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ABSTRACT

Obj ects. Recently, plasmamicroRNAs(miRNAS) emerging asnew potential
molecular biomarkers in various fields of research and have significant
effects in disease formation. In this study, we hypothesized that plasma
miRNAs may play an important role in maxillary deficiency (MD), and
would be excellent biomarkers for this disease. M ethods: Two cohorts
were examined in this study. Cohort one comprised three MD cases and
three controls with normal Class | occlusion. Cohort two comprised 31
cases and 31 controls. We first used a microarray assay to examine the
miRNA expression profilesin cohort one to identify candidate miRNAS.
Secondly, the candidate miRNAs were validated by qRT-PCR in cohort
two. Finally, ROC analysiswas performed to identify potential biomarkers
inMD diagnosis. Results: Themicroarray assay identified seven miRNAs
with a p-value < 0.05; in which those showing a fold change > 2 were
chosen as candidate disease biomarkers. At the validation stage, miR-
4505 was showing a satisfactory diagnostic capacity, with an AUC of
0.844 and sensitivity and specificity of 84.0% and 71.2%, respectively.
Conclusion: PlasmamiRNAS are associated with MD and may be useful
biomarkersfor MD early diagnosisand assistant in MD linical management.
© 2014 Trade ScienceInc. - INDIA
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INTRODUCTION

Maxillary deficiency (MD) isacommon dentofacid
mal occlus onwhose prevaencevariesfrom ethnicity. It
can betheresult of insufficient maxillary growth. Cur-
rent evidenceindicatesthat itismorecommoninindi-
viduasof Asian descent, affecting 10-23% of the popu-
lation*3. MD isafunctiona inconvenienceand patients
suffer from many problems, including difficultieswith
masti cation and pronunciation, and themgjority mani-

fest psychological symptoms. This phenotype of mal-
occlusionisclinicaly heterogeneous and can be asso-
ciated with several combinationsof skeletal and dental
variantg¥. Onecharacteristicof MD isthat it tendsto
becomeincreasingly seriouswith agewithregard to
both width and length of the affected ared>%. And treat-
ment of patient with MD remainsone of themost chal-
lenging problems. Functiond gppliancesand orthodontic
approchesarethe most common methodsused to treat
MD jaw discrepanciesin growing children, including
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appliances such aschincup, face mask and the Frénkel
functional regulator I11 gppliance. However, some se-
vere M D patientsmay till need orthognathic surgery
to correct inharmonious kel eton Situation™. Therefore,
anove biomarker, which may affect the devel opment
of maxillary, isrequired to hel p and support thefollow-
up clinical management of MD.

MiRNAsaresmall regulatory RNAscomprising
22-25 nucleotides, and play important rolesin regul at-
ing physi ol ogic and pathol ogic processesincluding cell
differentiation and cdll cycleprogressioni**, Thedis-
covery of miRNAsfunctionin cell biology hasgreatly
expanded our knowledgeregarding to geneexpression
regulation. Recently, miRNAshavebeen studiedina
variety of diseases, using miRNAarray and gRT-PCR
andysis, including chronic hepatitisB infection, liver cir-
rhosis, hepatocellular carcinoma, heart failure, and
breast cancer!'¢8, Moreimportantly, Let-7i-3p and
miR-595 wereidentified as potentia biomarkersfor
the devel opment of dentofacia deformity. However, no
miRNAs associated with MD have been identified up
to now. Theaims of the present study wereto deter-
mineif therewereany miRNAsdifferentidly expressed
inthe plasmaof MD patientsand further to examine
their potentid useasbiomarkerstoimprovedinicd treat-
ment.

MATERIALSAND METHODS

Sudy oversight

Both the protocolsand the written informed con-
sent (including therel ease of dental records) werere-
viewed and gpproved by theinstitutiona review board
at Tongji University. Informed consent to participatein
the study was obtai ned from each participant; consent
for minorswas obtained from parenta guardians.

