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Abstract
Background  tsRNAs are novel small non-coding RNAs that play important regulatory roles in gene expression, 
translation, transcription, and epigenetic modification through proteins or mRNAs and may be therapeutic targets 
for certain diseases. The etiology of non-syndromic cleft palate-only is complex and the pathogenesis is poorly 
understood, non-coding RNAs play important roles in its development.

Methods  The tsRNAs of patients with simple cleft palate were compared with healthy individuals using small RNA 
microarray, bioinformatic analysis, quantitative real-time transcription polymerase chain reaction, and the effects 
measured using immunohistochemical staining.

Results  Seventy-nine tsRNAs were upregulated and fifty-four tsRNAs were downregulated in patients with simple 
cleft palate compared with healthy individuals, among which the expression of 5’tiRNA-35-GlyTCC-3 and 5’tiRNA-33-
CysGCA-11 was markedly different and was involved in key signaling pathways related to the development of the 
palate, such as the cell cycle, cAMP signaling pathway, BMP signal transduction, folate biosynthesis, and other key 
signaling pathways that determine anatomical structure occurrence, regulate gene expression during development, 
influence epigenetics, and other biological processes, its target genes include BMP6, CUL1 and SPR.

Conclusion  5’tiRNA-35-GlyTCC-3 and 5’tiRNA-33-CysGCA-11 are closely associated with non-syndromic cleft palate 
development and are expected to be potential new targets for diagnosis and treatment.
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Background
Nonsyndromic cleft lip with or without cleft palate 
(NSCL/P) is one of humans’ most common congenital 
malformations. Orofacial clefts (OFC) can be anatomi-
cally divided into cleft lip and palate (CLP), cleft lip (CL), 
and cleft palate only (CP). Its etiology is complex and 
results from genetic and environmental factors [1–2]. 
In Asian populations, the incidence of cleft lip and pal-
ate varies among populations from different regions, with 
prevalence rates reaching as high as 1 in 500 newborns 
[3–4]. An epidemiological study conducted in Hunan 
province, China, revealed that among 847,755 infants 
born between 2016 and 2020, the incidence of CL/P was 
0.81‰, while the incidence of CP was 0.30‰, with CP 
accounting for 36.79% of CL/P cases [5]. The incidence 
of the non-syndromic cleft palate only (NSCPO) subtype 
in China was 0.27 per 1,000 [6]. Furthermore, the latest 
meta-analysis established a link between environmental 
tobacco exposure (ETS) and the risk of nonsyndromic 
orofacial clefts (NSOFC), reporting a combined odds 
ratio of 1.80 based on factors such as phenotype, risk of 
bias, and year of publication [7]. A more in-depth look 
pointed out that maternal ETS exposure may be regu-
lated by genetic susceptibility, including the variation of 
TGFA, TGFB3, and MSX1 developmental genes. As well 
as the polymorphism of CYP (1A1, 2E1) and GST (M1, 
T1) family genes involved in the metabolic pathway of 
tobacco smoke compounds, studies have also observed 
a strong association between maternal smoking and 
TGF-ɑ gene variants in the risk of cleft lip [8–9]. Particu-
larly for the childhood NSOFCs, such as the IRF6 gene, 
which may influence CL/P risk in the Chinese population 
through interactions with multivitamin supplementation 
and ETS [10]. Etiologic studies suggest that the develop-
ment of cleft lip and palate is related to genes, environ-
ment, drugs, immunity, and other factors, and it is a 
polygenic susceptibility disease influenced by the envi-
ronment [11].

The most critical time for palatal development is from 
the 6th to the 9th week of the embryo. During the 6th 
week, the 2 lateral palatal processes or palatal shelves 
grow from the medial aspect of the maxillary protuber-
ance and are located vertically positioned along with lat-
eral side of the tongue [12]. When the tongue began to 
flatten and move downward due to mandibular develop-
ment, the two palatal shelves began to rise to the hori-
zontal position and approached each other. Subsequently, 
the palatal shelves fused with each other and fused with 
the nasal septum. The primary palatine process comes 
from the spherical process of the middle nasal process, 
and its occurrence is closely related to the develop-
ment of the nasal plate, nasal concave, lateral nasal pro-
cess, and maxillary process [13]. At the 6th week of the 
embryo, under the olfactory fossa, the bulbous process, 

in conjunction with the contralateral bulbous process 
and the maxillary process, continuously prolifers towards 
the oral side to form the anterior palatine process. The 
primary palatal process will form the premaxilla and 
maxillary incisors [14–15]. Eventually, fusion was com-
pleted in the 12th week. Bone fusion extending from 
the maxilla and palate to the palatal shelves formed the 
hard palate and the unossified part formed the soft pal-
ate and uvula [16]. Any factor during embryonic develop-
ment that affects the palatine tissue contact and failure of 
fusion results in the appearance of a cleft [17]. Previous 
studies reported a new small RNA molecule as a novel 
epigenetic regulator that exerts biological roles through 
a miRNA-like approach [18]. There is increasing evidence 
that tsRNA has predictive value as a biomarker [19–21].

