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ABSTRACT
Considering the critical roles of miR-132/212 participated in central nervous 

system, many researches started to explored the contributions of miR-132/212 to 
epilepsy and achieve something worthwhile. Further illuminates all the genes targeted 
by miR-132/212 may be a valuable means for us to completely understand the working 
PHFKDQLVP�SOD\LQJ�LQ�HSLOHSV\��E\�ZKLFK�LW�FDQ�LQÀXHQFH�GLYHUVH�ELRORJLFDO�SURFHVV��
This study attempts to establish macrocontrol regulation system and knowledge that 
miR-212-3p/132-3p effected the epilepsy, for this literature search, miRbase, Vienna 
RNAfold webserver, Human miRNA tissue atlas, DIANA-TarBase, miRtarbase, STRING, 
TargetScanhuman, Cytoscape plugin ClueGO + Cluepedia+STRING, DAVID Bioinformatics 
Resources, Starbase, GeneCards suite and GEO database are comprehensive employed, 
miR-132-3p/212-3p and its target gene were found have highly expressed in brain and 
lots of molecular function and metabolic pathways associated with epilepsy may be 
intervened by it. Meanwhile, the emerging role of miR-132-3p/212-3p being involved in 
human cancer also been analyzed by several webtools for TCGA data integrative analysis, 
most remarkably and well worth exploring in our research conclusion that showed miR-
132-3p/212-3p may be the core molecular underlying tumor-induced epileptogenesis.

INTRODUCTION

Epilepsy is a common, serious neurological 
disorder characterized by recurring seizures due to 
abnormal neuronal excitability and which do latent harm 
to human health. However, the pathogenic mechanism 
resulted in epilepsy and resistance to currently available 
antiepileptic drugs (AEDs) remains poorly understood. 
Recently, accumulating evidence has found microRNAs 
(miRNAs) play pivotal modulators in pathogenesis and 
potential treatment for epilepsy [1]. In pathogenesis, 
miRNAs is thought to associate with large-scale changes 

to expression of gene modulating neuronal microstructure, 
cell death, neurotransmitter signaling, ion channels, gliosis, 
LQÀDPPDWLRQ�>����@��ZKLFK�LQGLFDWLQJ�SRWHQWLDO�IRU�PL51$�
EDVHG� WKHUDSHXWLFV� LQ� HSLOHSV\�� )XUWKHUPRUH�� %LRÀXLGV�
PL51$V�SUR¿OHV�FDQ�DOVR�EH�XWLOL]HG�DV�XVHIXO�ELRPDUNHUV�
RI�HSLOHSWRJHQHVLV��GLVHDVH�ULVN�DQG�WUHDWPHQW�DVVHVVPHQW�
>����@��PL5���������JHQH�FOXVWHU�LV�RQH�RI�W\SLFDO�H[DPSOH�

0L5����� DQG� PL5����� ZHUH� ¿UVW� GLVFRYHUHG� LQ�
PLFH�DQG�GLVSOD\�EUDLQ�DQG�WHVWHV�WLVVXH�VSHFL¿F�SDWWHUQV�
RI�H[SUHVVLRQ�>�@��+DV�PL5�����DQG�KDV������VLPLODUO\�WR�
their rodent orthologues, share the same primary transcript 
DQG�¿UVW�LGHQWL¿HG�LQ�QHXURQDO�FHOOV�IURP�D�VFUHHQ�GHVLJQHG�
to discern genes mediated by the cAMP-response element 
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binding (CREB) protein transcription factor which is 
important for neuronal development and function [6]. 
7KHQ��D�JUHDW�GHDO�RI�VWXGLHV�KDYH�GHPRQVWUDWHG�WKDW�PDUNHG�
LQFUHDVH�LQ�WUDQVFULSWLRQ�IURP�WKH�PL5���������ORFXV�FDQ�EH�
caused by neuronal stimulation, and the expression of miR-
����DQG�PL5�����LV�QHFHVVDU\�IRU�WKH�SURSHU�GHYHORSPHQW��
maturation, morphogenesis and function of neurons and 
whose dysregulation has more to do with a large amount 
of neurodegenerative disorders, such as tauopathies, 
schizophrenia, Alzheimer’s disease, Huntington’s disease, 
autism and the theme of this article, epilepsy. (Discussed 
LQ�WZR�H[FHOOHQW�UHYLHZV�>����@���*LYHQ�WKLV��PL5���������
VRPHWLPHV�FODVVL¿HG�DV�µQHXULPPL5¶�>�@��$OWKRXJK�WKHLU�UROH�
in neuronal functions is the most studied, more evidences 
point towards an involvement of these miRNAs in human 
FDQFHU�KDYH�EHHQ�IRXQG�VXFK�DV�PL5�����PD\�LPSURYH�WKH�
FXUUHQW�SURJQRVWLF�ULVN�VWUDWL¿FDWLRQ�RI�PL[HG�DFXWH�P\HORLG�
OHXNHPLD�>�@��HSLJHQHWLF�UHJXODWLRQ�RI�PL5�����H[SUHVVLRQ�
LQ�OXQJ�FDQFHU�>��@�DQG�GRZQ�UHJXODWLRQ�RI�PLFUR51$�����
is associated with poor prognosis of colorectal cancer [11].

In most cases, miRNAs performed its regulating 
function in virtue of its target gene by a complementary 
manner, in which miRNAs guide RNA-induced silencing 
complex (RISC) to miRNAs response elements on target 
transcripts and usually lead to degradation or translational 
LQKLELWLRQ�RI�WKHLU�P51$�WDUJHWV�>��@��,Q�KXPDQV��WKH�PL5�
��������JHQH�FOXVWHU�H[KLELW�VLPLODU�PDWXUH�VHTXHQFHV�DQG�
VKDUH�LGHQWLFDO���EDVH�LGHQWLFDO�VHHG�VHTXHQFHV��E\�ZKLFK�
they may therefore target the same mRNAs and then 
involved in translational inhibition of these target genes [7]. 
In this maner, both miRs can regulate plenty of distinct gene 
target, and aid in the coordinate regulation of members of 
SK\VLRORJLFDO�DQG�SDWKRORJLFDO�SURFHVV�>��@��6R��VWXG\LQJ�DOO�
JHQHV�GLUHFWO\�WDUJHW�E\�PL5���������LV�LPSRUWDQW�IRU�XV�WR�
understand thoroughly how they are involve in pathological 
PHFKDQLVP�RI�QHXURORJLFDO�GLVRUGHUV�OLNH�HSLOHSV\�

In the post-genomic era, a large amount of long-
DFFXPXODWHG�JHQRPLF�GDWD� DQG�GDWD�PLQLQJ� WHFKQLTXHV�
for the life sciences provide us means to systematically 
XQGHUVWDQG�WKH�FRPSOH[�JHQH�UHJXODWRU\�QHWZRUNV�>��@��
So, bioinformatics analyses were used in this study to 
EHWWHU�XQGHUVWDQG�PL5���������JHQH�FOXVWHU�DQG�LWV�JHQH�
UHJXODWRU\� QHWZRUN�� DQG� FRPELQJ� WKH� OLWHUDWXUH� UHYLHZ�
and clinical database to explore the novel and worthwhile 
studying direction for epilepsy research. In the process of 
DQDO\VLV��WKH�UHJXODWRU\�QHWZRUN�LQYROYHG�LQ�RWKHU�GLVHDVH�
will often inadvertently be excavated out.

