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Long non-coding RNA signature in beta-thalassemia major
associated with prediabetes

[otmuc ayrux Hekoaupajyhnx PHK kox Geta-Tamacemuje Majop
yApPYKEHE ca MpeaujadeTecom

SUMMARY

Introduction/Objective Functional long non-coding
RNAs (IncRNAs) and messenger RNAs (mRNAs) were
investigated in patients with beta-thalassemia major (-
TM) and prediabetes by analysing gene chip expression
profiles, experimental evidence and bioinformatics.
Methods Total RNA was extracted after taking blood
samples from patients. Microarrays were subsequently
used for genetic analysis of patients with 3-TM/predia-
betes (n = 5) compared with healthy individuals (n = 5).
Candidate IncRNAs and mRNAs were randomly vali-
dated using quantitative real-time reverse transcription
polymerase chain reaction (QRT-PCR) analysis. Signal-
ling associated with B-TM was identified as being asso-
ciated with prediabetes based on Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis. Results Compared with the healthy
controls, 1,511 and 1,932 IncRNAs were up- and.down-
regulated, respectively, whereas 1,128 and 752/mRNAs
were up- and downregulated, respectively, in the patients
with B-TM/prediabetes. Eight dysregulated IncRNA ex-
pressions were confirmed using/qRT-PCR analysis,
which was consistent with the microarray results. The
GO and KEGG analyses showed that the intracellular an-
atomical structure and multicellular organismal process
were the most significantly dysregulated, and the most
significantly up-and downregulated pathways were her-
pes simplex virus 1 infection and vascular smooth muscle
contraction, respectively.

Conclusion This study preliminarily determined that the
pathophysiology of aberrant glucose homeostasis in 3-
TM may be linked to the abnormal expression of
IncRNAs and mRNAs, deepening the understanding of
molecular mechanisms in f-TM complicated by predia-
betes.

Keywords: microarray analysis; long non-coding RNAs;
beta-thalassemia major; mRNA; prediabetes

INTRODUCTION

CAKETAK

Yeon/Ilmme ®ynkuuonanHe ayre Hekoaupajyhe PHK
(IncRNA) n matpuutne PHK (mRNA) ucnutuBane cy KoJ,
OonecHuka ca Oera-tamacemujoM majop (S-TM) u mipe-
IvjabeTecoM aHAJM30M EKCIIPECHOHMX Ipoduia reHa
n00uMjeHux moMohy MHUKPOYMITOBA, EKCHEPUMEHTATHUM
JIOKa3uMa ¥ OMOMH(OPMATHKOM.

Merone Ykynna PHK je u3onoBaHa HaKOH y3uMama y-
30paka KpBU 0] 6onecHIKa: MEKPOYUIIOBH Cy 3aTUM KO-
puirheHn 3a TEeHeTWYKY aHaum3y OojecHuKa ca f-
TM/npenujadetecom (n = 5) y nopehemy ca 31paBum o-
cobama (n = 5). Kamaunathe /ncRNA n mRNA Hacy-
MHUHO cy BepupukoBane npuMeHoM gR7-PCR aHanu3e.
CuUrHaJHU TyTeBH ITOBe3aHu ca f-TM uneHTHGUKOBaHU
Cy Kao II0BE3aHH ca MpeaujabeTecoM Ha OCHOBY aHAIIU3e
Gene Ontology (GO) u Kyoto Encyclopedia of Genes and
Genomes (KEGG).

Pesyararn Y nopehemy ca 3mpaBum koHTpoaama, 1.511
1 1.932 IncRNA 6une cy nosehaHe, OHHOCHO CMameHe,
nok ¢y 1.128 u 752 mRNA 6une nosehane, 0IHOCHO cMa-
BeHe kol OonecHuka ca f-TM/mpenujaberecom. Ocam
Jeperyucanux excrpecuja [ncRNA notBpleHo je aHa-
m30M gRT-PCR, mTo je 6uno y ckiaxy ca pe3syararuma
mukpountioBa. Anammze GO u KEGG nokasaie cy ia cy
yHyTaphenujcka aHaTOMCKa CTPyKTypa M Mynatuhenuj-
CKH OpraHH3aMCKH IMpolec OWIIM Haj3HAYajHH]jE Jepery-
JIUCAHU, JIOK Cy Haj3Ha4ajHUje NoBehaHU U CMamkEeHH T1y-
TeBu Ounu uHpekimja Bupycom Herpes simplex 1 onHo-
CHO KOHTpAKIIMja MNIaTKUX MUIIKMha KpBHUX CYJOBa.
3akspyuak OBa cTyauja je IpeTMMUHAPHO YTBPIMIA 1a
nato(U3HOoIOrHja HapyleHe TIIyKO3He XoMeocTase y f-
TM moe 6UTH TIOBE3aHa ca aOHOPMAITHOM €KCIIPECH]OM
IncRNA u mRNA, unme ce ipoay0ibyje pa3yMeBame MO-
JIeKyJIapHUX MexaHu3ama y S-TM KOMIUIMKOBaHO] Ipe-
JIjabeTecoM.

