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Apical periodontitis, dominated by dense inflammatory infiltrates and increased osteoclast activities, can 
lead to alveolar bone destruction and tooth loss. It is believed that miRNA participates in regulating various 
biological processes, osteoclastogenesis included. This study aims to investigate the differential expression of 
miRNAs in rat apical periodontitis and explore their functional target genes. Microarray analysis was used to 
identify differentially expressed miRNAs in apical periodontitis. Bioinformatics technique was applied for 
predicting the target genes of differentially expressed miRNAs and their biological functions. The result 
provided us with an insight into the potential biological effects of the differentially expressed miRNAs and 
showed particular enrichment of target genes involved in the MAPK signaling pathways. These findings may 
highlight the intricate and specific roles of miRNA in inflammation and osteoclastogenesis, both of which 
are key aspects of apical periodontitis, thus contributing to the future investigation into the etiology, under- 
lying mechanism and treatment of apical periodontitis. 
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Introduction 
 

It is well known that bone morphology and function in 
postnatal vertebrates is maintained through the balan- 
cing activities of the bone-forming osteoblasts (which 
are part of a group of cells broadly referred to as osteo- 

 
Maxillofacial bones, like other skeletal tissues in vertebral 
bodies, are principal structural connective tissues consti- 
tuting the contour of the organism and protecting key 
organs. Different from the axial skeleton and appendi- 
cular skeleton, the main biological significance of 
maxillofacial bones, especially maxillar and mandible, is 
supporting or conducting of the masticatory forces, as 
well as maintenance of the maxillofacial aesthetics and 
oral cavity. Despite of the differences in function, they all 
share the similar mechanism in bone biology.  
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blast lineage cells) and the bone-resorbing osteoclasts, 
a process namely bone remodeling. The balance be- 
tween the two activities is under the spatio-temporal 
control of several signaling pathways (1-5). Any interrupt- 
tion of the balance between osteoblasts and osteoclasts 
can compromise bone remodeling. Chronic inflamma- 
tory diseases in oromaxillofacial region, such as periodon- 
titis and apical periodontitis, are characterized by abun- 
dant osteoclast proliferation and enhanced resorptive 
activity relative to formation, thus lead to bone loss and 
tissue destruction in different sites (6-8).  

Apical periodontitis, an infectious oral disease repre- 
sents aggressive immune and inflammatory activation, 
can be viewed as the result of a dynamic encounter 
between microbes and host defense. It has already 
been proved that apical peiodontitis is dominated by 
dense inflammatory infiltrates and increased osteoclast 
activities (9-10). Lymphocytes, macrophages and neutro- 
phils have been identified in focus and the number or 
activity of osteoclasts elevated (11-12). This disturbs the 
bone remodeling by enhancing bone resorption relative 
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to formation (13-16). Apical periodontitis can lead to 
alveolar bone defect and tooth loss. Left untreated, the 
disease can cause systemic disorders such as rheuma- 
toid arthritis, cardiovascular diseases, and diabetes (17- 
18). The understanding of the pathogenesis and treat- 
ment is of importance to the population. However, the 
mechanisms of host immuno-inflammatory responses 
and osteoclastogenesis in apical periodontitis remain 
unclear. Recently, accumulating evidence demonstrates 
that miRNAs play a critical role in these processes (19). 

miRNAs are small non-coding RNAs of approximately 
18-22 nucleotides (nt) that regulate gene function post- 
transcriptionally (20-21). miRNAs are transcribed from 
endogenous miRNA genes and generate primary (pri-) 
miRNAs. Pri-miRNAs are processed into single hairpins or 
precursor miRNAs (pre-miRNAs) by the RNAase III enzyme 
Drosha in the nucleus. Pre-miRNAs are then shuttled into 
the cytoplasm by Exportin-5 and further processed by 
the RNAase enzyme Dicer to generate mature miRNAs. 
miRNAs function in the form of ribonucleoproteins called 
miRISCs (miRNA-inducing silencing complexes) (21), 
which comprise Argonaute and GW-182 family proteins. 
miRISCs use the miRNAs as guides for the sequence- 
specific silencing of messenger RNAs that contain com- 
plementary sequence through inducing the degrada- 
tion of the mRNAs or repressing their translation (22-24). 
miRNAs are able to regulate the expression of multiple 
targets by binding to the 3’-UTR of genes. Thus, miRNAs 
mediate rapid fine-tuning of gene expression by target- 
ing existed mRNAs. There are several studies have been 
carried out in order to understand how miRNAs influence 
osteoclatogenesis (25-30). The global loss of miRNA 
activity in osteoclast precursor cells causes a blockage 
in osteoclastogenesis that absence of mature miRNAs 
by conditional knock-out model in mononuclear pre- 
osteoclasts and in mature multinucleated osteoclasts 
results in increased bone mass due to decreased 
number and activity of osteoclasts (25, 31-32).  

There are two principal facts of microRNAs that should 
be kept in mind that one miRNA can target hundreds of 
mRNAs and act selectively in different tissues, whereas 
one mRNA can have multiple mass binding sites for 
different miRNAs (33-34). These two fundamental pro- 
perties predict that miRNAs function as powerful mole- 
cular managers that operate by controlling several 
gene regulatory networks simultaneously (20). Mean- 
while, it raises the concern that analysis of microRNA in 
bone homeostasis should be an informatic integration. 
Bioinformatic analytic tools provide such possibility. To 
this end, the roles of miRNAs in the differentiation and 
recruitment of osteoclasts derived from hematopoietic 
stem cells remains to be established.  

Here, we report the identification of miRNAs that are 
differentially expressed during apical periodontitis. By 
comparing the bone lesion regions in the rat molars, we 
have identified miRNAs that may play a role in the 
osteoclastogenesis during this process. 
 
