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Abstract

Insulin and IGF signaling require a family of scaffold proteins, also called as Insulin Receptor Substrate (IRS)
proteins to integrate extracellular signals into intracellular responses, leading to cellular effects. Two main IRS proteins
in humans are IRS1 and IRS2 and are widely expressed in most human and mammalian tissues. In this study, IRS1,
IRS2, GLUT4 gene expression is quantified in Umbilical Cord (UC) cell line by semi quantitative- PCR. The internal
control B-actin was used to normalize the IRS1, IRS2, GLUT4 gene expression levels. This is the first example of UC
cells being induced by a ligand in expressing genes that regulate glucose and insulin levels. Metadichol® treatment
at different concentrations on UC cells showed upregulation of IRS1, IRS2 and GLUT4. 100 pg/mL concentrations
showed the highest upregulation of IRS1, IRS2 and GLUT4 expression. 1 ng and 100 ng/mL treatment showed
marginal. Metadichol® is in addition a TNF alpha inhibitor and also inhibits Plasminogen Activation Inhibitor (PAI1) also
known as SERPINE1. These genes play an important role in diabetes. The experimental results fully correlated with
curated literature data using Bioinformatics software. Network analysis show the uniqueness of shared genes, IRS1,

IRS2, GLUT4, TNF, PAI1, acting through multiple pathways that target multiple diseases.

Keywords: GLUT4; Genes; Diabetes; Glucose uptake; GSK3, IGF1,
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Introduction

The increased incidence of Diabetes Mellitus (DM) worldwide
reinforces the search for new approaches to prevent the progression
of diabetes and its complications [1]. Stem cells are the next frontier
in medicine. Stem cells are thought to have significant therapeutic and
biotechnological potential [2]. Stem cell therapy will not only replace
damaged or dysfunctional cells but deliver therapeutic proteins after
they have been engineered to do so. This field is paving the way for
novel therapeutic interventions through cellular therapies and tissue
engineering approaches that are reshaping the biomedical field. The
remarkable flexibility of different cell subsets obtained from human
embryonic and adult tissues from sources like bone marrow, UC useful
in evaluating these cells in the treatment of diabetes and its complications
and hold great promise for pancreatic beta cell replacement therapy for
diabetes. Umbilical Cord Blood (UBC) contains Mesenchymal Stem
Cells (MSCs) that are precursors of certain types of cells (e.g., bone,
cartilage, fat or muscle) [3-5].

MSCs are multipotent stromal cells that can differentiate into
a variety of cell types which have been shown to improve metabolic
control [6] in experimental models of Type 2 Diabetes (T2D). A recently
published study by Si [7] showed that infusion of autologous MSCs
managed to improve hyperglycemia in T2D rats. Beneficial effects of
MSC therapy resulted in enhanced insulin sensitivity via increased
signaling of IRS1. Also, AKT (Protein kinase B PKB) phosphorylation
leads to translocation of GLUT4 or also known as SLC2A4 (glucose
transporter type 4) on cell membrane upon insulin administration in
the muscle, liver, and adipose tissue of MSC treated animals [8,9].

There are several problems that limit the use of MSCs for diabetes
therapy [10]. Mottaghi [11] showed that poor engraftment and limited
differentiation under in vivo conditions are major obstacles for efficient
therapeutic use of MSCs. Hyperglycemia leads to reactive
oxygen species overproduction which triggers apoptosis and
thereby decreases MSC viability after transplantation.

Another large accessible source of adult stem cells is Peripheral
Blood Mononuclear Cells (PBMCs). It can be frozen and stored for
later use. PBMCs contain many different progenitor cell types and are
expandable as they can be cultured and reprogrammed to produce
Induced Pluripotent Stem Cells (iPSCs) [12] for clinical applications in
regenerative medicine.

Blood glucose concentration is tightly regulated in humans. GLUT4
is what maintains whole-body glucose homeostasis. Both insulin and
exercise acutely stimulate GLUT4 recruitment to the cell surfaces of
muscle and adipose cells independent of transcription or translation
[13]. Insulin and IGF signaling requires a family of IRS proteins to
integrate extracellular signals into intracellular responses, leading to
cellular effects [14]. There are two main IRS proteins in humans, IRS1
and IRS2, that are widely expressed in most human and mammalian
tissues. IRS1 and IRS2 mediate the control of various cellular processes
by insulin [15]. Insulin binding to the a-subunit of the insulin receptor
results in the phosphorylation of IRS1 and IRS2 which leads, via several
intermediary steps, to activation of AKT (protein kinase B) [16].
Insulin Resistance (IR) can result from deficits in any part of the insulin
signaling pathway resulting in inadequate response to insulin [17].
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We have recently shown that UBC treatment with Metadichol,
a nano-formulation of long chain lipid alcohols derived from food
sources [18] at picogram levels leads to enriched cells containing CD34
[19]. We present here data that treating UBC cells with Metadichol
at low concentrations leads to multifold increases of IRS1 and IRS2
and also GLUT4 expressions that potentially have a role as discussed
above in diabetes.