Transfer ribonucleic acid (tRNA) is an articulating 
molecule that decodes messenger RNA and translates 
proteins. Recent studies show that tRNAs are a major 
source of small non-coding RNAs (ncRNAs) with com-
plex and diverse functions [22]. TsRNA is a small non-
coding RNA derived from tRNA, approximately 14–30 
nucleotides in length, divided into five subtypes based 
on biogenesis and length: tRF-5, tRF-3, tRF-2, tRF-1, 
and i-tRF [23]. TsRNA is involved in the occurrence and 
development of diseases through various mechanisms 
such as RNA silencing, regulatory translation, and RNA 
reverse transcriptional regulation, and has tissue-specific 
and expression stability [24]. In addition, the expression 
profile of tsRNAs shows dynamic changes during embry-
onic development, suggesting that it plays an important 
role in the maintenance of embryonic development [25]. 
Compared to miRNAs, tsRNAs are more conserved in 
vivo and better suited as biomarkers of disease [26–27]. 
TsRNAs have the potential to serve as prognostic and 
therapeutic biomarkers because of their close relation-
ship to the emergence of several human diseases, includ-
ing tumors, metabolic diseases, and intergenerational 
inheritance [28]. For example, sperm tsRNAs contribute 
to the intergenerational inheritance of acquired meta-
bolic disorders [29], whereas tsRNAs are involved in 
mediating the regulation of intergenerational inheritance 
of metabolic disorders in high-fat diet-induced mice, and 
interventions with anti-inflammatory agents (5-ASA) 
reduce the expression level of Glu-CTC tsRNAs in sper-
matocytes which result in an improvement of glucose in 
female offspring tolerance, with a modest modulatory 
effect on the offspring phenotype [30]. Therefore, we 
hypothesize that tsRNAs are likely involved in epigen-
etic cleft lip and palate diseases, however, the tsRNAs 
involved in cleft lip and palate diseases are unreported.

This study focused on the regulatory role of tsRNAs in 
the nonsyndromic cleft palate. We explored the poten-
tial role of specific tsRNAs in NSCPO and the molecu-
lar mechanisms by small RNA microarray, quantitative 
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real-time polymerase chain reaction (RT-qPCR), bioin-
formatic analysis, and immunohistochemical methods 
to provide new ideas for the pathogenesis and diagnos-
tic and therapeutic treatment of the nonsyndromic cleft 
palate.

Methods
Subject inclusion and experimental grouping
This study was approved by the Ethics Committee 
of Gansu Provincial People’s Hospital (2022 − 363). 
Informed consent was obtained from each patient’s 
family before sampling. Tissues on the cleft margin of 
the palate from patients diagnosed with NSCPO who 
attended the Department of Oral and Maxillofacial Sur-
gery of Gansu Provincial People’s Hospital between 
March 2022 and November 2023 were used as the experi-
mental group. Normal palatal tissues adjacent to the 
cleft, sourced from the same NSCPO patients, consti-
tuted the control group. Inclusion criteria specified that 
individuals, apart from having NSCPO, should not have 
any other diseases, with ages ranging from 6 months to 
60 months. The classification was based on the subtypes 
of cleft palate deformities outlined in the Classic Inter-
national Classification of Cleft Deformities [31]. A small 
amount of healthy palatal tissue from healthy individuals 
with a clinical diagnosis of facial trauma, supernumer-
ary tooth, etc., which were trimmed intraoperatively was 
received as a health group, and the age of the patients 
was less than 15 years old.

Clinical data characteristics
A preoperative questionnaire was used to collect gen-
eral information and epidemiologic characteristics of the 
patients. Demographic data included sex, age, nationality, 
the presence of any common risk factors for NSCPO [32], 
and cleft palate deformity subphenotypes in the Classical 
International Classification.

Sample collection and processing
In this experiment, a total of 73 cases of NSCPO tis-
sues (NSCPO group), 10 samples from the control 
group, and 71 samples of healthy tissues (health group) 
were included. Among them, 3 cases of NSCPO tissues 
(NSCPO group) and 3 cases of healthy tissues (health 
group) were used for small RNA microarray analysis, 
while 60 pairs of samples (NSCPO and health group) 
were used for RT-qPCR to detect the expression of key 
tsRNAs and target genes in the tissues, in order to vali-
date the results of microarray sequencing. 8 healthy 
group samples, 10 control group samples, and 10 NSCPO 
tissue samples were used for subsequent immunohisto-
chemical experiments to verify protein expression levels. 
After the tissue samples were first collected in a 1.5  ml 
sterile enzyme-free EP tube, the blood was first flushed 

with sterile PBS solution, then transferred to a enzyme-
free frozen storage tube, and the tissue was immersed in 
RNA later solution at 4 ℃. After soaking overnight, the 
excess liquid in the tube was cleaned up, and the tissue 
was stored in a -80  °C refrigerator for future use. The 
above operations maintained a low-temperature environ-
ment throughout the ice operation.

RNA extraction
Tissue samples were removed from − 80 ℃ storage 
and immediately manipulated on ice. Total RNA was 
extracted using the M5 HiPer Universal RNA Mini Kit 
Tissue or Cellular Rapid RNA Extraction Kit Reagent 
(Mei5bio or polymerase), and the concentration and 
quality of the extracted RNA was assessed using the 
NanoDrop ND-1000 instrument (Thermo Fisher Scien-
tific). RNA integrity was assessed using an Agilent 2100 
Bioanalyzer analysis system.

Arraystar human small RNA array V1.0
Briefly, small RNA microarrays include RNA extraction, 
labeling, and array hybridization. For small RNA micro-
array profiling (Supplementary Table S1), the total RNA 
was firstly dephosphorylated and denatured by adding 
DMSO. The RNA end labeling was performed by adding 
ligase buffer, BSA, the final product 50 mM pCp-Cy3 and 
15 units of T4 RNA ligase at 28 µL overnight reaction at 
16  °C. 2× hybridization buffer (Agilent) was mixed with 
the completed labeling reaction to a final volume of 45 
µL. The labeled sample was mixed on the microarray and 
hybridized at 55  °C for 20  h. The slides were washed at 
room temperature in 6× SSC containing 0.005% Triton 
X-100 for 10 min and then in 0.1× SSC containing 0.005% 
Triton X-100 for 5 min. The slides were scanned on the 
Agilent G2505C microarray scanner.

