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Recent studies have shown that the C allele of SNP rs508419 is associated with susceptibility to Type 2 diabetes
(T2D). This SNP lies within the muscle-specific P2 promoter of human ANK1, which drives transcription of the
sAnk1.5 isoform and miR-486. The C allele increases P2 promoter activity, resulting to higher levels of sAnk1.5
transcript and protein in striated muscles.

We now present the first evidence that in skeletal muscle of individuals homozygous for the rs508419 C allele,
also the hsa-miR-486-5p is transcribed at higher levels. This raises the question of whether T2D susceptibility
may be associated with simultaneous overexpression of miR-486-5p and sAnk1.5. To test this hypothesis, we
generated and characterized double transgenic (D-Tg) mice that selectively overexpress both mmu-miR-486-5p
and sAnk1.5 in skeletal muscle tissue.

Analysis of sAnk1.5 and miR-486-5p expression in D-Tg mouse showed that despite both transgenes were
significantly upregulated, a discrepancy between sAnkl.5 mRNA and protein levels was observed, suggesting
that sAnk1.5 protein levels are further regulated by post-translational mechanism. D-Tg mice were monitored
from 2 to 12 months of age to assess body weight, fat and lean mass, blood glucose levels under fasting con-
ditions, as well as during intraperitoneal glucose tolerance tests and insulin tolerance tests, performed under
either standard or high fat diet conditions. No differences were observed between D-Tg and age-matched wild
type control mice for any of the parameters tested, indicating that the link between rs508419 and susceptibility
to T2D cannot be ascribed to increased expression of miR-486-5p and sAnk1.5 in skeletal muscle.

domain (containing ankyrin repeats); 2) a spectrin-binding domain;
and 3) a C-terminal regulatory domain, often referred to as a death

1. Introduction

The ANK1 gene encodes ankyrin-1 (also known as ankyrin-R), a large
cytoskeletal protein initially identified in erythrocytes as a spectrin-
binding protein, and thus essential for maintaining the biconcave
shape of red blood cells and stabilizing the plasma membrane against
mechanical stress. Beyond erythrocytes, ankyrin-1 is also expressed in
several other tissues, including neurons and striated muscles, where it
similarly plays a critical role in maintaining cellular integrity by
anchoring integral membrane proteins to the spectrin-actin cytoskel-
eton. The canonical full-length ankyrin-1 protein (206 kDa) has a
structure that consists of three major domains: 1) a membrane-binding

domain. Alternative splicing events and post-translational modifications
further diversify the types of protein present both within the same cell
type and across different tissues, generating a variety of ankyrin-1 iso-
forms that typically range in size from 170 to 210 kDa [1,2]. These large
isoforms of ANK1 are encoded by mRNAs transcribed from the ANK1
main promoter (P1), located in the 5’ region of the gene [3]. In addition
to these large isoforms, a non-canonical, muscle-specific ankyrin-1 iso-
form, with a lower molecular weight, has been identified in striated
muscle tissues [3-5]. This small isoform, called sAnk1.5, is encoded by a
mRNA transcribed from an internal promoter (P2), active only in
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striated muscle tissue and located in the 3’ region of the ANKI gene
[4-7].

sAnk1.5 protein has a molecular weight of approximately 17 kDa and
is structurally distinct from full-length ankyrin-1. Notably, it lacks both
the membrane-binding and spectrin-binding domains but it contains, in
its N-terminal region, 22 additional amino acids that form a hydro-
phobic transmembrane helix that anchors the protein to the sarco-
plasmic reticulum (SR) membrane of striated muscle cells [5-7]. The C-
terminal region of sAnk1.5 extends into the cytoplasm and interacts with
the COOH terminus of obscurin, a giant sarcomeric protein [8-11]. A
number of studies have clearly shown that the interaction between
sAnk1.5 and obscurin establishes a link that stabilizes the SR around the
myofibrils [11-18]. Indeed, sAnkl.5 knockout (KO) mice exhibit a
reduction in SR volume and altered Ca®! homeostasis, a biological
process essential for regulating physiological muscle function and
frequently altered in muscle diseases [18-21]. In addition, recent evi-
dence suggests a potential role for sAnk1.5 in regulating the activity of
the sarco(endo)plasmic reticulum Ca*-ATPase 1 (SERCAL). This regu-
latory function has been proposed to be mediated by the transmembrane
domain of sAnk1.5 that shares sequence homology with known regu-
lators of SERCA, such as sarcolipin (SLN) and phospholamban (PLN)
[22-24].

