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ABSTRACT

Background: The SRY-related HMG-box (SOX) trans cription factor family comprises
20 master regulators governing cell fate determination, stem cell pluripotency, and
lineage-specific differentiation—processes fundamental to regenerative medicine.
Notably, SRY-related HMG-box 2 (SOX2 ) serves as one of the four Yamanaka factors
essential for induced pluripotent stem cell (iPSC) generation, while SOX17 directs
definitive endoderm specification critical for hepatocyte and pancreatic B-cell
derivation. Despite their therapeutic promise, pharmacological approaches capable
of coordinately modulating multiple SRY-related HMG-box genes(SOX) for in vivo
cellular reprogramming remain elusive.

Objective: To evaluate the capacity of Metadichol, a nanoemulsion of long-chain
alcohols, to comprehensively regulate SRY-related HMG-box transcription factor
expression in human peripheral blood mononuclear cells (PBMCs) and establish its
potential as a precision medicine tool for regenerative applications.

Methods: Human PBMCs were treated with Metadichol (1 pg/ml-100 ng/ml) for 24
hours . Expression of 20 SOX family geneswas quantified by qRT-PCR. Network analysis
integrated SRY-related HMG-box (SOX) responses with Metadichol's established
effects onnuclear receptors, sirtuins, Toll-like receptors, KLF factors, and circadian genes.

Results: Metadichol induced coordinated upregulation of 16 genes at the optimal
concentration of 100 pg/ml, with therapeutically relevant targets including SRY-
related HMG-box 2 (SOX2) 1.72-fold; SRY-related HMG-box 17 (SOX17) (3.45-fold;
endoderm/metabolic), SRY-related HMG-box 4 (SOX4 ) (3.46-fold; lymphopoiesis/
cardiac), SRY-related HMG-box 10 (SOX10) (3.80-fold; neural crest/oligodendrocytes),
and SRY-related HMG-box 7 (SOX7) (3.37-fold; vascular specification). Strong
correlations between functionally related SRY-related HMG-box (SOX) genes ( =
0.76-0.89) indicated coordinated transcriptional network activationrather than nonspecific
effects. The inverted U-shaped dose-response with peak efficacy at picogram
concentrations demonstrated hormetic, physiologically constrained regulation.

Conclusions: This study establishes Metadichol as a first-in-class modulator of the
complete SOX transcriptional network, offering a novel strategy for regenerative and
precision medicine. Unlike conventional iPSC-based therapies requiring ex vivo
genetic manipulation, Metadichol enables /n vivo transcriptional reprogramming of
endogenous cell populations through coordinated activation of pluripotency SRY-
related HMG-box 2(SOX2), differentiation SRY-related HMG-box 19 and 19 (SOX17,
SOX9), and tissue-specific regeneration programs SRY-related HMG-box 4,7 and 10
(SOX4, SOX7, SOX10). The simultaneous engagement of nuclear receptor, sirtuin,
and TLR pathways provides a systems-level approach particularly suited for complex,
multifactorial age-related diseases and tissue regeneration. Combined with its
established safety profile, these findings position SRY-related HMG-box (SOX)
network modulation via Metadichol as a translatable platform for next-generation
regenerative therapeutics and personalized medicine interventions.

Keywords: SOX transcription factors, regenerative medicine, precision medicine,
cellular reprogramming, induced pluripotent stem cells, Metadichol, nuclear
receptors, transcriptional networks, stem cell biology, translational therapeutics.
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Introduction

SOX Transcription Factors: Master Regulators of
Cellular Fate

The SOX(SRY-related HMG-box) family represents
one of the most evolutionarily conserved and
functionally diverse groups of transcription factors
in  mammalian biology. Originally identified
through homology to the sex-determiningregionY
(SRY) gene, the SOX family has expanded to
encompass over 20 members in mammals,
systematically classified into eight distinct
subgroups (A-H) based on sequence similarity,
structural organization, and functional domains'2
Sox proteins are characterized by their highly
conserved 79-amino acid HMG (high-mobility
group) DNA-binding domain, which recognizes the
consensus sequence (A/T)A/T)CAAA/T) in target
gene promoters and enhancers®.

Beyond their DNA-binding capabilites, SOX
transcription factors function as architectural
proteins, inducing dramatic bending of DNA upon
binding and facilitating the formation of higher-
order nucleoprotein complexes that orchestrate
tissue-specific gene.

The functional diversity of SOX proteins is
exemplified by their critical roles across multiple
biological processes. SOX2 and SOX17 form core
components of pluripotency networks, with SOX2
being one of the four Yamanaka factors essential
for cellular reprogramming®. Inthe immune system,
SOX4and SOX13regulate lymphocyte development
and T-helper celldifferentiation, respectively, while
SOX10 controls neural crest cell specification and
melanocyte development™®.

SRY-related HMG-box (SOX) Gene Family:
Biological Functions and Associated Conditions
The SRY-related HMG box (SOX) gene family
comprises transcription factors that play critical
roles in development, cell fate determination, and
tissue homeostasis. These genes are classified into
subgroups based on sequence homology and
functional characteristics. Below is a comprehensive
overview ofkey SOXfamily members, their biological
functions, and associated clinical conditions.

Sex-determining region Y protein (SRY) (Subgroup H)
SRY-related HMG-box SRY serves as the master
sex-determining gene located on the Y chromosome.

It is essential for sex determination and testis
development. Mutations in SRY are associated with
disorders of sex development (DSD) and XY sex
reversal, with most mutations causing complete
sexreversal’8.

SRY-related HMG-box SOX2 (Subgroup B 1)
SOX2is critical for embryonic stem cell pluripotency
and neural development. It participates in
pluripotency maintenance, neurogenesis, and eye
development. Mutations in SOX2 lead to
anophthalmia-microphthalmia ~ syndrome  and
holoprosencephaly?°.

SRY-related HMG-box3 (SOX3) (Subgroup B1)
SRY-related HMG-box SOX3 functions in
hypothalamic-pituitary development and neural
development. Polyalanine expansions in SOX3
cause protein aggregation and dysfunction,
leading to X-linked hypopituitarism and neural
tube defects™ 2.

SOX4 (Subgroup C)

SRY-related HMG-box (SOX4) is essential for
cardiac outflow tract developmentand lymphocyte
survival. It plays key roles in neurogenesis, cardiac
development, and pro-survival signaling. Mutations
in SOX4 are associated with Coffin-Siris syndrome
and various cancers',

SOX5 (Subgroup D)

SRY-related HMG-box SOXS is critical for cartilage
formation and myelination, functioning in
chondrogenesis and oligodendrocyte development
Mutations in SOX5 cause Lamb-Shaffer syndrome
and skeletal abnormalities™ 6.

SOX6 (Subgroup D)

SRY-related HMG-box SOXé works cooperatively
with SOX5 and SOX?in cartilage development. It
participates in chondrogenesis, erythropoiesis, and
muscle development. Mutations in SOXé are
associated with P20 congenital lymphedema®.

SOX8 (Subgroup E)

SRY-related HMG-box SOX8 is closely related to
SOX9 and SOX10 with overlapping functions. It
contributes to neural crest development and
oligodendrocyte development, with a potential
role in sexreversal’??,

SOX9 (Subgroup E)
SRY-related HMG-box SOX9 exhibits
haploinsufficiency, where loss of one functional
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copy causes skeletal malformations and sex
reversal. It is involved in chondrogenesis, sex
determination, and neural crest development
Mutations cause campomelic dysplasia and XY sex
reversal??.2,

SOX10(Subgroup E)

SRY-related HMG-box SOX10is essential for neural
crestcell survival and differentiation. It functions in
neuralcrestdevelopment, melanocyte development,
and Schwann cell differentiation. Mutations lead to
Waardenburg syndrome types 2 and 4, Hirschsprung
disease, and peripheral neuropathy’%.