Data analysis
Agilent Feature Extraction software (version 11.0.1.1) was 
used to analyze the acquired array images. The raw inten-
sities were log2 transformed and quantile normalized. 
After normalization, the probe signals having Present (P) 
or Marginal (M) QC flags in at least 3 out of 6 samples 
were retained. Multiple probes from the same small RNA 
(miRNA/tsRNA/pre-miRNA/tRNA/snoRNA) were aver-
aged and consolidated into one RNA level. Differentially 
expressed small RNAs between two comparison groups 
were identified by filtering at the indicated fold change 
(FC) and statistical significance (p-value) thresholds. 
Hierarchical clustering, scatter plots, and volcano plots 
were generated by the R language limma package.

Gene Ontology (GO) analysis ​(​​​h​t​t​p​:​/​/​g​e​n​e​o​n​t​o​l​o​g​y​.​o​r​
g​/​​​​​) provides the biological processes in which genes are 
involved, the location of cells, and their molecular func-
tions. Pathway analysis was performed using the Kyoto 

http://geneontology.org/
http://geneontology.org/
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Encyclopedia of Genes and Genomes (KEGG) database 
(http://www.kegg.jp/). MiRNA can use its seed sequence 
(located at the 2–7 nt at the 5’ end) to identify its mRNA 
target and inhibit the translation activity of the overall 
mRNA since many studies show that tsRNA acts simi-
larly to miRNA. We used two algorithms of TargetScan 
and miRDB to predict the target mRNA of tsRNA respec-
tively, and calculated all mRNAs of the two sets to ensure 
the comprehensiveness and accuracy of the prediction.

Quantitative RT-PCR validation
The top 13 tsRNA with differential expression folds from 
large to small and upregulated expression were listed to 
further verify the changes of tsRNA in NSCPO, and 6 
tsRNAs were selected to verify their expression by RT-
qPCR. The pretreated RNA precipitation was used to 
synthesize cDNA by the stem-loop method. We used 
GAPDH as an internal standard reference to detect the 
mRNA expression of its target genes by RT-qPCR. The 
primers of the differential tsRNAs and the primers of the 
target genes were provided by Guangzhou Ruibo Bio-
technology Company.

Immunohistochemical method
Primary antibodies were employed in opposition to the 
subsequent proteins: BMP6 (M06924-1, Boster, China), 
SPR (bs-11784R, Bioss Antibodies, China) and CUL1 
(K003246P, Solarbio, China). Briefly, tissues were fixed, 
dehydrated, embedded, and all staining was performed 
on each sample. Sections were incubated with primary 
antibodies, washed, and incubated with appropriate 
secondary antibodies (pv6000, Immunobridge, GBI). 

A light microscope (Olympus BX53) was used to image 
the stained sections. Semi-quantitative analysis was per-
formed using Aipathwell v2 softwell (Servicebio, China).

Statistical analysis
The Student’s t-test in SPSS software (v27.0, IBM, USA) 
was used to calculate the differences in the expression 
of tsRNA and mRNA between the NSCPO and health 
group, and when the relative expression of the target 
genes in the health group was set to 1, the 2−∆∆CT value 
was the relative expression level of the target genes in the 
NSCPO group compared with that in the health group. 
The experimental data were continuous variable informa-
tion, and the median was selected to distinguish the high 
and low expression of target genes and grouped. Clinical 
characteristics and tsRNA expression levels were ana-
lyzed by Chi-square test to calculate the odds ratio (OR) 
and 95% confidence interval (CI).

Results
Screening for differentially expressed tsRNAs
Human small RNA microarray analysis results showed 
that 350 tsRNAs were up-regulated while 250 tsRNAs 
were down-regulated in NSCPO tissues compared to the 
health group (Supplementary Table S2). 79 upregulated 
and 54 downregulated tsRNAs were detected by control-
ling the screening conditions to p < 0.05,|log2 FC|>1.5 
(Fig. 1). After sorting the differential expression multiples 
from large to small, we selected the top 13 upregulated 
tsRNA (Table 1).

GO and KEGG enrichment analyses were employed 
to predict the regulatory mechanisms of tsRNA-mRNA 

Fig. 1  Heatmap, scatter plot and volcano plot of differentially expressed tsRNAs in the NSCPO group compared with the Blank Ctrl group. (a) Heatmap 
of DE-tsRNAs. (b) Scatter plot of DE-tsRNAs. (c) Volcano plot of DE-tsRNAs

 

http://www.kegg.jp/


Page 5 of 16Liu et al. BMC Oral Health          (2025) 25:307 

interactions. The results indicated that the top 13 sig-
nificantly upregulated tsRNAs were primarily enriched 
in processes related to the morphogenetic regulation of 
dendritic spines, cell junctions, and burson biosynthesis. 
In contrast, the mRNAs targeted by these tsRNAs were 
mainly enriched in the folate biosynthesis pathway and 
the phospholipase D signaling pathway (Fig. 2; Table 2).