Through Genome-Wide Association Studies, genome-mapping,
trait-gene- and Type 2 Diabetes- (T2D) expression association, two in-
dependent groups identified a novel single nucleotide polymorphism
(SNP), rs508419, located within the P2 promoter of the ANK1 gene
[25,26], whose C allele has been linked to increased susceptibility to
T2D [25-30]. Importantly, differential expression analyses, cis-eQTL
mapping, luciferase assays, and electrophoretic mobility shift assays
indicated that the presence of the C allele enhanced the activity of the
ANK1 P2 promoter, resulting in increased levels of sAnk1.5 in skeletal
muscles [25,26]. To investigate a potential link between elevated
sAnk1.5 protein levels and T2D susceptibility, we previously generated a
transgenic mouse model selectively overexpressing sAnk1.5 in striated
muscles (TgSA"kI'S). However, characterization of TgSA“kl'5 mice showed
that sAnk1.5 overexpression had no effect on glucose handling or other
parameters commonly altered in pre-diabetic or diabetic conditions
[31]. Additionally, analysis of the ANK1 gene sequence revealed the
presence of a microRNA, miR-486, in intron 42 of the ANKI1 gene
[ENSG00000029534] [32]. MiR-486, whose mature forms, namely miR-
486-5p and miR-486-3p, exhibit complete (100 %) sequence identity
between humans and mouse (miRBASE, http://mirbase.org/, Accession:
MI0002470 and MIMAT0003130, respectively), can be transcribed by
the P1 and P2 promoters of the ANK1 gene, resulting in its selective
enrichment in striated muscle tissue [32-34]. Interestingly, among the
potential targets of miR-486-5p, which, both in humans and mice, has
been studied much more extensively compared to miR-486-3p, there are
mRNAs coding for proteins involved in glucose regulation; these include
PTEN, FOXO01, and DOCK3, whose inhibition may enhance the activity
of the AKT pathway. Notably, these validated targets of miR-486-5p
harbor, in both humans and mice, an identical sequence correspond-
ing to the miR-486-5p seed region [32,34-38]. On the other hand, other
evidence suggests that miR-486-5p might also target the mRNAs of IGF1,
IGF1R and the p85a regulatory subunit of phosphoinositide-3-kinase
(PIK3R1), thus resulting in the downregulation of the AKT pathway
[37-40]. Nevertheless, functional studies in mice have shown that miR-
486-5p exerts a trophic effect in skeletal muscle tissue, by promoting
fiber regeneration and regulating fiber size. Accordingly, miR-486-5p
may also contribute to limit sarcopenia- and cachexia-dependent mus-
cle loss [37,41]. In addition, miR-486-5p overexpression is also able to
reverse skeletal muscle defects observed in mouse models of Duchenne
Muscle Dystrophy and cancer [34,37-43].

Based on evidence that miR-486 is generated by the muscle-specific
P2 promoter, and that the C allele of rs508419 enhances the transcrip-
tional activity of the P2 promoter, we investigated whether miR-486-
expression was increased in skeletal muscle biopsies from individuals
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carrying the C allele. Our analysis revealed that, in skeletal muscle, the
levels of hsa-miR-486-5p are expressed several hundred-fold higher than
those of hsa-miR-486-3p. In addition, we observed that, in individuals
homozygous for the rs508419 C allele, hsa-miR-486-5p levels are 3-fold
higher than those observed in individuals homozygous for the T allele.
On this basis, we hypothesized that the rs508419 SNP might predispose
to T2D susceptibility by enhancing the expression of both miR-486-5p
and sAnk1.5. To verify this hypothesis, we generated a double trans-
genic (D-Tg) mouse model selectively overexpressing miR-486 and
sAnk1.5 in skeletal muscle. We assessed body weight, fat and lean mass,
and blood glucose levels under fasting conditions, as well as during
intraperitoneal glucose tolerance tests (IPGTT) and insulin tolerance
tests (IPITT) in D-Tg mice under either standard or high fat diet condi-
tions. No differences were observed between D-Tg and control mice for
any of the parameters tested.

The results reported indicate that the link between rs508419 and
susceptibility to T2D cannot be explained by increased expression of
miR-486-5p and sAnk1.5 in skeletal muscle.