Experimental

The work was commerically outsourced and carried out by Skanda
Life Sciences Pvt. Ltd Bangalore India and Primers (Table 1) synthesized
at Eurofins Genomics, India.

Preparation of test samples

Metadichol (5 mg/mL) stock was diluted to obtain desired
concentrations of 0.001, 0.1, 1, 100, 1000 ng/mL test solutions.

Cell lines and treatment

UC cells were cultured in MSC expansion medium with reduced
Serum, 100 units/mL of penicillin G and 100 pg/mL of Streptomycin at
37°C, 5% CO, incubator.

Treatment for analysis of IRS1, IRS2 and GLUT4 gene
expression by semi quantitative RT and RT PCR

The cells were aspirated from the 80% confluence culture flask and
centrifuged at 1500 rpm for 5 mins. The cell pellet was then resuspended
in 1 mL of complete media and 1 x 10° cells/dish was seeded to each
well of the 96 well microtiter plates. After 24 hrs incubation, cells were
treated with Metadichol at various concentrations followed by 48 hrs
incubation. Post incubation, the cells are harvested for RNA isolation.

RNA isolation and sample preparation

UC cells were washed twice with PBS and to the adherent cells 2
mL of TRIzol (per T25 flask) was added and transferred to the tube and
vortexed. Samples were allowed to stand for 5 mins at room temperature.
Added 0.2 mL of chloroform per 1 mL of TRIzol used. Closed the tube
and shaken vigorously for 15 seconds. The tube was allowed to stand at
room temperature for 5 mins. The resulting mixture was centrifuged

at 10,000 rpm for 15 mins at 4°C. The colourless upper aqueous phase
was transferred to a new clean tube. 0.5 mL of isopropanol was added
per 1 mL of TRIzol used, mixed gently by inverting the sample 5 times
and incubated at room temperature for 5 mins. Then it was centrifuged
at 10,000 rpm for 10 mins at 4°C. Supernatant was discarded and the
RNA pellet was washed by adding 1 mL of 70% ethanol. Mix gently by
inverting the sample a few times. It was then centrifuged for 5 mins at
14,000 rpm at 4°C. Supernatant was discarded by inverting the tube on
a clean tissue paper. Later, the pellet was dried by incubating in a dry
bath for 5 mins at 55°c. The pellet was then resuspended in 25 pl of
DEPC treated water.

Reverse Transcriptase Polymerase Chain Reaction (RT PCR)

A semi quantitative Reverse Transcriptase Polymerase Chain
Reaction (RT PCR) was carried out using Techno Prime system to
determine the levels of p-actin, IRS1, IRS2, GLUT4 mRNA expressions.
The cDNA was synthesized from 2 pg of RNA using the Verso cDNA
synthesis kit (Thermo Fischer Scientific) with oligo dT primer according
to the manufacturer’s instructions. The reaction volume was set to 20 pl
and cDNA synthesis was performed at 42°C for 60 mins, followed by
RT inactivation at 85°C for 5 mins.

Semi quantitative PCR reaction

The PCR mixture (final volume of 20 pL) contained 1 pL of
cDNA, 10 pL of Red Taq Master Mix 2x (Amplicon) and 1 uM of each
complementary primer specific for GLUT4, IRS1 and IRS2 and B-actin
(internal control) sequence (Tables 2-4). The samples were denatured at
94°C for 5 mins and amplified using 30 cycles of 94°C for 30 seconds,
55°C for 30 seconds and 72°C for 1 min for B-actin; for IRS1 and IRS2
renaturation was set to 55°C and for GLUT4 the renaturation was set to
54°C for 30 seconds, followed by a final elongation at 72°C for 10 mins.
The optimal numbers of cycles have been selected for amplification
of these two genes experimentally so that amplifications were in the
exponential range and have not reached a plateau. 10 pL of the final
amplification product were run on a 2% ethidium-stained agarose gel
and photographed. Quantification of the results was accomplished by
measuring the optical density of the bands, using the computerized
imaging program Image J (Figures 1-4). The values were normalized to
B-actin intensity levels.

