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Abstract. Adenoid cystic carcinoma of the lacrimal gland 
(LACC) is a major orbital malignancy. The recurrence rate 
and mortality rate are higher in LACC high-grade transfor-
mation (LACC-HGT) compared with in LACC. The present 
study aimed to identify the candidate microRNAs (miRNAs/
miRs) and construct a competing endogenous RNA (ceRNA) 
regulatory network for LACC-HGT. A miRNA microarray 
on paraffin-embedded tissues was performed to identify the 
differentially expressed miRNAs (DEMs) of LACC-HGT. The 
overlap with the salivary adenoid cystic carcinoma miRNA/
RNA sequencing dataset in the Gene Expression Omnibus 
was used to identify candidate miRNAs. In order to construct 
a ceRNA regulatory network of LACC-HGT, a microarray of 
mRNA and circRNA in primary cell lines was performed. The 
circRNAs and genes with high expression in LACC-HGT were 
predicted as targeting miRNAs, and the circRNA-miRNA-
mRNA regulatory network was constructed. miR-140-3p was 
identified as part of the ceRNA network and as a candidate 
miRNA, therefore this was further analyzed using reverse 
transcription-quantitative (RT-q)PCR. Overall, the Agilent 

Human microarray analysis identified a total of 16 DEMs 
from the LACC-HGT paraffin-embedded tissues. A total of 
653 DECs and 9,566 DEGs of LACC-HGT primary cell lines 
were screened via the microarray of mRNA and circRNA. 
The ceRNA regulatory network was constructed using the 
cross-binding of circRNA-miRNA, miRNA-mRNA and the 
downregulated miRNAs in LACC-HGT to clearly demon-
strate the circRNA-miRNA-mRNA interaction relationship. 
RT-qPCR results confirmed that miR-140-3p was downregu-
lated in LACC-HGT tissues and primary cell lines compared 
with LACC. Target genes CD200 and parathyroid hormone-
related protein were significantly upregulated in LACC-HGT 
primary cell lines. miR-140-3p and its target genes may play 
an important role in LACC-HGT pathogenesis. In conclusion, 
the current bioinformatics study constructed a ceRNA network 
based on a microarray, which may help identify novel miRNA 
therapeutic targets for LACC-HGT.

Introduction

Lacrimal gland adenoid cystic carcinoma (LACC) is the most 
common form of malignant epithelial lacrimal gland tumor. 
It is characterized by a slow progression, local invasion and 
metastasis, and usually has a poor prognosis due to osseous 
and perineural invasion (1,2). A study in the University of 
Texas MD Anderson Cancer Center shows the local recur-
rence rate is 35%, the distant metastasis rate is 80% and the 
mortality is 65% (3,4). Local recurrence and distant metastatic 
disease occur in ~50% of patients within 5 to 10 years, and 
currently there is no effective treatment (5,6). Despite classic 
histological types, ACC can also show areas of classic ACC 
with a gradual or sharp transition to the areas of high‑grade 
carcinoma. Initially, this atypical ACC was described as 
‘hybrid tumors’, subsequently as ‘dedifferentiated’ and most 
recently as high‑grade transformation  (HGT)  (7‑9). The 
histological features of ACC with HGT are composed of 
two histological components: Conventional low‑grade ACC 
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and high‑grade ‘dedifferentiated’ tumor tissues (10). LACC 
rarely undergoes HGT, but there is evidence that histological 
subtypes are associated with prognosis. A study shows the 
lymph node metastasis rate of LACC‑HGT is higher compared 
with LACC (43‑57% vs. 5‑25%) (11). According to a previous 
report, LACC‑HGT accelerates the process of tumor local 
recurrence and distant metastasis, resulting in increased 
mortality, shortened postoperative survival and poor outcomes 
of conventional treatment (12).

Non‑coding RNAs (ncRNAs) are generally defined as a 
wide class of RNAs without protein‑coding function, but these 
have regulatory functions in the various biological processes, 
such as post‑transcriptional regulators, regulation of mitochon-
drial biology and metabolic control. As a group of endogenous, 
single‑stranded, small non‑coding RNA molecules, microRNAs 
(miRNAs/miRs) negatively regulate gene expression at the 
post‑transcriptional level  (13). Previous studies have shown 
significant differences in miRNA expression of ACC. For 
example, miR‑24‑3p was low expression in high metastasis 
type ACC cells, and further research reported that miR‑24‑3p is 
downregulated in LACC tissue and inhibits ACC cell prolifera-
tion, migration and invasion through targeting protein kinase 
C eta type (14). Meanwhile, downregulated miR‑24‑3p also 
inhibits the epithelial‑mesenchymal transition (EMT) process of 
ACC. Most recently, Hao et al (15) demonstrated that miR‑93‑5p 
is overexpressed in tissues and plasma of patients with LACC 
compared with healthy controls. miR‑93‑5p promotes LACC 
cell migration, invasion and proliferation by targeting the 
downregulation of breast cancer metastasis‑suppressor 1‑like 
protein through regulation of the Wnt signaling pathway. 
Circular RNAs (circRNAs) are novel non‑coding RNAs that 
have been reported to be involved in the progression of various 
cancers, such as non‑small cell lung carcinoma, bladder cancer 
and osteosarcoma (16). However, the regulatory mechanisms of 
circRNAs in LACC remain unclear.

