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Abstract
Background. MiRNAs has become an important regulator in many processes. The purpose of our study is
to screen the key serum miRNAs of different syndrome of recurrent aphthous stomatitis (RAS), to �nd
new biomarkers for the diagnosis of RAS and to further explore their role in the pathogenesis of RAS.

Method. Serum samples were collected from patients meeting the RAS diagnostic criteria of excess-heat
or yin-de�ciency syndrome and healthy individuals. Core miRNAs were then identi�ed under miRNA
microarray analyses. Target prediction and bioinformatic analyses were carried out and gene-pathway-
networks were visualized to better understand the relationship between different genes and pathways.

Result. (1) 90 individuals meeting the inclusion criteria were collected in this study, of which 30 were
normal control, 30 were patients of excess-heat syndrome and the rest were patients of yin-
de�ciency syndrome. Among them, 9 miRNAs were screened out in excess-heat syndrome group, with
1 upregulated and 8 downregulated. And four random miRNAs (hsa-miR-20b-5p, hsa-miR-122-5p, hsa-
miR-483-5p and hsa-miR-3197) were validated by real-time PCR method. 14 miRNAs were screened out in
yin-de�ciency syndrome group (7 upregulated and 7 downregulated). And hsa-miR-17-5p, hsa-miR-106-5p
and hsa-miR-20b-5p were validated. (2) A total of 4776 target genes were identi�ed for the validated 9
miRNAs in excess-heat syndrome group. These targets were enriched in GO categories including nervous
system development, homophilic cell adhesion via plasma membrane adhesion molecules, and calcium
ion binding and KEGG pathway such as proteoglycans in cancer, P13K-AKT signaling pathway and
Calcium signaling pathway. 10172 target genes were identi�ed for the validated 14 miRNAs in yin-
de�ciency syndrome group. The enriched GO categories included protein binding, positive regulation of
transcription from RNA polymerase II promoter and membrane and enriched KEGG pathway included
pathways in cancer, MAPK signaling pathway and Ras signaling pathway .

Conclusion. Hsa-miR-20b-5p in patients with RAS could act as the novel biomarker for clinical diagnosis
of the disease. It is upregulated in RAS patients of excess-heat syndrome while downregulated in patients
of yin-de�ciency syndrome. The PI3K-Akt signaling pathway and MAPK signaling pathway and related
target genes may provide new insights into the molecular mechanisms of excess-heat syndrome and yin-
de�ciency syndrome RAS, respectively.

1. Introduction
Recurrent aphthous stomatitis, also known as aphthous ulcer or ulcer, is the most common oral mucosal
disease in all geographical regions (1). The prevalence of RAS in the general population is between 5 and
25% (2). So far, the pathogenesis of RAS is not clear, while it is considered to be multifactorial. Current
studies have shown that genetic-mediated congenital and acquired immune disorders play an important
role in the development of the disease (3). Traditional Chinese medicine (TCM) brings RAS into the
category of “aphthous ulcer”, which can be divided into excess-heat syndrome and yin-de�ciency
syndrome according to different clinical manifestations. The excess-heat syndrome is generally
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manifested as obvious pain, redness and swelling and other acute in�ammation, which are accompanied
by red tongue, yellow coating, and fast and powerful pulse; patients with yin-de�ciency syndrome suffer a
long disease course and chronic symptoms.

MicroRNAs (miRNAs) is a kind of evolutionarily conserved non-coding small molecule RNA, which mainly
regulates the expression of protein coding genes through incomplete base pairing and has the function of
regulating gene expression at the translation level (4). It has been estimated that more than 30% of
human protein-coding genes are regulated by miRNAs (5). MiRNAs have emerged as vital regulators in
many physiological and pathological processes in western medicine. There are few publications
discussing the association of miRNA with the symptoms and diseases of TCM.

In this study, miRNA microarrays were used to investigate the miRNA expression pro�les in the peripheral
blood of RAS patients with excess-heat syndrome and yin-de�ciency syndrome. Then, target genes were
predicted and bioinformatic analysis was applied to interpret the core function. This paper aims to screen
the key serum miRNAs present in excess-heat syndrome and yin-de�ciency syndrome of RAS, which will
identify novel biomarkers for clinical diagnosis of RAS and, further, their roles in the pathogenesis of this
disease.