Gene Primer pair Sequence Tm Product size (bp)
B-actin FP TCCTCCTGAGCGCAAGTACTCT 62.1 153
RP GCTCAGTAACAGTCCGCCTAGAA 62.4
IRS1 FP CTGCACAACCGTGCTAAGG 58.8 124
RP CGTCACCGTAGCTCAAGTCC 61.4
IRS2 FP CCTACCCTGTAGTGCCTTC 61.4 188
RP AAGTCGATGTTGATGTACTCGC 58.4
FP GCCATGAGCTACGTCTCCATT 59.8
GLUT4 90
RP GGCCACGATGAACCAAGGAA 59.4

Table 1: Primers.

Umbilical cord cells

Metadichol = Band Intensity of PCR Amplicons Relative Gene

(Conc.) B-actin IRS1 Normalized Expression
0 8919.24 3831.326 0.43 1.00
1ng 12651.26 6826.095 0.54 1.26
100 ng 8011.61 3952.518 0.49 1.15
1pg 14065.77 12287.05 0.87 2.03
100 pg 7383.24 11593.78 1.57 3.66

Table 2: Relative expression of IRS1 in treated and untreated Umbilical cord cells.

Umbilical cord cells
Band Intensity of PCR

Metadichol ) ) Relative Gene
(Conc.) -Ampllcons Normalized Expression
B-actin IRS2

0 8919.24 4041.225 0.45 1.00
1ng 12651.26 7869.69 0.62 1.37
100 ng 8011.61 4398.276 0.55 1.21
1 pg 14065.77 15104.88 1.07 2.37
100 pg 7383.24 9425.347 1.28 2.82

Table 3: Relative expression of IRS2 in treated and untreated Umbilical cord cells.
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Umbilical cord cells
i Band Intensity of PCR .
Metadichol ) ) Relative Gene
Amplicons Normalized i
(Conc.) . Expression
B-actin GLUT4
0 8919.24 2061.853 0.23 1.00
1ng 12651.26 6909.229 0.55 2.36
100 ng 8011.61 4907.539 0.61 2.65
1 pg 14065.77 10882.66 0.77 3.35
100 pg 7383.24 17915.602 2.43 10.50

Table 4: Relative expression of GLUT4 in treated and untreated Umbilical cord
cells.

<+——— [-actin
100bp —

Figure 1: Amplification of B-actin gene in umbilical cord cells.

100 bp ———»

—»

Figure 3: Amplification of IRS2 gene in umbilical cord cells.

-— GLUT-4

Figure 4: Amplification of GLUT4 gene in umbilical cord cells.

RT PCR conditions
RT PCR conditions for B-actin, GLUT4, IRS1 and IRS2 (Table 5)
Instrument: Stratagene Mx3005P real time PCR
RT PCR conditions:
c¢DNA=1.00 pl
F Primer=1.00 pl
R Primer=1.00 pl
Sybr green MM=10.00 pl
Water=7.00 pl
Total volume=20 pl

Results and Discussion
Analysis of amplicons by semi quantitative RT PCR

In this study, Metadichol treatment at 100 pg/mL concentration
shows marked upregulation of IRS1, IRS2 and GLUT4 relative gene
expression up to 3.66, 2.82 and 10.50, whereas 1 ng and 100 ng/mL
treatment shows marginal increase Metadichol acts optimally at the
concentrations ranging from 100 ng/mL to 1 pg/mL (Figures 5-7).

Enriched expression of IRS1, IRS2 and GLUT4 on treatment of
UC cells has not been reported so far and has a role in diabetes
treatment. We recently presented clinical case studies that showed the
effectiveness of Metadichol in treatment of diabetes and related
complications like wound healing [20-22]. IRS1 and IRS2 have been
shown to play an essential role in the insulin signaling pathway [23].
Increase in IRS2 expression in B-cells has been shown to be essential
for growth and function [24]. IRS1 expression is the primary activator
of PI3-kinase in response to insulin in human cells and, is markedly
reduced in insulin-resistant states. Protein expression of IRS1 and
GLUT4 [25] play an essential role in the development of the whole-
body IR by association with increased production of cytokines and
other insulin-antagonistic factors.