The hypothesis of ceRNA was defined by Salmena et al (17) 
in 2011. ceRNA introduced a new crosstalk theory of gene 
regulation that promotes the physiology and development of 
diseases, such as cancer. Recent studies about ceRNA have 
expanded our insights into LACC‑HGT pathogenesis (18).

Materials and methods

Patients and tissue samples. A total of patients with 12 LACC 
were originally included in the study, all patients benefited from 
a surgical resection. HGT occurred in six cases following the 
histological analysis. All patient profiles were evaluated; their 
symptoms and signs were assessed as two separate components, 
and two patients were lost during follow‑up in the LACC group. 
A total of six LACC paraffin‑embedded tissue samples and six 
LACC‑HGT paraffin‑embedded tissue samples were provided 
by Tianjin Medical University Eye Hospital (Tianjin, China) from 
June 2009 to May 2017. Informed written consent for research 
purposes was obtained from the patients before tissue collec-
tion. The Institutional of Human Research Ethics Committee of 
the Tianjin Medical University Eye Hospital approved the study 
[Tianjin, China; approval no. 2017KY(L)‑23].

Primary cell line culture. Primary cell line culture was 
performed as described previously (19) via tissue block culture 

techniques, and the cells were cultured in RPMI‑1640 medium 
with 10% fetal bovine serum and 1% penicillin/streptomycin 
solution (both HyClone; Cyvita) at 37˚C in a 5% CO2 incubator. 
Only LACC and LACC‑HGT primary cells in passages 4‑10 
were used for further experiments.

miRNA microarray analysis. Differentially expressed 
miRNAs (DEMs) of 12 LACC samples were detected using 
the Agilent Human miRNA Microarray, Release 21.0 (8*60K, 
Design ID: 070156). miRNA expression profiles (GSE59700) 
of salivary adenoid cystic carcinoma (SACC) were obtained 
from the GEO (http://www.ncbi.nlm.nih.gov/geo) (20). The 
dataset contains 12  SACC samples with matched normal 
tissues.

Candidate miRNAs identification. In order to get raw data 
of miRNA microarray, the array images were imported 
to Feature Extraction software (version  10.7.1.1, Agilent 
Technologies). Genespring software (version 13.1; Agilent 
Technologies) was employed to finish the basic analysis with 
the raw data. First, the raw data was normalized with the quan-
tile algorithm. DEMs were then identified through the ratio of 
the expression quantity (fold‑change; FC) as well as P‑values 
calculated using unpaired t‑tests, these data are presented in 
Table IV. The threshold set for up and downregulated DEMs 
was a |log2FC|>1 and a P≤0.05. GEO2R is one of the powerful 
tools to screen the DEMs (21). Datasets of SACC downloaded 
from the GEO database were analyzed by GEO2R. Candidate 
miRNAs were selected from the overlap between the miRNA 
microarray and the DEMs from the GEO datasets. 

LACC‑HGT differentially expressed circRNAs (DECs) and 
genes screening. The DECs and differentially expressed genes 
(DEGs) of LACC‑HGT primary cell lines were detected 
using the Agilent Human Microarray 2018 (4*180k, Design 
ID: 085630). To begin with, the raw data was normalized with 
the quantile algorithm. DECs and DEGs were then identified 
through fold‑change as well as P‑values calculated using 
unpaired t‑tests, these data are presented in Tables SII and SIII. 
Upregulated and downregulated circRNAs and genes were 
those with an absolute value of logarithmic transformed 
fold‑change (FC) [log2 FC≥log2(1.5)] and P≤0.05. 

Functional enrichment analysis. Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses 
were applied to determine the roles of these DECs and DEGs. 
Afterwards, hierarchical clustering was performed to display 
the distinguishable genes' expression pattern among samples. 
The hypergeometric distribution algorithm was used to 
calculate the significance of different gene enrichment in each 
GO term and each pathway (22). The result of this calculation 
gave P‑values of enriched significance, and the lower the value 
the more statistically significant it is.