Materials and Methods 
 
Ethics Statement 
Experiments were performed according to the Regula- 
tions for the Administration of Affairs Concerning Experi- 
mental Animals (Ministry of Science and Technology, 
China, revised in June 2004). The study is approved by 
Ethical Committees of West China School of Stomato- 
logy, Sichuan University and State Key Laboratory of Oral 
Diseases. The rats were allowed access to feed and 
water ad libitum under normal conditions and humanely 
sacrificed as necessary.  
 
Animals and Sample Collection 
The Sprague-Dawley rats used in this experiment were 
obtained from the Dashuo Laboratory Animal Company 
of Sichuan, China. The induction of periapical lesions 
was performed as described previously (35-36). Briefly, 
four-week-old Sprague-Dawley rats were anaesthetized 
with 10% chloral hydrate (0.3 mL per 100 g animal weight) 
by intraperitoneal injection, and mounted on a jaw- 
retraction board. The pulps of bilateral mandibular first 
molars were exposed to the oral environment with a No. 
1/4 dental round bur under a surgical microscope. Rats 
were allowed to recover and were maintained under 
standard conditions until they were sacrificed at 28 days 
after pulp exposure. Rats without pulp exposures were 
established as controls. 28 days after the surgery, 
animals were sacrificed and bone blocks containing the 
mandibular first molars’ roots were dissected, gently 
cleaned of soft tissue and preserved in RNAlater (Life 
Technology Corporation, Foster city, CA, USA) at –80 ℃ 
until processing. Bone blocks were ground in pre-cooled 
sterile mortars and pestles in liquid nitrogen. Total RNA 
including small RNAs were extracted using the miRNeasy 
Mini kit (Qiagen, Valencia, CA, USA) according to 
manufacturer’s instructions. The same RNA samples 
were used for the experiments in both microarray and 
qRT-PCR assays. 
 
microRNA Microarray Analysis 
In this study, bone blocks of apical periodontitis and of 
negative controls with four biological repeats for each 
were tested. The RNA was quantitated by using the 
NanoDrop (Thermo Scientific, Wilmington, DE, USA) and 
Agilent 2100 Bioanalyzer (Agilent Technologies Inc, 
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Wilmington, DE, USA) to determine the quantity and 
purity of the samples. Agilent microarray hybridization 
was carried out by the ShanghaiBio Corporation. miRNA 
microarray profiling was performed as previously 
described. Data analysis was performed by using Gene- 
Spring software 11.0 (Agilent Technologies, Santa Clara, 
CA, US). A miRNA was designated as highly expressed if 
expression in apical periodontitis was more than 1.5-fold 
compared to that in negative controls. miRNAs con- 
sidered to be significantly differentially expressed were 
then included for further analysis. The correlation analysis 
was used to inquire the correlation between any two of 
all eight samples. 
 
Validation of microarray Results by qRT-PCR 
The purified total RNA including small RNAs were used as 
templates. Reverse-transcription was performed with the 
TaqMan MicroRNA Reverse Transcription Kit using small 
RNA-specific RT primer. The reactions were incubated at 
16 ℃ for 30 min, 42 ℃for 30 min and 85 ℃for 5 min, 
chilled on ice for 5 min, and the cDNA was stored at 
-20 ℃. The q RT-PCR was performed with the TaqMan 
Small RNA Assay following the manufacturer’s instruc- 
tions in 20 μL reaction mixtures. U6 was used as endo- 
genous control to normalize Ct values obtained for 
each gene. miRNA expression was compared by ΔΔCt. 
Data were compared by one-way ANOVA followed by 
the post-hocTukey’s test. 
 
Target Prediction and Functional Analysis 
Three types of miRNA target prediction databases, inclu- 
ding TargetScan (http://www.targetscan.org/) and mi- 
Randa algorithm base (http://www.microrna.org/ 
microrna/home.do), were used to predict the target 
genes of differentially expressed miRNAs. Unique profiles 

were defined and significant profiles selected (P<0.01). 
The intersection of these two datasets was assayed 
according to the prediction results. To determine the 
potential biological functions and pathways, GO terms 
and Pathway annotation of the miRNA targets were 
found using the DAVID database (http://david.abcc. 
ncifcrf.gov/content.jsp) and the SBC Analysis System 
annotation tool (http://sas.ebioservice.com/), respec- 
tively. 
 
Statistical Analysis 
All experiments were performed independently at least 
three times in triplicate. Relative miRNA levels were cal- 
culated in comparison to internal U6 standards. Numeri- 
cal data are presented as mean±SD. The difference 
between means was analyzed with one-way ANOVA. 
Differences were considered significant when P<0.05. All 
statistical analyses were done with the software SPSS19.0 
(SPSS Inc. Chicago, USA). 
 
Results 
 
Identification of Differentially Expressed miRNAs in Rat 
Apical Periodontitis 
Total RNA including small RNAs extracted from bone 
blocks of apical periodontitis and of negative controls, 
was sent to ShanghaiBio Corporation for microarray 
hybridization (Figure 1A and 1B). Based on the micro- 
array analysis, a total of 49 miRNAs were detected to be 
differentially expressed in bone lesions of apical peri- 
odontitis. 21 miRNAs were down-regulated while 28 were 
up-regulated in apical periodontitis compared with 
control animals (P<0.05) (Figure 2A). Correlation analysis, 
on the basis of miRNA expression profiles, showed vari- 
ance between the 8 samples (Figure 2B). Although 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 The morphology of rat bone blocks dissected for sample collection. A: HE staining of bone blocks of negative control. B: HE staining of bone 
blocks of apical periodontitis. 

http://www.targetscan.org/�
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Figure 2 The expression profiles of miRNAs in rat apical periodontitis were analyzed using miRNA microarray. A: A heatmap generated from 
microarray data reflecting miRNA expression values. 49 miRNAs were differentially expressed at least 1.5-fold (P<0.05) between apical periodontitis 
group and control group. Bar graph showed fold changes. B: Correlation analysis showed the miRNA expression profile of apical periodontitis 
sample 1, sample 2 and sample 4 are distinct from samples from control groups, as well as apical periodontitis sample 3. C: Validation of microarray 
data by qRT-PCR. The fold change of 3 down-regulated miRNAs (rno-miR-17-5p, rno-miR-130b, rno-miR-142) and 2 up-regulated miRNAs 
(rno-miR-130a, rno-miR-132) were verified. * Statistical significance between apical periodontitis group and control group, P<0.05. 
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apical periodontitis groups and control groups represent 
similarity within groups, the miRNA expression profile of 
apical periodontitis sample 1, sample 2 and sample 4 
are distinct from samples from control groups, as well as 
apical periodontitis sample 3 (Figure 2B). In addition, 21 
miRNAs were recognized as significantly differentially 
expressed with 7 down-regulated and 14 up-regulated 
(P<0.01) (Table 1). 

