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Abstract: In the United States, an estimated 38 million individuals (10% of the population)
have type 2 diabetes mellitus (T2D), while approximately 97.6 million adults (38%) have
prediabetes. Long noncoding RNAs (IncRNAs) are critical regulators of gene expression
and metabolism. We were the first to demonstrate that IncRNA Growth Arrest-Specific
Transcript 5 (GAS5 (human)/gas5 (mouse)) is decreased in the serum of T2D patients and
established GAS5 as a biomarker for T2D diagnosis and onset prediction, now validated
by other groups. We further demonstrated that GAS5 depletion impaired glucose uptake,
decreased insulin receptor levels, and inhibited insulin signaling in human adipocytes,
highlighting its potential as a therapeutic target in T2D. To address this, we developed
NPC86, a small-molecule compound that stabilizes GAS5 by disrupting its interaction
with UPF-1, an RNA helicase involved in nonsense-mediated decay (NMD) that regulates
RNA stability. NPC86 increased GAS5 and insulin receptor (IR) levels, enhanced insulin
signaling, and improved glucose uptake in vitro. In this study, we tested the efficacy of
NPC86 in vivo in a diet-induced obese diabetic (DIOD) mouse model, and NPC86 treatment
elevated gas5 levels, improved glucose tolerance, and enhanced insulin sensitivity, with
no observed toxicity or weight changes. A transcriptomics analysis of adipose tissue
revealed the upregulation of insulin signaling and metabolic pathways, including oxidative
phosphorylation and glycolysis, while inflammatory pathways were downregulated. These
findings highlight NPC86’s therapeutic potential in T2D.

Keywords: type 2 diabetes mellitus (T2D); long noncoding RNA (IncRNA); gas5; insulin
resistance; glucose metabolism; NPC86; diet-induced obese diabetic (DIOD); RNA sequencing
(RNAseq); metabolic pathways; inflammation and insulin signaling

1. Introduction

Diabetes is a chronic and progressive metabolic disorder characterized by hyper-
glycemia due to impaired insulin secretion, insulin action, or both [1]. Type 2 diabetes
mellitus (T2D) accounts for approximately 90-95% of all adult diabetes cases globally and
remains a significant public health issue [2]. In the United States, an estimated 38 million
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individuals, or about 10% of the population, are living with T2D, while approximately
38% of adults—totaling 97.6 million people—have prediabetes [3]. Additionally, it was
projected that prediabetes will continue to rise among the population, potentially reaching
107.7 million individuals by 2030 [4].

The prevalence of diabetes is associated with a broad spectrum of complications,
including cardiovascular disease, nephropathy, neuropathy, retinopathy, and impaired
wound healing, which contribute to high morbidity and mortality rates [5]. The burden of
T2D is even more pronounced among veterans, with one in four veterans with diabetes,
compared to the 1 in 10 rate seen in civilian populations [6]. Additionally, a staggering
78% of veterans are classified as obese, a major risk factor for diabetes progression [7,8].
The increased incidence of T2D in the veteran population can be attributed to a combi-
nation of service-related risk factors, including chronic injuries, psychological stressors,
and hazardous environmental exposures that are unique to military service [9]. Given the
increasing prevalence of T2D and its complications, there is an urgent need for novel thera-
peutic strategies that go beyond symptom management [10]. Current treatments primarily
focus on glycemic control and reducing the risk of complications [11]. Despite significant
advancements in diabetes care, no curative treatment exists, and many patients experience
progressive disease worsening over time [12,13]. Therefore, identifying molecular targets
that can modulate early metabolic changes of T2D pathophysiology remains a critical area
of research. Long noncoding RNAs (IncRNAs) are multifunctional molecular regulators
of cellular processes, and their aberrant expression is shown to be associated with disease
states.

LncRNAs represent a diverse class of RNA molecules, exceeding 200 nucleotides
in length, that are not translated to protein. LncRNAs are key regulators of gene ex-
pression, cellular physiology, and pathogenesis [10-15]. Growth Arrest-Specific 5 (GAS5
(human)/gas5 (mouse)) is a IncRNA with multiple biological functions, including regu-
lation of cell proliferation and survival, as well as its potential involvement in disease
pathogenesis [16]. The GAS5 gene also harbors encoding sequences for an array of small
nucleolar RNAs (snoRNAs) [17]. Despite the generation of multiple GAS5 transcript iso-
forms via alternative splicing, exon 12—the final exon—remains consistently preserved
and displays a high level of conservation across mouse and human genomes [18]. None of
the GASS splice variants undergo translation into protein due to a premature termination
codon (PTC), rendering gas5 susceptible to nonsense-mediated RNA decay (NMD) [19].
UPF-1, a pivotal helicase responsible for NMD, binds to the 3’ region of gas5, initiating the
NMD process. The regulation of GASS levels is governed by its degradation process [20].

We were the first research group to demonstrate that GAS5 expression was significantly
reduced in both the serum of T2D patients [21] and diabetic adipocytes [22]. Additionally,
we identified GAS5 as a key regulator of insulin signaling and insulin receptor expression in
human adipocytes, highlighting its potential as a therapeutic target [22]. Subsequent studies
have independently confirmed our findings, consistently reporting decreased GASS5 levels
in T2D, reinforcing its potential role in T2D pathogenesis [23-26]. To counteract GAS5
downregulation, we developed NPC86, a small-molecule compound that stabilizes GAS5
by preventing its degradation by UPF1 via the nonsense-mediated pathway (NMD). NPC86
disrupts the interaction between GAS5 and UPF-1, thereby stabilizing GAS5 levels. In
diabetic adipocytes, NPC86 increases GASS levels, enhancing insulin receptor expression
and insulin signaling [22].

To assess the in vivo efficacy of NPC86 in this study, we evaluated the systemic effects
of NPC86 in a diet-induced obese diabetic (DIOD) C57BL /6] mouse model. We evaluated
the target engagement, safety, and efficacy of NPC86. We undertook a transcriptomics
analysis to identify the genes and pathways affected by NPC86 treatments. Our results
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establish NPC86 as a promising therapeutic strategy to enhance gas5 expression, improve
insulin sensitivity, and mitigate metabolic dysfunction in T2D.