2. Methods
2.1. Human skeletal muscle biopsies

This study complies with the ethical standards laid down in the 1964
Declaration of Helsinki. The skeletal muscle biopsies from vastus lateralis
used in this study were collected between 2014 and 2019 (Supplementary
Table 1) during routine diagnostic procedures, after obtaining informed
consent from all patients. The use of the biopsies for scientific purposes
was approved by the Regional Ethics Committee for Clinical Trials of the
Tuscany Region (Protocol No. 16342). All biopsies, anonymized imme-
diately upon collection, were snap frozen in liquid nitrogen and imme-
diately stored at —80 °C for extraction of DNA, RNA, or total proteins. To
define the SNP genotype of single individuals, genomic DNA was
extracted with the Gentra Purgene kit (Qiagen, Hilden, Germany) ac-
cording to manufacturer's instructions. The genomic region containing
the rs508419 in ANKI (NC_000008.10) was amplified by PCR (T-100
Thermal Cycler, BioRad, Hercules, California, USA), using the following
pair of primers: hSNP FW: 5’~GCCCATCACTCACCCTTTTG-3' and hSNP
REV: 5-AGCTGGTTTGGGGAGGTAAA-3' (Sigma-Aldrich, St. Louis, MO,
USA). Amplified DNA was sequenced by PCR-based standard capillary
Sanger sequencing as previously described (Applied Biosystems 3500
Series Genetic Analyzer) [44]. The sequences obtained were analyzed by
SnapGene software, version 8.1 (GSL Biotech LLC, Chicago, IL, USA).

2.2. Mice

All the procedures were conducted to ensure minimal animal
distress, and were approved by the Animal Care Committee of the
University of Siena (OBPA, 7DF19.27 and 7DF19.28), and finally
authorized by the Italian Ministry of Health (N. 27_2020-PR and N.
29_2020-PR). All experimental protocols adhered to the European
Parliament and Council Directive 2010/63/EU concerning the protec-
tion of animals used for scientific research, and the study complies with
the ARRIVE guidelines (https://arriveguidelines.org). Experiments were
carried out using adult male C57BL/6J mice aged between 2 and 12
months. Animals were provided with unrestricted access to food and
water and housed under controlled conditions with temperatures
maintained between 21 and 25 °C, relative humidity of 50-60 %, and a
12-hour light/dark cycle. D-Tg mice (Tg*A™''5/Tg™R48%) were gener-
ated by crossing the C57BL/6-Tg(p-Mex-MLC-sAnk1.5) [31] with the
C57BL/6J-Tg(Ckm-Mir486)2Lmk/J line (purchased from The Jackson
Laboratory, JAX stock #030449) [40]. Both founder mouse lines are
viable and fertile; mir-486 overexpressing mice show no significant
physical or behavioral differences from non-carrier mice, except for a
modest increase in body weight [31,40]. D-Tg mice were fertile, were
born at the expected Mendelian ratio, and presented an
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indistinguishable phenotype from wild type (WT) sibling mice. Wean-
lings were genotyped by PCR as previously described [31,40]. For high
fat diet (HFD) treatment, 2-month-old WT and D-Tg male mice were
randomly allocated into four experimental groups: WT and D-Tg control
groups received a standard chow diet, whereas WT and D-Tg treated
groups were fed a HFD containing 45 % of metabolizable energy from
fats for 12 weeks (PF1916, Mucedola s.r.l., Italy). Mice anesthetized
with 2 % isoflurane were euthanized by cervical dislocation.

2.3. Quantitative analysis of sAnk1.5 and miR-486

Total RNA was extracted from mouse tissues and human skeletal muscle
biopsies as described in [31,45], respectively. RT-qPCR on human (H) and
mouse (Ms) sAnk1.5 cDNA was performed as described in [46], using the
following pair of primers: H-sAnk1.5 fw: 5CTGGTGCTGTTAGGCTTCTTC
3, H-sAnk1.5 rev: 5 GTTCCTGGTGGATGTGCTTC 3’; H-p-Actin fw: 5’
CAACTCCATCATGAAGTGTGAC 3'; H-B-Actin rev: 5 GCCATGCCAATCT-
CATCTTG 3'; Ms-sAnk1.5 fw: 5 GAGGAGATCCTTCTTTTGTTCCA 3/, Ms-
sAnk1.5 Rev.: 5 GGACGTGGT GACCCACCTG 3; Ms-GAPDH fw: 5' CCA-
GAATGGGAAGCTTGTC 3, Ms-GAPDH rev: 5 TCTCGCTCCTGGAA-
GATGGT 3'. miR-486 cDNA was prepared using the TagMan MicroRNA
Reverse Transcription Kit, and RT-qPCR was carried out on a QuantStudio 5
real-time PCR system (Applied Biosystems), using the TagMan MicroRNA
Assay validated for human and mouse miR-486-5p and -3p (assay ID:
001278 and 002093, respectively; Thermo Fisher Scientific, Waltham, MA,
USA), following manufacturer's protocol. Relative expression levels of both
targets were calculated by the AACt method [47], using human p-Actin,
mouse GAPDH and U6 small nuclear RNA (assay ID:001973, U6 snRNA) as
endogenous controls, and sAnk1.5 and miR-486 expression levels in human
T/T samples and WT mice as reference samples.