2. Materials And Methods
2.1. Clinical sample collection. Patients aged between 18 to 60 years old who meet the diagnostic criteria
were enrolled in this study. Serum samples were collected from those patients and corresponding healthy
subjects at the First A�liated Hospital of Zhejiang Chinese Medical University from 2014–2016.
Exclusion criteria consisted of underlying diseases, such as hypertension, diabetes and heart disease,
drug therapy and other interventions. Blood was drawn at the outpatient clinic in the morning after
fasting. This study was approved by Institutional Review Board of Zhejiang Chinese Medical University,
and all the enrolled individuals signed informed consent. The blood was processed for serum extraction
within 2 hours and then frozen into ultralow temperature freezer for long-term storage at –80°C. Clinical
data were retrospectively collected from the medical records.

2.2. Total RNA extraction and quality control. Total RNA, including the miRNAs, was isolated from 500 μl
serum using the Plasma/Serum Exosome Kit (Norgen, 42800), following the manufacturer’s protocol. The
RNA concentration was measured by Nanodrop 2000 spectrophotometer (Thermo Scienti�c) and stored
at –80°C. RNA quality control was performed by realtime PCR with the following quality indicators: hsa-
miR–16 and hsa-miR–192 (hsa-miR–16: 16–22 hsa-miR–192: 25–30).

2.3. MicroRNA microarrays. We followed the methods of Chen et al. 2019 (6)and Fang et al. 2013 (7).
MiRNA microarray analyses were performed on three groups: normal control group (NC Group), excess-
heat syndrome of RAS (EH Group) and yin-de�ciency syndrome of RAS (YD Group) according to the
MiRNA Expression Pro�ling Assay Guide (LC Sciences, Hangzhou, China) (8, 9). Then, using poly (A)
polymerase to make 4 to 8 µg total RNA sample poly (A) tail 3’-extended. An oligonucleotide tag was
ligated to the poly (A) tail for later staining. Hybridization was performed overnight on a µPara�o
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micro�uidic chip with a microcirculation pump. On a micro�uidic chip, each detection probe consists of a
chemically modi�ed nucleotide coding fragment, a complementary miRNA target or other target RNA and
a polyethylene glycol spacer fragment to keep the coding fragment away from the substrate. The
detection probe was synthesized in situ by PGR. The melting temperature of hybridization was balanced
by detecting the chemical modi�cation of the probe. 100L 6XSSPE buffer containing 25% formamide
(0.90 M NaCl,60 mM Na2HPO4, 6 mM EDTA, pH 6.8) was hybridized at 34 ℃. After RNA hybridization,
tag-conjugating Cy3 dye was circulated through the micro�uidic chip for dye staining. Fluorescent
images were collected using a laser scanner and the images were digitized using Array-Pro image
analysis software. First subtract the background, and then use the LOWESS �lter to normalize the signal
to analyze the data (Locally-weighted Regression) (10).

2.4. qRT-PCR for selected miRNAs. Real-time PCR was performed on the individual samples in order to
validate the miRNA pro�ling results of selected miRNAs using the two-step Stemaim-it miR qRT-PCR
Quantitation Kit (SYBR Green) (Novland, Shanghai, China)with the BIO-RAD IQ5 real-time PCR instrument.
Speci�c primers for mature miRNAs were obtained from Genepharm, Shanghai, China. All reactions were
conducted in triplicate. Quantitative normalization was performed on U6 as an internal control. The fold-
change of expression was calculated by using Ct values in comparison to controls. The expression levels
were determined by the comparative ΔCt method.