RESULTS

Mature sequence hsa-miR-132-3p and has-miR-
212-3p may have a predominant role in nervous 
tissues

³PL5����´�DQG�³PL5����´�DUH�WKH�PRVW�IUHTXHQWO\�
used name in the vast majority of researches, but two 

PDWXUH�PLFUR51$V��PL5������S��S�DQG�PL5������S��S��
respectively) originate from opposite arms of the same 
pre-miRNA have been found in human genome, so 
¿UVW�ZH�QHHG�WR�FODULI\�ZKLFK�RQH�LV�XVXDOO\�PXFK�PRUH�
DEXQGDQW� LQ� FHOO� DQG� RQ� EHKDOI� RI� WKH� ³PL5�������� �́�
eventually, although there is also a small study miR-
�����S������S� RULHQWHG�� PL5������S� DQG� PL5�����
�S� ZDV� GHWHUPLQHG� DV� WKH� SUHGRPLQDQW� E\� PL5EDVH�
DQG� VHTXHQFHV� DOLJQPHQWV� LQ� SXEOLVKHG� OLWHUDWXUH��
)XUWKHUPRUH��PL5������S�DQG�PL5������S�VKDUH�VLPLODU�
PDWXUH� VHTXHQFHV� DQG� FRPPRQ� WDUJHW� JHQH�� ZKLFK� LV�
LPSRUWDQW�IRU�IXUWKHU�DQDO\VLV��)LJXUH��$��%�SUHVHQWHG�
WKH�PDWXUH�DQG�SUHFXUVRU�VHTXHQFHV�RI�PL5�����DQG�PL5�
����LQ�KXPDQ�DQG�RQH�H[DPSOH�DERXW�FRPPRQ�WDUJHW�JHQH�
of both miRs. Knowing the expression and distribution 
of miRs in different tissues is essential for understanding 
normal and disease development of respective tissue. 
6XFK� DV� PL5������D� DQG� PL5��������E�� ZKLFK� DUH�
highly expressed in myocardia and muscle, and are well 
FKDUDFWHUL]HG� DV� PXVFOH�VSHFL¿F� PL51$V� �P\RPL5V��
WKDW�UHJXODWH�NH\�JHQHV�LQ�PXVFOH�GHYHORSPHQW�>��@��6R�
ZH�ZDQW�WR�PDNH�FOHDU�ZKHWKHU�WKH�H[SUHVVLRQ�RI�PL5�
�����S�DQG�PL5������S�KDYH�JRW�UHODWLYHO\�QHUYH�WLVVXH�
VSHFL¿W\��WKH�GDWD�FRPLQJ�IURP�WKH�+XPDQ�PL51$�WLVVXH�
DWODV�VKRZHG�WKDW�PL5������S�DQG�PL5������S�KDYH�D�KLJK�
FRQFRUGDQFH�RI�EUDLQ�WLVVXH�VSHFL¿F�H[SUHVVLRQ�LQ�KXPDQ��
which indicated these miRs play a pivotal role in brain 
tissue development and impaired expression of them may 
result in disorders of the nervous system. (Figure 1C)

Experimentally validated target genes of miR-
212-3p/miR-132-3p have highly expression in 
brain

Before comprehensive target gene analysis, it’s 
LPSRUWDQW� WR� GH¿QH� WKH� SUHVHQW� UHVHDUFK� VLWXDWLRQ� RI�
experimentally validated miRNA:gene interactions. Table 1 
and Supplementary Table 1 presented experimentally 
YDOLGDWHG�WDUJHW�JHQH�RI�PL5������S�PL5������S��WKHUH�DUH�
����JHQHV�KDYH�EHHQ�YDOLGDWHG�DQG�DOO�RI�WKHP�KDYH�EHHQ�
discussed in various human diseases. Because miRs perform 
IXQFWLRQV�PDLQO\�GHSHQGLQJ�RQ�WKH�VHTXHQFH�FRPSOHPHQWDULW\�
of seed regions [16], so all these validated miRNA:gene 
interactions theoretically has the possibilities correlated with 
the pathogenesis of many neural diseases. The fact showed in 
7DEOH���DQG�6XSSOHPHQWDU\�7DEOH���WKDW�PRVW�RI�WKHVH�JHQHV�
ZHUH�KLJKO\�H[SUHVVHG�LQ�EUDLQ�PDNH�WKH�UROH�RI�PL5������S�
PL5������S�DV�³QHXULPPL5V´�EHFRPHV�HYHQ�PRUH�SURPLQHQW�

Computational analysis result of miR-132-3p 
and miR-212-3p-regulated biomolecular network

The occurrence of any disease involved some 
physiological and biochemical processes, such as biological 
process, molecular function, cellular component and metabolic 
pathways, these biological mechanism enrichment can provide 
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clues and references for further research, so Gene Ontology 
FODVVL¿FDWLRQ�ELRORJLFDO� SURFHVV�� DQG� .(**� 3DWKZD\�
enrichment analysis of these validated genes was performed. 
The result of KEGG pathway revealed that these genes might 
EH�DVVRFLDWHG�ZLWK����VWDWLVWLFDOO\�HQULFKHG�FDWHJRULHV��VXFK�
as cell cycle, foxO signaling pathway, TGF-beta signaling 
pathway, MAPK signaling pathway, neurotrophin signaling 
pathway and several pathway about cancers. Biological process 
such as transcription, cell cycle, positive regulation of protein 
export from nucleus, synapse assembly, axon extension, brain 
development, axon regeneration are statistically enriched. 
Among these, transcriptions are primary regulation process 
VXFK�DV�³SRVLWLYH�UHJXODWLRQ�RI�WUDQVFULSWLRQ��'1$�WHPSODWHG´��

“negative regulation of transcription from RNA polymerase II 
SURPRWHU´�DQG�³SRVLWLYH�UHJXODWLRQ�RI�WUDQVFULSWLRQ�IURP�51$�
SRO\PHUDVH�,,�SURPRWHU´��PRUH�GHWDLOV�FDQ�EH�IRXQG�LQ�)LJXUH�
��DQG�6XSSOHPHQWDU\�7DEOH���

The biomolecular information of remaining 
genes targeted by miR-132-3p and miR-212-3p

Meanwhile, all predicated targets but not been 
experimentally validated genes may have potential 
research values in recent years, so Targetscan, a 
target predicting programs with higher sensitivity 
and precision than other [17], was employed to 

Figure 1: The gene sequence of miR-132/212 and its expression in human tissues. (A)�WKH�VLPLODU�PDWXUH�VHTXHQFHV�RI�PL5�����
DQG�PL5������XQGHUOLQH�OHWWHUV�DUH�WKH�GLYHUJLQJ�QXFOHRWLGHV�EHWZHHQ�WKH�WZR�KXPDQ�VHTXHQFHV��WKH�VHTXHQFH�ZLWK�UHG�IUDPHV�DUH�FRPPRQ�
EDVH�VHHG�VHTXHQFHV�RI�ERWK�PL5V��7KH�JHQHV�6$3��/�DV�DQ�H[DPSOH�LOOXVWUDWH�EDVH�FRPSOHPHQWDWLRQ�RI�ERWK�PL5V��(B)�WKH�6HTXHQFHV�DQG�
SUHGLFWHG��QG�VWUXFWXUH�RI�KXPDQ�SUH�PL5�����DQG�SUH�PL5������WKH�PDWXUH�PL5������S�DQG�PL5������S�DUH�LQGLFDWHG�LQ�UHG��DQG�WKH��S�DUH�
indicated in yellow, miRBase and Vienna RNAfold webserver are employed for these result. (C) the Human miRNA tissue atlas demonstrated 
WKDW�PL5������S��S�DQG�PL5������S��S�KDYH�D�KLJK�FRQFRUGDQFH�RI�EUDLQ�WLVVXH�VSHFL¿F�H[SUHVVLRQ�LQ�KXPDQ��UHG�GDVKHG�ER[��
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analyze all predicted gene. Here, we focus on the 
transcripts with conserved sites, as shown in Figure 
�&� DQG� 6XSSOHPHQWDU\� 7DEOH� ��� ���� JHQHV� �����
JHQHV� LGHQWL¿HG� ¿UVWO\� EXW� ZLWK� RQH� UHSHDW�� ZHUH�
LGHQWL¿HG�DQG�UHPDLQLQJ�JHQH�LV������7KH�VWDWLVWLFDOO\�
enriched pathway of these remaining genes showed 
D[RQ� JXLGDQFH� DQG� SDWKZD\V� LQ� FDQFHU� UDQNHG� ¿UVW�
two, biological process categorization showed that 
VLJQL¿FDQW� SRUWLRQV� RI� WKH� JHQHV� ZHUH� JURXSHG� DV�
transcription, biosynthetic process, metabolic process 
DQG� UHJXODWLRQ� RI� JHQH� H[SUHVVLRQ� �)LJXUH� �$� DQG�
6XSSOHPHQWDU\� 7DEOH� ���� ,W� VKRXOG� EH� QRWHG� WKDW� DOO�
DQDO\VLV�RI�ELRORJLFDO�QHWZRUNV�IRU�WDUJHW�JHQHV�KDYH�
identical result in ClueGO + Cluepedia, DAVID and 
STRING (data not shown).