 
Table 1 The P value and fold change of 21 differential 
miRNAs (P<0.01). 

miRNAs P value Fold change 
rno-miR-18a 0.006 816 05 0.456 663 
rno-miR-17-5p 0.001 484 7 0.504 775 
rno-miR-7a 0.009 203 64 0.510 186 
rno-miR-335 0.002 666 07 0.517 735 
rno-miR-15b 0.007 747 53 0.528 797 
rno-miR-425 0.005 091 11 0.552 179 
rno-miR-25 0.005 587 37 0.630 854 
rno-miR-497 0.009 573 72 1.535 184 
rno-miR-99a 0.003 288 71 1.596 727 
rno-miR-362* 0.000 278 46 1.610 07 
rno-miR-125a-5p 0.002 144 3 1.617 459 
rno-miR-503 0.002 478 22 1.665 904 
rno-miR-188 0.001 765 09 1.686 937 
rno-miR-22 0.002 513 1 1.916 819 
rno-miR-194 0.007 897 99 1.919 365 
rno-miR-130a 0.001 426 98 2.017 559 
rno-miR-34a 0.000 107 61 2.197 491 
rno-miR-132 0.007 486 43 2.373 621 
rno-miR-21 0.000 509 41 2.827 697 
rno-miR-542-5p 0.000 152 3 3.028 396 
rno-miR-146a 0.003 915 08 3.094 695 

Confirmation of Differentially Expressed miRNAs by real- 
time qPCR 
From the differentially expressed miRNAs identified from 
apical periodontitis and control groups, we selected 5 
miRNAs for confirmation by qPCR. The miRNAs were 
chosen based on high differential expression and 
included both those with increases and decreases in 
expression fold-differences. All the miRNAs assayed by 
qPCR were confirmed to be differentially expressed 
(Figure 2C), which validated the microarray approach. 
Thus, the array results for all differentially expressed 
miRNAs are expected to be accurate. The predicted 
targets of these chosen microRNAs were retrieved from 
two target prediction databases mentioned before. 
Only the predicted targets found in both prediction 
databases were retained (Table 2). 
 
Target Prediction and Functional Annotation 
In order to analyze the potential functions of these 
miRNA-target genes, GO (Gene Ontology) term and 
pathway analyses were applied. For each differentially 
expressed, array-identified miRNA (P<0.01), the pre- 
dicted targets were retrieved from two target prediction 
databases. 

The GO enrichment analysis is a powerful tool by 
which these genes are correlated with biological pro- 
cesses, cellular components and molecular functions. 
GO terms with P<0.001 are considered statistically signifi- 
cant. FDR (false discovery rate) is also taken into con- 
sideration to define P value threshold at which the FDR 
would be less than 25%. Under “Biological Processes” 
category of GO classification (Figure 3), positive 
regulation of nucleobase, nucleoside, nucleotide and 
nucleic acid metabolic process, positive regulation of 

 

Table 2 Putative target genes of differential miRNAs. These genes are retrieved from the intersection of TargetScan and 
miRanda algorithm base’s prediction. 

miRNA Putative Target Gene  
rno-miR-
125a-5p 

Abhd6 Abtb1 Alg6 Anpep Cacna1b Cgref1 Coro2a Cpsf6 Crb2 Dis3l2 Dvl1 Eif2b5 

  Esrra Galnt14 Gcnt1 Gga2 Gtpbp2 Kcns3 Lfng Lrfn2 Map3k10 Map3k11 Mapk12 Msi1 
  Neu1 Nrm Orc2l Pcsk7 Pctp Plekhh1 Psmb8 Ptpn18 Rfxank Scarb1 Slc35a4 Slc39a9 
  Slc4a10 Syvn1 Taz Tomm40 Tor2a Vps4b Wars Zswim6 Slc25a15 Casp2     
rno-miR-
130a 

Acsl4 Cd69 Chst1 Clcn5 Enpp5 Laptm4a Nfya Nfyb Pparg Ppp2r1b Psap Slmap 

  Smarcd2 Smoc1 Sphk2 St18 St8sia5 Trim2 Vps24 Tsc1 Mdm4 Unc13a     
rno-miR-
132 

Anp32a Arhgef11 Bcan Dusp9 Ep300 Foxa1 Foxo3 H2afz Scn1a Slc13a3 Slc6a1 Srebf1 

  Timm9 Lrrfip1 Elf2 Lemd3 Sall1               
rno-miR-
146a 

Abl2 Cd80 Cds1 Erbb4 Igsf1 Psmd3 Rnasel Sec23ip Siah2 Smad4 Stx3 Zdhhc7 

  Armc8 Cask Bcorl1 Usp3                 
rno-miR-
15b 

Cask Cdc37l1 Mfn2 Sall1 Pcdh9 Grm7 Map2k1 Ptch1 Akt3 Amotl1 Arhgap20 Arl2 
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Cons. 

miRNA Putative Target Gene  
  Bag5 Btrc Capn6 Cc2d1b Ccdc19 Ccne1 Cdc25a Cdca4 Ciapin1 Colq Fgf2 Fgf9 
  Figf Ghr Gls2 Glud1 Ihh Kcnk10 Kif5a Omg Phf19 Pisd Prdm4 Prkar2a 
  Pth Ptprr Rbbp6 Slc7a3 Socs6 Son Stox2 Tbp Tbpl1 Tle4 Tmem55a Usp15 
  Vegfa Vps33b Wbp11 Wee1 Wipi2 Wnt4 Ywhah Srpr         
rno-miR-
17-5p 