KibyuHe peun: MUKpOUHMI aHAIIU3a; 1yTre HeKoaupajyhe
PHK; B-ranacemuja Majop; mRNA; npenujaberec

Beta-thalassemia (f-TM) is an autosomal recessive haemolytic anaemia disorder caused by ge-
netic defects in the regulation of B-globin, leading to impaired B-globin peptide chain synthesis,
which in turn causes haemolysis and ineffective haematopoiesis [1]. Patients require regular
blood transfusions to sustain life [2, 3]. The extended extravascular haemolysis caused by -
TM enhances the intestinal absorption of iron; however, long-term massive blood transfusions
can result in iron overload, leading to insulin resistance, increasing hepatic glucose production
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and reducing insulin secretion, ultimately causing abnormal glucose metabolism [4,5]. Recent
studies have revealed that long non-coding RNAs (IncRNAs) can mediate iron metabolism and
oxidative stress pathways relevant to diabetes. For example, IncRNAs regulate ferroptosis-me-
diated B-cell injury and complications of diabetes via modulation of reactive oxygen species,
Nrf2 and NF-kB signalling pathways. Moreover, several IncRNAs, including MEG3, H19,
MALATI1 and GASS, have been implicated in insulin resistance and dysregulated glucese or
lipid metabolism in metabolic disease contexts. These observations suggest that IncRNAs may
have disease-relevant functions in patients with B-TM, potentially linking iron overload, oxida-

tive stress and metabolic dysregulation.

Prediabetes has been identified as a condition lying between normal glycometabolism and dia-
betes mellitus (DM) [6]. Prediabetes represents a high-risk state for the development of diabe-
tes, with an annual conversion rate of 5%—-10% [7]. Although prediabetes does not meet the
diagnostic criteria for diabetes, it is strongly associated with multiple diseases as well as an
elevated risk of patient death [8, 9, 10]. A meta-analysis indicated that the incidence of impaired
glucose tolerance (IGT), impaired fasting glycaemia (IFG) and DM in patients with B-TM was
17.21%, 12.46% and 6.54%, respectively [11]. However, abnormal glucose metabolism in pa-
tients with -TM usually has an insidious onset, and effective biomarkers and diagnostic meth-

ods to detect glucose metabolism disorders are lacking [11].

Among gene transcripts, only about 10%—20% of transcripts are messenger RNAs (mRNAs)
responsible for encoding proteins, whereas 80%—90% are non-coding RNAs, including miR-
NAs and IncRNAs [12, 13]. Long non-coding RNAs consist of over 200 bases and lack protein-
coding capacity but play key roles in a variety of biological processes [12, 13]. Because
IncRNAs are stably present in peripheral blood, they are considered potential diagnostic mark-
ers [14]. Studies have shown that diabetes and its associated symptoms are closely related to
IncRNAs and mRNAs in the peripheral circulation. In addition, IncRNAs have critical roles in
regulating pancreatic -cell function, glucose metabolism and insulin resistance [15, 16]. Re-
cently, genome-wide analyses of pseudogenes have demonstrated the human-specific essenti-
ality of the IncRNA haemoglobin subunit beta pseudogene 1 in erythropoiesis and its implica-

tions in B-TM [17].

However, the role of IncRNAs and mRNAs in the molecular mechanism of B-TM associated
with prediabetes remains elusive. By analysing IncRNA compared with mRNA expression pro-
files in patients with B-TM and prediabetes, potential diagnostic and therapeutic targets may be

revealed. In this study, we used microarray technology to detect differentially expressed
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transcripts in peripheral blood of these patients to explore their potential role in the pathogenesis

of prediabetes in patients with -TM.

METHODS
Patient information

This study was conducted in Hainan Provincial People’s Hospital between January and Decem-
ber 2021 and included a total of five patients with f-TM and prediabetes and five healthy con-
trols. All participants signed an informed consent form before the start of the study. The diag-
nosis of B-TM was based on haemoglobin electrophoresis and genetic analysis, and the diagno-
sis of prediabetes was based on the American Diabetes Association 2021 guidelines [18] for
determining IFG and IGT through the oral glucose tolerance test (OGTT). The inclusion crite-
rion for the healthy controls was the absence of majordisease. The clinical and demographic

characteristics of the study participants are detailed in Table 1.

Sample collection

On the day prior to blood collection, the participants were instructed to fast from 8§ PM until the
completion of blood collection the following day. Blood draws were scheduled for the follow-
ing morning to ensure that the participants had fasted for more than 8 hours. The median vein
or cephalic vein at each participant’s elbow was selected as the blood sampling site. The blood
collection site was disinfected with a sterile cotton ball with a diameter of approximately 5 cm,
starting at the puncture site and moving outwards in concentric circles; the disinfectant was
then left to dry naturally. A lancet was inserted into the vein, ensuring that the needle was
completely inside the vessel, and an ethylenediaminetetraacetic acid anticoagulant tube was
then inserted into the other end of the lancet once blood return was observed. Subsequently, 5
mL of peripheral blood was collected, taking care to avoid blood spillage or bubble generation
to ensure smooth blood collection. Following blood collection, the tourniquet was released,
gauze was pressed gently onto the site, the lancet was withdrawn and the gauze was fixed with
tape to prevent bleeding. The collected blood samples were sent to a laboratory for the follow-
ing tests: ferritin, fasting plasma glucose, fasting insulin and fasting C-peptide levels. In addi-
tion, participants were scheduled for an OGTT, and peripheral blood was collected again 2
hours after glucose administration to determine 2-hour blood glucose levels to complete the

