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Abstract 

Background  The development of oral squamous cell carcinoma on the molecular level and the resulting prognosis 
for patients have remained poorly understood. While AngiomiR-31 was implicated in the progression and metas-
tasis of OSCC. However, this connection has not yet been investigated in more detail and tested for its significance 
with regard to new therapies and the prognosis of patients.

Methods  Through a systemic analysis of putative target genes of AngiomiR-31 in OSCC, this study aimed to highlight 
possible prognostic markers and genes that might improve prognostic predictability in patients with oral squamous 
cell carcinoma, especially regarding AngiomiR-31 as an outstanding mediator of angiogenesis. The study is based 
on gene data from 83 OSCC samples. Potentially relevant genes were selected and sorted by TNM, grading and UICC 
in these 83 OSCC whole-genome microarray datasets. Data was analysed and tested for significance.

Results  Through our investigation 20 potential target genes, including tumor suppressor genes, oncogenes 
and genes not yet categorized, were found and their expression correlated significantly with the expression 
of AngiomiR-31.

Conclusion  These findings contribute to a more profound understanding of the molecular mechanisms underly-
ing OSCC progression and may have implications for the development of novel therapeutic strategies targeting 
AngiomiR-31 in OSCC. Further validation of these genes is needed to validate their clinical relevance and potential 
as prognostic markers or therapeutic targets in OSCC.
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Background
Oral squamous cell carcinoma (OSCC) is a relevant type 
of carcinoma, and 2%−4% of all cancer cases world-
wide are oral carcinomas. Therefore, OSCC is the most 
common malignant epithelial neoplasm affecting the 
oral cavity. The increasing number of cases in younger, 
lighter-skinned individuals and the relatively late diag-
nosis of these carcinomas are also important for an 
advanced understanding of this type of carcinoma [1].

MicroRNAs are single-stranded RNAs (approximately 
22 nucleotides in length) involved in gene expression 
regulation and consequently in the expression of onco-
genes, tumour suppressors and metastasis regulators. 
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“They downregulate the expression of genes encoding 
proteins or long noncoding RNAs (lncRNAs) by inhib-
iting mRNA translation or by promoting target RNA 
degradation” [2]. They are also responsible for balancing 
differentiation, proliferation, and cell death [3]. Through 
these functions, tumour progression can be influenced by 
microRNAs. MicroRNAs have various putative targets, 
and the expression of microRNAs in tissues is sometimes 
extremely diverse [4]. It has already been confirmed 
that microRNA-31 (miR-31; AngiomiR-31) has vari-
ous molecular functions. These include binding to the 
3’UTR end during translation. Regulatory sequences at 
the 3’UTR can therefore influence translation in various 
ways and ultimately regulate the expression of multiple 
proteins and genes [2, 5, 6].

The formation of new blood vessels, also known 
as angiogenesis, plays a key role in tumour develop-
ment through supplying the tumour with nutrients and 
draining off degradation products, thus influencing the 
progression and growth of the tumour. Tumours form 
complex vascular networks to continuously ensure this 
supply stability. In addition to growth factors and vas-
cular genes, which control angiogenesis, microRNAs are 
involved in angiogenesis [4, 7]. These are also referred to 
as AngiomiRs. Various AngiomiRs have been shown to 
influence angiogenesis in head and neck tumours. Among 
others, these include miR-21 [8]. In another paper on lin-
gual SCC, a significant correlation between miR-21 and 
tumour cell apoptosis was found. This finding suggested 
that angiomiR-21 is an independent prognostic marker 
in these tumours [9]. A 2022 meta-analysis evaluated 
results from 10 studies related to miR-21 expression and 
overall survival and revealed a clear correlation between 
these two factors, indicating that miR-21 is a prognostic 
factor [10]. It was found that growth factors that influ-
ence angiogenesis also influence the expression of miR-
31 [11]. Previous scientific work by our group revealed 
significant overexpression of miR-31 in oral SCC and a 
significant correlation between miR-31 expression and 
tumour grade [8]. The detailed microRNA 31 expres-
sion data related to tumour grade were as follows: 
G1 = 0.75; G2 = 13.6; and G3 = 16.6. (p value = 0.003). In 
general, miR-31 was highly expressed. In contrast, other 
miRNAs, such as miR-21, showed no correlation with 
clinical parameters [12]. To summarize, microRNAs in 
general or miR-31 have the potential to be utilized and 
manipulated therapeutically to disrupt angiogenesis and, 
consequently, the supply of tumours, thereby halting or 
slowing their growth. MicroRNAs can even be detected 
in saliva in the context of oral diseases [13]. However, 
current OSCC research lacks a comprehensive analysis 
of multiple genes from a sample pool that are associated 

with promising microRNAs and are relevant to cancer 
cell migration and invasion.

This underlines how important it is to investigate their 
effects, expression and target genes because these find-
ings could ultimately lead to more convenient early detec-
tion methods for OSCC. This study provides insight into 
the particular relationship between miR-31 and tumour 
progression, but further research is needed regarding 
the expression of miR-31 in tumour samples and saliva. 
The expression of miR-31 is influenced by various tar-
get genes. We searched various databases for possible 
target genes of human miR-31 and then examined the 
expression profiles of 115 of these target genes. In gen-
eral, we investigated various results in the field of tumour 
research, looking for genes that might serve as prognos-
tic markers to verify them and to determine which genes 
are influenced by microRNAs. For example, it has already 
been shown in other publications that MLNA is a possi-
ble prognostic marker [14]. In the next step, we analysed 
the gene expression pattern of MLNA in our panel of 
whole genome data from 83 OSCC samples. The aim was 
to identify target genes that correlate with our tumour 
parameters significantly. Potential prognostic markers 
and therapeutic targets were identified. These studies are 
based on whole-genome miRNA microarray data and 
not on individual expression data obtained via real-time 
qPCR. This approach should simplify further scientific 
research and processing and serve as good comparison 
with other results on this topic. Overall, these findings 
could enable clinicians to better predict the prognosis of 
patients with oral squamous cell carcinoma.