Abca1 Ankrd9 Anubl1 Arid4b Camk2n2 Crk Cry2 Ddhd1 Drd1a Dusp2 Gnb5 Gnl1 

  Gramd1a Hbp1 Hn1 Jak1 Kpna2 Map3k12 Map3k8 Mfap3l Mgll Mtmr3 Myt1l Nagk 
  Nploc4 Nup35 P2rx4 Plekha3 Pthlh Ptpn3 Ptpn4 Rasl11b Rerg Solh Sos1 Sos2 
  St6galnac3 St8sia2 Trim3 Trim37 Trpv6 Ubc Ube2j1 Wfs1 Zbtb9 Zfp148 Enpp5 Laptm4

a 
  Smoc1 Cd69 Usp3 Btg3 F3 Map3k5 Cdc37l1 Mfn2 Mycn       
rno-miR-
188 

Cnksr3 Fubp3 Ilf3 Kcng3 Mafb Mgat3 Nek6 Pde4a Selt Tmem39a Tomm70
a 

Pten 

  Zfp91 Pcdh9                     
rno-miR-
18a 

Add3 Crebl2 Ctgf Esr1 Etv6 Gpr37 Hif1a Hsf2 Map3k1 Nedd9 Pknox1 Runx1 

  Sh3bp4 Xylt2 Btg3 F3                 
rno-miR-
194 

Aqp8 Fmr1 Gyg1 Hbegf Lrrfip1 Nbr1 Ndufa4 Nudc Ptgs2 Ptpn12 Rabac1 Stx16 

  Sumo2 Trim23 Fgfr3 Sall1 Sephs1               
rno-miR-
21 

Acat1 Arhgap2
4 

Ccl22 Elf2 Gatad2b Jag1 mrpl9 Ntf3 Pbrm1 Pcsk6 Pja2 Tgfbi 

  Tiam1 Cnksr2 Klhl15 Gpr64                 
rno-miR-
22 

Arhgef12 Arpc5 Calcr Cav3 Cdx2 Chga Clic4 Dapk2 Dpp10 Erbb3 Fbxo46 Fut9 

  H3f3b Inpp5b Lin7c Magi2 Mecp2 Mycl1 Net1 Nudt4 Odf1 Rgs2 Cnksr2 Pten 
rno-miR-
25 

Adamtsl1 Adcy3 Adrb1 Atp2a2 Atp7a Bcat2 Bsdc1 Cd69 Chka Cic Cldn11 Col1a2 

  Dennd4b Dhx32 Dnajc4 Gdf11 Glra1 Gramd3 Hps6 Idh1 Itga5 Itpr1 Josd1 Lpin1 
  Man2a1 Map2k4 Myo1b Nefh Nefl Per2 Polk Ppcs Ptar1 Ptpro Slc25a1 Snx13 
  Synj1 Tsc1 Tsga14 Ugp2 Nox4 Pten rnf141 Lyst Syn2 Srpr     
rno-miR-
335 

Acot11 Adcy5 Chfr Ehd1 Etf1 Flt1 Max Ndfip1 Ndst1 Pcnx Pou2f3 Rasa1 

  Rprm Ube2g1 Mdm4 Sall1 Pcdh9 Sephs1 Klhl15 rnf141 Nr4a3       
rno-miR-
34a 

Aldoa Areg Axl Bmp3 Cacna1e Cant1 Ccne2 Csf1r Ddx17 E2f3 Eml5 Fbxo30 

  Fut8 Hcn3 Ldha Lef1 Nono Notch1 Numbl Pacs1 Pnoc Ppp1r11 Ppp2r3a Rtn4rl1 
  Slco3a1 Snx15 Tmem109 Tmem22 Vamp2 Casp2 Mycn Gpr64 Lyst Syn2 Grm7 Map2k1 
  Strn3                       
rno-miR-
425 

Acvr1c Armc8 Fst Plcd3 Tsn Ptch1 Map3k5           

rno-miR-
497 

Elmod1 LOC3024
95 

Ppp6c Akt3 Amotl1 Arhgap20 Arl2 Bag5 Btrc Capn6 Cask Cc2d1b 

  Ccdc19 Ccne1 Cdc25a Cdca4 Ciapin1 Colq Fgf2 Fgf9 Figf Ghr Gls2 Glud1 
  Ihh Kcnk10 Kif5a Omg Phf19 Pisd Prdm4 Prkar2a Pth Ptprr Rbbp6 Slc7a3 
  Socs6 Son Stox2 Tbp Tbpl1 Tle4 Tmem55a Usp15 Vegfa Vps33b Wbp11 Wee1 
  Wipi2 Wnt4 Ywhah Srpr Cdc37l1 Mfn2 Sall1 Pcdh9 Grm7 Map2k1 Ptch1   
rno-miR-
503 

Ap3d1 Ccnd1 Fgf7 Kif1c Klrg1 Kpna3 Mapk8ip2 Ppfia3 Slc20a2 Slc2a3 Syt3 Unc13a 

rno-miR-
7a 

Bcorl1 Cacng7 Chd3 Cno Ddit4 Gli3 Hdlbp Igsf8 Lemd3 Mlh3 Nr1h2 Nyw1 

  Ogt Pacsin1 Parp1 Pcbp3 Pik3cd Plp2 Rb1 Rbms1 Slc25a15 Slc35e4 Snca Spata2 
  Tcfe2a Tmed1 Wdr47 Zfp91 rnf141 Nr4a3 Strn3           
rno-miR-
99a 