2.5. Target prediction and bioinformatic analyses. Prediction of miRNA target genes in this study were
carried out by using TargetScan and miRanda. The matches identi�ed via the two programs were
selected as the �nal target genes. Gene Ontology (GO) analysis was then applied to annotate the target
genes of speci�ed miRNAs, which participated in signi�cant biological processes, molecular functions
and cellular components (11). Two-sided Fisher’s exact test was applied to classify the GO category, and
the threshold of signi�cance was de�ned by the P-value (P < 0.05). Similarly, Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis was used to determine the signi�cant pathway of the differential
genes according to KEGG, and the same statistical method was used to select the signi�cant pathways.

2.6. Gene-pathway-Network. To build a gene-pathway-network, the relationship between genes and
pathways was calculated by their differential expression values; then, the results were visualized by
CytoScape 3.6.1 software.

2.7. qRT-PCR for speci�c genes. Real-time PCR was performed to validate the speci�c genes according to
the gene-pathway-network. Corresponding primers were also obtained from Genepharm, Shanghai, China.
All the steps were referred to the 2.4 content above.

2.8. Statistical Analysis. SPSS 22.0 for Windows software was used for data analysis in this study. All the
data were presented as the mean ± standard deviation. Comparisons between two groups were
performed by Student’s t-test if the variance was homogeneous. When the variance was not
homogeneous, a nonparametric test was performed between two groups. P <0.05 was considered
statistically signi�cant.
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3. Results
3.1. General information of patients. 90 patients met the inclusion criteria were collected in this study, of
which 30 were normal control, 30 were excess-heat syndrome of RAS patients and the others were yin-
de�ciency syndrome. The ages were between 18 and 60 years old. 6 cases in each group were selected
for microRNA microarrays, and the rest were applied for qRT-PCR validation. In the NC group, 16 cases
were males and 14 were females. In the EH group, 13 were males and 17 were females while 15 were
males and 15 were females in the YD group. There was no signi�cant difference in the age between the
three groups of patients (P 0.05). The average age of normal control group was (29.67±10.12) years old,
the EH group was (31.57±10.59) and the YD group was (33.43±9.57). There was also no signi�cant
difference in the ages between the three groups (P 0.05) (Table 1).

3.2. Differentially expressed miRNAs in excess-heat syndrome or yin-de�ciency syndrome of RAS
patients.

The miRNA expression pro�les of three groups were compared using MicroRNA Expression Pro�ling
Assay (LC Sciences). Differentially expressed miRNAs were de�ned as those with P-values<0.05, and 131
miRNAs were differentially expressed in excess-heat syndrome of RAS patients compared to normal
control patients; speci�cally, 78 miRNAs were upregulated, and 53 were downregulated (P <0.05). 37
miRNAs were differentially expressed in yin-de�ciency syndrome of RAS patients as compared to normal
control patients; speci�cally, 14 miRNAs were upregulation and, 23 were downregulation (P <0.05). To
identify the signi�cantly differentially expressed miRNAs, we established a signal value of >500 and a P-
value of < 0.05 as the threshold for screening. Hsa-miR-20b-5p was screened out in both excess-heat
syndrome and yin-de�ciency syndrome of RAS patients (Fig 1). Interestingly, hsa-miR-20b-5p was
upregulated in excess-heat syndrome of RAS patients, while it was downregulated in yin-de�ciency
syndrome of RAS patients. In total, 9 miRNAs were screened out in excess-heat syndrome, with 1
upregulated and 8 downregulated miRNAs. The results of hierarchical clustering of the 9 miRNAs were
presented in the heat map diagram (Fig 1A). And 14 miRNAs were screened out in yin-de�ciency
syndrome, with 7 upregulated and 7 downregulated miRNAs. The results of hierarchical clustering of the
14 miRNAs were presented in the heat map diagram (Fig 1B).

 

3.3 Validation of differentially expressed miRNAs by real-time PCR method

To further con�rm the results of the gene chips, the real-time �uorescence PCR method was used to verify
the results. Three miRNAs (hsa-miR-122-5p, hsa-miR-483-5p and hsa-miR-3197) were randomly selected
from the EH group, which were all signi�cantly downregulated fold change of >1.5 (Fig 2A).Two miRNAs
(hsa-miR-17-5p and hsa-miR-106-5p) were randomly selected from the YD group, which demonstrated
particularly signi�cant downregulation fold change of >1 (Fig 2B). Hsa-miR-20b-5p was upregulated in
the EH group, and was particularly signi�cantly downregulated in the YD group fold change of >2  (Fig
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2C). The results showed a signi�cant intragroup difference in the expression of miRNAs in a manner
consistent with the data obtained from the microarray analysis.

