oxidation states of the ferrous form (Fe2+) and the 
ferric form (Fe3+). It naturally exists in several foods, 
is added to some food products, and is available as a 
dietary supplement. Iron is an essential component in 
hemoglobin, an erythrocyte (red blood cell) protein 
that transfers oxygen from the lungs to the tissues. 
As a component of myoglobin as another protein can 
provide oxygen and support muscle metabolism. Iron 
is also essential for cellular functioning, neurological 
development, physical growth and hormonal 
synthesis (115-118). 

Iron as an essential cofactor was demonstrated 
to have a prominent role for many proteins 
involved in critical biological processes, such as 
mitochondrial electron transport, DNA synthesis, 
and oxidative phosphorylation that make iron a 
fundamental metabolic currency. Its deficiency can 
impair intestinal mucosal structure and activity and 
affect intestinal stem cells and their differentiation 
potential (119). The dysregulated iron dynamics 
can lead to a significant decline in numbers and 
proliferative activity of intestinal stem cells as 
documented by a reduction in expression of the 
canonical stem cell marker leucine-rich repeat-
containing G-protein coupled receptor 5 (Lgr5) 
and antigen Kiel 67 (Ki67)-positive proliferating 
cells. The correlation between nutrient deficiency 
and impaired proliferation of intestinal stem cells 
has been noticed in many models of malnutrition, 
revealing a potential common pathway in nutrient 
stress responses (120, 121). 

It was suggested that iron delivered via iron oxide 
nanoparticles (IONPs) can enhance the migration 
of MSCs to the site of tissue injury and to facilitate 
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angiogenesis and wound healing; while IONP-labeled 
MSCs were also successfully employed to improve 
tissue repair in in vivo studies. These properties were 
successfully documented by magnetic resonance 
imaging (MRI) tracking (37, 40, 122-127) MSCs 
treated with iron and delivered to cells as IONPs 
displayed enhanced anti-inflammatory properties 
with a change in their cytokine profile toward the 
declined secretion of proinflammatory factors and a 
rise in anti-inflammatory cytokines (128). 

Mouse model of dermal wounds; mouse model 
of hind limb ischemia for angiogenesis by using 
human Ad-MSCs and rat model of liver fibrosis 
utilizing rat BM-MSCs denoted to an improvement 
in wound healing and a reduction in liver fibrosis. It 
could enhance migration of MSCs to the site of tissue 
injury and led to an improvement in angiogenesis 
(122-124). Iron can illustrate a dualistic role too, 
as a decrease in its level can stimulate adaptive 
healing mechanisms, while excessive iron level 
can result in accumulation of toxic ROS that can 
underscore the importance of tightly regulated iron 
homeostasis (122, 129-131). Iron when treated with 
Ad-MSCs in mouse model of skin wounds and in 
mouse model of hindlimb ischemia (angiogenesis) 
and with BM-MSCs in rat model of liver fibrosis 
could improve wound healing and decrease liver 
fibrosis by enhancing migration of MSCs to the site 
of injury and lead to an improvement in angiogenesis 
(123-124).

Iron in vitro exposed to rat BM-MSCs and in vivo 
in rat model of laser burn wound could enhance anti-
inflammatory properties through modification in 
cytokine profile and a decrease in pro-inflammatory 
factors (IL-2 and TNF-α) and a rise in secretion of 
anti-inflammatory cytokines of IL-4 and IL-10 (128). 
Iron in combination with human Ad-MSCs, human 
BM-MSCs and rat BM-MSCs revealed dualistic 
adaptive vs. toxic effects; while in low concentrations 
was associated with mild ROS for adaptive response 
[hypoxia-inducible factor 1 subunit alpha (HIF-1α) 
stimulation] and in high concentrations was with 
toxic ROS (122, 129-131).

Magnesium
Magnesium is an abundant mineral in the body 

and a cofactor found in more than 300 enzyme 
systems that regulate various biochemical reactions 
in the body, like muscle and nerve function, protein 
synthesis, blood pressure regulation and blood 
glucose control. It is naturally found in various 
foods, available as a dietary supplement, added 
to food products, and seen in some medicines 
(e.g., antacids, laxatives) essential in oxidative 
phosphorylation, energy production and glycolysis. 

It contributes to the structural development of bone 
and is necessary in RNA and DNA synthesis and 
the antioxidant glutathione. Magnesium also plays a 
role in the active transport of calcium and potassium 
ions across cell membranes to facilitate muscle 
contraction, nerve impulse conduction and normal 
heart rhythm (132).

Magnesium in addition to bone homeostasis is 
pivotal for both cartilage regeneration. Shimaya 
et al. reported that it can enhance the adhesion of 
synovial MSCs to injured sites, promote cartilage 
matrix synthesis, and induces apatite crystal growth 
on tissue surfaces as a key step in bone formation 
and remodeling (133, 134). In in vivo study using 
a rabbit model of osteochondral defect with rabbit 
synovial MSCs; in ex vivo study employing 
osteochondral tissue and human synovial MSCs and 
in in vitro study of chondrogenesis assessment and 
cell adhesion utilizing human synovial MSCs and 
human Ad-MSCs, bone homeostasis and cartilage 
regeneration were supported. Magnesium could 
enhance MSC adhesion to defects; improve cartilage 
matrix synthesis and induced apatite crystal growth 
on scaffolds for mineralization (133, 134). 

Magnesium has anti-inflammatory properties 
too that can significantly decrease secretion 
of proinflammatory cytokines from MSCs. It 
can simultaneously increase anti-inflammatory 
mediators such as prostaglandin E2 (PGE2) and 
IL-10 and modulate key inflammation-related 
transcription factors like NF-κB to enhance the 
overall immunosuppressive activity of MSCs 
(135). Magnesium in combination with BM-
MSCs could trigger osteogenesis by enhancing 
early differentiation, Notch and Wnt signaling and 
autophagy; while high concentrations were shown 
to impair late-stage mineralization (133, 136-141). 
When added to synovial MSCs, chondogenesis 
was noted due to the support of differentiation and 
synthesis of cartilage-specific ECM via integrin-
mediated signaling (133). 

This mineral with synovial MSCs in vivo in 
rabbit model of osteochondral defect, in ex vivo 
with human synovial MSCs in osteochondral tissue; 
in in vitro with synovial MSCs in cell adhesion 
and chondrogenesis assessment; and in vitro with 
Ad-MSCs could support bone homeostasis and 
cartilage regeneration by promoting cartilage 
matrix synthesis; enhance MSC adhesion to defects 
and induce apatite crystal growth on scaffolds for 
mineralization (133, 134). Magnesium with murine 
MSCs and macrophages in vitro displayed strong 
anti-inflammatory and immunosuppressive impacts 
via a decrease in IL-1β, IL-6; an increase in IL-10 and 
PGE2 and the modulation of nuclear factor NF-κB 
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and signal transducer and activator of transcription-3 
(STAT-3) (135).

Zinc
Zinc is an essential mineral that helps cell 

metabolism, growth, signaling and division. It is 
mainly stored in muscles and bones and is naturally 
present in some foods and is available as a dietary 
supplement. Zinc is involved in many aspects of 
cellular. It is required for the catalytic activity of 
hundreds of enzymes and is essential for protein and 
DNA synthesis, to enhance immune function and 
improve wound healing. Its homeostasis is maintained 
via absorption of zinc from the diet, excretion into 
the gastrointestinal tract, and reabsorption in 
gastrointestinal lumen. Zinc Supplementation can 
be beneficial in glycemic control, insulin resistance, 
inflammation and oxidative stress in diabetes too (142). 

Zinc was described to improve the therapeutic 
efficiency of MSCs via enhancing the migration 
and adhesion of stem cells, which are important 
processes in homing of MSCs to the site of injury 
(4). Zinc-containing biomaterials were also tissue 
engineered to simultaneously improve angiogenesis 
and osteogenesis to support the complex tissue repair 
(143). In vitro scratch assays of human UC-MSCs and 
human Ad-MSCs with zinc promoted tissue repair 
via enhancing cell homing. It significantly improved 
migration and adhesion of MSCs and when scaffolds 
co-doped with copper and zinc, they promoted both 
angiogenesis and osteogenesis (4, 143).