Hs3st2 Fgfr3 Nox4                   

rno-miR-
362* 

(none)                       

rno-miR-
542-5p 

(none)                       
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Figure 3 Biological process category of GO classification. Bar graphs showed –log2(P value) of each GO term. 
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Figure 4 Gene Ontology analysis of target genes of 21 differential miRNAs (P<0.01). GO terms with P<0.001 and FDR≤25% were taken into 
consideration. GO terms overrepresented and associated with apical periodontitis under biological process category. The numbers of the pie’s every 
section represented the counts of putative target genes mapping to corresponding GO terms. 
 
nitrogen compound metabolic process and positive 
regulation of developmental process are the top three 
over-represented terms (Figure 3 and 4). The GO terms 
of positive regulation of macromolecule biosynthetic 
process transmembrane receptor protein tyrosine kinase 
signaling pathway and phosphate metabolic process 
are statistically significant (Figure 3 and 4). These 
categories have been described as associated with 
macrophage differentiation (37-38), which is closely 
related to osteoclast precursor (39). The molecular 
function subcategories are most notably associated 
with various binding functions such as enzyme binding, 
kinase binding and protein kinase binding indicating 
(Figure 5A). Within the GO category of cellular com- 
ponents, the terms, Golgi apparatus, cell fraction and 
membrane fraction are prominent (Figure 5B). 

Regarding pathway analysis, the gene sets of Biocarta 
and KEGG pathways were used. There are 42 and 54 
terms statistically significant in Biocarta and KEGG 

pathway, respectively (P<0.001) (Table 3 and 4). Some 
of these pathways were consistent with biological 
processes already revealed by GO analysis. MAPK Sig- 
naling Pathway, EGF Signaling Pathway, HIV-I Nef- 
negative effector of Fas and TNF in Biocarta and Path- 
ways in cancer, Metabolic pathways, MAPK signaling 
pathway in KEGG were highly enriched (Figure 6A and 
6B). The functional identity of the target genes, as 
revealed by different bioinformatic approaches con- 
firmed that miRNAs may have important implications for 
osteoclatogenesis through their effects on signaling 
pathways. Erk1Erk2 Mapk Signaling pathway, p38 MAPK 
Signaling Pathway and Angiotensin II mediated activa- 
tion of JNK Pathway via Pyk2 dependent signaling are 
statically significant as well (Figure 6A). Furthermore, in 
our prediction, T cell receptor signaling pathway, Toll-like 
receptor signaling pathway and B cell receptor signal- 
ing pathway are as well statistically significant (Figure 
6B). 

http://sas.ebioservice.com/bioinfoplug_molnetpathwaygene.showframe.do?projectid=defaultdb&db=biocarta&recordid=75499014&loginid=BH12461&pathwayid=m_erkPathway&gene=26395,Map2k1;19279,Ptprr;20662,Sos1&pathwayname=Erk1Erk2+Mapk+Signaling+pathway&pictureext=gif�
http://sas.ebioservice.com/bioinfoplug_molnetpathwaygene.showframe.do?projectid=defaultdb&db=biocarta&recordid=75499014&loginid=BH12461&pathwayid=m_p38mapkPathway&gene=26398,Map2k4;26401,Map3k1;26408,Map3k5;17187,Max&pathwayname=p38+MAPK+Signaling+Pathway&pictureext=gif�
http://sas.ebioservice.com/bioinfoplug_molnetpathwaygene.showframe.do?projectid=defaultdb&db=biocarta&recordid=75499014&loginid=BH12461&pathwayid=m_p38mapkPathway&gene=26398,Map2k4;26401,Map3k1;26408,Map3k5;17187,Max&pathwayname=p38+MAPK+Signaling+Pathway&pictureext=gif�
http://sas.ebioservice.com/bioinfoplug_molnetpathwaygene.showframe.do?projectid=defaultdb&db=biocarta&recordid=75499014&loginid=BH12461&pathwayid=m_p38mapkPathway&gene=26398,Map2k4;26401,Map3k1;26408,Map3k5;17187,Max&pathwayname=p38+MAPK+Signaling+Pathway&pictureext=gif�
http://sas.ebioservice.com/bioinfoplug_molnetpathwaygene.showframe.do?projectid=defaultdb&db=biocarta&recordid=75499014&loginid=BH12461&pathwayid=m_At1rPathway&gene=26395,Map2k1;26398,Map2k4;26401,Map3k1;20662,Sos1&pathwayname=Angiotensin+II+mediated+activation+of+JNK+Pathway+via+Pyk2+dependent+signaling&pictureext=gif�
http://sas.ebioservice.com/bioinfoplug_molnetpathwaygene.showframe.do?projectid=defaultdb&db=biocarta&recordid=75499014&loginid=BH12461&pathwayid=m_At1rPathway&gene=26395,Map2k1;26398,Map2k4;26401,Map3k1;20662,Sos1&pathwayname=Angiotensin+II+mediated+activation+of+JNK+Pathway+via+Pyk2+dependent+signaling&pictureext=gif�
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Figure 5 Gene Ontology analysis of target genes of 21 differential miRNAs (P<0.01). Bar graphs showed –log2(P value) of each GO term. A: Molecular 
Function category of GO classification. B: Cellular component category of GO classification. 



                                  Bo Gao et al. 
  

www.boneresearch.org | Bone Research 

179 

Table 3 Enriched Biocarta pathways involving target genes of 21 differential miRNAs (P<0.01).  