Methods
Patient data
Patient data was described previously [8, 12, 15]. In brief, 
83 OSCC tissue samples were taken during tumour sur-
gery after informed consent was obtained from patients 
between 2009 and 2012. Data collection included patients 
who were histologically diagnosed with OSCC. Patients 
were over 18  years old and had not yet received any 
adjuvant radiation or chemotherapy. One patient with a 
recurrent tumour (T1 tumour) was included. In the con-
trol group, healthy tissue samples (n = 30) were taken 
from the oral vestibular mucosa during orthognathic or 
traumatologic surgery after providing informed consent. 
The tissue samples were snap-frozen in liquid nitrogen 
after surgery and stored at −80 °C until further use. The 
ethics committee of the medical faculty approved the 
study; the ID of ethical clearance (WWU Muenster) is 
2008–580-f-s, and the study is registered in a public Clin-
ical Trials Registry, DRKS00000199.

The resulting data pool is part of previous studies [8, 
12, 15].
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RNA extraction and microarray assay
The entire study design, including the RNA extrac-
tion, microarray assay, and bioinformatic steps, has 
been described in detail previously [8, 12]. Brief, total 
RNA, including miRNA, was isolated with the miRNe-
asy Mini Kit (Qiagen, Hilden, Germany). Gene and 
miRNA expression analysis was performed with the 
Whole Human Gene Expression Microarray (4 × 44  K; 
GPL4133) and with the human miRNA microarray 
(V2; GPL8936; based on Sanger miRBase release 10.1) 
according to the manufacturer’s protocol. Microarrays 
were scanned using an Agilent G2505B Microarray 
Scanner, feature extraction was performed with Feature 
Extraction software version 9.5, and data was analysed 
with GeneSpring GX 7.3.1. The first normalization step 
consisted of background elimination, while during the 
second step, the 50th percentile of each spot was nor-
malized. Normalization to the healthy oral mucosa pool 
was performed in the last step by setting the expression 
factor for the healthy oral mucosa pool to 1. Primary 
statistical analysis was performed with GeneSpring GX 
7.3.1 software. The microarrays used in this study, scan-
ner, and analysis software were obtained from Agilent 
Technologies (all Agilent Technologies, Waldbronn, 
Germany).

Identification of putative target genes of miR‑31
A literature search was carried out for potential tar-
get genes related to miR-31 with search keys (miR-31 
in OSCC, HNSCC or cancer). Furthermore, a database 
search was performed within the DIANA database 
(http://​diana.​imis.​athena-​innov​ation.​gr/​Diana​Tools/​
index.​php). A total of 253 potential target genes were 
identified. These genes were matched and sorted with the 
gene expression data provided by the microarray analysis. 
The first step was to identify genes that were not present 
in our expression data. In the second step, genes were 
sorted by mean gene expression, evaluated and statisti-
cally analysed. Finally, genes were subdivided into three 
groups: known tumour suppressor genes (n = 11), known 
oncogenes (n = 25) and not precisely assignable genes 
(n = 9).

Statistical analysis
The statistical analysis was performed using the statisti-
cal software SPSS version 28 (IBM, Ehningen, Germany), 
and the computations used were previously described 
[15]. Due to the non-normal and non homogeneous 
distribution of the data, the Kruskal‒Wallis test and 
ANOVA were used. The level of significance was set at 
p < 0.05. The parameters used were UICC classification, 

T-status, lymph node status, tumour grade, smoking sta-
tus, alcohol abuse status and type of OSCC.

Results and discussion
Eighty-three OSCC samples were collected between 
2009 and 2012. The study was previously published in 
parts, and detailed information about the study design 
and patient data was described [8, 12, 15]. Whole-
genome and whole-miRnome analyses were concur-
rently performed, and mRNA and microRNA analyses 
were performed on the same sample preparation. The 
expression profiles of 83 OSCC samples and a pool of 
healthy mucosa samples (n = 30) were used as controls. 
Table 1 gives an overview of the clinicopathological fea-
tures of the included OSCC patients.

Table 1  An overview of the clinicopathological features 
included in the present study of OSCC patients [8, 12, 15]

% Percentage of sample size

n/a data not avaible
a one recurrent tumour in T1 group

Group Number (%)

T-statusa T1 + T2 56 (67)

T3 + T4 27 (33)

G-status G1 2 (2.4)

G2 67 (80.7)

G3 14 (16.9)

N-status N- 53 (64)

N +  30 (36)

UICC classification (TNM 
7th edition; 2009)

UICC1 15 (18.1)

UICC2 23 (27.7)

UICC3 8 (9.6)

UICC4 37 (44.6)

Type of OSCC keratinized 67 (81)

not-keratinized 9 (11)

n/a 7 (8)

Smoker Yes 49 (59)

No 31 (37)

n/a 3 (4)

Alcohol abusus Yes 48 (58)

No 32 (39)

n/a 3 (4)

Smoker & alcohol 40 (48)

Localization mouth floor 23 (27.7)

alveolar ridge 22 (25.4)

tongue 20 (24)

buccal plain 8 (9.6)

lip 5 (6)

palate 3 (3.6)

http://diana.imis.athena-innovation.gr/DianaTools/index.php
http://diana.imis.athena-innovation.gr/DianaTools/index.php
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In a previous study, a significant correlation between 
miR-31 expression and tumour grade was found [12]. 
The detailed microRNA 31 expression data in relation to 
tumour grade were as follows: G1 = 0.75; G2 = 13.6; and 
G3 = 16.6 (p value = 0.003). In addition, microRNA 31 
was generally highly expressed. In contrast, other micro-
RNAs, such as microRNA 21, showed no correlation with 
clinical parameters [12]. Therefore, we started a literature 
search and a database search of potential target genes of 

miR-31. A total of 253 potential target genes were iden-
tified. The next step involved generating a gene expres-
sion profile based on the whole-genome array data. 
Subsequently, genes that lacked information or were not 
included in the complete microarray data were excluded. 
Additional genes that exhibited irregular or mixed 
expression were excluded. At least, genes which expres-
sion did not differ from that of miR-31 were excluded. 
We identified 11 known tumour suppressor genes, 25 

