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Identification of tRNA-derived
RNAs in adipose tissue from
overweight type 2 diabetes
mellitus patients and their
potential biological functions

Jie Zhang*, Yingfei Xi, Qiuping Fei , Jun Xu and Jinxing Hu

Department of Endocrinology, Hwa Mei Hospital, University of Chinese Academy of Sciences,
Ningbo, Zhejiang, China
Background: Type 2 diabetes mellitus (T2DM)causes a huge public health

burden worldwide, especially for those who are overweight or obese, the pain

is often greater. And search for effective targets in overweight T2DM could help

improve patient quality of life and prognosis. tRNA-derived RNAs (tsRNAs) are

multifunctional regulators that are currently receiving much attention, but there

is still a lack of knowledge about tsRNAs in overweight T2DM.

Methods: T2DM patients with BMI ≥ 25 (Overweight group) and BMI< 25 (Control

group) were subjected to tsRNA sequencing; differentially expressed tsRNAs in

the two groups were analyzed and their expression was verified using qRT-PCR.

The biological function of downstream target genes was also evaluated by

enrichment analysis.

Results: qRT-PCR evaluation identified a tsRNA with up-regulated expression

(tRF-1-28-Glu-TTC-3-M2) and a tsRNA with down-regulated expression (tRF-1-

31-His-GTG-1), both of which may be involved in metabolic and energy-related

processes.

Conclusion: Dysregulation of tsRNA expression in overweight patients with

T2DM suggests a potential role for tsRNA in the development of T2DM.
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1 Introduction

Type 2 diabetes mellitus (T2DM) is a cause of human suffering,

with its prevalence increasing annually, affecting over 400 million

people worldwide. This condition can severely compromise

patients’ quality of life, lead to significant premature deaths, and

place a heavy economic burden on global health resources (1, 2).

Overweight or obesity, another common metabolic disorder, is now

a recognized risk factor for T2DM (2). T2DM patients are primarily

characterized by increased fat content around the abdomen, and

this adipose tissue accelerates insulin resistance (IR) development

through an inflammatory response (3). This is a key aspect of

T2DM development. However, it has also been reported that lower

BMI in Asian populations is associated with a higher incidence of

T2DM (2), which appears to correlate with the pattern of fat

accumulation. Thus, the link between T2DM and overweight is

complex and warrants further exploration.

As next-generation sequencing technologies advance, an

increasing number of sequencing technologies and genes are

being highlighted, and tRNA-derived RNAs (tsRNAs) are gaining

more attention. tsRNAs are small non-coding RNAs precisely

cleaved from tRNAs, and numerous studies have shown that

tsRNAs are multifunctional regulators associated with various

physiological and pathological states, and can even serve as causal

factors in diseases such as cancer and inherited metabolic disorders

(4, 5). tsRNAs include tRNA-derived fragments (tRFs) and tRNA

halves (tiRNAs), which have different lengths and biological

functions (5). Some tsRNAs have been found to be involved in

adipose differentiation, promoting the proliferation of

preadipocytes or enhancing adipogenesis to mediate obesity (6,

7). Other studies have identified tsRNA as a key factor in the

pathogenesis of diabetes and its related diseases (8), and suggested

that alterations in tsRNA may be closely related to the mechanism

of pancreatic b-cell death (9). Yan et al. also discovered that tsRNA

may act as a new target in the treatment of diabetic foot ulcers by

regulating Wnt signaling (10). We hypothesize that tsRNAs may

also contribute to disease development in overweight individuals

with T2DM, but the details have yet to be reported.

A BMI of ≥25 is considered overweight and obese (10). In this

study, we sequenced adipose tissue from both overweight and

normal-weight individuals with T2DM, identified differentially

expressed tsRNAs, validated their expression, and evaluated their

biological functions. Through this process, we uncovered a new

perspective on the mechanisms of intervention for overweight

patients with T2DM.
2 Methods and datas

2.1 Sample collection

In accordance with the Guidelines for the Prevention and

Treatment of Type 2 Diabetes in China (2020 Edition), T2DM

patients preparing for cholecystectomy were recruited for testing.

Biochemical tests for fasting insulin, fasting glucose, fasting C-
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peptide, and glycated hemoglobin were completed, with the

following inclusion and exclusion criteria:

①Inclusion Criteria

All patients had a primary diagnosis of T2DM, were aged 45-80

years, did not use GLP-1 agonist drugs, insulin preparations, or thiazide

diuretics, were ready for cholecystectomy, had normal liver function,

and had normal serum creatinine, urea nitrogen, and electrolyte levels.