We have previously documented [18] that Metadichol is an
inhibitor of TNF-a and also PAI1 [26,27]. TNF-a is a crucial pro-
inflammatory mediator that is involved in the development of IR and
pathogenesis of T2DM. TNF-a is mainly produced in adipocytes and
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peripheral tissues and induces tissue-specific inflammation through
generation of ROS and activation of various transcriptional mediated
pathways. The raised level of TNF-a induces IR in adipocytes and
peripheral tissues by impairing the insulin signaling through serine
phosphorylation that leads to the development of T2DM. Blocking
TNF induced inflammation is one of the effective strategies for the
treatment of IR and T2DM. Elevated concentrations of PAI1 have been

Target @ Treatment Cqor Ct Cqor Ct
Fluorophore geze groups Cqorct Mean Std. Dev
SYBR GLUT4 Control 16.44 16.44 0
SYBR GLUT4 Control 17 17 0
SYBR GLUT4 Control 16.8 16.8 0
SYBR GLUT4 1ng 15.34 15.34 0
SYBR GLUT4 1ng 16.19 16.19 0
SYBR GLUT4 1 pg 16.83 16.83 0
SYBR GLUT4 1 pg 17.13 17.13 0
SYBR GLUT4 100 pg 16.87 16.87 0
SYBR GLUT4 100 pg 16.45 16.45 0
SYBR GLUT4 100 pg 15.95 15.95 0
SYBR GLUT4 100 ng 16.02 16.02 0
SYBR GLUT4 100 ng 14.7 14.7 0
SYBR GLUT4 100 ng 15.68 15.68 0
SYBR IRS1 Control 16.46 16.46 0
SYBR IRS1 Control 16.94 16.94 0
SYBR IRS1 Control 16.61 16.61 0
SYBR IRS1 1ng 15.77 15.77 0
SYBR IRS1 1ng 16.11 16.11 0
SYBR IRS1 1ng 15.83 15.83 0
SYBR IRS1 1pg 16.55 16.55 0
SYBR IRS1 1pg 16.89 16.89 0
SYBR IRS1 100 pg 18.01 18.01 0
SYBR IRS1 100 pg 16.87 16.87 0
SYBR IRS1 100 pg 16.65 16.65 0
SYBR IRS1 100 ng 15.25 15.25 0
SYBR IRS1 100 ng 14.75 14.75 0
SYBR IRS1 100 ng 15.71 15.71 0
SYBR IRS2 Control 17.23 17.23 0
SYBR IRS2 Control 16.35 16.35 0
SYBR IRS2 1ng 15.93 15.93 0
SYBR IRS2 1ng 16.03 16.03 0
SYBR IRS2 1pg 17.14 17.14 0
SYBR IRS2 1pg 18.09 18.09 0
SYBR IRS2 100 pg 17.3 17.3 0
SYBR IRS2 100 pg 17.59 17.59 0
SYBR IRS2 100 ng 14.62 14.62 0
SYBR IRS2 100 ng 15.11 15.11 0
SYBR B-actin 100 ng 18.41 18.41 0
SYBR B-actin 1ng 17.76 17.76 0
SYBR B-actin 1pg 20.31 20.31 0
SYBR B-actin 100 pg 22.62 22.62 0
SYBR B-actin 100 ng 17.37 17.37 0
SYBR B-actin 1ng 19.12 19.12 0
SYBR B-actin 1 pg 20.34 20.34 0
SYBR B-actin 100 pg 22.18 22.18 0
SYBR B-actin Control 17.87 17.87 0
SYBR B-actin 100 ng 18.21 18.21 0
SYBR B-actin 1ng 17.95 17.95 0
SYBR B-actin 100 pg 22.45 22.45 0
SYBR B-actin Control 18.14 18.14 0

Table 5: RT PCR raw data.

observed consistently in blood from patients with IR, diabetes [28,29].
PAI1 levels are 5-10 folds higher consistent with direct effects observed
in vitro, increased levels correlate with elevated concentrations in blood
of triglycerides and hyperinsulinemia.

