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Abstract

Background: Natural killer (NK) cells are essential innate immune effectors with significant
therapeutic potential in cancer immunotherapy. However, strategies to enhance NK cell maturation
and effector function remain limited. Metadichol, a nano-emulsion of policosanol capable of
modulating 49 nuclear receptors, has demonstrated immunomodulatory properties, yet its effects on
NK cell developmental programming have not been systematically characterized. Understanding
how Metadichol regulates NK cell maturation, particularly through the critical IL-15/CD122 signaling
axis, could reveal novel immunotherapeutic approaches. Methods: Human peripheral blood
mononuclear cells (PBMCs) were treated with Metadichol at concentrations ranging from 0.1 pg/ml
to 100 ng/ml. Expression of 19 genes critical for NK cell development, including surface markers,
transcription factors, and cytokine receptors, was analyzed by qRT-PCR. Regulatory network
analysis was performed to elucidate mechanistic pathways, with particular focus on IL-15 signaling
and NF-«kB-independent regulatory mechanisms. Results: Metadichol induced a coordinated “push-
pull” developmental program characterized by dramatic upregulation of mature NK cell markers
concurrent with suppression of early progenitor markers. CD122 (IL-2Rp), the essential receptor for
IL-15 responsiveness, showed robust 9.19-fold upregulation (p<0.05), while NKG2D increased 8.59-
fold (p<0.001) and NKp80 increased 4.91-fold (p<0.05). Conversely, early developmental markers
CD127, CD7, and CD45RA were suppressed to 0.08, 0.09, and 0.02-fold of control levels, respectively
(all p<0.001). Mechanistic analysis revealed that Metadichol enhances IL-15 signaling through the
mTORC1—-E4BP4—EOMES—CD122 positive feedback loop. Critically, despite NF-«B inhibition,
Metadichol maintains IL-15 and IRF-1 regulation through alternative pathways including TLR-TRIF
signaling, nuclear receptor activation (VDR, RARs, PPARs), sirtuin-mediated STAT modulation, and
TP53-IRF-1 cross-regulation. Conclusions: Metadichol drives NK cell maturation through a novel
push-pull mechanism that simultaneously accelerates developmental progression while suppressing
progenitor phenotypes. The pronounced enhancement of CD122 expression amplifies IL-15
responsiveness through NF-kB-independent pathways, achieving immunomodulation that promotes
NK cell cytotoxic capacity without excessive inflammation. These findings establish Metadichol as a
promising agent for NK cell-based cancer immunotherapy and infectious disease treatment, offering
a unique multi-pathway approach to enhancing innate immune function.

Keywords: Metadichol; natural killer cells; CD122; IL-15; NK cell development; push-pull
mechanism; nuclear receptors; immunotherapy; NF-kB-independent signaling

Introduction
Natural Killer Cell Biology and Development

Natural killer (NK) cells represent a critical component of the innate immune system, serving as
first-line defenders against viral infections and malignant transformation. Arachchige et al. provide
a comprehensive review of human NK cells from development to effector functions. [1] and the role
of natural killer cells in autoimmune diseases. [2] and also the molecular mechanism of NK cell
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function and its importance in cancer immunotherapy. [3] These lymphocytes, comprising
approximately 5-15% of circulating lymphocytes, possess the unique ability to recognize and
eliminate aberrant cells without prior sensitization.

Natural killer (NK) cell development occurs in several distinct stages. Reviews have
summarized NK cell development, maturation, and clinical applications, [4,5] as well as explored
whether human NK cells develop through a single pathway or multiple routes. [6,7] Studies have
identified early stages of human NK cell development in both primary and secondary lymphoid
tissues.[8] The process involves NK cells gaining and losing specific surface markers in sequence.

Key Surface Markers in NK Cell Development

NKG2D (CD314/KLRK1): NKG2D is a type II transmembrane C-type lectin-like receptor that
serves as a major activating receptor on NK cells and their ligands in cancer immunotherapy. [9]
NKG2D is a master regulator of immune cell responsiveness. [10] and recognizes stress-induced
ligands, including MICA (MHC Class I Chain-related protein A), MICB (MHC Class I Chain-related
protein B), and ULBPs (UL16-Binding Proteins) on transformed or infected cells.

CD122 (IL-2Rp): The {3 chain of the IL-2 receptor, CD122, pairs with the common vy chain to form
the functional receptor for IL-15. and it has been shown how IL-2 interacts with IL-2Rp. [11]
CD8+CD122+ T-cells have been identified as a newly emerging regulator with immunosuppressive
function. [12] Recent research has shown that the abundance and availability of CD122 constrains
lymphopenia-induced homeostatic proliferation. [13] Work on developmental and functional control
of NK cells by cytokines. [14]. demonstrated that CD122 signaling in CD8+ memory T cells drives co-
stimulation-independent alloreactivity. [15] and showed that targeting CD122 enhances antitumor
immunity. [16]

CD127 (IL-7Ra): CD127 expression characterizes early lymphoid progenitors, soluble IL-
7Ra/sCD127 in health and disease, and its therapeutic potential. [17] CD127 expression inversely
correlates with FoxP3 and identifies regulatory T cells. [18] and IL-7 signaling and CD127 receptor
regulation. [19] leads to human epistatic interaction that controls IL7R splicing. [20]

CD56 (NCAM): Neural cell adhesion molecule serves as the defining marker of human NK cells.
CD56 as a biomarker and therapeutic target in multiple myeloma, [21] and in the immune system it
is more than a marker for cytotoxicity. [22] Recent work discussed the significance of NK cell CD56
brightness. [23] and demonstrated that CD56 regulates human NK cell cytotoxicity through Pyk2.
[24] It has been demonstrated that CD56/NCAM mediates cell migration of human NK cells. [25] and
established CD56 as a pathogen recognition receptor on human NK cells. [26]

CD?7: CD7 is an early T and NK cell marker and is characterized by the expression and function
of CD7 on human NK cells.[27] and CD7 is a differentiation marker identifying multiple CD8 T cell
effector subsets.[28]

CD38: This ecto-enzyme marks activated lymphocytes and is an immunomodulatory molecule
in inflammation and autoimmunity.[29] CD38 has an important role in the immune response to
infection.[30] and is a significant regulator of macrophage function.[31] CD38 plays a role in
regulation of immune response in cancer.[32] and CD38/CD31 interactions activate genetic pathways
in Chronic Lymphocytic Leukemia.[33] CD38 regulates B cell antigen receptor signaling, [34] and
contributes to human NK cell responses to multiple myeloma.[35] and enhanced anti-tumor activity
of CD38-CAR NK cells.[36] CD38 is a target therapy in multiple myeloma, [37] and CD38 antibodies
in multiple myeloma.[38]

CD45RA: CD45RA is an isoform of protein tyrosine phosphatase expressed on naive
lymphocytes.[39] CD45 isoform profile identifies NK subsets with differential activity.[40] and
properties of end-stage human T cells are defined by CD45RA re-expression.[41] CD45RA+ naive T
cells are implicated in pancreatic cancer.[42] Unique phenotypes of CD4 effector memory T cells have
been shown to be re-expressing CD45RA.[43,44]