2. Results
2.1. DIOD Mice Have Impaired Glucose Tolerance and Low Gas5 Expression Across Multiple Tissues

To assess the impact of DIOD on systemic metabolic function, we performed an
Intraperitoneal Glucose Tolerance Test (IPGTT) on lean non-diabetic (ND) and diet-induced
obese diabetic (DIOD) C57BL/6] mice. Following a two-week acclimation period, the
mice were fasted for 8 h before receiving an intraperitoneal injection of D-glucose solution
(2 g/kg body weight). Blood samples were collected from the tail vein at 0, 30, 60, and
120 min post-injection to assess glucose clearance. The IPGTT analysis revealed (Figure 1a)
that the DIOD mice exhibited significant impairments in glucose clearance compared to
their ND counterparts, as quantified by the area under the curve (AUC) for blood glucose
levels. AUC calculations confirmed a higher glucose exposure over time in the DIOD mice,
indicating prolonged hyperglycemia and reduced glucose disposal.
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Figure 1. DIOD impairs glucose tolerance and downregulates gas5 expression in multiple tis-
sues. (a) Intraperitoneal Glucose Tolerance Test (IPGTT) in ND and DIOD C57BL/6] mice af-
ter an 8 h fast followed by intraperitoneal glucose injection (2 g/kg body weight). The area
under the curve (AUC) was calculated to quantify glucose exposure over time using the trape-
zoidal rule, following the formula: AUC (mmol/L*min) = 1/2 x (BG 0 min + BG 30 min) X
30 min + 1/2 x (BG 30 min + BG 60 min) x 30 min + 1/2 x (BG 60 min + BG 90 min) x 30 +
1/2 x (BG 90 min + BG 120 min) x 30 min, where BG represents blood glucose values at each re-
spective time point. A statistical analysis was performed in GraphPad Prism using an unpaired t-test.
The data are presented as mean & SEM; n = 3 per group; ** p < 0.01. (b) Total RNA was extracted from
the adipose tissue of the ND and DIOD mice (1 = 3 per group). Real-time qPCR was performed in
triplicate using SYBR Green to measure the absolute quantification of gas5 expression and normalized
to GAPDH. A statistical analysis was performed in GraphPad Prism using unpaired f-test. The data
are presented as mean £ SEM; n = 3 per group; * p < 0.05, ** p < 0.01; ns = not significant.

Previously, our group demonstrated the downregulation of IncRNA GAS5 in human
diabetic adipocytes, highlighting its potential role in metabolic dysregulation. To extend
these findings, we evaluated gas5 expression in adipose tissue, heart, liver, spleen, and
kidney samples from the ND and DIOD C57BL/6] mice using RT-qPCR. Our results
(Figure 1b) demonstrated significant suppression of gas5 expression in the adipose, heart,
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kidney, and spleen tissues of the DIOD mice compared to their ND counterparts. However,
no significant changes in gas5 expression were observed in the liver samples, suggesting
that gas5 dysregulation in response to metabolic stress is tissue-specific in our cohort of
DIOD mice. Our results also show varying levels of gas5 across organs, comparing ND to
DIOD. The observed downregulation of gas5 across multiple tissues further implicates its
potential role in the systemic metabolic alterations associated with diabetes.

2.2. NPC86 Treatment Increases Gas5 Expression in the Adipose, Cardiac, Renal, and Spleen
Tissues of DIOD Mice

We have previously demonstrated the design and development of NPC86, a
small-molecule compound that stabilizes GAS5 by inhibiting UPF1 binding to the
GASS 3’ region [22]. Given the observed suppression of gas5 expression in DIOD mice, we
sought to determine whether NPC86 could upregulate its levels systemically. The DIOD
mice were treated with intraperitoneal injections of NPC86 at doses of 200 ng/kg b.w.,
500 ng/kg b.w., and 1 pg/kg b.w. daily for five consecutive days. An RT-qPCR analysis of
RNA extracted from the adipose, heart, spleen, and kidney tissues revealed a tissue-specific
response to NPC86 treatment (Figure 2). Notably, the liver did not show a response consis-
tent with prior observations in the untreated DIOD mice. In the adipose tissue, the gas5
levels showed a modest increase at 200 ng/kg NPC86 but were significantly upregulated
at 500 ng/kg b.w. and 1 pg/kg b.w., indicating a dose-dependent response. The highest
expression was observed at 1 pg/kg b.w., suggesting that higher doses more effectively
increased the gas5 levels in the DIOD mice. In kidney and spleen, the gas5 levels were
markedly increased at all doses. In the heart, gas5 expression followed a dose-dependent
trend, showing notable upregulation at 200 ng/kg b.w., which was further enhanced at
500 ng/kg b.w. At 1 pg/kg b.w., expression remained elevated but did not exceed the
500 ng/kg response. These findings confirm that NPC86 enhances gas5 expression in
a tissue-specific manner, with spleen, kidney, heart, and adipose tissue showing signifi-
cant responses. The data suggest that lower doses (200-500 ng/kg b.w.) are optimal for
upregulating gas5 levels, while higher doses (1 ug/kg b.w.) do not provide additional
regulatory effects.

2.3. Histopathological Analysis and Stable Body Weight Confirm NPC86 Safety

To evaluate the safety of NPC86, we conducted a histological analysis using hema-
toxylin and eosin (H&E) staining of liver, spleen, kidney, heart, and adipose tissues from
DIOD mice and DIOD mice treated with NPC86. Across all examined tissues, the histologi-
cal analysis (Figure 3a) demonstrated preserved architecture, with no evidence of toxicity.
The liver and spleen sections displayed normal histological features without any signs
of structural disruptions. An examination of the kidney tissues revealed no pathological
changes. The cardiac tissue maintained its characteristic myocardial architecture, and the
adipose tissue displayed normal adipocyte morphology. In addition to the histopatho-
logical analysis, body weight measurements remained stable across all treatment groups
throughout the duration of the study (Figure 3b). Collectively, these findings provide strong
evidence supporting the safety of NPC86, reinforcing its potential for further therapeutic
development.

2.4. NPC86 Improves Glucose Tolerance in DIOD Mice

After completing a 5-day NPC86 treatment regimen, we reassessed glucose metabolism
by performing IPGTT across the DIOD and NPC86-treated groups to determine the effect
of NPC86 on systemic glucose regulation. Prior to treatment, the DIOD mice exhibited
significant glucose intolerance, as indicated by their delayed return to baseline glucose
levels following glucose administration. Using the same IPGTT protocol, a post-treatment
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analysis demonstrated that NPC86 significantly improved glucose clearance in the DIOD
mice. Compared to their pre-treatment profiles, the NPC86-treated DIOD mice exhibited a
response trajectory that resembled that of the ND mice, indicating that NPC86 enhances glu-
cose metabolism and may ameliorate insulin resistance in diet-induced obesity (Figure 4).

