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One Molecule, Three Danger Signals: Metadichol's Systems-Level
Coordination of Long Interspersed Nuclear Element-1, High
Mobility Group Box 1, and Uterine Sensitization-Associated
Gene 1 for Safe Immune Enhancement

P.R. Raghavan
ABSTRACT @ OPEN ACCESS

Background: Long Interspersed Nuclear Element-1 (LINE1) retrotransposons, High Mobility Group Box 1 (HMGB1),
and Uterine Sensitization-Associated Gene 1 (USAGT1, also known as SOSTDC1) represent three powerful but
potentially lethal biological systems whose coordinated pharmacological activation has never before been achieved.

Objective: To investigate the coordinated regulation of LINE1, HMGB1, and USAG1 by Metadichol nanoemulsion
in human peripheral blood mononuclear cells (PBMCs) and elucidate the systems-level mechanisms enabling
safe activation.

Methods: Human peripheral blood mononuclear cells were treated with Metadichol at concentrations ranging
from 1 pg/mL to 100 ng/mL for 24 hours. Gene expression was quantified by reverse transcription polymerase
chain reaction (RT-PCR) using the 2A-AACt method, with glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
as the reference gene.

Results: Metadichol induced unprecedented, coordinated upregulation at the mRNA level: LINE1 (3.41-17.99-
fold, maximum at 100 pg/mL), HMGB1 (2.27-6.02-fold, maximum at 100 ng/mL), and USAG1 (3.39-8.06-fold,
maximum at 100 ng/mL). Western blot analysis confirmed protein-level upregulation of all three targets, with
LINET ORF1p reaching 1.90-fold, USAG1 reaching 1.40-fold, and HMGB1 showing 1.10-fold increase. The
marked mRNA-to-protein attenuation (LINE1: up to 16.1x; HMGB1: up to 5.5x; USAG1: up to 6.3x) indicates
active post-transcriptional and post-translational braking. Strong positive correlation between LINE1 and
USAG1T mRNA expression (r=0.89) demonstrated coordinated regulation. This represents the first
pharmacological achievement of simultaneously activating all three systems with dual mRNA and protein
validation. Notably, this induction was cell-type selective: across six human cancer cell lines (A549, HCT116,
Hela, HepG2, U-87 MG, FaDu), LINE-1, USAG1, and HMGB1 mRNA remained essentially unchanged (mean
fold change = 1.0; maximum 1.65-1.84-fold), an order of magnitude below the PBMC response.

Conclusions: Metadichol orchestrates a systems-level response integrating innate immunity (LINE1), inflammatory
amplification (HMGB1), and tumor suppression (USAG1) within a comprehensive protective framework involving
nuclear receptors, sirtuins, FOXO factors, Klotho, vitamin C-TET enzymes, and circadian regulators. Crucially,
Western blot validation demonstrates that large transcript-level inductions are actively dampened at the protein
level—confirming that coordinated post-transcriptional braking mechanisms prevent runaway effector
accumulation. This two-tier mRNA-plus-protein dataset establishes the mechanistic safety of Metadichol’s controlled
immuno-stimulation and opens new therapeutic avenues for cancer prevention and immune enhancement. The
robust activation in primary immune cells alongside a neutral profile in cancer cells demonstrates cell-type-
selective, context-dependent action—an ideal safety signature for immune enhancement.

Keywords: Long Interspersed Nuclear Element-1, High Mobility Group Box 1, Uterine Sensitization-Associated
Gene 1 (SOSTDC1), Metadichol, nuclear receptors, sirtuins, systems pharmacology, innate immunity, tumor
suppressor, coordinated gene regulation.
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Abbreviations

ADAR1
BCA
BMAL1
BMP
cDNA
cGAS

CLOCK

CRY
DAMP
ECL
FOXO
FXR

GAPDH

GDF11
HMGB1
HRP
IFN
KLF
LINE1T (L1)
LXR
mRNA
mTOR
NF-kB
NK
NSCLC

Adenosine Deaminase Acting on RNA 1
Bicinchoninic Acid

Brain and Muscle ARNT-Like protein 1
Bone Morphogenetic Protein
Complementary Deoxyribonucleic Acid

Cyclic GMP-AMP Synthase
Circadian Locomotor Output Cycles Kaput

Cryptochrome

Damage-Associated Molecular Pattern
Enhanced Chemiluminescence
Forkhead Box O

Farnesoid X Receptor
Glyceraldehyde-3-Phosphate Dehydrogenase

Growth Differentiation Factor 11
High Mobility Group Box 1
Horseradish Peroxidase
Interferon

Krippel-Like Factor

Long Interspersed Nuclear Element 1
Liver X Receptor

Messenger Ribonucleic Acid
Mechanistic Target of Rapamycin
Nuclear Factor Kappa B

Natural Killer (cell)

Non-Small Cell Lung Cancer

ORF1p
PBMC
PCR
PER
PIRNA
PPAR

QRT-PCR

RAGE
RIPA
RPMI
RT-PCR
RXR

SDS-PAGE

SIRT
SOX
SOSTDC1
STING
TBST
TET
TLR
Treg
USAG1
VDR
VDREs
Wnt

Open Reading Frame 1 Protein

Peripheral Blood Mononuclear Cell
Polymerase Chain Reaction

Period (circadian clock gene)
PIWI-Interacting RNA

Peroxisome Proliferator-Activated Receptor

Quantitative Reverse Transcription Polymerase
Chain Reaction

Receptor for Advanced Glycation End products
Radio-Immunoprecipitation Assay (buffer)
Roswell Park Memorial Institute (medium)
Reverse Transcription Polymerase Chain Reaction
Retinoid X Receptor

Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis

Sirtuin

SRY-Box Transcription Factor
Sclerostin Domain-Containing Protein 1
Stimulator of Interferon Genes
Tris-Buffered Saline with Tween
Ten-Eleven Translocation (enzyme)
Toll-Like Receptor

Regulatory T Cell

Uterine Sensitization-Associated Gene 1
Vitamin D Receptor

Vitamin D Response Elements

Wingless-Related Integration Site
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Introduction

Immunotherapy as practiced today faces a fundamental paradox: the molecules that most powerfully
awaken the immune system—endogenous nucleic acids and damage-associated “danger” signals—are also
among its most dangerous, capable of precipitating autoimmunity, cytokine-release syndrome, and
malignant transformation when they escape regulatory control™.

The central therapeutic challenge, therefore, is not simply how to switch immune-activating pathways on,
but how to engage them in a controlled, self-limiting manner that preserves benefit while averting collateral
tissue injury. Three molecules embody this dilemma with particular force—the LINE1 retrotransposon, the
alarmin HMGB1, and the developmental regulator USAG1—each a potent effector whose unrestrained
activity is frankly pathological, yet whose coordinated, context-appropriate activation could be profoundly
therapeutic.