2.4. SDS-page and immunoblot

Total proteins lysates were prepared, quantified, separated and
transferred onto a nitrocellulose membrane as in [48]. Briefly, skeletal
muscles were homogenized in RIPA buffer (Cell Signaling Technology)
supplemented with 1 mM (phenylmethylsulfonyl fluoride, Sigma-
Aldrich), and total protein content was quantified using the Pierce
Protein Assay/bicinchoninic acid assay (Thermo Fisher Scientific). 40 ug
of total proteins were separated on 4-20 % SDS-PAGE (Novex, Invi-
trogen by Thermo Fischer Scientific) and transferred onto a nitrocellu-
lose membrane using the Trans-Blot Turbo Transfer System (Bio-Rad).
Membranes were stained with Ponceau S (Thermo Fisher Scientific),
blocked with working solution (WS: 5 % low fat milk or BSA in 20 mM
Tris-HCl pH 7.4, 150 mM NaCl, and 0.1 % Tween 20) for 1 h at room
temperature, and then incubated overnight at 4 °C with the following
primary antibodies, all diluted 1:1000 in WS: custom polyclonal rabbit
anti-sAnk1.5 [13]; polyclonal rabbit anti-AKT(pan) (C67E7), polyclonal
rabbit anti-phospho-AKT (Ser473) (193H12), polyclonal rabbit anti
phospho-AKT (Thr308) (C31ES5E), polyclonal rabbit anti-PTEN (138G6),
polyclonal rabbit anti-FoxO1 (C29H4) (all from Cell Signaling Tech-
nology). Membranes were incubated for 1 h at room temperature, with
HRP-conjugated secondary antibody (Cell Signaling Technology)
diluted 1:2500 in WS. For total AKT analysis, the membranes incubated
with anti-phospho-AKT were stripped at 56 °C for 20 min in 10 ml of
stripping solution (2 % SDS, 0.062 M Tris-HCl pH 6.8, 0.8 % 2-mercap-
toethanol) (Sigma-Aldrich, St Louis, MO). To detect HRP signal, mem-
branes were incubated with Enhanced Chemi-Luminescence solutions
(Bio-Rad, Hercules, CA, USA) for 5 min and the luminescent signal was
acquired by ChemiDoc luminescence counter (Bio-Rad, Hercules, CA,
USA). Quantification of the intensities of immunoreactive bands was
performed by Image Lab software version 6.1 (BioRad, Hercules, CA,
USA).

BBA - Molecular Cell Research 1873 (2026) 120087
2.5. Immunofluorescence on isolated fibers

Flexor digitorum brevis (FDB) muscles excised from 2-month-old WT
and D-Tg mice were prepared as previously described [49]. In brief,
single fibers were mechanically isolated from excised FDB muscles, laid
on laminin-coated coverslips, and fixed in 1 % PFA/0.5 % Triton X-100
solution (all from Sigma-Aldrich, St Louis, MO, USA). Monoclonal
antibody against a-actinin (clone EA-53, Sigma-Aldrich; dilution:
1:1000) was used to identify the Z-disks, and custom polyclonal rabbit
anti-sAnk1.5 (dilution: 1:500) [13] was used to immunolocalize
sAnk1.5. Cy3-conjugated anti-rabbit IgG (Jackson ImmunoResearch,
UK) or Alexa Fluor488-conjugated anti-mouse IgG secondary antibodies
(Thermo Fisher Scientific), both diluted 1:1000, were used to reveal
target proteins. Fibers were imaged and acquired as in [50].

2.6. MG-132 treatment

100 pl of 20 pM MG-132 (M7449, Sigma-Aldrich) were injected in
the gastrocnemius muscle of 6 months-old male mice. Contralateral
muscle was injected with 100 pl of PBS containing 0.2 pl of DMSO. Mice
were sacrificed 24 h after injection, and gastrocnemius muscles were
excised and processed to obtain total protein lysates.