Among the top 13 upregulated tsRNA, RT-qPCR exper-
iments were performed to validate microarray analysis 
results using clinical samples collected from 60 NSCPO 
cases and 60 health cases in total. The relative content 
of target genes was calculated according to the standard 
curve method and plotted using GraphPad Prism 9. The 
expressions of 5’tiRNA-34-AlaAGC-6, 5’tiRNA-36-Val-
CAC-1, 5’tiRNA-35-GlyTCC-3, 5’TiRNA-35-GlyCCC-2, 
5’tiRNA-35-LysTTT-11, and 5’tiRNA-33-CysGCA-11 
in the clinical samples of the experimental group were 
upregulated compared with the health group, which was 

consistent with the results of microarray analysis. The 
upregulation of 5’tiRNA-35-GlyTCC-3 and 5’tiRNA-
33-CysGCA-11 was statistically significant (Fig. 3).

RNA secondary structure of 5’tiRNA-35-GlyTCC-3 and 
5’tiRNA-33-CysGCA-11 by Forna visualization
The 5’tiRNA-35-GlyTCC-3 and 5’tiRNA-33-CysGCA-11 
secondary structures were visualized using forna [33]. 
Forna provides a suitable platform for the conversion 
of static text representation to 2D images. The proteins 
were represented as larger grey nodes, with dashed lines 
denoting interactions between the various strands. The 
initial position of each node, or nucleotide, was deter-
mined using the NAView algorithm [34], but was subse-
quently optimized by force oriented layout algorithm was 
optimized to obtain the tsRNA secondary structure map, 
Fig.  4. TsRNAs can be used by pairing with the mRNA 
3’-UTR, and there have reported that the 3’ terminus of 
a small RNA derived from Leu-CAG tRNA (LeuCAG 
3’tsRNA) regulates the human tRNA by maintaining the 
ribosomal protein S28 (RPS28) levels to regulate ribo-
somal biosynthesis in humans. By binding to two target 
sites in the RPS28 mRNA and disrupting the secondary 
structure of the two target sites: the coding sequence 
(CDS) and the 3’UTR of the two targets [35], it was pre-
dicted that 5’tiRNA-35-GlyTCC-3 and 5’tiRNA-33-Cys-
GCA-11 may interact with the target genes in the same 
manner.

Protein-protein interaction (PPI) network construction to 
visualize differentially expressed tsRNA and genes
Constructing and visualizing the PPI networks of tar-
get genes using the Search Tool for Interacting genes 
(STRING) web site (http://string-db.org) and Cyto-
scape, the structure of PPI network and the weighted 

Table 1  Differential expression of DE-tsRNAs between Blank Ctrl 
and NSCPO groups
tsRNA-name logFC P-value Change
5’tRF-ArgTCT 3.007 0.036 Up
5’tiRNA-MetCAT 2.631 0.023 Up
5’tRF-ArgTCG 2.602 0.017 Up
5’tRF-ArgCCG 2.259 0.029 Up
5’tiRNA-LeuCAA 2.101 0.036 Up
5’tiRNA-ValCAC 2.036 0.027 Up
5’tiRNA-CysGCA 1.819 0.039 Up
5’tiRNA-LysCTT 1.781 0.049 Up
5’tRF-TrpCCA 1.705 0.039 Up
5’tiRNA-GlyTCC 1.699 0.026 Up
5’tiRNA-AlaAGC 1.573 0.040 Up
5’tiRNA-GlyCCC 1.561 0.040 Up
5’tiRNA-LysTTT 1.506 0.022 Up

Fig. 2  Functional enrichment of analysis of the top 13 up-regulated tsRNAs based on GO and KEGG. (a) The top 10 terms in the GO category of GO 
analyses the top 13 up-regulated tsRNAs. (b) The top 10 KEGG pathways analysis of the top 13 up-regulated tsRNAs
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connections between nodes were screened for Hub genes 
by maximum clique centrality (MCC) (Fig. 5).

Target gene loci for differential tsRNA in NSCPO tissues
Three target genes in 5’tiRNA-35-GlyTCC-3 and 
5’tiRNA-33-CysGCA-11 were selected for subsequent 
validation. CUL1 and BMP6 were the target genes 
of 5’tiRNA-35-GlyTCC-3, and SPR was the target of 

5’tiRNA-33-CysGCA-11 genes and key features of the 
two tsRNA binding sites (such as seed sequence and 3’ 
end pairing information) were illustrated by miRanda 
and TargetScan (Fig. 6 and See Fig. 7).

Bioinformatic analysis of 5’tiRNA-35-GlyTCC-3 and 5’tiRNA-
33-CysGCA-11
We performed GO and KEGG analysis on the two tsRNA 
and their target genes to further study the specific func-
tions of non-syndromic cleft palate and 5’tiRNA-35-
GlyTCC-3, 5’tiRNA-33-CysGCA-11. The top 10 pathways 
enriched by GO, include multiple processes. For example, 
5’tiRNA-35-GlyTCC-3 is related to chemical homeostasis 
(GO: 0048878), developmental process (GO: 0032502), 
multicellular organism development (GO: 0007275), ana-
tomical structure development (GO: 0048856), cellular 
response to endogenous stimulus (GO: 0071495) and 
other processes (Fig.  7). The 5’tiRNA-33-CysGCA-11 is 
related to the regulation of sodium ion transmembrane 
transport (GO: 1902305), the regulation of gene expres-
sion, epigenetics (GO: 0040029), and other processes 
(Fig. 8) (Supplementary Table S3-6).