Participants

The study participants were recruited from the
Orthodontic Department, Dental School, Tongji Uni-
versity. Three orthodontists eval uated 68 adults (39
ma esand 29 fema es) using cepha ometricradiographs,
combined with orthodontic study modelsor visual in-
gpection. Theparticipantsweredivided into two groups
according to their occlusion relationship; 50% (those
with M D) wererecruited to theexperiment group, while
the other 50% were used as healthy control swith nor-

mal Class| occlusion. The case group was comprised
of patientswithaClass|Il molar relationship: anANB
angle (Point A-Nas on-Point B) of thecentricjaw rdla
tionship < 0. 0 degrees?, a negative overjet, aWits
appraisal greater than -2. 0mm™%, Patientswith cran-
iofacial syndrome, physical diseases, endocrinological
disease, or congenita disorder wereexcluded fromthis
study. TABLE 1summarizedtheclinical characteristics
of the subjects.

TABLE 1: Clinical char acteristicsof the subjects

microarray gRT-PCR
MD (n=3) Ctrl(n=3) MD (n=31) Ctrl (n=31)
Age (years) 17.3+1.8 21.2+1.9 215822 23.2£3.2
ANB -3.21+1.56  3.96+3.15 -4.05+2.44 2.88+2.01
-4°<ANB<-2° 2 0 12 0
ANB<=-4° 1 0 19 0
Wits (mm) -5.22+2.24  0.12+1.25 -4.46+1.89 -0.09+2.24

MD, maxillary deficiency; Ctrl, control; ANB, anteroposterior
relationship of the maxilla and mandible; Wits (mm), length
of AO-BO distance.

Two cohortswereincluded in our analyses. Co-
hort one was comprised of three patients and three
unaffected individuals. Microarray hybridization was
performed to examinedifferencesinmiRNA expres-
sion profiles between the case and control groups.
Theremainingindividuals (31 casesand 31 controls)
comprised cohort two. Inthiscohort, quantitativereal -
time PCR(qRT-PCR) assayswere performed to verify
the candidate miRNAsidentified in cohort one.

Plasmapreparation and RNA isolation

Plasmawas collected into EDTA tubesand then
separated by centrifuging at 160009 for 10 min. The
supernatant plasma was recovered and stored at<-
80° Cintriplicateaiquotsuntil anaysis.

For theplasmasamples, totd RNAswereextracted
by using mirVanaPARISmMiRNA |solation kit accord-
ingtotheingtructionsfrom themanufacturer (Ambion,
Austin, TX). The concentration was quantified by
NanoDrop 1000 Spectrophotometer (NanoDrop Tech-
nologies, Watham, MA). A RNA samplewasexcluded
for furtherandysisif thetota amount of RNA from 400
ul of plasma was less than 100 ng.

PlasmamiRNAsexpression profiling
MiRNA arrary analysiswas performed in cohort
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oneusingtheAgilent human miRNA(8*60K) V19.0
kit (Agilent Technologies) according to the
manufacturer’s recommended protocols. This allowed
the detection of asmany as2006 human miRNAS, which
were recorded in the miRBase, from patient group.
Firstly, themiRNAswithin thetotal RNAswerela
bel ed usingamicroRNA Complete Labelingand Hyb
Kit (Cat#5190-0456, Agilent Technol ogies), accord-
ing to the manufacturer’s instructions. The isolated
RNAswerethen dephosphorylated and ligated to pCp-
Cy3. Next, the Complete Labeling and Hyb
Kit(Cat#5190-0456, Agilent technol ogies, SantaClara,
CA, US) wasusedin 100ng Cy3-labeled RNA ineach
sample. After hybridization, dideswerewashedin gan-
ing dishes(Cat#121, Thermo Shandon, Waltham, MA,
US) using a Gene Expression Wash Buffer
Kit(Cat#5188-5327, Agilent technol ogies, SantaClara,
CA, US).