2.7. Intraperitoneal glucose and insulin tolerance tests

Glucose tolerance tests were conducted on male mice aged 2, 6, 10,
and 12 months that were fed a standard chow diet, as well as on 5
months-old mice following a 12-week high-fat diet. Prior to testing, mice
underwent an overnight fast and were weighed. Each mouse received an
intraperitoneal injection of 20 % p-glucose solution (Sigma-Aldrich) at a
dose of 10 pl per gram of body weight, equivalent to 2 g/kg glucose.
Insulin tolerance tests were carried out on 6 and 12 months-old male
mice. After a 5-h morning fast (8 a.m. to 1 p.m.), animals were weighed,
and insulin solution (100 U/ml, diluted 1:1000; Eli Lilly Italia S.p.A.)
was administered intraperitoneally at 10 pl per gram of body weight,
corresponding to a dose of 1 U/kg. Blood glucose concentrations were
monitored by collecting a drop of blood from the tail tip and applying it
to a glucometer strip (OGC care, Biochemical System International,
Arezzo, Italy). Measurements were taken before injection (time 0), at 30-
60- 120- and 180-minutes post-glucose injection, and at 15- 30- 60- 90-
and 150-minutes following insulin administration. Serum insulin con-
centrations were quantified using a mouse insulin ELISA kit, according
to the manufacturer's protocol, with mouse insulin as the calibration
standard (Mercodia, Uppsala, Sweden).

2.8. Statistical analysis

Results are presented as mean values + standard deviation (SD).
Differences between groups for each measured variable were evaluated
using an unpaired Student's t-test. The areas under the curve (AUC) from
glucose and insulin tolerance tests were analyzed by two-way ANOVA,
followed by Bonferroni's multiple comparisons test. The F-test was
applied to assess significance, with p-values below 0.05 deemed statis-
tically significant. All analyses were conducted using GraphPad Prism
software version 10.4.1.

3. Results
3.1. Effect of rs508419 genotype on expression of miR-486 and sAnk1.5
Analysis of the rs508419 genotype of 260 Caucasian individuals

revealed that the rs508419 C/C, C/T, and T/T genotypes were present at
a frequency of 53 % (n = 137), 40 % (n = 105), and 7 % (n = 18),
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respectively. These findings are consistent with previous reports [25,26]
and with data available in public databases (NCBI SNP database, Na-
tional Institutes of Health, https://www.ncbi.nlm.nih.
gov/snp/rs508419+#frequency_tab).

To evaluate the impact of the rs508419 genotype on miR-486
expression, qPCR analysis was performed on total RNA extracted from
skeletal muscle biopsies of 15 individuals homozygous for the T allele
(genotype T/T) and from 14 individuals homozygous for the C allele
(genotype C/C) of SNP rs508419 (Supplementary Table 1). As shown in
Supplementary Fig. 1A-C, we observed that hsa-miR-486-5p is the
predominant mature isoform, expressed several hundred-fold higher
than hsa-miR-486-3p. As reported in Fig. 1A, hsa-miR-486-5p expres-
sion levels were nearly 3-fold higher in skeletal muscle biopsies from
individuals homozygous for the C allele compared to those homozygous
for the T allele. No change in the hsa-miR-486-3p levels was observed in
skeletal muscle from individuals carrying either the C/C or T/T geno-
type (Supplementary Fig. 1D). In parallel experiments, mRNA and pro-
tein expression levels of sAnk1.5 were measured in available biopsies.
The results demonstrated that sAnk1.5 mRNA and protein levels were
increased by approximately three and two folds, respectively, in in-
dividuals carrying the C/C genotype compared to those with the T/T
genotype (Fig. 1B-D and Supplementary Fig. 1E, F), consistent with
previously reported data [25,26].

3.2. miR-486-5p and sAnk1.5 expression pattern in TgA"k1-5/miR-486
double transgenic mice

The novel finding that the rs508419 C/C genotype is also associated
with an increase in hsa-miR-486-5p expression in skeletal muscle,
prompted us to investigate whether the concurrent overexpression of
sAnk1.5 and miR-486-5p might associate with T2D susceptibility. To
verify this, we crossed transgenic mice overexpressing sAnk1.5 [31] and
mmu-miR-486-5p [34,38] to generate a double transgenic mouse line
(D-Tg) in which sAnkl.5 and mmu-miR-486-5p were simultaneously
overexpressed in skeletal muscle. Skeletal muscle-specific over-
expression of sAnk1.5 and mmu-miR-486-5p was confirmed in skeletal
muscle tissue using both Western blot and real-time PCR (Fig. 2A-C and
Supplementary Fig. 2A-C). In addition, immunofluorescence experi-
ments revealed that, in skeletal muscle fibers of D-Tg mice, sAnk1.5
localized to the M-band and Z-disk of the sarcomere (Supplementary
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Fig. 2D), a pattern consistent with the localization of endogenous
sAnk1.5 in wild-type muscle fibers [11-13].