Clinical information collection and analysis
Based on the international standard of cleft palate phe-
notype, the patients were categorized into three types, 
namely I, II, and III [36–37]. Subsequently, an analysis 
was conducted to investigate the relationship between 
tsRNA expression and the clinicopathological features 
of the patients (Table 3). Based on the relative expression 
levels of 5’tiRNA-35-GlyTCC-3 and 5’tiRNA-33-Cys-
GCA-11, the patients were divided into two groups, those 
below the median were considered as the low expression 
group, and those above the median were considered as 
the high expression group, and the number of people 
in the two groups were counted for the chi-square test. 
The patient cohort comprised 27 boys and 33 girls, rang-
ing in age from 6 to 60 months, with an average age of 
14 ± 15 months. No significant correlation was observed 
between the expression of the 5’tiRNA-35-GlyTCC-3 and 
sex, classification, age, folic acid supplementation during 
pregnancy, toxic exposure, medication, and other char-
acteristics (p > 0.05). In contrast, the relative expression 
of the 5’tiRNA-33-CysGCA-11 demonstrated a signifi-
cant association with folic acid supplementation dur-
ing pregnancy (p < 0.05). Among the patients, 18 were 
of Han nationality, while 42 belonged to various ethnic 
minorities (such as Hui, Tibetan, and Dongxiang, etc.). 
Additionally, 21 patients had a genetic history in their 
family, whereas 39 patients had no such history. The 
relative expression levels of the 5’tiRNA-35-GlyTCC-3 
and 5’tiRNA-33-CysGCA-11 exhibited significant sta-
tistical differences when compared to common risk fac-
tors, including nationality, genetic history, smoking, 

Table 2  The top 10 KEGG pathways enriched by the target 
genes corresponding to the top 13 up-regulated tsRNAs
Pathway 
ID

Name Count P-value Genes

hsa05168 Herpes 
simplex 
virus 1 
infection

495 0.0143 HLA-DQA2//PPP1CC//
SRPK1//TAPBP//ZNF107//
ZNF208//ZNF224//
ZNF267//ZNF275//
ZNF316//ZNF354C//
ZNF417//ZNF44//
ZNF441//ZNF460//
ZNF468//ZNF471//
ZNF510//ZNF543//
ZNF558//ZNF566//
ZNF583//ZNF614//
ZNF773//ZNF780A//
ZNF84//ZNF853

hsa01240 Biosyn-
thesis of 
cofactors

153 0.001 AKR1A1//BCAT1//BCO1//
DHFR//GCH1//GGCX//
IDO2//KYNU//MOCS2//
NMNAT1//RDH11//SPR//
UGDH//UGT2B7

hsa04390 Hippo 
signaling 
pathway

157 0.003 BMP6//BMPR1A//
CCND1//DLG3//DVL3//
FRMD1//MYC//PATJ//
PPP1CC//TEAD1//
TGFBR1//WNT4//YWHAZ

hsa04072 Phospho-
lipase D 
signaling 
pathway

148 0.015 AVPR1B//DGKQ//GNAS//
GRM5//KIT//KITLG//
LPAR3//PDGFA//PIK3R5//
PIP5K1A//PLA2G4E

hsa04724 Gluta-
matergic 
synapse

114 0.0065 GLS//GLS2//GNAI1//
GNAQ//GNAS//
GRK3//GRM5//ITPR2//
PLA2G4E//SLC17A8

hsa00470 D-Amino 
acid me-
tabolism

6 0.017 GLS//GLS2

hsa05230 Central 
carbon 
me-
tabolism in 
cancer

70 0.0029 GLS//GLS2//HK1//KIT//
MYC//PDHA1//PDHA2//
PDHB

hsa04110 Cell cycle 126 0.033 CCND1//GADD45B//
MDM2//MYC//ORC2//
ORC3//ORC4//RBX1//
YWHAZ

hsa04066 HIF-1 
signaling 
pathway

109 0.037 ENO1//HK1//IGF1R//
PDHA1//PDHA2//PDHB//
RBX1//TLR4

hsa03060 Protein 
export

23 0.045 SEC61B//SPCS1//SRP72
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and drinking habits (p < 0.05). Furthermore, when the 
childbearing age was within the 25–29 age group, sig-
nificant statistical differences were observed in the 
relative expression levels of the 5’tiRNA-35-GlyTCC-3 
and 5’tiRNA-33-CysGCA-11, in comparison to par-
ents’ reproductive age falling below 19 or exceeding 30 
(p < 0.05).

BMP6, CUL1, SPR downregulation confirmation by 
quantitative RT-PCR
In 60 pairs of tissues, BMP6, CUL1, and SPR were down-
regulated by at least 3-fold in NSCPO compared with 
health tissues (p < 0.001, Fig. 9).

Immunological observation of BMP6, CUL1, and SPR in 
NSCPO tissues
As shown in Fig. 10, for the BMP6 protein expression, the 
positive expression area (PEA) ratio of the health group 
was 3.29 ± 0.19, indicating a higher expression level of 
BMP6 protein in normal tissues. In contrast, the PEA 
ratio in the control group was significantly reduced to 
0.57 ± 0.41, while the ratio of PEA in the NSCPO group 
was 2.16 ± 0.29, lower than the health group but higher 
than the control group. Statistical analysis showed that 
the area of positive expression of BMP6 was reduced 
by more than half in the NSCPO group compared to 
the health group (p < 0.05), while the expression level of 
BMP6 was widespread and significant in normal tissues 
(p < 0.001). These results indicate low expression lev-
els of BMP6 in the epithelial region and connective tis-
sue of the NSCPO group. The PEA ratio of CUL1 was 
4.98 ± 0.41 in the health group, and 2.63 ± 0.23 in the 
NSCPO group was similar to 2.46 ± 0.21 in the control 
group. The PEA ratio of SPR was 7.83 ± 1.61 in health 
group and 1.44 ± 0.13 in control group, which was higher 
than 2.16 ± 0.29 in NSCPO group. The results showed 
that CUL1 and SPR were widely expressed in normal 
tissues (p < 0.001), however, there was no significant 
difference in expression level between NSCPO group 
and control group (p > 0.05). Aipathwell v2 was used to 

Fig. 4  Secondary structure of two key tsRNAs. (a) 5’tiRNA-35-GlyTCC-3. (b) 
5’tiRNA-33-CysGCA-11

 

Fig. 3  Relative expression of two key tsRNAs 5’tiRNA-33-CysGCA-11 (a) and 5’tiRNA-35-GlyTCC-3 (b) in clinical samples by RT-PCR. (***p < 0.001)
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semi-quantitatively analyze and calculate the positive 
area ratio. The expression trend of each group was basi-
cally consistent with the RT-qPCR results.