SOX11 (Subgroup C)

SRY-related HMG-box SOX11 is critical for
producton and differentiation. It
participates in neurogenesis, cortical development,
and cell cycle regulation. Mutations in SOX11 are
associated with Coffin-Siris syndrome, intellectual
disability, and sensorineural hearing loss?*%.

neuronal

SOX12 (Subgroup C)

SRY-related HMG-box SOX12 works with SOX4
and SOX11 in developmental processes,
contributing to cardiovascular development and
cell cycle regulation. It has a potential role in
cardiac development'®%.

SOX13 (Subgroup H)

SRY-related HMG-box SOX13 regulates T-cell
receptor signaling and is involved in T-cel
developmentandlymphocyte differentiation. Ithas
a potential role in autoimmune disorders??’.

SOX14 (Subgroup B2)

SRY-related HMG-box SOX14 activates the p53
signaling pathway and induces apoptosis. It
functions in neurogenesis and cell cycle control,
with potential roles in cervical cancer and
cardiovascular complications?#.

SOX15 (Subgroup G)

SRY-related HMG-box SOX15 maintains stemness
in various tissue types and participates in stem cell
maintenance and hair follicle development. Ithas a
potential role in skin disorders®03132,

SOX17 (Subgroup F)

SRY-related HMG-box SOX17 is essential for
definitive endoderm specification. It functions in
endoderm formation and vascular development,

with mutations associated with vesicoureteral reflux
and potential roles in digestive development3334.

SOX18 (Subgroup F)

SRY-related HMG-box SOX18 is critical for
lymphatic vessel formation. It participates in
vascular and lymphatic development. Mutations in
SOX18 cause hypotrichosis-lymphedema-
telangiectasia syndrome®%.

Metadichol: A Pleiotropic Bioactive Nanoemulsion

Metadichol¥” is a nanoemulsion formulation
derivedfrom long-chainsaturated primary alcohols
(predominantly C28, with C26 and C30
components), originally isolated from sugarcane.
This  novel compound has demonstrated
remarkable pleiotropic biological activities through
comprehensive modulation of multiple cellular
signaling networks: nuclear receptor, sirtuin, TLR,
KLF, and circadian regulatory networks3-42,

SRY-related HMG-box (SOX) Genes, Biological
Functions, and Disease Associations

Systems Biology Perspective

The networks activated by Metadichol suggests a
systems-level approach to transcriptional modulation.
Modern understanding of gene regulation
emphasizes the importance of three-dimensional
chromatin organization and long-range enhancer-
promoter interactions in coordinating complex
transcriptional programs. The comprehensive
activation of multiple transcriptional networks by
Metadichol may facilitate coordinated chromatin
remodeling and enhanced transcriptional synergy
across the SOX gene family.

Research Rationale and Objectives

Given Metadichol's unprecedented ability to activate
multiple transcriptional regulatory networks®-#,
known to interact with SOX transcription factors,
we hypothesized that Metadichol treatment would
result in coordinated modulation of SOX family
gene expression. Understanding these interactions
is crucial for elucidating Metadichol's mechanism
of action and identifying potential therapeutic
applications in regenerative medicine,
immunomodulation, and age-related diseases.

The presentstudy aimed to

(1) comprehensively characterize the dose-
dependenteffects of Metadichol on all SOX family
genes inhuman PBMCs.

© 2026 European Society of Medicine 3



(2) identify optimal concentrations for maximal
transcriptional effects.

(3) analyze the relationship between SOX gene
regulaton and Metadichol's known effects on
nuclear receptors, sirtuins, TLRs, and circadian
networks; and

(4) provide mechanistic insights into the synergistic
transcriptional networks underlying Metadichol's
pleiotropic biological activities.

Material and Methods

A commercial service provider (Skanda Life
Sciences, Bangalore, India) performed the
quantitative g-RT-PCR, Western blot analysis, and
cell culture work. The chemicals and reagents
utilized were as follows: The primers were from
Eurofins Bangalore, India. The antibodies were
obtained from Elab biosciences Houston, Texas,
USA. Other molecular biology reagents were
obtained from Sigma—Aldrich, India.

Preparation of the blood sample: Fresh human
blood was collected in EDTA-containing tubes,

Table 1: Cell Treatment concentrations

and then fresh blood was diluted with PBS in a 1:1
proportion and mixed by inverting the tube.

|solation of Mononuclear Cells. In the 15 ml
centrifuge tube, 5 ml of Histopaque-1077 was
added, and then 5 ml of prepared blood was
layered on the Histopaque slowly from the edge of
the tube without disturbing the Histopaque layer.
Then tubes were centrifuged at400 X g for exacty
30 mins at room temperature with brake-offsetting
After centrifugation, the upper layer was discarded
with a Pasteur pipette without disturbing the
interphase layer. The interphase layer was carefully
transferred to a clean centrifuge tube. Cells will be
washed with 1X PBS and again centrifuged at 250
X g for 10 mins. (2X). After centrifugation, the
supernatant was discarded, and the pellet was
collected in RPMI media supplemented with 10%
FBS. Cells were counted, and viability was checked
with a hemocytometer.

Cellline

Sample name

Tre atment details

Human PBMC

Metadichol

Control
1 pg/ml
100 pg/ml
1 ng/ml
100ng/ml

Sample Preparation and RNA Isolation

Treated cells (concentrations shown in Table 1,
including control) were dissociated and rinsed with
sterile 1X PBS and centrifuged. The supernatant
was decanted, and 0.1 ml of TRIzol was added and
gently mixed by inversion for 1 min. Samples were
allowed to stand for 10 minutes at room
temperature. Tothis 0.75ml chloroform was added
per 0.1 ml of TRIzol used. The contents were
vortexed for 15 seconds. The tube was allowed to
stand atroom temperature for 5 mins. The resulting
mixture was centrifuged at 12,000 rpm for 15 mins
at 4°C. The upper aqueous phase was collected in
a new sterile microcentrifuge tube to which 0.25 ml
of isopropanol was added and gently mixed by
inverting the contents for 30 seconds and
incubated at -20°C for 20 minutes. The contents
were centrifuged at 12,000 rpm for 10 minutes at

4°C. Supernatant was discarded, and the RNA
pellet was washed by adding 0.25 ml of 70%
ethanol. The RNA mixture was centrifuged at
12,000 rpm at 4°C. Supernatant was carefuly
discarded, and the pellet was air-dried. The RNA
pellet was then resuspended in 20 pl of DEPC-
treated water

Total RNA yield was quantified using SpectraDrop
(Spectramaxi3x, Molecular Devices, USA).

Total RNA extraction yielded high-quality samples
with concentrations ranging from 334 to 388.6
ng/pl across all treatment groups (Table 2),
indicating consistent extraction efficiency and
minimal treatment-related cytotoxicity. A260/A280
ratios were consistently between 1.9 and 2.1,
confirming RNA purity, while A260/A230 ratios
exceeded 1.8, indicating the absence of protein
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and salt contamination. Melt curve analysis (see
supplementary files) confirmed single-product
amplification for all primer pairs, with no evidence
of primer-dimer formation or non-specific

Table 2: Total RNA yield

amplification. Amplification efficiencies ranged
from 92% to 108% for all SOX genes and GAPDH,
meeting quality control criteria for accurate relative
quantification.