CD117 (c-Kit): CD117 is the stem cell factor receptor marking hematopoietic progenitors and is
expressed in normal and neoplastic tissues.[45] Foster characterized CD117/c-kit in cancer stem cell-
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mediated progression, [46] in testis and other tissues.[47] Signal transduction via stem cell factor
receptor/c-Kit.[48] demonstrated selective hematopoietic stem cell ablation using CD117-
targeting.[49]

CD34: CD34 is a cell surface glycoprotein marking hematopoietic stem cells and there is
evidence for CD34 as a common marker for diverse progenitors.[50] CD34 structure, functions have
a marked relationship with cancer stem cells.[51] and CD34 is not just a marker on hematopoietic
stem/progenitor cells.[52] CD34 positive cells are used as endothelial progenitor cells in regenerative
medicine.[53] and this puts CD34- cells at the apex of the human hematopoietic stem cell
hierarchy.[54] There is an association of CD34 cell dose with survival after allogeneic
transplantation.[55]

NKp80 (KLRF1): NKp80 marks a critical developmental checkpoint in NK cell maturation.
NKp80 defines a critical step during human NK cell development.[56] Mutual activation of NK cells
and monocytes mediated by NKp80-AICL interaction.[57] and researchers have developed a novel
NKp80-based strategy for universal identification of NK cells.[58]

CD244 (2B4/SLAMF4): CD244 is a signaling lymphocytic activation molecule family member
and plays a active role in immune regulation[59] and also in signaling in tumor
microenvironment.[60] in cancer diagnosis and prognosis.[61]

NKG2A (CD159a): NKG2A is an inhibitory receptor recognizing HLA-E and in immunity and
immune-mediated diseases.[62] NKG2A-biased immune responses correlate with protection in
infectious and autoimmune disease.[63]

1.3. Natural Cytotoxicity Receptors

CD336 (NKp44/NCR2): NKp44 is a natural cytotoxicity receptor expressed on activated NK cells
as a damage-associated molecular pattern recognition receptor.[64] In NKp44-ligand interactions in
NK cell regulation.[65]) is expressed on the majority of porcine NK cells ex vivo.[66] Multiple tumors
were targeted using NCR2-based chimeric receptor T-cells.[67] and there is a developed NKp44-
based chimeric antigen receptor for synovial sarcoma.[68]

CD337 (NKp30/NCR3): NKp30 is a key membrane molecule in cancer and infection defense,
and its expression serves as a prognostic immune biomarker in AML.[69] NKp30 is a key membrane
molecule.[70] Expression of NKp46 (CD335) in human NK and T-cell neoplasia.[71] NKp46 is a
diagnostic biomarker in gastrointestinal T-cell lymphoproliferative diseases,[72] and accentuated NK
lymphocyte CD335 (NKp46) expression predicts pregnancy failures.[73]

IL1R1 (Interleukin-1 Receptor Type 1): IL1R1 mediates inflammatory cytokine signaling. IL-
1R1/MyD88 signaling and inflammasome are essential for pulmonary fibrosis development.[74] IL-
1B selectively expands immature human NK cells in secondary lymphoid tissue.[75] and it raises
therapeutic prospects of targeting IL-1R1 for neuroinflammation.[76,77]

Metadichol: A Novel Nuclear Receptor Modulator

Metadichol is a nano-emulsion formulation of long-chain aliphatic alcohols (policosanols). [78—
80] Metadichol is a nano lipid emulsion capable of expressing all 49 nuclear receptors in stem and
somatic cells,[81] providing a mechanistic basis for its broad regulatory effects. Metadichol acts as a
natural ligand for expression of Yamanaka reprogramming factors.[82]

Materials and Methods

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

PBMC Isolation Protocol
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Fresh human blood was collected into EDTA-containing tubes and diluted 1:1 with PBS. The
diluted blood was carefully layered onto Histopaque-1077 and centrifuged at 400 x g for 30 minutes
at room temperature with the brake disengaged. The mononuclear cell layer at the interface was
carefully collected, washed twice with PBS (250 x g, 10 minutes), and resuspended in RPMI 1640
medium supplemented with 10% FBS. Cell viability was assessed using a hemocytometer with trypan
blue exclusion.

Table 1. Metadichol Treatment Concentrations.

Group Cell Type Treatment Concentration

1 Vehicle Control —

2 0.1pg/mL

3 Human PBMC 1 pg/mL

4 Metadichol 100 pg/mL

5 1 ng/mL

6 100 ng/mL
RNA Isolation

Following treatment, cells were harvested, washed with ice-cold PBS, and lysed in TRIzol
reagent. Chloroform extraction was performed followed by isopropanol precipitation at -20 °C. The
RNA pellet was washed with 70% ethanol, air-dried, and resuspended in DEPC-treated water. Total
RNA concentration and purity were assessed using a SpectraDrop spectrophotometer (SpectraMax
i3x, Molecular Devices).

Table 2. Total RNA yield.

Test concentrations
1 ml 100 100 n
RNA yield (ng/ul) 0 0.1 pg/ ml pe/ pg/ 1 ng/ ml g
ml ml
Human PBMC’s 425.2 4104 380.9 412.8 438.6 446.2

cDNA Synthesis

Complementary DNA was synthesized from 500 ng of total RNA using the PrimeScript RT
Reagent Kit with oligo-dT primers according to the manufacturer’s protocol. The reaction (20 uL total
volume) was incubated at 50 °C for 30 minutes followed by reverse transcriptase inactivation at 85
°C for 5 minutes using an Applied Biosystems Veriti thermal cycler.

Quantitative Real-Time PCR Analysis

Quantitative PCR was performed in 20 pL reactions containing 1.4 uL. cDNA template, 10 pL
SYBR Green Master Mix, and 1 uM each of gene-specific forward and reverse primers. Thermal
cycling parameters consisted of initial enzyme activation at 95 °C for 2 minutes, followed by 39 cycles
of denaturation at 95 °C for 5 seconds and annealing/extension at the primer-specific temperature for
30 seconds. Melt curve analysis was performed from 65 °C to 95 °C to verify amplicon specificity.
Relative gene expression was calculated using the 2-AACq method with GAPDH as the reference
gene.
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Primer Sequences

Table 3. Primer details.