2.5. NPC86 Improves Metabolic Function in DIOD Mice: Insights from an RNAseq Analysis

To understand the transcriptomic impact of NPC86, we isolated RNA from the adipose
tissue of ND mice, DIOD mice, and DIOD mice treated with NPC86 (500 ng/kg b.w. and
1 ug/kg b.w.). Isolated RNA samples were processed using next-generation RNA sequenc-
ing (RN Aseq), which provided significant insights into the differentially expressed genes
and pathways affected in DIOD and DIOD + NPC86 treatment. The results show substan-
tial fold enrichment in several pathways critical to metabolism and disease pathogenesis,
such as insulin signaling (3.5-fold), AMPK (4.6-fold), oxidative phosphorylation (7.80-fold),
cholesterol metabolism (4.75-fold), pyruvate metabolism (5.29-fold), and overall metabolic
pathways (2.45-fold). Carbon metabolism (5.2-fold) was also enriched, along with glycoly-
sis/gluconeogenesis (3-fold), fat digestion and absorption (3.4-fold), cGMP-PKG signaling
(2.1-fold), and fatty acid biosynthesis (3.8-fold), indicating a broad spectrum of metabolic
processes influenced by NPC86 treatment in DIOD mice.
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Figure 2. Total RNA was extracted from the kidney, spleen, heart, adipose, and liver tissues of DIOD
and DIOD + NPC86 (200 ng/kg, 500 ng/kg, or 1 pug/kg) mice. Real-time qPCR was performed in
triplicate using SYBR Green to measure the absolute quantification of gas5 expression and normalized
to GAPDH. A statistical analysis was performed using a one-way ANOVA in GraphPad Prism. The

data are presented as mean £ SEM; n = 3 per group; * p < 0.05, ** p < 0.01, *** p < 0.001 **** p < 0.0001;
ns = not significant.
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Figure 3. NPC86 treatment shows no signs of toxicity and does not alter body weight. (a) Repre-
sentative hematoxylin and eosin (H&E)-stained sections of adipose, kidney, liver, spleen, and heart
tissues from DIOD mice (bottom row) and NPC86-treated (500 ng/kg b.w.) DIOD mice (top row).
(b) Body weight was measured at baseline and following a 5-day treatment regime with NPC86
treatment (200 ng/kg, 500 ng/kg, and 1 pg/kg) in DIOD mice. A statistical analysis was performed
in GraphPad Prism using paired ¢-test. The data are presented as mean £ SEM; n = 3 per group.
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Figure 4. NPC86 improves glucose clearance in DIOD mice. (a) Blood glucose levels were measured
during an intraperitoneal glucose tolerance test (IPGTT) following an 8 h fasting period. The mice
received an intraperitoneal injection of D-glucose (2 g/kg body weight), and blood glucose levels
were recorded at 0, 30, 60, 90, and 120 min post-injection. Data are presented as mean + SEM
(n = 3 per group). (b) The area under the curve (AUC) was calculated to quantify glucose exposure
over time using the trapezoidal rule, following the formula: AUC (mmol/L*min) =1/2 x (BG 0 min +
BG 30 min) x 30 min + 1/2 x (BG 30 min + BG 60 min) x 30 min + 1/2 x (BG 60 min + BG 90 min) X
30 + 1/2 x (BG 90 min + BG 120 min) x 30 min, where BG represents blood glucose values at
each respective time point. Statistical comparisons between groups were performed using one-way
ANOVA, n = 3 per group. Statistical significance is indicated as * p < 0.05 and ** p < 0.01.

To visualize these transcriptomic changes, multiple analytical approaches were ap-
plied. A confusion matrix (Figure 5a) and hierarchical clustering heatmap (Figure 5b)
demonstrated that the NPC86-treated DIOD mice exhibited an expression profile distinct
from that of the untreated DIOD mice and more closely aligned with that of the ND controls.
This finding suggests that NPC86 may effectively reprogram the transcriptome toward a
metabolically healthier state.
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Figure 5. Distance heatmap, hierarchical clustering, differential gene expression, and pathway
enrichment analysis of RNAseq data. (a) Distance heatmap showing the correlation of samples
within their respective groups. The color scale ranges from blue (low correlation) to red (high
correlation), with hierarchical clustering applied to group samples with similar transcriptomic
signatures. (b) Hierarchical clustering heatmap of differentially expressed genes across experimental
conditions. Rows represent genes, and columns represent individual samples. The expression values
are Z-score-normalized, with red indicating upregulation and yellow indicating downregulation.
The clustering demonstrates that the NPC86-treated (500 ng/kg b.w. and 1 pg/kg b.w.) DIOD mice
exhibit a gene expression profile distinct from that of the untreated DIOD mice and more closely
aligned with that of the ND controls, suggesting that NPC86 treatment reprograms the transcriptome
toward a metabolically healthier state. (¢) Venn diagram illustrating the overlap of differentially
expressed genes (DEGs) among the experimental groups. The analysis shows that 1006 genes
were downregulated in the DIOD mice compared to in the ND controls, while NPC86 treatment
(500 ng/kg b.w. and 1 pug/kg b.w.) upregulated 517 genes, indicating a partial reversal of DIOD-
associated transcriptional changes. Additionally, 555 genes that were upregulated in the DIOD mice
compared to the ND controls were significantly downregulated following NPC86 treatment. A total
of 534 genes overlapped between the groups, representing core transcriptional changes induced by
NPC86 to promote metabolic balance. (d) Pathway enrichment heatmap displaying differentially
regulated metabolic, inflammatory, and signaling pathways across experimental groups. The color
scale represents log-transformed false discovery rate (FDR) —adjusted p-values, indicating pathway
significance. Key metabolic pathways such as insulin signaling, AMPK signaling, and the biosynthesis
of amino acids were enriched, suggesting that NPC86 plays a role in restoring metabolic homeostasis
in DIOD mice.
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The differential gene expression analysis, represented by a Venn plot (Figure 5c), re-
vealed a substantial overlap between genes regulated in response to NPC86 treatment. In
the DIOD mice, 1006 genes were downregulated compared to in the ND controls, while
NPC86 treatment upregulated 517 genes, demonstrating a partial reversal of DIOD-induced
dysregulation. Furthermore, 555 genes that were upregulated in the DIOD mice compared
to that in the ND controls were significantly downregulated following NPC86 adminis-
tration. Notably, 534 genes overlapped across groups, highlighting core transcriptional
changes induced by NPC86 that enhance metabolic balance.