OGTT assessment.
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RNA extraction

For RNA extraction from blood samples, the blood samples were first treated with TRIzol™
Reagent (Catalogue No. 15596026, Thermo Fisher Scientific, Delaware, DE, USA), mixed
thoroughly at a ratio of 5 mL TRIzol™ per 1 mL of blood and left for 5 minutes to facilitate
separation of nucleic acid—protein complexes. Chloroform was subsequently added, and the
mixture was shaken vigorously and centrifuged to separate the RNA phase from the upper layer.
An equal volume of isopropanol was then added, allowed to stand at room temperature and
centrifuged to pellet the RNA. The pellet was washed with 75% ethanol, and finally, RNA was
solubilised with RNase-free water. Next, RNA was further purified using RNeasy Mini Kit
(74104, Qiagen, Germany).

Microarray analysis

Microarray experiments were performed by Kangchen Biotechnology (Shanghai, China). Mi-
croarray hybridisations were performed according to the standard protocols of Agilent Tech-
nologies Co., Ltd. (California, USA). The extracted RNA was first purified and subsequently
transcribed into fluorescently labelled cRNA, and cDNA hybridisation was performed on mi-
croarray chips. Following the completion of hybridisation, the chips were scanned using an
Agilent microarray scanner to obtainraw image data. Agilent Feature Extraction Software (ver-
sion 11.0.1.1)'was used for data extraction and preprocessing. This software can automatically
read and process up to 100 raw image files to complete the determination of feature strength
and ratio. Subsequently, expression data were normalised using quantile normalisation with

Agilent software and a robust multi-chip averaging technique.

Gene Ontology and Kyoto Encyclopedia of Genes and Genomes analyses

Gene Ontology (GO) analysis was used to assess gene enrichment, implemented using the en-
richGO function to screen significantly enriched GO terms (set p-value or corrected p-value
<0.05). Subsequently, Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis was used
to explore the involvement of these genes in specific biological pathways, and pathway enrich-
ment analysis was completed with the help of the enrichKEGG function to select significant
metabolic or signalling pathways (threshold at p-value or corrected p-value <0.05). Finally, the
GO and KEGG analysis results were combined to reveal the potential biological significance

of differentially expressed genes at the cellular function and pathway level.

DOI: https://doi.org/10.2298 /SARH250423076L Copyright © Serbian Medical Society



Srp Arh Celok Lek 2025 | Online First: September 26, 2025 | DOI: https://doi.org/10.2298/SARH250423076L 6

Reverse transcription polymerase chain reaction

In this study, RNA samples were reverse transcribed using the PrimeScript RT kit and gDNA
eraser (Takara Biotechnology Co., Ltd.) to remove genomic DNA contamination and synthesise
cDNA. Subsequently, quantitative real-time reverse transcription chain reaction (QRT-PCR)
was performed using the CFX96 Real-Time PCR Detection System (Bio-Rad, Hercules, CA,
USA) and SYBR ™-Green PCR kit (Takara Biotechnology Co., Ltd.) to detect the expression
levels of target genes. All gRT-PCR data were quantitatively analysed using the 224“T method.

The primer sequences are presented in Supplementary Table 1.

Statistical analysis

For data analysis, SPSS 25.0 software was used. The normality of continuous variable data was
assessed using the Shapiro—Wilk test, the data were presented as mean + standard deviation and
the t-test was used to compare differences between groups; non-normally distributed data were
presented as interquartile ranges and analysed using the Mann—Whitney U test for non-differ-

ences. In all statistical tests, p < 0.05 was considered statistically significant.

Ethics: The Helsinki Declaration was followed in the conduct of this investigation. Hainan
General Hospital’s Ethics Committee gave its approval for this research to be conducted (Ap-
proval number: NO. 2021-239). All participants gave their permission in writing after being
fully informed of the study protocols.

RESULTS
Profile changes of long non-coding RNAs

A total 0£26,035 IncRNAs were identified in the IncRNA expression profiles of both the control
samples and the samples of B-TM with prediabetes. These were then assessed via a microarray
analysis (Figure 1A,C). A total of 3,443 differentially expressed IncRNAs were identified using
the criteria of p < 0.05 and [log2FC| > 2.0, including 1,511 upregulated and 1,932 downregu-
lated IncRNAs (Figures 1E-H). The 20 IncRNAs with the most significant changes are recorded
in Table 2. Among them, the most significant upregulation was in ENST00000496629, which
had a fold change (FC) of 82.1860551, whereas the most significant downregulation was in
ENSTO00000581274, which had an FC of 170.1365176. In addition, the taxonomic distribution

of dysregulated IncRNAs was summarized. Among the deregulated IncRNAs, there were a total
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of 1,799 intergenic IncRNAs, 980 antisense IncRNAs, 409 intronic IncRNAs and 255 bidirec-
tional IncRNAs (Supplementary Figure 1).