Human diseases are linked via complex gene networks. Literature
curated experimental data show that gene clusters are driving the
core mechanisms among multiple related diseases. Comparative
Toxicogenomics Database (CTD) is a robust, publicly available
database that provides experimentally curated information about gene
— disease relationships [30]. These data are integrated with biological
processes and pathway data can lead to understanding the mechanisms
of underlying diseases. Complex diseases such as diabetes involve many
genes, and these act through multiple pathways and other target related
diseases. Using CTD software the diseases, pathways and biological
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Figure 5: Relative expression of IRS1 gene in untreated and treated umbilical
cord cells.
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Figure 6: Relative expression of IRS2 gene in untreated and treated
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Figure 7: Relative expression of GLUT4 gene in untreated and treated
umbilical cord cells.
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Pathway Pathway ID P-value Annotated Genes Quantity Annotated Genes
Type Il diabetes mellitus KEGG:hsa04930 5.85E-12 4 IRS1, IRS2, SLC2A4, TNF
Adipocytokine signaling pathway KEGG:hsa04920 3.10E-11 4 IRS1, IRS2, SLC2A4, TNF
Insulin resistance KEGG:hsa04931 1.85E-10 4 IRS1, IRS2, SLC2A4, TNF
IRS activation REACT:R-HSA-74713 1.09E-07 2 IRS1, IRS2
AMPK signaling pathway KEGG:hsa04152 2.15E-07 3 IRS1, IRS2, SLC2A4
FoxO signaling pathway KEGG:hsa04068 2.86E-07 3 IRS1, IRS2, SLC2A4
Insulin signaling pathway KEGG:hsa04910 3.27E-07 3 IRS1, IRS2, SLC2A4
Non-alcoholic fatty liver disease (NAFLD) KEGG:hsa04932 4.12E-07 3 IRS1, IRS2, TNF
Signal attenuation REACT:R-HSA-74749 4.92E-07 2 IRS1, IRS2
Developmental Biology REACT:R-HSA-1266738 1.95E-06 4 IRS1, IRS2, SLC2A4, TNF
Growth hormone receptor signaling REACT:R-HSA-982772 3.28E-06 2 IRS1, IRS2
Regulation of lipolysis in adipocytes KEGG:hsa04923 1.56E-05 2 IRS1, IRS2
Signaling by Interleukins REACT:R-HSA-449147 1.84E-05 3 IRS1, IRS2, TNF
Longevity regulating pathway-multiple species KEGG:hsa04213 2.06E-05 2 IRS1, IRS2
Constitutive Signaling by Aberrant PI3K in Cancer REACT:R-HSA-2219530 2.27E-05 2 IRS1, IRS2
PI3K Cascade REACT:R-HSA-109704 3.36E-05 2 IRS1, IRS2
PI5P, PP2A and IER3 Regulate PI3K/AKT Signaling REACT:R-HSA-6811558 4.07E-05 2 IRS1, IRS2
Transcriptional regulation of white adipocyte differentiation | REACT:R-HSA-381340 4.17E-05 2 SLC2A4, TNF
Longevity regulating pathway KEGG:hsa04211 4.26E-05 2 IRS1, IRS2
PI3K/AKT Signaling in Cancer REACT:R-HSA-2219528 4.36E-05 2 IRS1, IRS2
Negative regulation of the PI3BK/AKT network REACT:R-HSA-199418 4.76E-05 2 IRS1, IRS2
AGE-RAGE signaling pathway in diabetic complications KEGG:hsa04933 5.28E-05 2 SERPINE1, TNF
Cytokine Signaling in Immune system REACT:R-HSA-1280215 5.44E-05 3 IRS1, IRS2, TNF
Chagas disease (American trypanosomiasis) KEGG:hsa05142 5.61E-05 2 SERPINE1, TNF

Table 6: Pathways table.

Ontology : (IJQI'_I::ZI GO Term Name GO TermID | P-value Ge‘r:::c(,;ztaer:’tity Annotated Genes
Biological Process 9 glucose import GO0:0046323 | 4.85E-11 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 8 glucose transmembrane transport GO0:1904659 | 1.99E-10 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 7 hexose transmembrane transport GO0:0008645 | 2.84E-10 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 6 monosaccharide transmembrane transport GO0:0015749 | 3.04E-10 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 5 carbohydrate transmembrane transport GO0:0034219 | 3.25E-10 4 IRS1,IRS2,SLC2A4,TNF
Biological Process 5 carbohydrate transport G0:0008643 | 7.45E-10 4 IRS1,IRS2,SLC2A4,TNF
Biological Process 4 cellularresponse to oxygen-containing GO:1901701 | 7.31E-09 5 IRS1,IRS2,SERPINE1,SLC2A4, TNF