A pathway enrichment heatmap (Figure 5d) further demonstrated that key metabolic,
inflammatory, and signaling pathways were differentially regulated across experimental
groups. Several pathways critical to metabolism and disease pathogenesis were enriched,
supporting the role of NPC86 in regulating metabolic homeostasis.

These changes aligned with the improvements in insulin sensitivity and metabolic
homeostasis. NPC86 treatment reversed the downregulation of insulin signaling (Figure 6a),
PI3K-Akt signaling, and AMPK pathways observed in DIOD mice, modulating pathways
critical to glucose homeostasis, lipid metabolism, and mitochondrial function. Additionally,
genes involved in cellular stress responses and immune system regulation were signifi-
cantly modulated, suggesting that NPC86 plays a role in both metabolic and inflammatory
reprogramming.

Key insulin signaling genes (Figure 6b), such as INSR, IRS3, Pik3cb, and Sorbs1, were
significantly upregulated following NPC86 treatment, showing fold changes consistent with
improved insulin sensitivity. Gys2 and Pde3b, which were downregulated in DIOD mice,
were upregulated following NPC86 treatment, indicating enhanced glycogen synthesis and
lipid signaling regulation [27,28]. Notably, Slc2a4 (GLUT4), a critical glucose transporter,
showed a significant increase in expression in the NPC86-treated mice compared to that
in the DIOD controls, suggesting enhanced glucose uptake capacity in adipose tissue [29].
NPC86 treatment significantly modulated the MAPK pathway, a key regulator of metabolic
stress responses (Figure 6c,d). Notably, Rasgrp2 expression was upregulated, suggesting a
potential role in enhancing cellular adaptation to metabolic stress [30].

Within the framework of affected pathways, we identified several genes in glycoly-
sis and the TCA cycle that were dysregulated in DIOD mice and modulated by NPC86
(Figure 6e). Genes involved in glycolysis and the TCA cycle that were dysregulated in
DIOD mice, such as Pgam1, Cs, Idh3g, Mdh2, Ogdh, Sdha, and Idh3a, were significantly
upregulated following NPC86 treatment, suggesting enhanced glycolytic flux and mito-
chondrial energy production. Genes involved in lipid metabolism, such as Lpl and Abcal,
were significantly changed in DIOD vs. DIOD + NPC86 mice. Both genes, which were
downregulated in DIOD mice, exhibited enhanced expression levels in NPC86-treated
mice, suggesting enhanced lipid metabolism and cholesterol efflux, respectively [31,32].
Additionally, Acox1, involved in peroxisomal beta-oxidation, and Pparg, a key regulator of
adipogenesis and insulin sensitivity, showed increased expression with NPC86 treatment,
highlighting improvements in lipid signaling and fatty acid metabolism [33,34]. Genes in-
volved in oxidative stress response, including Txn1, Prdx1, and Gpx1, were also significantly
upregulated with NPC86 treatment. These genes play key roles in counteracting oxidative
damage and maintaining cellular homeostasis, suggesting that NPC86 may contribute to
improved oxidative stress resilience in adipose tissue [35-38].

The observed changes extended to pathways that regulate metabolic flexibility and
stress responses. Tsc2, a key player in the AMPK and mTOR signaling pathways, dis-
played increased expression patterns, further implicating NPC86 in enhancing metabolic
resilience [39,40]. Additionally, genes such as Aco2 and Sdhc, which regulate oxidative
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phosphorylation and mitochondrial function, were significantly modulated by NPC86,
indicating improved mitochondrial efficiency and reduced oxidative stress [41,42].
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Figure 6. Impact of NPC86 on insulin signaling and inflammatory pathways in adipose tissue.
(a) KEGG pathway diagrams illustrating changes in the insulin signaling pathway in the DIOD
(top) and DIOD + NPC86 (500 ng/kg b.w. and 1 ug/kg b.w.; bottom) groups. The color gradient
represents log2 fold changes in gene expression, with red indicating upregulation and green indicating
downregulation. (b) Bar plot illustrating fold-change values of differentially expressed genes (DEGs)
involved in insulin signaling (DIOD vs. DIOD + NPC86 (500 ng/kg b.w. and 1 ug/kg b.w.) mice). The
x-axis represents the log2 fold-change in gene expression between the DIOD and NPC86-treated mice.
Positive values indicate genes that are upregulated following NPC86 treatment, whereas negative
values represent genes that are downregulated. (¢) KEGG pathway analysis of the MAPK signaling
pathway in DIOD (left) and NPC86-treated (500 ng/kg b.w. and 1 pg/kg b.w.; right) mice. Colored
boxes indicate log?2 fold-change values, with red representing upregulation and green representing
downregulation of gene expression. (d) Bar plot showing fold-change values of genes involved in the
MAPK signaling pathway between DIOD and DIOD + NPC86 mice (500 ng/kg b.w. and 1 ug/kg
b.w.). Positive values indicate upregulation, while negative values indicate downregulation following
NPCB86 treatment, highlighting its regulatory effects on MAPK-related gene expression. (e) Bar plot
showing the number of upregulated and downregulated genes involved in key cellular metabolic
pathways in DIOD vs. DIOD + NPC86-treated mice (500 ng/kg b.w. and 1 pug/kg b.w.). The x-axis
represents the number of differentially expressed genes (DEGs), while the bars indicate whether
genes were upregulated or downregulated following NPC86 treatment.

NPCB86 also had a pronounced effect on inflammatory gene networks, as illustrated by
chord diagrams depicting gene—pathway interactions related to inflammation (Figure 7).
Compared to the untreated DIOD mice, the NPC86-treated mice exhibited a significant
downregulation of genes involved in acute inflammation, respiratory burst, and immune
activation. A pathway enrichment analysis confirmed that key inflammatory pathways,
including cytokine signaling and stress-response pathways, were significantly repressed
following NPC86 administration, suggesting that NPC86 exerts an anti-inflammatory effect
in adipose tissue. Notably, NPC86 treatment significantly downregulated key inflamma-
tory genes in adipose tissue, particularly those involved in acute inflammation, cytokine
signaling, and immune activation.