Test concentrations

RNA yield (ng/ul) 0 1 pg/ ml

100 pg/ ml |1 ng/ ml 100 ng/ ml

Human PBMC's 365.1 370.7

3553 388.6 334

Q-RT-PCRanalysis;

The cDNA was synthesized from 500 ng of RNA
using the cDNA synthesis kit from the PrimeScript
RT reagent kit (TAKARA) with oligo dT primer
according to the manufacturer’s instructions. The
reaction volume was set to 20 ul, and cDNA
synthesis was performed at 50°C for 30 min,
followed by RT inactivation at 85°C for 5 min using
Applied Biosystems, Veriti. The cDNA was further
used for realtime PCR analysis.

Primers and qPCR analysis
The PCR mixture (final volume of 20 pl) contained

1.4 pl of cDNA, 10 pL of SyBr green Master mix,

Table 3: Primers used in study

and 1 uM ofrespective complementary forward and
reverse primers ( table 3) specific for respective
target genes. The reaction was carried out with
enzyme activation at 95°C for 2 minutes, followed
by a 2-step reaction with initial denaturation and
annealing cum extension step at 95°C for 5
seconds, annealing for 30 seconds at the
appropriate respective temperature amplified for
39 cycles, followed by secondary denaturation at
95°C for 5 seconds, and 1 cycle with a melt curve
capture step ranging from 65°C to 95°C for 5
seconds each. The obtained results were analyzed,
and fold expression or regulation was calculated.

Gene Primers Amplicon size Annealing temperature
F GAGTGGAAGGTCATGTCCGAGG

SOX1 135 67
R CCTTCTTGAGCAGCGTCTTGGT
F CACAAGAAAGACCACCCGGA

SOX10 135 65
R TCTTGTAGTGGGCCTGGATG
F GCAAATGGTGGCAAAGCAGA

SOX11 181 56
R AATGCTCTGCGACAACAGGA
F GACATGCACAACGCCGAGATCT

SOX12 122 67
R GTAATCCGCCATGTGCTTGAGC
F CCGAAACAGCAGCCACATCAAG

SOX13 159 67
R CTGCTTCTCCTGGTTGGTCATG
F CCAAGATGCACAACTCGGAGATC

SOX14 133 67
R GTAGTCAGGGTGCTCCTTCATG
F AGCTACTCGACAGCCTACCTGC

SOX15 126 65
R GGGTATAGGTGGGCAGCAGTTC
F ACGCTTTCATGGTGTGGGCTAAG

SOX17 111 65
R GTCAGCGCCTTCCACGACTTG
F ACGCCTTCATGGTGTGGGCAAA

SOX18 112 62
R GTTCAGCTCCTTCCACGCTTTG
F ACCAGCGCATGGACAGTTAC

SOX2 178 67
R CGAGCTGGTCATGGAGTTGT

© 2026 European Society of Medicine




Gene Primers Amplicon size Annealing temperature
F CCGAGTGGAAACTGCTCACAGA

SOX21 148 67
R GGCGAACTTGTCCTTCTTGAGC
F AGGCAAGAGTAGTGCGAACGCA

SOX3 132 56
R GGACCATACCATGAAGGCGTTC
F GTACTCTGTGGTAATTCCCAGCC

SOX30 124 59
R TGGGCTGGAAAAGTGTGACAGG
F GACATGCACAACGCCGAGATCT

SOX4 122 67
R GTAGTCAGCCATGTGCTTGAGG
F GACGATCATAGGTGGCTGCT

SOX5 209 67
R AAGGGAAGGTGAAAGGCTGG
F GCCTAAGTGACCG GGCAG

SOX6 135 56
R GGCATCTTTGCTCCAGGTGACA
F AGATGCTGGGAAAGTCGTGG

SOX7 187 59
R GGAGAGGGAGCTCAGAAGGA

Table F TGTACAAGGCTGAAGCAGGG

207 59

350X8 R CTGAGCTCCGAGATGTCCAC
F AGGAAGCTCGCGGACCAGTAC

SOX9 147 65
R GGTGGTCCTTCTTGTGCTGCAC
F GGATGACTGTACGAAAGCCACAC

SRY 113 65
R TTTGTCCAGTGGCTGTAGCGGT

Statistical Analysis and Data Processing

Cycle threshold (Ct) values were determined using
automatic threshold settings with manual verification.
Gene expression was calculated using the 2/\(-
AACt) comparative method*. For each sample,
ACt was calculated as: ACt = Ct{target gene) -
CHGAPDH). AACt values were determined by
subtracting the mean ACt of control samples from
individual ~ treatment ACt values: AACt =
ACt{treatment) - mean ACt{control). Fold change
was calculated as 2/ (-AACH).

Statistical significance was assessed using one-way
ANOVA followed by Dunnetts multiple
comparison test for comparison with control
groups. Two-way ANOVA was used to analyze the
effects of concentraton and gene identity.
Statistical analyses were performed using
GraphPad Prism 9.0 with significance levels set at
p<0.05, p<0.01 and p<0.001.

Data are presentedas mean +standard error of the
mean (SEM) from three independentexperiments.
Log: transformation was applied to fold change
data before parametric statistical analysis to
normalize variance. Quality control criteria
included Ctvalues <35 for target genes, meltcurve
analysis confirmation of single products, and

amplification efficiency between 90 and 110% for
all primer pairs.

Western Blot Studies
Ten random samples were tested for protein
expression studies (Figure 1 and Table 4)

Isolation of Mononuclear Cells

Inthe 15 ml centrifuge tube, 5 ml of Histopaque-
1077 was added, and 5 ml of prepared blood was
layered on the Histopaque slowly from the edge of
the tube without disturbing the Histopaque layer.
Then tubes were centrifuged at400 X g for exacty
30 mins at room temperature with brake-off
settings. After centrifugation, the upper layer was
discarded with a Pasteur pipette without disturbing
the interphase layer. The interphase layer was
carefully transferred to a clean centrifuge tube.
Cells will be washed with 1X PBS and again
centrifuged at 250 X g for 10 mins. (2X). After
centrifugation, the supernatantwas discarded, and
the pellet will be collected in RPMI media
supplemented with 10% FBS. Cells were counted,
and viability was checked with a hemocytometer.
The cell count was adjusted to 10x10° cells/2 ml. 2
ml of cell suspension is added to each dish in P35

dishes. Cells were then treated with various
concentrations of test sample. Postincubation, the

© 2026 European Society of Medicine 6
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cells were harvested for isolation of protein using
RIPA buffer. The cells, post harvesting, were
washed twice using 1X PBS.The cell pellets were

gently suspended in 300 pl of RIPA buffer with 1X
Protease Inhibitor. The cells were incubated for 30
mins by gentle mixing every 5 minutes at 4° C.