Table 2  Expression fold changes of putative target genes of miR-31, known as tumour suppressor genes

 ± standard deviation; % percent of samples in group, T T-status, G grading, N lymph nodes, UICC UICC classification
a group G1 includes two samples, the results are less robust;//both results in group G1 are shown

Gene All T1 + T2 T3 + T4 G1a G2 G3 N0 N +  UICC 1 UICC 2 UICC 3 UICC 4
n = 83 n = 56 n = 27 n = 2 n = 68 n = 13 n = 53 n = 30 n = 16 n = 23 n = 8 n = 36

hsa-miR-31 10.77
± 11.96
80%

10.08
± 11.83
80%

12.39
± 12.29
81%

0.36
± 0.12
100%

10.13
± 12.16
81%

14.12
± 10.81
92%

10.45
± 12.33
85%

11.66
± 11.4
72%

6.43
± 5.98
70%

11.12
± 14.43
95%

9.09
± 10.71
75%

12.69
± 11.97
78%

PCDH9 0.18 0.21 0.13 0.42 0.19 0.12 3.73 0.18 0.27 0.20 0.17 0.16

NM_020403 ± 0.18 ± 0.21 ± 0.09 ± 0.11 ± 0.19 ± 0.17 ± 0.21 ± 0.15 ± 0.24 ± 0.23 ± 0.12 ± 0.13

95% 93% 100% 100% 96% 92% 96% 93% 93% 96% 100% 95%

Meis 0.24 0.28 0.17 0.22//1.2 0.23 0.33 1.52 0.19 0.34 0.31 0.17 0.18

NM_002398 ± 0.18 ± 0.20 ± 0.06 ± 0.15 ± 0.28 ± 0.20 ± 0.10 ± 0.25 ± 0.20 ± 0.08 ± 0.09

98% 96% 100% 50%//50% 100% 92% 96% 100% 93% 96% 100% 100%

CNOT4 0.67 0.65 0.72 0.88 0.67 0.71 1.18 0.74 0.59 0.68 0.65 0.72

NM_001008225 ± 0.15 ± 0.15 ± 0.15 ± 0.21 ± 0.15 ± 0.14 ± 0.15 ± 0.13 ± 0.15 ± 0.16 ± 0.11 ± 0.15

73% 71% 78% 100% 74% 72% 80% 63% 80% 78% 88% 65%

GRHL1 0.46 0.41 0.55 0.59 0.46 0.42 1.63 0.41 0.54 0.43 0.44 0.46

NM_198182 ± 0.26 ± 0.25 ± 0.27 ± 0.16 ± 0.27 ± 0.21 ± 0.26 ± 0.25 ± 0.30 ± 0.22 ± 0.32 ± 0.25

84% 82% 89% 100% 84% 85% 77% 97% 80% 74% 100% 89%

NFIA 0.34 0.37 0.28 0.24 0.34 0.32 0.37 0.3 0.49 0.35 0.3 0.29

NM_005595  ± 0.16 ± 0.17 ± 0.11 ± 0.4 ± 0.15 ± 0.15 ± 0.17 ± 0.09 ± 0.21 ± 0.14 ± 0.1 ± 0.11

99% 98% 100% 100% 99% 100% 100% 100% 100% 100% 100% 97%

PLCB1 0.46 0.47 0.43 0.61//2.41 0.46 0.46 1.41 0.50 0.55 0.39 0.46 0.49

NM_015192 ± 0.24 ± 0.25 ± 0.21 ± 0.23 ± 0.28 ± 0.24 ± 0.23 ± 0.24 ± 0.25 ± 0.28 ± 0.22

77% 77% 78% 50%//50% 74% 100% 74% 86% 60% 83% 75% 81%

DIRAS 0.35 0.36 0.34 0.69 0.35 0.3 1.33 0.37 0.53 0.27 0.27 0..38

NM_004675 ± 0.23 ± 0.23 ± 0.24 ± 0.34 ± 0.23 ± 0.28 ± 0.24 ± 0.23 ± 0.31 ± 0.12 ± 0.15 ± 0.25

89% 86% 100% 100% 91% 77% 87% 93% 80% 91% 75% 95%

AIM1 0.53 0.5 0.58 0.7 0.52 0.58 1.30 0.48 0.44 0.62 0.43 0.54

NM_001624 ± 0.22 ± 0.22 ± 0.21 ± 0.21 ± 0.21 ± 0.26 ± 0.20 ± 0.25 ± 0.23 ± 0.13 ± 0.22 ± 0.25

81% 80% 81% 100% 79% 92% 77% 90% 87% 74% 88% 81%

ALDH5A1 0.45 0.42 0.5 0.70 0.43 0.46 1.64 0.46 0.56 0.35 0.5 0.47

NM_170740 ± 0.24 ± 0.24 ± 0.23 ± 0.11 ± 0.25 ± 0.25 ± 0.25 ± 0.23 ± 0.25 ± 0.22 ± 0.25 ± 0.24

79% 77% 81% 100% 78% 92% 74% 87% 64% 83% 100% 78%

SPTBN1 0.43 0.45 0.41 0.54 0.44 0.41 1.2 0.45 0.52 0.41 0.29 0.46

NM_003128 ± 0.18 ± 0.19 ± 0.16 ± 0.06 ± 0.18 ± 0.2 ± 0.17 ± 0.19 ± 0.22 ± 0.14 ± 0.1 ± 0.19

98% 96% 100% 100% 97% 100% 96% 100% 87% 100% 100% 100%

DLC1 0.53 0.55 0.48 0.69//1.51 0.55 0.44 1.3 0.49 0.61 0.57 0.41 0.52

NM_182643 ± 0.23 ± 0.23 ± 0.23 ± 0.22 ± 0.29 ± 0.24 ± 0.18 ± 0.1 ± 0.29 ± 0.17 ± 0.23

75% 70% 85% 50%//50% 74% 92% 75% 60% 67% 78% 63% 78%
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Table 3  Expression fold changes of putative target genes for miR-31 known as tumour oncogenes