Gene Set Enrichment Analysis (GSEA). The expression 
profile of genes provided the ratio of the expression quantity 
(log2FC) and then the genes were arranged in descending 
order. The GSEA algorithm was used to identify the more 
variable pathways and gene set of LACC‑HGT compared 
with LACC.
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Interaction prediction of circRNA‑miRNA and miRNA‑mRNA. 
To improve the predictive accuracy, CircInteractome  (23) 
and ENCORI (http://starbase.sysu.edu.cn/) were used to 
predict the circRNA‑miRNA targeting. The miRWalk 
(http://mirwalk.umm.uni‑heidelberg.de/) database was used 
to predict miRNA‑mRNA targeting. In this analysis, as the 
DEGs identified totaled >5,000, exceeding the limit of this 
tool, the top 500 genes were selected for prediction.

Construction of ceRNA regulatory network. According to 
the default screening criteria |log2FC| >1 and P<0.05, only 
five downregulated miRNAs were obtained, which did not 
meet the subsequent analysis requirements. Therefore, the 
screening standard was adjusted to |log2FC| >1 and P<0.2, and 
a total of 31 miRNAs with significant downregulation were 
screened for ceRNA regulatory network construction. The 
previously obtained circRNA‑miRNA, miRNA‑mRNA and 
downregulated miRNAs in LACC‑HGT were imported into 
Cytoscape 3.7.2 software (24) to map the ceRNA regulatory 
network. A Sankey map was drawn.

Protein‑protein interaction (PPI) network of proteins in 
ceRNA regulatory network. The proteins in the ceRNA 
regulatory network were imported into STRING (25) for PPI 
network construction, and the interaction network was plotted 
using Cytoscape 3.7.2 software. 

RNA extraction and reverse transcription‑quantitative (RT‑q)
PCR. As a candidate miRNA, miR‑140‑3p was also involved 
in ceRNA regulatory network, therefore the expression of 
miR‑140‑3p in LACC‑HGT tissues and primary cells was 
analyzed. miRNAs of tissues and primary cells were extracted 
using the miRcute miRNA Isolation kit (Tiangen Biotech Co., 
Ltd.). The RNA sample was reversely transcribed into the 
first‑strand cDNA using the miRcute Plus miRNA First‑Strand 
cDNA kit (Tiangen Biotech Co., Ltd.). The temperature protocol 
was follows: 42˚C For 3 min, 42˚C for 15 min and 95˚C for 
3 min. Quantification analysis was performed using miRNA 
SYBR Green PCR master mix (Tiangen Biotech Co., Ltd.), the 
temperature protocol was follows: 95˚C For 15 min, 95˚C for 
10 sec), 60˚C for 30 sec for 40 cycles. Total RNA of LACC and 
LACC‑HGT primary cells were extracted using the EZ‑press 
RNA Purification kit (EZBioscience). The RNA sample was 
reversely transcribed into the first‑strand cDNA using the 
FastQuant RT kit (Tiangen Biotech Co., Ltd.). Quantification 
analysis was performed using SYBR Green PCR master mix 
(Tiangen Biotech Co., Ltd.). and specific primers on Roche 
LightCycler® 96 Sequence Detection system (Roche Diagnostics). 
The forward primers for miR‑140‑3p was 5'‑GCC​CGT​GGT​TCT​
ACC​CT‑3'; for 5 sec was 5'‑GGA​GAC​CGC​CTG​GGA​ATA‑3'. 
The reverse primers for these were universal primers included 
in the kit. Primers are shown in Table Ⅰ. Expression levels were 
quantified using the 2‑ΔΔCq method with and GAPDH as internal 
control (26), these data are presented in the Fig. 6. 

Statistical analysis. Each experiment was performed at least 
three times, the data are presented as mean ± SD, and statistical 
analyses were performed using SPSS version 21 (IBM Corp) 
and GraphPad Prism version 7.00 (GraphPad Software). The 
analysis of clinical and pathological dates was determined 

using Fisher's exact tests. Independent samples unpaired t‑tests 
were used to screen the DECs, DEMs and DEGs. The results 
of RT‑qPCR were also analyzed using unpaired Student's 
t‑test (Fig. 6). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient characteristics. In this study, 12 patients clinically 
diagnosed with LACC were enrolled. These included six 
cases of LACC and six cases of LACC‑HGT. There were 
differences between LACC group and LACC‑HGT group. 
Briefly, the mean age of patients with LACC was 55.5 years, 
with the range between 29 and 68 years, and the mean age of the 
patient with LACC‑HGT was 38.5 years, with a range between 
23 and 50 years. There were three cases in the right eye and 
three cases in the left eye in LACC group and the same for the 
LACC‑HGT group. Main symptoms of LACC included pain or 
dysesthesia, ocular proptosis, palpation, eye movement disorder 
and blurred vision (Table II). The pathological grade was higher 
in the LACC‑HGT (all were grade III) compared with the LACC 
group and the difference was statistically significant (P<0.05; 
Table III). IHC showed decreased expression of p63 and smooth 
muscle actin in LACC‑HGT, and an increased number of Ki‑67 
positive cells in LACC‑HGT group, but this was not significant 
(P>0.05). The mortality of LACC‑HGT group was higher 
compared with that of LACC group, the mortality of LACC was 
50% and the mortality of LACC‑HGT was 83%. A summary 
of clinical and pathological features of the 12 patients is listed 
in Tables II and III. The results indicated that the patients with 
HGT had a more aggressive disease compared with conventional 
LACC, accompanied by a poorer prognosis. The recurrent cases 
in 5 years and the death rate of the LACC‑HGT group (3, 83%) 
were higher compared with the LACC group (2, 50%). However, 
the difference was not statistically significant. 