Figure 1: SDS PAGE loading details: 10% Separatingand 5% Stacking gel;
PBMC; Lane 1:Control, Lane 2: 1 pg, Lane 3: 100 pg, Lane 4: 1 ng, Lane 5: 100 ng Lane 6: Protein Ladder

Post incubation, the cells were centrifuged at
10,000 rpm for 12-15 minutes. 25 ug protein
sample from each cell lysate was mixed with 5X
loading dye and heated for 2 min at 95°C. Protein
samples were loaded and separated on 8%, 10 %
and 15 % SDS-PAGE gel using Mini protean Tetra
cell (Bio-Rad). Nitrocellulose membrane (0.2 uM)
was equilibrated in transfer buffer for 10 mins at RT.
Protein transfer was done for 15 mins in Turbo
Transblot (Bio-Rad) apparatus at 2.5 A and 25 V.
Blot was blocked in 3% BSA in TBST for 1 hr at RT
followed by incubation with respective 1" Ab at

Table 4: Western blot Experimental condition

appropriate dilutions O/N at 4°C. Blot was washed
thrice with  TBST for 5 mins at RT Blot was
incubated with 2° Ab (anti-Rabbit or anti-Mouse
lgG- HRP) at dilution 1:10000 for 1 hr at RT.
Washed 3times with TBST for 5 mins at RT Blot was
rinsed with ECL reagent (two component system)
for 1 min in dark and image was captured between
0.5 sec to 15 secs exposure in Chemidoc XRS+
imaging system (Bio-Rad). The protein lysates in
the supernatant were transferred to fresh sterile
tubes and stored in -20°C until further use.

GAPDH 10% 5% E-AB-20072 (1:1000) 5 secs.

SOX5 10% 5% E-AB-21476 (1:1500) 50-60 secs
SOX 1 10% 5% E-AB-21476 (1:1500) 50-60 secs
SOX 4 10% 5% E-AB-21476 (1:1500) 50-60 secs
SOX7 10% 5% E-AB-21476 (1:1500) 50-60 secs
SOX 11 10% 5% E-AB-21476 (1:1500) 50-60 secs
SOX 10 10% 5% E-AB-21476 (1:1500) 50-60 secs
SOX 17 10% 5% E-AB-21476 (1:1500) 50-60 secs
SOX 18 10% 5% E-AB-21476 (1:1500) 50-60 secs
SOX 13 10% 5% E-AB-21476 (1:1500) 50-60 secs

Results regulation values for all genes across all treatment

Overall, Gene Expression Profile

RT-PCR analysis of 20 SOX family genes revealed
distinct dose-dependent expression patterns
across treatment groups. Figure 2 displays the fold

conditons. The 100 pg/ml treatment group
showed the highest mean upregulation (2.16 *
1.01 fold), followed by the 100 ng/ml group (1.97
* 1.23-fold).

© 2026 European Society of Medicine 7
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SOX Family Gene Expression - RT-PCR Fold Regulation Across Doses

Dose
B Control
I 1pg/ml
I 100pg/ml
B Ingiml
. 100ng/ml

Fold Regulation

) b & b A & \ ] A (] A
LA A A A ﬁc"xu %o‘fo L,0*»W a°+0 F 548 ,,G;D ,100u d
SOX Family Genes

Figure 2
Expression Heatmap change. Notable upregulation (red)was observed
The heatmap visualization (Figure 3) provides a for SOX10, SOX14, SOX4, and SOX17, while
comprehensive overview of expression patterns, SOX12 and SOX30 showed consistent
with color intensity reflecting the magnitude of fold downregulation (blue) across all doses.

SOX Family Gene Expression Heatmap
(Fold Change vs Control)
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Figure 3 Heatmap of SOXgene expression. Colorscale re presents fold re gulation (blue = downregulation, red = upre gulation) with
annotations showing exactvalues.
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Higrarchical Clustering Dendrogram
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Figure 4: Hierarchical clusteringofSOXgenes
Left: Dendrogram showing gene relationships based on Ward's linkage. Right: Corresponding clustered heatmap withreordered genes

Dose-Response Curves for Key SOX Family Genes
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Figure 5:Dose-response curves fortop responding SOXgenes. Each panel shows fold regulation across treatment concentrations,
with dashedline indicating baseline (control = 1)
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Dose-Response Analysis

Dose-response curves (Figure 5) for the top
responding genes revealed non-linear
relationships between treatment concentration
and gene expression. Key observations include:

e SOX10: Demonstrated the most dramatic dose-
response, with peak expression at 1 ng/ml (4.72-
fold) and sustained elevation at 100 ng/ml (4.64-
fold), suggesting receptor saturation

* SOX14: Showed progressive increase with
maximum at 100 ng/ml (4.73-fold), indicating linear
dose-dependency athigher concentrations

* SOX4 and SOX7: Exhibited bell-shaped responses
with peak expression at 100 pg/ml (3.46 and 3.37-
fold respectively), followedby decline athigher doses

* SOX5: Displayed biphasic response - initial
decrease at 1 pg/ml (0.48-fold), followed by
recovery and upregulation at higher doses (3.01-
fold at 100 ng/ml)

* SOX17: Showed consistent upregulation
peaking at 100 pg/ml (3.45-fold) with maintained
elevation at 100 ng/ml (2.64-fold)

W estem Blotvs RT-PCR Comparison

Western blot analysis was performed for 9 SOX
proteins (SOX1, SOX4, SOX5, SOX7, SOXIQ,
SOX11, SOX13, SOX17, SOX18) to validate RT-
PCR findings at the protein level. Figure 6
compares the results from both methodologies at
the 100 pg/mltreatment concentration.

Comparison: RT-PCR vs Western Blot Results
(100 pg/ml Treatment Group)

Fold Change

V) ] I A
o § L {
§ § § §

N
o
§

I RT-PCR (100pg/ml)
3 Western Blot (100pg)

A %
{ Y
4§ §

Q
W
§

Y
I
By

SOX Genes

Figure 6: Comparison of Westernblot protein expression and RT-PCR mRNA expression at 100 pg/ml treatment. Dashed line

indicates baseline (fold change = 1)

Key Observations from the Comparison:

® SRY-related HMG-box SOX10: Showed the
highest concordance - RT-PCR indicated 3.80-fold
upregulation while Western blot showed 5.54-fold
change, both confirming significant protein and
transcript elevation

® SRY-related HMG-box SOX4: RT-PCR showed
3.46-fold upregulaton whereas Western blot
indicated 1.36-fold change, suggesting post-

© 2026 European Society of Medicine

transcriptional regulation or protein turnover
differences

e SRY-related HMG-box SOX11: RT-PCR (2.63-
fold) vs Western blot (1.68-fold) showed directional
agreementwith moderate quantitative differences

e SRY-related HMG-box SOX17: Both methods
confirmed upregulation  (RT-PCR: 3.45-fold;
Western blot: 1.75-fold)
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The discrepancies between mRNA and protein
levels are consistent with known biological
phenomena including post-transcriptional
regulation, differential mMRNA and protein stability,
and time-dependent translation kinetics. Overall,
Western blot validation confirmed the directional
changes observedin RT-PCR for all tested genes,
providing protein-level evidence supporting the
transcriptional findings.

This comprehensive analysis of SOX family gene
expression reveals complex, dose-dependent
regulatory patterns in PBMCs. The SOX (SRY-
related HMG box) transcription factors play critical
roles in stem cell maintenance, differentiation, and
cellular reprogramming, making these findings
relevant to regenerative medicine and
developmental biology research.

Dose-Response Patterns: The non-linear dose-
response relationships observed for several SOX
genes suggest complex receptor-mediated
signaling mechanisms. The bell-shaped responses
seen for SOX4 and SOX7 may indicate receptor
desensitization or negative feedback at higher

concentrations. In contrast, the progressive
responsesof SOX10and SOX14 suggestsustained
signaling capacity even athigh doses, which could
be particularly relevantfor therapeutic applications.