2.6. NPC86 Enhances Insulin Receptor Expression in DIOD Mice

To validate the transcriptomic findings and assess the impact of NPC86 on insulin
signaling, we quantified the IR mRNA and protein levels in adipose tissue. An RT-qPCR
analysis of total RNA extracted from the adipose tissue of DIOD and NPC86-treated DIOD
mice (200 ng/kg b.w.) revealed a significant increase in IR mRNA levels following NPC86
administration (Figure 8a). These transcript-level findings were further supported at the
protein level by an automated Western blot analysis using the ProteinSimple JESS system.
Western blot quantification confirmed a marked elevation in IR protein expression in the
NPC86-treated mice (200 ng/kg b.w.) compared to that in the untreated DIOD controls
(Figure 8b), consistent with the RN Aseq data demonstrating an upregulation of INSR, the
gene encoding the insulin receptor.
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Figure 7. NPC86 modulates inflammatory gene networks in adipose tissue. Chord diagrams depict
gene-pathway interactions related to inflammatory responses in DIOD (left) and NPC86-treated
(right) mice. Each arc represents a gene associated with a specific inflammatory pathway, color-
coded according to its pathway classification. Compared to the DIOD mice, the NPC86-treated mice
exhibit a pronounced downregulation of genes involved in acute inflammation, respiratory burst,
and immune activation. The pathway enrichment analysis highlights the significant repression of key
inflammatory pathways, including cytokine signaling and stress-response pathways, in the NPC86-
treated mice. The bar plot illustrates the enrichment of inflammatory response-related pathways.
The x-axis represents the number of DEGs associated with each pathway, while the color gradient
represents the statistical significance (—log10(p-value)). NPC86 treatment significantly downregulated
pathways related to inflammation, including acute inflammatory response and positive regulation of
inflammatory response, supporting its role in mitigating inflammation-associated dysregulation.
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Figure 8. NPC86 enhances insulin receptor expression in DIOD mice. (a) Total RNA was extracted
from the adipose tissue of DIOD and DIOD + NPC86 mice (200 ng/kg b.w.). Real-time qPCR was
performed in triplicate using SYBR Green to measure the absolute quantification of IR expression
and normalized to GAPDH. A statistical analysis was performed in GraphPad Prism using an
unpaired t-test (n = 3 per group). The data are presented as mean + SEM; * p < 0.05. (b) An
automated Western blot analysis using JESS was performed on adipose tissue from DIOD and
DIOD + NPC86 (200 ng/kg b.w.) mice using antibodies against IR and (3-actin. Representative blots
and the quantification of chemiluminescence units are shown. A statistical analysis was performed in
GraphPad Prism using an unpaired t-test (1 = 3 per group). The data are presented as mean + SEM,
with statistical significance indicated as * p < 0.05.

2.7. NPC86 Enhances AKT Phosphorylation in DIOD Mice

Since NPC86 treatment increased IR, we evaluated the impact of NPC86 treatment
on insulin signaling. We conducted an automated Western blot analysis using the Protein-
Simple JESS system to quantify phosphorylated AKT at Ser473 (p-AKT) and total AKT
(1/2/3) levels in adipose tissue. Since AKT phosphorylation is a critical step in insulin
signaling, increased p-AKT levels indicate enhanced activation of this pathway, which is
essential for glucose uptake and metabolic regulation. Our results (Figure 9) demonstrated
a significant increase in p-AKT levels in the NPC86-treated DIOD mice compared to that in
the untreated DIOD controls. These findings align with our RNAseq results, which showed
upregulation of key insulin signaling components in response to NPC86 treatment. These
results demonstrate that NPC86 enhances insulin sensitivity by stabilizing gas5 levels.

p-AKT/AKT Automated Western
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Figure 9. NPC86 treatment increases pAKT/AKT in DIOD mice. An automated Western blot analysis
using JESS was performed on adipose tissue from DIOD and DIOD + NPC86 mice using antibodies
against p-AKT (Ser473), total AKT (1/2/3), and B-actin. The phosphorylated AKT to total AKT
(p-AKT/AKT) ratio is significantly elevated following NPC86 treatment (1 pug/kg b.w.). Representa-
tive blots and quantification are provided. A statistical analysis was performed in GraphPad Prism
using an unpaired t-test (n = 3 per group). The data are presented as mean &+ SEM, with statistical
significance indicated as ** p < 0.01.
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2.8. NPC86 Reduces Inflammatory Cytokines in DIOD Mice

The RN Aseq analysis indicated that NPC86 treatment downregulated pro-inflammatory
pathways. To determine the impact of NPC86 on inflammatory signaling, we first quantified
the IL-1$3 protein levels in adipose tissue using automated Western blotting in Protein-
Simple JESS. IL-1f3 expression was significantly lower in the NPC86-treated DIOD mice
(500 ng/kg b.w.) compared to that in the untreated DIOD mice (p < 0.001), indicating a
strong anti-inflammatory effect (Figure 10a).
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Figure 10. NPC86 reduces IL-1f3 protein levels. (a) An automated Western blot analysis using JESS
was performed on adipose tissue from DIOD and DIOD + NPC86 (500 ng/kg b.w.) mice using
antibodies against IL-13 and GAPDH. Representative blots and quantification are displayed. A
statistical analysis was performed in GraphPad Prism using an unpaired t-test (n = 3 per group). The
data are presented as mean + SEM, with statistical significance indicated as *** p < 0.001. (b) The
serum concentrations of IL-13, GM-CSF, G-CSF, and MCP-1 were measured by ELISA in DIOD
and DIOD + NPC86 (500 ng/kg and 1 ug/kg b.w.) mice. A statistical analysis was performed in
GraphPad Prism using an unpaired t-test (1 = 3 per group). The data are presented as mean + SEM,
with statistical significance indicated as * p < 0.05, ** p < 0.01.

Then, to assess whether NPC86 also exerted systemic anti-inflammatory effects, we
performed an ELISA-based quantification of circulating cytokines in the serum of DIOD and
DIOD + NPC86 (500 ng/kg and 1 pug/kg b.w.) mice, including IL-13, GM-CSFE, G-CSF, and
MCP-1 (Figure 10b). Compared to untreated DIOD mice, NPC86 significantly reduced the
serum levels of IL-1f3 and GM-CSE. IL-1f3 plays a critical role in coordinating both immune
and metabolic functions by influencing insulin production. Additionally, the induction
of 3-cell death by IL-1f, is known to contribute to the onset and progression of type
2 diabetes [43,44]. The serum levels of GM-CSF are known to be elevated in individuals
with T2D and correlate positively with glycated hemoglobin, underscoring its association
with glycemic dysregulation [45]. However, the MCP-1 and G-CSF levels did not show
significant changes following NPC86 treatment.
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3. Discussion

The increasing prevalence of type 2 diabetes mellitus (T2D) presents a significant
public health challenge, reinforcing the urgent need for therapeutic strategies that target the
molecular drivers of insulin resistance. In the United States, T2D affects nearly 38 million
individuals, with veterans experiencing more than four times the national incidence rate,
placing them at disproportionately higher risk for metabolic complications.