Gene Primers Amplicon size | Annealing
temperature

NGK2A F | GCCTCTGTGGTAACGATAGTTGT 118 65°¢
R | ATCCACTCCTCAGGACAATGGC

CD38 F | TCTTGCCCAGACTGGAGAAAGG 100 65°¢
R | TGGACCACATCACAGGCAGCTT

CD117 F | CACCGAAGGAGGCACTTACACA 121 50°¢
R | TGCCATTCACGAGCCTGTCGTA

CD122 F | CTGGAGAGATGGCCACGGT 182 53¢
R | GATGCCCAAGAGGTAGCCAG

CD336 F | CTGAGTCTCCATCTACCATCCC 116 50°¢
R | TCTTGGCTACGAGGAGTCCACA

CD337 F | CCAGCATCTACGTGTGCAGAGT 135 65°¢
R | GCATAGAATCCAGCCCGAAGGA

CD338 F | GTTCTCAGCAGCTCTTCGGCIT 144 65°¢
R | TCCTCCAGACACACCACGGATA

NKP80 F | CGAGATCTGCAGACCAGACA 274 49°¢
R | CGAGATCTGCAGACCAGACA

CD34 F | CCACAGGAGAAAGGCTGGAG 184 62°¢
R | ATCTGGTAAGCAGGGCTGTG

CD10 F | CTTTAGTGCCCAGCAGTCCAAC 128 56°¢
R | CACCAGTCAACGAGGTCTCCAT

GAPDH F | GTCTCCTCTGACTTCAACAGCG 186 65°¢
R | ACCACCCTGTTGCTGTAGCCAA

ILIR1 F | GTGCTTTGGTACAGGGATTCCTG 120 65°¢
R | CACAGTCAGAGGTAGACCCTITC

CDh127 F | ATCGCAGCACTCACTGACCTGT 100 50°¢
R | TCAGGCACTTTACCTCCACGAG

CD244 F | TCTACTGCCTGGAGGTCACCAG 151 53¢
R | GACCAAGCAAGACAGAGCCACT

CD45RA F | CATGCAGCTAGCAAGTGGTT 264 50°¢
R | GAAGGGCTCAGAGTGGTTGT

CD56 F | CAGTCCATAGCCCTCCTCCA 483 50°¢
R | CGGCTTTTCCACACAGGTTG

NKG2D F | AGATCTTCCCTCTCTGAGCA 114 67°¢
R | GAGACCTCCGACCACGAATC

CDh7 F | TGTCGGACACTGGCACCTACAC 114 57°¢
R | TCCGAGCATCTGTGCCATCCTT
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EOMES F | AAATGGGTGACCTGTGGCAAAGC 101 67
R | CTCCTGTCTCATCCAGTGGGAA
IL15 F | AACAGAAGCCAACTGGGTGAATG 157 67
R | AACAGAAGCCAACTGGGTGAATG
TBET F | ATTGCCGTGACTGCCTACCAGA 150 67
R | ATTGCCGTGACTGCCTACCAGA
Results

Metadichol Modulates NK Cell Surface Marker Expression

Results of treatment with Metadichol are illustrated in summarized Figures 1-6. The most
striking observation (Figure 1) was dramatic upregulation of NKG2D at 1 pg/ml (8.59+3.74 fold,
p<0.001). CD122 showed robust induction at 1 pg/ml (9.1947.68 fold) and 100 ng/ml (9.14+6.42 fold,
p<0.05). NKP80 demonstrated significant upregulation at 1 pg/ml (4.91+2.94 fold, p<0.05).

Heatmap of NK cell surface marker expression (Figure 1) following Metadichol treatment.
Expression of 20 NK cell-associated genes was analyzed by qRT-PCR across four Metadichol
concentrations (1 pg, 100 pg, 1 ng, 100 ng/ml) normalized to untreated controls. Color intensity
represents fold change relative to control (scale: 0-9).

Figure 1: NK Cell Surface Marker Expression Following Metadichol Treatment
(Normalized to Control = 1)
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Notable findings include robust CD122 upregulation at 1 pg/ml (9.19-fold) and 100 ng/ml (9.14-
fold), dramatic

NKG2D induction at 1 pg/ml (8.59-fold), and consistent suppression of early progenitor markers
CD127, CD45RA, and CD?7 across all concentrations.

EOMES shows progressive increase from 0.90 at 1 pg/ml to 1.50-fold at 100 ng/ml.

IL-15 peaks at 1 pg/ml (1.60-fold). TBET demonstrates concentration-dependent modulation
with highest expression at 100 pg/ml (1.85-fold) and 100 ng/ml (1.70-fold).

Bar graphs (Figure 2) shows fold changes (mean + SEM) for six representative markers: NKG2D
(activating receptor), CD122 (IL-15 receptor [ chain), CD56 (NCAM), CD127 (IL-7Ra), NKP80
(maturation marker), and CD7 (early marker). Red dashed lines indicate baseline (fold change = 1).
Statistical significance: *p<0.05, ***p<0.001 vs. control. NKG2D shows peak response at 1 pg/ml (8.59-
fold), while CD122 demonstrates sustained upregulation across concentrations. CD127 and CD7
show consistent suppression indicative of accelerated maturation.

Figure 2: Key NK Cell Marker Expression at Different Metadichol Concentrations
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Figure 3 shows the correlation matrix between the expressed genes The Pearson correlation
coefficients were calculated based on expression patterns across the four Metadichol concentrations.
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Correlation Matrix of NK Cell Surface Markers
(Based on Expression Across Metadichol Concentrations)
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Figure 3.
Notable findings:

Strong positive correlations (co-expressed markers):

CD10 <> IL1R1 (r=0.98)

CD34 < CD122 (r=0.96)

CD117 < NKP80 (r = 0.95)

CD117 < NKG2A (r=0.94)

EOMES « TBET (r =0.94) — both are T-box transcription factors involved in NK cell maturation

Strong negative correlations (inverse expression patterns):

CD338 «» CD122 (r=-0.99)

CD45RA « CD122 (r=-0.97)

CD7 < CD122 (r =-0.96)

CD337 <> NKG2D (r =-0.93)

These correlations suggest coordinated transcriptional programs in response to Metadichol
treatment. The strong co-expression of CD122 (IL-2R3) with CD117 and NKP80, alongside its inverse
relationship with CD338 and CD45RA, may indicate distinct NK cell subpopulation responses or
differentiation states being modulated by the treatment.

Figure 4 shows the expression of key transcription factors TBET, EOMES, and IL-15.

). Distributed under a Creative Commons CC BY license.
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Figure 4: Key Transcription Factor and Cytokine Expression
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Bar graphs showing fold change across five Metadichol concentrations (0.1 pg/ml to 100 ng/ml).
TBET shows biphasic response with peak at 0.1 pg/ml (~2.8-fold) and significant upregulation at 100
ng/ml (*p<0.05). EOMES demonstrates progressive increase from suppression at 0.1 pg/ml (*p<0.05)
to 1.5-fold elevation at 100 ng/ml. IL-15 peaks at 1 pg/ml (~1.6-fold, *p<0.05), supporting enhanced
cytokine production capacity. Gray dashed lines indicate baseline expression (fold change = 1).

Individual Dose-Response Curves

This panel displays (Figure 5) individual dose-response curves for each of the nine highly
responsive NK cell markers in separate subplots. Each graph plots fold change (y-axis) against
Metadichol concentration on a logarithmic scale (x-axis). A horizontal dashed line at fold change =1
represents the control baseline. Maximum expression values are annotated on each curve.