Gene Clustering and Co-regulation: Hierarchical
clustering revealed functionally related gene
groups. The co-expression of SOX10 and SOX14
aligns with their known roles in neural crest
development and melanocyte differentiation.
Similarly, the clustering of SOX4, SOX5, and SOXé
reflects their coordinated function in chondrogenesis
and skeletal development pathways.

mRNA vs Protein Discordance: The differences
between RT-PCR (mRNA) and Western blot
(protein) quantification highlight the importance of
multi-levelvalidation. Post-transcriptional regulation,
including  miRNA-mediated silencing, protein
stability differences, and translation efficiency
variations, can all contribute to MRNA-protein
discordance. The overall directional agreement
between methods, however, provides confidence
in the biological significance of these findings.

Table 5 Response categories based on maximum fold change and pattern.

Tpa/ml | 100pg/ml | Tng/ml | 100ng/m

SOX10 3.06 3.80
SOX14 0.59 2.89
SOX4 1.66 3.46
SOX7 2.00 3.37
SOX17 1.58 3.45
SOX5 0.48 2.64
SOXé 1.03 2.81
SOX11 1.65 2.63
SOX18 0.63 2.67
SOX21 1.38 1.86
SOX1 1.04 2.51
SOX15 0.58 1.71
SOX2 0.50 1.72
SOX8 0.52 1.71
SOX13 0.53 1.65
SOX3 0.63 1.49
SRY 1.00 1.08
SOX9 1.00 1.02
SOX30 0.25 0.60
SOX12 0.07 0.19

472 4.64 High Up

3.27 4.73 High Up

173 1.42 Moderate Up
1.45 1.16 Moderate Up
1.67 2.64 Moderate Up
173 3.01 Biphasic

1.06 2.41 Moderate Up
1.28 2.67 Moderate Up
2.48 224 Moderate Up
1.31 2.88 Moderate Up
1.04 1.71 Moderate Up
1.23 2.21 Moderate Up
1.22 1.36 Minimal

1.14 1.55 Minimal

0.88 1.02 Minimal

0.82 0.95 Minimal

1.00 1.01 Non-Responder
1.03 1.03 Non-Responder
0.16 0.45 Down

0.09 0.23 Down

Complete RT-PCRfold regulation data forall SOXfamily genes across tre atment conditions.

I mplications for Cell Reprogramming: The robust
upregulation of SOX10and SOX14, combined with
the modulation of SOX2 (a key pluripotency factor),
suggests potential applications in directing cell

fate decisions. The dose-dependent nature of
these responses provides a framework for
optimizing reprogramming protocols.
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1.SRY-related HMG-box SOX10 and SOX14
demonstrated the highest dose-dependent
upregulation, reaching 4.7-fold at optimal
concentrations

2.The 100 pg/ml dose produced peak expression
for mostresponsive genes (SOX4, SOX7, SOX17)

3.Hierarchical clustering identified four distinct
response patterns: high responders, moderate
responders, non-responders, and downregulated
genes

4.Western blot validation confirmed protein-level
changes consistentwith RT-PCR findings

5.Strong positive correlations between SOX10-
SOX14 and SOX4-SOX5-SOX6 suggestcoordinated
regulation. The gene-gene correlation network is
shown in Figure 7, and the complete correlation
matrix is shown in Figure 8 .

SOX Gene Correlation Network
(Strong Correlations Only)

SOX 15

SOX 14

SOX 2

w— Strong Positive (r = 0.8)
Moderate Positive (0.7 = r < 0.8)
- Moderate Negative (-0.8 < r <-0.7)
w— Strong Negative (r < -0.8)

SOX 21

Figure 7 Gene Clusters (Highly Correlated Groups)

Strongest Positive Correlations (r = 0.90)

SOX 3 vs SOX 13: r = 0.993 (nearly identical
response patterns)

SOX5vs SOX15: r = 0.981 (extremely similar)
SOX2vs SOX8: r=0.977 (very high correlation)
SOX1vs SOX17:r = 0.962 (very high correlation)
SOX 1 vs SOX6: r=0.960 (very high correlation)
SOX8 vs SOX5: r=0.951 (very high correlation)
SOX9 vs SOX 14: r = 0.949 (very high correlation)
SOX4 vs SOX7:r=0.965 (very high correlation)
SOX6vs SOX11:r = 0.941 (very high correlation)
SOX15vs SOX 14: r = 0.919 (very high correlation)
SOX2vs SOX13:r = 0.915 (very high correlation)
SOX8vs SOX15:r =0.911 (very high correlation)
SOX3vs SRY: r=0.910 (very high correlation)
SOX2vs SOX 18: r = 0.906 (very high correlation)

© 2026 European Society of Medicine

SOX9 vs SOX 18:r=0.903 (very high correlation)

Strongest Negative Correlations

SOX 10 vs SOX 12: r = -0.850 (strong negative
correlation)

SOX12vs SOX30:r=0.916 (positive correlation -
SOX 12 is negatively correlated with most genes)

Cluster1: SOX1,SOX 6, SOX 17 (all r > 0.95 with
each other)

Cluster2: SOX2,SOX 8, SOX 13 (all r > 0.91 with
each other)

Cluster3:SOX3,SOX 13 (r = 0.993)

Cluster4: SOX5,SOX 15 (r = 0.981)

Cluster5: SOX9,SOX 14 (r = 0.949)

Cluster6: SOX4,SOX7 (r =0.965)
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Notable Pattems
SRY-related HMG-box SOX 12 shows negative

correlations with many genes, particularly SOX 10
(r =-0.850)

SRY-related HMG-box SOX 30 correlates positively
with SOX 12 (r = 0.916) but negatively with most
other genes

Sex-determining region Y protein (SRY) shows
strong positive correlations with SOX 1 (r = 0.942),
SOX4 (r=0.943), and SOX 3 (r = 0.910).

Biological Implications
Co-regulation: Genes with very high correlations (r
> 0.9) likely share similar regulatory mechanisms

Functional redundancy: Some SOX genes may have
overlapping functions based on correlation pattems.

Antagonistic roles: SOX 10 and SOX 12 show a
strong negative correlation, suggesting potential
opposing functions.

Treatment response similarity: Highly correlated

genes respond similarly across different treatment
conditions.

1.00

Correlation Matrix - SOX Family Gene Expression Patterns
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Figure 8; Correlationmatrixof SOXgene expression patterns. Pearson correlation coefficients are displayed, with color scale ranging

from -1 (blue, negative correlation)to +1 (red, positive correlation)

Concentration-DependentEffects and Therapeutic
Window

The identification of 100 pg/ml as the optimal
concentration for SOX gene upregulation( table 6)
is consistent with Metadichol's established dose-
response characteristics for nuclear receptor and

TLR activation. #4047 This concentration represents
a therapeutically relevant dose that has
demonstrated safety and efficacy in previous
clinical applications.
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Table 6: Complete Q-RT-PCR analysis atoptimal concentration ( 100 pg/ml)

The inverted U-shaped dose-response pattem
observed for many SOX genes(see supplementary
raw data) suggests the existence of optimal
transcriptional regulatory zones where multiple
signaling pathways converge without triggering

Gene Subgroup Function 100 pg/ml Status
0K Newal e, melanocytes 380x 11 Strong
SOk ymphocyte, cardiac LIS 11 Strong
017 Endoderm, metabolic 345k 11 Strong
SOXT Vastuler, hematopaiesi 1N 11 Strong
50N Neursl pancrestic 18 11 Strong
S0K6 Muscl, erythrapoiesis Wlx 11 Strong
SOX18 Vestulr, angigenesis 160 11 Strong
S063 Chandrogenesi, st 164 1 Strong
sox Newra,lymphoposis 163 11 Strong
S0K1 Neurl develogment, NS Ll 11 Strong
oKL Neural, har folicle 186x * Moderate
5082 Plurpotency, stem cells L t Moderate
SOK8 Nearl crest, oliges 170 t Moderate
SOK15 Musce, stem cells it t Moderate
50413 Teeldifereniztion 165% t Moderate
5013 Newral putary LS

SRY S detemination 108 -3
5069 (hondrogenesi,sex et 103 -5t
$0630 Spematngenes’s 060x + Down
S0K12 Cell ycle requlation 019x | Down

compensatory negative feedback mechanisms.
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within
rather

This biphasic response pattern is characteristic of
hormetic responses ( figure 10) and indicates that
physiological
causing
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Discussion.