Pathway DB Name Hits Total Percent/% Enrichment test P value 

Biocarta MAPKinase Signaling Pathway 10 77 12.99 0 
Biocarta EGF Signaling Pathway 6 26 23.08 0 
Biocarta HIV-I Nef_ negative effector of Fas and TNF 6 51 11.76 0 
Biocarta PDGF Signaling Pathway 6 25 24.00 0 
Biocarta Role of ERBB2 in Signal Transduction and Oncology 6 21 28.57 0 
Biocarta Cell Cycle_ G1S Check Point 5 26 19.23 0 
Biocarta Signaling of Hepatocyte Growth Factor Receptor 5 33 15.15 0 
Biocarta T Cell Receptor Signaling Pathway 5 35 14.29 0 
Biocarta TNFR1 Signaling Pathway 5 28 17.86 0 
Biocarta Angiotensin II mediated activation of JNK 

Pathway via Pyk2 dependent signaling 

4 27 14.81 0 

Biocarta Cyclins and Cell Cycle Regulation 4 23 17.39 0 
Biocarta FAS signaling pathway ( CD95 ) 4 28 14.29 0 
Biocarta Inhibition of Cellular Proliferation by Gleevec 4 20 20.00 0 
Biocarta Links between Pyk2 and Map Kinases 4 25 16.00 0 
Biocarta Fc Epsilon Receptor I Signaling in Mast Cells 4 30 13.33 1.00×10-4 

Biocarta Keratinocyte Differentiation 4 37 10.81 1.00×10-4 
Biocarta p38 MAPK Signaling Pathway 4 31 12.90 1.00×10-4 
Biocarta Catabolic Pathways for Arginine , Histidine, 

Glutamate, Glutamine, and Proline 

3 5 60.00 0 

Biocarta Overview of telomerase RNA component gene 
hTerc Transcriptional Regulation 

3 6 50.00 0 

Biocarta Human Cytomegalovirus and Map Kinase 
Pathways 

3 14 21.43 1.00×10-4 

Biocarta RB Tumor Suppressor/Checkpoint Signaling in 
response to DNA damage 

3 13 23.08 1.00×10-4 

Biocarta p53 Signaling Pathway 3 16 18.75 2.00×10-4 
Biocarta Sprouty regulation of tyrosine kinase signals 3 15 20.00 2.00×10-4 
Biocarta TGF beta signaling pathway 3 15 20.00 2.00×10-4 
Biocarta AKT Signaling Pathway 3 18 16.67 3.00×10-4 
Biocarta IGF-1 Signaling Pathway 3 19 15.79 3.00×10-4 
Biocarta Insulin Signaling Pathway 3 20 15.00 3.00×10-4 
Biocarta Multiple antiapoptotic pathways from IGF-1R 

signaling lead to BAD phosphorylation 

3 18 16.67 3.00×10-4 

Biocarta PTEN dependent cell cycle arrest and apoptosis 3 19 15.79 3.00×10-4 
Biocarta Regulation of eIF4e and p70 S6 Kinase 3 19 15.79 3.00×10-4 
Biocarta TPO Signaling Pathway 3 20 15.00 3.00×10-4 
Biocarta Cell Cycle_ G2M Checkpoint 3 21 14.29 4.00×10-4 
Biocarta Ceramide Signaling Pathway 3 21 14.29 4.00×10-4 
Biocarta IL 2 signaling pathway 3 21 14.29 4.00×10-4 
Biocarta mTOR Signaling Pathway 3 21 14.29 4.00×10-4 
Biocarta Growth Hormone Signaling Pathway 3 23 13.04 5.00×10-4 
Biocarta Influence of Ras and Rho proteins on G1 to S 

Transition 

3 24 12.50 6.00×10-4 

Biocarta TNF/Stress Related Signaling 3 24 12.50 6.00×10-4 
Biocarta WNT Signaling Pathway 3 25 12.00 6.00×10-4 
Biocarta BCR Signaling Pathway 3 26 11.54 7.00×10-4 
Biocarta Erk1Erk2 Mapk Signaling pathway 3 28 10.71 9.00×10-4 
Biocarta Pelp1 Modulation of Estrogen Receptor Activity 2 6 33.33 1.00×10-3 

Hits: the count of target genes involved in the pathway. Total: the total gene count of the pathway. Percent: the ratio of Hits to Total. 
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Table 4 Enriched KEGG pathways involving target genes of 21 differential miRNAs (P<0.01). 