Zinc is also essential in immune response regulation 
and its deficiency can be associated with an enhanced 
inflammation. Conversely, its supplementation 
has anti-inflammatory effects and can modulate 
the expression of genes involved in inflammatory 
signaling pathways of MSCs (144). It can enhance 
cellular defense via modulation of pathways that 
can promote the transcription of antioxidant genes 
(144, 145). Zinc when comes with Ad-MSCs can 
provide osteogenesis via enhancing matrix formation, 
osteoblast differentiation, and mineralization (143). 
Zinc and human UC-MSCs showed anti-inflammatory 
effects through upregulation of genes for cytokine 
receptor interactions and IL-17/TNF pathways. The 
deficiency was found to increase the TNF-α, IL-1β 
andIL-8 (144). 

Zinc in combination with human UC-MSCs 
could enhance antioxidant defense by modulating 
nuclear factor erythroid 2-related factor 2/sirtuin 3 
(Nrf2/Sirt3) pathway to promote antioxidant gene 
transcription (144, 145). Zinc treated with rat Ad-
MSCs could regulate histone deacetylation and 
telomeric stability by activating SIRT3 including 
histone deacetylase; functioning as a structural 

component for zinc finger transcription factors and 
chromatin remodelers and an increase in telomerase 
reverse transcriptase (TERT) expression (146).

Calcium
Calcium is the most abundant metal and the 5th-

most abundant element in the human body. Calcium 
ion (Ca2+) as an electrolyte plays a crucial role in 
the physiological and biochemical processes of 
cells: in signal transduction pathways where they 
play a role as a second messenger; in contraction 
of all muscle cell types; in neurotransmitter release 
from neurons; as cofactors in several enzymes and 
in fertilization. Its ions outside cells are important to 
maintain the potential difference across excitable cell 
membranes, protein synthesis, and bone formation 
(147). Presence of calcium with BM-MSCs and MSC 
immunoselected with stromal elements1 (STRO1) 
antibody provided the chance for osteogenesis. 
It happened because of upregulation of bone 
sialoprotein (BSP), OCN and ALP expressions and 
mediation through L-type calcium channels and 
calcium/calmodulin-dependent protein kinase II 
(CaMKII) signaling (148-150).

Selenium
Selenium is an ingredient in various multivitamins 

and dietary supplements, and in infant formulas. It is 
a component of the antioxidant enzymes glutathione 
peroxidase and thioredoxin reductase and in three 
deiodinase enzymes. Although trace amounts of 
selenium are essential in cellular function; but 
theycan be toxic in even small doses and cause 
selenosis with symptoms of fatigue, diarrhea, hair 
loss, nail brittleness, joint pain or discoloration, 
headache, nausea, vomiting, tingling and fever 
(151). Selenium as a trace element is essential for 
antioxidant defense and specifically in nanoparticle 
forms that can present a strong, dose-dependent 
supportive influence against oxidative stress. At 
optimal levels, it can decrease intracellular ROS 
and activate signaling pathways to increase the 
expression of antioxidant enzymes and consequently 
improves MSCs viability (43). 

Human embryonic stem cells-derived MSCs with 
selenium induced adipogenesis and osteogenesis. 
They happened through a change in MSC fate 
towards osteogenic lineage and an increase in 
ALP function and osteogenic gene transcription 
(43). Also it occurred via the suppression in 
adipocyte differentiation (43). Selenium addition 
to human ESC-derived MSCs and rat BM-MSCs 
showed a protecting effect against oxidative stress 
by activating c-Jun N-terminal kinase forkhead 
box O3a (JNK/FOXO3a) pathway and increasing 
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SOD and catalase (43, 152, 153). Selenium in 
combination with human BM-MSCs could support 
methylation cycle and chromatin integrity because 
as a component of selenoproteins, it can ensure the 
availability of S-adenosylmethionine (SAM), the 
universal methyl donor for DNA methyltransferases, 
histone H3K36me2/3 (DNMTs) and histone 
methyltransferases (HMTs) and decrease DNA 
damage indicators (micronuclei) by up to 58% (154).

Lithium chloride
Lithium is a fine, white, deliquescent granular 

or crystalline powder with a feeble alkaline taste. 
Its salts can influence the central nervous system 
(CNS) in a variety of ways and used to treat bipolar 
disorder (BPD) (14). Lithium chloride (LiCl) in 
vitro could enhance the proliferation and growth 
kinetic of Ad-MSCs and protect the cells from 
apoptosis via an increase in expression of the Bcl-2 
gene and a significant decrease in Bax gene (155). 
LiCl intake with MSCs and a ketogenic diet can be 
successful in treatment of BPD. This happens by 
an improvement in neurogenesis and an increase 
in expression of neurotrophic factors such as brain 
derived neurotrophic factor (BDNF), nerve growth 
factor (NGF) and insulin-like growth factor-1 (IGF-
1) that enhance the survival and differentiation of 
neurons (156). 

Conclusion
Even many studies regarding the impact of 
vitamins and mineral components on proliferation, 
differentiation, homeostasis and regenerative 
capacity of body mesenchymal stem cells are in 
vitro and require in vivo validation; but the positive 
physiological effects of vitamins and minerals through 
several mechanisms in the literature reflect their 
pivotal role in regenerative medcicne. It seems that 
improving nutritional intake and biochemical status 
of key micronutrients (e.g. vitamins and minerals) can 
be supportive for the efficacy of MSCs in therapies 
and immune function and subsequently the recovery 
and clinical outcome of patients. A proper food intake 
can particularly target the enhancement of stem cell 
activity, epigenetic regulation, redox–inflammatory 
pathways and cellular metabolism. In this review, the 
mitochondrial metabolic checkpoint regulating stem 
cell maintenance was highlighted. It was discussed 
how diet affects the metabolism of stem cells through 
the nutrient sensing pathways, thereby affecting stem 
cell fate decision and tissue regeneration. 

Acknowledgment
It is essential to acknowledge the collaboration of 
Stem Cell Technology Center and The Department 

of Clinical Nutrition of Shiraz University of 
Medical Sciences.

Authors’ Contribution
Conceptualization: DM and SJM; Investigation: 
SM, ASM, MH and MN; Data curation: SM and 
MN; Writing original draft preparation: DMand 
MN; Writing review and editing: DM and SM; 
Supervision: DM and SJM. All authors have read and 
agreed to the published version of the manuscript.

Funding
No fund was received for this review.

Conflict of Interest
The authors declare no conflicts of interest.

References
1	 Puca F, Fedele M, Rasio D, et al. Role of Diet 

in Stem and Cancer Stem Cells. Int J Mol Sci. 
2022;23:8108. DOI: 10.3390/ijms23158108. 
PMID: 35897685.

2	 Li WH, Yuan XY, Wang Z, et al. Nutrient sensing 
in intestinal stem cell: Linking dietary nutrients 
to cellular metabolic regulation. World J Stem 
Cells. 2025;17:107770. DOI: 10.4252/wjsc.v17.
i7.107770. PMID: 40740539.

3	 Kot M, Bronowicka-Adamska P, Tyszka-
Czochara M. Regulation of Human Stem 
Cells by Functional Food Components: How 
Vitamins, Minerals and Phytochemicals 
Influence Mesenchymal Stem Cells’ Fate and 
Function. Nutrients. 2025;17:3548. DOI: 10.3390/
nu17223548. PMID: 41305599.

4	 Sahibdad I, Khalid S, Chaudhry GR, et al. Zinc 
enhances the cell adhesion, migration, and 
self-renewal potential of human umbilical cord 
derived mesenchymal stem cells. World J Stem 
Cells. 2023;15:751-767. DOI: 10.4252/wjsc.v15.
i7.751. PMID: 37545753.

5	 Escobar LM, Bendahan Z, Bayona A, et al. 
Effect of Vitamins D and E on the Proliferation, 
Viability, and Differentiation of Human Dental 
Pulp Stem Cells: An In Vitro Study. Int J Dent. 
2020;2020:8860840. DOI: 10.1155/2020/8860840. 
PMID: 32676112.