Quantitative analysis of sAnk1.5 expression in the skeletal muscle of
D-Tg mice revealed a discrepancy between the relative abundance of
sAnk1.5 mRNA and its corresponding protein. This discrepancy, previ-
ously observed in two different mouse lines, TgSA“kl'5 and obscurin KO
mice [15,31], likely reflects a post-translational regulation of sAnk1.5
protein expression. Indeed, it has been proposed that ubiquitin and/or
ubiquitin-like modifiers may mediate sAnk1.5 degradation via the pro-
teasome [15,51]. Supporting this hypothesis, intramuscular adminis-
tration of the proteasome inhibitor MG132 in D-Tg mice led to a
significant increase of ~35 % of sAnk1.5 protein levels compared to
untreated contralateral muscles (Supplementary Fig. 3A, B). In addition,
a noticeable increase in the sAnkl.5 “laddering effect”, a pattern
indicative of ubiquitin-dependent post-translational modifications [52],
was also observed (Supplementary Fig. 3C, D).

On the other hand, quantification of mmu-miR-486-5p expression in
skeletal muscles of D-Tg mice mirrored the results previously reported
for the Tg-Ckm-Mir486 mouse line (Fig. 2C; [38]). Accordingly, over-
expression of miR-486 in D-Tg skeletal muscles resulted in a significant
reduction of expression of both PTEN and FoxO1l (Supplementary
Fig. 4A-D), two validated targets of this microRNA both in humans and
mice [32,34,38].

3.3. Body weight, fat and muscle mass of D-Tg mice

Randomly selected WT and D-Tg mice (n = 13 and 15, respectively)
were monitored over a twelve-month period by recording body weight
at 2, 6, 10, and 12 months of age. As shown in Fig. 3A, no differences in
body weight were observed between WT and D-Tg mice at any time
point. Additionally, body fat and muscle mass were quantified in 10-
month-old WT and D-Tg mice (n 5 per group). Adipose tissue
included cervical, intrascapular, axilla-thoracic, mesenteric, abdominal-
pelvic, retroperitoneal, epididymal, and inguinal fat pads (Fig. 3B),
while skeletal muscles included extensor digitorum longus (EDL), so-
leus, tibialis anterior (TA), and gastrocnemius. As shown in Fig. 3C-G,
no significant differences were observed between WT and D-Tg mice in
either fat mass (WT = 2.17 + 0.68 g; D-Tg = 1.79 + 0.74 g) or skeletal
muscle mass (EDL WT = 11.99 mg + 1.39 and EDL D-Tg =12.32 + 1.15;
Soleus WT = 11.13 mg + 0.88 and Soleus D-Tg =10.89 + 0.81; TA WT
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Fig. 1. Expression of hsa-miR-486-5p and sAnk1.5 in skeletal muscle biopsies from individuals carrying the C/C and the T/T genotypes. Quantification of hsa-miR-
486-5p (A) and sAnk1.5 mRNA (B) expression levels in total RNA extracted from muscle biopsies of 12C/C and 14 T/T healthy individuals. C. Densitometric analysis
of sAnk1.5 band intensity obtained from western blot in total lysates prepared from muscle biopsies of individuals carrying either C/C or T/T genotypes (D). Arrow in
the upper panel points to sAnk1.5 signal; arrow in the lower panel (Ponceau-Red staining) points to actin that was used as normalizer for densitometric analysis. #
identifies the tag number of single individuals. Hsa-miR-486-5p and sAnk1.5 expression levels are reported as fold change + sd relative to T/T that was set as 1. ** =
p <0.01, *** = p < 0.001 as calculated by Student's t-test. (For interpretation of the references to color in this figure legend, the reader is referred to the web version

of this article.)
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miR-486-5p expression levels are reported as fold change + sd relative to WT muscles that were set as 1. ** = p < 0.01, *** = p < 0.001, **** = p < 0.0001 as
calculated by Student's t-test. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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= 52.12 mg + 5.42 and TA D-Tg =51.54 + 3.72; Gastrocnemius WT =
175.51 mg + 6.19 and Gastrocnemius D-Tg =179.10 + 16.59).

3.4. Blood glucose analysis in D-Tg mice under standard chow diet
condition

To evaluate whether skeletal muscle-specific overexpression of both
sAnk1.5 and miR-486-5p is associated with T2D susceptibility, the gly-
cemic profile of D-Tg mice fed a standard chow diet was monitored over
12 months. Fasting glucose levels at 2, 6, 10, and 12 months of age were
comparable between D-Tg mice and age-matched WT controls (Fig. 4A,
C). Additionally, basal blood glucose levels recorded weekly over twelve
consecutive weeks, from 2 to 6 months of age, a period spanning the
transition from young to mature adulthood, were similar in both
experimental groups (Fig. 4D). Importantly, glycemic curves following
intraperitoneal administration of glucose (2 g/kg) were nearly identical
between WT and D-Tg mice at 2, 6, 10, and 12 months of age (Fig. 4A,
B). Accordingly, overall glucose tolerance, assessed by the area under
the curve (AUC) of the glycemic responses, was similar between WT and
D-Tg mice at each time point analyzed (Fig. 4B).