Pathway DB Name Hits Total Percent/% Enrichment test P value 

Kegg Pathways in cancer - Mus musculus (mouse) 33 343 9.62 0 
Kegg Metabolic pathways - Mus musculus (mouse) 30 1 273 2.36 0 
Kegg MAPK signaling pathway - Mus musculus (mouse) 27 284 9.51 0 
Kegg Focal adhesion - Mus musculus (mouse) 14 207 6.76 0 
Kegg Neurotrophin signaling pathway - Mus musculus (mouse) 13 144 9.03 0 
Kegg Prostate cancer - Mus musculus (mouse) 13 94 13.83 0 
Kegg Regulation of actin cytoskeleton - Mus musculus (mouse) 13 228 5.70 0 
Kegg Calcium signaling pathway - Mus musculus (mouse) 12 204 5.88 0 
Kegg Chemokine signaling pathway - Mus musculus (mouse) 12 203 5.91 0 
Kegg Chronic myeloid leukemia - Mus musculus (mouse) 11 83 13.25 0 
Kegg ErbB signaling pathway - Mus musculus (mouse) 11 93 11.83 0 
Kegg Cell cycle - Mus musculus (mouse) 10 140 7.14 0 
Kegg Endocytosis - Mus musculus (mouse) 10 240 4.17 0 
Kegg Melanoma - Mus musculus (mouse) 10 77 12.99 0 
Kegg Oocyte meiosis - Mus musculus (mouse) 10 128 7.81 0 
Kegg Pancreatic cancer - Mus musculus (mouse) 10 75 13.33 0 
Kegg Renal cell carcinoma - Mus musculus (mouse) 10 75 13.33 0 
Kegg Small cell lung cancer - Mus musculus (mouse) 10 94 10.64 0 
Kegg Endometrial cancer - Mus musculus (mouse) 9 56 16.07 0 
Kegg Glioma - Mus musculus (mouse) 9 74 12.16 0 
Kegg GnRH signaling pathway - Mus musculus (mouse) 9 103 8.74 0 
Kegg Insulin signaling pathway - Mus musculus (mouse) 9 146 6.16 0 
Kegg Non-small cell lung cancer - Mus musculus (mouse) 9 58 15.52 0 
Kegg Acute myeloid leukemia - Mus musculus (mouse) 8 61 13.11 0 
Kegg Bladder cancer - Mus musculus (mouse) 8 44 18.18 0 
Kegg Gap junction - Mus musculus (mouse) 8 95 8.42 0 
Kegg Jak-STAT signaling pathway - Mus musculus (mouse) 8 160 5.00 0 
Kegg Wnt signaling pathway - Mus musculus (mouse) 8 162 4.94 0 
Kegg Fc epsilon RI signaling pathway - Mus musculus (mouse) 7 85 8.24 0 
Kegg Melanogenesis - Mus musculus (mouse) 7 106 6.60 0 
Kegg mTOR signaling pathway - Mus musculus (mouse) 7 56 12.50 0 
Kegg Phosphatidylinositol signaling system - Mus musculus (mouse) 7 79 8.86 0 
Kegg Progesterone-mediated oocyte maturation - Mus musculus (mouse) 7 91 7.69 0 
Kegg T cell receptor signaling pathway - Mus musculus (mouse) 7 132 5.30 0 
Kegg Toll-like receptor signaling pathway - Mus musculus (mouse) 7 104 6.73 0 
Kegg VEGF signaling pathway - Mus musculus (mouse) 7 80 8.75 0 
Kegg Colorectal cancer - Mus musculus (mouse) 6 74 8.11 0 
Kegg Dilated cardiomyopathy - Mus musculus (mouse) 6 94 6.38 0 
Kegg Notch signaling pathway - Mus musculus (mouse) 6 58 10.34 0 
Kegg Fc gamma R-mediated phagocytosis - Mus musculus (mouse) 6 105 5.71 1.00×10-4 
Kegg Tight junction - Mus musculus (mouse) 6 144 4.17 3.00×10-4 
Kegg Vascular smooth muscle contraction - Mus musculus (mouse) 6 143 4.20 3.00×10-4 
Kegg Ubiquitin mediated proteolysis - Mus musculus (mouse) 6 151 3.97 4.00×10-4 
Kegg Basal cell carcinoma - Mus musculus (mouse) 5 56 8.93 0 
Kegg Dorso-ventral axis formation - Mus musculus (mouse) 5 22 22.73 0 
Kegg Hedgehog signaling pathway - Mus musculus (mouse) 5 55 9.09 0 
Kegg Inositol phosphate metabolism - Mus musculus (mouse) 5 55 9.09 0 
Kegg Amyotrophic lateral sclerosis (ALS) - Mus musculus (mouse) 5 70 7.14 1.00×10-4 
Kegg p53 signaling pathway - Mus musculus (mouse) 5 76 6.58 1.00×10-4 
Kegg B cell receptor signaling pathway - Mus musculus (mouse) 5 85 5.88 2.00×10-4 
Kegg TGF-beta signaling pathway - Mus musculus (mouse) 5 92 5.43 3.00×10-4 
Kegg Thyroid cancer - Mus musculus (mouse) 4 31 12.90 1.00×10-4 
Kegg N-Glycan biosynthesis - Mus musculus (mouse) 4 46 8.70 2.00×10-4 
Kegg D-Glutamine and D-glutamate metabolism - Mus musculus (mouse) 2 3 66.67 4.00×10-4 
Hits: the count of target genes involved in the pathway. Total: the total gene count of the pathway. Percent: the ratio of Hits to Total. 
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Figure 6 Pathway analysis. Pathways overrepresented and associated with apical periodontitis were shown. The number of each pie’s every section 
represented the count of target genes involved in the pathway. A: Pathways from Biocarta database. B: Pathways from KEGG database. 
 
Discussion 
 
Apical periodontitis is characterized by inflammation 
and elevated osteoclastic activity. Alveolar bone loss 
surrounding the tooth root is result of disease in some 
intractable cases and the prognosis could be negative 
even with periodically endodontic follow-up (40). Re- 
cent studies indicated that miRNAs are involved in 
chronic inflammatory diseases, such as arthritis and peri- 
odontitis (41-44). With apparently different etiology and 
clinical features, the involvement of microRNAs in apical 
periodontitis and the underlying mechanism remained 
unexplored. In this present study, microarray analysis is 
applied to screen and compare differentially expressed 
miRNAs in rat apical periodontitis. Our results might contri- 
bute to the identification of regulatory factors involved 
in apical periodontitis and inflammation.  

Regardless of etiology, diseases with bone loss always 
represents enhanced bone resorption relative to for- 
mation, hence the progress in understanding the patho- 
genesis and successful treatment of this family of 
diseases requires an understanding of osteoclast biology. 
Bone resorption is a multistep process initiated by the 
proliferation of immature osteoclast precursors, the 
commitment of these cells to the osteoclast phenotype, 
and finally, degradation of the organic and inorganic 
phases of bone by the mature resorptive cells (45). Each 
stage of osteoclast differentiation requires regulatory 

factors, that also serve as markers of osteoclast function, 
and bone resorbing activity (46-48), and could be 
regulated by microRNAs through the specific targeting 
with the protein-coding gene mRNAs. 

According to microarray analysis, a total of 49 (P<0.05) 
and 21 (P<0.01) miRNAs were differentially expressed in 
apical periodontitis. In order to validate the microarray 
result, we selected 5 differentially expressed miRNAs for 
qRT-PCR assay. These microRNAs are predicted to be 
targeting on osteoclastogenesis associated genes. The 
Correlation Analysis was performed for the similarities 
and differences in miRNA expression profiles between 
groups. Although significant variance was observed 
between the apical periodontitis groups and the control 
groups, it also showed a difference between sample 3 
and the other 3 samples in apical periodontitis group. 
The variability of the different samples indicated that the 
miRNA expression profiles may vary between individuals. 

In conventional gene expression data analysis, en- 
richment analysis of differentially expressed genes has 
been successfully utilized to explore the underlying sig- 
naling pathways and genes. Target genes of the 21 
differentially expressed miRNAs (P<0.01) were mapped 
to gene function databases, and the collected 374 
putative target genes were performed in the GO (Gene 
Ontology) and pathway analysis. 