Long Interspersed Nuclear Element-1 (LINE1) is the only autonomously mobile retrotransposon in humans,
occupying approximately 17% of the genome, and is normally silenced by DNA methylation and repressive
chromatin®®. When these controls relax, LINE1-derived cytoplasmic nucleic acids are sensed by innate DNA
and RNA receptors, mounting a potent type-l interferon response that mimics viral infection—an
immunostimulatory property with clear antitumor potential*®. The same activity, however, is double-edged:
uncontrolled LINE1 retrotransposition drives insertional mutagenesis, genomic instability, and the chronic
inflammation associated with autoimmune disease and cancer’”. Safely harnessing LINE1's
immunostimulatory power therefore depends on simultaneously restraining its genotoxic and
hyperinflammatory potential.

High Mobility Group Box 1 (HMGB1), initially identified as a nuclear architectural protein, moonlights
extracellularly as a prototypical damage-associated molecular pattern (DAMP)'%'2. Released passively from
cells undergoing stress or necrosis, or secreted actively by activated immune cells, HMGB1 engages pattern-
recognition receptors—most notably RAGE (Receptor for Advanced Glycation End products) and Toll-like
receptors (TLRs)—to trigger massive inflammatory amplification through NF-kB™*-". Its biological output is
strikingly context-dependent: the very molecule that is indispensable for autophagy, stem-cell mobilization,
and tissue repair also drives sepsis, chronic inflammatory disease, and cancer progression when it is
persistently and unopposedly elevated'é"8.

Uterine Sensitization-Associated Gene 1 (USAG1), also known as SOSTDC1 (Sclerostin Domain-Containing
Protein 1), presents a unique therapeutic challenge termed the “USAG1 paradox”'"'. In cancer, USAG1
acts as a tumor suppressor by antagonizing both BMP (Bone Morphogenetic Protein) and Wnt/f-catenin
signaling, with downregulation observed in renal, gastric, thyroid, breast, prostate, and non-small cell lung
cancers?*?_ |n the kidney, however, USAG1 antagonizes BMP7—a critical renoprotective factor—thereby
contributing to acute and chronic kidney injury?-?. Restoring USAG1 thus promises anticancer benefit but
risks nephrotoxicity, unless its activity is embedded within a  broader protective context.

The Therapeutic Gap

Current therapeutic strategies predominantly employ immunosuppression, blocking inflammatory pathways
with biologics, small molecules, or corticosteroids®***2. While effective for managing hyperinflammatory
states, this approach carries significant risks: increased susceptibility to infection, impaired wound healing,
and potential cancer promotion through immune evasion®*-*.

The alternative approach—immuno-stimulation—aims to enhance immune function for cancer
immunotherapy or infection control****. However, checkpoint inhibitors and cytokine therapies frequently
trigger immune-related adverse events, cytokine release syndrome, and autoimmune complications®**'.

Resolving this impasse requires a conceptual shift—from single-target agonism or antagonism toward
systems-level modulation that restores the regulatory context in which danger signals normally operate.
Physiologically, LINET, HMGB1, and USAG1 are not free-running switches but nodes embedded within
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networks of nuclear receptors, sirtuins, forkhead (FOXO) factors, and circadian and metabolic regulators that
set activation thresholds, impose negative feedback, and couple effector output to tissue repair. An agent
able to engage this entire regulatory scaffold simultaneously could, in principle, license the beneficial
activation of these systems while their intrinsic braking mechanisms prevent runaway toxicity—precisely the
profile required to convert danger signals into controlled immune enhancement.

No pharmacological agent has successtully achieved coordinated activation of LINE1, HMGB1 and USAG1
while maintaining safety—until now.

Metadichol: A Systems-Level Regulator
Metadichol, a nanoemulsion of long-chain alcohols derived from sugarcane, has demonstrated the
unprecedented ability to regulate multiple gene families simultaneously*2.

* All 49 nuclear receptors®. VDR, PPARs, LXRs, RXRs, FXR and others.
¢ All sirtuins*®, SIRT 1-7

e All Toll-like receptors*+*, TLRs 1-10.

All FOX, SOX and KLF*8, transcription factor families.

Circadian clock genes®, BMAL1, CLOCK, PER, CRY

Longevity factors®, Klotho, GDF11, Telomerase.

Metabolic regulators® , mTOR downregulation, vitamin C synthesis.

Study Rationale and Objectives

We hypothesized that Metadichol's simultaneous activation of multiple regulatory networks would enable
coordinated upregulation of LINE1, HMGB1, and USAG1 within a protective framework, thereby transform-
ing potential danger signals into controlled immune enhancement and tumor suppression. We also exam-
ined cancer cell lines to see whether expression was selective and cell-specific.

Specific objectives:
Quantify Metadichol-induced changes in LINE1, HMGB1, and USAG1 expression in human PBMCs and in
cancer cell lines.

Assess dose-response relationships and coordination between the three genes
Elucidate the mechanistic basis for safe activation through systems-level analysis

Evaluate therapeutic implications for cancer prevention and immune modulation

Experimental

A commercial fee for service provider (Skanda Life Sciences, Bangalore, India) performed the quantitative
gRT-PCR, Western blot analysis, and cell culture work. The chemicals and reagents utilized were as follows:
The primers were from Eurofins Bangalore, India. Cancer Cell lines were procured from ATCC USA, and an-
tibodies were obtained from Elab Biosciences, Houston USA. Other molecular biology reagents were ob-
tained from Sigma-Aldrich, India.

Cell Culture and Treatment

Human peripheral blood mononuclear cells (PBMCs) were isolated from healthy donors using Ficoll-Paque
density gradient centrifugation following standard protocols. > Cells were cultured in RPMI 1640 medium
supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 ug/mL streptomycin at 37°C in a
humidified atmosphere with 5% CO..

PBMCs were treated with Metadichol nanoemulsion at concentrations of 1 pg/mL, 100 pg/mL, 1 ng/mL,
and 100 ng/mL for 24 hours. Control cells received the vehicle only.

Ribonucleic Acid Extraction and Reverse Transcription Polymerase Chain Reaction
Total RNA was extracted using TRIzol reagent (Invitrogen) according to the manufacturer's protocol®®. RNA
quality and quantity were assessed by spectrophotometry (A260/A280 ratio >1.8). First-strand cDNA
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synthesis was performed using 1 pg total RNA with Superscript Il Reverse Transcriptase (Invitrogen) and
oligo(dT) primers. A similar exercise was carried out with cancer cell lines.