Validation by quantification of plasmamiRNAs

QRT-PCR was performed to verify themicroarray
datain cohort oneusing TagMan MiRNA Assays(Ap-
plied Biosystems, Foster City, CA). SeventeenmiRNASs
wereidentified in this experiment and then were con-
firmed in cohort. RT was performed using TagMan
miRNA RT kitsaccording to themanufacturer’s instruc-
tionswith cDNA prepared fromtotad RNA and thefol-
lowing cycling conditions: 30 min at 16°C, 30 min at
42°C, 5 min at 85°C, and a hold at 4°C. qRT-PCR
amplification was performed using theABI 7900HT
fast system (A pplied Biosystems) with thefollowing
cycling conditions: 96°C for 5 min, followed by 50
cycles of 95°C for 15 s and 60°C for 1 min. Cycle
threshold values were determined using the
manufacturer’s software. The specific primers used for
real-time PCR were designed based on the mature
MiRNA sequences obtained from the miRBase data-
base (http://www. mirbase. org/). Each TagM an assay
wasperformedintriplicate.

Satistical methods

For microarray assay, the raw datawere normal -
ized using the Quantile a gorithm, Gene Spring Soft-
ware11. 0 (Agilent technologies, SantaClara, CA, US).
Themean signal generated by thebiological replicate
sampleswas used for clustering. GeneSpring GX10
software (Agilent Technologies, SantaClara, CA) was
used to analyze the normalized microarray data. The
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differentialy expressed miRNAsbetween thetwo group
were indentified using Mann-Whitney U test with
Benjamini-Hochberg correction. A > 1. 5-fold differ-
enceinexpression levelsbetween thetwo groupswas
used asthethreshold valueand ap-value< 0. 05 was
consdered sgnificant. Hierarchica dustering of thedif-
ferentially expressed miRNAswas performed using
Pearson’s correlation.

MiR-16, duetoitsreatively stableexpressonlevel
insera, was used as an endogenouscontrol to normal-
izedataas many other researchesdid, dthough, to data,
no perfect endogenous control hasbeen identified for
circulating miRNAS?Y. Therefore, theexpression lev-
elsof candidate miRNAswerenormalized to miR-16
inthe present sudy. Thenormdized ddtaCt (ACt) vaue
was cal cul ated according to the 24T method and rep-
resentstheexpression level of replicated miRNA. A
Student’s t-test was used to compare expression levels
between sampl es, and atwo-sided p-valueof <0. 05
wasregarded as statistically significant. Tofurther in-
vestigate the potentia ability of miRNAsto discrimi-
nate between the case and control groups, receiver
operating characteristic (ROC) curves were con-
structed. All statistical analyseswere performed using
SPSS (v. 16. 0) software.

RESULT

Microarray analysisfor candidatemiRNA

Wefirg used miRNAaray assay to compareplasma
miRNAsfromthreepatientsand threehed thy individu-
a's. We chose candidate miRNAsthat meet two crite-
ria (1) A CT values<35to enablereliable detection,
and (2) miRNA levelsshowing a>2fold difference be-
tween patientsand control groups?. Unsupervised hi-
erarchica clustering analysisdivided samplesintoMD
patientsand healthy controls, indicating that the differ-
entially expressed miRNAs could be used to clearly
separae M D patientsfromunaffectedindividuas. (Fg-
ureland Figure?2).

Seven miRNAs (fold change >2; p < 0. 05) were
differentially expressedin the plasmaof MD and con-
trol groups. Only one of these, hsa-miR-4505 (p < 0.
01, fold change = 6. 27), was up-regul ated, whereas
the others (hsaemiR-4281[p = 0. 03; fold change=00.
4], hsaemiR-4763-3p [p= 0. 02; fold change=0. 26],
hsa-miR-92a-3p [p=0. 02; fold change=0. 13], hsa-
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Figure 1 : Microarray assay of miRNAs differentially
expr essed in the plasma of peoplewith maxillary deficiency
(M D) and normal people. Hierarchica clustering of seven
MiRNASs expressed in all six samples. Rows, miRNAS;
columns, samples. Theband acrossthetop illustratesthe
relativeexpression level of amiRNA:red for high expression
and green for low expr ession.