GO terms of positive regulation of nitrogen compound 
metabolic process and positive regulation of develop- 
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mental process are overrepresented. Terms of positive 
regulation of macromolecule biosynthetic process, trans- 
membrane receptor protein tyrosine kinase signaling 
pathway and phosphate metabolic process associated 
with osteoclastogenesis were statistically significant 
changed as well (Figure 2B). Inducible nitric oxide 
synthase (iNOS) is well known for the contribution to 
osteoclast activity and alveolar bone loss. Nitric oxide 
(NO) mediates adaptive bone formation, protects 
osteocytes against apoptosis and mediates osteoclastic 
activity (49-51). GO results enlightened the role of miRNA 
in regulating nitrogen compound related genes and 
furthermore, in regulating bone destruction and remold- 
ing. Macromolecule synthesis is the main housekeeping 
function of immune cells (52). Macromolecule mole- 
cules participate in inducing expression of the pro- 
inflammatory cytokines (53). These cytokines, such as 
TNF-α, IL-1β, IL-6, IL-17 etc, have been demonstrated to 
promote osteoclast differentiation and function either 
directly or indirectly, by acting on cells of the osteoclast- 
lineage or by acting on other cell types to regulate 
expression of the key osteoclastogenic factor receptor 
activator of nuclear factor kappaB ligand (RANKL) 
and/or its inhibitor osteoprotegerin (OPG) (54-55). 

Among the panels of target genes fall into GO sub- 
categories of transmembrane receptor protein tyrosine 
kinase signaling pathway and phosphate metabolic 
process, the most notable is CSF1R. CSF1R (also termed 
c-Fms) is recognizable for CSF1, which is more widely 
known as M-CSF. The biological effects of M-CSF are 
mediated by CSF1R (56) and supports survival and 
proliferation of myeloid progenitors and promotes 
generation of osteoclast precursors that express RANK 
receptor, and thus are competent to differentiate into 
osteoclasts in response to RANKL recognization (57). 

The GO analysis result is in line with our knowledge that 
apical periodontitits is the outcome of confront of stimuli 
and host reaction that is the activation of immune 
system and breakdown of the balance between osteo- 
genesis and osteoclastogenesis inclined to enhanced 
osteoclast activity. To further analyze the downstream 
biological mechanism, pathway analysis was performed. 
The results of KEGG and Biocarta pathway analysis were 
in accordance with the GO analysis. Most of the genes 
targeted by significantly changed miRNAs were enrich- 
ed in several signaling pathways, including MAPK signal- 
ing pathway. 

It is well known that RANKL, in conjunction with M-CSF, 
play a pivotal role both in adaptive immunity and osteo- 
clastogenesis, and thus provides firm molecular evidence 
to interconnect immune and skeletal systems. RANKL 
and RANK are members of the tumor necrosis factor 

(TNF) and TNF receptor superfamilies, respectively. 
Clinical studies indicated that inflammatory lesions of 
bone are characterized by abundant osteoclast pro- 
liferation and TNF is a potent osteoclastogenic agent 
which appears to mediate orthopedic implant loosen- 
ing, a disorder accompanied by local secretion of TNF 
(58). Microbial lipopolysaccharide, which is likely to be 
an important pathogenetic factor in the alveolar bone 
loss seen in apical periodontitis, plays a critical role in 
stimulating the development of host immune reactions 
and causing severe tissue destruction (59). RANKL 
activates the receptor RANK in a trimeric symmetric 
complex with TRAF6. MAPKs (mainly including ERK, JNK 
and p38 MAPK) are located at the downstream of the 
TRAF6 signalling complexes, and they play an important 
role in RANKL-induced osteoclastogenesis by triggering 
a cascade reaction and up-regulating expressions of 
essential transcription factors c-Fos, MITF, PU.1 and 
NFATc1 (60-61).  

From the expression level, target prediction, and 
functional analysis, the most promising miRNA appeared 
to be miR-130a. The potential target genes of miR-130a 
include TNFSF11 and CSF1. TNFSF11 is the gene that 
encodes the TNF family cytokine, RANKL (62). CSF1, or 
M-CSF, as one of the essential genes required for osteo- 
clastognesis, is of crucial importance for the proliferation 
and survival of the osteoclast precursor cells. CSF1 parti- 
cipates in the later differentiation stage of osteoclasto- 
genesis through activating Akt, c-Fos and ERK pathways 
that may interact with RANKL signals (2, 63-64). Taking 
these results into account, it is reasonable to assume 
that the downregulation of miR-130a in apical periodon- 
titis may increase the expression of TNFSF11 and CSF1, 
subsequently activating MAPK signaling pathway and 
thus promoting osteoclastic differentiation in alveolar 
progenitors. Future studies to validate the function and 
mechanism of miR-130a in osteoclastogenesis of alveo- 
lar bone marrow cells are warranted. 

Due to the cherry-picking study of the microRNAs, so 
far there are only a few miRNAs known to contribute to 
osteoclast lineage commitment. Other than the global 
intervention of microRNA machinery, miR-155 (65), miR- 
146a (66), and miR-223 (28, 67) were identified to be 
related with osteoclastogenesis. miRNAs were identified 
in periodontitis gingiva as well (68). Nevertheless, a lack 
of systemic analysis of microRNAs involvement in apical 
periodontitis is obvious. 

In this study, we used microarray analysis to identify 
differentially expressed miRNAs during apical periodon- 
titis. Bioinformatics technology provided us insight into 
the potential biological effects and showed particular 
enrichment of target genes involved in the MAPK 
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signaling pathways. These findings may shed light on the 
regulatory mechanisms underlying apical periodontitis 
and may open new avenues for future research into the 
etiology, mechanism and treatment of apical periodon- 
titis. The role of certain miRNAs in apical periodontitis is 
currently being further investigated. 
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