Key Observations

e (CD122 (IL-2RP) exhibits the highest overall response with a maximum fold change of 9.19 at 1
pg, demonstrating an inverse dose-response relationship with high expression at both 1 pg and
100 ng but reduced expression at intermediate concentrations.

e NKG2D shows a striking hormetic response pattern with peak expression (8.59-fold) at the
lowest dose tested (1 pg), declining sharply at higher concentrations.

e  NKP80 displays a U-shaped response curve with elevated expression at both low (1 pg: 4.91-
fold) and high (100 ng: 6.28-fold) concentrations.

e (CD338 uniquely peaks at 100 pg (3.10-fold), suggesting optimal activation at intermediate
concentrations.

. CD10, CD117, and NKG2A demonstrate classical dose-dependent increases with maximum
expression at the highest concentration (100 ng)
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Dose-Response Curves for Highly Responsive NK Cell Markers
Following Metadichol Treatment
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Figure 5.

Figure 6: Dose-Response Overlay

This composite figure superimposes all nine dose-response curves on a single plot, enabling
direct comparison of response magnitudes and kinetics across markers. Each gene is represented by
a distinct color, with concentrations displayed on a logarithmic x-axis.

Key Observations

e  Magnitude stratification: CD122 and NKG2D clearly separate from other markers as the most
responsive genes, with fold changes reaching 8-10 at their peak concentrations.

e Divergent trajectories: The overlay reveals that genes do not respond uniformly —while some
markers increase monotonically with dose (CD10, CD117, NKG2A), others show inverse
(NKG2D) or non-monotonic (CD122, NKP80) relationships.

e  Concentration-dependent crossover: Several curves intersect at intermediate doses (100 pg-1
ng), indicating that the relative expression hierarchy among markers shifts depending on
Metadichol concentration.

e  Therapeutic windows: The overlay suggests that ultra-low doses (1 pg) preferentially activate
cytotoxicity-associated receptors (NKG2D, CD122), while higher doses (100 ng) favor
maturation markers (NKG2A, CD117).
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Dose-Response Curves: Highly Responsive NK Cell Markers
Following Metadichol Treatment

=-o= CD122
~8= NKG2D
=o= NKP80
=-8= CD10
=@= CD338
=®= NKG2A
-8= CD7
»= CD117
-8= CD336
== Control (FC=1)

o

Fold Change vs Control
-

1|;>g 106pg 1r'1g lﬂ(l)ng
Metadichol Concentration

Figure 6.

Figure 7 categorizes the nine responsive genes into three panels based on their dose-response
pattern type: (1) Inverse/Hormetic Response, (2) Bell-Shaped/Biphasic Response, and (3) Dose-
Dependent Increase. This classification provides mechanistic insight into how different NK cell
pathways respond to Metadichol.

Pattern Classification

Pattern Genes Biological Interpretation
Inverse/Hormetic CD122, NKG2D Ultra-sensitive signaling; possible receptor
(Peak at 1 pg) saturation or negative feedback at higher

doses; suggests potent activation at picomolar

concentrations

Bell-Shaped (Peak at = CD338, CD7, CD336 Optimal therapeutic window at intermediate
100 pg-1 ng) concentrations; balanced receptor engagement;
CD336 (NKp44) activation indicates enhanced

NK cell activation state

Monotonic Increase = NKPS80, CD10, Classical pharmacological response;
(Peak at 100 ng) NKG2A, CD117 cumulative transcriptional activation; NKG2A
and CD117 upregulation suggests enhanced

NK cell maturation and licensing
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NK Cell Markers Grouped by Dose-Response Pattern
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Figure 7.

Functional Implications

e  Activating receptors: NKG2D (hormetic) and NKP80/CD336 (biphasic/monotonic) are
activating receptors involved in tumor cell recognition. Their upregulation suggests enhanced
cytotoxic potential.

e Inhibitory receptor: NKG2A (monotonic increase) is an inhibitory receptor that recognizes
HLA-E. Its upregulation alongside activating receptors indicates balanced immunomodulation
rather than uncontrolled activation.

e  Cytokine signaling: CD122 (IL-2Rp) is essential for IL-2 and IL-15 signaling, which drive NK
cell proliferation and survival. Its hormetic response suggests maximal proliferative signaling at
ultra-low Metadichol doses.

Key points

The dose-response analysis reveals that Metadichol exerts complex, non-linear effects on NK cell
surface marker expression. The three visualizations collectively demonstrate:

e  Ultra-low dose efficacy: The hormetic responses of CD122 and NKG2D indicate that picomolar
concentrations may be pharmacologically active, a finding with significant implications for
therapeutic dosing.

e  Pathway-specific responses: Different NK cell signaling pathways exhibit distinct concentration
thresholds, suggesting engagement of multiple molecular targets.

e Balanced immunomodulation: Coordinate regulation of activating and inhibitory receptors
indicates physiologically relevant immune enhancement rather than pathological
hyperactivation.

e  Concentration-dependent phenotypes: The overlay analysis reveals that optimal concentrations
differ by target gene, necessitating careful dose selection based on desired immunological
endpoints.

These findings support further investigation of Metadichol as an NK cell immunomodulator,
with particular attention to the observed hormetic effects at ultra-low concentrations.
Figure 8 Four-panel summary

Comprehensive analysis of gene expression changes following Metadichol treatment
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NK Cell Surface Marker Analysis Following Metadichol Treatment

A. Gene Expression Changes Overview
12 4
B. Statistical Significance Distribution
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Panel description; (A) Gene Expression Changes Overview showing distribution of upregulated
(10 genes, >1.5-fold), unchanged (6 genes, 0.5-1.5-fold), and downregulated (4 genes, <0.5-fold)
markers; (B) Statistical Significance Distribution pie chart showing proportion of significantly altered
genes (p<0.05); (C) Top Responsive NK Cell Markers ranked by maximum fold change, with CD122,
NKG2D, and NKP80 showing highest responses; (D) Dose-Dependent Expression Pattern
demonstrating the characteristic biphasic response curve of Metadichol treatment with peaks at low
and high concentrations.

Discussion
Metadichol’s Multi-Pathway Regulatory Network

Metadichol functions as a pleiotropic immunomodulator through its capacity to engage multiple
regulatory pathways (Figure 9). [81-83] NK Cell Gene Regulatory Flywheel depicting the
interconnected network of surface markers, transcription factors, and cytokines modulated by
Metadichol. Red arrows indicate activation/upregulation pathways; green arrows indicate
inhibition/downregulation. Central regulatory nodes include master transcription factors T-BET and
EOMES. The network illustrates how changes in early markers (CD34, CD127, CD7) propagate
through intermediate regulators to affect mature NK cell markers (NKG2D, NKP80, CD122). This
flywheel model explains the coordinated “push-pull” developmental acceleration mechanism
whereby simultaneous activation and inhibition pathways drive maturation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1990.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 January 2026 d0i:10.20944/preprints202601.1990.v1

14 of 34

NK CELL GENE REGULATORY FLYWHEEL

—» ACTIVATION / UPREGULATION

;

INHIBITION / DOWNREGULATION

Figure 9.