Changes in the messenger RNA profile in patients with beta-thalassemia/prediabetes

In this study, we examined mRNA expression patterns in patients with B-TM/prediabetes using
microarray analysis. Compared with healthy individuals, the results revealed 17,044 mRNAs
(Figure 1B and D), and 1,880 differentially expressed mRNAs were identified using the criteria
of p <0.05 and [log2FC| > 2.0. In the patients with B-TM and prediabetes, 1,128 mRNAs were
upregulated and 752 were downregulated (Figures 1F and 2H). The 20 most dramatically
changing mRNAs are presented in Table 3. The most substantially upregulated and downregu-
lated mRNAs were GDF15 (FC = 100.2322219) and GUCA2B (FC = 143.9714162), respec-
tively.

Validation of dysregulated long non-coding RNAs by quantitative real-time reverse tran-

scription polymerase chain reaction

To further confirm the accuracy of the microarray results, we randomly selected eight dysreg-
ulated IncRNAs for validation using qRT-PCR. The qRT-PCR results were consistent with the
microarray result trends (Figure 2). Among the validated transcripts, ENST00000496629 and
AC090912.2 (IncRNAs) and GDF15 (mRNA) exhibited the most pronounced expression
changes. These molecules were therefore considered the most biologically relevant candidates

for subsequent functional interpretation.

Gene Ontology and Kyoto Encyclopedia of Genes and Genomes analyses

To further explore the function of IncRNAs with substantial changes, we performed GO and
KEGG analyses. The GO analysis results showed that upregulated mRNAs were involved in
985 terms and 275 terms were enriched in downregulated mRNAs. Compared with the healthy
group, significantly changed upregulated IncRNA functions were mainly concentrated in un-
folded protein binding, intracellular anatomy and cellular macromolecular metabolic processes,
whereas downregulated IncRNA functions were mainly concentrated in neuropeptide receptor

binding, cell periphery and multicellular organismal processes (Figure 3A, B).

The KEGG analysis showed that a total of 31 pathways were upregulated, with the herpes sim-

plex virus 1 infection pathway being the most significantly enriched. Among the 17
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downregulated pathways, the vascular smooth muscle contraction pathway was the most sig-
nificantly enriched (Figure 3C, D). Beyond listing enriched pathways, these findings warrant
biological interpretation. Several KEGG pathways enriched in differentially expressed genes
are closely related to abnormal glucose metabolism, including protein processing in the endo-
plasmic reticulum (hsa04141), the cell cycle (hsa04110), autophagy (hsa04140), the NOD-like
receptor signalling pathway (hsa04621), the interleukin (IL)-17 signaling pathway (hsa04657),
cortisol synthesis and secretion (hsa04927) and pancreatic secretion (hsa04972). Likewise, GO
terms such as positive regulation of insulin secretion (G0O:0032024), the glucose metabolic pro-
cess (GO:0006006), negative regulation of gluconeogenesis (GO:0045721) and positive regu-
lation of the endothelial cell apoptotic process (GO:2000353) have direct implications for glu-
cose homeostasis and diabetes-related vascular complications. Notably, enrichment in the her-
pes simplex virus 1 (HSV-1) infection and vascular smooth musele contraction pathways has
not been previously reported in B-TM or B-TM-associated dysglycemia. Iron overload in f-TM
can induce immune dysregulation, and the HSV-1 infection pathway involves immune-modu-
latory signalling; our preliminary unpublished data indicate elevated circulating IL-18, IL-6,
IL-8, IL-10 and TNF-a levels in B-TM with prediabetes, suggesting possible immune activation
through this pathway. Similarly, vascular smooth muscle contraction is relevant to endothelial
dysfunction, a hallmark of diabetes-related vascular injury. Whether iron overload in B-TM
drives vascular damage through this pathway remains unknown and warrants further mechanis-
tic investigations. These novel pathway associations provide exploratory targets for future re-

search into the biological mechanisms linking B-TM to early glucose metabolism impairment.

DISCUSSION

Beta-thalassemia is an autosomal recessive inherited disorder characterized by reduced or com-
plete loss of B-globin chain production. At present, the molecular pathogenesis between 3-TM
and prediabetes has not been clarified. To explore the relationship between the two, it is im-
portant to detect IncRNA and mRNA expression in patients with B-TM to reveal the etiology
and pathophysiology of B-TM complicated with prediabetes. Previously, Fakhr-Eldee et al. [19]
found that IncRNAs, MALATI1, MIAT and ANRIL may be closely related to the pathogenesis
of B-TM and are expected to be novel molecular biomarkers of B-TM. On this basis, this study
is the first to analyse IncRNA and mRNA expression profiles in patients with B-TM compli-
cated with prediabetes using microarray technology. The analysis results showed that differen-

tially expressed IncRNAs may play a key role in the pathogenesis of -TM, and this conclusion
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is basically consistent with the results of previous studies. Notably, ENST00000496629 and
AC090912.2 (IncRNAs) together with GDF15 (mRNA) were identified as the most signifi-
cantly dysregulated transcripts in our study. Moreover, ENST00000496629, which has not been
previously reported in B-TM or glucose metabolism, may represent a novel regulatory molecule
linking iron overload to metabolic dysregulation. In addition, AC090912.2, although poorly
characterised, exhibited marked downregulation and may be involved in pathways affecting
glucose homeostasis, and GDF15, a stress-responsive cytokine elevated in various metabolic
and cardiovascular disorders, is known to influence insulin sensitivity and B-cell function [20,
21]. These findings suggest that these three molecules could be promising ¢andidatesfor further
mechanistic studies and potential biomarkers for early detection of glucose metabolism impair-

ment in -TM.