In this context, long non-coding RNAs (IncRNAs) have gained recognition as key reg-
ulators of metabolic pathways. Among them, Growth-Arrest Specific Transcript 5 (GAS5),
a member of the 5'-terminal oligopyrimidine (5'TOP) gene family, has emerged as a crucial
modulator of cellular growth, immune response regulation, and apoptosis. GAS5 plays a
key role in insulin signaling and metabolic regulation, and its downregulation has been
implicated in metabolic dysregulation in diabetic models [46]. Previously, we demon-
strated that GAS5 downregulation contributes to impaired insulin signaling and metabolic
dysfunction in human adipocytes, positioning it as a potential therapeutic target.

We developed NPC86, a small-molecule compound designed to stabilize GAS5 expres-
sion by preventing its degradation, thereby enhancing its regulatory functions in insulin
signaling and metabolic homeostasis. Previously, we demonstrated the binding properties,
specificity, and kinetics of NPC86. We showed that NPC86 was highly specific to gas5
and did not affect other IncRNAs, such as MALAT1 and NEAT1, in adipocytes. NPC86
represents a pioneering RNA-targeting small molecule for metabolic diseases. In this study,
we investigated the effects of NPC86 on GAS5 expression, insulin sensitivity, mitochondrial
function, and inflammation in DIOD mice, providing novel insights into the therapeutic
potential of IncRNA-targeting strategies.

Our study confirmed a systemic reduction in gas5 expression across multiple metabolic
tissues in DIOD mice, including adipose, heart, kidney, and spleen, while liver gas5 levels
remained unchanged. These findings suggest that IncRNA dysregulation contributes to
obesity-associated metabolic dysfunction. NPC86 treatment significantly increased gas5
expression in adipose tissue, the heart, the kidneys, and the spleen, reinforcing its ability to
stabilize gas5 in a tissue-specific manner. Hepatic gas5 levels did not vary between ND
and DIOD, and no change was observed with NPC86 treatment.

Impaired insulin receptor (IR) signaling and AKT phosphorylation are hallmarks of
insulin resistance [47,48]. The RN Aseq analysis showed increased fold enrichment in key
metabolic pathways, including insulin signaling, in response to NPC86 treatment. The
RNAseq results were verified using qPCR and automated Western blots.

Glucose tolerance tests (IPGTT) further validated these findings, showing that NPC86-
treated DIOD mice exhibited improved glucose clearance compared to untreated DIOD
mice. These results suggest that NPC86 promotes insulin responsiveness by increasing
gasb levels and increasing insulin receptor activity in DIOD mice.

Beyond insulin signaling, NPC86 significantly influenced mitochondrial function and
inflammatory responses in DIOD mice. The RNAseq analysis revealed the positive modula-
tion of oxidative phosphorylation, glycolysis, and lipid metabolism pathways, suggesting
that NPC86 enhances mitochondrial energy production and glucose utilization. Given that
mitochondprial dysfunction is a hallmark of insulin resistance, these findings support the
role of gas5 in mitochondrial regulation, in concurrence with a study demonstrating its
mitochondrial localization and role in mitochondrial metabolic regulation [49].

Diabetes-related metabolic disorders are characterized by mitochondrial dysfunction
and oxidative stress, leading to impaired ATP production and increased insulin resis-
tance [50]. Our findings show that NPC86 upregulated genes involved in mitochondrial
energy metabolism, including Pgam1, Cs, Idh3g, and Sdha, supporting the hypothesis that
gasb5 is involved in mitochondrial function regulation.
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Additionally, NPC86 upregulated genes involved in oxidative stress regulation, in-
cluding Txn1, Prdx1, and Gpx1, suggesting that NPC86 enhances antioxidant capacity and
reduces oxidative stress. Since oxidative stress contributes to insulin resistance, these results
indicate that NPC86 exerts its beneficial metabolic effects by improving both mitochondrial
efficiency and cellular resilience to metabolic stress [51].

Inflammatory signaling is another key contributor to obesity-driven metabolic dysfunc-
tion. Our study demonstrated that NPC86 significantly downregulated inflammatory gene
expression, including IL-1$ and other cytokine-mediated immune activation pathways. A
Western blot analysis confirmed a significant decrease in IL-1f levels in adipose tissue, vali-
dating the transcriptomic findings and reinforcing role of NPC86 in attenuating metabolic
inflammation. In addition to its local anti-inflammatory effects in adipose tissue, NPC86
also significantly lowered the circulating levels of IL-13 and GM-CSF, suggesting a systemic
immunomodulatory effect. Elevated IL-1§ is a hallmark of metabolic inflammation and
contributes to both impaired insulin secretion and 3-cell apoptosis, thereby accelerating
the progression of type 2 diabetes [43,44]. Similarly, increased circulating GM-CSF has been
positively correlated with glycated hemoglobin in individuals with T2D, highlighting its
association with poor glycemic control [45]. Previously, it was demonstrated that GAS5
sequesters the glucocorticoid receptor to regulate immune and inflammatory pathways,
further supporting its role in modulating inflammatory responses [52].

This study provides strong evidence for the therapeutic potential of NPC86 in im-
proving insulin sensitivity and metabolic function in DIOD mice. While these findings are
promising, there are aspects that warrant further investigation. One consideration is that
this study was conducted in male mice. Given the well-documented sex-based differences
in metabolic regulation and insulin signaling, future studies incorporating both male and
female cohorts will be essential to fully understand the potential of NPC86 across sexes
and are currently being pursued by our lab. Additionally, an ongoing project compares
NPC86 with other T2D medications.

Additionally, the treatment duration was limited to five days, which provides valuable
insights into its safety and efficacy in vivo but does not capture long-term metabolic
adaptations. Extending the treatment period in future studies will be important to evaluate
the sustained impact of NPC86 on glucose metabolism, insulin sensitivity, and any potential
long-term effects.

Finally, the systemic administration of NPC86, while effective, does not allow for
precise organ-specific targeting. Exploring targeted delivery strategies, such as nanoparticle
encapsulation, could enhance therapeutic efficacy by directing NPC86 to specific metabolic
tissues, such as adipose tissue, the liver, or the pancreas. To address this, we have initiated
studies investigating nanoparticle-based delivery methods to refine NPC86's targeted
therapeutic applications.