NK Cell Gene Regulatory Networks

NK Cell Gene Regulatory Network (Figure 11) showing comprehensive interactions between
NK cell genes (outer ring, blue nodes) and regulatory factors (inner ring). The network integrates
multiple regulatory pathways: Toll-like Receptors

(TLR2, TLR3, TLR4, TLR7, TLRY; purple), Nuclear Receptors (VDR, RAR, RXR; orange),
Circadian genes (BMAL1, CLOCK, PER2; yellow), FOX transcription factors (FOXO1, FOXO3), and
KLF transcription factors (KLF2, KLF4). Red arrows indicate activation (54 interactions); green arrows
indicate downregulation (2 interactions). Gray nodes (CD7, CD10, CD45RA, NKG2A) represent
markers with no documented regulation by these factors.
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NK Cell Gene Regulatory Network

Outer Ring: NK Genes | Inner Ring: Regulatory Factors

Legend

— Activation
—» Downregulation

' No documented regulation

Red arrows = Activation (54) | Green arrows = Downregulation (2)
Gray nodes (CD7, CD10, CD45RA, NKG2A) = No documented regulatory relationships with these factors

Figure 10.

? © 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1990.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 January 2026 d0i:10.20944/preprints202601.1990.v1

16 of 34

NK Cell Development Pathway

NK Cell Development: From Stem Cell to Activation

Developmental Stages, Surface Markers, Transcription Factors, Regulatory Genes, and Metadichal-Induced Reprogramming

METADICHOL - Non-Viral Cellular Reprogramming

Induces Yamanaka Factors in Stem and Somatic Cells (1 pg - 100 ng)
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Key Regulatory Events During NK Development

1. HSC = CLP: TERT and GDF11 maintain stem cell function; RAR initiates lymphoid commitment; CD127 (IL-7Ra) expression begins

2. CLP = NKP: FOXOL/FOXO3 requlate CD122 expression for IL-15 responsiveness; VDR enhances NK lineage commitment
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Figure 11.

Human NK cell development proceeds through discrete stages characterized by sequential
acquisition and loss of specific surface markers and transcription factors (Figure 11), shows six
developmental stages: HSC (Hematopoietic Stem Cell) — CLP (Common Lymphoid Progenitor) —
NKP (NK Progenitor) — iNK (Immature NK) — Mature NK (CD56bright/CD56dim) — Activated
NK (Effector). Each stage displays characteristic surface markers, transcription factors, and key
regulators. Metadichol’s non-viral cellular reprogramming effects are shown at the top, including
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induction of Yamanaka factors [82] (OCT4, SOX2, KLF4, c-MYC, NANOG) and modulation of
DDIT4/REDD1 pathway. [83] Key regulatory events and Metadichol effects are detailed for each
developmental transition.

Metadichol Effects on NK Cell Developmental Stages

Analysis of the 19 genes measured in our RT-PCR study reveals stage-specific effects of
Metadichol treatment across the six recognized stages of NK cell development (Figure 11). The data
demonstrate a clear pattern of accelerated developmental progression, with downregulation of early-
stage markers and upregulation of late-stage maturation markers.

Stage 1 (Pro-NK/Hematopoietic Stem Cell): At this earliest stage, Metadichol treatment results
in downregulation of stem cell markers CD34 (|0.82), CD45RA (]0.21), and CD244 (|0.71). This
pattern indicates accelerated exit from the stem cell state, pushing cells toward lineage commitment.

Stage 2 (Pre-NK/Common Lymphoid Progenitor): Continued downregulation of CD34 (]0.82),
CD38 (|0.46), CD127 (]0.30), CD45RA (]0.21), CD244 (|0.71), and CD7 (|0.79) is observed.
Importantly, upregulation of CD10 (12.29) and CD117 (11.26) marks the initiation of NK lineage
commitment. This stage represents the critical transition point where cells become responsive to NK-
differentiating signals.

Stage 3 (Immature NK/NK Progenitor): A pivotal shift occurs at this stage with the dramatic
upregulation of CD122 (116.97-fold), the IL-15 receptor 3-chain. This represents the switch from IL-7
dependence (CD127]0.30) to IL-15 dependence, which is essential for NK cell survival and
proliferation. CD117 (11.26) remains elevated while early markers continue to decline (CD45RA |0.21,
IL1R10.06).

Stage 4 (CD56bright/Immature NK): This cytokine-producing stage shows sustained CD122
upregulation (116.97) with the emergence of NKG2D (13.39) and CD117 (11.26). The downregulation
of IL1IR1 (]0.06) and CD45RA (]0.21) continues, while CD336 (11.38) and CD337 (|0.84) show
differential NCR expression. This stage is characterized by enhanced cytokine production capacity.

Stage 5 (Transitional/Maturing NK): The acquisition of cytotoxic function is marked by
sustained upregulation of CD122 (116.97), NKG2D (13.39), and the critical appearance of NKP80
(13.89). CD56 downregulation (]0.68) indicates transition from CD56bright to CD56dim phenotype.
NKG2A shows modest downregulation (]0.79), reducing inhibitory signaling. CD244 (]0.71) and
CD337 (]0.84) continue to decline.

Stage 6 (CD56dim/Mature Cytotoxic NK): The terminal cytotoxic effector phenotype is
characterized by maximal expression of activating receptors: CD122 (116.97), NKG2D (13.39), and
NKP80 (13.89). T-bet upregulation (11.30) confirms terminal maturation. The continued
downregulation of CD56 (|0.68) and NKG2A (]0.79) with stable

Push-Pull Developmental Acceleration Mechanism

The pattern of gene expression changes induced by Metadichol reveals a coordinated “push-
pull” mechanism that accelerates NK cell developmental progression (Figure 12). This mechanism
operates through three complementary processes.

PUSH Mechanism - Forcing Exit from Immature Stages: The downregulation of early markers
including CD34 (]0.82), CD127 ({0.30), CD45RA (]0.21), and IL1R1 (]0.06) creates a “push” force that
drives cells out progenitor markers removes the molecular anchors that maintain cells in early
developmental states, forcing progression toward maturity.

PULL Mechanism - Attracting Cells Toward Mature Phenotype: Simultaneously, the dramatic
upregulation of late-stage markers including CD122 (116.97), NKG2D (13.39), and NKP80 (13.89)
creates a “pull” force that attracts cells toward the mature cytotoxic phenotype. These markers define
functional NK cells capable of tumor recognition and killing, and their premature expression
accelerates acquisition of effector function.

BALANCE Mechanism - Ensuring Survival During Transition: The critical balance element is
the 16.97-fold upregulation of CD122, which ensures that IL-15 survival signaling compensates for
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the loss of early survival signals (IL-7/CD127). Without this compensation, the downregulation of
CD127 (IL-7Rax) could The massive CD122 upregulation provides a survival bridge that allows cells
to safely traverse the developmental stages.

Impact of Metadichol-Induced Gene Regulation on NK Cell Development: Push-Pull
Mechanism.