To our knowledge, this is the first study to comprehensively profile InecRNA and mRNA ex-
pression specifically in patients with f-TM and prediabetes, as distinct from -TM without ab-
normal glucose metabolism or from diabetes alone. Previous transcriptomic or non-coding
RNA studies of B-TM have primarily focused on erythropoiesis-related pathways, iron metab-
olism or diabetic complications individually [22]. Our results identify several IncRNAs (e.g.
ENST00000496629, AC090912.2) and mRNAs (e.g. GDF15, GUCA2B) that have not been
previously associated with B-TM or prediabetes in the existing literature. These molecules re-
veal potential mechanistic links between iron overload characteristic of B-TM, oxidative stress
and early-stage glucose dysregulation. The co-enrichment of HSV-1 infection pathways and
vascular smooth musecle contraction among differentially expressed transcripts also extends
current understanding by implicating immune modulation and vascular responses much earlier
in glucose metabolism impairment in B-TM than previously recognized. This suggests that gene
regulation in B-TM-associated prediabetes may share overlapping inflammatory and endothe-
lial dysfunction components with, but also diverging from, established type 2 diabetes patho-

genesis.

Diabetes and its associated complications are closely associated with IncRNAs in the peripheral
circulation. Studies have shown that specific IncRNAs play a key role in the occurrence, devel-
opment and complications of diabetes. For example, MALAT1 showed expression changes as-
sociated with insulin resistance in patients with type 2 diabetes, and its expression levels may
be affected by resistin and homeostasis model assessment (HOMA-IR) measures [15]; moreo-
ver, MALAT1 expression was significantly reduced in serum samples or exosomes from pa-

tients with type 2 diabetes [23]. In addition, IncRNA CASC?2 is significantly downregulated in
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blood and kidney tissues of patients with diabetic chronic renal failure, suggesting that it may
be associated with the pathological process of diabetic nephropathy [16]. In the present study,
significant changes in IncRNA expression profiles in prediabetes compared with peripheral cir-
culation were further revealed. A large number of significantly up- and downregulated
IncRNAs were identified, with FGFR1 and AC090912.2 being the most significantly up- and
downregulated. In another study, FGFR1 was demonstrated to be associated with diabetes and
metabolic diseases, but the relationship between AC090912.2 and diabetes remains to be further

investigated [24].

Located on human chromosome 14q32.3 within the imprinted DLK1-MEG3-locus; MEG3 is a
non-coding transcript with -cell-specific expression in the islets of individuals without diabe-
tes; however, its expression is reduced in the pancreatic islets of patients with type 2 DM. The
imprinted DLK1-MEG3 region on chromosome 14q32.2 has also been shown to alter suscep-
tibility to type 1 diabetes. In vivo and in vitro studies in mice have demonstrated that MEG3
expression is enriched in pancreatic islets compared with exocrine tissue in Balb/c mice and is
downregulated in the islets of both type 1"and type 2 diabetic mouse models. In MING6 cells and
isolated mouse islets, MEG3 expression is primarily regulated by glucose levels. Inhibition of
MEG3 expression in vitro impairs insulin synthesis and secretion and increases -cell apopto-
sis. Furthermore, in vivo knockout of MEG3 leads to glucose intolerance, reduced insulin se-

cretion and decreased mRNA as well as the protein levels of Pdx-1 and MafA [25].

A conserved IncRNA located at chr19:5795689-5802671, MALAT1 shows aberrant expression
in diabetic retinopathy. Transcription factors play a critical role in regulating cellular processes
and signal transduction in response to external stimuli. Analysis using TRANSFAC predicts
transcription factor binding sites within the MALATT1 sequence, indicating potential interaction
with NF-kB as a cis-acting element. Hyperglycaemia induces MALAT1 upregulation in retinal
endothelial cells and in the retinas of rats with diabetes. Silencing MALAT]1 expression mark-
edly attenuates diabetes-induced retinal neovascularisation, vascular leakage and retinal inflam-
mation. In vitro genetic knockout of MALATT affects key endothelial cell functions, including
proliferation, migration and tube formation. Collectively, these findings suggest that MALAT1
may mitigate hyperglycaemia-induced retinal degeneration and improve retinal function, high-
lighting its broader role in the microvascular complications of diabetes. These dysregulated
IncRNAs may influence the pathophysiology of diabetes and its complications by regulating
gene expression or participating in signalling pathways. In addition, mRNA expression profil-

ing has revealed significant gene expression changes in patients with prediabetes, with GDF15
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and GUCA2B being the most significantly upregulated and downregulated mRNAs [26, 27].
Moreover, GDF15 expression is increased in diabetes and cardiovascular disease and is consid-
ered a potential therapeutic target and prognostic indicator, whereas GUCA2B is involved in
lipid metabolism and shows protective effects in obesity-associated nonalcoholic fatty liver
disease, with increases in its levels associated with improved liver injury [28]. In summary,
IncRNA and mRNA expression changes in the peripheral circulation are closely related to the
pathophysiological mechanisms of diabetes and its complications, and these molecules. may
serve as potential biomarkers or therapeutic targets to provide new directions for the early di-

agnosis and intervention of diabetes.