Discussion
NSCL/P is one of the most prevalent forms of NSOFC. 
This congenital dysmorphic genetic disorder arises from 
a complex interplay of multiple factors, including both 
genetic and non-genetic influences, as well as gene-gene 

and gene-environment interactions. Previous studies 
have shown that the folic acid can affect the phosphor-
ylation of STAT3 signaling and further regulate JAK2/
STAT3 pathway, removes p63 and K17 positive epithelial 
seams [38], which involved in the development of cleft 
palate. But p63 is involved in the development of the oral 
epidermis to prevent premature and pathological epithe-
lial adhesion in early embryology [39] and its mutations 
can cause cleft palate in humans and mice and certain 

Fig. 5  Protein-protein interaction network complex. (a) The protein-protein interaction network visualized by Cytoscape. (b) The top 10 hub genes cal-
culated by MCC algorithm in PPI network
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external factors such as folic acid supplementation can 
affect certain signaling pathways, thereby sparing the 
development of cleft palate. In addition, while BMP6 can 
regulate the proliferation and differentiation of cells by 
affecting the expression of JAK2 gene [40]. It is suggested 

that BMP6 could affect palate development through 
JAK2/STAT3 signaling pathway. Due to the expres-
sion profile of tsRNAs plays an important role in the 
maintenance of embryonic development, in this study, 
we found that the expression of 5’tiRNA-35-GlyTCC-3 

Fig. 7  Functional enrichment of analysis of the 5’tiRNA-35-GlyTCC-3 based on GO and KEGG. a-b. The top 10 terms in the GO category of GO analyses 
the 5’tiRNA-35-GlyTCC-3. c-d. The top 10 KEGG pathways analysis of the 5’tiRNA-35-GlyTCC-3

 

Fig. 6  Target three key gene loci of two key tsRNAs in NSCPO tissues. (a) 5’tiRNA-35-GlyTCC-3 targets BMP6. (b) 5’tiRNA-35-GlyTCC-3 targets CUL1. (c) 
5’tiRNA-33-CysGCA-11 targets SPR 
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and 5’tiRNA-33-CysGCA-11 in NSCPO tissues was 
significantly upregulated, thus we infer that the tar-
geted tsRNAs may influence the STAT3 signaling path-
way involved in the cleft palate process by targeting the 
expression of BMP6.

TsRNA are a new class of ncRNAs that have begun to 
attract our attention owing to their role in gene silencing, 
ribosome biogenesis, reverse transcription translocation, 
and epigenetic inheritance, as well as their involvement 
in the regulation of a variety of human diseases such as 
neurological disorders, metabolic disorders, and cancer. 
In recent years, small RNA microarrays have enabled the 
systematic study of tRNAs, which are classical ncRNAs. 
Normally, tRNAs are spliced into a series of small mol-
ecule nucleic acid fragments that are tRFs and tiRNAs, 
collectively referred to as tsRNAs under conditions of 
sex hormones, hypoxia, and other stressful stresses. In 
normal cells, tRFs act as endogenous apoptotic signals to 
inhibit the regulators of relevant apoptotic proteins and 
cause apoptosis, either directly or indirectly. When cells 
are stressed, tRF is significantly increased, leading to an 
escape from regulation of the apoptotic process while 
inducing tumor cell proliferation. In lung cancer, tRF 

Leu-CAG interacts with AURKA proteins and regulates 
the Wnt/β-catenin and PI3K/AKT signaling pathways 
to alter histones to induce epithelial-to-mesenchymal 
transition [41]. Most of the literature reports that tsR-
NAs play regulatory roles in a miRNA-like manner, and 
some tRFs and miRNAs have similar functions in inhibit-
ing mRNA translation. For example, 3-tRFs derived from 
tRNALeu-CAG in non-small-cell lung cancer (NSCLC) 
cells have similar roles to miRNAs to attenuate the trans-
lation of proteins [42]. tRFs act as miRNAs in Drosophila 
melanogaster. The 5’-and 3’-ends of Drosophila tRFs con-
tain seed regions that preferentially match the conserved 
regions of 3’-untranslated regions (3’-utr), exons, and 
introns in the 12 Drosophila genomes. tRF-5 and tRF-3 
have typical seed regions and can form tRF-miRNA chi-
meras [43]. This suggests that tsRNA plays a role in the 
mechanism of NSCPO. Our results identified two dif-
ferentially expressed tsRNA of 5’tiRNA-35-GlyTCC-3 
and 5’tiRNA-33-CysGCA-11 according to its larger fold 
change, smaller p-value, and RT-qPCR verification from 
human NSCPO patient samples. There are no reports on 
the role of tsRNA in the NSCPO phenotype.