6	 Saud B, Malla R, Shrestha K. A Review on the 
Effect of Plant Extract on Mesenchymal Stem Cell 
Proliferation and Differentiation. Stem Cells Int. 
2019;2019:7513404. DOI: 10.1155/2019/7513404. 
PMID: 31428160.

7	 Van Pham P, Tran NY, Phan NL, et al. Vitamin C 
stimulates human gingival stem cell proliferation 
and expression of pluripotent markers. In Vitro 
Cell Dev Biol Anim. 2016;52:218-27. DOI: 



Food impact on stem cell fate

Int J Nutr Sci September 2026;11(3) 11

10.1007/s11626-015-9963-2. PMID: 26487430.
8	 D’Aniello C, Cermola F, Patriarca EJ, et al. 

Vitamin C in Stem Cell Biology: Impact 
on Extracellular Matrix Homeostasis and 
Epigenetics. Stem Cells Int. 2017;2017:8936156. 
DOI: 10.1155/2017/8936156. PMID: 28512473.

9	 Khillan JS. Vitamin A/retinol and maintenance 
of pluripotency of stem cells. Nutrients. 
2014;6:1209-22. DOI: 10.3390/nu6031209. PMID: 
24662164.

10	 Barthez M, Song Z, Wang CL, et al. Stem Cell 
Metabolism and Diet. Curr Stem Cell Rep. 
2020;6:119-125. DOI: 10.1007/s40778-020-
00180-4. PMID: 33777658.

11	 Fekete N, Rojewski MT, Lotfi R, et al. Essential 
components for ex vivo proliferation of 
mesenchymal stromal cells. Tissue Eng Part 
C Methods. 2014;20:129-39. DOI: 10.1089/ten.
TEC.2013.0061. PMID: 23713576.

12	 Adefegha SA. Functional Foods and Nutraceuticals 
as Dietary Intervention in Chronic Diseases; 
Novel Perspectives for Health Promotion and 
Disease Prevention. J Diet Suppl. 2018;15:977-
1009. DOI: 10.1080/19390211.2017.1401573. 
PMID: 29281341.

13	 Mehrabani D, Masoumi SJ, Masoumi AS, et 
al. Role of Diet in Mesenchymal Stem Cells’ 
Function: A Review. Int J Nutr Sci. 2023;8:9-19. 
DOI: 10.30476/IJNS.2023.97788.1221.

14	 Homayoon M, Mehrabani D, Edalatmanesh MA, 
et al. In Vitro Effect of Lithium Chloride on 
Adipose Tissue Derived Stem Cells Proliferation 
and Growth Kinetic. Iran J Med Sci. 2026;51:445-
454. DOI: 10.30476/ijms.2026.108735.4372. 
PMID: 42370021.

15	 Ho J, Puoplo N, Pokharel N, et al. Nutrigenomic 
underpinnings of intestinal stem cells in 
inflammatory bowel disease and colorectal cancer 
development. Front Genet. 2024;15:1349717. 
DOI: 10.3389/fgene.2024.1349717. PMID: 
39280096.

16	 Yadav UP, Singh T, Kumar P, et al. Metabolic 
Adaptations in Cancer Stem Cells. Front Oncol. 
2020;10:1010. DOI: 10.3389/fonc.2020.01010. 
PMID: 32670883.

17	 Lu V, Roy IJ, Teitell MA. Nutrients in the fate of 
pluripotent stem cells. Cell Metab. 2021;33:2108-
2121. DOI: 10.1016/j.cmet.2021.09.013. PMID: 
34644538.

18	 Baksh SC, Todorova PK, Gur-Cohen S, et al. 
Extracellular serine controls epidermal stem 
cell fate and tumour initiation. Nat Cell Biol. 
2020;22:779-790. DOI: 10.1038/s41556-020-
0525-9. PMID: 32451440.

19	 Bifari F, Dolci S, Bottani E, et al. Complete neural 

stem cell (NSC) neuronal differentiation requires 
a branched chain amino acids-induced persistent 
metabolic shift towards energy metabolism. 
Pharmacol Res. 2020;158:104863. DOI: 10.1016/j.
phrs.2020.104863. PMID: 32407957.

20	 Panopoulos AD, Yanes O, Ruiz S, et al. The 
metabolome of induced pluripotent stem cells 
reveals metabolic changes occurring in somatic 
cell reprogramming. Cell Res. 2012;22:168-77. 
DOI: 10.1038/cr.2011.177. PMID: 22064701.

21	 Yilmaz ÖH, Katajisto P, Lamming DW, et 
al. mTORC1 in the Paneth cell niche couples 
intestinal stem-cell function to calorie intake. 
Nature. 2012;486:490-5. DOI: 10.1038/
nature11163. PMID: 22722868.

22	 Smith J, Ladi E, Mayer-Proschel M, et al. Redox 
state is a central modulator of the balance between 
self-renewal and differentiation in a dividing 
glial precursor cell. Proc Natl Acad Sci U S A. 
2000;97:10032-7. DOI: 10.1073/pnas.170209797. 
PMID: 10944195.

23	 Ghobadi F, Mehrabani D, Mehrabani G. 
Regenerative potential of endometrial stem cells: 
a mini review. World J Plast Surg. 2015;4:3-8. 
PMID: 25606470.

24	 Mehrabani D, Sholehvar F, Yaghmaei P, et al. 
The impact of acemannan, an extracted product 
from Aloe vera, on proliferation of dental pulp 
stem cells and healing of mandibular defects in 
rabbits. Am J Stem Cells. 2024;13:75-86. DOI: 
10.62347/UAFC3719. PMID: 38765804.

25	 Mehrabani D, Rahmanifar F, Mellinejad M, 
et al. Isolation, culture, characterization, and 
adipogenic differentiation of heifer endometrial 
mesenchymal stem cells. Comp Clin Pathol. 
2015;24:1159-64. DOI: 10.1007/s00580-014-
2053-0.

26	 Hosseini-Asl SK, Mehrabani D, Karimi-Busheri 
F. Therapeutic Effect of Mesenchymal Stem Cells 
in Ulcerative Colitis: A Review on Achievements 
and Challenges. J Clin Med. 2020;9:3922. DOI: 
10.3390/jcm9123922. PMID: 33287220.

27	 Irani D, Mehrabani D, Karimi-Busheri F. 
Mesenchymal Stem Cells in Regenerative 
Medicine, Possible Applications in The 
Restoration of Spermatogenesis: A Review. 
Cell J. 2024;26:169-184. DOI: 10.22074/
cellj.2024.2015141.1442. PMID: 38628090.

28	 Kaboodkhani R, Mehrabani D, Karimi-
Busheri F. Achievements and Challenges in 
Transplantation of Mesenchymal Stem Cells in 
Otorhinolaryngology. J Clin Med. 2021;10:2940. 
DOI: 10.3390/jcm10132940. PMID: 34209041.

29	 Hajihoseini M, Vahdati A, Ebrahim Hosseini S, 
et al. Induction of spermatogenesis after stem cell 



Montazeri et al.

Int J Nutr Sci September 2026;11(3)12

therapy of azoospermic guinea pigs. Vet Arhiv. 
2017;87:333-50. DOI: 10.24099/vet.arhiv.151209.

30	 Mehrabani D, Khodakaram-Tafti A, Shaterzadeh-
Yazdi H, et al. Comparison of the regenerative 
effect of adipose-derived stem cells, fibrin 
glue scaffold, and autologous bone graft in 
experimental mandibular defect in rabbit. Dent 
Traumatol. 2018;34:413-420. DOI: 10.1111/
edt.12435. PMID: 30187637.

31	 Mehrabani D, Mahdiyar P, Torabi K, et al. 
Growth kinetics and characterization of human 
dental pulp stem cells: Comparison between 
third molar and first premolar teeth. J Clin Exp 
Dent. 2017;9:e172-e177. DOI: 10.4317/jced.52824. 
PMID: 28210430.

32	 Nazempour M, Mehrabani D, Mehdinavaz-
Aghdam R, et al. The effect of allogenic human 
Wharton’s jelly stem cells seeded onto acellular 
dermal matrix in healing of rat burn wounds. 
J Cosmet Dermatol. 2020;19:995-1001. DOI: 
10.1111/jocd.13109. PMID: 31556227.