The emerging role of miR-132 and miR-212 
participate in epilepsy

All target genes and whose biological process had 
been enumerate above, in order to better understand the 
PHFKDQLVP�VSHFL¿F�WR�HSLOHSV\��OLWHUDWXUH�VHDUFKHV��SXEPHG��
ZDV�HPSOR\HG�DQG�WKH�PHFKDQLVP�WKDW�PL5���������ZDV�
LQYROYHG�LQ�HSLOHSV\�DUH�EULHÀ\�VXPPDUL]HG�LQ�KHUH��0L5�
��������ERWK�ZHUH�KLJKO\�H[SUHVVHG�LQ�H[SHULPHQWDO�DQG�
KXPDQ�HSLOHSV\�>�@��&5(%�UHJXODWHG�PLFUR51$�PL5�����
can be rapidly induced by activation of neurons in vivo 
>��@�DQG�WKH�S�&5(%�DQG�PL5�����ZHUH�KLJKO\�H[SUHVVHG�
in both rats and patients with temporal lobe epilepsy 
�7/(�>��@��0L5����� LV� LPSRUWDQW� UHJXODWRUV� RI� VHL]XUH�
LQGXFHG�QHXURQDO�GHDWK�>��@�DQG�ZKRVH�VLOHQFLQJ�LQKLELW�

Table 1: Analysis of experimentally validated target gene of miR-212-3P/miR-132-3P

Database miRs Sum Repetition Remaining combination 1 combination 2

Tarbase PL5������S ���
 � ��� ��� ���

PL5������S ���
 0 560

miRTARBASE PL5������S ��� �� ��� ���

PL5������S �� �� 77

miRecored PL5������S 1 0 1 �

PL5������S 1 0 1

miRpathDB PL5������S ��� 0 ��� ���

PL5������S 77 0 77

���
�LQFOXGH����JHQHV�JHQHV�RI�YDOLGDWLRQ�W\SH�EHLQJ�LQGLUHFW�RU�XQNRQZQ����
�LQFOXGH���JHQHV�RI�YDOLGDWLRQ�W\SH�EHLQJ�
LQGLUHFW�RU�XQNRQZQ��FRPELQDWLRQ���&RPELQDWH�WKH�WDUJHW�JHQHV�RI�ERWK�PL5V�DQG�UHPRYH�GXSOLFDWHV��&RPELQDWLRQ����
Combinate all target genes of all database and remove duplicates

Table 2: the experimental validated target genes have highly expressed in brain (DAVID was used and the top 10 is 
listed in this table)

Category Term Count % PValue Benjamini FDR

UP_TISSUE Epithelium ��� ����� ����(��� ����(��� ����(���

UP_TISSUE Brain 489 52.24 5.7E-10 7.94E-08 0.000000757

UP_TISSUE Uterus ��� 15.06 ����(��� 1.85E-06 ���������

UP_TISSUE Ovarian 
carcinoma

�� ���� 5.71E-07 ��������� ��������

UP_TISSUE Platelet �� 5.77 ����(��� �������� �����������

UP_TISSUE Placenta ��� ����� ����(��� ��������� �����������

UP_TISSUE Human uterus 
endothel 

primary cell 
culture

6 ���� ����(��� ��������� ���������

UP_TISSUE Cajal-Retzius 
cell

�� ���� 5.75E-05 ��������� �����������

UP_TISSUE Uterus endothel 8 0.85 ����(��� ��������� �����������
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WKH�VSRQWDQHRXV�VHL]XUHV�WKURXJK�WKH�0)V�&$��SDWKZD\�
>��@�� PL5������S� DQG�PL5������S�ZRUN� V\QHUJLVWLFDOO\�
WR�FRQWURO�6R[���H[SUHVVLRQ�LQ�WKH�VHWWLQJ�RI�HSLOHSV\�>��@��
PL5�����SOD\�D�QHJDWLYH�IHHGEDFN�UHJXODWRU�RI�,/��ȕ�DQG�
,/���E\�WDUJHWLQJ�,5$.��LQ�DVWURF\WH�UHODWHG�LQÀDPPDWLRQ�
LQGXFHG�E\�053��>��@�DQG�SURPRWHV�HSLOHSWRJHQHVLV�E\�
PRGXODWLQJ�%'1)�7UN%�DQG�S���*$3�&GF���VLJQDOLQJ�LQ�
WKH�KLSSRFDPSDO�QHXURQDO�FXOWXUH�PRGHO�>������@�)LJXUH��%

The genes may be related to biomolecular 
pathways of epilepsy

The MalaCards human disease database integrates 
both specialized and general disease lists and can provide 
WKH� OLVW� RI� DI¿OLDWHG� JHQHV�� SDWKZD\V�� JHQH� RQWRORJLHV�

(cellular component, biological process and molecular 
IXQFWLRQ��DVVRFLDWHG�ZLWK�WKH�NH\�GLVHDVH�>��@��³(SLOHSV\´�
LV�XVHG�IRU�VHDUFK�����JHQHV��VXFK�DV�WKH�JHQH��(30�$��
SUHVHQWHG� D� UHOHYDQFH� VFRUH� RI� ������� FRPSLOHG� IURP�
³*HQH� FDUGV´� DQG� ³'LVHDVH´� GDWDEDVH� DUH� UHODWHG� WR�
epilepsy (Supplementary Table 5). Benzodiazepine 
Pathway, Pharmacodynamics and locomotion are the top 
1 pathways and GO terms (Biological processes) related 
to epilepsy, respectively (more details can be found in 
MalaCards). In this article, we want to assure whether 
WKHVH�JHQHV�VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�HSLOHSV\�FDQ�EH�
GLUHFWO\�DQG�LQGLUHFWO\�DIIHFWHG�E\�PL5������S�DQG�PL5�
�����S��)LJXUH��&�GHPRQVWUDWHG�WKDW�������������������
genes may be targeted by both miRs. Among these genes, 
only IER3IP1 have been validated, SLC6A1, SCN1A, 

Figure 2: Experimental validated Gene-enrichment analysis result of miR-132-3p and miR-212-3p-regulated 
biomolecular network. (A)� 7RS� ��� VWDWLVWLFDOO\� HQULFKHG� .(**� SDWKZD\� �'$9,'�� PRUH� GHWDLOV� FDQ� EH� IRXQG� LQ� 6XSSOHPHQWDU\�
7DEOH�����(B)�5HSUHVHQWDWLYH�FDVHV�DERXW����YDOLGDWHG�JHQHV��LQ�UHG��WDUJHWHG�E\�ERWK�PL5V�DQG�FRUUHVSRQGLQJ�SDWKZD\�DQDO\VLV�DJDLQVW�
KEGG database. (miRtarbase, KEGG database). (C)�7RS����VWDWLVWLFDOO\�HQULFKHG�ELRORJLFDO�SURFHVVHV�FDWHJRUL]DWLRQ��'$9,'��PRUH�GHWDLOV�
FDQ�EH�IRXQG�LQ�6XSSOHPHQWDU\�7DEOH�����(D)�5HSUHVHQWDWLYH�ELRPROHFXODU�QHWZRUN�DERXW����YDOLGDWHG�JHQHV��LQ�UHG��WDUJHWHG�E\�ERWK�PL5V�
and corresponding biological process against GO Consortium. (miRtarbase, GO).
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SLC2A1, ARX have conserved sites,CACNB4,CHRNA2 
CNTNAP2, EFHC1, GRIN2A, PCDH19, 
PRICKLE1,SRPX2,TBC1D24 have poorly conserved 
sites. For conforming the fact that these genes did were 
implicated in epilepsy, STRING analysis was carried out 
DQG�VKRZHG�WKDW�WKH�*2�WHUPV�RI����JHQHV�DUH�PDUNHGO\�
UHODWHG� WR� QHUYRXV� V\VWHP� �)LJXUH� �'�� 6XSSOHPHQWDU\�
7DEOH�����,Q�DGGLWLRQ��DOWKRXJK����RWKHU�JHQHV�UHODWHG�WR�
epilepsy is the directly target genes in theory, we found 
several of them can be indirectly mediated by both 
miRs through protein-protein interactions and common 
biomolecular pathway (data not shown).

miR-132-3p and miR-212-3p may play a critical 
role in human cancer

Gene ontology and pathway enrichment analysis 
about validated and remaining target genes indicated miR-
�����S�DQG�PL5������S�PD\�SOD\�D�FULWLFDO�UROH�LQ�KXPDQ�
cancer. For experimental validated genes and predicted genes 
ZLWK�FRQVHUYDWLYH� VLWHV���������������� DQG��������������
statistically enriched pathways are directly correlated with 
FDQFHU��UHVSHFWLYHO\��LQFOXGLQJ�&KURQLF�P\HORLG�OHXNHPLD��
prostate cancer, bladder cancer, proteoglycans in cancer, 
Glioma, endometrial cancer, colorectal cancer and so forth. 