Opverall, these results underscore the regulatory effects of NPC86 on insulin signaling,
mitochondprial function, redox balance, lipid metabolism, and inflammatory pathways,
highlighting its potential to modulate metabolic balance in insulin-resistant states. The
integration of pathway analysis, clustering, and gene expression correlation supports
NPC86 as a promising therapeutic candidate for metabolic disease intervention. Further
pharmacokinetic and pharmacodynamic (PK/PD) studies of NPC86 are currently ongoing
to evaluate its biodistribution, bioavailability, and long-term therapeutic potential.

4. Materials and Methods
4.1. Animal Study

All animal procedures were approved by the James A. Haley Veteran’s Hospital and
University of South Florida Institutional Animal Care and Use Committee (IACUC) and
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conducted in compliance with the Animal Welfare Act (AWA), Health Research Exten-
sion Act (HREA), and ARRIVE guidelines. The mice were housed in a pathogen-free
environment in plastic, sawdust-covered cages under a normal light-dark cycle with ad
libitum access to food and water. Ten-week-old male, normal lean non-diabetic (ND) and
diet-induced obese diabetic (DIOD) C57BL/6] mice were obtained from Jackson Laboratory.
The mice were acclimated for two weeks, after which the DIOD mice were continued on a
high-fat diet (60 kcal% fat, Research Diets; Catalog #D12492i), while the ND control mice
were fed a regular diet (10 kcal% fat, Research Diets; Catalog #D12450Bi). NPC86 was
administered via intraperitoneal (IP) injection starting at 12 weeks of age and continued
daily for five consecutive days. The mice were euthanized at 13 weeks of age using CO,
anesthesia, followed by cervical dislocation as a secondary method of mortality confir-
mation. Tissue samples, including liver, spleen, kidney, heart, and white adipose tissue
from anterior and posterior subcutaneous and visceral depots, were harvested, pooled, and
analyzed from the ND, DIOD, and DIOD + NPC86-treated mice.

4.2. Hematoxylin and Eosin Staining

Following perfusion, liver, spleen, kidney, heart, and adipose tissues were collected
and placed in 4% PFA solution for 24 h that was changed to 30% sucrose until completely
sunk. The organs were sectioned into 30-35 um slices using cryostat. These sections
were placed on gelatin-coated slides and stored at 4 °C until staining. The following day,
hematoxylin and eosin (H&E) staining was performed using the Abcam H&E kit (Abcam,
Waltham, MA, USA; Catalog #ab245880), following the manufacturer’s protocol. The
staining time varied between 30 s and 2 min depending on the tissue type. After staining,
the slides were rinsed with distilled water to remove excess stain and then sequentially
dehydrated using ethanol solutions of increasing concentrations (70%, 95%, and 100%,
each for 2 min), followed by a final 2-min xylene wash. Cover slips were affixed using
Permount mounting medium (Fisher Chemical, Pittsburg, PA, USA; Catalog #SP15-500).
Tissue images were captured using the Keyence BZ-X810 digital integrated microscope.

4.3. Quantitative Real-Time PCR (RT-qPCR)

Total RNA was isolated from the adipose, heart, liver, spleen, and kidney tissues
obtained from diet-induced obese diabetic (DIOD) and DIOD + NPC86-treated mice using
RNAzol RT (Molecular Research Center Inc., Cincinnati, OH, USA; Catalog #RN190) ac-
cording to the manufacturer’s instructions. RNA quality was assessed using 260/230 and
260/280 absorbance ratios to ensure purity. A total of 1 pg of RNA was reverse-transcribed
into complementary DNA (cDNA) using the iScript™ ¢cDNA Synthesis Kit (Bio-Rad, Her-
cules, CA, USA; Catalog #1708891). RT-qPCR was performed using a Power SYBR Green
PCR Master Mix (Thermo Fisher Scientific, Waltham, MA, USA; Catalog #4367659) and run
on an ABI ViiA7 sequence detection system (Applied Biosystems, Foster City, CA, USA).
RT-qPCR reactions were performed in triplicate, including no-template and no-reverse tran-
scriptase controls. Primer concentrations were optimized for a single melt curve and consis-
tent amplification. The following primer sequences were used for amplification: 3-actin (F:
5'-TGTCCACCTTCCAGCAGATGT-3, R: 5-AGCTCAGTAACAGTCCGCCTAGA-3'), gas5
exonl2 (F: 5-CTCCTGTGACAAGTGGAC-3',R:5-AACACAATATATCTGACACCATC-3'),
and insulin receptor (F: 5-AGATGAGAGGTGCAGTGTGGCT-3/, R: 5'-GGTTCCTTTGGC
TCTTGCCACA-3'). Relative transcript expression levels were determined using the AACT
method, normalizing target gene expression to 3-actin. A standard curve was generated
for each primer set to determine absolute quantification in ng (AQ), using cDNA from an
ND mouse adipose tissue sample. The concentration of the amplified PCR product was
measured using a DeNovix DS-11 spectrophotometer, and a serial dilution was performed
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(1:10, 1:100, 1:1000, 1:10,000, and 1:100,000) for a standard curve analysis. RT-qPCR was
conducted using the standard curve protocol on the ABI ViiA7 system, and after the run, the
expression levels were exported to Excel for AQ equation and standard curve generation.

4.4. RNAseq and Ingenuity Path Analysis

RNA was isolated from the adipose tissue of the ND, DIOD, and DIOD + NPC86 mice
(500 ng/kg b.w. and 1 ug/kg b.w., n = 4 per group). To maximize biological diversity,
RNA from three mice per group was pooled and sent for mRNA sequencing. RNA con-
centration was measured, and quality was verified using Qubit (Thermo Fisher, Waltham,
MA, USA) and Agilent TapeStation (Agilent, Santa Clara, CA, USA), ensuring RIN > 8.0.
Library preparation was performed using the TruSeq Stranded mRNA Library Prep Kit
(IIumina, San Diego, CA, USA, Cat#: 20040532) according to the manufacturer’s instruc-
tions. The final DNA library concentration and quality were confirmed again using Qubit
and TapeStation. Sequencing was performed in-house at the USF Genomics Sequencing
Core using the Illumina NextSeq 2000 system with the 200-cycle (2 x 100 bp) P2 Reagent
Kit. Each run yields approximately 800 million paired-end reads, with about 80 million
paired-end reads generated per sample, with over 80% alignment to the reference mouse
genome GRCm38. Reads were trimmed with Trimmomatic and quality-checked using
FASTQC (v 0.12.1). FASTQ files were split to accelerate processing. Reads were mapped to
the GRCm38 reference genome (downloaded from NCBI) using HISAT?2 (v 2.1.0), followed
by conversion with SAMtools (v 1.3.1). FeatureCounts was used to assign the mapped
reads to genomic features. A differential gene expression analysis was performed using the
Limma package in R (v3.62.2). p-values were calculated using a moderated t-statistic, and
Benjamini-Hochberg (BH) correction was applied to adjust for multiple comparisons. For
pathway and functional enrichment analysis, both KEGG and Gene Ontology (GO) term
analyses were conducted. Additionally, the results were further explored using Qiagen’s
Ingenuity Pathway Analysis (IPA) platform.