Gene All T1 + T2 T3 + T4 G1a G2 G3 N0 N +  UICC 1 UICC 2 UICC 3 UICC 4
n = 83 n = 56 n = 27 n = 2 n = 68 n = 13 n = 53 n = 30 n = 16 n = 23 n = 8 n = 36

hsa-miR-31 10.77
± 11.96
80%

10.08
± 11.83
80%

12.39
 ± 12.29
81%

0.36
± 0.12
100%

10.13
± 12.16
81%

14.12
± 10.81
92%

10.45
± 12.33
85%

11.66
± 11.4
72%

6.43
± 5.98
70%

11.12
± 14.43
95%

9.09
± 10.71
75%

12.69
± 11.97
78%

SELK 0.59 0.60 0.55 1.14 0.59 0.57 1.23 0.53 0.72 0.62 0.54 0.55

NM_021237 ± 0.15 ± 0.16 ± 0.14 ± 0.10 ± 0.16 ± 0.13  ± 0.15 ± 0.14  ± 0.18  ± 0.15  ± 0.13  ± 0.13

93% 91% 96% 100% 94% 100% 92% 93% 70% 100% 100% 95%

CMYA5 0.28 0.31 0.23 0.27//1.25 0.29 0.27 15.84 6.29 0.34 0.32 0.3 0.25

NM_153610 ± 0.22 ± 0.21 ± 0.20 ± 0.24 ± 0.41 ± 0.15 ± 0.30 ± 0.28 ± 0.31 ± 0.43 ± 0.27

78% 77% 81% 50%//50% 79% 77% 80% 77% 70% 70% 75% 81%

C1QTNF7 0.10 0.13 0.05 0.15 0.11 0.04 1.19 0.11 0.2 0.07 0.11 0.09

NM_031911 ± 0.13 ± 0.15 ± 0.04 ± 0.02 ± 0.14 ± 0.03 ± 0.12 ± 0.15 ± 0.17 ± 0.07 ± 0.11 ± 0.13

98% 96% 100% 100% 99% 92% 96% 100% 93% 96% 100% 100%

KIAA0232 0.54 0.54 0.54 0.61 0.54 0.52 1.66 0.52 0.61 0.55 0.42 0.53

NM_014743 ± 0.16 ± 0.16 ± 0.14 ± 0.03 ± 0.16 ± 0.17 ± 0.15 ± 0.17 ± 0.13 ± 0.16 ± 0.16 ± 0.16

88% 88% 89% 100% 90% 77% 91% 83% 87% 96% 88% 84%

USP47 0.47 0.47 0.48 0.37 0.47 0.48 1.69 0.45 0.54 0.45 0.61 0.43

NM_017944 ± 0.17 ± 0.17 ± 0.16 ± 0.26 ± 0.16 ± 0.22 ± 0.17 ± 0.16 ± 0.15 ± 0.17 ± 0.2 ± 0.14

92% 88% 100% 100% 96% 72% 92% 90% 87% 91% 100% 92%

KCNC1 0.3 0.31 0.27 0.18//1.04 0.31 0.27 3.10 0.31 0.41 0.27 0.32 0.28

NM_004976 ± 0.18 ± 0.19 ± 0.16 ± 0.17 ± 0.22 ± 0.17 ± 0.2 ± 0.23 ± 0.15 ± 0.17 ± 0.18

88% 84% 96% 50%//50% 90% 92% 85% 93% 70% 83% 100% 95%

NEBL 0.35 0.34 0.38 0.62 0.33 0.43 1.36 0.32 0.4 0.34 0.32 0.35

NM_006393 ± 0.22 ± 0.22 ± 0.22 ± 0.06 ± 0.21 ± 0.19 ± 0.23 ± 0.19 ± 0.29 ± 0.17 ± 0.23 ± 0.21

94% 89% 100% 100% 94% 92% 89% 97% 87% 91% 100% 97%

OGT 0.67 0.66 0.70 1.11 0.67 0.71 1.09 0.67 0.68 0.67 0.67 0.69

NM_003605 ± 0.15 ± 0.14 ± 0.16 ± 0.10 ± 0.14 ± 0.17 ± 0.16 ± 0.12 ± 0.14 ± 0.16 ± 0.13 ± 0.15

76% 77% 74% 100% 78% 77% 85% 60% 70% 91% 100% 68%

AS3MT 0.42 0.45 0.36 0.33 0.42 0.36 3.21 0.42 0.50 0.45 0.38 0.37

NM_020682 ± 0.20 ± 0.22 ± 0.13 ± 0.21 ± 0.21 ± 0.2 ± 0.22 ± 0.23 ± 0.20 ± 0.27 ± 0.18

80% 77% 85% 100% 82% 72% 81% 79% 80% 83% 57% 84%

C1orf24 0.24 0.25 0.21 0.22 0.25 0.18 0.26 0.21 0.32 0.27 0.18 0.21

NM_052966 ± 0.15 ± 0.17 ± 0.10 ± 0.29 ± 0.15 ± 0.09 ± 0.17 ± 0.11 ± 0.20 ± 0.18 ± 0.07 ± 0.11

100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

PDE5A 0.30 0.31 0.29 0.64 0.3 0.33 1.77 0.31 0.38 0.28 0.26 0.31

NM_001083 ± 0.19 ± 0.2 ± 0.19 ± 0.13 ± 0.19 ± 0.19 ± 0.2 ± 0.19 ± 0.25 ± 0.16 ± 0.18 ± 0.2

95% 93% 100% 100% 96% 92% 96% 93% 87% 100% 100% 95%

KCNIP2 0.4 0.41 0.38 0.51 0.37 0.51 1.78 0.41 0.44 0.41 0.27 0.41

NM_173342 ± 0.16 ± 0.17 ± 0.15 ± 0.11 ± 0.15 ± 0.18 ± 0.15 ± 0.18 ± 0.17 ± 0.16 ± 0.13 ± 0.17