Figure 3: The biomolecular information of remaining genes and the role of miR-132, miR-212 and genes participate 
in epilepsy. (A)�7RS����VWDWLVWLFDOO\�HQULFKHG�.(**�SDWKZD\��'$9,'��PRUH�GHWDLOV�FDQ�EH�IRXQG�LQ�6XSSOHPHQWDU\�7DEOH�����(B) The 
PHFKDQLVP�WKDW�PL5���������ZDV�LQYROYHG�LQ�HSLOHSV\�DUH�EULHÀ\�VXPPDUL]HG�LQ�WKLV�GLDJUDP��OLWHUDWXUH�VHDUFK���(C) Venn diagrams of 
FDOFXODWLQJ�WKH�LQWHUVHFWLRQ��V��RI�IRXU�JURXSV�RI�JHQRPHV��DQDO\]HG�E\�9HQQ\�������DOO�3��DOO�SUHGLFWHG�WDUJHWV�RI�7DUJHWVFDQ������LUUHVSHFWLYH�
of site conservation, conserved-P: all predicted targets with conserved sites by Targetscan 7.1, validated: experimental validated genes, 
epilepsy: the genes related to epilepsy sourced directly from MalaCards human disease database. The red cycle indicated the intersection 
JHQHV����LQ�DOO�3����LQ�YDOLGDWHG�DQG���LQ�FRQVHUYHG�3��(D)�)XQFWLRQDO�HQULFKPHQWV�RI����LQWHUVHFWLRQ�JHQHV�E\�ZHE�675,1*�DQG�&\WRVFDSH�
SOXJLQ�675,1*$SS��ELRORJLFDO�SURFHVV��ULJKW��DQG�SURWHLQ�SURWHLQ�LQWHUDFWLRQV�QHWZRUN��OHIW���0RUH�GHWDLOV�DERXW�DQDO\VLV�UHVXOW�FDQ�EH�
found in Supplementary Table 5.
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/LWHUDWXUH� VHDUFK� �SXEPHG�� VKRZ� WKDW� ����� �� ���������
�³PL5����´�³PL5����´�DQG³FDQFHU´��DQG����������������
�³PL5����´�³PL5����´�DQG³FDQFHU´��VWXGLHV�DUH�UHODWHG�WR�
FDQFHU�IRU�PL5�����DQG�PL5������UHVSHFWLYHO\��*LYHQ�DOO�WKDW��
survival analysis sourced from TCGA data was performed 
DQG�WKH�UHVXOW�VKRZHG�WKDW�PL5������S�DQG�PL5������S�ZHUH�
presented to be up-regulated or down-regulated in different 
cancer types, and Kaplan-Meier analysis curves demonstrated 
that aberrantly expression of both miRs was conspicuously 
DVVRFLDWHG�ZLWK�SRRU�RYHUDOO�VXUYLYDO��)LJXUH��$���3UHYLRXV�
UHVHDUFK�KDYH�IRXQG�WKDW�PL5���������KDYH�ELODWHUDO�IXQFWLRQ�
depending on cancer types [7], which is in line with the our 
DQDO\WLF�UHVXOW��VXFK�DV�KLJK�PL5������S�DQG�ORZ�PL5�����
�S�H[SUHVVLRQ�DUH�VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�SRRU�VXUYLYDO�
LQ� EODGGHU� XURWKHOLDO� FDUFLQRPD� �%/&$�� DQG� SDQFUHDWLF�
DGHQRFDUFLQRPD��3$$'���UHVSHFWLYHO\���)LJXUH��$��

The core target genes of miR-132/212 were 
involved in human cancer

,W�LV�FOHDU�QRZ�WKDW�PL5������S������S�DQG�ZKRVH�
ELRPROHFXODU�QHWZRUNV�DUH�PDUNHGO\�LPSOLFDWHG�LQ�KXPDQ�
FDQFHU�� 7R� IXUWKHU� XQGHUVWDQG� WKH� VSHFL¿F� PHFKDQLVP�
how both miRs are involved in cancer by suppress single 
WDUJHW�JHQH����H[SHULPHQWDOO\�YDOLGDWHG�WDUJHWV�ZLWK�VWURQJ�
HYLGHQFH��L�H���6,57���0(&3��,5$.��ZHUH�FKRVHQ�IRU�FR�
expression analysis. Previous study coming from our and 
RWKHUV�KDYH�IRXQG�PL5�����SUHVHQWHG�WXPRU�SURPRWLQJ�
EXW� PL5����� VHUYHG� DV� WXPRU�VXSSUHVVLQJ� IHDWXUH� LQ�
VWRPDFK�DGHQRFDUFLQRPD��67$'��>������@�� LQ�KHUH�� WKH�
JHQHV��L�H���6,57��DQG�0(&3��ZLWK�VXFK�VLPLODU�UHYHUVH�
feature were shown to be down-regulated and up-regulated 
LQ�67$'�>������@��KDYH�FRQVSLFXRXVO\�QHJDWLYH�FRQQHFWLRQ�
ZLWK� PL5������S� DQG� PL5������S� LQ� 67$'�� ZKLFK�
SDUWLDOO\�FRQ¿UPV� WKH� IDFW� WKDW�ERWK�PL5V�KDYH� UHYHUVH�
functions in some tumors. Further studies are needed to 
GR�GXH�WR�WKH�VDPH�VHHG�VHTXHQFH�RI�ERWK�PL56��%DVHG�
RQ�WKH�IDFW�WKDW�D�ODUJH�DPRXQW�RI�ELRPROHFXODU�QHWZRUNV�
are associated with caner, we wonder whether there are 
common gene or pathway related to both miRs cause the 
HSLOHSV\�DQG�FDQFHU�,5$.��FOHDUO\�UHOHYDQW�WR�HSLOHSV\�
DVVLJQHG�WR�IXUWKHU�VWXG\��)LJXUH��%�DQG�)LJXUH��'�VKRZ�
,5$.�� LV� QHJDWLYHO\� ZLWK� WKH� PL5��������� LQ� NLGQH\�
FKURPRSKREH� DQG� DEHUUDQWO\� H[SUHVVLRQ� RI� ,5$.�� DUH�
VLJQL¿FDQWO\�UHODWHG�WR�SRRU�VXUYLYDO�RI�VHYHUDO�FDQFHUV��
FHUWDLQO\�� VRPDWLF�PXWDWLRQV� RI� ,5$.�� LWVHOI� LQ� FDQFHU�
LV�DQRWKHU�PDLQ�UHDVRQ�LQ�FDQFHU��)LJXUH��&���EXW�RQ�WKH�
ZKROH� DOO� RI� ZKLFK� VXJJHVW� WKDW� PL5��������� PD\� EH�
involved differently disease though single gene.

miR-132/212 may be the core molecular 
underlying tumor-induced epileptogenesis

All the analyze result above, especially the fact that 
,5$.��WDUJHWHG�E\�PL5���������FDQ�SDUWLFLSDWH�LQ�FDQFHU�
and epilepsy and the survival of brain lower grade glioma 