In patients with B-TM, diabetes and its complications substantially contribute to increased mor-
tality. Understanding the molecular mechanisms driven by hyperglycemia and itsrelated com-
plications is therefore essential for improving clinical strategies and exploring novel therapeutic
targets. In recent years, the functional roles of IncRNAs in diabetes and diabetic complications
have been increasingly recognized. Notably, a considerable proportion of single nucleotide pol-
ymorphisms associated with type 1 andtype 2 diabetes are located within IncRNA regions,
suggesting their potential involvement in disease pathogenesis. The pancreas senses blood glu-
cose levels and, through pangreatic f cells, secretes insulin to stimulate glucose uptake by pe-
ripheral tissues. In type 2 diabetes, hyperglycemia results from B-cell dysfunction combined
with insulin resistance, whereas in type 1 diabetes, it arises from the loss of B cells and insulin
production. In this study, microarray technology was used to identify differentially expressed
IncRNAs and mRNAsin patients with B-TM and prediabetes. Functional enrichment analyses,
including pathway, disease and GO annotations, were conducted to investigate their potential
roles in disease onset and progression. These findings provide a molecular basis for subsequent
functional studies of IncRNAs in f-TM-associated prediabetes and offer novel research direc-
tions for biological therapy. As well as potentially serving as early diagnostic biomarkers for
patients with B-TM at risk of developing diabetes, the identified IncRNAs may represent prom-

ising therapeutic targets for drug development.

In patients with B-TM, iron overload is a common pathological feature, mainly due to abnormal
iron absorption resulting from frequent blood transfusions and ineffective erythropoiesis. Ac-
cumulation of iron overload in the pancreas may induce oxidative stress in pancreatic f3 cells,
which in turn affects insulin secretion and glucose metabolism homeostasis and increases the
risk of prediabetes and diabetes [29]. Studies have shown that IncRNAs play a key role in the

regulation of islet function. For example, the IncRNA MEG3 exhibited downregulation in
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pancreatic tissue in rat models of type 1 and type 2 diabetes, whereas its silencing further im-
paired insulin secretion and glucose homeostasis. By contrast, normal MEG3 expression pro-
motes insulin secretion and inhibits apoptosis of diabetic pancreatic B cells, suggesting it has a
protective role in maintaining islet function [30]. In addition, the IncRNA MALATTI is closely
associated with resistin and HOMA-IR in type 2 diabetes. In cell models, knockdown of MA-
LATI decreased pro-inflammatory cytokine production while improving glucose absorption
and intracellular signaling, suggesting it has a potential regulatory role in diabetes pathophysi-
ology [15]. Long non-coding RNAs may be an important molecular mechanism of 3-TM com-
plicated by prediabetes, providing a new research direction for the early identification of the

disease and prompt intervention.

In this study, through GO functional annotation and KEGG pathway analysis, we investigated
the potential role of differentially expressed genes in B-TM complicated by prediabetes in depth.
Gene Ontology analysis showed that deregulated mRNAs were mainly involved in metabolic
processes, cellular communication and cellular responses to a variety of stimuli, such as inflam-
matory responses and oxidative stress, and KEGG pathway analysis further revealed multiple
significantly enriched pathways, which included protein processing in the endoplasmic reticu-
lum, a process closely associated with glucose metabolism. In addition, key pathways such as
the cell cycle, calcium' signaling pathway and NOD-like receptor signaling pathway are in-
volved [31]. The results of these analyses suggest that differentially expressed mRNAs are
widely invelved in inflammation-mediated signaling and oxidative stress responses, reflecting
a complex genetic and metabolic regulatory network in prediabetes in patients with B-TM.
These dysregulated genes may run through various biological stages of prediabetes develop-
ment, from metabolic disorders to cell signaling, inflammation and oxidative stress responses,

which together drive the development and progression of prediabetes in patients with f-TM.

Summary of findings

In total, 3,443 differentially expressed IncRNAs and 1,880 differentially expressed mRNAs
were identified, with ENST00000496629 and AC090912.2 (IncRNAs) and GDF15 (mRNA)
emerging as the most significantly dysregulated transcripts. Functional enrichment analyses
implicated these transcripts in glucose metabolism, vascular smooth muscle contraction, im-
mune regulation and protein processing in the endoplasmic reticulum. These results suggest
novel molecular links between iron overload, oxidative stress and early glucose dysregulation

in B-TM.
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Interpretation

Previous transcriptomic studies of B-TM have focused on erythropoiesis or iron metabolism.
Our findings extend this by identifying transcripts not previously associated with 3-TM or pre-
diabetes. In particular, ENST00000496629, upregulated in our cohort, has not been reported in
glucose metabolism, suggesting a novel regulatory role in iron-induced metabolic disturbances.
Moreover, AC090912.2, although poorly characterised, showed marked downregulation and
may affect glucose homeostasis. Finally, GDF15, a stress-response cytokine, is elevated in.met-
abolic disorders, insulin resistance and cardiovascular disease. Enrichment of HSV-1 infection
and vascular smooth muscle contraction pathways — previously unreported in B-TM-related
dysglycaemia — suggests immune activation and early endothelial dysfunction may contribute
to disease. This aligns with our unpublished findings of elevated IL-1p, IL-6, IL-8, IL-10 and
TNF-a in B-TM with prediabetes.