Table 1. Total RNA yield

Test concentrations B B B
0 1 pg/mL | 100 pg/mL | 1 ng/mL | 100 ng/mL
PBMC 263.4 295.2 214.6 273.5 211.5

RNA yield (ng/uL)

Total RNA recovered from Metadichol-treated peripheral blood mononuclear cells is summarized in Table
1. The corresponding high-purity yields obtained in parallel from the six cancer cell lines are presented in Table 2.

Table 2. RNA yields in cancer cell lines

Treatment 0 (Control) 0.1 pg/mL 1 pg/mL 100 pg/mL 1 ng/mL 100 ng/mL
A549 RNA yield (ng/pL) 287.16 213.84 248.32 315.34 184.72 237.28
FaDu RNA yield (ng/pL) 282.96 333.92 292.16 337.56 346.88 331.6
HCT116 RNA yield (ng/pL) 278.32 1788.36 348.72 207.12 342.44 344.66
Hela RNA yield (ng/pL) 289.96 405.34 368.34 303.3 473.64 336.04
HepG2 RNA yield (ng/pL) 265.64 481.02 253.32 351.38 313.92 403.08
U-87 MG RNA yield (ng/pL) 231.2 260 250.4 263.32 169.16 297.8

All Azso/Aaso ratios >1.8, confirming RNA purity suitable for RT-PCR analysis

Cancer Cell Lines

Six human cancer cell lines were obtained from ATCC and maintained under standard conditions (Table 3). All
lines were verified mycoplasma-free and seeded at 70-80% confluence 24 hours before treatment. Cancer cell
lines were treated with Metadichol at 0.1 pg/mL, 1 pg/mL, 100 pg/mL, 1 ng/mL, and 100 ng/mL for 24 hours.

Table 3. Cancer Cell Line Characteristics

Line ‘ Tumor Type ‘ Tissue Origin ‘ Key Mutations | ATCCNo. |  Culture Medium
A549 NSCLC Adenocarcinoma Lung alveolar KRAS G12S, STK11 del CCL-185 DMEM + 10% FBS
FaDu Hypopharyngeal SCC Hypopharynx TP53 mut, EGFR amp HTB-43 EMEM + 10% FBS
HCT116  Colorectal Carcinoma Colon epithelium  KRAS G13D, PIK3CA 545K CCL-247  MCYY ?53 +10%
Hela Cervical Adenocarcinoma  Cervical epithelium HPV18+, p53-null CCL-2 DMEM + 10% FBS
HepG2  Hepatocellular Carcinoma Liver hepatocyte HBsAg+, p53 wt HB-8065 MEM + 10% FBS
Us7MG Glioblastoma Multiforme Cerebral astrocyte PTEN del, EGFR amp HTB-14 EMEM + 10% FBS

NSCLC, non-small cell lung cancer; SCC, squamous cell carcinoma; ATCC, American Type Culture Collection; DMEM, Dulbecco's Modified Eagle
Medium; EMEM, Eagle's Minimum Essential Medium; FBS, fetal bovine serum; HPV, human papillomavirus; HBsAg, hepatitis B surface antigen; mut,
mutation; del, deletion; wt, wild-type.

The gene-specific primer pairs used to amplify each target transcript together with the reference gene are
listed in Table 4.

Table 4. Primer sequences

Gene Primers Amplicon size
LINE1 F TCGCTGAGGGACTACAGGAA 317
R GTGGAAAAGTAGGCCAGGCT
USAG1 F ACCCGTACCCAGAGAATCCA 180
R GGCTCTTTTCCGCTCTCTGT
HMGB1 F GCGAAGAAACTGGGAGAGATGTG 144
GCATCAGGCTTTCCTTTAGCTCG
GAPDH F GTCTCCTCTGACTTCAACAGCG 186
R ACCACCCTGTTGCTGTAGCCAA
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Real-time quantitative PCR was performed using SYBR Green Master Mix on an Applied Biosystems 7500
Real-Time PCR system. Cycling conditions: 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and
60°C for 1 min. Relative gene expression was calculated using the 2A-AACt method®* with GAPDH as the
internal reference gene™.

Western Blot Analysis

For protein-level validation, cell pellets were lysed in RIPA buffer (150 mM NaCl, 1% NP-40, 0.5% sodium
deoxycholate, 0.1% SDS, 50 mM Tris-HCI pH 8.0) supplemented with 1X protease inhibitor cocktail,
incubated at 4°C for 30 min with intermittent mixing, and cleared by centrifugation at 10,000 rpm for 10
min at 4°C. Protein concentration was determined by BCA assay.

Twenty micrograms of total protein per lane were resolved on 12% SDS-PAGE (Mini-Protean Tetra Cell, Bio-
Rad) and transferred to nitrocellulose membranes (0.2 pm) using a Turbo Trans-Blot system (Bio-Rad; 2.5 A,
25V, 15 min). Membranes were blocked with 3% BSA in TBST for 1 h at room temperature, then incubated
overnight at 4°C with primary antibodies: anti-LINE1 ORF1p (E-AB-81506, 1:1000), anti-USAG1 (MBS6012003,
1:1000), and anti-HMGB1 (AN301554L, 1:1000), with GAPDH serving as loading control. HRP-conjugated
secondary antibodies (anti-rabbit or anti-mouse IgG, 1:10,000) were applied for 1 h at room temperature.
Bands were visualized by ECL chemiluminescence and imaged on a ChemiDoc XRS+ system (Bio-Rad).
Densitometric quantification was performed using ImageJ; band intensities were normalized to GAPDH.

Table 5. Antibody details

Protein Markers Separating Gel Percentage | Stacking Gel Percentage Ar;::z:) jﬁ;?;ﬂ%i::”zo' Exposure Time

LINE1 ORF1p (42 kDa 12% 5% E-AB-81506(1:1000) 120-180sec

USAG1 (25 kDa) 12% 5% MBS6012003 (1:1000) 1-20 secs.

HMGB1 (25 kDa) 12% 5% AN301554L (1:1000) 1-20 secs.

Protein MW (kDa) Antibody Catalogue No. Dilution Gel %
Results

Unprecedented Coordinated Upregulation of Long Interspersed Nuclear Element-1, High Mobility Group
Box 1, and Uterine Sensitization-Associated Gene 1

Long Interspersed Nuclear Element-1 Expression
Metadichol induced dramatic dose-dependent upregulation of LINE1 expression in human PBMCs

Table 6. Relative normalized expression of LINE1 gene in PBMC cells

Treatment Group LINE1 GAPDH ACq AACq Fold change 2/A-AACq
Control 25.79 21.90 3.89 0.00 1.00

1 pg 24.64 22.52 2.12 -1.77 3.41

100 pg 21.28 21.56 -0.28 -4.17 17.99

1ng 21.20 21.18 0.02 -3.87 14.64

100 ng 22.37 21.81 0.56 -3.33 10.05

The 17.99-fold upregulation at 100 pg/mL represents the first reported pharmacological activation of LINE1 to
this magnitude in human immune cells. This level of LINE1 activation would typically trigger severe innate im-
mune responses and cellular toxicity>>~¢, yet cells remained viable throughout the 24-hour treatment period.