33	 Ghobadi F, Rahmanifar F, Mehrabani D, et al. 
Endometrial mesenchymal stem stromal cells in 
mature and immature sheep: An in vitro study. 
Int J Reprod Biomed. 2018;16:83-92. PMID: 
29675492.

34	 Mehrabani D, Nazarabadi RB, Kasraeian M, 
et al. Growth Kinetics, Characterization, and 
Plasticity of Human Menstrual Blood Stem Cells. 
Iran J Med Sci. 2016;41:132-9. PMID: 26989284.

35	 Karimaghai N, Tamadon A, Rahmanifar F, et 
al. Spermatogenesis after transplantation of 
adipose tissue-derived mesenchymal stem cells 
in busulfan-induced azoospermic hamster. Iran J 
Basic Med Sci. 2018;21:660-667. DOI: 10.22038/
IJBMS.2018.29040.7010. PMID: 30140403.

36	 Mehrabani D, Khodabandeh Z. Effect of bone 
marrow-derived mesenchymal stem cells on 
changes of serum levels of tnf-α and locomotor 
function after spinal cord injury in mice. J Med 
Sci. 2016;16:16-24. DOI: 10.3923/jms.2016.16.24.

37	 Hashemi SS, Niknam Z, Mojtaba Zebarjad S, et al. 
Tracking the healing effect of human Wharton’s 
jelly stem cells labeled with superparamagnetic 
iron oxide nanoparticles seeded onto polyvinyl 
alcohol/chitosan/carbon nanotubes in burn 
wounds by MRI and Prussian blue staining. 
Biomed Mater. 2025;20. DOI: 10.1088/1748-
605X/ad9fc6. PMID: 39681069.

38	 Mehrabani D, Babazadeh M, Tanideh N, et 
al. The Healing Effect of Adipose-Derived 
Mesenchymal Stem Cells in Full-thickness 
Femoral Articular Cartilage Defects of Rabbit. 
Int J Organ Transplant Med. 2015;6:165-75. 
PMID: 26576262.

39	 Mehrabani D, Khajehahmadi Z, Tajik P, et al. 
Regenerative Effect of Bone Marrow-derived 
Mesenchymal Stem Cells in Thioacetamide-
induced Liver Fibrosis of Rats. Arch Razi 
Inst. 2019;74:279-286. DOI: 10.22092/
ari.2018.110029.1120. PMID: 31592593.

40	 Zare S, Mehrabani D, Jalli R, et al. MRI-Tracking 
of Dental Pulp Stem Cells In Vitro and In Vivo 
Using Dextran-Coated Superparamagnetic Iron 
Oxide Nanoparticles. J Clin Med. 2019;8:1418. 
DOI: 10.3390/jcm8091418. PMID: 31505807.

41	 Godoy-Parejo C, Deng C, Zhang Y, et al. Roles 
of vitamins in stem cells. Cell Mol Life Sci. 
2020;77:1771-1791. DOI: 10.1007/s00018-019-
03352-6. PMID: 31676963.

42	 Wang SH, Lee SP, Yang CW, et al. Surface 
modification of biodegradable Mg-based scaffolds 
for human mesenchymal stem cell proliferation 
and osteogenic differentiation. Materials. 
2021;14:441. DOI: 10.3390/ma14020441.

43	 Fatima S, Alfrayh R, Alrashed M, et al. Selenium 
Nanoparticles by Moderating Oxidative Stress 
Promote Differentiation of Mesenchymal Stem 
Cells to Osteoblasts. Int J Nanomedicine. 
2021;16:331-343. DOI: 10.2147/IJN.S285233. 
PMID: 33488075.

44	 Borojević A, Jauković A, Kukolj T, et al. Vitamin 
D3 Stimulates Proliferation Capacity, Expression 
of Pluripotency Markers, and Osteogenesis of 
Human Bone Marrow Mesenchymal Stromal/
Stem Cells, Partly through SIRT1 Signaling. 
Biomolecules. 2022;12:323. DOI: 10.3390/
biom12020323. PMID: 35204824.

45	 Sharifi S, Moghaddam FA, Abedi A, et 
al. Phytochemicals impact on osteogenic 
differentiation of mesenchymal stem cells. 
BioFactors. 2020;46:874-93. DOI: 10.1002/
biof.1682.

46	 Zong Q, Bundkirchen K, Neunaber C, et al. 
Are the Properties of Bone Marrow-Derived 
Mesenchymal Stem Cells Influenced by 
Overweight and Obesity? Int J Mol Sci. 
2023;24:4831. DOI: 10.3390/ijms24054831. 
PMID: 36902259.

47	 Özcan SG, Stanko C, Szymanski L, et al. 
Revisiting retinoic acid in AML therapy: 
mechanisms of action and rational combination 
strategies. Br J Cancer. 2026. DOI: 10.1038/
s41416-026-03512-z. PMID: 42393459.

48	 de Witte SFH, Merino AM, Franquesa M, 
et al. Cytokine treatment optimises the 
immunotherapeutic effects of umbilical cord-
derived MSC for treatment of inflammatory liver 
disease. Stem Cell Res Ther. 2017;8:140. DOI: 
10.1186/s13287-017-0590-6. PMID: 28595619.



Food impact on stem cell fate

Int J Nutr Sci September 2026;11(3) 13

49	 Di Tinco R, Bertani G, Pisciotta A, et al. Role of 
PD-L1 in licensing immunoregulatory function 
of dental pulp mesenchymal stem cells. Stem Cell 
Res Ther. 2021;12:598. DOI: 10.1186/s13287-021-
02664-4. PMID: 34863286.

50	 Shi R, Wang B. Nutrient metabolism in regulating 
intestinal stem cell homeostasis. Cell Prolif. 
2024;57:e13602. DOI: 10.1111/cpr.13602. PMID: 
38386338.

51	 Wang Z, Li J, Wang Y, et al. Dietary vitamin 
A affects growth performance, intestinal 
development, and functions in weaned piglets 
by affecting intestinal stem cells. J Anim Sci. 
2020;98:skaa020. DOI: 10.1093/jas/skaa020. 
PMID: 31955210.

52	 Ghosh SK, Bandyopadhyay D, Panja S. B vitamins 
in dermatology. Clin Dermatol. 2026;44:223-240. 
DOI: 10.1016/j.clindermatol.2026.02.006. PMID: 
41692080.

53	 Ok JS, Song SB, Hwang ES. Enhancement of 
Replication and Differentiation Potential of 
Human Bone Marrow Stem Cells by Nicotinamide 
Treatment. Int J Stem Cells. 2018;11:13-25. DOI: 
10.15283/ijsc18033. PMID: 29699388.

54	 Ancel S, Michaud J, Migliavacca E, et al. 
Nicotinamide and pyridoxine stimulate 
muscle stem cell expansion and enhance 
regenerative capacity during aging. J Clin Invest. 
2024;134:e163648. DOI: 10.1172/JCI163648. 
PMID: 39531334.

55	 Kato N, Yang Y, Khedara A, et al. Potential 
Role of Vitamin B6 as an Antioxidant via 
Pyridoxal-5’-Phosphate-Dependent Metabolic 
Pathways and Subsequent Activation of Nrf2 
Signaling. Nutrients. 2026;18:1499. DOI: 10.3390/
nu18101499. PMID: 42196957.

56	 Shotorbani BB, André H, Barzegar A, et al. 
Cell sheet biofabrication by co-administration of 
mesenchymal stem cells secretome and vitamin 
C on thermoresponsive polymer. J Mater Sci 
Mater Med. 2018;29:170. DOI: 10.1007/s10856-
018-6180-z. PMID: 30392027.

57	 Sarkar N, Morton H, Bose S. Effects of 
vitamin C on osteoblast proliferation and 
osteosarcoma inhibition using plasma coated 
hydroxyapatite on titanium implants. Surf Coat 
Technol. 2020;394:125793. DOI: 10.1016/j.
surfcoat.2020.125793. PMID: 32612317.