Limitations and future directions

This study has several limitations. First, the small sample size (n =5 per group) limits statistical
power and generalizability; these results should be interpreted as exploratory. Second, recruit-
ment was constrained by the rarity of B-TM with prediabetes due to premarital screening and
improved management, and the lack of a group of patients with f-TM but without prediabetes
prevents separation of thalassemia-related from dysglycaemia-specific transcriptomic changes.
Finally, age and sex were not strictly matched, potentially influencing gene expression. Future
studies should recruit larger, matched cohorts including patients with -TM but without predi-
abetes and perform in-depth functional validation of candidate molecules in cellular and animal

models-to clarify their roles in disease mechanisms.

CONCLUSION

In summary, the present study revealed a possible close link between substantial changes in
IncRNA and mRNA expression profiles and B-TM complicated by prediabetes. These differen-
tially expressed molecules may influence the pathophysiological mechanisms of diseases
through complex regulatory networks or participate in specific biological processes. The find-
ings of this study provide an important theoretical basis and research direction for future explo-
ration of potential therapeutic targets, diagnostic markers and prognostic evaluation indicators

of B-TM complicated by prediabetes.
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Figure 1. The characteristics of long non-coding RNA (IncRNA) and messenger RNA (mRNA)
differential expression and volcano plot and hierarchical clustering of differentially expressed
transcripts; a scatter plot shows the differences between IncRNA (A) and mRNA (B) expression
in patients with B-thalassemia major with prediabetes (y-axis, group-test) versus healthy con-
trols (x-axis, group-control); red and green represent > 2-fold, p < 0.05; the box plots show the
IncRNA (C) and mRNA«(D) expression levels of each individual sample; (E) volcano plot of
differentially expressed long non-coding RNAs (IncRNAs); (F) volcano plot of differentially
expressed messenger RNAs (mRNAs); (G) Hierarchical clustering of IncRNA profiles in pa-
tients with'B-thalassemia major (B-TM) with prediabetes compared with healthy controls (> 2-
fold, p < 0.05); (H) hierarchical clustering of mRNA profiles in patients with B-TM with predi-
abetes compared with healthy controls (> 2-fold, p < 0.05)
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Figure 2. The expression of selected IncRNAs; the e€xpression level detected by qRT-PCR
showed that the expression level of IncRNAs ENST00000449551, ENST00000581274,
ENST00000437035, and ENST00000556546 was significantly lower and that of IncRNAs
ENST00000607613, ENST00000431759, ENST00000564152, and ENST00000611877 was
significantly higher in patients with -TM with prediabetes compared with the controls (*p <

0.05); the qRT-PCR analysis was similar in most respects to the IncRNA microarray analysis
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Table 1. Clinical Characteristics of B-TM patients with prediabetes and healthy controls

Variables B-TM + prediabetes (n=5) | healthy controls (n=5) | p-value
Age (years) 10.6+1.7 11+14 0.78
Sex (male/female) 32 2/3 0.65*
Time of blood transfusion (months) 92+5.7 0 (NA) <0.001*
Ferritin (ng/ml) 7,377.6 +£1,021.5 146.9 + 63.8 <0.001*
BMI 153+£1.7 20+0.9 0.002*
Liver MRI T2 (ms)* 1.64+0.14 - <0.001%
ALT (U/L) 72.3+£46.22 12.94+4.11 0.00286*
Fasting glucose (mmol/l) 6.8+0.48 4.48+0.49 0.00555*
2-hour plasma glucose (mmol/l) 9.04+0.79 5.04+0.60 0.00901#
Fasting insulin (PMOL/L) 66.23 + 5.09 55.9+8.44 0.00234*
Fasting C-peptide (nmol/l) 0.82+0.17 0.67+£0.24 0.0117
HOMA-IRI 2.72+0.3 1.58+0.16 0.00756*
HOMA-ISI 0.62 (0.58-0.68) 0.51 (0.48-0.7) 0.0157*
HOMA-BFI 75.76 £ 14.14 183.84 £92:52 0.00258*
HOMA-SC 28.74 (26.02-31.39) 35.85 (27.13-37.35) 0.0157*

21

BMI — body mass index; HOMA-IRI — insulin resistance index; HOMA-ISI — insulin sensitivity index; HOMA-

BFI — B-cell function index; HOMA-SC — secretory capacity;

notes: data presented as mean + SD or median (interquartile range);

*p < 0.05 (significant differences)
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Table 2. The 20 most differentially expressed IncRNAs in patients with B-TM with prediabetes
relative to matched controls

LNCRNA ID p-value FDR Fold change Reg. CHROM Strand Relationship Database
ENST00000496629 | 0.003526083 | 0.032526596 | 82.1860551 | up CHRS - bidirectional GENCODE
ENST00000431759 | 0.000454682 | 0.010781106 | 37.6048365 | up CHRI + natural antisense GENCODE
ENST00000583516 | 0.000556435 | 0.012007394 | 29.3773871 | wp CHR3 - intronic antisense GENCODE
ENST00000582591 | 0.000794281 | 0.014552508 | 20.1327846 | up CHRI8 + natural antisense GENCODE