. :
351 & |

[
3-
0
E?S ] |
?.} 1
L

g 10O
—
wn

e
.22l
[}

log2 (fold change )
Figure2: Analysisof microarray data. Graph shows-log,,
pvalueswith log3,fold changescal culated from spot replicate
medians.

miR-106b-5p [p = 0. 03; fold change = 0. 20], hsa-
miR-197-5p[p=0. 01, fold change=0. 18], and hsa-
miR-30d-5p [p = 0. 04; fold change = 0. 25]) were
down-regulated inthe M D group compared with the
controls(TABLE 2).

Evaluation of candidatemiRNAsby gRT-PCR

TABLE 2: Satistically different expression of miRNAsby
microarray assay in cohort one.

Fold
P-value
) change
mMiRNA (MDvs
(MDvs
normal)
normal)
up-regul ated hsa-miR-4505 0.003 6.3
down-regulated hsa-miR-4281 0.03 04
hsa-miR-4763-3p 0.02 0.26
hsa-miR-92a-3p 0.02 0.13
hsa-miR-106b-5p 0.03 0.20
hsa-miR-30d-5p 0.04 0.25
hsa-miR-197-5p 0.01 0.18

miRNAs with mean fold change >2 and the p-value<0.05 are
considered to be statistically significant in expression levels.
The seven miRNAs are collected to be validated by qRT-PCR.

Anindependent cohort of plasmasamplesinclud-
ing 31 MD patients and 31 healthy individuals, was
examinedtovdidatetheseven dgnificant miRNAsiden-
tified by themicroarray assay. QRT-PCR analysiswas
used to verify the seven candidate miRNAsin cohort
two, as predicted by the microarray data. The gRT-
PCR results were showing that three miRNAswere
significantly changed compared with the controlsand
all were up-regulated. Hsa-miR-4505 (p < 0. 0001,
fold change = 4. 5), hsaamiR-30d-5p (p = 0. 02; fold
change = 2. 1), and hsa-miR-4281 (p = 0. 04; fold
change = 3. 3) wereexpressed at higher levelsinMD
patientsthan in healthy controls. The concordanceand
discordance between themicroarray and gRT-PCR data
isillustratedin Figure 3.

Compared with theexpression profilesfor thecan-
didate miRNAsobserved in the microarry assay, the
gRT-PCR data for hsa-miR-4505 was consistent,
whereasthosefor hsa-miR-30d-5p and hsa-miR-4281
were contrary. Therefore, thesetwo miRNAswereex-
cluded from further analysis. The remaining three
miRNAswerea so excluded asthey did not reech sta
tisticd significance.

Correlation between miRNA expression profiles
and MD diagnosis

TheAUC (theareaunder theROC curve) method
isprevailing to be used to assessthe diagnostic accu-
racy and sensitivity of miRNAsfor human disease®.
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Figure3: Expresson patter nsof hsa-miR-4505(a), hsa-miR-
4281(b) and hsa-miR-30d-5p (c) in plasma of peoplewith M D
and normal people. L &ft two bar sof each panel show miRNA
levelsdetermined by miRNA micr oarray assay of threecases
of normal casesand three M D cases. Right two bar sshow
level of thesamemiRNA validated by qRT-PCR in two groups
(31 normal samplesand 31 M D cases).

Here, inthisstudy, to evaluatethe potentiaity of miR-
4505 asabiomarker for MD weperformed ROC andy-
sisinthe 62 case-control patients. Resultswere show-
ingthat itsAUC was0. 844 (95% ClI: 0. 786-0. 903),
with asengtivity and specificity of 84. 0% and 71. 2%,
respectively. Thus, miR-4505 wasfirst identified asa
potentia biomarker for distinguishing patientswithMD
from unaffected controls. TargetScan d gorithm presents
702 target genesfor miR-4505, three of them (PITX1,
PAX7, DLX3) areinvolving in modul ating the devel -
opment of dentofacial such asjaw boneand soft tis-
suesaround oral cavity!®2%, Their abnormal expres-
sion may resultinthe development of MD.