�/**��LV�VLJQL¿FDQWO\�DIIHFWHG�E\�ERWK�PL5V��3 �������
DQG�LWV�WDUJHW�JHQHV�OLNH�,5$.���S ����H������)LJXUH��%�
DQG�)LJXUH��'��UHPLQG�XV�ZKHWKHU�PL5������S�DQG�PL5�
�����S� LV� WKH� FRUH�PROHFXODU� XQGHUO\LQJ� EUDLQ� WXPRU�
induced epileptogenesis, To illustrate this hypothesis, 
*(2��DFFHVV����*6(��������ZKLFK�ZDV� WKH�¿UVW�VWXG\�
RI�WR�XVH�IRUPDOLQ�¿[HG�SDUDI¿Q�HPEHGGHG�SHULWXPRUDO�
tissues (5-seizure vs. 5-non-seizure)to investigate 
the global gene expression in low grade brain tumor 
patients with epilepsy, was download for further study. 
$FFRUGLQJ� WR� WKH� GHVFULSWLRQ� LQ� RULJLQDO� DUWLFOH� >��@��
SDUDPHWULF�QR�SDLUHG�6WXGHQW�7�WHVW����IROG�SOXV�S�������
QR�)'5�DSSOLHG��ZDV�XVHG������SUREH�VHWV��UHSUHVHQWLQJ�
���
� GLIIHUHQWLDOO\� H[SUHVVHG� JHQHV� �'(*V��� 
WKH�
same gene with different probe sets was merged) were 
LGHQWL¿HG�EHWZHHQ�WKH�WZR�JURXSV��GHVSLWH�WKHUH
V�VRPH�
GLVFUHSDQF\�EHWZHHQ�RXU�UHVXOW�DQG�RULJLQDO�SDSHU������
SUREH�VHWV� UHSUHVHQWLQJ�����JHQHV��� DOO�����JHQHV�ZDV�
believed for further analyze given that two result almost 
perfect overlap. (Figure 5A, 5B and Supplementary Table 
����)LUVWO\��ZH�ZDQW�WR�NQRZ�ZKHWKHU�WKH�������JHQV�LQ�
2ULJLQDO� DUWLFOH� VLJQL¿FDQWO\� DVVRFLDWHG� HSLOHSV\�ZHUH�
LQFOXGH��'(*V� FDQ� GLUHFWO\� WDUJHW� E\�PL5������S� DQG�
PL5������S��WKH�LQWHUVHFWLRQV�EHWZHHQ�'(*V�DQG�WDUJHW�
genes derived from different source were calculated, 
Surprisingly and fascinating, venn diagram shown that 
���������������'(*V�PD\�EH�WDUJHW�E\�ERWK�PL5V�DQG�
�������������'(*V�KDYH�EHHQ�H[SHULPHQWDOO\�YDOLGDWHG��
(Figure 5C and Supplementary Table 6)

The molecular mechanism underlying 
miR-132/212 implicated in tumor-induced 
epileptogenesis

The fact that both miRs have a high concordance 
RI� EUDLQ� WLVVXH�VSHFL¿F� H[SUHVVLRQ� DQG� ODUJH� QXPEHU� RI�
DEGs between low grade brain tumor patients with and 
without seizure can be directly controlled by them let 
XV� VSHFXODWH� PL5��������� PD\� EH� WKH� FRUH� PROHFXODU�
underlying tumor-induced epileptogenesis. Then we were 
curious about the molecular mechanism how both miRs 
induced epileptogenesis in tumor, according to the main 
PHFKDQLVPV�RI�PL51$�DFWLRQ��LW¶V�FRQFHLYDEOH�WKDW���PDLQ�
PHFKDQLVPV��L�H���GLUHFW�LQWHUYHQWLRQ��FH51$�QHWZRUN�DQG�
LQGLUHFW�DGMXVWPHQW��PD\�EH�LQYROYHG�LW������������RI�'(*V�
can be directly target by both miRs is the best evidence for 
GLUHFW�LQWHUYHQWLRQ��DV�GHPRQVWUDWHG�LQ�)LJXUH��$��%�DQG�
Supplementary Table 7, pathway analysis against KEGG 
showed these DEGs (177) were statistically enriched 
in platelet activation, focal adhesion, proteoglycans 
in cancer, axon guidance, phagosome, glutamatergic 
synapse, neuroactive ligand-receptor interaction, long-term 
SRWHQWLDWLRQ�DQG�JOLRPD��EHVLGHV��WKH�QHWZRUN��)LJXUH��$��
consists of KEGG pathway and STRING protein interaction 
UHYHDOHG� WKDW� 0$3.��� )56��� )'*)5$�6+&��� ,7*%��
and ITGA1 may be the central genes for these pathway 
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ZKLFK� PL5��������� ZDV� LQYROYHG� LQ� WXPRU�LQGXFHG�
epileptogenesis directly. In addition, more evidence derived 
from GO term and other feature for these DEGs can be 
IRXQG�LQ�6XSSOHPHQWDU\�7DEOH��������%HFDXVH�LGHQWLFDO�VHHG�
VHTXHQFHV��WKH�UHODWLYH�UHGXQGDQF\�RI�PL5�����DQG�PL5�
����IXQFWLRQV�LV�VWLOO�DQ�LQFRPSOHWHO\�DGGUHVVHG�TXHVWLRQ��
But in recent years, with the a large number of studies focus 

RQ�FH51$V�QHWZRUN�DQG�IRXQG�WKH�UDQJH�DQG�VWUHQJWK�RI�
ceRNA regulation are largely determined by the relative 
DEXQGDQFH�RI�PL51$�>������@��ZH�EUDYHO\�DVVXPHG�WKDW�
both miRs may supplemented each other to maintain the 
DEXQGDQFH�LQ�FH51$�QHWZRUN��7R�ORRN�IRU�HYLGHQFH�������
�����������'(*V�PD\�EH�WDUJHW�E\�ERWK�PL5V�ZDV�XVHG�
IRU� FH51$� QHZRUN� DQDO\VLV�� DV� GHPRQVWUDWHG� LQ� )LJXUH�

Figure 4: miR-132-3p and miR-212-3p may play a critical role in human cancer. (A) Survival analyses of both miRs in 
GLIIHUHQW� FDQFHUV��%/&$�� EODGGHU� XURWKHOLDO�&DUFLQRPD��/,+&�� OLYHU� KHSDWRFHOOXODU� FDUFLQRPD��/8$'�� OXQJ� DGHQRFDUFLQRPD�� 3$$'��
SDQFUHDWLF�DGHQRFDUFLQRPD�.,33��NLGQH\�UHQDO�SDSLOODU\�FHOO�FDUFLQRPD��/**��EUDLQ�ORZHU�JUDGH�JOLRPD��(B)�6,57���0(&3��DQG�,5$.��
were selected as experimentally validated targets with strong evidence, Co-expression analysis of these genes and both miRs in stomach 
adenocarcinoma (STAD) and Kidney Chromophobe (KICH). (C)�6RPDWLF�PXWDWLRQV�DQDO\VLV�RI�,5$.��JHQH�WKURXJK�&RVPLF��GDWD�QRW�
shown) and cBioportal in prostate cancer. (D)�6XUYLYDO�DQDO\VHV�RI�,5$.��P51$�H[SUHVVLRQ�LQ�GLIIHUHQW�FDQFHUV��/**��EUDLQ�ORZHU�JUDGH�
JOLRPD��.,5&��NLGQH\�UHQDO�FOHDU�FHOO�FDUFLQRPD��8&(&��8WHULQH�&RUSXV�(QGRPHWULDO�&DUFLQRPD��%/&$��%ODGGHU�8URWKHOLDO�&DUFLQRPD�
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�$��&��'� DQG� 6XSSOHPHQWDU\� 7DEOH� ��� WKH� FRUH� JHQHV�
0$3.��DQG�)56��ZHUH�UDQGRP�VHOHFW�IRU�WKLV�VWXG\��WKH�
result compiled from Starbase displayed that a rich ceRNAs 
QHWZRUN�IRU�ERWK�JHQHV��EXW�PRUH�QRWDEO\�LV�PRVW�RI�WKH�
ceRNAs isn’t appeared in statistically enriched pathway, 
ZKLFK�LQGLFDWHG�FH51$V�OLNH�6(0$�'�DQG�1)�%�DUH�DOVR�
WKH�UHJXODWRU\�QHWZRUN�LQ�WXPRU�LQGXFHG�HSLOHSWRJHQHVLV��
����&5(%���DV�WKH�WUDQVFULSWLRQ�IDFWRU�DQG�¿UVW�LGHQWL¿HG�
WKH�PL5���������LQ�QHXURQDO�FHOOV�>�@��VHUYH�DV�DQ�H[DPSOH�
WR�LOOXVWUDWH�WKH�FRPSOH[�LQGLUHFWO\�UHJXODWRU\�QHWZRUNV�WKDW�
ERWK�PL5V� DUH� LPSOLFDWHG� LQ� UHPDLQLQJ� ���������������
DEGs without base-complementation with miRs, as 
displayed in the Figure 6D, Go term (molecular function) 
DQG�675,1*�SURWHLQ� LQWHUDFWLRQ�QHWZRUN� IRXQG�67$7���

62&6��� 5%%3��� 6(70$5�� /&3�� DQG� +02;�� PD\�
effected the CREB1 to some extent, and further mediated 
WKH� WUDQVFULSWLRQ� RI� PL5���������� ,Q� DGGLWLRQ�� WKDW� FR�
expression analysis found some gene present positive 
relationship with both miRs (data not shown). Other 
HYLGHQFH�OLNH�.(**�DQG�675,1*�QHWZRUN�FRQVLVW�RI�DOO�
the possible transcription factor compiled from Genecards 
and DEGs showed in Supplementary Table 8.