92% 88% 100% 100% 90% 100% 87% 100% 67% 91% 100% 100%

ZC3H6 0.37 0.37 0.36 0.38 0.35 0.39 1.68 0.35 0.47 0.34 0.39 0.34

NM_198581.3 ± 0.19 ± 0.19 ± 0.18 ± 0.36 ± 0.18 ± 0.2 ± 0.21 ± 0.13 ± 0.24 ± 0.19 ± 0.23 ± 0.14

96% 95% 100% 100% 97% 92% 96% 97% 93% 96% 100% 97%

COL9A3 0.25 0.26 0.23 0.23//1.84 0.25 0.25 3.66 0.21 0.35 0.25 0.3 0.20

NM_001853 ± 0.19 ± 0.21 ± 0.14 ± 0.19 ± 0.19 ± 0.22 ± 0.11 ± 0.23 ± 0.24 ± 0.22 ± 0.1

96% 96% 96% 50%//50% 99% 92% 94% 100% 87% 100% 100% 97%

WASF3 0.44 0.45 0.34 0.86 0.44 0.38 1.43 0.43 0.57 0.46 0.42 0.4

NM_006646  ± 0.24  ± 0,25  ± 0.2  ± 0.05  ± 0.24  ± 0.26  ± 0.25  ± 0.24  ± 0.29  ± 0.26  ± 0.17  ± 0.23

90% 88% 96% 100% 90% 92% 89% 93% 87% 87% 100% 92%

EPM2AIP1 0.56 0.57 0.54 1.00 0.55 0.6 1.15 0.54 0.71 0.55 0.58 0.54
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known oncogenes, and 9 genes that have not yet been 
precisely assigned. Tables 2, 3 and 4 summarize the fold 
changes in the expression of these genes according to T 
status, tumour grade, lymph node status, and UICC clas-
sification. The percentage of tumour samples exhibiting 
up- or downregulated genes or miR-31 is presented. Only 
two samples exist for grade group G1. The expression 
rate of some genes varied between the two samples; both 
expression patterns are depicted. These results reveal 
a broad spectrum of interesting genes in terms of their 
impact on disease progression and prognosis, especially 
for OSCC associated with miR-31.

Based on our literature research, we subdivided the 
putative target genes into known tumour suppres-
sor genes, known oncogenes, and genes that have not 

yet been fully characterized. We were able to isolate 20 
potential target genes. Gene expression significantly cor-
related with the expression of miR-31. Our studies identi-
fied the following known tumour suppressor genes listed 
in Table  2 as putative target genes for miR-31. Correla-
tions with various OSCC parameters and gene expression 
levels were analysed statistically, with a p value of 0.05. 
In some cases, the p-values slightly exceeded the enabled 
threshold of 0.05.

The PCDH9 gene was significantly associated with 
tumour grade (p = 0.068) and smoking status (p = 0.003). 
Previous research has shown a link between PCDH9, 
an oncogenic or suppressor factor, and tumour devel-
opment in other tumour types [16]. In 2022, another 
research group also found exactly this correlation in 

 ± standard deviation; % percent of samples in group; T T-status, G grading, N lymph nodes, UICC UICC classification
a group G1 includes two samples, the results are less robust;//both results in group G1 are shown

Table 3  (continued)

Gene All T1 + T2 T3 + T4 G1a G2 G3 N0 N +  UICC 1 UICC 2 UICC 3 UICC 4
n = 83 n = 56 n = 27 n = 2 n = 68 n = 13 n = 53 n = 30 n = 16 n = 23 n = 8 n = 36