Differentially expressed miRNAs. The results showed that 
there were differences in miRNA expression between LACC 
and LACC‑HGT groups. A total of 16 DEMs in LACC‑HGT 

Table Ⅰ. Primer sequences.

Primers	 Sequence, 5'→3'

miR‑140‑3p	 GCCCGTGGTTCTACCCT
5s	 GGAGACCGCCTGGGAATA
CD200 	
  Forward	 AAGTGGTGACCCAGGATGAAA
  Reverse	 AGGTGATGGTTGAGTTTTGGAG
PTHLH 	
  Forward	 ATTTACGGCGACGATTCTTCC
  Reverse	 GCTTGGAGTTAGGGGACACC
GAPDH	
  Forward	 GATGCTGGCGCTGAGTACG
  Reverse	 GCTAAGCAGTTGGTGGTGC

PTHLH, parathyroid hormone‑related protein. 
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paraffin‑embedded tissues were screened by microarray, 
including five downregulated miRNAs and 11 upregulated 
miRNAs, their expressions are shown in Table IV. Overall, 
704 DEMs of SACC tissues were screened from GEO database 
(Table SI).

Candidate miRNAs of LACC‑HGT. A total of four DEMs that 
could be candidate miRNAs of LACC‑HGT were selected 
from the overlap between the miRNA microarray and GEO 
dataset (Fig.  1A). They were hsa‑miR‑140‑3p, ‑140‑5p, 
‑574‑3p and ‑636. Among them, hsa‑miR‑140‑3p, ‑140‑5p and 
‑574‑3p were downregulated in the LACC‑HGT group and 
hsa‑miR‑636 was upregulated in LACC‑HGT group.

DECs and DEGs. The expression of circRNAs and 
genes in LACC and LACC‑HGT primary cell lines were 

significantly different. After being compared with LACC 
primary cell lines, the results of circRNA microarray showed 
that there were 258 upregulated circRNAs, 395 downregulated 
circRNAs (Fig.  1B; Table SII, and 5,162 upregulated and 
4,404 downregulated genes (Fig. 1C) in LACC‑HGT primary 
cell lines (Table SIII).

GO and pathway analysis of DECs and DEGs. GO and 
KEGG pathway analyses were performed in DECs and DEGs, 
respectively. The results indicated that the DECs are mainly 
located in ‘cytosol’, ‘membrane’ and ‘nucleoplasm’, the upreg-
ulated circRNAs are closely associated with ‘translational 
initiation’, ‘RNA binding’, ‘regulation of G2/M transition’ and 
‘mitotic spindle assembly’ (Fig. 2A), and mainly involved in 
‘RNA transport’, ‘RNA degradation’ and ‘cell cycle’ processes 
(Fig. 2B). The downregulated circRNAs were associated with 

Table Ⅱ. Clinical features of the 12 patients.

Clinical features	 LACC‑HGT	 LACC	 P‑value

Total number of patients	 6	 6	
Sex			   0.83
  Male	 2	 3	
  Female	 4	 3	
Median age, years	 38.5	 55.5	 0.07
Tumor side			   0.83
  Left	 3	 2	
  Right	 3	 4	
Duration of symptoms, mean months	 5.0	 10.5 	
Symptom			   0.73
  Pain or dysesthesia	 4	 4	
Signs			 
  Ocular proptosis, mean mm	 3.67	 3.17	
  Palpation	 5	 5	 0.78
  Eye movement disorder	 4	 5	 0.50
  Blurred vision	 3	 4	 0.50
CT			 
  Periosteum involvement	 5	 4	 0.50
  Bony involvement	 3	 4	 0.50
MRI			 
  Brain	 1	 2	 0.50
  Temporal fossa	 2	 0	 0.23
  Sinus	 1	 2	 0.50
  Ocular muscle	 3	 5	 0.28
Follow up time, months	 40.2	 70.8a	