DISCUSSION

,Q� WKLV� VWXG\�� KVD�PL5������S� DQG� KDV�PL5�
�����S�FRQVLGHUHG�DV�RQH�HQWLUH�SLHFH�DQG�RQ�EHKDOI�RI�
PL5���������� WKH� SULPDU\� UHDVRQ� LV� WKDW�PL5����� DQG�

Figure 5: miR-132/212 may be the core molecular underlying tumor-induced epileptogenesis. (A)�WKH�9DOFDQR�¿JXUH�FRPSLOHG�
IURP�GDWD�RI�*6(�������ZKLFK�GHPRQVWUDWHG�����SUREH�VHWV�UHSUHVHQWLQJ�����GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV��'(*V��EHWZHHQ�WKH�WZR�JURXSV�RI�
��VHL]XUH�YV����QRQ�VHL]XUH�LQ�ORZ�JUDGH�EUDLQ�WXPRU�SDWLHQWV��WKH�UHG�LQGLFDWH�WKH�'(*V���IROG�SOXV�S�������QR�)'5�DSSOLHG���(B) the heatmap 
VKRZV�GLIIHUHQWLDOO\�H[SUHVVHG�����SUREH�VHWV�FRPSLOHG�IURP�GDWD�RI�*6(���������IROG�SOXV�S�������QR�)'5�DSSOLHG���(C) Venn diagrams show 
the intersections of 5 groups of genomes, all-P: all predicted targets of Targetscan 7.1, irrespective of site conservation, conservative: all predicted 
targets with conserved sites by Targetscan 7.1, validated: experimental validated genes, epilepsy: the genes related to epilepsy sourced directly 
from MalaCards human disease database. OUR (FC+P): the DEGs between both group of 5-seizure vs. 5-non-seizure in low grade brain tumor 
SDWLHQWV������JHQHV�FRPLQJ�IURP�RXU�DQDO\VLV����JHQHV�VLJQL¿FDQWO\�UHODWHG�HSLOHSV\�FRPLQJ�IURP�RULJLQDO�DUWLFOH�ZDV�VXSSOHPHQWHG����IROG�SOXV�
S�������QR�)'5�DSSOLHG���7KH�WDEOH��ULJKW��LQGLFDWHG�WKH�QXPEHU�DQG�SRUWLRQ�RI�LQWHUVHFWLRQ�JHQHV��7*V��WDUJHW�JHQHV�



Oncotarget40677www.impactjournals.com/oncotarget

PL5����� VKDUH� VLPLODU�PDWXUH� VHTXHQFHV� DQG� LGHQWLFDO�
��EDVH�VHHG�VHTXHQFHV��ZKLFK�LV�WKH�NH\�IDFWRU�LQ�EDVH�
complementation mechanism. Certainly, two things are 
worth mentioning when considering further discussion, 
¿UVWO\�� PL5����� DQG� PL5����� DOVR� SUHVHQWHG� GLIIHUHQW�
H[SUHVVLRQ� DQG� PL5����� PD\� EH� SOD\� D� PDMRU� UROH��
HDFK� RI� WKHVH� PL51$V� UHVSHFWLYHO\� UHSUHVV� VSHFL¿F�
WDUJHWV�GLYHUJLQJ�QXFOHRWLGHV�EHWZHHQ�PL5�����DQG�PL5�
����VHTXHQFHV��VHH�)LJXUH��$��DQG�KDYH�D�QRQV\QFKURQRXV�
VWDWXV�>������@��7KH�VHFRQG�RQH�LV�WKDW�PL5������S��S�DQG�
PL5������S��S�� RULJLQDWLQJ� IURP� RSSRVLWH� DUPV� RI� WKH�
VDPH�SUH�PL51$�DQG�ZLWK�GLIIHUHQW�VHHG�VHTXHQFH��PD\�
EH�LQYROYH�LQ�DQRWKHU�XQLTXH�UROH�LQ�&16��¿JXUH��&�KDYH�
showed 5p also have a high concordance of brain tissue-
VSHFL¿F�H[SUHVVLRQ�LQ�KXPDQ��>�����@�

:KHQ� PL5������3� DQG� PL5������3� GHWHUPLQHG�
DV�GLVFXVVLRQ�REMHFWV��ZH�¿UVWO\�DQDO\]H� WKH�H[SUHVVLRQ�
of miRNA and its target genes across human tissues, 
the result provide a sound basis for its involvement in 
QHXURORJLFDO�GLVHDVHV�VXFK�DV�HSLOHSV\�WKDW�PL5���������
SUHVHQWV� EUDLQ� WLVVXH�VSHFL¿F� DQG� HOHYDWHG� H[SUHVVLRQ��
WKHUH�DUH�IDU�PRUH�VLPLODU�H[DPSOH�OLNH�PL5������D�DQG�
PL5��������E�FOXVWHU�NQRZQ�DV�P\RPL5V��WKDW�VXSSUHVV�
NH\�JHQHV�LQ�PXVFOH�GHYHORSPHQW�>��@��WKH�OLYHU�VSHFL¿F�
PL51$����
� DQG� PL5����� SDUWLFLSDWHV� H[WHQVLYHO\� LQ�
KXPDQ�KHSDWRFHOOXODU�FDUFLQRPD�>������@�

Because miRNAs execute functions through target 
genes and corresponding biological processes that these 
WDUJHW�JHQHV� LQYROYHG�LQ�>������@��VR�ZH�QH[W�VWXG\�WKH�
target genes and enrichment of gene-GO term and bio-
SDWKZD\V��)RU�EHWWHU�GH¿QHG��WKH�H[SHULPHQWDOO\�YDOLGDWHG�
JHQHV�ZHUH�VWXGLHG�¿UVWO\��7KH�UHVXOW�GHPRQVWUDWHG�VHYHUDO�
enriched pathways have been previously implicated in 
epileptic seizure or related activities, such as decreased 
interaction between FoxO3a and Akt correlates with 
VHL]XUH�LQGXFHG� QHXURQDO� GHDWK� >��@�� DQG neurotrophin 
signaling pathway� LQ� DJLQJ��$O]KHLPHU
V� GLVHDVH� �$'���
and other disorders such as temporal lobe epilepsy 
>��@��,Q�DGGLWLRQ��ZH�IRXQG�WKDW�UHJXODWLQJ�WUDQVFULSWLRQ�
LV� WKH� SULPDU\� ELRORJLFDO� SURFHVV� RI� PL5��������� LQ�
enrichment analysis of GO, which is similar to the fact 
that microRNAs may play important role in transcriptional 
UHJXODWLRQ� >��@�� 7R� DFKLHYH� D� PRUH� FRPSUHKHQVLYH�
analysis of target gene, the same analysis was carried on 
remaining predicted targets, Axon guidance�UDQNHG�¿UVW�
in these genes, previous study have found hippocampal 
axon guidance can be regulated by nor-1 and involve in 
VHL]XUH�VXVFHSWLELOLW\�>��@��DQG�mTOR signaling pathway 
can sever as a new therapeutic strategy in epilepsy and 
epileptogenesis, all which absented in validated target 
genes may be provide a valuable reference and guide for 
IXWXUH�VWXG\�RQ�PL5��������LQ�HSLOHSV\�

Since so many biological mechanism are related 
to epilepsy, we are interested in the current research 
VWDWXV�WKDW�PL5���������KDG�EHHQ�LQYROYHG�LQ�HSLOHSV\��
Pubmed search found 15 papers about these neurimmiRs 

SDUWLFLSDWHG�LQ�HSLOHSV\��VXFK�DV�%'1)�7UN%�SDWKZD\�DQG�
S���*$3�&GF���VLJQDOLQJ�KDYH�EHHQ�UHVHDUFKHG��%'1)�
7UNE�FDQ�EH�DGMXVWHG�E\�PI3K and MAPK pathways, which 
is accorded with the above analysis. Comprehensive 
comparison, we feel that the study on involvement of both 
miRs in epilepsy is still less, there is still a large research 
space. Certainly, epilepsy is also belong to CNS disorder 
and results from a variety of CNS insults, theoretically, 
all disease caused by dysregulated expression of miR-
�������� FDQ� EHFRPH� WKH� WULJJHU� IDFWRUV� IRU� HSLOHSWLF�
seizures.