NM_014805 ± 0.17  ± 0.18  ± 0.15  ± 0.13  ± 0.16  ± 0.25  ± 0.18  ± 0.16  ± 0.2  ± 0.16  ± 0.20  ± 0.15

88% 86% 93% 100% 91% 92% 87% 90% 70% 91% 75% 95%

FAM46A 0.22 0.22 0.21 0.2//3.52 0.23 0.17 2.52 0.18 0.19 0.27 0.17 0.21

NM_017633 ± 0.15 ± 0.15 ± 0.16 ± 0.16 ± 0.08 ± 0.17 ± 0.11 ± 0.10 ± 0.18 ± 0.05 ± 0.16

98% 96% 100% 50%//50% 99% 100% 96% 100% 87% 100% 100% 100%

MKL2 0.64 0.66 0.62 1.24 0.64 0.68 1.27 0.63 0.63 0.59 0.63 0.63

NM_014048 ± 0.17 ± 0.17 ± 0.16 ± 0.11 ± 0.17 ± 0.15 ± 0.17 ± 0.16 ± 0.15 ± 0.18 ± 0.15 ± 0.16

73% 70% 81% 100% 74% 92% 64% 90% 81% 100% 81% 90%

CLOCK 0.52 0.53 0.51 0.86 0.50 0.60 1.19 0.48 0.68 0.51 0.35 0.52

NM_004898 ± 0.2 ± 0.2 ± 0.21 ± 0.18 ± 0.20 ± 0.13 ± 0.20 ± 0.19 ± 0.18 ± 0.17 ± 0.10 ± 0.21

77% 77% 78% 100% 76% 77% 79% 73% 80% 78% 100% 73%

KIA1576 0.06 0.06 0.05 0.3 0.06 0.03 1.04 0.05 0.07 0.07 0.07 0.05

NM_020927 ± 0.08 ± 0.54 ± 0.07 ± 0.17 ± 0.09 ± 0.02 ± 0.09 ± 0.08 ± 0.06 ± 0.11 ± 0.10 ± 0.06

97% 93% 100% 100% 98% 92% 89% 97% 93% 100% 100% 97%

C10orf32 0.60 0.59 0.62 0.83//1.23 0.59 0.69 1.26 0.6 0.76 0.55 0.47 0.63

NM_144591 ± 0.20 ± 0.21 ± 0.19 0.20 0.20 0.21 0.19 0.18 0.18 0.18 0.19

80% 75% 89% 50%//50% 79% 92% 75% 90% 67% 74% 75% 89%

CLMN 0.48 0.50 0.44 0.60//1.30 0.51 0.37 1.26 0.49 0.54 0.54 0.45 0.46

NM_024734 ± 0.19 ± 0.19 ± 0.18 ± 0.19 ± 0.16 ± 0.19 ± 0.19 ± 0.13 ± 0.21 ± 0.28 ± 0.16

89% 89% 89% 50%//50% 88% 100% 85% 97% 70% 96% 100% 89%

CAPN2 0.68 0.69 0.66 1.42 0.68 0.66 1.23 0.65 0.72 0.72 0.61 0.67

NM_001748 ± 0.16 ± 0.16 ± 0.14 ± 0.16 ± 0.15 ± 0.17 ± 0.16 ± 0.14 ± 0.15 ± 0.19 ± 0.15 ± 0.14

71% 70% 74% 100% 74% 72% 68% 77% 60% 70% 100% 70%

AMFR 0.53 0.52 0.55 0.44 0.53 0.56 1.2 0.51 0.55 0.55 0.43 0.56

NM_001144 ± 0.16 ± 0.16 ± 0.18 ± 0.03 ± 0.17 ± 0.13 ± 0.18 ± 0.13 ± 0.18 ± 0.16 ± 0.08 ± 0.17

93% 95% 89% 100% 94% 92% 91% 97% 100% 91% 100% 89%

ST8SIA2 0.54 0.52 0.59 0.8//1.31 0.53 0.6 1.60 0.58 0.55 0.49 0.66 0.55

NM_006011 ± 0.21 ± 0.22 ± 0.18 ± 0.21 ± 0.18 ± 0.21 ± 0.19 ± 0.21 ± 0.23 ± 0.22 ± 0.18

72% 73% 70% 50%//50% 74% 72% 70% 79% 70% 70% 100% 78%
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HNSCC, which confirms our results [17]. With increas-
ing tumour size, differentiation, metastasis and lymph 
node involvement, the expression of PCDH9 decreased 
in our samples. Gene expression is significantly 
decreased in smokers, which could explain the increased 
risk of OSCC in smokers. In conclusion, the expression 
of PCDH9 might serve as a potential prognostic marker, 
with decreasing PCDH9 expression indicating a worse 
prognosis. MEIS is known as a potential tumour suppres-
sor and has already been identified as a central driver in 
several human leukaemia types. However, MEIS family 
expression data are highly variable across solid tumour 
types and can also vary within a single tumour type 
[18]. In our samples, MEIS was significantly associated 
with UICC status (p = 0.018), grade (p = 0.002) and type 

(p = 0.063). Since MEIS expression is variable in differ-
ent tissues, more data should be obtained on this gene to 
confidently promote its use as a prognostic marker. Since 
MEIS is required for haematopoiesis, megakaryocyte lin-
eage development and vascular patterning, among other 
factors, MEIS could be classified as a potentially impor-
tant angiogenesis factor in OSCC [18–20]. In our sam-
ples, CNOT4 expression was significantly associated with 
tumour grade (p = 0.06) and type (p = 0.002). Another 
research group has shown that increased expression 
of CNOT4 in the intestinal mucosa is associated with 
an increased risk of colon cancer [21]. Further research 
should be conducted to determine to what extent CNOT4 
might also be a relevant target gene in the mucosa of the 
head and neck region. It has so far only been investigated 

Table 4  Expression fold changes of putative target genes for miR-31 that are not yet precisely assignable genes

 ± standard deviation; % percent of samples in group; T T-status, G grading, N lymph nodes, UICC UICC classification
a group G1 includes two samples, the results are less robust;//both results in group G1 are shown)

Gene All T1 + T2 T3 + T4 G1a G2 G3 N0 N +  UICC 1 UICC 2 UICC 3 UICC 4
n = 83 n = 56 n = 27 n = 2 n = 68 n = 13 n = 53 n = 30 n = 16 n = 23 n = 8 n = 36