②Exclusion Criteria

Excluded were patients with non-T2DM, presence of diabetic

ketosis, diabetic ketoacidosis, diabetic hyperosmolar state; those using

insulin, insulin analogues, dipeptidyl peptidase (DPP-IV) inhibitors,

metformin, insulin sensitizers (thiazolidinediones), glucagon-like

peptide (GLP-1) analogues, thyroxine, glucocorticoids, or sex

hormone replacement therapy; and those with acute infections,

tumors, pregnancy, or lactation.

After obtaining signed informed consent from each patient or their

family, two pieces of intraoperative large omental adipose tissue,

approximately 1 cm³ each, were collected for the follow-up study

(registration number ChiCTR2000032718), which was performed with

approval from the ethics committee of our hospital.
2.2 RNA extraction and pre-treatment

Patients with BMI ≥ 25kg/m2 were classified as the Overweight

group, while those with a BMI< 25 kg/m² were designated the

Control group. Three tissue samples were selected from each group,

and total RNA was extracted using TRIzol. The concentration and

purity of total RNA in each sample were measured with a

NanoDrop instrument and sent to Aksomics Inc. for testing.
2.3 Sequencing and QC of tsRNA

Following the same procedure as reported in previous studies

(11), interfering RNA modifications were removed, and total RNA

from the samples was sequentially ligated to 3’ and 5’ small RNA

adaptors. cDNA was synthesized and amplified using Illumina

reverse transcription and amplification primers. PCR-amplified

fragments were obtained, purified from PAGE gels, and

sequenced with an Agilent 2100 instrument. Libraries were

quantified, denatured, and diluted, and the diluted libraries were

loaded onto the Illumina Next 500 system for sequencing.

Quality control of sequencing is performed using quality scores

(Q), where Q = −10� log10 P Mass fractions were plotted, and a Q >

30 was considered high quality. The reads were trimmed, converted to

FASTA format, and they were also compared to matured and

precursor tRNA sequences from the GtRNAdb (12, 13) database and

tRNAscan-SE (14) software. After excluding any predicted intronic

sequences, a 3’-terminal ‘CCA’ was appended to each tRNA. Next, 40

nucleotides of flanking genomic sequence were included on either side

of the original tRNA sequence (15). With matching reads using Bowtie

software (16), the remaining reads were finally aligned with miRDeep2

(17). The expression levels of the tsRNA were assessed based on the

mapping reads and finally expressed using CPM (Counts Per

Million), CPM = 106�Count
N
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2.4 qRT-PCR

Among the differentially expressed tsRNA, those with higher

CPM were selected for detection. cDNA was synthesized by

tRF&tiRNA Kit (Arraystar) and subjected to qRT-PCR using 2X

PCR master mix in the QuantStudio™ system (Applied Biosystems).

See Table 1 for primer details.
2.5 Prediction of target genes and their
potential functions

The GtRNAdb database was used to identify the position of

tsRNAs in the corresponding tRNAs. Target genes were predicted

using TargetScan and miRanda software, and the R package

clusterProfiler was employed to determine the potential function

of these target genes.
2.6 Statistics

Expression levels between samples were analyzed using

principal component analysis (PCA) was employed to explore

category differences between samples. Differentially expressed

tsRNAs at nominal significance were analyzed using the R

package edgeR (18) with the following screening conditions: abs

(FC)>1.5 and P< 0.05. Hierarchical clustering of differentially

expressed tsRNAs was performed using the R package heatmap2.

PCA was performed to explore sample categories based on tsRNA

CPM (samples without replicates were not available), and plots

were generated using the R package scatterplot3d.
3 Results

3.1 tsRNA distribution in the adipose tissue

The schematic diagram of the design and main findings of this

study is shown in Supplementary Figure 1. The general clinical
Frontiers in Endocrinology 03
characteristics of the enrolled patients are detailed in Table 2. The

proportion of high-quality bases in each sample was >90%, and the

read lengths for each sample are shown in Figure 1. tsRNA is known

to have multiple isoforms: tRF-1, tRF-3b, tiRNA-5, tRF-5a, tRF-3a,

tRF-5b, tiRNA-3, tRF-5c, and tRF-2. The frequency and number of

each isoform were calculated for both the Overweight and Control

groups based on the corresponding tRNA site and sequence length

(Figures 2A–D), and the number of different tsRNA isodecoders

differed between the two groups (Figures 2E, F).
3.2 Presence of differentially expressed
tsRNA in the overweight group compared
to the control group