58	 Qu YN, Zhang L, Wang T, et al. Vitamin C 
Treatment Rescues Prelamin A-Induced 
Premature Senescence of Subchondral Bone 
Mesenchymal Stem Cells. Stem Cells Int. 
2020;2020:3150716. DOI: 10.1155/2020/3150716. 
PMID: 32322277.

59	 Yang M, Teng S, Ma C, et al. Ascorbic acid 

inhibits senescence in mesenchymal stem 
cells through ROS and AKT/mTOR signaling. 
Cytotechnology. 2018;70:1301-1313. DOI: 
10.1007/s10616-018-0220-x. PMID: 29777434.

60	 Lee ES, Chan J, Shuter B, et al. Microgel iron 
oxide nanoparticles for tracking human fetal 
mesenchymal stem cells through magnetic 
resonance imaging. Stem Cells. 2009;27:1921-
31. DOI: 10.1002/stem.112. PMID: 19544438.

61	 Zhao L, Tang M, Weir MD, et al Osteogenic 
media and rhBMP-2-induced differentiation 
of umbilical cord mesenchymal stem cells 
encapsulated in alginate microbeads and 
integrated in an injectable calcium phosphate-
chitosan fibrous scaffold. Tissue Eng Part A. 
2011;17:969-79. DOI: 10.1089/ten.TEA.2010.0521. 
PMID: 21091340.

62	 Castano-Izquierdo H, Alvarez-Barreto J, 
van den Dolder J, et al. Pre-culture period of 
mesenchymal stem cells in osteogenic media 
influences their in vivo bone forming potential. 
J Biomed Mater Res A. 2007;82:129-38. DOI: 
10.1002/jbm.a.31082. PMID: 17269144.

63	 Cimmino L, Neel BG, Aifantis I. Vitamin C in 
Stem Cell Reprogramming and Cancer. Trends 
Cell Biol. 2018;28:698-708. DOI: 10.1016/j.
tcb.2018.04.001. PMID: 29724526.

64	 Wei C, Liu X, Tao J, et al. Effects of vitamin C 
on characteristics retaining of in vitro-cultured 
mouse adipose-derived stem cells. In Vitro Cell 
Dev Biol Anim. 2014;50:75-86. DOI: 10.1007/
s11626-013-9673-6. PMID: 23949782.

65	 Serpooshan V, Julien M, Nguyen O, et al. 
Reduced hydraulic permeability of three-
dimensional collagen scaffolds attenuates 
gel contraction and promotes the growth and 
differentiation of mesenchymal stem cells. 
Acta Biomater. 2010;6:3978-87. DOI: 10.1016/j.
actbio.2010.04.028. PMID: 20451675.

66	 Virdee SS, Bashir N, Camilleri J, et al. Exploiting 
Dentine Matrix Proteins in Cell-Free Approaches 
for Periradicular Tissue Engineering. Tissue Eng 
Part B Rev. 2022;28:707-732. DOI: 10.1089/ten.
TEB.2021.0074. PMID: 34309453.

67	 Carr AC, Maggini S. Vitamin C and Immune 
Function. Nutrients. 2017;9:1211. DOI: 10.3390/
nu9111211. PMID: 29099763.

68	 Lee Chong T, Ahearn EL, Cimmino L. 
Reprogramming the Epigenome With Vitamin 
C. Front Cell Dev Biol. 2019;7:128. DOI: 10.3389/
fcell.2019.00128. PMID: 31380368.

69	 Yang M, Teng S, Ma C, et al. Ascorbic acid 
inhibits senescence in mesenchymal stem 
cells through ROS and AKT/mTOR signaling. 
Cytotechnology. 2018;70:1301-1313. DOI: 



Montazeri et al.

Int J Nutr Sci September 2026;11(3)14

10.1007/s10616-018-0220-x. PMID: 29777434.
70	 Bhatti FU, Mehmood A, Latief N, et al. Vitamin 

E protects rat mesenchymal stem cells against 
hydrogen peroxide-induced oxidative stress in 
vitro and improves their therapeutic potential 
in surgically-induced rat model of osteoarthritis. 
Osteoarthritis Cartilage. 2017;25:321-331. DOI: 
10.1016/j.joca.2016.09.014. PMID: 27693502.

71	 71 Bhatti FUR, Kim SJ, Yi AK, et al. 
Cytoprotective role of vitamin E in porcine 
adipose-tissue-derived mesenchymal stem cells 
against hydrogen-peroxide-induced oxidative 
stress. Cell Tissue Res. 2018;374:111-120. DOI: 
10.1007/s00441-018-2857-3. PMID: 29951700.

72	 Wang Y, Singh A, Xu P, et al. Expansion 
and osteogenic differentiation of bone 
marrow-derived mesenchymal stem cells 
on a vitamin C functionalized polymer. 
Biomaterials. 2006;27:3265-73. DOI: 10.1016/j.
biomaterials.2006.01.036. PMID: 16494940.

73	 Burgess KA, Herrick AL, Watson REB. Systemic 
sclerosis skin is a primed microenvironment 
for soft tissue calcification-a hypothesis. 
Rheumatology (Oxford). 2021;60:2517-2527. 
DOI: 10.1093/rheumatology/keab156. PMID: 
33585894.

74	 Rahman F, Bordignon B, Culerrier R, et al. 
Ascorbic acid drives the differentiation of 
mesoderm-derived embryonic stem cells. 
Involvement of p38 MAPK/CREB and SVCT2 
transporter. Mol Nutr Food Res. 2017;61. DOI: 
10.1002/mnfr.201600506. PMID: 27957816.

75	 Barlian A, Judawisastra H, Alfarafisa NM, et al. 
Chondrogenic differentiation of adipose-derived 
mesenchymal stem cells induced by L-ascorbic 
acid and platelet rich plasma on silk fibroin 
scaffold. PeerJ. 2018;6:e5809. DOI: 10.7717/
peerj.5809. PMID: 30488014.

76	 Sakurai R, Singh H, Wang Y, et al. Effect of 
Perinatal Vitamin D Deficiency on Lung 
Mesenchymal Stem Cell Differentiation and 
Injury Repair Potential. Am J Respir Cell Mol 
Biol. 2021;65:521-531. DOI: 10.1165/rcmb.2020-
0183OC. PMID: 34126864.

77	 Rathinavelu S, Guidry-Elizondo C, Banu J. 
Molecular Modulation of Osteoblasts and 
Osteoclasts in Type 2 Diabetes. J Diabetes Res. 
2018;2018:6354787. DOI: 10.1155/2018/6354787. 
PMID: 30525054.

78	 Schröder-Heurich B, von Hardenberg S, 
Brodowski L, et al. Vitamin D improves 
endothelial barrier integrity and counteracts 
inflammatory effects on endothelial progenitor 
cells. FASEB J. 2019;33:9142-9153. DOI: 10.1096/
fj.201802750RR. PMID: 31084577.

79	 Mortazavi SMJ, Kadivar F, Zare S, et al. The 
Role of Adipose Tissue-Derived Stem Cells 
together with Vitamin C on Survival of Rats with 
Acute Radiation Syndrome. J Biomed Phys Eng. 
2026;16:87-96. DOI: 10.31661/jbpe.v0i0.2310-
1680. PMID: 42057983.

80	 Bourebaba L, Michalak I, Röcken M, et al. 
Cladophora glomerata methanolic extract 
decreases oxidative stress and improves viability 
and mitochondrial potential in equine adipose 
derived mesenchymal stem cells (ASCs). Biomed 
Pharmacother. 2019;111:6-18. DOI: 10.1016/j.
biopha.2018.12.020. PMID: 30553132.

81	 Thienpont B, Steinbacher J, Zhao H, et al. 
Tumour hypoxia causes DNA hypermethylation 
by reducing TET activity. Nature. 2016;537:63-
68. DOI: 10.1038/nature19081. PMID: 27533040.

82	 Guo Y, Yan Y, Zhao L, et al. Epigenetic 
Mechanisms of Vitamin D in the Aging Process: 
A Narrative Review. Int J Mol Sci. 2026;27:6578. 
DOI: 10.3390/ijms27156578. PMID: 42589236.