Taken together, these results indicate that overexpression of sAnk1.5
and miR-486-5p does not affect glucose handling in skeletal muscle.

3.5. Insulin response in D-Tg mice under standard chow diet condition

To exclude the possibility that the unaltered glycemic response
following glucose injection was due to increased insulin release in D-Tg
mice, serum insulin levels during the intraperitoneal glucose tolerance
test (IPGTT, Fig. 4A) were evaluated in 10-month-old WT and D-Tg
mice, both after overnight fasting and post-glucose injection. As shown
in Fig. 5A, circulating insulin levels were comparable between the two
groups after 17 h of fasting. Similarly, 30 and 120 min after glucose
administration, the increase in circulating insulin was comparable be-
tween WT and D-Tg mice, indicating that D-Tg mice modulate insulin
release as efficiently as WT controls.

Consistent with these findings, intraperitoneal insulin tolerance tests
(IPITT) revealed no differences between 6- and 12-month-old D-Tg mice

and age-matched WT mice (Fig. 5B, C), further indicating that insulin
sensitivity is not altered in D-Tg mice.

Furthermore, analysis of AKT activation following insulin stimula-
tion, a pathway often impaired in (pre)diabetic mouse models [53],
showed that the levels of phosphorylated AKT at both Ser473 and
Thr308 residues in skeletal muscle of D-Tg mice were similar to those
observed in WT mice (Fig. 5D-G).

3.6. Blood glucose analysis in D-Tg mice under high-fat diet condition

Since susceptibility to T2D may not manifest solely with aging, a
high-fat diet (HFD) providing 45 % of energy from fats is commonly used
to induce obesity. This treatment increases fat mass, impairs glucose
tolerance, and accelerates insulin resistance in susceptible mice [54,55].
To further investigate the association between skeletal muscle-specific
overexpression of miR-486-5p and sAnk1.5 and T2D susceptibility, 2-
months-old WT and D-Tg mice were fed an HFD for twelve weeks.
Control groups for both genotypes were simultaneously maintained on a
standard diet (chow). Consistent with prior findings, glucose tolerance
was comparable between WT and D-Tg mice before the HFD protocol
(Fig. 6A). As expected, glucose and insulin tolerance deteriorated in all
HFD-fed mice compared to chow-fed controls (Fig. 6B, C). However,
even after HFD treatment, glucose and insulin tolerance of D-Tg mice did
not differ from those of WT mice (Fig. 6B, C insets). Additionally, after
twelve weeks on HFD, weight gain, body fat, and muscle mass of D-Tg
mice were not significantly different from those of WT diet-matched
controls (Fig. 6D-G, Table 1 and Supplementary Fig. 5A, B). These re-
sults indicate that overexpression of miR-486-5p and sAnk1.5 in skeletal
muscle does not alter the metabolic response to HFD, with D-Tg mice
exhibiting responses comparable to WT.

4. Discussion

The main aim of the present study was to investigate the potential
mechanisms at the basis of the reported association between the C/C
genotype of the SNP rs508419, located in the striated muscle-specific
ANK1 P2 promoter, and T2D susceptibility. Our interest was initially
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stimulated by previously published data indicating that the C/C geno-
type increased the P2 promoter activity resulting in higher levels of
sAnkl.5 expression [25,26]. However, transgenic mice overexpressing
sAnk1.5 did not result in alteration in glucose homeostasis [31]. On the
other hand, additional evidence revealed that the P2 promoter also
regulates the expression of miR-486 [32,39,56]. We thus investigated
whether, the C/C genotype of rs508419 could also alter the expression of
miR-486. We report here evidence that skeletal muscles from individuals
carrying the C/C genotype express higher levels of hsa-miR-486-5p
compared to individuals with the T/T genotype, similarly to what
observed for sAnk1.5 (25, 26). Furthermore, we demonstrated that, in
human skeletal muscle tissue, the expression of miR-486-3p is signifi-
cantly lower than that of miR-486-5p and is not affected by the SNP
genotype. These findings further support the notion that miR-486-5p
represents the predominantly active strand in skeletal muscle.