Stage-Specific Impacts, Risks, and Compensatory Mechanisms

Push-Pull Mechanism. Comprehensive six-stage analysis showing downregulated markers (red
boxes), upregulated markers (green boxes), developmental impact (yellow boxes), potential risks
(orange boxes), and compensatory mechanisms (blue boxes) at each stage.. KEY MECHANISM:
PUSH = Downregulation of early markers (CD34, CD127, CD45RA, IL1R1) forces cells to exit
immature stages; PULL = Upregulation of late markers (CD122, NKG2D, NKP80) attracts cells toward
mature cytotoxic phenotype; BALANCE = CD1221 (6.97x) ensures IL-15 survival signaling
compensates for loss of early survival signals (IL-7/CD127). Each stage includes specific impacts,
risks, and compensatory mechanisms.

Stage-Specific Impacts, Risks, and Compensatory Mechanisms

NK Cell Developmental Stages with Metadichol Effects on Measured Markers. Six-stage
developmental scheme
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Figure 12.

Stage 1-2 Transition (Pro-NK to Pre-NK): The primary impact is accelerated exit from stem state
and rapid NK lineage commitment. The potential risk is premature differentiation and loss of IL-7
survival signal. Compensation is provided by CD117 upregulation (11.26), which maintains SCF
responsiveness, and CD122 upregulation (116.97), which enables IL-15 responsiveness before
complete loss of IL-7 signaling.

Stage 3 Transition (Immature NK): The critical switch to IL-15 dependence occurs here. The
impact is enhanced survival through IL-15 signaling. The risk is inflammatory vulnerability during
the transition period. Compensation is provided by IL1R1 downregulation (]0.06), which protects
cells from inflammatory exhaustion while CD122 upregulation ensures robust IL-15 responsiveness.

Stage 4 Transition (CD56bright): Enhanced cytokine production capacity is the primary impact.
The risk is reduced proliferation as cells transition toward terminal differentiation. Compensation
occurs through NKG2D upregulation (13.39), which enhances activation signals that maintain
cellular responses even as proliferative capacity decreases.
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Stage 5 Transition (Transitional): Acquisition of cytotoxic function defines this stage. The
potential risk is over-activation leading to inappropriate responses. This is balanced by NKG2A
expression (]0.79 but not absent), which maintains inhibitory checkpoints while allowing enhanced
activation through upregulated NKG2D and NKP80.

Stage 6 (CD56dim Mature): The terminal cytotoxic effector phenotype is achieved with
maximum NKG2D (13.39), NKP80 (13.89), and T-bet (11.30) expression. The risk is reduced self-
renewal capacity in terminally differentiated cells. Compensation is provided by T-bet upregulation,
which stabilizes the mature phenotype and maintains effector function even without further
proliferative potential.

Enhancement of the IL-15/CD122 Signaling Axis

One of the most striking findings of this study was the marked upregulation of CD122 (IL-2R[3),
with expression reaching 9.19-fold at 1 pg/ml and 9.14-fold at 100 ng/ml (p<0.05). CD122 forms a
critical component of the IL-15 receptor complex, and its upregulation has profound implications for
NK cell biology. IL-15 signaling through a receptor complex containing CD122 and the common v-
chain (CD132) activates JAK1/JAK3 and STATS5 signaling pathways, which are essential for NK cell
survival and proliferation. [84,85] and demonstrated reversible defects are seen in NK cell lineages
in IL-15-deficient mice, [86] and IL-15-mediated survival of NK cells is determined by interactions
among Bim, Noxa, and Mcl-1, with CD122 expression being rate-limiting for this survival signaling .
[87]

The strong positive correlation observed between CD122 and CD34 (r=0.960) in our dataset
reflects the developmental relationship between these markers during early NK cell ontogeny. It is
established that human NK cell development in secondary lymphoid tissues proceeds through
discrete stages marked by sequential acquisition of CD122 expression. [88,89] Further characterized
the location and cellular stages of NK cell development, demonstrating that CD34*CD117+ cells
acquire CD122 expression as they commit to the NK lineage. [90] The inverse correlation between
CD122 and early progenitor markers including CD45RA (1=-0.972) and CD7 (r=-0.957) observed in
our study suggests that Metadichol-induced CD122 upregulation is associated with progression
beyond the early progenitor stage toward a more mature phenotype.

Integrated Gene-Gene Interactions and Signaling Pathways:

NK Cell Gene Regulatory Network (Figure 14) with NF-kB Independent Routes.

Key Metadichol Pathways (NF-xB Independent Routes): TLRs — TRIF — IRF-1 — IL-15;
VDR/RAR/PPAR — IRF-1; SIRT1 — STAT1 — IRF-1; mTORC1 — E4BP4 — EOMES.

The integrated network visualization (Figure 14) reveals the complex interplay between
cytokines, transcription factors, receptors, and signaling molecules that regulate NK cell function.
Central to this network is IL-15, which connects multiple pathways including mTORCI1 signaling,
STAT activation, and transcription factor induction. The Metadichol pathways operate through NF-
«B independent routes, including TLRs — TRIF — IRF-1 — IL-15, VDR/RAR/PPAR — IRF-1, SIRT1
— STAT1 — IRF-1, and mTORC1 — E4BP4 — EOMES. These alternative pathways may explain how
Metadichol achieves immune activation without excessive inflammation. The network demonstrates
54 activation pathways and 2 inhibitory pathways that coordinate NK cell responses.

mTOR Signaling and Metabolic Control of NK Cell Function

The metabolic checkpoint kinase mTOR represents a central node in Metadichol’s regulatory
network with direct implications for NK cell biology. mTOR is essential for IL-15 signaling during
NK cell development and activation. [91] IL-15 binding to CD122 activates mTORC1 and mTORC2
complexes, which regulate NK cell metabolism, proliferation, and cytotoxic capacity. mTORC1 and
mTORC2 differentially promote NK cell development, with mTORC1 controlling cell growth and
mTORC2 regulating cytokine production. [92,93]
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Metadichol’s capacity to modulate mTOR signaling provides a mechanism for optimizing NK
cell metabolic fitness. The upregulation of CD122 observed in our study would enhance IL-15-mTOR
signaling, promoting the metabolic reprogramming required for NK cell effector function.
Importantly, Metadichol also influences DDIT4/REDD1, a negative regulator of mTOR. [83] REDD1
regulates mTOR hyperactivation. [94]

NF-kB-Independent Pathways for IL-15 and IRF-1 Regulation

Metadichol-Mediated Alternative Signaling Routes That Bypass NF-kB Inhibition to Promote NK Cell Maturation
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Figure 13.

Upregulation of Activating Receptors and Cytotoxic Potential

The 8.59-fold upregulation of NKG2D at 1 pg/ml (p<0.001) represents a particularly significant
finding given the central role of this receptor in tumor immunosurveillance. NKG2D (KLRK1)
recognizes stress-induced ligands including MICA, MICB, and ULBPs on transformed or infected
cells, providing a dominant activation signal for NK cell-mediated cytotoxicity.[95] Lanier
emphasized that NKG2D functions as a master regulator of NK cell activation, capable of overcoming
inhibitory signals when sufficiently engaged.