83	 Li W, Zimmerman SE, Peregrina K, et al. The 
nutritional environment determines which 
and how intestinal stem cells contribute to 
homeostasis and tumorigenesis. Carcinogenesis. 
2019;40:937-946. DOI: 10.1093/carcin/bgz106. 
PMID: 31169292.

84	 Wasnik S, Rundle CH, Baylink DJ, et al. 
1,25-Dihydroxyvitamin D suppresses M1 
macrophages and promotes M2 differentiation 
at bone injury sites. JCI Insight. 2018;3:e98773. 
DOI: 10.1172/jci.insight.98773. PMID: 30185660.

85	 Behm C, Blufstein A, Gahn J, et al. 1,25(OH)2D3 
Differently Affects Immunomodulatory Activities 
of Mesenchymal Stem Cells Depending on the 
Presence of TNF-α, IL-1β and IFN-γ. J Clin 
Med. 2019;8:2211. DOI: 10.3390/jcm8122211. 
PMID: 31847340.

86	 Marcotorchino J, Gouranton E, Romier B, et al. 
Vitamin D reduces the inflammatory response 
and restores glucose uptake in adipocytes. Mol 
Nutr Food Res. 2012;56:1771-82. DOI: 10.1002/
mnfr.201200383. PMID: 23065818.

87	 Karkeni E, Marcotorchino J, Tourniaire F, et 
al. Vitamin D limits chemokine expression in 
adipocytes and macrophage migration in vitro 
and in male mice. Endocrinology. 2015;156:1782-
93. DOI: 10.1210/en.2014-1647. PMID: 25730105.

88	 Ahmadi P, Yan M, Bauche A, et al. Human dental 
pulp cells modulate CD8+ T cell proliferation and 
efficiently degrade extracellular ATP to adenosine 
in vitro. Cell Immunol. 2022;380:104589. 
DOI: 10.1016/j.cellimm.2022.104589. PMID: 
36084401.

89	 Klotz B, Mentrup B, Regensburger M, et al. 



Food impact on stem cell fate

Int J Nutr Sci September 2026;11(3) 15

1,25-dihydroxyvitamin D3 treatment delays 
cellular aging in human mesenchymal stem cells 
while maintaining their multipotent capacity. 
PLoS One. 2012;7:e29959. DOI: 10.1371/journal.
pone.0029959. PMID: 22242193.

90	 Chen J, Kuang S, Cen J, et al. Multiomics 
profiling reveals VDR as a central regulator 
of mesenchymal stem cell senescence with a 
known association with osteoporosis after high-
fat diet exposure. Int J Oral Sci. 2024;16:41. DOI: 
10.1038/s41368-024-00309-9. PMID: 38777841.

91	 Li W, Lin Y, Luo Y, et al. Vitamin D Receptor 
Protects against Radiation-Induced Intestinal 
Injury in Mice via Inhibition of Intestinal Crypt 
Stem/Progenitor Cell Apoptosis. Nutrients. 
2021;13:2910. DOI: 10.3390/nu13092910. PMID: 
34578802.

92	 Khorraminejad-Shirazi M, Sani M, Talaei-
Khozani T, et al. AICAR and nicotinamide 
treatment synergistically augment the 
proliferation and attenuate senescence-associated 
changes in mesenchymal stromal cells. Stem Cell 
Res Ther. 2020;11:45. DOI: 10.1186/s13287-020-
1565-6. PMID: 32014016.

93	 Cruciani S, Garroni G, Pala R, et al. Metformin 
and Vitamin D Modulate Inflammation and 
Autophagy during Adipose-Derived Stem Cell 
Differentiation. Int J Mol Sci. 2021;22:6686. DOI: 
10.3390/ijms22136686. PMID: 34206506.

94	 Cruciani S, Garroni G, Pala R, et al. Metformin 
and vitamin D modulate adipose-derived 
stem cell differentiation towards the beige 
phenotype. Adipocyte. 2022;11:356-365. DOI: 
10.1080/21623945.2022.2085417. PMID: 
35734882.

95	 Le Pelletier L, Mantecon M, Gorwood J, et al. 
Metformin alleviates stress-induced cellular 
senescence of aging human adipose stromal 
cells and the ensuing adipocyte dysfunction. 
Elife. 2021;10:e62635. DOI: 10.7554/eLife.62635. 
PMID: 34544550.

96	 Valenti MT, Dalle Carbonare L, Mottes M. 
Osteogenic Differentiation in Healthy and 
Pathological Conditions. Int J Mol Sci. 2016;18:41. 
DOI: 10.3390/ijms18010041. PMID: 28035992.

97	 Kim S, Lee S, Kim K. Bone Tissue Engineering 
Strategies in Co-Delivery of Bone Morphogenetic 
Protein-2 and Biochemical Signaling Factors. 
Adv Exp Med Biol. 2018;1078:233-244. DOI: 
10.1007/978-981-13-0950-2_12. PMID: 
30357626.

98	 Song I, Kim BS, Kim CS, et al. Effects of BMP-2 
and vitamin D3 on the osteogenic differentiation 
of adipose stem cells. Biochem Biophys Res 
Commun. 2011;408:126-31. DOI: 10.1016/j.

bbrc.2011.03.135. PMID: 21463608.
99	 Lu CL, Shyu JF, Wu CC, et al. Association of 

Anabolic Effect of Calcitriol with Osteoclast-
Derived Wnt 10b Secretion. Nutrients. 
2018;10:1164. DOI: 10.3390/nu10091164. PMID: 
30149605.

100	Duque G, Rivas D. Alendronate has an anabolic 
effect on bone through the differentiation of 
mesenchymal stem cells. J Bone Miner Res. 
2007;22:1603-11. DOI: 10.1359/jbmr.070701. 
PMID: 17605634.

101	Muruganandan S, Roman AA, Sinal CJ. 
Adipocyte differentiation of bone marrow-
derived mesenchymal stem cells: cross talk 
with the osteoblastogenic program. Cell Mol 
Life Sci. 2009;66:236-53. DOI: 10.1007/s00018-
008-8429-z. PMID: 18854943.

102	Pesarini JR, Oliveira RJ, Pessatto LR, et al. 
Vitamin D: Correlation with biochemical 
and body composition changes in a southern 
Brazilian population and induction of 
cytotoxicity in mesenchymal stem cells 
derived from human adipose tissue. Biomed 
Pharmacother. 2017;91:861-871. DOI: 10.1016/j.
biopha.2017.05.013. PMID: 28501775.

103	Peregrina K, Houston M, Daroqui C, et al. 
Vitamin D is a determinant of mouse intestinal 
Lgr5 stem cell functions. Carcinogenesis. 
2015;36:25-31. DOI: 10.1093/carcin/bgu221. 
PMID: 25344836.

104	Sittipo P, Kim HK, Han J, et al. Vitamin D3 
suppresses intestinal epithelial stemness via ER 
stress induction in intestinal organoids. Stem Cell 
Res Ther. 2021;12:285. DOI: 10.1186/s13287-021-
02361-2. PMID: 33985576.

105	Ali M, Sheikh Abdul Kadir SH, Ibrahim E, et al. 
Tocotrienol-rich fraction of vitamin E in diabetes 
and cardiovascular disease: From molecular 
mechanisms to clinical application. Int J Cardiol 
Cardiovasc Risk Prev. 2026;30:200686. DOI: 
10.1016/j.ijcrp.2026.200686. PMID: 42565029.

106	Hu C, Li L. Preconditioning influences 
mesenchymal stem cell properties in vitro and 
in vivo. J Cell Mol Med. 2018;22:1428-1442. DOI: 
10.1111/jcmm.13492. PMID: 29392844.

107	Kornicka K, Babiarczuk B, Krzak J, et al. The 
effect of a sol–gel derived silica coating doped 
with vitamin E on oxidative stress and senescence 
of human adipose-derived mesenchymal stem 
cells (AMSCs). RSC Adv. 2016;6:29524-37. DOI: 
10.1039/c6ra00029k.

108	Casado-Díaz A, Túnez-Fiñana I, Mata-Granados 
JM, et al. Serum from postmenopausal women 
treated with a by-product of olive-oil extraction 
process stimulates osteoblastogenesis and 



Montazeri et al.