Cases of death	 5	 2	 0.33
Death rate, %	 83	 50a	 0.67
Cases of recurrence in 5 years	 3	 2	 0.74
Recurrence rate of 5 years, %	 50	 50a	 0.83
Survival time, years			 
  2	 3	 3a	 0.45
  5	 1	 3a	 0.23

aRepresents loss of follow‑up after surgery.
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‘nuclear export signal receptor activity’, ‘focal adhesion’ and 
‘protein export from nucleus’ (Fig. 2C), and mainly involved 
in the ‘Relaxin signaling pathway’, ‘EGFR tyrosine kinase 
inhibitor resistance’ and ‘B cell receptor signaling pathway’ 
(Fig. 2D). DEGs were mainly located in ‘plasma membrane’, 
‘extracellular matrix’, ‘basement membrane and cytoplasm’, 
the upregulated genes were associated with ‘type I interferon 
signaling pathway’, ‘NF‑κB transcription’, ‘extracellular 

matrix structural constituent’ and ‘cell proliferation’ (Fig. 2E), 
and mainly involved in ‘protein digestion and absorption’, 
‘TNF signaling pathway’, ‘p53 signaling pathway’ and ‘MAPK 
signaling pathway’ processes (Fig. 2F). The downregulated 
genes were associated with ‘extracellular matrix organization’, 
‘cell‑cell adhesion’ and ‘EMT’ (Fig. 2G), and mainly involved 
in ‘pathways in cancer’, ‘focal adhesion’ and ‘Rap1 signaling 
pathway’ (Fig. 2H).

GSEA of DEGs. GSEA of DEGs revealed that the ‘interferon 
α response pathway,’ ‘response to extracellular matrix’ and 
‘TNF signaling pathway’ were significantly upregulated in 
the LACC‑HGT group (Fig. 3A). However, the ‘IL‑3 pathway’, 
‘focal adhesion’, ‘collagens’ and ‘signaling by PDGF’ pathway 
were significantly downregulated (Fig. 3B). In addition, some 
metabolic pathways, including ‘α‑Linolenic acid metabolism’, 
‘ascorbate and alginate metabolism’, ‘fructose and mannose 
metabolism’ and ‘linoleic acid metabolism’ were upregulated, 
as was the ‘cytosolic DNA‑sensing pathway’ (Fig. 3C).

ceRNA regulatory network in LACC‑HGT. In order to 
construct ceRNA regulation networks, the screening 
criteria of DEMs were adjusted to |log2FC|>1 and P<0.2. 
Ultimately, 31 miRNAs were downregulated in LACC‑HGT 
group according to the microarray data (Fig. 4A). A total of 
eight circRNA‑miRNA and 870 miRNA‑mRNA interaction 
pairs were predicted from CircInteractome, ENCORI and 
miRWalk databases. circRNA‑miRNA‑mRNA ceRNA regu-
latory networks were constructed using the overlapping results 
between the present 31  downregulated miRNAs and the 
aforementioned circRNA‑miRNA‑mRNA interaction pairs, 
and 77 regulatory triplets (circRNA‑miRNA‑mRNA) were 
obtained (Fig. 4B). Finally, the ceRNA network that involved 
four circRNAs (hsa_circ_0079694, _0031983, _0050998 and 
_0010187), seven miRNAs (hsa‑miR‑140‑3p, ‑199a‑5p, ‑214‑3p, 
‑221‑3p, ‑29a‑3p, ‑34c‑5p and ‑423‑5p) and 235 genes was visu-
alized using Cytoscape software. At the same time, in order 
to more clearly demonstrate the circRNA‑miRNA‑mRNA 
interaction, ~100 genes with the most significant upregulation 
were identified and a Sankey map was drawn (Fig. 4C).

PPI network of proteins in ceRNA regulatory network. 
PPI networks were established using the proteins involved in 
the ceRNA regulatory network, 126 nodes and 261 edges in 
total constituted the PPI network (Fig. 5). In a PPI network, 
each circle represents a protein, and edges represent interac-
tions. The GO annotation of these proteins is marked in the 
figure to identify proteins with similar effects. Different colors 
in the circle represent different GO notes, and proteins of 
the same color have similar functions. Proteins with a higher 
‘connectivity degree’ (interaction with other proteins) may be 
more important in the network. The interacting proteins of 
CD200 were identified such as TNF receptor associated factor 
1, receptor tyrosine kinase and hepatocyte growth factor.

Expression of miR‑140‑3p and its target genes. The data 
indicated that the expression of miR‑140‑3p was not signifi-
cantly downregulated in LACC‑HGT tissues (P>0.05; Fig. 6A), 
but was significantly downregulated in LACC‑HGT primary 
cells (P<0.05; Fig. 6B). miR‑140‑3p target genes CD200 and 

Table Ⅳ. Expressions of differentially expressed miRs.