The comprehensive upregulation of 18 SOX
transcription factors by Metadichol represents an
unprecedented pharmacological achievement in
transcriptional  biology. Unlike  conventional
approaches that target individual genes or
pathways, Metadichol appears to function as a
"master regulator” capable of orchestrating
complex transcriptional  networks  through
coordinated activaton of multiple upstream
regulatory systems®-%. The universal activation of
all 49 nuclear receptors by Metadichol® provides a
mechanistic foundation for its comprehensive
effects on SOX gene expression. Many nuclear
receptors, including VDR, AHR, THRA, THRB, and
RORC, are known to regulate SOXgene expression
through direct transcriptional mechanisms or
chromatin remodeling activities***. The simultaneous
activation of multiple nuclear receptor signaling
pathways likely creates a synergistic transcriptional
environment that amplifies SOX gene expression
beyond what could be achieved through individual
pathway activation. An example is how Metadichol,
by activating VDR in inverse agonist mode, can
regulate SOX genes (figure 11) and thus lead to
biological outcomes. Similar regulation can be
achieved through other factors like Sirtuins TLRs
that Metadichol expresses as shown in Figure 11.

Synergistic Network Interactions and Systems
Biology Implications

The coordinate upregulation of functionally related
SOX genes suggests that Metadichol activates
integrated transcriptional networks (e.g., nuclear
receptors, TLRs, sirtuins, Klfs circadian network,
etc.) rather than individual genes in isolation. The
strong positive correlations observed between
SOX genes within functional subgroups (r=0.76-
0.89) indicate  coordinated  transcriptional
regulation, likely mediated by shared regulatory
elements and transcription factor binding sites.
This promoter architecture provides a mechanistic
basis for the coordinated regulatory network
response as shownin figure 12 observed following
Metadichol treatment>'-7".

SOX Gene Family — Functions, Disease Associations,
and Therapeutic Potential

The regulation effects of SOX genes'® by
Metadichol is summarized and has implications for
human health. The SOX gene family exhibits

diverse expression patterns and functional roles
across multiple tissue types. Analysis of metadichol
response in peripheral blood mononuclear cels
(PBMCs) reveals variable regulation of these
transcription factors, providing insights into their
therapeutic potential. The following summarizes
each SOX gene's primary function, associated
diseases, metadichol-induced expression changes,
and prospective therapeutic applications.

SOX1 (Subgroup B1)

SOX1 plays a central role in neural development
and centralnervous system formation. Mutations or
dysregulaton of SOX1 are associated with
microcephaly and mental retardation. In response
to metadichol treatment, SOX1 expression
increases  2.51-fold, suggesting therapeutic
potential for neurodevelopmental disorders.

SOX2 (Subgroup B1)

SOX2 is essential for pluripotency and stem cell
maintenance. Aberrant SOX2 expression is linked
to cancerandinfertility. Metadichol inducesa 1.72-
fold increase in SOX2 expression, highlighting its
potential in regenerative medicine applications.

SOX3 (Subgroup B1)
SOX3 contributes to neural development and
pituitary  function. Mutations in  SOX3 are

associated with mental retardation and growth
hormone deficiency. Metadichol treatment results
in a 1.49-fold upregulation, indicating potential
utility in treating growth disorders.

SOX4 (Subgroup C)

SOX4 is critical for lymphocyte development and
cardiac development. Deficiencies in SOX4 are
associated with immunodeficiency and congenital
heart disease. With a robust 3.46-fold increase
following metadichol exposure, SOX4 represents a
promising target for immunotherapy.

SOXS (Subgroup D)

SOX5 functions in chondrogenesis and muscle
development. Mutations cause skeletal dysplasia
and Lamb-Shaffer syndrome. Metadichol induces a
2.64-fold increase in SOXS5 expression, suggesting
therapeutic applications for skeletal disorders.

SOX6 (Subgroup D)
SOX6 participates in muscle development and
erythropoiesis. Dysregulation is associated with
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myopathies and anemia. A 2.81-fold upregulation
in response to metadichol points to potential
applications in muscular dystrophy treatment.

SOX7 (Subgroup F)

SOX7 is involved in arterial specification and
hematopoiesis. Abnormalities in SOX7 are linked
to cardiovascular disease. Metadichol produces a
substantial 3.37-fold increase in SOX7 expression,
indicating  significant potential for vascular
regeneration therapies.

SOX8 (Subgroup E)

SOX8 contributes to neural crestdevelopmentand
oligodendrocyte differentiation. Mutations are
associated with peripheral neuropathy and
demyelination. A 1.71-fold increase with metadichol
treatment suggests potential applications in
multiple sclerosis therapy.

SOX9 (Subgroup E)

SOX9 is essential for chondrogenesis and sex
determination. Mutations cause skeletal dysplasia
and sex reversal syndromes. Notably, SOX? shows
no change in expression following metadichol
treatment in PBMCs, though it remains a target of
interest for cartilage repair strategies.

SOX10 (Subgroup E)

SOX10 regulates neural crest cells, melanocytes,
and oligodendrocytes. Mutations lead to melanoma
and Waardenburg syndrome. The dramatic 3.80-
fold upregulation induced by metadichol
underscores its potential in cancer therapy.

SOX11 (Subgroup C)

SOX11 functions in neural development and
lymphopoiesis. Dysregulation is implicated in
neurodevelopmental disorders and lymphomas.
Metadicholinduces a 2.63-fold increase, suggesting
therapeutic applications in neurodegeneration.

SOX12 (Subgroup C)

SOX12 regulates cell cycle progression and
neurogenesis. Aberrant expression contributes to
cancer progression. Interestingly, metadichol
causes a 0.19-fold decrease in SOX12 expression,
indicating potential tumor suppression activity.

SOX13 (Subgroup H)
SOX13 is involved in T-cell differentiation and
skeletal development. Dysregulation is associated

with  autoimmune disorders. A  1.65-fold
upregulation following metadichol treatment
suggests applications in autoimmunity modulation.

SOX14 (Subgroup B2)

SOX14 participates in neural development and
pancreatic function. Mutations are linked to
diabetes and neurological disorders. The
substantial 2.89-fold increase with metadichol
points to therapeutic potential in diabetes therapy.

SOX15 (Subgroup G)
SOX15 contributes to muscle development and
stem cell maintenance. Dysregulation is associated
with muscular dystrophy. A 1.71-fold upregulation
in response to metadichol suggests applications in
muscle regeneration.