4.5. Automated Western Blot Analysis

An automated Western Blot analysis using the JESS system (ProteinSimple, Santa
Clara, CA, USA) was performed on adipose tissue lysates following the manufacturer’s
instructions. The amount of lysate to antibody was optimized, and a concentration of
1 mg/mL was used for all antibodies. The samples were separated on 12-230 kDa Wes
Separation Module capillary cartridges of the Simple Protein Wes system. The following
primary antibodies were used: IL-13 (R&D Systems, Minneapolis, MN, USA; Cat# AF-401-
NA), insulin receptor (IR) (Oncogene, Oslo, Norway; Cat# GR07-100ug), total AKT 1/2/3
(Cell Signaling Technology, Danvers, MA, USA; Cat# 9272), phosphorylated AKT (p-AKT
5473) (Cell Signaling Technology, Danvers, MA, USA; Cat# 9271), 3-actin (Cell Signaling
Technology, Danvers, MA, USA; Cat# 4970), and GAPDH (GenScript, Piscataway, NJ, USA;
Cat#A00191). Each antibody was used at a dilution of 1:10. 3-actin was used as a loading
control. Secondary antibody module kits, specific for Jess (ProteinSimple, Santa Clara,
CA, USA), were used, including Luminol-S, Peroxide, Streptavidin-HRP, anti-rabbit, and
anti-mouse secondary antibody. Proteins were separated using capillary electrophoresis.
Compass software (ProteinSimple v 6.3.0) was used to analyze the chemiluminescence
signal peaks that were generated. Digital images corresponding to traditional Western blot
bands were generated by Compass software.

4.6. ELISA

The quantification of inflammatory cytokines was performed using the Mouse Inflam-
mation ELISA Strip Kit (Signosis, Santa Clara, CA, USA; Catalog #EA-1051), following the
manufacturer’s protocol. The colorimetric sandwich-based assay was used to detect IL-13
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and GM-CSF in the mouse serum. Individual wells of the 96-well plate were pre-coated
with specific capture antibodies against these cytokines. Serum samples were collected
from the DIOD mice and DIOD + NPC86-treated mice (500 ng/kg and 1 ug/kg body
weight). The samples were diluted 1:10 in 1x diluent buffer, and 100 uL was added per
well. The plates were incubated for 2 h at room temperature with gentle agitation. Fol-
lowing three washes with 1x assay wash buffer, the wells were incubated with 100 uL
of a 1:50 diluted biotin-conjugated detection antibody mixture for 1 h. The plates were
washed again three times and then incubated with 100 uL of 1:200 diluted streptavidin—
HRP conjugate for 45 min at room temperature with gentle shaking. A final wash step
was performed before adding 100 pL of the TMB substrate to each well for 30 min. The
reaction was stopped by adding 50 pL of a stop solution, and absorbance was measured
at 450 nm using a BioTek Synergy MX microplate reader (BioTek Instruments, Inc. (Ag-
ilent Technologies), Winooski, VT, USA). Data acquisition and analysis were performed
using BioTek Gen5 software (Gen5 1.10). The absolute quantification of cytokine levels
was achieved using the Mouse Inflammation ELISA Strip Protein Standards Kit (Signosis,
Catalog #EA-1052). Standard curves were generated by 2-fold serial dilution (8 ng/mL to
0.5 ng/mL) of the protein standards for IL-1p and GM-CSF in 1x diluent buffer. All data
are presented as mean £ SEM. Statistical comparisons between groups were performed
using an unpaired t-test in GraphPad Prism v10.0.0. Significance thresholds were set at
*p <0.05and ** p < 0.01.

4.7. Statistical Analysis

All experiments were conducted in triplicate to ensure the reproducibility of results.
The data analysis was performed using GraphPad PRISM™ software (version 10.0.0). To
determine statistical significance between the groups, either Student’s t-test or one-way
ANOVA was applied, depending on the variance equality. Statistical significance was
defined as p < 0.05 (*), p < 0.01 (**), p <0.001 (***), and **** p < 0.0001, while p > 0.05 was
considered not significant (ns).

5. Conclusions

T2D is a progressive metabolic disorder driven by insulin resistance and impaired
glucose metabolism. This study demonstrates (schematic in Figure 11) that NPC86, a
small-molecule therapeutic compound, increases gas5 levels, enhances insulin signaling
and metabolic function in DIOD mice, highlighting the therapeutic potential of IncRNA-
targeting strategies in T2D. NPC86 treatment increased gas5 expression, leading to higher
IR levels, enhanced AKT phosphorylation, and improved glucose clearance. The RNAseq
analysis revealed that NPC86 modulates oxidative phosphorylation and glycolysis while
suppressing inflammation, suggesting a multi-pathway mechanism for improving insulin
sensitivity. Since mitochondrial dysfunction and chronic inflammation contribute to in-
sulin resistance, these findings support NPC86 as a promising candidate for metabolic
intervention in T2D. This study shows the efficacy and safety of a IncRNA-targeting small
molecule in a diabetes model in vivo. The results thus provide a broader understanding of
the therapeutic potential of small molecules targeting IncRNAs in other diseases.
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Figure 11. Schematic illustrating how increased GAS5 levels enhance insulin signaling and glucose
uptake while concurrently reducing inflammatory responses, created in BioRender. Patel, N. (2025).
Reprinted with permission from Patel, N (2025). Copyright 2025, Patel, N.

6. Patents

1. US Patent No. 10,724,097 Methods and compositions for diagnosis and management
of diabetes and metabolic syndrome (28 July 2020)—NAP.

2. US Patent No. 11,214,835 Methods and compositions for diagnosis and management
of neurodegenerative diseases (4 January 2022)—NAP, JC.

3. US Patent No. 11,278,521 GAS5 binding compounds, formulations and uses thereof
(22 March 2022)—NAP, JC.
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