PCA results showed notable differences in the expression

profiles of the two groups of samples based on the clustering of

tsRNA expression profiles (Figures 3A, B). There were 242 tsRNAs

commonly expressed in both sample groups, and 128 were

specifically expressed in the Overweight group compared to the

Control group. Samples below the expression mean are shown in

blue, while red is used to represent samples above the expression

mean (Figure 3C). A total of 22 up-regulated and 44 down-

regulated tsRNAs were identified, with inter-group differences in

differentially expressed tsRNAs (Figures 3D, E).
3.3 Differentially expressed tsRNAs and
their corresponding target gene networks

Among the 66 differentially expressed tsRNAs, those with

higher expression abundance and length of 18 bp or more in each

sample were selected for qRT-PCR, as detailed in Table 3. As shown

in Figure 4, compared to diabetic patients with normal BMI,

overweight diabetic patients exhibited upregulation of tRF-1-28-

Glu-TTC-3-M2 expression and downregulation of tRF-1-31-His-

GTG-1 expression in adipose tissue (both P< 0.05). Further details

of these two tsRNAs are given in Supplementary Table 1.
TABLE 1 Primer sequences and other details.

Gene Sequences (5’-3’) Temperature (°C) Length (bp)

U6
F GCTTCGGCAGCACATATACTAAAAT

60 89
R CGCTTCACGAATTTGCGTGTCAT

tRF-1-28-Glu-TTC-3-M2
F AGTCCGACGATCTCCCTGGT

60 48
R TCCGATCTCGAATCCTAGCC

tRF-54-75-Ala-CGC-1-M4
F AGTCCGACGATCTCGATCCC

60 46
R CTCTTCCGATCTTGGTGGAGA

tRF-1-31-His-GTG-1
F GATCGCCGTGATCGTATAGTG

60 47
R CTCTTCCGATCTCGCAGAGTA
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3.4 Prediction and potential function of
target genes

To further investigate the potential functions of these two target

tsRNAs, their target genes were predicted by miRanda and

targetscan databases. The predicted target genes will be

intersected to obtain a total of 5725 and 510 target genes,

respectively. The structures of these two tsRNAs in the

corresponding tRNAs were predicted, and tRF-1-28-Glu-TTC-3-

M2 and tRF-1-31-His-GTG-1 corresponding target gene networks

were mapped using Cytoscape (Figure 5). Among these, the up-

regulated tRF-1-28-Glu-TTC-3-M2 was primarily involved in

biological processes such as anatomical structure morphogenesis

and development and was significantly enriched in circadian

rhythm and AMPK signaling (Figure 6A). In contrast, as shown

in Figure 6B, the down-regulated tRF-1-31-His-GTG-1 was

primarily enriched in signaling pathways such as axon guidance,

insulin, and was implicated in biological processes such as adenylate

binding and ATP binding.
4 Discussion

Obesity or being overweight has consistently been identified as

the strongest trigger for T2DM, yet there are still some individuals

with T2DM who have normal BMIs (19). Although islet beta-cell

disorder may be due to obesity, it is actually caused by insulin

resistance (IR) itself (20). Overweight, beginning in childhood and

persisting into adulthood, has been suggested as a risk factor for

T2DM in adults (21). In contrast, relatively lean individuals with

reduced insulin sensitivity or IR can lead to fat accumulation, and

T2DMmay be considered the ‘cause’ of obesity (22). Nonetheless, a

strong association between being overweight or obese and T2DM

persists, with statistics from a UK study showing that over 80% of

people with T2DM have a BMI ≥25 (23),and that in overweight

individuals, a sustained increase in BMI leads to increased mortality

from T2DM (24). Regrettably, there has been no progress in

controlling overweight prevalence in the population over the last

decade or so, even as the number of overweight individuals

continues to rise and being overweight becomes nearly the

population norm (8). In patients with T2DM with a BMI ≥15,

appropriate weight loss significantly improves abnormally elevated

blood glucose, lipids and blood pressure, enabling patients to

minimize exposure to cardiovascular disease risk factors (25).