Accordingly, we hypothesized that the association between the C/C
genotype and T2D susceptibility could be explained by the concurrent
overexpression of sAnk1 and miR-486-5p due to the increased activity of
the P2 promoter. To test this, we crossed transgenic mice overexpressing
sAnk1.5 with transgenic mice overexpressing miR-486. In the resulting
D-Tg mice, levels of mmu-miR-486-5p in skeletal muscles were 3- to 10-
fold higher than in WT mice; the levels of sAnk1.5 mRNA varied be-
tween 3 and 30 folds higher compared to WT [31,57,58].

Of notice, in D-Tg mice, despite the high levels of sAnk1.5 mRNA, the
sAnk1.5 protein levels were only increased between 0.3 and 0.5-fold
compared to WT mice. Interestingly, a discrepancy between sAnkl.5

transcript and protein levels can also be observed in human skeletal
muscle from C/C individuals, although this difference is less pronounced
than that observed in D-Tg mice. Results from experiments performed
with the proteasome inhibitor MG132, suggest that this discrepancy
might be due to a ubiquitin-mediated post-translational regulation of
sAnk1.5 expression, as previously observed in vivo in obscurin KO mice,
and in vitro in non-muscular cells [15,51]. This evidence suggests that
sAnk1.5 protein levels are regulated post-translationally to prevent
protein accumulation, while still allowing independent modulation of
miR-486 levels in physiological contexts where miR-486 may need to be
upregulated, such as during myoblast differentiation, muscle growth,
and physical exercise [33,34,43,59]. Indeed, examples of differential
regulation between the levels of a given protein and those of microRNAs
located within an intronic region of the same gene have been previously
reported [60-63].

However, despite the observed increased expression of sAnk1.5 and
miR-486-5p, a careful characterization of D-Tg mice revealed no dif-
ferences in glucose handling or in alterations in other parameters asso-
ciated with diabetic or pre-diabetic conditions, compared to WT
animals. Specifically, no differences in body weight, muscle mass, or fat
composition were observed between D-Tg mice and WT mice at any time
point up to 12 months of age. Furthermore, responses to IPGTT, IPITT,
blood insulin levels after glucose injection, and blood glucose levels after
insulin injections did not differ between D-Tg and age-matched WT
control mice.

Given that the GWAS data suggested only an association with
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Table 1
Absolute muscle weight in grams of wild type and D-Tg muscles under standard
chow and HFD regimen.

Muscle weight WT D-Tg
(mg) Chow HFD Chow HFD
TA 49,52 + 49,06 + 49,6 + 1,58 50,07 +
4,06 4,01 2,76
Gastro 153,3 + 156,7 + 155,4 + 159,8 +
5,79 12,4 8,41 10,2
EDL 11,46 + 11,26 + 11,20 + 11,13 +
0,98 1,15 0,77 0,70
Soleus 9,67 + 0,81 9,17 + 1,07 9,50 + 0,66 9,78 + 0,86
Chow vs HFD Chow vs HFD Chow vs D-Tg Chow vs D-Tg
p-value WT p-value D-Tg p-value SC p-value HFD
TA 0,789 0,631 0,948 0,483
Gastro 0,421 0,267 0,520 0,506
EDL 0,652 0,832 0,485 0,744
Soleus 0,226 0,397 0,608 0,137

Upper panel: muscle weight of Tibialis anterior (TA), Gastrocnemius (Gastro),
Extensor Digitorum Longus (EDL), and Soleus.

Lower panel: p-values of the different muscle weights under standard chow and
HFD regimen.

susceptibility to T2D, we also tested the effect of exposing D-Tg mice to a
high fat diet to promote the onset of a diabetic phenotype or reveal al-
terations in glucose metabolism [54,64]. However also following HFD
treatment D-Tg mice did not present evident alterations in parameters
associated with glucose metabolism.

In conclusion, the data presented here extend current knowledge on

rs508419 as a functional SNP capable to modulate the expression levels
of both sAnk1.5 and miR-486-5p in skeletal muscle tissue. Nevertheless,
characterization of the glycemic profile in D-Tg mice, does not support
the hypothesis that increased expression of sAnk1.5 and miR-486-5p
might alter glucose homeostasis or contribute to T2D susceptibility in
mice, at least under the reported experimental conditions. In fact, it is
possible that increased age and/or additional stress conditions might
reveal some metabolic disorders in D-Tg mice. In addition, we cannot
rule out that miR-486 may unexpectedly regulate the expression of some
of the potential target genes differently in humans and mice. On the
other hand, it cannot be excluded an effect of the rs508419 SNP, beyond
the upregulation of sAnk1.5 and miR-486 in C/C individuals.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.bbamcr.2025.120087.
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