compound
Biological Process 4 regulation of lipid catabolic process GO0:0050994 | 1.50E-08 3 IRS1,IRS2, TNF
Biological Process 6 regulation of glucose import G0:0046324 | 4.01E-08 3 IRS1,IRS2,TNF
Biological Process 3 response to oxygen-containing compound GO0:1901700 | 4.95E-08 5 IRS1,IRS2,SERPINE1,SLC2A4, TNF
Biological Process 5 regulation of glucose transmembrane transport | GO:0010827 | 8.11E-08 3 IRS1,IRS2,TNF
Biological Process 4 cellular response to organonitrogen compound = GO:0071417 | 1.11E-07 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 3 carbohydrate metabolic process GO0:0005975 | 1.58E-07 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 4 cellular response to nitrogen compound GO0:1901699 | 2.19E-07 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 3 positive regulation of lipid metabolic process GO0:0045834 | 2.37E-07 3 IRS1,IRS2, TNF
Biological Process 5 positive regulation of fatty acid beta-oxidation | G0O:0032000 | 3.94E-07 2 IRS1,IRS2
Biological Process 5 positive regulation of protein kinase B signaling G0:0051897 & 4.92E-07 3 IRS1,IRS2, TNF
Biological Process 3 Positiveregulation of small molecule metabolic | -, 107013 5.81E-07 3 IRS1,IRS2, TNF

process
Biological Process 5 regulation of insulin secretion G0:0050796 | 5.92E-07 3 IRS1,IRS2, TNF
Biological Process 4 cellular response to organic substance GO0:0071310 | 6.84E-07 5 IRS1,IRS2,SERPINE1,SLC2A4, TNF
Biological Process 2 positive regulation of transport G0:0051050 | 8.06E-07 4 IRS1,IRS2,SERPINE1,TNF
Biological Process 5 glucose metabolic process G0:0006006 | 8.31E-07 3 IRS1,IRS2,TNF
Biological Process 4 response to organonitrogen compound G0:0010243 | 8.68E-07 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 6 cellular response to insulin stimulus G0:0032869 @ 9.13E-07 3 IRS1,IRS2,SLC2A4
Biological Process 4 insulin secretion GO0:0030073 @ 9.71E-07 3 IRS1,IRS2, TNF

J Stem Cell Res Ther, an open access journal

ISSN: 2157-7633 Volume 8 ¢ Issue 6 *+ 1000429




Citation: Raghavan PR (2018) Umbilical Cord Cells Treatment with Metadichol® IRS Proteins and GLUT4 Expression and Implications for diabetes.
Stem Cell Res Ther 8: 429. doi: 10.4172/2157-7633.1000429