hsa-miR-31 10.77
 ± 11.96
80%

10.08
± 11.83
80%

12.39
± 12.29
81%

0.36
± 0.12
100%

10.13
± 12.16
81%

14.12
± 10.81
92%

10.45
± 12.33
85%

11.66
± 11.4
72%

6.43
± 5.98
70%

11.12
± 14.43
95%

9.09
± 10.71
75%

12.69
± 11.97
78%

ERBB3 0.45 0.43 0.48 0.51//1.48 0.45 0.47 1.78 0.41 0.51 0.45 0.27 0.41

NM_001982 ± 0.23 ± 0.26 ± 0.18 ± 0.23 ± 0.26 ± 0.22 ± 0.25 ± 0.27 ± 0.23 ± 0.22 ± 0.25

92% 91% 93% 50%//50% 94% 85% 92% 90% 93% 87% 100% 90%

ALG5 0.63 0.61 0.66 0.8//1.95 0.63 0.65 1.35 0.59 0.67 0.65 0.61 0.63

NM_013338 ± 0.17 ± 0.17 ± 0.17 ± 0.18 ± 0.16 ± 0.17 ± 0.17 ± 0.16 ± 0.18 ± 0.17 ± 0.18

81% 80% 81% 50%//50% 79% 92% 77% 87% 67% 87% 100% 78%

ZBTB10 0.41 0.41 0.41 0.70//1.59 0.41 0.39 1.49 0.45 0.44 0.37 0.48 0.4

NM_023929 ± 0.15 ± 0.15 ± 0.15 ± 0.15 ± 0.14 ± 0.13 ± 0.17 ± 0.18 ± 0.11 ± 0.09 ± 0.17

83% 80% 89% 50%//50% 82% 92% 81% 87% 70% 83% 100% 84%

TNRC6B 0.64 0.65 0.62 0.81 0.63 0.74 1.27 0.67 0.75 0.59 0.57 0.66

NM_015088 ± 0.2 ± 0.19 ± 0.20 ± 0.01 ± 0.2 ± 0.14 ± 0.21 ± 0.18 ± 0.13 ± 0.2 ± 0.25 ± 0.19

82% 82% 81% 100% 85% 62% 85% 77% 87% 83% 100% 76%

ERBB2IP 0.74 0.75 0.73 0.92//1.02 0.74 1.12 1.11 0.75 0.81 0.72 0.74 0.76

NM_018695 ± 0.15 ± 0.15 ± 0.16 ± 0.15 ± 0.16 ± 0.15 ± 0.16 ± 0.13 ± 0.14 ± 0.21 ± 0.14

70% 73% 63% 50%//50% 75% 54% 72% 67% 70% 74% 100% 62%

RAB3C 0.29 0.34 0.21 0.08//1.17 0.33 0.14 2.11 0.31 0.50 0.28 0.28 0.26

NM_138453 ± 0.24 ± 0.26 ± 0.17 ± 0.24 ± 0.21 ± 0.26 ± 0.22 ± 0.33 ± 0.22 ± 0.21 ± 0.21

88% 84% 96% 50%//50% 87% 100% 87% 90% 70% 87% 100% 95%

RAB27B 0.54 0.51 0.60 0.39//0.97 0.54 1.17 1.36 0.54 0.5 0.54 0.57 0.55

NM_004163 ± 0.26 ± 0.27 ± 0.23 ± 0.26 ± 0.16 ± 0.27 ± 0.27 ± 0.31 ± 0.24 ± 0.26 ± 0.27

70% 75% 59% 50%//50% 75% 54% 68% 73% 70% 65% 100% 70%

CXCL12 0.31 0.34 0.27 0.41 0.34 0.2 1.35 0.33 0.44 0.28 0.39 0.29

NM_000609 ± 0.21 ± 0.23 ± 0.17 ± 0.17 ± 0.22 ± 0.16 ± 0.22 ± 0.20 ± 0.3 ± 0.17 ± 0.25 ± 0.19

86% 80% 96% 100% 85% 92% 85% 87% 70% 83% 88% 92%

VAV3 0.46 0.43 0.52 0.36 0.16 0.44 1.18 0.44 0.35 0.52 0.38 0.48

NM_006113 ± 0.23 ± 0.24 ± 0.19 ± 0.21 ± 0.13 ± 0.32 ± 0.22 ± 0.25 ± 0.21 ± 0.22 ± 0.21 ± 0.24

81% 82% 85% 100% 100% 72% 81% 83% 87% 78% 88% 78%
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in other tumour types, particularly in lung cancer [22]. 
GRHL1 expression was related to N status (p = 0.048) 
and smoking status (p = 0.028). GRHL1 encodes a tran-
scription factor that plays an important role in inhibiting 
the growth, proliferation, and progression of embedded 
tumour cells. A publication investigating the relationship 
between GRHL1 expression and the prognostic value of 
GRHL1 in squamous cell carcinomas of the oesophagus 
showed that low expression of GRHL1 was associated 
with poor differentiation and a lower overall survival rate 
[23]. GRHL1 was downregulated in 84% of our samples. 
However, no significant correlation between expression 
levels and differentiation could be established. In con-
trast, research on endometrial cancer has already estab-
lished a link between expression and the overall survival 
rate. High expression was associated with a higher mor-
tality rate [24]. The correlation between GRHL1 expres-
sion and metastasis formation in relation to N status 
should be further investigated. NFIA expression sig-
nificantly correlated with UICC (p = 0.035) and T-status 
(p = 0.019). It has already been established that lower 
NFIA expression is associated with a lower overall sur-
vival rate in patients with head and neck tumours [25]. In 
addition, another study on NFIA expression in oesoph-
ageal SCC patients revealed a significant correlation 
between NFIA expression and the degree of cell differen-
tiation, TNM classification, N status and overall survival. 
Consequently, it was shown that high NFIA expression 
is an independent prognostic factor for oesophageal 
SCC [26]. PLCB1 expression was significantly related 
to T stage (p = 0.034), tumour grade (p = 0.068) and the 
type of OSCC (p = 0.007). PLCB1 has been previously 
shown to be an important tumour suppressor gene in 
OSCC and is often downregulated in these tumours 
[27]. According to our data, PLCB1 was downregulated 
in 77% of the samples. PLCBI is also described as an 
oncogene [28]. DIRAS was downregulated in 89% of all 
the samples. It correlated significantly with UICC status 
(p = 0.088), alcohol abuse (p = 0.046), and nicotine con-
sumption (p = 0.067). It has already been established in 
other studies that DIRAS3 serves as a significant tumour 
suppressor in head and neck SCC and is often silenced 
[29, 30]. In particular, the relationship between nicotine 
and alcohol consumption in terms of reduced expression 
of DIRAS could be another explanation for the increased 
risk associated with elevated nicotine and alcohol intake. 
ALDH5A1 was downregulated in 79% of the OSCC sam-
ples. The expression data correlated significantly with the 
UICC status (p = 0.026) and T status (p = 0.01). The alde-
hyde-dehydrogenase-5-family belongs to the superfam-
ily of aldehyde dehydrogenases (ALDHs) and is already 
used in other tumours as a marker for patient progno-
sis [31]. Furthermore, a correlation between ALDH5A1 

and response to chemoradiotherapy was identified in 
oesophageal squamous cell carcinomas. In a model of dif-
ferent genes, the response to therapy was dependent on 
the expression of the selected 10 genes [32]. SPTBN-1 
was significantly associated with UICC status (p = 0.047), 
T status (p = 0.088) and epithelial type (p = 0.038) in 
our OSCC samples. It was downregulated in 98% of the 
samples. SPTBN-1 is frequently mutated in HNSCC, 
HPV + , and OPSCCs [33]. It has already been found to 
serve as a prognostic factor in hepatocellular carcinoma, 
oesophageal SCC and pancreatic carcinoma [34]. DLC1 
was downregulated in 75% of the OSCC samples. It cor-
related significantly with T-status (p = 0.028), smoking 
status (p = 0.057), alcohol abuse status (p = 0.04) and epi-
thelial type of OSCC (p = 0.01). In nasopharyngeal car-
cinoma, ectopic expression of DLC1 led to a decrease in 
colony formation and invasion [35]. It has been identified 
as a promising gene for patient prognosis in OSCC [36].