ID	 Regulation	 FC 	 Log FC	 P‑value

hsa‑miR‑140‑3p	 Down	‑ 8.08	‑ 3.01	 0.02
hsa‑miR‑140‑5p	 Down	‑ 6.35	‑ 2.67	 0.04
hsa‑miR‑3653‑3p	 Down	‑ 4.04	‑ 2.01	 0.07
hsa‑miR‑574‑3p	 Down	‑ 2.20	‑ 1.14	 0.03
hsa‑miR‑29a‑3p	 Down	‑ 2.09	‑ 1.07	 0.01
hsa‑miR‑6785‑5p	 Up	 2.03	 1.02	 0.05
hsa‑miR‑4651	 Up	 1.64	 0.71	 0.04
hsa‑miR‑4459	 Up	 2.23	 1.15	 0.08
hsa‑miR‑7114‑3p	 Up	 3.50	 1.81	 0.04
hsa‑miR‑636	 Up	 3.67	 1.87	 0.04
hsa‑miR‑6779‑5p	 Up	 5.35	 2.42	 0.02
hsa‑miR‑135a‑3p	 Up	 4.51	 2.17	 0.03
hsa‑miR‑1469	 Up	 4.18	 2.06	 0.02
hsa‑miR‑4488	 Up	 9.26	 3.21	 <0.01
hsa‑miR‑4322	 Up	 8.00	 3.00	 0.02
hsa‑miR‑6075	 Up	 4.51	 2.17	 0.02

miR, microRNA; FC, fold‑change; down, downregulated; up, 
upregulated.

Table Ⅲ. Pathological features of the 12 patients.

Clinical features	 LACC‑HGT	 LACC	 P‑value

Histological grading			   <0.01
  I	 0	 4	
  II	 0	 2	
  III	 6	 0	
TNM			   0.72
  T2N0M0	 1	 2	
  T4aN0M0	 2	 1	
  T4bN0M0	 1	 2	
  T4cN0M0	 2	 1	
IHC, %			 
  SMA	 14.3	 45	 <0.01
  p63	 16.8	 53.3	 <0.01
  p53	 17	 21	 0.74
  Ki‑67	 26.7	 11.8	 0.05

TNM, Tumor‑Node‑Metastasis; LACC, lacrimal gland adenoid 
cystic carcinoma; HGT, high‑grade transformation; SMA, smooth 
muscle actin.
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parathyroid hormone‑related protein (PTHLH) were signifi-
cantly upregulated (P<0.05; Fig. 6C). GALNT12 has never 
been reported in lacrimal gland, and it was not detected in 
LACC and LACC‑HGT primary cells.

Discussion 

As effective diagnostic and treatment strategies have not been 
developed, the prognosis of patients with LACC remains 
poor, mostly due to local or distant metastasis and recurrence. 
Lacrimal gland carcinomas with HGT have been shown to be 
more aggressive compared with conventional carcinomas with 
a poorer prognosis, accompanied by higher local recurrence 
rate and propensity for cervical lymph node metastasis (27). 
However, the molecular genetic mechanisms responsible for 
the pathway of HGT in lacrimal gland carcinomas largely 
remain to be elucidated.

ncRNAs have an essential role in the function of onco-
genes or tumor suppressor genes in cell signaling pathways. 
Previous studies have shown that ncRNAs can affect gene 
expression through RNA‑RNA crosstalk‑based ceRNA 
regulatory networks by competing for the miRNA response 
elements of miRNAs through an indirect post‑transcriptional 

mechanism (28‑30). miRNAs and circRNAs not only promote 
tumor progression, but it can also create the conditions that are 
not conducive to tumor development, thereby inhibiting tumor 
progression. This competitive mechanism theory is controver-
sial, Han et al (31) reported that circMTO1 had no effect on the 
expression level of miR‑9; however, an increasing number of 
studies have indicated that dysregulation of miRNAs is marker 
of cancer. Previous studies have revealed that miRNAs are 
commonly dysregulated in LACC, suggesting that these RNAs 
may play critical roles in tumorigenesis and the progression of 
LACC‑HGT (14,15). circRNAs can act as miRNA sponges to 
bind miRNAs and indirectly regulate mRNA expression (32). 
However, little is known about the role of circRNAs in LACC, 
and the present study is the first to report a ceRNA network of 
LACC‑HGT, to the best of our knowledge. Therefore, compre-
hensively identifying the ncRNA profile and constructing 
ceRNA regulation networks based on the interactions among 
circRNAs, miRNAs and genes might provide novel insight 
into the pathogenesis of LACC‑HGT.