T144753 9.72507E-05 | 0.004628744 | 19.1867411 | up CHRI17 - natural antisense | RNA-SEQ: IYER ET AL 2015
HBMTO00001229624 | 0.001197038 | 0.018044649 | 19.0708748 | up CHR6 + intergenic FANTOMSCAT

T092137 0.005372424 | 0.041556365 | 187283573 | up CHRI3 + natural antisense | RNAZSEQ: IYER ET AL 2015
ENST00000495240 | 0.007330467 | 0.049419663 | 182757294 | wp CHR21 - bidirectional GENCODE
ENCTO00000417654 | 8.05354E-05 | 0.004137151 | 17.5584774 | up CHR7 - intergenic EANTOMSCAT
ENST00000523831 | 0.002313282 | 0.025628209 | 16.9052281 | up CHRS intergenic GENCODE
ENST00000581274 | 0.000623989 | 0.012711699 | 170.1365176 | down | CHRI8 - intergenic GENCODE

T048514 9.98219E-05 | 0.004660449 | 76.2685338 | down | CHRI0 - intergenic RNA'SEQ: IYER ET AL 2015
ENST00000421375 | 1.35499E-05 | 0.001367337 | 75.6516897 | down | CHR3 - intergenic GENCODE
ENST00000556546 | 1.72633E-05 | 0.001558422 | 68.9262261 | down | CHRI4 - intergenic GENCODE
ENST00000608466 | 0.000131548 | 0.005419482 | 63.0881264 | down | CHRS - bidirectional GENCODE
ENCTO00000192781 | 4.96226E-05 | 0.002997505 | 61.6649287 | down | CHRIS + intergenic FANTOMSCAT
ENST00000586947 | 1.57655E-05 | 0.001487151 | 582341391 | down | CHRIS + intergenic GENCODE
ENST00000495493 | 3.16861E-06 | 0.000598221 | 54343005 | down | CHRI : ex"“lzz‘:izz’er‘ GENCODE

AK024231 0.000182406 | 0.00656838 | 52.8044804 | down | CHRI7 + intergenic NRED

ENST00000511474 | 0.000135322 | 0.005506699 | 52.6697045 | down | CHRS + intergenic GENCODE

Reg. — regulation
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Table 3. The 20 most differentially expressed mRNAs in patients with B-TM with prediabetes

relative to matched controls

Gene symbol p-value FDR Fold change Regulation CHROM
GDF15 2.26375E-05 | 0.002411457 100.2322219 up CHR19
HBG1 0.000236675 | 0.008984146 37.5558847 up CHRI11

TMEM269 0.005760896 | 0.048273699 26.6075395 up CHRI1
ST8SIAS 0.004899657 | 0.045003731 21.4706818 up CHRA8
PAQR9 0.001958959 | 0.028087005 19.8210477 up CHR3
TOMMS 0.002893375 | 0.034055763 18.4003285 up CHR9
ACSM3 0.001112436 | 0.020491209 14.4928213 up CHR16
BBS12 0.002714217 | 0.032809297 14.4565088 up CHR4
SFRP2 0.010723854 | 0.067903233 12.6215505 up CHR4
IF144L 0.000374268 | 0.011411502 12.1742708 up CHRI1
GUCA2B 0.000243604 | 0.009222062 143.9714162 down CHRI1

B3GALNT2 2.82567E-05 | 0.002715737 86.152204 down CHRI1

TOX2 0.000854932 | 0.017757699 62.2958244 down CHR20
FBXL13 0.000314764 | 0.010403005 54.406973 down CHR7
OR10G4 2.96323E-06 | 0.000742725 39.4923179 down CHRI11
NAASO 2.12895E-07 | 0.000229889 33.3880965 down CHR3

CLUH 1.51667E-06 | 0.000470002 327656707 down CHR17
PCDHA9 5.28901E-05 | 0.00411625 29.1615088 down CHRS5
BCAP31 6.76081E-07 | 0.000338915 28.6257891 down CHRX

CATG00000107414.1 | 0.01698672 | 0.088837575 25.8281041 down CHR9
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Supplementary Table 1. Reverse transcription-quantitative polymerase chain reaction primers

for randomly selected IncRNAs

Transcript ID Forward primer (5'-3") Reverse primer (5'-3")
ENST00000431759 CCACGCAAACTCCTTCTGTA GCCATTTTTTACCCTTTAGTTC
ENST00000611877 CTTCAGAGTGGGTGGTTTCC CCTTCGCTGTCCTTTGAGTT
ENST00000564152 | GTGGTTGGGTTTCTGAGTTTG TGTCTGGCTTCCCTCTGTTC
ENST00000607613 | TGCTGAGAGGGGTTTAGGAA GGAATCTGGAAAACTGCCCA
ENST00000581274 | ATGACATGGGGAAATGGAAGG | GCTGATCGCACTCAACTCTT
ENST00000449551 TTTCAGAGGAGTGGCTGGTA TGGAGTGGATCACAGGCTTA
ENST00000437035 | ACAAATCTGCCACTCAAGCC | TCTACTCCTGGATGTCTCTTCT
ENST00000556546 CTGCCTCCGATCCAAATTGT CCTTGGAGAAACGCCATTGA
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