Our study identified 25 genes, which are known onco-
genes, as putative target genes of miR-31 (Table  3). 
Correlations with various OSCC parameters and gene 
expression levels were analysed statistically, with a p 
value of 0.05.

The selenoprotein SELK was downregulated in 93% of 
the samples, and the expression of SELK showed a sig-
nificant correlation with UICC status (p = 0.022), T sta-
tus (p = 0.036) and tumour grade (p = 0.073). Studies 
have described the relationship between microRNAs and 
selenoproteins in other tumour types. In hepatocellular 
carcinoma, there was a significant association between 
miR-544a and SELK expression. An important approach 
to treating this type of tumour has also been described 
[37]. Selenoproteins transport the essential trace miner-
als selenium. This activity is significant for glutathione 
peroxidase, which protects the cell from oxidative stress 
and the formation of radicals. There was a significant cor-
relation between the expression of C1QTNF7 and UICC 
status (p = 0.04), T status (p = 0.00028), smoking status 
(p = 0.028), alcohol abuse status (p = 0.033), and epithe-
lial type of OSCC (p = 0.044). The gene was downregu-
lated in 98% of the samples. To date, little is known about 
C1QTNF7 gene expression in OSCC. In 2020, C1QTNF7 
was identified as a critical prognostic marker in ovarian 
cancer that was significantly related to overall patient 
survival [38]. C1QTNF7 was found to be downregulated 
after the first 2  Gy fraction of radiotherapy in patients 
with tumours in the head and neck region [39]. NEBL was 
correlated with tumour grade (p = 0.036) and smoking 
status (p = 0.073), and its expression was downregulated 
in 94% of patients. NEBL is significantly overexpressed in 
most cases of colorectal cancer (CRC). Here, an associa-
tion between PD-L1 expression and lymph node metas-
tasis was established. Therefore, NEBL is considered a 
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prognostic marker in CRC [40]. In relation to our results, 
research should also be conducted on NEBL as a prog-
nostic marker in OSCC. PDE5A was downregulated in 
95% of the OSCC samples and correlated with T-status 
(p = 0.033), smoking status (p = 0.076), alcohol abuse sta-
tus (p = 0.015), and epithelial type (p = 0.029). Phosphodi-
esterase influences the degradation of cyclic nucleotides. 
Phosphodiesterases are already focussed on tumour 
research. The expression of PDE5A was increased in 
colorectal neoplasms [41] and in 2021, a meta-analysis 
about their effect on the risk of melanoma was investi-
gated [42]. EPM2AIP1 expression correlated with UICC 
status (p = 0.048), grade (p = 0.089), smoking status 
(p = 0.036), alcohol abuse status (p = 0.038), and epithe-
lial type of OSCC (p = 0.073). EPM1AIP1 was downregu-
lated in 88% of the OSCC samples. In a study on sessile 
serrated adenomas (SSAs), the expression of EPM2AIP1 
was frequently decreased compared to that in colorec-
tal carcinomas. SSAs give rise to 20–30% of colorec-
tal carcinomas [43]. MKL2 expression was significantly 
related to UICC status (p = 0.014), T status (p = 0.05), N 
status (p = 0.05), and epithelial type of OSCC (p = 0.02). 
The gene was downregulated in 83% of the samples. In 
another study, miR-532-5p was shown to have a tumour-
promoting effect on lung adenocarcinoma by targeting 
MKL2 [44]. CLMN was downregulated in 89% of the 
OSCC samples. The expression correlated with tumour 
grade (p = 0.017). In HNSCC, CLMC frequently appears 
to be mutated [45]. In general, very little research has 
been done in this context about CLMC and cancer.

Our studies identified nine genes as putative target 
genes of miR-31, but these genes have not yet been defin-
itively characterized (Table 4). Correlations with various 
OSCC parameters and gene expression levels were ana-
lysed statistically, with a p value of 0.05. In some cases, 
the p values slightly exceeded the threshold of 0.05.
ERBB3 was related to tumour grade (p = 0.078) and 

smoking status (p = 0.003) and was downregulated in 92% 
of the patients. ERBB3 has already been identified as a 
promoter of tumours in the head and neck region [46]. 
In addition, ERBB3 has also been identified as a possible 
target gene for targeted tumour therapy [47]. Our data 
strongly suggest that special attention should be given to 
this gene for tumour therapy. RAB3C expression corre-
lated with UICC status (p = 0.051), grade (p = 0.023) and 
T status (p = 0.015) and was downregulated in 88% of the 
samples. In other tumour types, such as colorectal can-
cer, overexpression of RAB3C was associated with poor 
prognosis, including increased metastasis [48]. VAV3 
expression correlated with tumour grade (p = 0.069) 
and smoking status (p = 0.055) in our cohort. VAV3 was 
downregulated in 81% of the OSCC samples. Previous 
studies have shown that different subtypes of VAV3 are 

related to the tumour aggressiveness of OSCC and are 
frequently downregulated [49]. Our results also indicate 
this connection.

Conclusion
The aim of this study was to determine the expression 
patterns of target genes of human miR-31 in 83 OSCC 
samples, as well as their correlation with tumour param-
eters. Thus, we try to bring prognostic factors in connec-
tion with target genes. A literature search identified the 
target genes. This summary should help to delimit the 
vast number of possible target genes computed to a func-
tional group. In doing so, we not only considered and 
compared known genes in SCC, but also identified new 
potential target genes. Previously known genes involved 
in head and neck tumours include MEIS, PLCB1, DIRAS, 
DLC1, VAV3, C1QTNF7, and CLMN. Through our inves-
tigations, we were able to confirm the importance of 
these genes, which should serve as a basis for further 
research and recognizing predictive factors. This could 
ultimately improve the diagnosis, prognosis, and treat-
ment of patients with OSCC and consequently also opti-
mize their usually poor long-term prognosis. Therefore, 
further investigations based on our results are essential. 
In future studies, our results provide a basis for expres-
sion data and excellent starting points that should further 
clarify the pathways affected by AngiomiRs.
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