 

3.4. Bioinformatics analysis in excess-heat syndrome of RAS patients.

A total of 4776 target genes were identi�ed for the validated 9 miRNAs in the EH group. To better
understand the potential implications of the differentially expressed miRNAs, GO analysis was carried out
to evaluate their potential functions. GO categories included biological processes, cellular components
and molecular functions. Nervous system development, homophilic cell adhesion via plasma membrane
adhesion molecules, and calcium ion binding were the most signi�cantly enriched for each of the
categories (Fig 3A). To identify the biological pathways controlled by the involved miRNAs, we performed
KEGG pathway enrichment analysis for the target genes and found that pathways in cancer were among
the most enriched pathways. The PI3K-Akt signaling pathway, MAPK signaling pathway, and calcium
signaling pathway also exhibited a signi�cant difference (Fig 3B). A gene-pathway-network map was
then constructed to describe the network of the most enriched pathways and related genes(Fig 3C). The
PI3K-Akt signaling pathway played a key role in the network, connecting the target genes in directly or
indirectly ways, especially PDGFRA, PRKCA, FGF2 and F2R.

 

3.5. Bioinformatics analysis in yin-de�ciency syndrome RAS patients.

A total of 10172 target genes were identi�ed for the validated 14 miRNAs in the YD group. Protein
binding, positive regulation of transcription from RNA polymerase II promoter, and membrane were the
most signi�cantly enriched for each of the categories (Fig 4A). KEGG pathway enrichment analysis was
then performed for the target genes and found that pathways in cancer was the most enriched pathway.
The MAPK signaling pathway, PI3K-Akt signaling pathway, and Ras signaling pathway also exhibited
signi�cant differences (Fig 4B). A gene-pathway-network map was constructed to describe the network of
the most enriched pathways and related genes (Fig 4C). The MAPK signaling pathway played a key role
in the network, connecting the target genes, especially MAP2K1, ATK3, MAPK1, and FGF5.

 

3.5. Validation of relevant expressed genes by real-time PCR method

To con�rm the results of the gene-pathway-network and further analysis, real-time PCR method was used.
According to the literature and network map, corresponding genes were selected from EH group and YD
group for in-depth analysis. PDGFRA selected from EH group was signi�cantly upregulated P < 0.05 ,
while MAP2K1 selected from the YD group was also upregulated without a signi�cant difference relative
to the NC group (Fig 5). The results suggest that there may be different core mechanisms between
excess-heat syndrome and yin-de�ciency syndrome of RAS patients.
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4. Discussion
Recurrent aphthous stomatitis is a common oral mucosal disease characterized by pain, multiple,
recurrent, small, oval or round necrotizing ulcers. It is the most common oral ulcerative disease, which
usually occurs between the ages of 10 and 30 and recurs at different intervals (12). However, there is
limited research regarding the pathogenesis of this disease. Since the regulation of miRNAs has been
shown to correlate with various characteristics and prognosis in diseases, such as cancer and metastasis
(4), acute respiratory distress syndrome (13), and hypoxic damage (14), this regulation may be helpful in
uncovering the underlying mechanism in RAS pathogenesis. An ideal biomarker should be noninvasive,
highly sensitive, highly speci�c, accurate, reliable, inexpensive, and reproducible. MiRNAs are promising
potential biomarkers for disease because of their unique structure, high stability and speci�c expression
patterns.