SOX17 (Subgroup F)

SOX17 is critical for endoderm formation and
metabolic regulation. Abnormalities are linked to
diabetes and liver disease. With a robust 3.45-fold
increase following metadichol treatment, SOX17
shows promise for addressing metabolic disorders.

SOX18 (Subgroup F)

SOX18 regulates vascular development and
angiogenesis.  Mutations cause  vascular
malformations. Metadichol induces a 2.67-fold
increase in SOX18 expression, highlighting its
potential in angiogenesis therapy.

SOX21 (Subgroup B2)

SOX21 functions in neural developmentand hair
follicle formation. Dysregulation is associated with
alopecia and CNS disorders. A 1.86-fold
upregulation with metadichol treatment suggests
therapeutic applications for hair loss treatment.

SOX30 (Subgroup H)

SOX30 is essential for spermatogenesis and male
fertility. Mutations are associated with male infertility.
Notably, metadicholcauses a 0.60-fold decreasein
SOX30 expression in PBMCs, indicating minimal
impactin this celltype, which is consistent with its
tissue-specific reproductive function.

SRY (Subgroup H)

SRY is the master regulator of sex determination.
Mutations cause disorders of sex development
SRY shows no change in expression following
metadichol treatment in PBMCs, though it remains
relevantin the context of sex hormone therapy.
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Figure 11:Metadichol bindingto VDR and activationof SOXgenes
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Regulatory Mechanisms: SOX Genes and Metadichol
Targets

Metadichol functions as a master regulator( figure
13) affecting multiple gene families that interact
with SOX transcription factors. SOX proteins play
widespread roles during development, and their
versatile functions have a relatively simple basis:

the binding of a SOX protein alone to DNA does
not elicit transcriptional activation or repression,
but requires binding of a partner transcription
factor. This section examines the bidirectional
regulatory relationships between SOX genes and
other Metadichol-regulated pathways.

Regulatory Network: Metadichol Targets and SOX Family Interactions

METADICHOL

—

Receptors (SIRT1-7)

Nuclear | Sirtuins ‘ ‘ KLF Genes

—~

‘ FOX Genes mTOR

Circadian

SOX Family Genes Clock.

Cell Fate Determination

ocT4 ‘
TP53 7

Telomerase

Stem Cell Neural Immune Metabolic Aging
i i Function i

Regulation Processes

=p=— Activation  =p= Inhibition/Downregulation

Figure 13
Metadichol regulatory targets and Sox genes

The interactions between Metadichol regulated
genees and SOX family genes are shown in table 9

Nuclear Receptors — SOX Genes
Metadichol regulates all 49 nuclear receptors,
which directly impact SOX gene expression. The

vitamin D receptor (VDR) is a ligand-activated
transcription factor that binds directly to specific
sequences located near promoters and recruits
coregulatory complexes.”VDR signaling has been
shown to regulate craniofacial cartilage
development through neural crest cells and
interacts with SOX9 in chondrogenic pathways’3.

Table 9: Summary of key regulatory mechanisms between Metadichol targets and SOX genes

Yamanaka Factor

Form heterodimer for pluripotency gene activation

T4-SOX2 Bidirectional
OCT4-50 Complex Co-regulate NANOG, FGF4, UTF1 irectiona
) . KLF4 activates SOX2 promoter e
KLF4-SOX2 Reprogramming Circuit SOX2 enhances KLF4 transcription Bidirectional
Deacetylation SIRT1 deacetylates SOX2 at K75
IRT1-SOX2 IRT1 X
> S0 Regulation Modulates SOX2 DNA binding > =50
Nuclear Receptors T tional Control VDR binds SOX gene enhancers NR — SOX
(VDR, RARs) ranscriptional --ontro RARs regulate SOX10 in neural crest -
TP53-SOX2 Tumor Suppression pS3 represses SOX2in differentiation Bidirectional

SOX2 can inhibit p53 pathway
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mTOR-SOX Metabolic Sensing

FOX_SOX Developmental
Programs

Circadian-SOX Temporal Regulation

Sirtuins <> SOX Genes (Bidirectional)

The sirtuin family (SIRT 1-7) engages in critical post
translational regulation of SOX proteins. SIRT1
deacetylates SOX2 at lysine 75 (K75), and this
deacetylation is required for somatic cell
reprogramming’®. A low level of SOX2 acetylation
significantly increases reprogramming efficiency,
and SOX2-K75R mutant (mimicking deacetylated
state) enhances iPSC generation’®. SIRT1 maintains
SOX2 protein in the nucleus by preventing its
nuclear exportand subsequent ubiquitination’®.

KLF Genes < SOX Genes (Yamanaka Factor
Network)

KLF4 and SOX2 are both Yamanaka factors
essential for induced pluripotent stem cell (iPSC)
generation’’. KLF4 interacts directly with Oct4 and
Sox2 when expressed atlevels sufficient to induce
iPS cells, and endogenous KLF4 also interacts with
Oct4 and Sox2 in both iPS cells and mouse ES
cells78.Sox2 and Klf4 have been shown to function
as the core in pluripotency induction even without
exogenous Octd’”?. KLF4 is involved in the
organization and regulation of pluripotency-
associated 3D enhancer networks®.

OCT4-SOX2 Pluripotency Complex

The OCT4-SOX2 heterodimer represents the core
pluripotency circuit. These transcription factors are
required for generating induced pluripotent stem
cells and for maintaining embryonic stem cells®.
Oct4 preferentially forms heterodimers with Sox2
through  the canonical  SoxOct  motif
(CATTGTTATGCAAAT), which is highly enriched in
enhancers of pluripotency genes including Nanog,
Fgf4, and Utf182. T he Sox2-Oct4 complex binds to
the Nanog proximal promoter and regulates its
pluripotent transcription®.

FOX Genes < SOX Genes (Developmental
Programs)

The forkhead box (FOX) and SOX families share
regulatory relationships in development. In neural
crest cells, the interplay between SOX and FOX

mTORC1 regulates SOX9 translation
SOX genes modulate autophagy

FOXD3 activates SOX10 expression
SOX9 regulates FOXA1/A2
BMAL1/CLOCK regulate SOX expression

SOX2 shows circadian oscillation

Bidirectional
Bidirectional

Clock — SOX

transcripton  factors coordinates cell fate
decisions®. SOX? regulates endodermal genes
including FOXA1 and FOXA2, coordinating liver
and pancreas development pathways.

TP53 <> SOX2 (Tumor Suppression vs Stemness)
p53 and SOX2 engage in antagonistic regulation.
TP53 transcriptionally regulates SOX2 through
binding to its promoter and the SRR2 enhancer®.
SOX2 expression is suppressed in differentiated
cells by tumor suppressor proteins that form a
transcriptional repressive complex, and p53
deficiency leads to dysregulated
expression of Sox28. p53 loss in cancer correlates
with increased SOX2 expression and a more
metastatic phenotype?®’.

maximal

mTOR < SOX Genes (Metabolic Sensing)

The mTOR pathway integrates metabolic signals
with  SOX gene regulaton. SOX2 induces
autophagy by transcriptional repression of mTOR
through binding and recruiting the nucleosome
remodeling and deacetylase complex to its
promoter region®. This temporal regulation of
autophagy by SOX2 is a critcal step in
reprogramming to pluripotency.