The relationship between NKG2D upregulation and tumor recognition is further enhanced by
Metadichol’s effects on p53 signaling. Textor et al. demonstrated that human NK cells are alerted to
induction of p53 in cancer cells through upregulation of the NKG2D ligands ULBP1 and ULBP2. [96]
Pharmacological activation of p53 triggers anticancer innate immune response through induction of
ULBP2 . Metadichol’s capacity to modulate TP53 expression in tumor cells, combined with NKG2D
upregulation on NK cells, creates a synergistic mechanism for enhanced tumor recognition and
elimination.

NKp80 (KLRF1), which showed 4.91-fold upregulation at 1 pg/ml (p<0.05), marks a critical
developmental checkpoint in NK cell maturation. NKp80 is a triggering receptor that cooperates with
natural cytotoxicity receptors (NCRs) to provide optimal NK cell activation.[97] NK cell receptors are
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tools to analyze NK cell development, subsets, and function, establishing NKp80 as a marker of the
Stage 2 to Stage 3 transition.[98] The strong correlation between NKp80 and CD117 (1=0.945) observed
in our dataset is consistent with this temporal expression pattern during NK development.

Toll-Like Receptor Modulation and NK Cell Priming

Metadichol’s regulatory network includes modulation of all Toll-like receptors (TLRs), which
has profound effects on NK cell activation and function. The integration of TLR, NCR, and KIR
signaling in NK cells demonstrates that TLR engagement primes NK cells for enhanced cytotoxicity.
[99] TLR3, TLR7, and NKG2D regulate IFN-vy secretion and cytotoxicity in human NK cells stimulated
with IL-12. [100] TLR7/8-mediated activation of human NK cells results in IFN-y production. [101]

The capacity of Metadichol to modulate TLR signaling provides an additional mechanism for
NK cell activation that complements the observed upregulation of activating receptors. TLR-
mediated priming enhances NK cell responsiveness to subsequent activating receptor engagement,
lowering the threshold for cytotoxic degranulation. This is particularly relevant in the context of
tumor immunosurveillance, where danger-associated molecular patterns (DAMPs) released by dying
tumor cells can engage TLRs on NK cells.

Transcription Factor Coordination: FOXO1, T-bet, and EOMES

The near-perfect correlation between T-bet and EOMES expression (1=0.957) observed in our
correlation analysis aligns with their established roles as cooperative master regulators of NK cell
development and function. T-bet and EOMES control key checkpoints of NK cell maturation, with
both transcription factors required for acquisition of full effector function. [102,103] These T-box
transcription factors share target genes including CD122, cytotoxic effector molecules (perforin,
granzymes), and cytokine genes (IFN-v).

FOXO1 serves as an important negative regulator in this transcriptional network. It has been
demonstrated that transcription factor FOXO1 is a negative regulator of NK cell maturation and
function.[104] CD226 regulates NK cell antitumor responses via phosphorylation-mediated
inactivation of FOXO1. [105] FOXO1 represses T-bet-mediated effector functions. [106] The interplay
between FOXO1, T-bet, and EOMES creates a regulatory circuit that controls the balance between NK
cell quiescence and activation.

Nuclear Receptor Signaling in NK Cell Development

Metadichol’s capacity to activate all 48 nuclear receptors, has significant implications for NK cell
biology. Rhee et al. reviewed the regulation of NK cell development and function by nuclear receptor
signaling, demonstrating that the vitamin D receptor (VDR), retinoic acid receptors (RARs), and other
nuclear receptors influence NK cell differentiation and effector function.[107] A recent publication
has characterized vitamin D receptor biology and signaling in immune function. [108] A-trans retinoic
acid enhances effector functions of human NK cells. [109]

Yamanaka Factors and Cellular Reprogramming Potential

A unique aspect of Metadichol’s mechanism involves its capacity to induce expression of
Yamanaka reprogramming factors (OCT4, SOX2, KLF4, c-MYC, NANOG). These defined factors
could induce pluripotent stem cells from somatic cells. [110] Metadichol acts as a natural ligand for
expression of Yamanaka reprogramming factors in human cardiac, fibroblast, and cancer cell lines.
[82] representing a non-viral approach to cellular reprogramming. The KLF family of transcription
factors, in particular, regulates T cell and NK cell activation, differentiation, and prevention of
exhaustion.
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Modulation of Inhibitory Receptor NKG2A

NKG2A, the major inhibitory receptor recognizing HLA-E on target cells, showed significant
downregulation at 100 pg/ml (p<0.01). This finding has important implications for NK cell functional
capacity. Anti-NKG2A monoclonal antibodies function as checkpoint inhibitors that promote anti-
tumor immunity by unleashing both T and NK cells. [111] NKG2A engagement recruits SHP-1 and
SHP-2 phosphatases that dephosphorylate signaling molecules downstream of activating receptors,
effectively blocking NKG2D-mediated and NCR-mediated activation. [112,113] The downregulation
of NKG2A at specific concentrations, combined with upregulation of activating receptors (NKG2D,
NKp80), shifts the balance toward NK cell activation.

Anti-Cancer Therapeutic Implications

The gene expression profile induced by Metadichol has significant implications for NK cell and
T cell regulation in anti-cancer therapy (Figure 15). The multi-pathway approach suggests several
therapeutic applications:

Enhancement of Immune Checkpoint Therapy: The combination of NKG2D upregulation
(13.39) and NKG2A downregulation (]0.79) mimics the functional effect of NKG2A checkpoint
inhibitors currently in clinical development. [114]

Improvement of Adoptive Cell Therapy: The dramatic enhancement of IL-15 responsiveness
through CD122 upregulation (116.97-fold) could significantly augment NK cell-based
immunotherapies, including CAR-NK and adoptive cell transfer approaches.

Metabolic Optimization: Metadichol’s modulation of the mTOR pathway provides metabolic
support for sustained anti-tumor activity while the DDIT4/REDD1 pathway prevents exhaustion.

Push-Pull Developmental Acceleration: The coordinated downregulation of early markers
with upregulation of mature effector markers accelerates the production of cytotoxic NK cells capable
of tumor cell recognition and killing.

NK CELL REGULATORY NETWORK

Metadichol Modulation of Gene Expression
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Figure 14.
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Metadichol’s regulatory effects on NK cell and T cell function in the context of anti-cancer
immunity, showing enhanced activation, metabolic support, and anti-exhaustion effects.
Integrated Mechanism of Metadichol Action

Integrating the observed expression changes with established NK cell regulatory networks and
Metadichol’s multi-pathway effects (Figure 15)

Metadichol-Mediated Gene Regulatory Network in NK Cell Development

(Red arrows: Activation - Green arrows: Inhibition)
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Figure 15. Gene regulatory network model depicting Metadichol-mediated modulatio.