Fig. 8  Functional enrichment of analysis of the 5’tiRNA-33-CysGCA-11 based on GO and KEGG. a-b. The top 10 terms in the GO category of GO analyses 
the 5’tiRNA-33-CysGCA-11. c-d. The top 10 KEGG pathways analysis of the 5’tiRNA-33-CysGCA-11
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Table 3  Correlation between the relative expression of 5’tiRNA-35-GlyTCC-3 and 5’tiRNA-33-CysGCA-11 with clinical pathologic 
features
Features Classification Total(n) 5’tiRNA-35-GlyTCC-3 5’tiRNA-33-CysGCA-11

High(n) Low
(n)

P value OR (95%CI) High
(n)

Low
(n)

P value OR (95%CI)

Sum 60 60 42 18 45 15
NSOFC subtype I+II 24 15 9 0.301 0.556 (0.181-1.701) 18 6 1.000 1.000(0.303-3.296)

III 36 27 9 27 9
Sex Male 27 21 6 0.234 2.000 (0.632-14.699) 21 6 0.653 1.313(0.400-4.303)

Female 33 21 12 24 9
Age 6–24 m 30 18 12 0.091 0.375 (0.118-1.190) 18 9 0.178 0.444(0.135-1.465)

24–60 m 30 24 6 27 6
Nationality The Han 

nationality
18 6 12 <0.001*** 0.083 (0.023-0.308) 6 12 <0.001*** 0.038(0.008-0.178)

Minority 
nationality

42 36 6 39 3

Home address Rural area 39 36 3 <0.001*** 30.000 
(6.620-135.956)

36 3 <0.001*** 16.000(3.713-68.955)
Cities and towns 21 6 15 9 12

Folic acid 
supplementa-
tion during 
pregnancy

Yes 33 24 9 0.610 1.333 (0.440-4.037) 12 12 0.035* 0.091(0.008-1.077)
No 27 18 9 33 3

Exposure of 
indirect toxic 
substances dur-
ing pregnancy

Yes 3 3 0 0.245 0.684 (0.574-0.816) 3 0 0.305 0.737 (0.631-0.861)
No 57 39 18 42 15

Take medication 
by mistake in 
early pregnancy

Yes 6 3 3 0.260 0.385(0.070-2.121) 6 0 0.136 0.722
(0.612-0.852)No 54 39 15 39 15

Passive / ac-
tive maternal 
smoking during 
pregnancy

Yes 15 3 12 <0.001*** 0.038(0.008-0.178) 3 12 <0.001*** 0.018(0.003-0.100)
No 45 39 6 42 3

Drinking during 
pregnancy

Yes 18 6 12 <0.001*** 0.083(0.023-0.308) 6 12 <0.001*** 0.038(0.008-0.178)
No 42 36 6 39 3

Family genetic 
history

Yes 21 21 0 <0.001*** 0.538
(0.403-0.720)

24 0 <0.001*** 0.583(0.443-0.769)
No 39 21 18 21 15

Average age of 
the parents

≤19 15 9 6 0.206a

0.519b

<0.001c***

3.000(0.533-16.897)
2.000(0.241-16.612)
18.00(2.892-112.044)

15 0 <0.001a***
0.519b

0.008c**

0.333(0.132-0.840)
2.000(0.241-16.612)
8.000(1.537-41.637)

20-24 6 3 3 3 3
25-29 9 3 6 3 6
≥30 30 27 3 24 6

Fig. 9  Relative expression of three key mRNAs SPR (a), BMP6 (b) and CUL1 (c) in clinical samples by RT-qPCR. (**** p < 0.0001; ***p < 0.001; **p < 0.01)
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The development of cleft palate involves a series of pro-
cesses such as cell proliferation, migration, osteogenesis 
and epithelial mesenchymal transformation. Once these 
processes are disrupted, they may lead to cleft palate. 
Folate metabolism is considered to be the basis of cleft lip 
and palate development, and genetic variation involved 
in folate metabolism may regulate maternal susceptibil-
ity to offspring with non-syndromic cleft lip and palate 
[44–45]. Tetrahydrofolate is the active form of folate, 
which works in the body. It is reduced from dihydrofo-
late, a product of thymidylate synthase reaction, under 

the catalysis of dihydrofolate reductase (DHFR) 3. DHFR 
can also catalyze the reduction of dihydrobiopterin (BH2) 
to tetrahydrobiopterin (BH4). Some studies suggest that 
folic acid metabolism disorder may be due to excessive 
BH2 inhibiting DHFR activity, so dynamic changes of 
DHFR and BH2 will affect folic acid metabolism [46–47]. 
SPR is an important regulatory factor for BH4 biosynthe-
sis, which plays a certain role in maintaining the level of 
intracellular BH4. In addition, the bioavailability and oxi-
dation status of biopterin appear to directly or indirectly 
influence various physiological processes, including the 