DISCUSSION
Recent studies show that plasmacontainsalarge

amount of miRNAsmolecules, which arederived from
varioustissuesand exhibit high stability against externd
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impactd®?l, Such plasma miRNAs are novel and
promising non-invasivebiomarkersfor avariety of dis-
eases, including cancer, infections, and congenital dis-
eases. Itisaso reported that mIRNAsregulatemultiple
stepsin osteogenesis, whichisthekey processin bone
growth. Here, our study isto reveal the association of
plasmamiRNAsand maxillary deficiency.

MD ismuch moredifficult to be conquered and
thereisahigh level of relapse after orthodontic in-
tervention. Aspreviously mentioned, it isdifficult to
draw up an early plan of treatment for skeletal MD.
Because young patientswith MD arestill growing
during the pubertal growth spurt. Many parents de-
cide to tackle the disease in their young children
through early treatment, which can avoid unneces-
sary expenditure in addition to psychological and
physica painfor thosechildren. Theaimsof thisstudy
wereto identify the MD early detection and man-
agement.

Withthe miRNA array, gRT-PCR, and the ROC
analyses, only miR-4505wasidentified can distinguish
theMD patient from hedlthy individuds. And miR-4505
isstablein plasma. Thereforewesuggest that miR-4505
might be asuitable biomarker for MD diagnosis. As
reported, miRNAsregulate many important biological
processes. Rodriguez et al.[? showed that miRNA-
155 playsakey roleinmaintaining the homeostas sand
functionsof immunesystem. MiR-1and miR-133were
investigated in cultured myoblastsin vitro, and were
comfirmed asparticipatinginmodulating skeletd musde
proliferation and differentiation®. However, no sudies
have € ucidated the mechanism(s) by which miR-4505
playsarolein cancer or other diseases. TargetScan
agorithm presents 702 target genesfor miR-4505, three
of them (PITX1, PAX7, DLX3) areinvolvingin modu-
lating the devel opment of dentofacid. Their abnormal
express on may haveassociation with thedevel opment
of MD. Taking theseinto consideration, it isnecessary
to further investigate the functions of miR-4505. We
can aso forecast the exact genesthat regulatethis pro-
cess. Futhermore, plamamiRNA may al so predict the
potentia growth of MD or severity. If miR-4505 can
be used to screenfor M D, unnecessary early treatment
may be avoided. Thisfindingscould beused to devise
asafe and acceptable method for MD, and further in-
vestigations about contribution of miR-4505to MD
etiology need to be carried out.
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Although miR-4505 showed excd lent fold-changes
in both microarray assay and qRT-PCR analysis, the
changewas muchlessinthelatter (4. 2-fold changein
gRT-PCR and 6. 3-fold changein microarray assay).
Thismay be dueto differencesin sensitivity and ma-
ni pul ation between the microarray platform and quanti-
tative platform. By contrast, hsa-miR-30d-5p and hsa-
miR-4281 showed sgnificantincreasesinthemicroarray
assay, but they appeared to bedown-regulated in the
gRT-PCR results. Herreraet d 1% and Fichtlscherer et
al .2 have reported similar contradictory results be-
fore. Thisislikely to bedueto the small sasmplesize
used in the present study. A limitation of the present
study isthat only three and 31 case-control pairswere
included intheidentification and validation cohorts, re-
spectively. Infurture, weintend to examine more cases
to overcomethe problems associated with small ex-
perimenta samples.

Asmentioned above, our study strongly demon-
strate that miR-4505 isapotential biomarker for the
growth of skeletal MD, and could also improveits
clinicd treatment efficiency. Theresultisapreludein
exploring novel mechanisms of miR-4505 target
genesaswell as possible convenient clinical thera-
pies.

CONCLUSION

1. Thepresent study providesnovel insightsinto the
expressionlevelsof plasmamiRNAsinMD, which
isachalenging condition for cliniciansin termsof
treatment. miR-4505 was significantly
overexpressed in M D patientscompared to healthy
controls.

2. ROC andysisshowed that theAUC for miR-4505
was0. 844 (95% CI: 0. 786-0. 903), with a sen-
sitivity and specificity of 84. 0% and 71. 2%, re-
spectively. Thissuggeststhat miR-4505 can beused
to discriminate M D patientsfrom unaffected indi-
viduds.
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