Int J Nutr Sci September 2026;11(3)16

inhibits adipogenesis in human mesenchymal 
stem-cells (MSC). Exp Gerontol. 2017;90:71-
78. DOI: 10.1016/j.exger.2017.01.024. PMID: 
28167238.

109	Casati L, Pagani F, Limonta P, et al. Beneficial 
effects of δ-tocotrienol against oxidative stress 
in osteoblastic cells: studies on the mechanisms 
of action. Eur J Nutr. 2020;59(5):1975-1987. DOI: 
10.1007/s00394-019-02047-9. PMID: 31280345.

110	El Alami M, Viña-Almunia J, Gambini J, et al. 
Activation of p38, p21, and NRF-2 mediates 
decreased proliferation of human dental pulp 
stem cells cultured under 21% O2. Stem 
Cell Reports. 2014;3:566-73. DOI: 10.1016/j.
stemcr.2014.08.002. PMID: 25358785.

111	Tuxen HN, Zwisler L, Linneberg A. The 
History of the Discovery of Vitamin K. Basic 
Clin Pharmacol Toxicol. 2026;139:e70283. DOI: 
10.1111/bcpt.70283. PMID: 42575715.

112	Poon CC, Li RW, Seto SW, et al. In vitro 
vitamin K(2) and 1α,25-dihydroxyvitamin D(3) 
combination enhances osteoblasts anabolism of 
diabetic mice. Eur J Pharmacol. 2015;767:30-
40. DOI: 10.1016/j.ejphar.2015.09.048. PMID: 
26452518.

113	Zheng Y, Han Y, Zhang Y, et al. Folic acid 
enhances intestinal stem cell-mediated epithelial 
regeneration depending on β-adrenergic receptor 
signaling. Food Funct. 2026. DOI: 10.1039/
d6fo01675h. Epub ahead of print. PMID: 
42300427.

114	Zhang Y, Zhang X, Chen J, et al. Maternal Folic 
Acid Supplementation Improves the Intestinal 
Health of Offspring Porcine by Promoting the 
Proliferation and Differentiation of Intestinal 
Stem Cells. Animals (Basel). 2023;13:3092. DOI: 
10.3390/ani13193092. PMID: 37835698.

115	Fujii T. Iron Deficiency in Athletes. Biol Trace 
Elem Res. 2026. DOI: 10.1007/s12011-026-
05289-x. PMID: 42573718.

116	Pasalar M, Mehrabani D, Afrasiabi A, Mehravar 
Z, et al. Prevalence of thalassaemia, iron-
deficiency anaemia and glucose-6-phosphate 
dehydrogenase deficiency among Arab migrating 
nomad children, southern Islamic Republic of 
Iran. East Mediterr Health J. 2014;20:726-31. 
PMID: 25601811.

117	Karimi M, Mehrabani D, Pasalar M, et al. 
Thalassemia, Iron And G6pd Deficiency In Lor 
Migrating Nomad Children, Southern Iran. Iran 
Red Crescent Med J. 2010;12:441-445.

118	Mehrabani D, Karimi M, Pasalar M, et al. 
Frequency Of Thalassemia, Iron And Glucose-
6phosphate Dehydrogenase Deficiency Among 
Turkish Migrating Nomad Children In Southern 

Iran. Acta Med Iran. 2008;47:1-5.
119	Xu Y, Zhao J, Jiang S, et al. Iron Deficiency 

Inhibits the Proliferation of Intestinal Stem 
Cells and Induces Their Differentiation to 
Enterocytes. Nutrients. 2026;18:392. DOI: 
10.3390/nu18030392. PMID: 41683216.

120	Zhou J, Qin Y, Xiong X, et al. Effects of 
iron, vitamin A, and the interaction between 
the two nutrients on intestinal development 
and cell differentiation in piglets. J Anim Sci. 
2021;99:skab258. DOI: 10.1093/jas/skab258. 
PMID: 34467981.

121	Qin YC, Jin CL, Hu TC, et al. Early Weaning 
Inhibits Intestinal Stem Cell Expansion to 
Disrupt the Intestinal Integrity of Duroc Piglets 
via Regulating the Keap1/Nrf2 Signaling. 
Antioxidants (Basel). 2024;13:1188. DOI: 
10.3390/antiox13101188. PMID: 39456442.

122	Kim YH, Jung E, Im GB, et al. Regulation 
of intracellular transition metal ion level 
with a pH-sensitive inorganic nanocluster to 
improve therapeutic angiogenesis by enriching 
conditioned medium retrieved from human 
adipose derived stem cells. Nano Converg. 
2020;7:34. DOI: 10.1186/s40580-020-00244-5. 
PMID: 33064240.

123	Khalifa YH, Mourad GM, Stephanos WM, et al. 
Bone Marrow-Derived Mesenchymal Stem Cell 
Potential Regression of Dysplasia Associating 
Experimental Liver Fibrosis in Albino Rats. 
Biomed Res Int. 2019;2019:5376165. DOI: 
10.1155/2019/5376165. PMID: 31781620.

124	Im GB, Kim YH, Kim YJ, et al. Enhancing the 
Wound Healing Effect of Conditioned Medium 
Collected from Mesenchymal Stem Cells with 
High Passage Number Using Bioreducible 
Nanoparticles. Int J Mol Sci. 2019;20:4835. DOI: 
10.3390/ijms20194835. PMID: 31569434.

125	Jalli R, Mehrabani D, Zare S, et al. Cell 
Proliferation, Viability, Differentiation, and 
Apoptosis of Iron Oxide Labeled Stem Cells 
Transfected with Lipofectamine Assessed by 
MRI. J Clin Med. 2023;12:2395. DOI: 10.3390/
jcm12062395. PMID: 36983399. 

126	Mehrabani D, Nazempour M, Mehdinavaz-
Aghdam R, et al. MRI tracking of human 
Wharton’s jelly stem cells seeded onto acellular 
dermal matrix labeled with superparamagnetic 
iron oxide nanoparticles in burn wounds. Burns 
Trauma. 2022;10:tkac018. DOI: 10.1093/burnst/
tkac018. PMID: 36380853. 

127	Iravani K, Mehrabani D, Doostkam A, et al. 
Use of Magnetic Resonance Imaging to Assess 
the Regenerative Effects of Adipose Tissue-
Derived Mesenchymal Stem Cells in a Rabbit 



Food impact on stem cell fate

Int J Nutr Sci September 2026;11(3) 17

Cartilaginous Laryngeal Defect Model. Curr 
Ther Res Clin Exp. 2022;97:100682. DOI: 
10.1016/j.curtheres.2022.100682. PMID: 
35959231.

128	Li X, Wei Z , Li B, et al. In vivo migration of 
Fe3O4@polydopamine nanoparticle-labeled 
mesenchymal stem cells to burn injury sites 
and their therapeutic effects in a rat model. 
Biomater Sci. 2019;7:2861-2872. DOI: 10.1039/
c9bm00242a. PMID: 31070196.

129	Novotna B, Jendelova P, Kapcalova M, et al. 
Oxidative damage to biological macromolecules 
in human bone marrow mesenchymal stromal 
cells labeled with various types of iron oxide 
nanoparticles. Toxicol Lett. 2012;210:53-63. DOI: 
10.1016/j.toxlet.2012.01.008. PMID: 22269213.

130	Li X, Wei Z, Lv H, et al. Iron oxide nanoparticles 
promote the migration of mesenchymal stem 
cells to injury sites. Int J Nanomedicine. 
2019;14:573-589. DOI: 10.2147/IJN.S184920. 
PMID: 30666115.

131	Zhang C, Liu Z, Zhang Y, et al. “Iron free” zinc 
oxide nanoparticles with ion-leaking properties 
disrupt intracellular ROS and iron homeostasis to 
induce ferroptosis. Cell Death Dis. 2020;11:183. 
DOI: 10.1038/s41419-020-2384-5. PMID: 
32170066.

132	Mohammadi S, Palermo A, Ojani P, et 
al. Comprehensive Effects of Magnesium 
Supplementation on Cardiometabolic Risk 
Factors: A Systematic Review and Dose-Response 
Meta-Analysis. Nutrients. 2026;18:2435. DOI: 
10.3390/nu18152435. PMID: 42588058.