MiRNAs are small, single-stranded forms of RNA with a length of about 22 nucleotides. They are
produced by the genome-encoded endogenously expressed hairpin-like precursor RNA. MiRNAs regulate
protein code gene expression by interfering with either mRNA translation or targeting mRNA degradation
(4). Since the �rst miRNA lin–4 was found by Victor Ambros and Gary Ruvkun in 1993 (15), the list of
identi�ed miRNAs has been growing rapidly. As of May 2019, 1917 human miRNA have been included in
the miRbase. MiRNAs are capable of regulating diverse cellular processes, such as cell cycle progression,
apoptosis, differentiation (16), and stress response, and play roles in organ development, metabolic
homeostasis, tumor formation and metastasis, viral infection, the immune response, and so on.

In this study, 9 miRNAs (1 up-regulated and 8 down-regulated) were detected in the EH Group, compared
with the NC Group. Among them, hsa-miR–20b–5p was signi�cantly upregulated, and three miRNAs
(hsa-miR–122–5p, hsa-miR–483–5p and hsa-miR–3197) were signi�cantly downregulated. Additionally,
14 miRNAs (7 up-regulated and 7 down-regulated) were detected in the YD Group, and three miRNAs (hsa-
miR–17–5p, hsa-miR–106–5p and hsa-miR–20b–5p) were signi�cantly downregulated. Hsa-miR–20b–
5p was obviously changed both in the EH Group and YD Group. Hsa-miR–20b–5p was upregulated in the
EH Group and downregulated in the YD Group. The expression of the speci�ed miRNAs identi�ed in this
study has been reported to be involved in different biological processes.

Lewkowicz et al. found that the production of IL–2, IFN- γ, TNF- α, IL–5, IL–6 and IL–8 in peripheral blood
of RAS patients increased. On the contrary, the production of anti-in�ammatory cytokines IL–10 and TGF-
β decreased (17). Kemal Ozyurt et al. found that the levels of Th17 cytokines IL–17 and Th1 and Th2
cytokines were higher in RAS. IL–17 plays an important role in the immunity of all mucosa, especially
oral mucosa (18). Hsa-miR–20b–5p, as a potential molecular biomarker of prognosis of CLL (chronic
lymphoblastic leukemia), is also unbalanced in many B-cell lymphomas and T-cell leukemias. Hsa-miR–
20a–5p and hsa-miR–20b–5p act as the hub of MS-related centers in multiple sclerosis, with each
regulating approximately 500 genes. Many presumed target genes play a role in T cell activation and
signal transduction, and have transcription factor activity (19). MiR–20b–5p can regulate important
transcription factors, including hypoxia inducible factor 1 (HIF1) and signal transduction and activator of
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transcription 3 (STAT3) (20). RAS and Behchet Syndrome (BD) have clinical and immunological
characteristics in common (18). A Tulunay et al. suggested that JAK1/STAT3 signaling pathway may be
activated by activating Th1/ Th17 cytokines such as IL–2, interferon (IFN- γ), IL–6, IL–17 and IL–23 (21).
Ke Hu et al. have shown that STAT3 gene polymorphism is associated with susceptibility to BD in the
Han population (22).

S Arikan et al. believe that lipid peroxidation and inadequate defense system seem to play a key role in
the pathogenesis of recurrent aphthous stomatitis (23). Yunus Saral et al. found that the levels of vitamin
A, E and C in serum and saliva of patients with RAS were signi�cantly decreased, and the level of
malondialdehyde (MDA) was signi�cantly increased, which indicated that the non-enzymatic antioxidant
capacity of patients with RAS was impaired (24). Z. Takci et al. showed that insulin resistance (IR)
increased in patients with RAS, and IR was more prominent when the patients were in active stage (25).
Extracellular miR–20b–5p derived from exosome is a circulating biomarker associated with type 2
diabetes mellitus, which regulates insulin-stimulated glucose metabolism through AKT signal
transduction. Overexpression of miR–20b–5p decreased AKTIP abundance and insulin-stimulated
glycogen accumulation (26). Jie Wu et al. found that activated T cells can play a key role in the defense
response by up-regulating IL6 and STAT1, thus further affecting the progression of in breast cancer (BC).
The BTN3A1-HAS-miR–20b–5p-HCP5 relationship may be the potential interaction mechanism between
BC and immune cells (27). YIFAN LI et al. found that miR–20b–5p can inhibit renal cell carcinoma by
regulating cell proliferation, migration and apoptosis (28). In conclusion, the participation of miR–20b–
5p in T cell immune dysfunction, energy metabolism and in�ammation may be the cause of RAS. MiR–
20b–5p may be a new biomarker for clinical diagnosis of RAS in modern medicine and to distinguish
between excess-heat syndrome and yin-de�ciency syndrome of RAS.