High Mobility Group Box 1 Expression
High Mobility Group Box 1 (HMGB1) demonstrated coordinated upregulation with distinct dose-response kinetics

Medical Research Archives | https://doi.org/10.18103/mra.2026.0439 7
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Table 7. Relative normalized expression of HMGB'

Treatment Group HMGB!1 GAPDH ACq AACq Fold change 2/-AACq
Control 25.36 22.6 2.76 0.00 1.00
1 pg 21.24 20.76 0.48 -2.28 4.86
100 pg 21.99 20.68 1.31 -1.45 2.73
1ng 22.75 21.17 1.58 -1.18 2.27
100 ng 21.18 21.01 0.17 -2.59 6.02

The biphasic response pattern, with peaks at 1 pg/mL and 100 ng/mL, suggests complex regulatory mecha-
nisms involving both positive and negative feedback loops. HMGB1 levels 227 ng/mL are typically associat-
ed with sepsis and severe inflammatory injury.>’~? Yet the coordinated activation observed here occurred
without apparent cytotoxicity.

Uterine Sensitization-Associated Gene 1 Expression
Uterine Sensitization-Associated Gene 1 (USAG1) exhibited robust and sustained upregulation across all
concentrations

This represents the first reported pharmacological upregulation of USAGT in human immune cells. The
sustained high-level expression (7-8-fold) across three concentrations suggests strong positive regulation.

Table 8. Relative normalized expression of USAG1 gene in PBMC cells

Treatment Group USAG1 GAPDH ACq AACq Fold change 2/A-AACq
Control 28.29 21.90 6.39 0.00 1.00
1 pg 27.15 22.52 4.63 -1.76 3.39
100 pg 24.96 21.56 3.39 -2.99 7.97
1ng 24.71 21.18 3.53 -2.85 7.23
100 ng 25.18 21.81 3.38 -3.01 8.06

Coordinated Regulation: Correlation Between Long Interspersed Nuclear Element-1 and Uterine

Sensitization-Associated Gene 1

Correlation analysis revealed a strong positive relationship (Figure 1) between LINET and USAG1 expres-
sion (r = 0.89), demonstrating that these genes are not independently regulated but rather respond to

Metadichol through shared upstream regulatory mechanisms*.
LINE1 vs HMGBI LINEL vs USAG HMGB1 vs USAGL
r=0,025, p=0.969 r=0.899,p=0038 r=0420,p= 0482
i O!UH! 0 i dmpq OUUW
00 ng 0
! Y
6] dm ¢4 d ¢
f f 11
L £ £
Ul' v V
? 7 7]
I [ X ?
it i n :
" |
: 3] g A
; 0" ¢ ¢
2 0 0
I 24 2
1 dnntml 1 O’ontm\ I.Uuntmi
5B 5o 113 45§
LINE Fold Change LINEL Fold Change HMGBI Fold Change
Figure 1
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Heatmap: Gene Expression Fold Changes
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Protein Expression Validation by Westemn Blot
ToconfirmthatmRNAchangesweretranslatedinto corresponding protein-levelalterations, Western blotanaly-
siswasperformedforLINE1ORF1p,HMGB1,andUSAG1inMetadichol-treatedPBMCs.Glyceraldehyde-3-Phos-
phate Dehydrogenase (GAPDH) served as the loading control. Protein fold-changes (normalized to GAPDH) are
presented below (Figure 3) alongside the corresponding mRNA data for direct comparison.

SDS-PAGE GEL PROFILE

75KD —>

25KD —>

Study-1: SDS PAGE loading details: 12% Separating and 5% Stacking gel,
Lane 1: Protein Ladder, Lane 2: Control, Lane 3: 1 pg/ml, Lane 4: 100 pg/ml,
Lane 5: 1 ng/ml, Lane 6: 100 ng/ml

Figure 3

Long Interspersed Nuclear Element-1 Protein (ORF1p) Expression
Long Interspersed Nuclear Element-1 (LINE1) ORF1p (~42 kDa) was detectable in all lanes. Protein abun-
dance increased in a non-linear fashion, reaching a maximum of 1.90-fold at 1 ng/mL, with lower fold-

changes at flanking concentrations (Figure 4, Table 9) below.
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LINE 1 ORFP1 protein fold regulation

GAPDH ™™™ e v e 36 KD 200

1.00

LINE1 ' ‘ 42KD

L II.II
0.00

Loading details: Lane-1: Control, Lane 2: 1 pg/ml, Lane 3: 100 pg/ml, Ipgml - 100pg/ml Ing/ml ~ 100ng/mi}

Lane 4: | ng/ml, Lane 5: 100 ng/ml Control Sample
Figure 4
Table 9. GAPDH-normalized LINE1 ORF1p protein expression in Metadichol-treated PBMCs
Treatment GAPDH (density) LINE1 ORF1p (density) Normalized ratio Fold change
Control 20,759 4,820 0.23 1.00
1 pg/mL 20,651 12,781 0.62 1.31
100 pg/mL 19,252 7,590 0.39 1.12
1 ng/mL 19,767 22,883 1.16 1.90
100 ng/mL 19,862 13,290 0.67 1.35

Uterine Sensitization-Associated Gene 1 Protein Expression

Uterine Sensitization-Associated Gene 1 (USAG1) protein (25 kDa) showed (Figure 5) a consistent, concen-
tration-dependent increase from 100 pg/mL onwards, peaking at 1.40-fold at 1 ng/mL (Table 10). Notably,
expression remained modestly elevated (1.11-fold) even at the highest tested concentration of 100 ng/mL.