Anti-Aging Factors: Klotho, GDF11, and
Telomerase

These longevity factors interact with SOX
pathways. SOX2 is crucial for the maintenance of
self-renewal capacity and multipotency of stem
cells,and SIRT1-mediated deacetylation contributes
to maintaining SOX2 protein in the nucleus®. The
SIRT1-c-Myc axis plays important roles in
regulation of stem cell pluripotency maintenance,
and SOX2 is recognized as one of the critical
factors capable of cooperating to reprogram

differentiated cells.

Conclusions

This study demonstrates that Metadichol exhibits
unprecedented comprehensive modulation of SOX
transcription factor expression through orchestrated
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activation of multiple regulatory networks, including
nuclear receptors, sirtuins, TLRs, and circadian
factors. The identification of 100 pg/ml as the
optimal concentration for coordinated upregulation
of 16 SOX family genes represents a significant
advance in understanding Metadichol's mechanism
of action and therapeutic potential.

Multi-system therapeutic potential: The pattern of
SOX gene upregulation suggests applications in
regenerative  medicine (SOX2, SOX17)7"3
neurodegenerative diseases™? (SOX10, SOX11),
immunomodulation?®?®  (SOX4, SOX13) and
cardiovascular health” (SOX7, SOX18). Unlike
approaches that require ex vivo cell manipulation
or genetic modification, Metadichol® treatment
could potentially enhance the regenerative capaciy
of endogenous immune cell populations in vivo.
This approach may be particularly valuable for
applications where immune cells play supportive
roles in tissue repair, such as wound healing, tissue
remodeling, and organ regeneration.

Our study, a systems-level approach to
transcriptional modulaton  demonstrated by
Metadichol, represents a paradigm shift from
single-target therapeutics toward comprehensive
network-based interventions. This multi-target
strategy may prove particularly valuable for
complex age-related diseases that involve
dysfunction across multiple physiological systems.

The remarkable safety profile of Metadichol™ %" is
established, and its ability to enhance rather than

replace normal cellular functions makes it an
attractive candidate for regenerative medicine
applications where long-term treatment may be
required. Clinical use of Metadichol supports rapid
translation of these findings toward therapeutic
applications.
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Glossary of Genes

e BMALZ1: Brain and Muscle ARNT-Like 1; core circadian clock transcription factor that regulates metabolic
and regenerative processes

¢ c-Myc: Cellular Myelocytomatosis oncogene; transcription factor regulating cell growth, proliferation, and
stem cell pluripotency

e CLOCK: Circadian Locomotor Output Cycles Kaput; core circadian clock gene that heterodimerizes with
BMAL1

e CRY1/CRY2: Cryptochrome 1/2; circadian clock genes involved in negative feedback regulation of
CLOCK-BMALT

e FGF4: Fibroblast Growth Factor 4; growth factor regulated by OCT4-SOX2 complex, involved in
embryonic development

o FOXA1/FOXA2: Forkhead Box A1/A2; transcription factors involved in liver and pancreas development,
regulated by SOX9

e FOXD3: Forkhead Box D3; transcription factor that activates SOX10 expression in neural crest
development

e GAPDH: Glyceraldehyde-3-Phosphate Dehydrogenase; housekeeping gene used as reference for qRT-
PCR normalization

e GDF11: Growth Differentiation Factor 11; TGF-B superfamily member associated with anti-aging effects

o KLF4: Krippel-Like Factor4; one of the four Yamanaka factors essential for iPSC generation, interacts with
SOX2

e Klotho: Anti-aging gene encodingatransmembrane proteininvolved in mineral metabolism and longevity
pathways

e mTOR: Mechanistic Target of Rapamycin; master regulator of cell growth and metabolism, regulated by
SOX2

* NANOG: Homeobox transcription factor essential for embryonic stem cell pluripotency, co-regulated by
OCT4and SOX2

e OCT4 (POU5F1): Octamer-binding transcription factor 4; Yamanaka factor that forms heterodimer with
SOX2 for pluripotency

e RARs: Retinoic Acid Receptors; nuclear receptors that regulate SOX10 in neural crestdevelopment

e RORC: RAR-Related Orphan Receptor C; nuclear receptor involved in immune cell development and
circadian rhythm

e SIRT1-7: Sirtuins 1-7; NAD+-dependent deacetylases regulating metabolism, aging, and stem cell
function; SIRT1 deacetylates SOX2

e SRY: Sex-determining Region Y; master sex-determining gene on Y chromosome; founding member of
SOX gene family

e SOX1: SRY-Box Transcription Factor 1 (Subgroup B1); involved in neural developmentand CNS formation

e SOX2:SRY-Box Transcription Factor 2 (Subgroup B1); Yamanaka factor essentialfor pluripotency and stem
cellmaintenance

e SOX3: SRY-Box Transcription Factor 3 (Subgroup B1); functions in hypothalamic-pituitary and neural
development
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e SOX4: SRY-Box Transcription Factor 4 (Subgroup C); critical for cardiac outflow tract developmentand
lymphocyte survival

e SOX5: SRY-Box Transcription Factor 5 (Subgroup D); essential for chondrogenesis and oligodendrocyte
development

e SOX6: SRY-Box Transcription Factor 6 (Subgroup D); cooperates with SOX5 and SOX9 in cartilage and
muscle development

e SOX7: SRY-Box Transcription Factor 7 (Subgroup F); involved in arterial specification and hematopoiesis

e SOX8: SRY-Box Transcription Factor 8 (Subgroup E); contributes to neural crestand oligodendrocyte
development

e SOX9: SRY-Box Transcription Factor 9 (Subgroup E); master regulator of chondrogenesis and sex
determination

e SOX10: SRY-Box Transcription Factor 10 (Subgroup E); essential for neural crestcell survival, melanocyte
and Schwann cell differentiation

e SOX11: SRY-Box Transcription Factor 11 (Subgroup C); critical for neuronal production and cortical
development

e SOX12:SRY-Box Transcription Factor 12 (Subgroup C); regulates cellcycle progression and cardiovascular
development

e SOX13:SRY-Box Transcription Factor 13 (Subgroup H); regulates T-cellreceptorsignaling and lymphocyte
differentiation

e SOX14: SRY-Box Transcription Factor 14 (Subgroup B2); activates p53 signaling pathway and involved in
pancreatic function

e SOX15: SRY-Box Transcription Factor 15 (Subgroup G); maintains stemnessand involved in muscle and
hair follicle development

e SOX17: SRY-Box Transcription Factor 17 (Subgroup F); essential for definitive endoderm specificationand
metabolic regulation

e SOX18: SRY-Box Transcription Factor 18 (Subgroup F); critical for vascular and lymphatic vessel
development

e SOX21: SRY-Box Transcription Factor 21 (Subgroup B2); functions in neural developmentand hair follicle
formation

e SOX30: SRY-Box Transcription Factor 30 (Subgroup H); essential for spermatogenesis and male fertility

e THRA/THRB: Thyroid Hormone Receptor Alpha/Beta; nuclear receptors that regulate metabolism and
development

e TLRs: Toll-Like Receptors; pattern recognition receptors involved in innate immunity and inflammatory
responses

e TP53 (p53): Tumor Protein P53; tumor suppressor that transcriptionally represses SOX2 during
differentiation

e UTF1: Undifferentiated Embryonic Cell Transcription Factor 1; pluripotency -associated gene regulated by
OCT4-SOX2

e VDR: Vitamin D Receptor; nuclear receptor that binds SOX gene enhancers and regulates craniofacial
cartilage development
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