Bioinformatics analysis showed that in excess-heat syndrome of RAS, the PI3K-Akt signaling pathway
may play a key role in the gene-pathway-network map, connecting the target genes in direct or indirect
ways, especially the PDGFRA gene. The PI3K-Akt signaling pathway and those target genes provide some
hints when studying the mechanism of excess-heat syndrome of RAS. Zhang Bo et al. found that
Shuizhongcao Granule can inhibit the expression of phosphorylated AKT and inhibit the activation of NF-
κB, thus inhibiting in�ammation. In addition, it can inhibit the ERK pathway, reduce the expression of IL–
10 and IL–12b genes, and enhance the expression of IL–12a (29). Zichuan Zhang et al. found that the
levels of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSHPx) in serum of
patients with RAS were decreased, and the antioxidant defense system was impaired (30). Other studies
have shown that nobiletin can reduce the levels of cTnI and MDA, increase the activity of serum SOD,
reduce oxidative stress, and improve cardiac insu�ciency induced by coronary artery microembolism by
activating the PI3K/Akt pathway (31). Tangerine peel and Pinellia ternata may increase the level of SOD,
decrease the level of MDA and SA-β-gal and reduce the formation of atherosclerotic plaque through
PI3K/Akt pathway (32). Cheng Guo et al. have shown that AQP4 inhibitor TGN–020 has a detectable
protective effect on lipopolysaccharide-induced lung injury, which is related to the inhibition of IL–17A
through the downregulation of the PI3K/Akt signaling pathway and the upregulation of SOCS3 protein
(33). The enhancement of energy metabolism leads to the decrease of AMPK activity and the activation
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of the PI3K-AKT/mTOR signal pathway, which eventually leads to immune dysfunction and a series of
RAS reactions.

In yin-de�ciency syndrome of RAS, the MAPK signaling pathway played a key role in the network map
connecting the target genes in directly or indirectly ways, especially the MAP2K1 gene. Li Ren et al.
suggest that Kouyanqing granule can mediate the expression of p38MAPK protein, inhibit in�ammatory
reaction and regulate the level of growth factor to promote the healing of oral ulcer with yin de�ciency
(34). Slomiany BL et al. con�rmed that Endothelin–1 (ET–1) can up-regulate leptin associated with oral
ulcer healing through ETA receptor activation and MAPK/ERK signal transduction (35). Rafa S. Almeer et
al. found that the fruit extract of Ziziphus jujuba could inhibit the oxidative stress and p38 MAPK
expression of ulcerative colitis in rats by inducing the expression of Nrf2 and HO–1 (36). Liu Y et al. have
shown that paeoni�orin can reduce reactive oxygen species and MDA produced by streptozotocin-treated
INS–1 cells, increase the activity of SOD, and improve the injury of pancreatic β cells by inhibiting the
p38MAPK and JNK signaling pathway (37). Wang L et al. have found that medicago sativa
polysaccharides can reduce the oxidative stress induced by H2O2 in mouse embryonic �broblasts by
activating MAPK/Nrf2 signal transduction and inhibiting NF-κB signal transduction (38). In addition, the
MAPK signaling pathway is an important in�ammatory pathway. Atractylodin can inhibit in�ammatory
mediators through MAPK signaling pathway (39), and hydroxysa�or yellow A can inhibit the
phosphorylation of JNK MAPK, p38 MAPK, and ERK MAPK (40). The participation of the MAPK pathway
and its target genes in oxidative stress and immune regulation provides clues for the study of the
pathogenesis of yin-de�ciency.