Fig. 10  Immunohistochemistry staining of BMP6, CUL1, SPR in the Health, Ctrl and NSCPO tissue
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metabolic pathways of folate. SPR may indirectly par-
ticipate in folic acid metabolism through the interac-
tion between BH4 and BH2 and DHFR [48–49]. GO and 
KEGG enrichment analysis showed that CUL1 acts as a 
protein-folding catalyst and molecular chaperone in the 
protein processing of endoplasmic reticulum. In addi-
tion, CUL1 is involved in the Wnt signaling pathway and 
TGF-β signaling pathway. Cullin-RING ubiquitin ligase 
(CRL), also known as SCF, and several CRL1 complexes, 
including CRL1SKP2, CRL1FBXO4, CRL1FBXW8, CRL1FBXO25 
and CRL1FBXO31, target cyclin D. After entering the S 
phase, cyclin D is phosphorylated by glycogen synthase 
kinase 3β (GSK3β) on threonine 286 (Thr286), trigger-
ing the interaction between cyclin D and CRL1 substrate 
receptors [50]. CUL1 protein acts as a scaffold protein in 
the Skp1-CUL1-Fbox (SCF) E3 ligase complex and regu-
lates early embryonic development. Cyclin E is a physi-
ological substrate of SCF E3 [51–52]. The SCF complex 
binds to one of approximately 70 F-box proteins that bind 
to specific substrates through SKP1 and regulates a vari-
ety of biological processes, including cell cycle regulation, 
cell growth, cell death, development, and differentiation 
[53–54]. BMP6 is a bone morphogenetic protein 6, and 
a member of the 60 A subfamily of the BMP family. This 
gene encodes a secretory ligand of the TGF-β (trans-
forming growth factor-β) protein superfamily. BMP2 and 
BMP4 mRNA are expressed in the facial primordia of 
chicken and mammalian embryos in a dynamic pattern. 
BMP4 expression is restricted to distal epithelial cells of 
the medial nasal eminence, lateral nasal eminence, maxil-
lary eminence, and mandibular eminence. The BMP sig-
naling pathway regulates cellular value-addition, cellular 
differentiation, and apoptosis, which are critical steps in 
facial morphogenesis [55]. We verified the downregula-
tion of BMP6, CUL1, and SPR in NSCPO tissues by RT-
qPCR. 5’tiRNA-35-GlyTCC-3 plays a definite regulatory 
role in NSCPO disease by targeting CUL1 and BMP6 
genes, and 5’tiRNA-33-CysGCA-11 by targeting the SPR 
gene. The BMP6 protein is involved in the epithelial-
mesenchymal transition (EMT) phenotype, cell growth, 
and proliferation [56]. SPR can be converted into BH2 
from the exogenous precursor vesicular protein, and 
BH4 can be regenerated from its oxidized form BH2 in 
a process catalyzed by the rate-limiting salvage enzyme, 
dihydrofolate reductase (DHFR). Skp1-CUL1-Fbox (SCF) 
E3 regulates cell cycle, proliferation, development, and 
other physiological processes by acting on three F-box 
proteins: β-TRCP, SKP2, and FBXW7 [57]. In summary, 
these reports provide strong evidence for our research.

GO enrichment analysis was used to further character-
ize the regulatory functions of these tsRNAs in NSOFC. 
These tsRNAs were enriched in many pathways, and 
these biological process abnormalities may play a role 
in the abnormal development of NSCPO’s maxillofacial 

region. GO analysis of 5’tiRNA-35-GlyTCC-3 suggested 
that chemical homeostasis, development of anatomi-
cal structure, development process, and cell response 
to endogenous stimuli would affect the occurrence and 
development of NSCPO. At the same time, GO analysis 
of 5’tiRNA-33-CysGCA-11 suggested that the regulation 
of sodium ion transmembrane transport and the regu-
lation of gene expression affected the occurrence and 
development of NSCPO.

However, this study has several limitations. The sample 
we used for microarray analysis was relatively small, and 
there may be differences in microarray analyses that were 
not based on cleavage fractionation. The clinical valida-
tion samples were all from northwest China, and the eth-
nic minorities were mostly Tibetan and Hui. There may 
be individual or regional differences in the experiment. 
Future research will focus on the biological functions and 
interactions between tsRNA and mRNA. No relevant 
cell or animal model was established to further verify the 
regulatory relationship determined from the molecular 
and target gene regulatory networks owing to the limited 
sample size. Subsequently, in vitro cell experiments can 
be used to verify the development process that the tar-
get gene may affect by knocking down the target tsRNA, 
combined with molecular biology such as CCK-8, scratch 
test, and Alizarin red staining.

Conclusion
In summary, we found that 5’tiRNA-35-GlyTCC-3 and 
5’tiRNA-33-CysGCA-11 were upregulated in patients 
with NSCPO. The expression levels of the two tsRNA 
were related to the patient’s nationality, family genetic 
history, and common risk factors such as smoking and 
drinking. Folic acid supplementation during pregnancy 
mainly affects the expression level of 5’tiRNA-33-Cys-
GCA-11, and there is no statistical difference in the rela-
tive expression of the two tsRNA when parents are older 
than 19 years old or younger than 30 years old. Through 
the construction and functional analysis of 5’tiRNA-35-
GlyTCC-3 and 5’tiRNA-33-CysGCA-11 related regula-
tory networks, we found that tsRNA and their target 
genes may play a crucial role in the etiology of NSCPO. 
It is expected that our study will provide some new clues 
for the preliminary understanding of the regulatory 
mechanism of tsRNA in NSCPO and provide new targets 
for the potential diagnosis and treatment of the non-syn-
dromic cleft palate. In terms of biomarkers, the changes 
in the expression of 5’tiRNA-35-GlyTCC-3 and 5’tiRNA-
33-CysGCA-11 can be preliminarily screened for high-
risk patients with NSCPO. tsRNA can be detected in 
the blood, which greatly facilitates the early diagnosis 
and prevention of NSCPO. And the expression level of 
tsRNA may be related to the severity of NSCPO typing. 
The more severe the cleft palate, the higher the relative 
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expression level of tsRNA. In terms of therapeutic tar-
gets, follow-up studies can explore changes in the pro-
gression of NSCPO through overexpression or knockout 
of its coding genes. However, the structure of tsRNA is 
complex and diverse, and further exploration is needed 
to study the diagnosis and treatment of NSCPO, and 
there is also a lack of effective methods to regulate tsRNA 
expression.
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