Conclusions

Natural killer cells are indispensable sentinels of the innate immune system, providing critical
first-line defense against malignancies and viral infections. In cancer, NK cells perform essential
immunosurveillance functions, directly recognizing and eliminating tumor cells without prior
sensitization—a unique capability that has propelled NK cell-based therapies to the forefront of
cancer immunotherapy. Clinical applications including CAR-NK cells, adoptive NK cell transfer, and
NK cell engagers have demonstrated promising efficacy against hematological malignancies and
solid tumors, yet optimizing NK cell maturation and cytotoxic function remains a critical challenge.

The clinical success of these immunotherapies depends fundamentally on generating mature,
cytotoxically competent effector cells—a process critically dependent on IL-15 signaling. IL-15, acting
through its receptor containing CD122 (IL-2RB), governs NK cell survival, proliferation, and
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acquisition of effector function, making the IL-15/CD122 axis the central regulatory node in NK cell
biology.

This study demonstrates that Metadichol potently enhances this critical developmental
pathway. The 9.19-fold upregulation of CD122 dramatically amplifies IL-15 responsiveness, while
concurrent upregulation of NKG2D (8.59-fold) and NKp80 (4.91-fold) confirms accelerated
maturation toward functional cytotoxic phenotypes. Simultaneously, suppression of early progenitor
markers (CD127, CD45RA, CD7?) indicates developmental progression beyond IL-7-dependent stages
toward IL-15-dependent maturation.

Mechanistically, Metadichol achieves this through NF-kB-independent pathways, including
TLR-TRIF signaling, nuclear receptor activation, and the mTORC1—E4BP4—EOMES—CD122
positive feedback loop —enhancing IL-15 signaling without excessive inflammation.

The coordinated “push-pull” mechanism identified here represents a novel paradigm for NK
cell developmental manipulation, positioning Metadichol as a promising agent for enhancing NK
cell-based cancer immunotherapy and infectious disease treatment given its non toxic nature with a
LD50 greater than 5000 mg per kilo-[115,116]

Supplementary Materials: Raw data is available on request. The author is the founder of Nanorx Inc. and is a
major shareholder in the company. This study was conducted independently by a third-party external laboratory
on commercial terms to any eliminate bias in our results.

Abbreviations

Surface Markers & Receptors

Abbreviation Full Name

CD7 Cluster of Differentiation 7

CD10 Neprilysin/Membrane Metalloendopeptidase (MME)
CD34 Hematopoietic Progenitor Cell Antigen CD34

CD38 Cyclic ADP Ribose Hydrolase

CD45RA Protein Tyrosine Phosphatase Receptor Type C (naive isoform)
CD56 Neural Cell Adhesion Molecule (NCAM)

CD117 c-Kit; Stem Cell Factor Receptor

CD122 Interleukin-2 Receptor Beta (IL-2R[)

CD127 Interleukin-7 Receptor Alpha (IL-7Ra)

CD132 Common Gamma Chain (yc)

CD244 2B4/SLAMF4

CD314 NKG2D/KLRK1

CD336 NKp44/NCR2

CD337 NKp30/NCR3

IL1R1 Interleukin-1 Receptor Type 1

NCR Natural Cytotoxicity Receptor

NKG2A Natural Killer Group 2 Member A (CD159a/KLRC1)
NKG2D Natural Killer Group 2 Member D (CD314/KLRK1)
NKp30 Natural Killer Cell p30-Related Protein (NCR3/CD337)
NKp44 Natural Killer Cell p44-Related Protein (NCR2/CD336)
NKp46 Natural Killer Cell p46-Related Protein (NCR1/CD335)
NKp80 Natural Killer Cell p80-Related Protein (KLRF1)
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NKG2D Ligands
Abbreviation Full Name
MICA MHC Class I Chain-Related Protein A
MICB MHC Class I Chain-Related Protein B
ULBPs UL16-Binding Proteins (ULBP1-6)

Cytokines & Growth Factors

IFN-vy Interferon-Gamma

IL-2 Interleukin-2

IL-7 Interleukin-7

IL-15 Interleukin-15

SCF Stem Cell Factor

TNF-a Tumor Necrosis Factor-Alpha

Transcription Factors

Abbreviation Full Name

ATF4 Activating Transcription Factor 4

E4BP4 E4 Promoter-Binding Protein 4 (NFIL3)

EOMES Eomesodermin

FOXO1 Forkhead Box O1

FOXO03 Forkhead Box O3

IRF-1 Interferon Regulatory Factor 1

KLF2 Kriippel-Like Factor 2

KLF4 Kriippel-Like Factor 4

NF-xB Nuclear Factor Kappa-Light-Chain-Enhancer of Activated B
Cells

OCT4 Octamer-Binding Transcription Factor 4

SOX2 SRY-Box Transcription Factor 2

STAT5 Signal Transducer and Activator of Transcription 5

T-bet T-Box Transcription Factor 21 (TBX21)

TP53 Tumor Protein P53

Signaling Molecules & Kinases

Full Name

JAK1 Janus Kinase 1

JAK3 Janus Kinase 3

mTOR Mechanistic Target of Rapamycin

mTORC1 Mechanistic Target of Rapamycin Complex 1
mTORC2 Mechanistic Target of Rapamycin Complex 2
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REDD1 Regulated in Development and DNA Damage Responses 1
(DDIT4)
TBK1 TANK-Binding Kinase 1
TRIF TIR-Domain-Containing Adapter-Inducing Interferon-3
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Nuclear Receptors

PPAR Peroxisome Proliferator-Activated Receptor

PPARYy Peroxisome Proliferator-Activated Receptor Gamma
RAR Retinoic Acid Receptor

VDR Vitamin D Receptor

Toll-Like Receptors

TLR Toll-Like Receptor

TLR2 Toll-Like Receptor 2
TLR3 Toll-Like Receptor 3
TLR4 Toll-Like Receptor 4

Housekeeping & Reference Genes

ACTB Actin Beta

B2M Beta-2-Microglobulin

GAPDH Glyceraldehyde-3-Phosphate Dehydrogenase
HPRT1 Hypoxanthine Phosphoribosyltransferase 1

Cell Types & Developmental Stages

CAR-NK Chimeric Antigen Receptor Natural Killer Cell

CLP Common Lymphoid Progenitor

HSC Hematopoietic Stem Cell

iNK Immature Natural Killer Cell

NK Natural Killer

NKP Natural Killer Progenitor

PBMC Peripheral Blood Mononuclear Cell
Techniques & Methods

cDNA Complementary DNA

EDTA Ethylenediaminetetraacetic Acid

FBS Fetal Bovine Serum

PBS Phosphate-Buffered Saline

qRT-PCR Quantitative Real-Time Polymerase Chain Reaction

RNA Ribonucleic Acid

SEM Standard Error of the Mean
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Clinical & Disease Terms

Abbreviation Full Name

AML Acute Myeloid Leukemia

DAMP Damage-Associated Molecular Pattern

HLA-E Human Leukocyte Antigen-E

MHC Major Histocompatibility Complex
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