In addition to Pubmed search, the MalaCards 
GLVHDVH� GDWDEDVH� >��@�ZLWK� KLJK� FUHGLELOLW\� DQG� KDYLQJ�
been used widely was also used for further analysis of 
UHVHDUFK�SRWHQWLDO�WKDW�PL5���������FDQ�FDXVH�HSLOHSV\��
WKH�0DOD&DUGV�SURYLGHV����DI¿OLDWHG�JHQHV�IRXQG�WR�EH�
DVVRFLDWHG�ZLWK�WKH�HSLOHSV\��ZKDW�KDV�VSHFL¿F�YDOXH�LQ�
WKLV� DUWLFOH� LV� WKDW� ������ RI� JHQHV� UHODWHG� WR� HSLOHSV\�
PD\�EH�GLUHFWO\� WDUJHWHG�E\�PL5������S�DQG�PL5�����
�S�� 0HDQZKLOH�� WKH� IDFW� WKDW� RQO\� RQH� JHQH� KDG� EHHQ�
H[SHULPHQWDOO\�YDOLGDWHG�UHPLQG�XV�WKDW�PXFK�ZRUN�QHHG�
WR�GR�WR�PDNH�XS�VRPH�GH¿FLHQFLHV�LQ�WKLV�¿HOG�

$OWKRXJK�LQ�WKH�EHJLQQLQJ�ZH�GLG�QRW�WDNH�FDQFHU�
as the main research object, as data are accumulated 
and analysis continues, the result demonstrated miR-
�����S� DQG� PL5������S� PD\� SDUWLFLSDWHV� H[WHQVLYHO\�
in human cancer, For experimental validated genes and 
SUHGLFWHG�JHQHV�ZLWK�FRQVHUYDWLYH�VLWHV�����������������
DQG���������������SDWKZD\�DUH�VWDWLVWLFDOO\�HQULFKHG�LQ�
cancer directly, respectively. Such as pathways in cancer, 
MicroRNAs in cancer and Proteoglycans in cancer, which 
is consistent with previous literatures about the emerging 
UROH�RI�PL5���������LQYROYHG�LQ�FDQFHU��6XUYLYDO�DQDO\VLV�
UHYHDOV�WKDW�G\VUHJXODWLRQ�RI�PL5������S�DQG�PL5�����
�S�LV�FRQVSLFXRXVO\�UHODWHG�ZLWK�SRRU�VXUYLYDO�LQ�VHYHUDO�
KXPDQ�FDQFHU�LQFOXGLQJ�%/&$��3$$'��.,&+�DQG�/**��
Moreover, both miRs may perform tumour-promoting and 
tumour-suppressing dual functions depending on cancer 
types, which is consistent with what been previously 
reported [7]. Our group also found both miRs present 
GLIIHUHQW� H[SUHVVLRQ� DQG� PHFKDQLVP� LQ� 67$'� >��@��
All unveil the complexity of both miRs involvement in 
tumourigenesis.

7KRXJK� WKH�FR�H[SUHVVLRQ�DQDO\VLV�RI�PL5���������
with selected core validated target genes, the double role 
of miRs functioned in caner been further validated. What 
LV� LPSRUWDQW� LV� ,5$.��� D� JHQHV� DVVRFLDWHG�ZLWK� HSLOHSV\�
>��@�� SUHVHQWHG� FRUUHODWLRQ� ZLWK� ERWK� PL5V� DQG� ZKRVH�
G\VUHJXODWLRQ�VLJQL¿FDQWO\�UHODWHG�WR�SRRU�VXUYLYDO�LQ�VHYHUDO�
KXPDQ�FDQFHU��$SDUW�IURP�WKH�VRPDWLF�PXWDWLRQV�RI�,5$.��
itself, all indicated miRs may target single gene to interfere 
the process of cancer and epilepsy. Certainly, as epilepsy-
associated genome is rapidly increase, the tally of genes 
UHODWHG�WR�VHL]XUHV�ZLOO�OLNHO\�PDWFK�DQG�RYHUODS�WKDW�RI�FDQFHU�
DQG�EH\RQG�LW�LQ�ELRORJLFDO�GLYHUVLW\�>��@��0HDQZKLOH��WKH�
IDFW�WKDW�WKH�VXUYLYDO�RI�EUDLQ�WXPRUV�VXFK�DV�/**�FDQ�EH�
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Figure 6: The molecular mechanism underlying miR-132/212 implicated in tumor-induced epileptogenesis. (A) the 
ELRORJLFDO� QHWZRUN� RI� ����'(*V�PD\� EH� GLUHFWO\� WDUJHW� E\�PL5���������� WKH� QHWZRUN� FRQVLVWV� RI� WRS� �� VWDWLVWLFDOO\� HQULFKHG�.(**�
pathways (big cycle with different color) and corresponding genes (red) and whose STRING protein interaction (between the gene, the 
VSHFL¿F�LQWHUDFWLYH�PRGH�ZLOO�QRW�GLVFXVVHG�LQ�KHUH���(B) Top 18 statistically enriched KEGG pathway (DAVID, more details about KEGG 
pathway, GO-term and the tissue expression of DEGs can be found in Supplementary Table 7). (C) The simple simulated diagram for 
FH5$1V�QHWZRUN�RI�����'(*V��7KH�FRUH�JHQH�0$3.��DQG�)56��FRPLQJ�IURP�WKH�QHWZRUN�SUHVHQWHG�LQ�)LJXUH��$�ZDV�FKRVHQ�DV�H[DPSOH��
1)�%�DQG�6(0$�'�ZDV� WKH�FRPPRQ�FH51$V� IRU�ERWK�JHQHV��)$7��DQG� ,*)%3�� IRU�0$3.���DQG��$6���$7;1���&$0.�1��DQG�
(0/��IRU�)56���(D) the representative example about the co-expression to support ceRNA hypothesis, positive co-expression of MAPK1 
and ceRNA SEMA6D was shown in Glioblastoma multiforme (GBM) and Colon and Rectal adenocarcinoma (CRC)(more details can be 
found Supplementary Table 8). (E)�&5(%���WKH�WUDQVFULSWLRQ�IDFWRU�RI�PL5�����DQG�PL5������DV�WKH�H[DPSOH�WR�LOOXVWUDWH�WKH�FRPSOH[�
LQGLUHFWO\�UHJXODWRU\�QHWZRUNV�WKDW�ERWK�PL5V�DUH�LPSOLFDWHG�LQ�UHPDLQLQJ�����������������'(*V�ZLWKRXW�EDVH�FRPSOHPHQWDWLRQ�ZLWK�
miRs, red cycle with red label indicate the molecular function and CREB1, green cycle and red label present the molecular function and 
FRUUHVSRQGLQJ�UHPDLQLQJ�'(*V���7KH�)LJXUH��$�DQG�)LJXUH��(�LV�GHVLJQHG�E\�RSHQ�VRXUFH�VRIWZDUH�&\WRVFDSH�������DQG�LWV�SOXJLQ�RU�DSS�
ClueGO+Cluepedia)



Oncotarget40679www.impactjournals.com/oncotarget

GHWHUPLQHG�E\�PL5�����DQG�WKH�YDOLGDWHG�WDUJHW�JHQH�,5$.��
and the incidence of epilepsy is much higher in low-grade 
JOLRPDV�WKDQ�LQ�KLJK�JUDGH�JOLRPDV�>��@�UHPLQG�XV�ZKHWKHU�
PL5���������JHW�LQYROYHG�LQ�EUDLQ�WXPRU�LQGXFHG�HSLOHSV\�

*6(������ ZKLFK� RULJLQDOO\� GHVLJQHG� WR� H[SORUH�
the change of gene expression in peritumoral cortex tissue 
slides from 5-seizure vs. 5-non-seizure low grade brain 
WXPRU�SDWLHQWV�>��@�ZDV�XVHG�IRU�YDOLGDWHG�WKLV�K\SRWKHVLV��
PL5���������JHW�LQYROYHG�LQ�EUDLQ�WXPRU�LQGXFHG�HSLOHSV\��
)DVFLQDWLQJ�WKLQJ�LV�������'(*V�PD\�EH�GLUHFWO\�WDUJHW�E\�
both miRs, and further mechanism study indicated miR-
�����S�DQG�PL5������S�PD\�EH�SDUWLFLSDWHG�LQ�EUDLQ�WXPRU�
LQGXFHG�HSLOHSV\�WKURXJK�GLUHFW�LQWHUYHQWLRQ��FH51$�QHWZRUN�
and indirect adjustment. Platelet activation, focal adhesion, 
proteoglycans in cancer, axon guidance, phagosome, 
JOXWDPDWHUJLF�V\QDSVH�DQG�0$3.���)56���)'*)5$�6+&���
,7*%��DQG�,7*$��PD\�EH�WKH�FRUH�ELR�SDWKZD\�DQG�JHQHV�
involved in direct intervention, respectively. Some genes 
did not appear in statistically enriched pathway and GO-
WHUP� FDQ� VHYHU� DV� FH51$V� WR� FRPSHWH� IRU�PL5���������
DQG�LQGLUHFWO\�LQKLELW�FRUH�JHQH�VXFK�DV�1)�%��)$7��DQG�
(0/��� ,Q� DGGLWLRQ�� LQGLUHFW� DGMXVWPHQW� PD\� DOVR� SOD\� D�
UROH��VRPH�'(*V��VXFK�62&6��DQG�5%%3���ZLWKRXW�EDVH�
complementation with miRs can affected the CREB1 and 
WKHQ�UHJXODWHG�WUDQVFULSWLRQ�RI�ERWK�PL5V��:H�ZRXOG�OLNH�WR�
DFNQRZOHGJH�WKDW�WKH�QXPEHU��������RI�SRVVLEOH�WDUJHW�JHQHV�
occupied a high percentage in genome, by comparison (data 
QR�VKRZQ���WKH�SURSRUWLRQ�RI�JHQHV�UHODWHG�WR�PL5���������
and have function in epilepsy at the same time is relatively 
high. So, these conclusions suggest both miRs are the core 
molecular for epilepsy.

MATERIALS AND METHODS

$QDO\VLV�RI�JHQH�VWUXFWXUH�DQG�WLVVXH�VSHFL¿FLW\�
and heterogeneity of miR-212/miR-132

6WHP�ORRS� VHTXHQFH� KDV�PL5����� ����� JHQHUDWHG�
WZR� PDWXUH� VHTXHQFHV�� UHVSHFWLYHO\�� 3UHYLRXV� VWXG\�
have demonstrated that although either strand of the 
GXSOH[� �PL51$�PL51$
� GXSOH[�� PD\� SRWHQWLDOO\� DFW�
as a functional miRNA, only one strand will play the 
GRPLQDQW� UROH�� VR�¿UVWO\�� WKH�PL5EDVH� >��@� DQG�9LHQQD�
51$IROG�ZHEVHUYHU�>��@�ZHUH�XVHG�WR�LGHQWL¿HG�WKH�JHQH�
VHTXHQFH� DQG� SUHGLFWHG� VWHP�ORRS� VWUXFWXUHV�� PL51$�
research revealed different sets of miRNAs expressed in 
GLIIHUHQW�FHOO�W\SHV�DQG�WLVVXH�DQG�KDYH�LWV�VSHFL¿FLW\�DQG�
KHWHURJHQHLW\�� VR�+XPDQ�PL51$� WLVVXH� DWODV� >��@�ZDV�
DGRSWHG�WR�FHUWLI\�WKH�RUJDQ�VSHFL¿FLW\�RI�PL5����������

Analysis of experimentally validated target gene 
of miR-212-3P/miR-132-3P

Validated miRNA:gene interactions was conjointly 
DQDO\]HG�E\�',$1$�7DU%DVH�Y����>��@��PL5WDUEDVH�>��@��
miRecored [50] and miRpathDB [51], all of which provide 

experimentally validated target gene. In addition, literature 
search was performed to supply latest and missing gene 
which may be left out by web-software.

Analysis of biological networks for validated 
target gene of miR-212-3P/miR-132-3P

All enrichment analysis of gene-GO term and bio-
SDWKZD\V� ZHUH� LGHQWL¿HG� VWDWLVWLFDOO\� ZLWK� WKH� &\WRVFDSH�
plugin ClueGO + Cluepedia+STRING app and DAVID 
%LRLQIRUPDWLFV� 5HVRXUFHV� ���� >���� ���� ��@�� 675,1*� Y���
>��@�ZDV�XVHG�WR�SURYLGH�D�FULWLFDO�DVVHVVPHQW�DQG�LQWHJUDWLRQ�
of protein-protein interactions. All gene tissue expressions 
in human tissue were assessed by DAVID Bioinformatics 
Resources 6.8. Besides, oriented to this article focused on 
epilepsy, literature search (PubMed) was carried out to analyze 
WKH�H[LWLQJ�UROH�RI�PL5�����DQG�PL5�����LQYROYLQJ�LQ�HSLOHSV\�

Analysis of all the target gene of miR-212-3P/
miR-132-3P

TargetScanhuman7.1 was used to predicts biological 
WDUJHWV� RI�PL5������3�PL5������3�� DOO� UHPDLQLQJ�JHQH�
(refer to the gene that have ruled out the experimentally 
validated target gene from all predicted target gene) 
performed enrichment analysis of gene-GO term, bio-
pathways as described above.

Analysis of genes and related bio-pathways 
may be related to epilepsy using GEO data and 
MalaCards

To screen the differential expression gene between 
patients with and without epilepsy, GEO super-series 
*6(������ ZHUH� XVHG� WR� HYDOXDWHG�� SURFHVVHG� DQG�
normalized expression data were download from NCBI and 
the bio-pathways of these differential expression genes was 
analyzed as above, Volcano Plot and dendrogram of different 
genes was analyzed through Gene-Cloud of Biotechnology 
,QIRUPDWLRQ� �KWWSV���ZZZ�JFEL�FRP�FQ�JFOLE�KWPO�LQGH[���
Meanwhile, in order to include more genes associated with 
epilepsy supportedby literature, the data compiled from 
0DOD&DUGV�ZDV�HPSOR\HG�>��@��9HQQ�'LDJUDPV�DQG�9HQQ\�
����DUH�XVHG�IRU�FDOFXODWLQJ�WKH�LQWHUVHFWLRQ�V��RI�JHQRPHV��
Function enrichment analysis is performed as above.

Analysis of the emerging role of miR-132-3p and 
miR-212-3p involved in human cancer

Several Web based tools for “The Cancer Genome 
$WODV´��7&*$��KDYH�EHHQ�XVHG�WR�YLVXDOL]H��DQDO\]H�DQG�
LQWHUSUHW�DOO�WKH�GDWD�W\SHV�ZKHWKHU�PL5������S�DQG�PL5�
�����S�PD\�EH�LQYROYH�LQ�KXPDQ�FDQFHU��6XUYLYDO�DQDO\VHV�
IRU� P51$V� DG� PL51$V� ZDV� SHUIRUPHG� RQ� 2QFR/QF�
�KWWS���ZZZ�RQFROQF�RUJ���&RVPLF� DQG� F%LRSRUWDO�ZHUH�
employed for Mutation analysis [55] [56], Correlation 
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analysis and competitive endogenous RNA (ceRNA) 
QHWZRUN�ZDV�DQDO\VLV�FDUULHG�RXW�E\�PL5WDUEDVH��6WDUEDVH�
DQG�F%LRSRUWDO�>��@��0L57DUJHW/LQN�LV�XVHG�WR�VHOHFW�WKH�
experimentally validated targets with strong evidence [58].
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