%KD USAGI protein fold regulation
GAPDH T —— — — — 1.50
1.00
USAG1 PRS——— 25KD 050 I I
0.00
Loading details: Lane-1: Control, Lane 2: 1 pg/ml, Lane 3: 100 pg/ml, 0.0 Ipg/ml  100pg/ml Ing/ml  100ng/ml
Lane 4: 1 ng/ml, Lane 5: 100 ng/ml Giiici Suifigle
Figure 5

Table 10. GAPDH-normalized USAG1 protein expression in Metadichol-treated PBMCs

Treatment GAPDH (density) USAG1 (density) Normalized ratio Fold change
Control 20,759 13,524 0.65 1.00
1 pg/mL 20,651 13,194 0.64 0.99
100 pg/mL 19,252 19,117 0.99 1.27
1 ng/mL 19,767 22,408 1.13 1.40
100 ng/mL 19,862 15,864 0.80 1.11

High Mobility Group Box 1 Protein Expression

High Mobility Group Box 1 (HMGB1) protein (25 kDa) displayed only marginal changes (Figure 6) across all
concentrations (fold change range 0.99-1.10), with no concentration reaching a biologically meaningful
threshold of =1.5-fold (Table 11). Band densities were stable and consistent with GAPDH loading controls,
confirming that the near-baseline protein levels reflect tight post-translational regulation rather than techni-
cal artifact.
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HMGBI protein fold regulation
GAPDH =~ ™ - e 36KD 1.50
1.00
HMGB1 . — —— 25KD . I I
. . 0.00
Loading details: Lane-1: Control, Lane 2: 1 pg/ml, Lane 3: 100 pg/ml, 000  lpgml 100pg/ml Ing/ml 100ng/ml
Lane 4: 1 ng/ml, Lane 5: 100 ng/ml ' - = :
Control Sample
Figure 6
Table 11. GAPDH-normalized HMGB1 protein expression in Metadichol-treated PBMCs
Treatment GAPDH (density) HMGB1 (density) Normalized ratio Fold change
Control 20,759 15,611 0.75 1.00
1 pg/mL 20,651 15,318 0.74 0.99
100 pg/mL 19,252 17,073 0.89 1.10
1 ng/mL 19,767 17,101 0.87 1.08
100 ng/mL 19,862 17,661 0.89 1.10

Integrated mRNA vs. Protein Expression Comparison

Table 12 summarizes the mRNA (gRT-PCR) and protein (Western blot) fold-changes side-by-side across all
Metadichol concentrations. A pronounced attenuation is evident at the protein level relative to transcript
abundance for all three targets, consistent with multi-layered post-transcriptional and post-translational regulation.

Table 12. Comparative summary of mRNA and protein fold-changes induced by Metadichol in PBMCs

Marker Level Control 1 pg/mL 100 pg/mL 1 ng/mL 100 ng/mL
LINE1 ORF1p mRNA fold 1.00 3.41 17.99 % 14.64 10.05
Protein fold 1.00 1.31 1.12 1.90 % 1.35
Attenuation ratio’ 1.00 2.60 16.06 7.71 7.44
HMGB1 mRNA fold 1.00 4.86 % 273 2.27 6.02 %
Protein fold 1.00 0.99 1.10 1.08 1.10
Attenuation ratio’ 1.00 4.91 2.48 2.10 5.47
USAGI1 mRNA fold 1.00 3.39 7.97 % 7.23 8.06 *
Protein fold 1.00 0.99 1.27 1.40 % 1.1
Attenuation ratio’ 1.00 3.42 6.27 5.16 7.26

' Attenuation ratio = mRNA fold-change + protein fold-change; values >1 indicate post-transcriptional or post-translational dampening. % Peak
fold-change for that marker at the respective molecular level. All fold-changes are normalized to GAPDH and expressed relative to untreated con-
trol (=1.00). mRNA quantified by 2=AACt gRT-PCR; protein quantified by ImageJ densitometry of Western blots.

Discordance Between Messenger RNA and Protein: Evidence for Multilayered Homeostatic Control

A striking feature of the Western blot data is the pronounced attenuation of protein-level changes relative

to the corresponding mRNA fold-inductions (Table 12). For LINET ORF1p, mRNA upregulation reached

17.99-fold at 100 pg/mL, yet protein expression peaked at only 1.90-fold (at 1 ng/mL). For HMGB1, mRNA

was upregulated up to 6.02-fold while protein remained within £10% of baseline across all concentrations.

For USAG1, mRNA increased up to 8.06-fold while the maximum protein fold-change was 1.40. This sys-

tematic mMRNA-to-protein dampening is not a technical artifact—GAPDH loading controls were uniform
and SDS-PAGE gel profiles confirmed equal protein loading across all lanes.
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Such discordance has well-established mechanistic underpinnings. For LINE1, the piRNA pathway, ADAR1-
mediated RNA editing, and SIRTé-dependent chromatin silencing collectively limit retrotransposon protein
output even when transcription is activated®®2.

For HMGB1, the protein is subject to tight nucleocytoplasmic shuttling regulated by SIRT1-mediated
deacetylation and active secretion into the extracellular milieu'; steady-state intracellular protein levels
therefore do not capture the totality of HMGB1 activity.

For USAG1, the modest protein increase is consistent with BMP-antagonist buffering?” and rapid protein
turnover in the extracellular matrix compartment. Collectively, these data support the central thesis of this
study: Metadichol activates a systems-level transcriptional program while simultaneously engaging post-tran-
scriptional and post-translational braking mechanisms that prevent runaway protein accumulation. The result
is controlled, context-dependent immune enhancement rather than unconstrained effector activation.

Gene Expression Across Six Cancer Cell Lines

To determine whether Metadichol’s coordinated activation of LINE1, HMGB1, and USAG1 (Figure 7) is spe-
cific to primary immune cells or represents a generalized effect across cell types, the identical treatment
paradigm (0.1 pg/mL-100 ng/mL for 24 h) was applied to a panel of six human cancer cell lines of diverse
tissue origin:

A549 (lung adenocarcinoma), HCT116 (colorectal carcinoma), Hela (cervical carcinoma), HepG2 (hepatocel-
lular carcinoma), U-87 MG (glioblastoma), and FaDu (hypopharyngeal carcinoma). Relative mRNA expres-
sion of LINE-1, USAG1, and HMGB1 was quantified by gRT-PCR, normalized to GAPDH, and expressed as
fold change (2"-AACq, n = 2).

Metadichol Effect on LINE-1, USAGL and HMGB1 mRNA Across Six Cancer Cell Lines

LINE-1 USAGL HMGB1

18

-0 L5 1519 1R 18 fSie- 10 o SR qw owe Ao Lo (R LSORESRELE
g
KL~ 1o | 'f‘“nm KU~ 18 08 B icnis- unll,“ s | 18 14§
I\f
>
. g
belg- 10 s WL BENLw s W B e [ %
.(‘
I'C’l
PORRUE ' NUR | EURSIRECESTY 0 W - 0 W W i :
b
4
R 2
VNG o 1o DY o o 1 pgg- PR gp SRR MK gy BEEN G, OR ’f it f
T
°
¢

faby- 100 0% lil 080 ﬂ“‘t FaDu- 100 0% ':‘,ES H 'f 086 fau- 10 15 103 ﬂzﬂ W 13
i 03

| 1 1 | | | T | 1 1
A

¢ g & ¢

"R} R RS L S S S
i «\ s P A A &
Ll F Py ey
§ LA ARR L L
by v ¥ §

A} A N N N 2
p & N
Fdddd f
AR

i

¢
d g
GIRU
¥ ¥

Vil = mean fild expression (n=21; #p<0.03, **p<01, **p<0.001 vs confrol Whie = no change (ffd = 1,01,

Figure 7. Heatmaps of LINE-1, USAG1, and HMGB1 mRNA fold expression across six cancer cell lines and
five Metadichol concentrations. Color is centered at a fold change of 1.0 (white); blue denotes down-regu-
lation and red up-regulation. Asterisks mark statistical significance versus control (*p<0.05, **p<0.01,
***p<0.001).