The present study first analyzed the clinical and pathological 
data of 12 patients with LACC with or without HGT, and the 
results indicated that the patients with HGT had a more aggres-
sive disease compared with conventional LACC, accompanied 

Figure 1. Candidate miRNAs, DECs and DEGs identification. (A) Venn diagram of candidate miRNAs selection between miRNA microarray and GEO 
dataset. (B) In total, 258 circRNAs were upregulated and 395 circRNAs were downregulated and (C) 5,162 genes were upregulated and 4,404 genes were 
downregulated in the lacrimal gland adenoid cystic carcinoma with high‑grade transformation group. circRNA, circular RNA; DECs, differentially expressed 
circRNAs; DEGs, differentially expressed genes; GEO, Gene Expression Omnibus; miR, microRNA.
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Figure 2. GO and pathway analysis of differentially expressed circRNAs and genes. (A) GO and (B) KEGG pathway analyses of upregulated circRNAs. 
(C) GO and (D) KEGG pathway analyses of downregulated circRNAs. (E) GO and (F) KEGG pathway analyses of upregulated genes. (G) GO and (H) KEGG 
pathway analyses of downregulated genes. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; circRNA, circular RNA.



JIANG et al:  ceRNA REGULATORY NETWORK OF LACC-HGT8

by a poorer prognosis, higher local recurrence rate and propen-
sity for cervical lymph node metastasis. In order to further study 
the molecular mechanism of LACC‑HGT, DEMs in LACC 
and LACC‑HGT paraffin‑embedded tissues were identified. 
Meanwhile, the DECs and DEGs in LACC primary cell lines 
with and without HGT were also detected using a microarray. To 
the best of our knowledge, the current study is the first to compre-
hensively investigate the transcriptome circRNAs, miRNAs and 
genes profiles in LACC‑HGT. ACC is an epithelial malignant 

tumor, which occurs mostly in the salivary glands and relatively 
rare in the lacrimal gland (33). The concept of ‘HGT’ was added 
to the salivary gland tumors of the World Health Organisation 
‘Classification of Head and Neck Tumors’ in the 4th edition 
of 2017 (34). HGT can also occur in LACC (35). Therefore, it 
was hypothesized that miRNAs involved in SACC may also 
participate in LACC‑HGT. Using combined bioinformatics 
analyses of GEO database, four candidate miRNAs associated 
with LACC‑HGT were identified. In total, 16 DEMs were 

Figure 3. Gene Set Enrichment Analysis of differentially expressed genes. Significantly (A) upregulated and (B) downregulated signaling pathways in the 
lacrimal gland adenoid cystic carcinoma with high‑grade transformation group. (C) Significantly upregulated pathways in cells.
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Figure 4. ceRNA regulatory network construction. (A) Volcano plot of differentially expressed miRNAs after adjustment of screening criteria. (B) Upregulated 
circRNA‑mediated ceRNA regulatory network of lacrimal gland adenoid cystic carcinoma with high‑grade transformation. Orange nodes are upregulated 
circRNAs, blue nodes are downregulated miRNAs that can be sponged by the corresponding circRNAs, and red nodes are upregulated genes that can be 
targeted by the corresponding miRNAs. Orange lines are circRNA‑miRNA interactions, and gray lines are miRNA‑mRNA interactions. (C) Sankey diagram 
of ceRNA regulatory network. circRNA, circular RNA; ce, competing endogenous; miR, microRNA.
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detected. Previous studies on ACC mainly focused on the sali-
vary gland, and miRNAs differentially expressed of SACC may 
also be involved in the malignant progression of LACC (36). 
Therefore, the overlapping results from the microarray and 
GEO database were analyzed, and four overlapping candidate 
miRNAs were identified; hsa‑miR‑140‑3p, ‑140‑5p, ‑574‑3p 

and ‑636 Among them, hsa‑miR‑140‑5p mediates inhibition 
of Smad2 and autophagy, inhibiting the survival and invasion 
potential of colorectal cancer stem cells (37). The 5' isomer 
miR with high expression of hsa‑miR‑140‑3p contributes to the 
tumor‑suppressive effects of miR‑140 by reducing the prolifera-
tion and migration of breast cancer cells (38). However, there is 

Figure 5. Protein‑protein interaction network of proteins in competing endogenous RNA regulatory network.

Figure 6. Reverse transcription‑quantitative PCR results. (A) Downregulated expression of miR‑140‑3p in LACC‑HGT tissues. (B) Expression of miR‑140‑3p 
in LACC and LACC‑HGT tissues and primary cells. (C) CD200 and PTHLH were upregulated in LACC‑HGT primary cells. *P<0.05, **P<0.01 vs. respec-
tive control. ns, not significant; LACC, lacrimal gland adenoid cystic carcinoma; HGT, high‑grade transformation; miR, microRNA; PTHLH, parathyroid 
hormone‑related protein.
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no conclusive evidence that hsa‑miR‑574‑3p and hsa‑miR‑636 
are associated with tumors. The present study detected DEMs 
through miRNA microarrays, but further studies are needed to 
demonstrate the accuracy of the results and their biological role. 
For example, the expression of hsa‑miR‑140‑3p and ‑140‑5p 
in different tumors is not the same and the current data indi-
cated that they were downregulated in LACC‑HGT. Although 
candidate miRNAs were identified through the GEO database, 
this does not mean that other miRNAs do not play an important 
role in the occurrence and development of LACC‑HGT.