133	Shimaya M, Muneta T, Ichinose S, et al. 
Magnesium enhances adherence and cartilage 
formation of synovial mesenchymal stem cells 
through integrins. Osteoarthritis Cartilage. 
2010;18:1300-9. DOI: 10.1016/j.joca.2010.06.005. 
PMID: 20633668.

134	Kim DH, Shin KK, Jung JS, et al. The Role of 
Magnesium Ion Substituted Biphasic Calcium 
Phosphate Spherical Micro-Scaffolds in 
Osteogenic Differentiation of Human Adipose 
Tissue-Derived Mesenchymal Stem Cells. J 
Nanosci Nanotechnol. 2015;15:5520-3. DOI: 
10.1166/jnn.2015.10463. PMID: 26369111.

135	da Silva Lima F, da Rocha Romero AB, 
Hastreiter A, et al. An insight into the role 
of magnesium in the immunomodulatory 
properties of mesenchymal stem cells. J Nutr 
Biochem. 2018;55:200-208. DOI: 10.1016/j.
jnutbio.2018.02.006. PMID: 29554498.

136	Díaz-Tocados JM, Herencia C, Martínez-Moreno 
JM, et al. Magnesium Chloride promotes 
Osteogenesis through Notch signaling activation 

and expansion of Mesenchymal Stem Cells. Sci 
Rep. 2017;7:7839. DOI: 10.1038/s41598-017-
08379-y. PMID: 28798480.

137	Ballouze R, Marahat MH, Mohamad S, et al. 
Biocompatible magnesium-doped biphasic 
calcium phosphate for bone regeneration. 
J Biomed Mater Res B Appl Biomater. 
2021;109:1426-1435. DOI: 10.1002/jbm.b.34802. 
PMID: 33484103.

138	Yoshizawa S, Brown A, Barchowsky A, et al. 
Magnesium ion stimulation of bone marrow 
stromal cells enhances osteogenic activity, 
simulating the effect of magnesium alloy 
degradation. Acta Biomater. 2014;10:2834-
42. DOI: 10.1016/j.actbio.2014.02.002. PMID: 
24512978.

139	Rude RK, Gruber HE. Magnesium deficiency and 
osteoporosis: animal and human observations. 
J Nutr Biochem. 2004;15:710-6. DOI: 10.1016/j.
jnutbio.2004.08.001. PMID: 15607643.

140	Castiglioni S, Cazzaniga A, Albisetti W, et 
al. Magnesium and osteoporosis: current state 
of knowledge and future research directions. 
Nutrients. 2013;5:3022-33. DOI: 10.3390/
nu5083022. PMID: 23912329.

141	Sargenti A, Castiglioni S, Olivi E, et al. 
Magnesium Deprivation Potentiates Human 
Mesenchymal Stem Cell Transcriptional 
Remodeling. Int J Mol Sci. 2018;19:1410. DOI: 
10.3390/ijms19051410. PMID: 29747379.

142	Loaiza-Giraldo JP, Amigo-Fierro F, Cancino-
Castro CI, et al. Effects of Zinc Supplementation 
on Glycemic Control, Insulin Resistance, 
Inflammation and Oxidative Stress in Diabetes: 
A Systematic Review and Meta-Analysis of 
Randomized Controlled Trials. Endocrinol 
Diabetes Metab. 2026;9:e70264. DOI: 10.1002/
edm2.70264. PMID: 42594341.

143	Telgerd MD, Sadeghinia M, Birhanu G, et 
al. Enhanced osteogenic differentiation of 
mesenchymal stem cells on metal-organic 
framework based on copper, zinc, and imidazole 
coated poly-l-lactic acid nanofiber scaffolds. J 
Biomed Mater Res A. 2019;107:1841-1848. DOI: 
10.1002/jbm.a.36707. PMID: 31033136.

144	Lu X, Lin Y, Lin X, et al. Anti-oxidative effect 
of zinc in human umbilical cord mesenchymal 
stem cells. Biophys Rep. 2021;7:142-151. DOI: 
10.52601/bpr.2021.200046. PMID: 37288149.

145	Moon MY, Kim HJ, Choi BY, et al. Zinc 
Promotes Adipose-Derived Mesenchymal Stem 
Cell Proliferation and Differentiation towards a 
Neuronal Fate. Stem Cells Int. 2018;2018:5736535. 
DOI: 10.1155/2018/5736535. PMID: 29765417.

146	Fathi E, Farahzadi R, Rahbarghazi R, et al. Rat 



Montazeri et al.

Int J Nutr Sci September 2026;11(3)18

adipose-derived mesenchymal stem cells aging 
reduction by zinc sulfate under extremely low 
frequency electromagnetic field exposure is 
associated with increased telomerase reverse 
transcriptase gene expression. Vet Res Forum. 
2017;8:89-96. PMID: 28785382.

147	Xiao L, Chen K, Wen Y, et al. The role of calcium 
homeostasis dysregulation in allergic rhinitis. 
Front Immunol. 2026;17:1898643. DOI: 10.3389/
fimmu.2026.1898643. PMID: 42582083.

148	Gonzalez‐McQuire R, Green DW, Partridge 
KA, et al. Coating of human mesenchymal cells 
in 3D culture with bioinorganic nanoparticles 
promotes osteoblastic differentiation and gene 
transfection. Adv Mater. 2007;19:2236-40. DOI: 
10.1002/adma.200602770.

149	Hu Q, Tan Z, Liu Y, et al. Effect of crystallinity 
of calcium phosphate nanoparticles on adhesion, 
proliferation, and differentiation of bone marrow 
mesenchymal stem cells. J Mater Chem. 
2007;17:4690-8. DOI: 10.1039/b710936a.

150	Müller P, Bulnheim U, Diener A, et al. Calcium 
phosphate surfaces promote osteogenic 
differentiation of mesenchymal stem cells. J Cell 
Mol Med. 2008;12:281-91. DOI: 10.1111/j.1582-
4934.2007.00103.x. PMID: 18366455.

151	Babu D, Ramanathan P, Patel S. Biogenic 
selenium nanoparticles: a multifunctional tool 
for combating oxidative stress and chronic 
diseases. 3 Biotech. 2026 Aug;16(8):327. doi: 
10.1007/s13205-026-04972-z. PMID: 42459412; 

PMCID: PMC13369280.
152	Rahimi B, Panahi M, Lotfi H, et al. Sodium 

selenite preserves rBM-MSCs’ stemness, 
differentiation potential, and immunophenotype 
and protects them against oxidative stress via 
activation of the Nrf2 signaling pathway. BMC 
Complement Med Ther. 2023;23:131. DOI: 
10.1186/s12906-023-03952-7. PMID: 37098557.

153	Liu H, Bian W, Liu S, et al. Selenium protects 
bone marrow stromal cells against hydrogen 
peroxide-induced inhibition of osteoblastic 
differentiation by suppressing oxidative stress 
and ERK signaling pathway. Biol Trace Elem 
Res. 2012;150:441-50. DOI: 10.1007/s12011-012-
9488-4. PMID: 22890880.

154	Ebert R, Ulmer M, Zeck S, et al. Selenium 
supplementation restores the antioxidative capacity 
and prevents cell damage in bone marrow stromal 
cells in vitro. Stem Cells. 2006;24:1226-35. DOI: 
10.1634/stemcells.2005-0117. PMID: 16424399.

155	Homayoon M, Mehrabani D, Edalatmanesh MA, 
et al. In Vitro Effect of Lithium Chloride on 
Adipose Tissue Derived Stem Cells Proliferation 
and Growth Kinetic. Iran J Med Sci. 2026;51:445-
454. DOI: 10.30476/ijms.2026.108735.4372. 
PMID: 42370021.

156	Hedayati A, Homayuon M, Mobaracky A, et al. 
Lithium Chloride, Ketogenic Diet and Stem Cell 
Transplantation in Treatment of Bipolar Disorder. 
Int J Nutr Sci. 2024;9:80-82. DOI: 10.30476/
IJNS.2024.99601.1250.