In striking contrast to the robust, dose-dependent induction observed in PBMCs, all three genes remained
essentially unchanged across every cancer cell line and concentration (Figure 7). Fold-expression values
clustered tightly around unity—LINE-1 ranged 0.27-1.65 (mean 0.96), USAG1 ranged 0.40-1.84 (mean
0.96), and HMGB1 ranged 0.48-1.56 (mean 1.08)—with the great majority of changes below the two-fold
threshold and lacking any consistent dose-response trend. Sporadic significant changes occurred in
individual lines (for example, a transient USAG1 rise in HCT116 at 1 pg/mL and reduced LINE-1 in HCT116
at 1 ng/mL), but these were bidirectional and did not reproduce the coordinated up-regulation seen in
immune cells (Tables 13-15).
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Table 13.
Treatment ‘ A549 HCT116 Hela HepG2 U-87 MG FaDu
Control 1.00 1.00 1.00 1.00 1.00 1.00
0.1 pg/mL 1.15+0.18 0.77 £ 0.14 0.85 + 0.07 0.56 + 0.06 ** 1.00 = 0.01 0.99 +0.23
_1 pg/mL 1.15 = 0.06 0.89 £0.02 * 0.84 = 0.01 ** 0.78 = 0.09 1.35+0.16 1.31 £ 0.03 **
100 pg/mL 1.19 = 0.15 0.58 = 0.09 * 0.81 £ 0.05* 0.65 + 0.08 * 0.98 + 0.01 0.80 + 0.09
1 ng/mL 1.02 = 0.08 0.27 + 0.01 *** 0.94 + 0.06 0.77 £ 0.16 0.94 +0.13 0.96 = 0.00 ***
100 ng/mL 1.09 = 0.14 0.91 £0.16 1.30 = 0.03 ** 1.04 = 0.08 1.01 £ 0.02 1.65+0.15*

Table 13. LINE-1 mRNA fold expression (mean * SD, n = 2) in six cancer cell lines. Control normalized to 1.00; significance versus control indicated
(*p<0.05, **p<0.01, ***p<0.001).

Uterine Sensitization-Associated Gene 1 transcript levels followed the same near-baseline pattern across the
entire cancer-cell panel, as shown in Table 14.

Table 14.

Treatment ‘ A549 HCT116 Hela HepG2 U-87 MG FaDu

Control 1.00 1.00 1.00 1.00 1.00 1.00

0.1 pg/mL 0.85+0.13 0.93£0.14 1.15 = 0.08 0.40 £ 0.05 ** 0.82+0.04* 0.94 = 0.13
K pg/mL 0.82+0.04* 1.84 = 0.05 ** 1.02 = 0.00 *** 0.59 £ 0.12 * 1.22 +0.04 * 0.85 = 0.01 **
100 pg/mL 0.94 = 0.12 0.86 £ 0.10 0.63+0.06* 0.75 £ 0.00 0.82+0.10 0.59 = 0.06 *
_‘I ng/mL 1.09 = 0.09 1.32 £ 0.00 *** 1.39+0.10~ 0.99 £0.19 1.29 £0.03 ** 0.64 £ 0.00 ***
100 ng/mL 1.00 £ 0.13 1.39 +0.22 1.03 = 0.00 *** 0.74 £ 0.07 * 0.84 = 0.02 ** 0.86 = 0.09

Table 14. USAGT mRNA fold expression (mean = SD, n = 2) in six cancer cell lines. Control normalized to 1.00; significance versus control indicat-

ed (*p<0.05, **p<0.01, ***p<0.001)

High Mobility Group Box 1 transcripts were likewise essentially unchanged in every cancer line and at every
concentration tested, as summarized in Table 15.

Table 15.

Treatment A549 HCT116 Hela HepG2 U-87 MG FaDu |

| Control 1.00 1.00 1.00 1.00 1.00 1.00
0.1pg/mL | 1.41+008* 1.46 +0.19 1.44 +0.07 * 0.58 = 0.06 * 138+0.12* 1.05+0.13

|1 pg/mL 129+006* | 094=002* 1.28 + 0.00 0.84 = 0.09 1.09 +0.03 1.03 +0.01
100 pg/mL | 1.35+0.11* 0.85 = 0.12 0.93 = 0.06 0.97 +0.12 0.74 = 0.01 *** 0.74 + 0.08 *

|1 ng/mL 1.32+0.04* | 1.36=0.01** 156 +0.11* 0.63 + 0.06 * 1.42 +0.00 *** 0.84 = 0.07

100 ng/mL 1.00 + 0.03 0.48+0.11 * 1.48 + 0,00 *** 1.11+0.02 * 0.99 = 0.00 1.13+0.10

Table 15. HMGB1 mRNA fold expression (mean + SD, n = 2) in six cancer cell lines. Control normalized to 1.00; significance versus control indicat-

ed (*p<0.05, **p<0.01, ***p<0.001).

Figure 8
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Figure 8. Dose—response of LINE-1, USAG1, and HMGB1 in the six cancer cell lines. Bars are mean + SD (n = 2); the dashed line marks the control
value (fold = 1.0). No concentration produced coordinated up-regulation of the three genes.
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Figure 9

Cell-Type-Selective Action of Metadichol: Robust in PBMCs, Silent in Cancer Cells
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Figure 9. Cell-type-selective action of Metadichol. Left: maximum fold induction of each gene in PBMCs versus the highest value observed among
the six cancer lines (log scale). Right: distribution of all cancer-line fold-changes, clustered around the control value of 1.0 (dashed line).

This cell-type selectivity carries three implications.

First, it reinforces the central “controlled activation” thesis: Metadichol is not a blunt, universal inducer of
danger-signal pathways but engages them in a context-dependent manner set by the regulatory state of
the target cell.

Second, it addresses a key safety concern—because unrestrained LINE1 and HMGB1 activity can, in princi-
ple, promote genomic instability and pro-tumorigenic inflammation, the absence of their induction in malig-
nant cells indicates that Metadichol is unlikely to fuel these pathways within established tumors.