Additionally, a recent study found that weight loss minimizes the

occurrence of diabetic complications, and thus, appropriate weight

loss or maintenance of a moderate weight, along with glucose-

lowering therapy in patients with T2DM, can significantly address

the underlying diseas (26).

Small nuclear RNAs (snRNAs) play a role in regulating

biological developmental processes and disease pathogenesis as

regulators of gene expression (27). tRNA degradation or cleavage

produces large amounts of small non-coding RNAs, known as

tsRNAs (4, 27). tsRNAs are involved in regulating protein

homeostasis, are associated with various aspects of cellular
T
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metabolism and modes of programmed cell death, and control the

expression of gene post-transcriptional genes (4). Recent

sequencing data have demonstrated that tsRNA is widely

expressed in the central nervous system and is increased

abnormally when neuronal and protein homeostasis is

imbalanced, serving as a novel biological marker for the diagnosis

and treatment of neurological dysfunction (28). Moreover, the

function of tsRNAs in human cancer is beginning to be

increasingly recognized. tsRNAs may mediate the biological
Frontiers in Endocrinology 05
processes of cancer cells through their involvement in post-

transcriptional regulation, and are new targets for cancer drug

therapy, diagnosis and prognosis (29, 30).

tsRNAs are involved in adipocyte fate and function (5), and a

growing number of studies suggest that tsRNAs are involved in

different metabolic diseases and may play a key role in the

development of metabolic diseases including T2DM (31). In the

absence of interference from extrinsic factors, tsRNAs may

independently influence the intergenerational inheritance of
D

A B

E

F

C

FIGURE 1

Length distribution for each sample. (A-C) Read lengths of the three Overweight group samples; (D–F) Read lengths of the three Control group samples.
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metabolic phenotypes in fertilized eggs in the form of miRNAs (32).

tsRNAs may mediate metabolic disorders by participating in

adipogenesis, degeneration, etc. Cristina et al. (9) showed that a

TRMT10A deficiency leads to tRNA fragmentation, which induces

pancreatic b-cell death, leading to the development of diabetes

mellitus. However, there are still few studies related to tsRNA in

T2DM. Our current study focused on overweight T2DM patients

with high and low BMI and the differential expression profiles of

tsRNA between their adipose tissues, in order to fill in the gaps in

the knowledge of tsRNA in the context of overweight T2DM.

Our results showed that among 66 differentially expressed

tsRNAs, as identified by qRT-PCR, tRF-1-28-Glu-TTC-3-M2 as

well as tRF-1-31-His-GTG-1 were upregulated and downregulated

in overweight T2DM patients, respectively. These two tsRNAs

belong to the same tRF-5c family. A study by Gu et al. in which

tsRNAs were sequenced in subcutaneous fat from fat and lean pigs

found that tsRNAs were not produced by random cleavage of

tRNAs, that tRF-5c was the predominant type of tsRNA in

differential lipid deposition, and that tRF-5c may be inextricably
Frontiers in Endocrinology 06
linked to lipid metabolism (33). The tRF-1-28-Glu-TTC-3-M2 was

found to be associated with circadian rhythm and AMPK signaling

by KEGG enrichment analysis. It is well known that circadian

rhythm disorders are the main cause of metabolic dysfunction in

the body and that once the temporal signal is dysregulated, the

endocrine system adapts to secrete hormones such as cortisol,

melatonin and glucagon, affecting IR and systemic metabolism to

the extent that metabolic diseases such as obesity and diabetes

develop (34, 35). AMPK is a highly nutrient-responsive energy

sensor whose activity is directly impacted by obesity or overweight,

resulting in adverse changes in the body’s metabolism, especially in

obese type 2 diabetes patients (36). Furthermore, AMPK takes a

crucial part in regulating adipose tissue metabolism and

development, and targeting AMPK is an effective strategy for

lipid metabolism and energy metabolism in patients with T2DM

(37). We conjecture that tRF-1-28-Glu-TTC-3-M2 may be involved

in disease progression in overweight T2DM patients by regulating

circadian rhythms or (and) signaling such as AMPK, providing a

reference for subsequent precise treatment of T2DM. As for tRF-1-
D

A B

E F

C

FIGURE 2

Distribution of individual isoforms of tsRNA in the two groups of samples. (A, B) Frequency of each isoform between Overweight and Control
groups; (C, D) Number of each isoform in Overweight and Control groups; (E, F) Number of each isoform between Overweight and Control groups.
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31-His-GTG-1, a key tsRNA with down-regulated expression, the

current study found that it was significantly differentially expressed

between the two groups of samples and highly correlated with

signals, such as insulin and biological processes such as adenylate

binding and ATP binding. This also supports the existence of

differences in energy metabolism and insulin function between

T2DM patients with different BMIs, but further experiments are

needed to validate this.
Frontiers in Endocrinology 07
As this is a preliminary exploration of tsRNA expression in