Page 6 of 9

Biological Process 4 regulation of peptide hormone secretion G0:0090276 | 9.86E-07 3 IRS1,IRS2, TNF
Biological Process 5 positive regulation of fatty acid oxidation GO0:0046321 | 9.95E-07 2 IRS1,IRS2
Biological Process 3 response to hormone GO0:0009725 | 1.07E-06 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 5 carbohydrate homeostasis GO0:0033500 | 1.13E-06 3 IRS1,IRS2,SLC2A4
Biological Process 6 glucose homeostasis G0:0042593 | 1.13E-06 3 IRS1,IRS2,SLC2A4
Biological Process 5 z‘::;:;z regulation of glycogen biosynthetic 1 4e705  1.31E-06 2 IRS1,IRS2
Biological Process 5 regulation of fatty acid beta-oxidation G0:0031998 | 1.31E-06 2 IRS1,IRS2
Biological Process 5 regulation of protein kinase B signaling G0:0051896 | 1.33E-06 3 IRS1,IRS2,TNF
Biological Process 3 response to nitrogen compound G0:1901698 | 1.38E-06 4 IRS1,IRS2,SLC2A4,TNF
Biological Process 4 hexose metabolic process G0:0019318 | 1.39E-06 3 IRS1,IRS2,TNF
Biological Process 5 cellular response to cytokine stimulus GO0:0071345 | 1.61E-06 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 4 g?ji\;z regulation of glycogen metabolic G0:0070875  1.67E-06 2 IRS1,IRS2
Biological Process 5 peptide hormone secretion G0:0030072 | 1.71E-06 3 IRS1,IRS2, TNF
Biological Process 3 cellular response to chemical stimulus GO0:0070887 | 1.72E-06 5 IRS1,IRS2,SERPINE1,SLC2A4,TNF
Biological Process 3 response to organic substance GO0:0010033 | 1.86E-06 5 IRS1,IRS2,SERPINE1,SLC2A4,TNF
Biological Process 5 response to insulin G0:0032868 | 1.89E-06 3 IRS1,IRS2,SLC2A4
Biological Process 4 protein kinase B signaling GO0:0043491 | 2.05E-06 3 IRS1,IRS2, TNF
Biological Process 3 regulation of hormone secretion G0:0046883 | 2.05E-06 3 IRS1,IRS2,TNF
Biological Process 4 response to cytokine G0:0034097 | 2.11E-06 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 3 monosaccharide metabolic process G0:0005996 | 2.23E-06 3 IRS1,IRS2,TNF
Biological Process 4 positive regulation of lipid catabolic process GO0:0050996 | 2.29E-06 2 IRS1,IRS2
Biological Process 4 ;?Z'::::);eg”'at'o” of mononuclear cell GO:0071677 | 2.52E-06 2 SERPINE1, TNF
Biological Process 2 regulation of biological quality G0:0065008 | 3.00E-06 5 IRS1,IRS2,SERPINE1,SLC2A4, TNF
Biological Process 4 lipid catabolic process G0:0016042 | 3.15E-06 3 IRS1,IRS2,TNF
Biological Process 4 hormone secretion G0:0046879 | 3.31E-06 3 IRS1,IRS2, TNF
Biological Process 5 cellular response to peptide hormone stimulus | GO:0071375 | 3.35E-06 3 IRS1,IRS2,SLC2A4
Biological Process 7 glucose import in response to insulin stimulus = GO:0044381 | 3.55E-06 2 IRS1,SLC2A4
Biological Process 4 hormone transport GO0:0009914 | 3.70E-06 3 IRS1,IRS2, TNF
Biological Process 5 regulation of glucan biosynthetic process GO0:0010962 | 3.83E-06 2 IRS1,IRS2
Biological Process 6 regulation of glycogen biosynthetic process G0:0005979 | 3.83E-06 2 IRS1,IRS2
Biological Process 4 positive regulation of cellular catabolic process | G0O:0031331 | 3.95E-06 3 IRS1,IRS2,TNF
Biological Process 3 cellular response to endogenous stimulus G0:0071495 | 3.97E-06 4 IRS1,IRS2,SLC2A4, TNF
Biological Process 5 regulation of fatty acid oxidation GO0:0046320 = 4.13E-06 2 IRS1,IRS2
Biological Process 5 interleukin-7-mediated signaling pathway GO0:0038111 | 4.75E-06 2 IRS1,IRS2
Biological Process 5 cellular response to peptide G0:1901653 | 5.01E-06 3 IRS1,IRS2,SLC2A4
Biological Process 6 cellular response to interleukin-7 G0:0098761 | 5.08E-06 2 IRS1,IRS2
Biological Process 4 Sf;:’; regulation of fatty acid metabolic GO:0045923 | 5.08E-06 2 IRS1,IRS2
Biological Process 5 response to interleukin-7 G0:0098760 = 5.08E-06 2 IRS1,IRS2
Biological Process 2 secretion by cell G0:0032940 @ 5.14E-06 4 IRS1,IRS2,SERPINE1, TNF
Biological Process 5 regulation of glycogen metabolic process G0:0070873 | 5.42E-06 2 IRS1,IRS2
Biological Process 4 regulation of lipid metabolic process G0:0019216 | 5.79E-06 3 IRS1,IRS2, TNF
Biological Process 5 regulation of polysaccharide biosynthetic G0:0032885 | 6.13E-06 2 IRS1,IRS2

process
Biological Process positive regulation of catabolic process G0:0009896 | 6.14E-06 IRS1,IRS2,TNF
Biological Process 4 transmembrane transport GO0:0055085 @ 6.49E-06 4 IRS1,IRS2,SLC2A4,TNF
Biological Process 4 Positiveregulation of glucose metabolic G0:0010907  6.50E-06 2 IRS1,IRS2