Ultimately, differential expression of 653 circRNAs and 
9,566 genes were detected. GO and KEGG pathway analyses 
of the DECs showed that they are mainly located in ‘cytosol’, 
‘membrane’ and ‘nucleoplasm’, closely associated with ‘trans-
lational initiation’, ‘nuclear export signal receptor activity’, 
‘regulation of G2/M transition’ and ‘focal adhesion’ and 
mainly involved in ‘RNA transport’, ‘RNA degradation’ and 
‘cell cycle’ processes. DEGs were mainly located in ‘plasma 
membrane’, ‘extracellular matrix’, ‘basement membrane and 
cytoplasm’, closely associated with ‘interferon signaling 
pathway’, ‘NF‑κB signaling pathway’, ‘extracellular matrix’ 
and ‘cell proliferation’ and mainly involved in ‘protein diges-
tion’ and ‘absorption’. DEG processes included ‘cancer’, ‘p53 
signaling pathway’ and ‘MAPK signaling pathway’. GSEA 
based on the DEGs indicated that several pathways may play 
important roles in LACC‑HGT pathogenesis, mainly including 
the ‘interferon α response pathway’, ‘IL‑3 pathway’ and some 
metabolic pathways. These signaling pathways are involved in 
the development of tumors, such as NF‑κB, p53 and MAPK 
signaling pathways, which are canonical tumor‑related signaling 
pathways (39‑42). Interferon is a protein involved in a variety 
of functions, including antiviral and antimicrobial responses, 
apoptosis, control of the cell cycle, and the interferon signaling 
system plays an essential role in carcinogenic processes such 
a triple‑negative breast cancer (43) and Kaposi's sarcoma (44).

Next, a circRNA‑miRNA‑mRNA ceRNA network was 
constructed using DECs, DEMs and DEGs. Ultimately, 
77  ceRNA triplets were matched with the DEMs of 
LACC‑HGT. In total, four circRNAs (hsa_circ_0079694, 
_0031983, _0050998 and _0010187), seven miRNAs 
(hsa‑miR‑140‑3p, ‑199a‑5p, ‑214‑3p, ‑221‑3p, ‑29a‑3p, ‑34c‑5p 
and ‑423‑5p) and 235 genes were involved in the ceRNA 
regulatory network. The function of these circRNAs is 
unclear. However, these miRNAs play an important role 
in tumorigenesis, among which miR‑199a‑5p is involved 
in the occurrence and development of a variety of tumors, 
such as colon and rectal cancer (45), uveal melanoma (46), 
oral cancer (47), glioma (48) and lung cancer (49). lncRNA 
XIST has anticancer effects on epithelial ovarian cancer 
cells through inverse downregulation of hsa‑miR‑214‑3p (50). 
lncRNA LINC00968 inhibits cell proliferation and migration 
and angiogenesis in breast cancer through upregulation of 
prospero homeobox protein 1 by reducing hsa‑miR‑423‑5p 
expression  (51). The proteins in the ceRNA regulatory 
network were used to construct PPI regulation network, 
including 126 nodes and 261 edges. Candidate miRNAs 
(including miR‑140‑3p) also participated in the ceRNA regu-
latory network, so RT‑qPCR was performed on miR‑140‑3p 
and its target genes in LACC‑HGT tissues and primary cells. 
The results showed that the expression of miR‑140‑3p in 

LACC‑HGT tissues was downregulated and its target genes 
were upregulated. However, further exploration is needed to 
verify the specific underlying mechanisms.

In summary, the present analyses revealed that ceRNA 
regulation based on circRNA‑miRNA‑mRNA is a complex 
and sophisticated mechanism, and may have an essential 
regulatory role in the development of LACC‑HGT. A ceRNA 
regulatory network in LACC‑HGT was reported, with the 
comprehensive elucidation of the roles of ncRNAs in the 
pathogenesis of LACC‑HGT. A limitation of this study is 
that even though DECs, DEMs and DEGs were detected by 
microarray, further investigation is still needed to validate the 
results and elucidate their roles and mechanism in LACC‑HGT. 
Additional evidence should also be obtained to fully elucidate 
the identified ceRNA regulatory networks in LACC. Future 
biological studies may provide more detailed information to 
resolve the complex regulation of ceRNAs in LACC‑HGT. 
Transwell, wound‑healing assay and colony‑formation assays 
may help identify the functions of DECs, DEMs and DEGs. 
Biological markers of LACC‑HGT could be screened from a 
larger sample size. Fluorescence in situ hybridization would 
aid with quantitative analysis.
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