T2DM, there are limitations to the study. Firstly, more samples

need to be included that complement the expression of tsRNA in

T2DM patients at all BMI stages. Secondly, the specific role of

tsRNAs in overweight T2DM can be refined by targeting important

biological functions in tsRNAs and finding key target genes. Finally,

the specific mechanisms of key tsRNA regulation in T2DM patients

are still not well understood and more in vivo and ex vivo
D

A B

E

C

FIGURE 3

Differences in tsRNA expression between two groups of samples. (A) PCA used to explore sample categories; (B) Venn diagram showing the number
of expression profiles; (C) heat map showing clustering of differentially expressed tsRNAs; (D) scatter and (E) volcano plot showing the results of
differential analysis of tsRNAs.
TABLE 3 Data details of the significantly differentially expressed tsRNA.

tsRNA tRF-54-75-Ala-CGC-1-M4 tRF-1-28-Glu-TTC-3-M2 tRF-1-31-His-GTG-1

Sequence TCGATCCCCGGCATCTCCACCA TCCCTGGTGGTCTAGTGGCTAGGATTCG GCCGTGATCGTATAGTGGTTAGTACTCTGCG

Type tRF-3b tRF-5c tRF-5c

Length 22 28 31

log2FC 3.082 3.246 -3.144

Test CPM 7.218 6.351 12.425

Control CPM 4.135 3.104 15.569

p 0.004 0.005 0.004
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A B C

FIGURE 4

Results of qRT-PCR assays for three significantly differentially expressed tsRNAs. qRT-PCR was adopted for detecting the expression of (A) tRF-1-28-
Glu-TTC-3-M2; (B) tRF-54-75-Ala-CGC-1-M4; and (C) tRF-1-31-His-GTG-1 between the two groups of samples. * means P<0.05; ** means P<0.01;
ns means not statistically significant.
A B

C

FIGURE 5

Target genes of tRF-1-28-Glu-TTC-3-M2 as well as tRF-1-31-His-GTG-1. (A, B) Number of target genes and their secondary structures for tRF-1-
28-Glu-TTC-3-M2 as well as tRF-1-31-His-GTG-1; (C) Two validated tsRNAs and their predicted target gene networks.
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experiments are needed to validate the biological functions of

tsRNAs on adipocytes.

In summary, we analyzed tsRNA expression in overweight and

normal weight T2DM patients, screened two hub tsRNAs: tRF-1-

28-Glu-TTC-3-M2 as well as tRF-1-31-His-GTG-1, and evaluated

their potential functions in T2DM, providing a theoretical basis for

the role of tsRNAs in T2DM.
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FIGURE 6

Potential functions of the validated tsRNAs. (A) Top 20 GO terms and pathways in tRF-1-28-Glu-TTC-3-M2 and (B) tRF-1-31-His-GTG-1. .
frontiersin.org

https://datadryad.org/stash/share/T6rUqNJanSB3HENPPIFo5WC4ypbxZMXuDY7D597e6Ec
https://datadryad.org/stash/share/T6rUqNJanSB3HENPPIFo5WC4ypbxZMXuDY7D597e6Ec
https://doi.org/10.3389/fendo.2023.1139157
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhang et al. 10.3389/fendo.2023.1139157
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1139157/

full#supplementary-material
Frontiers in Endocrinology 10
SUPPLEMENTARY FIGURE 1

Flowchart T2DM patients and control subjects underwent tsRNAs

sequencing. Differential expression of tsRNAs was analyzed, and twotsRNAs
(tRF-1-28-Glu-TTC-3-M2 and tRF-1-31-His-GTG-1) were identifiedwith

potential roles in metabolic and energy-related processes. This highlights
the possible influence of tsRNA dysregulation in the pathogenesis of T2DM.
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