process

Table 7: Biological processes.
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Disease Name P-value Annotated Genes Quantity Annotated Genes
Diabetes Mellitus, Experimental 9.35E-14 5 IRS1, IRS2, SERPINE1, SLC2A4, TNF
Insulin Resistance 2.43E-11 4 IRS1, IRS2, SLC2A4, TNF
Diabetes Mellitus 4.78E-11 5 IRS1, IRS2, SERPINE1, SLC2A4, TNF
Hyperinsulinism 5.1E-11 4 IRS1, IRS2, SLC2A4, TNF
Glucose Metabolism Disorders 5.40E-11 5 IRS1, IRS2, SERPINE1, SLC2A4, TNF
Diabetes Mellitus, Type 2 2.27E-09 4 IRS1, IRS2, SLC2A4, TNF
Endocrine System Diseases 9.94E-09 5 IRS1, IRS2, SERPINE1, SLC2A4, TNF
Liver Neoplasms 4.68E-08 4 IRS1, IRS2, SERPINE1, TNF
Metabolic Diseases 5.36E-08 5 IRS1, IRS2, SERPINE1, SLC2A4, TNF
Nutritional and Metabolic Diseases 7.80E-08 5 IRS1, IRS2, SERPINE1, SLC2A4, TNF
Arteriosclerosis 1.94E-07 3 IRS1, SERPINE1, TNF
Arterial Occlusive Diseases 2.31E-07 3 IRS1, SERPINE1, TNF
Overweight 8.99E-07 3 IRS1, SERPINE1, TNF
Heart Diseases 9.75E-07 4 IRS1, SERPINE1, SLC2A4, TNF
Obesity 1.11E-06 3 IRS1, SERPINE1, TNF
Over-nutrition 1.11E-06 3 IRS1, SERPINE1, TNF
Carcinoma, Hepatocellular 1.69E-06 3 IRS1, IRS2, TNF
Nutrition Disorders 2.20E-06 3 IRS1, SERPINE1, TNF
Digestive System Neoplasms 2.37E-06 4 IRS1, IRS2, SERPINE1, TNF
Stomach Neoplasms 2.93E-06 3 IRS2, SERPINE1, TNF
Stomach Diseases 3.66E-06 3 IRS2, SERPINE1, TNF
Cardiovascular Diseases 4.01E-06 4 IRS1, SERPINE1, SLC2A4, TNF
Body Weight 4.03E-06 3 IRS1, SERPINE1, TNF
Liver Diseases 1.02E-05 4 IRS1, IRS2, SERPINE1, TNF
Kidney Failure, Chronic 1.18E-05 2 SERPINE1, TNF
Skin Diseases, Vascular 1.28E-05 2 SERPINE1, TNF
Renal Insufficiency, Chronic 1.39E-05 2 SERPINE1, TNF
Atherosclerosis 1.68E-05 2 SERPINE1, TNF
Thrombosis 2.06E-05 2 SERPINE1, TNF
Table 8: Diseases.
s|
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Figure 8: Metadichol’'s proposed mechanism of action.

process [31] impacted by IRS, IRS2, TNE, SERPINEI (PAIl) and
GLUT4 (SLC2A4) are shown in Tables 6-8.

one ®

The highly significant p values suggest that the genes have more Eryme A

interactions among themselves than what would be expected for a ez |
random set of proteins of similar size, drawn from the genome. Such The Size of the nade reresants the rumioe of connections in the netwrk.

enrichment indicates that the proteins are biologically connected, as
a group. The curated experimental results indicate that the disease

Figure 9: Metadichol expressed gene network.
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predictions correlate with experimental results that clinical case studies
we have reported [18,32-35]. The top 5 processes of pathways, biological
processes and diseases are all pointing to a clear role in diabetes-related
symptoms.

Based on a proposed model by Benito [36] on this we postulate
Metadichol’s mode of actions in diabetes as shown in Figure 8. The
mechanism shows that downfield genes like IGF1, AKTI, PIK and
GSK3 have important roles by their interactions with the Metadichol
expressed genes.

We further analysed the gene cluster (Figure 9) using CoolGen
software [37] which shows the importance of the interactions of
genes/enzymes. Based on our proposed mechanism (Figure 8) the key
genes/enzymes, IRS, IRS2, SLC2A4, IGE PI3k, INSR, GSK3 are highly
connected to multiple genes and enzymes that have an important role
in insulin signaling. The network also suggests that it will be useful
in cardiovascular diseases (CVD) and kidney diseases and we have
confirmed through clinical case studies, Metadichol’s role in these
diseases as well [38,39].

Conclusion

Since adult stem cells are present in PBMCs which have similar
expression profiles to UBC [40], one could expect similar actions by
Metadichol on these cells leading to observed improvements that we
have documented in diabetes patients [21-23]. The study shows highly
related biologically functional gene clusters are the key in targeting
diseases. A paradigm shift has been proposed in designing drug design
from “one drug one target” to “one drug multiple targets” [41-43]. Our
results show that network-based approach clearly seems to be more
viable [44-46]. Our work reveals the unique complex interactions
between Metadichol which is a nano formulation of mixture of straight
chain aliphatic alcohols and cellular proteins but also the influence
of their interactions on the function and behaviour of the system.
Metadichol is the first in a class of molecules that targets multiple genes
and through multiple pathways and thus multiple disease targets which
could be the next wave of the future of drug discovery [47].
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