Conclusions
In conclusion, our results showed variations in serum miRNAs, especially regarding hsa-miR–20b–5p in
patients with excess-heat syndrome and yin-de�ciency syndrome of RAS. Furthermore, the PI3K-Akt
signaling pathway and MAPK signaling pathway were revealed to be closely related with excess-heat
syndrome and yin-de�ciency syndrome, respectively. Hsa-miR–20b–5p may be a novel biomarker for
clinical diagnosis of RAS, and its pathways and target genes can provide new insights into the molecular
mechanisms underlying the disease and new targets for the prevention and treatment of RAS.
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Table

Table 1. Basic information of the three sample groups

    N Gender Age

  Male Female
  NC Group 30 16 14 29.67±10.12
  EH Group 30 13 17 31.57±10.59
  YD Group 30 15 15 33.43±9.57

           

 

Figures
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Figure 1

Figure 1A. Heat map and hierarchical cluster analysis of the altered miRNAs in excess-heat syndrome
RAS of patients, compared with normal control group. Figure 1B. Heat map and hierarchical cluster
analysis of the altered miRNAs in yin-de�ciency syndrome of RAS patients, compared with normal control
group. The color code in each heat map is linear, with green as the lowest, and red as the highest. The
average signals of the changed miRNAs in each of the two groups were clustered using a Euclidean
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distance function. The miRNAs with the most similar expression patterns were placed next to each other
(n = 6 per group).

Figure 2

Figure 2A. Gene expressions of three random miRNAs selected from the EH group were con�rmed by real
time RT-PCR method. Figure 2B. Gene expressions of two random miRNAs selected from the YD group
were con�rmed by real time RT-PCR method. Figure 2C. Hsa-miR-20b-5p of both EH group and YD group
was con�rmed by real time RT-PCR method respectively. Each corresponding control of the veri�ed
miRNA with change is normalized as 1. Each test was in triplicates and U6 was used as internal control.
The bars represent the mean ± SE, and n = 30 per group. Compared with NC Group, *p < 0.05, **p < 0.01.
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Figure 3

Figure 3A. Target genes of the altered miRNAs annotated signi�cant GOs in excess-heat syndrome of
RAS patients, compared with normal control group. The vertical and horizontal axes are the GO terms and
the –Log10 of GOs, respectively. Log is the logarithm of the P value and P < 0.05 is considered
signi�cant. Figure 3B. Target genes of the altered miRNAs annotated signi�cant pathways in excess-heat
syndrome of RAS patients, compared with normal control group. The vertical and horizontal axes are the
pathway terms and the -Log10 of pathways, respectively. Log is the logarithm of P value and P < 0.05 is
considered signi�cant. Figure 3C. The gene-pathway-network of the speci�ed pathways in excess-heat
syndrome of RAS patients, compared with normal control group. The yellow squares indicate the
signi�cant pathways, and green circles indicate the genes. Furthermore, gray lines indicate the
relationship between each other.



Page 18/19

Figure 4

Figure 4A. Target genes of the altered miRNAs annotated signi�cant GOs in yin-de�ciency syndrome of
RAS patients, compared with normal control group. The vertical and horizontal axes are the GO terms and
the –Log10 of GOs, respectively. Log is the logarithm of the P value and P < 0.05 is considered
signi�cant. Figure 4B. Target genes of the altered miRNAs annotated signi�cant pathways in yin-
de�ciency syndrome of RAS patients, compared with normal control group. The vertical and horizontal
axes are the pathway terms and the -Log10 of pathways, respectively. Log is the logarithm of P value and
P < 0.05 is considered signi�cant. Figure 4C. The gene-pathway-network of the speci�ed pathways in yin-
de�ciency syndrome of RAS patients, compared with normal control group. The yellow squares indicate
the signi�cant pathways, and green circles indicate the genes. Furthermore, gray lines indicate the
relationship between each other.
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Figure 5

The expression of related genes on the core pathways were detected by real time RT-PCR method. Each
corresponding control of the veri�ed gene with change is normalized as 1. Each test was in triplicates and
GAPDH was used as internal control. The bars represent the mean ± SE, and n = 30 per group. Compared
with NC Group, *P < 0.05.