Third, selective engagement of immune-surveillance machinery in normal immune cells, combined with a
neutral profile in cancer cells, is precisely the therapeutic signature sought for an immunomodulator intend-
ed to strengthen anti-tumor immunity without directly driving tumor-intrinsic oncogenic programs.

Mechanistically, this selectivity most likely reflects the divergent epigenetic and nuclear-receptor land-
scapes of primary versus transformed cells: the aberrant DNA-methylation, chromatin, and nuclear-recep-
tor states that characterize cancer cells may render the LINE1, HMGB1, and USAG1 loci refractory to the
coordinated regulatory input that Metadichol supplies in normal PBMCs.

Discussion

This study establishes, for the first time, that a single pharmacological agent can drive the simultaneous, co-

ordinated upregulation of three archetypal danger signals—Long Interspersed Nuclear Element-1, High
Mobility Group Box 1, and Uterine Sensitization-Associated Gene 1—in primary human immune cells while

preserving cell viability. The central interpretive question is therefore not whether these signals were acti-

vated, but how such activation can occur without the genotoxicity, cytokine storm, and autoimmunity that
normally accompany their derepression. Three independent lines of evidence converge on an answer: the

tight correlation between Long Interspersed Nuclear Element-1 and Uterine Sensitization-Associated Gene

1 transcripts (r = 0.89), the systematic attenuation of protein relative to messenger RNA, and the strict cell-

type selectivity of the response. Each is examined below in the context of existing literature.

The safety of simultaneous LINE1, HMGB1, and USAG1 upregulation can be explained by Metadichol's ac-
tivation of a comprehensive six-layer regulatory network (Table 16 and Figure 10). Figure 11 shows the con-
solidated network.
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The six layers are:

Layer 1: Nuclear Receptor-Mediated Transcriptional Reprogramming
Layer 2: Epigenetic Landscape Remodeling

Layer 3: Transcription Factor Integration

Layer 4: Circadian and Metabolic Integration

Layer 5: Innate Immune Sensor Modulation

Layer 6: Protective Factor Activation (KL, GDF11)

Figure 10
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Figure 10. Integrated Mechanistic Model: Coordinated Activation and Protection

Table 16. The Six-Layered Molecular Architecture of Metadichol’s Coordinated Regulation of LINET, HMGB1
and USAG1

Component / Factor Mechanism / Effect Refs

Layer 1 — Nuclear Receptor—Mediated Transcriptional Reprogramming

Regulates LINE1 via vitamin D response elements (VDREs) in
VDR (Vitamin D Receptor) the L1 promoter; modulates HMGB1 release and inflammatory 63-66
signaling; controls immune-cell differentiation and function.

PPAR-y restrains excessive NF-kB / HMGB1-driven cytokine
PPARs (a, y) storm; PPAR-a enhances fatty-acid oxidation and mitochondrial 67-74
function; both drive anti-inflammatory immune polarization.

Regulate cholesterol homeostasis and inflammatory responses;
LXRs (a, B) suppress TLR-mediated inflammation while maintaining 75-78
antimicrobial immunity.

Layer 2 — Epigenetic Landscape Remodeling

Metadichol-induced vitamin C activates TET demethylases,
Vitamin C-TET axis relieving DNA-methylation silencing to enable controlled LINE1 79-83
expression; also tunes HMGB1 and USAG1.

SIRT1 deacetylates HMGB1 (lowers inflammation, preserves
repair); SIRT3 supports mitochondria; SIRTé silences L1 retro-
transposition; SIRT7 governs rRNA/stress — a negative-
feedback brake on LINE1.

Layer 3 — Transcription-Factor Integration

Sirtuins (SIRT1-7) 62, 84-88

Master stress-resistance / longevity factors: enhance
FOXO (1, 3, 4) antioxidant defense (SOD2, catalase, GPX), DNA repair and 89-94
autophagy; selective apoptosis of damaged cells.

Medical Research Archives | https://doi.org/10.18103/mra.2026.0439 15



https://doi.org/10.18103/mra.2026.0

THE EUROPEAN SOCIETY OF MEDICINE

Component / Factor

Mechanism / Effect
Balance immune-cell activation and proliferation, drive

KLF 4, 5, 15) metabolic reprogramming, and regulate inflammatory gene 95-97
expression.
Control cell-fate determination and stem-cell maintenance;

SOX (2, 11) influence immune differentiation, tissue regeneration and 98-99
cellular plasticity.

Layer 4 — Circadian & Metabolic Integration

Circadian clock (BMAL1, Restore rhythmic control of LINE1 expression and HMGB1

. - ; 100-103

CLOCK) release, enabling temporal coordination of immune responses.
Inhibition activates autophagy (clears damaged

mTOR (down-regulated) mitochondria/aggregates), extends lifespan and stress 104-106
resistance, and limits excessive immune-cell proliferation.

Layer 5 — Innate-Immune Sensor Modulation
Low-level chronic stimulation induces tolerance (endotoxin-

Toll-like receptors (all TLRs) tolerance), dampening sterile inflammation while maintaining 107-111
antimicrobial immunity.
Cytoplasmic L1 DNA drives Type | interferon; nuclear receptors

cGAS-STING and sirtuins tune STING for controlled antiviral / antitumor 55, 88, 112
immunity without autoimmunity.

Layer 6 — Protective-Factor Activation
Renoprotection via BMP7 stabilization counteracts USAG1's

Klotho BMP7 antagonism, enabling tumor-suppressor benefit without 113-117
kidney toxicity.

GDF11 Promotes tiss.ue regeneration and vascular func.tion, provides 118-120
neuroprotection, and reverses age-related decline.
Maintains chromosomal stability despite L1 insertional activity,

Telomerase supports immune proliferative capacity, and prevents 121-122
replicative senescence.

Figure 11
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Figure 11. Consolidated network.

The "Controlled Bum" Model: A Six-Step Sequence
The coordinated activation (Figure 12) follows a temporal sequence analogous to a controlled forest burn
that clears debris without causing a wildfire.
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The "Controlled Burn" Model — Six-Step Regulatory Sequence

Metadichol orchestrates controlled immune activation with built-in negative feedback

LINE1 cGAS-STING Type | IFN STers
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<~ ~ - HMGB1
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Long Interspersed Nuclear Element-1 (LINE1) activation (17.99-fold) triggers cGAS-STING sensing of
cytoplasmic DNA, leading to Type | interferon production and cellular stress.

This causes necrosis and HMGB1 release (6.02-fold), which binds RAGE/TLRs to activate NF-kB, produc-

ing pro-inflammatory cytokines that further amplify LINE1 expression (positive feedback loop, red
dashed arrow).

However, four negative feedback mechanisms (green) prevent pathological inflammation:

1.Sirtuin 1 (SIRT1) deacetylates HMGB1, reducing its inflammatory activity.
2.Sirtuin 6 (SIRTé) silences LINE1 through histone deacetylation.
3.Nuclear receptors (VDR, PPARs) suppress NF-«kB

4. Endotoxin tolerance dampens HMGB1-TLR signaling. This creates a controlled inflammatory pulse
rather than runaway inflammation. Red arrows = Amplification; Green arrows = Suppression.
The system then returns to an enhanced baseline with improved immune surveillance.

Relating the Findings to Existing Literature

The magnitude of Long Interspersed Nuclear Element-1 induction observed here (up to 17.99-fold at the
transcript level) would, in most settings, be expected to trigger a robust type-| interferon response through
cytoplasmic nucleic-acid sensing, as documented in senescent and aged cells where retroelement
derepression fuels sterile inflammation®~%. The fact that this transcriptional surge was blunted to a 1.90-fold
change at the protein level is consistent with the established silencing machinery that restrains
retrotransposon output—the piRNA pathway, ADAR1-mediated editing, and SIRTé-dependent chromatin
repression®®*2. Our data therefore align with, rather than contradict, the retroelement literature: they show
that Metadichol engages the activating arm of this system while its endogenous brakes remain intact,

echoing the “viral mimicry” concept in which controlled retroelement expression enhances immune
surveillance without genomic catastrophe'?*-'2,

A comparable interpretation applies to High Mobility Group Box 1. Extracellular High Mobility Group Box 1
is a canonical alarmin whose sustained elevation drives sepsis and chronic inflammatory disease’’®, yet
intracellular protein levels here changed by no more than 10% despite a six-fold rise in transcript. This
pattern is precisely what would be predicted from the SIRT1-High Mobility Group Box 1 axis, in which
deacetylation promotes nuclear retention and limits inflammatory secretion®-#°. The present findings thus

extend prior mechanistic work by showing that such braking operates coordinately with, rather than in
isolation from, the activation of other danger signals.
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The behavior of Uterine Sensitization-Associated Gene 1 is best understood through the “Uterine Sensitiza-
tion-Associated Gene 1 paradox.” Loss of this bone morphogenetic protein antagonist is a recurrent fea-
ture of renal, gastric,c thyroid, breast, and lung cancers, where its restoration is
tumor-suppressive?22¢ 1257128 \whereas in the kidney its excess antagonizes the renoprotective factor
BMP7%"-2%_ The sustained, moderate transcript increase reported here—buffered at the protein level—is
consistent with an activation confined within a protective range rather than a supraphysiological one, which

is the profile required to capture anticancer benefit without provoking nephrotoxicity.

Finally, the coordinated nature of the response is congruent with earlier reports that Metadichol modulates
broad transcriptional programs—nuclear receptors, sirtuins, Toll-like receptors, and forkhead and Kriippel-
like factor families—in a single agent*~*8. The strong Long Interspersed Nuclear Element-1-Uterine Sensiti-
zation-Associated Gene 1 correlation (r = 0.89) argues that the three danger signals are not switched on in-
dependently but share upstream regulatory input, supporting the systems-level framework rather than a
set of unrelated gene-specific effects. The near-absence of induction across six cancer cell lines further indi-
cates that this input depends on a regulatory context present in normal immune cells but disrupted by the
aberrant epigenetic and nuclear-receptor landscape of transformed cells.

Limitations

Several limitations temper these conclusions and define the boundaries of what the present data can
support. First, the quantitative measurements rest on two biological replicates and a single 24-hour timepoint,
so the temporal kinetics and inter-donor variability of the response remain to be characterized. Second, the
study is confined to an in-vitro peripheral blood mononuclear cell system; the coordinated regulation
described here has not yet been demonstrated in vivo. Third, protein-level validation was performed for the
three primary targets only, and the six-layer regulatory network is inferred from convergent literature and
prior Metadichol studies rather than being directly perturbed in these experiments. Fourth, functional
readouts—interferon output, cytokine profiles, retrotransposition frequency, and cytotoxicity beyond
viability—were not measured, so the physiological consequences of the observed transcriptional changes
are interpreted, not established. These constraints mean that the safety and “controlled activation”
framework, while strongly suggested by the messenger RNA-to-protein attenuation and the cell-type
selectivity, should be regarded as a well-supported hypothesis awaiting functional confirmation.

Future Directions

The most direct extension of this work is to test the proposed braking mechanisms functionally: selective

knockdown or inhibition of SIRTé and SIRT1 should, if the model is correct, convert the attenuated protein

response into an unrestrained one, thereby linking the messenger RNA-to-protein discordance causally to

the silencing machinery. Time-course and single-cell analyses would resolve whether the correlated activa-

tion reflects a shared temporal program, and measurement of type-| interferon, inflammatory cytokines,
and retrotransposition would establish the functional meaning of the transcriptional changes. Extension to

animal models, and ultimately to controlled human studies, would be required to determine whether the

cell-type-selective, self-limiting profile observed here translates into safe immune enhancement and cancer

prevention in vivo.

Conclusions

This study provides the first demonstration that Metadichol nanoemulsion coordinately upregulates three
potent danger-associated genes—LINE1, HMGB1, and USAG1—in human PBMCs, with correlated expres-
sion indicating systems-level control rather than independent regulation. Western blot analysis confirmed
all three inductions at the protein level. Notably, a consistent mRNA-to-protein attenuation reveals the
post-transcriptional braking systems—piRNA/SIRT6, SIRT1-mediated nuclear retention, and extracellular
turnover—that render an otherwise hazardous transcriptional program therapeutically safe.

This safety is reinforced by strict cell-type selectivity: in cancer cell lines of diverse origin, the three genes
remained at baseline, in sharp contrast to their strong induction in primary immune cells. Because
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unrestrained LINET and HMGB1 activity can drive genomic instability and pro-tumorigenic inflammation,
their non-induction in malignant cells shows that Metadichol strengthens immune surveillance in normal
cells without activating oncogenic programs within tumors. In doing so, it inverts the prevailing logic of im-
munotherapy—which blocks pathology through checkpoint, cytokine, and steroid strategies—by instead or-
chestrating endogenous defense physiology within a self-limiting framework of nuclear receptors, sirtuins,
TLRs, FOX/KLF, Klotho, and circadian regulators.

Together, these coordinated yet context-dependent effects define a distinctive multi-mechanism profile
spanning cancer immune surveillance and tumor suppression, combined innate and adaptive immune en-
hancement, multi-organ protection, and health-span extension. By transforming potential danger signals
into controlled physiological responses, Metadichol establishes a systems-level paradigm—shifting im-
munotherapy from blocking pathology to orchestrating physiology—and opens new avenues for cancer
prevention, immune enhancement, and healthy aging.
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