
Vol.12No.1,Mar.2021 JournalofMeasurementScienceandInstrumentation 115

J.Meas.Sci.Instrum.,2021,12(1):115-119 http://xuebao.nuc.edu.cn
DOI:10.3969/j.issn.1674-8042.2021.01.015 jmsi@nuc.edu.cn

Detectionandanalysisofkneeosteoarthritisinmice
withgeneexpressionprofile
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Abstract:Whengeneexpressionprofileisusedforgenedetection,theprobeonthechipcanemitfluorescencewithdifferent
wavelengths.Undertheactionofconfocallaserscanner,acleargenechangeimagecanbeobtained,bywhichthegenechanges
ofthesampletobetestedcanbeobserveddirectly.First,thekneeosteoarthritis(KOA)modelsofmiceareestablishedbythe
methodofcollateralligamentandmeniscusresection(MLI-OA).Then,BushenHuoxueformulaisgivenbygavage,and
ribonucleicacid(RNA)isroutinelyextractedandpurified.Finally,thegeneexpressionchangesofKOAtissuesofmiceare
detectedbyAgilentSurePrintG3MouseGEV2.0geneexpressionprofile.TheresultsshowthatBushenHuoxueformulahas
significantregulationeffectongeneexpressionofKOAtissue.Amongthegeneswithsignificantup-regulationeffectofBushen
Huoxueformula,thereare56genesoftraditionalChinesemedicine(TCM)groupsup-regulatedmorethantwicecompared
withmodelgroups.Amongthegeneswithsignificantdown-regulationeffect,thereare119genesofTCMgroupsdown-
regulatedmorethantwicecomparedwithmodelgroups.TheexperimentalresultsindicatethatBushenHuoxueformulamay
promotethemetabolismofarthriticfactorsanddelaycartilagedegenerationtotreatKOAbyregulatinggenesthatarecurrently
unknowninthepathologicalprocessofKOA.
Keywords:geneexpressionprofile;BushenHuoxueformula;kneeosteoarthritis(KOA);genechip;mice

0 Introduction
 Osteoarthritis(OA)isthemostcommonjoint
diseaseinclinicalpractice.Itischaracterizedby
degenerationofarticularcartilagewithjointpain,
stiffness,anddeformity.Ithasbecomeahugesocial
problemcausingheavilyeconomicburden[1-2].Its
incidenceisextremelyhigh[3].Impropertreatment
oftenleadstoirreversiblejointdeformities[4],which
seriouslyaffectsthepatient’sabilitytoworkand
qualityoflife.Thenumberofpatientsundergoing
totalknee/hiparthroplasty(TKA/THA)duetoOA
hassteadilyincreased[5-6].Sofar,thereisstillalack
ofeffectivedrugs.Traditional Chinese medicine
(TCM)hasaccumulatedrichclinicalexperiencein
treatingOA.TCMcanoftenachievegoodeffectsin
relieving inflammation and improving clinical
symptoms such as edema and pain, but its
mechanismofactionhasnotbeenelucidated[7].In
ordertofurtherrevealtheinterventioneffectof
BushenHuoxueformulaonkneeOAinmice,weuse
AgilentsureprintG3mouseGev2.0geneexpression

profiletodetectthekneeOAjointtissueofmice.
First,totalribonucleicacid (RNA)isreverse-
transcribed into double-stranded complementary
desoxyribonucleicacid(cDNA),andthencRNA
labeled with Cyanine-3-CTP (Cy3 ) is
synthesized[8-10].ThelabeledcRNAishybridized
withthechip,andtheoriginalimageisobtainedby
scanning with AgilentScanner G2505C (agilent
technologies)afterelution.Finally,thedataare
read.By the up-regulated,down-regulated and
unchangedgeneimages,thegenechangescanbe
observedintuitivelyinthekneesamplesofmice[11].
Thus,wecangetthegeneraldistributionofthegene
regulationtargetsofBushen Huoxueformulafor
OA,whichisofgreatsignificanceforthefurther
studyofit[12].

1 Materialsandmethods
1.1 Experimentalanimals
 TwelvecleangrademaleC57BL/6mice,10weeks
old,withbodymass(22±3)g,areprovidedby
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ShanghaiSiLaikeexperimentalanimals.Placethe
miceinacleanlaboratoryatatemperatureof5℃-
15℃,feedthemwithstandardfeedandletthem
drinkwaternormally.Aftertwoweeksofadaptive
feedingin aclean animalroom,the miceare
randomlydividedintotwogroups:modelgroup
(MLI-OA)andBushenHuoxueformulatreatment
group(BSHXF),withsixmiceineachgroup.
1.2 CompositionandadministrationofBushen

Huoxueformula
 Hereisthecomposition of Bushen Huoxue
formula:Achyranthesbidentata,12g;Drynaria
Rhizoma,12g;Psoralea,10g;leech,5g;Caulis
Spatholobus,30g;Astragalusmembranaceus,24g;
Chuanxiong, 12g; Angelica, 24g; Radix
Rehmanniae,24g and Glycyrrhizae,9g. The
conventionalChinesemedicinedosageofmice(20g)
andhuman (60 kg)isconvertedaccordingto
“ExperimentalAnimalPharmacology”(conversion
factor:9.01),thereforetheconcentrationofthe
decoctionofBushenHuoxueformula(166g)taken
bythemiceis1.75g/ml.Takefivedosesofthe
above-mentionedtraditionalChinesemedicine,add
fivetimesofwater(4150ml),soakfor30min,boil
andcontinuetodecoctfor30minandthenfilterwith
sterilegauzetogetdecoction1.Theremaining
residueisaddedwithfivetimesofwater(4150ml)
andthenrepeattheabovestepstoobtaindecoction2.
Thedecoctions1and2are mixed,heatedand
concentratedtoobtain477mlofBushen Huoxue
formuladecoction.Thenitisstoredinrefrigeratorat
-80℃forstandby.

1.3 Modelingmethodandgrouping
 Twelve clean-grade male C57BL/6 mice are
randomlydividedintoMLI-OAgroupandBSHXF
group,withsixmiceineachgroup.Themodelis

establishedaccordingtotheOA modelofmeniscal
collateralligamentinjury(MLI-OA)[8-9].Fromthe
seconddayaftertheendofmodeling,BSHXFgroup
isgiventheconcentrateddecoctionofthetraditional
Chinesemedicinebygavagewiththedoseof0.2ml
permouse,whiletheMLI-OAgroupisgiventhe
samedoseof0.9%sodiumchloridesolutiononcea
dayfor12weeks.Themicearekilled12weeksafter
operation,andthekneejointtissuesareharvested.

1.4 RNAextractionandpurification
 ThetotalRNAofsynovialtissueisextractedby
theTrizolmethod,andthetotalRNAofthesample
is quantified by NanoDrop ND-2000 (Thermo
Scientific)andtheRNAintegrityistestedbyAgilent
Bioanalyzer2100 (Agilent Technologies).After
passingtheRNAqualityinspection,thelabelingof
thesample,thehybridizationofthechipandthe
elutionrefertothestandardprocessofthechip.

2 Detectionandanalysiswithgenechip
 ThemicroarrayisdetectedbyAgilentsureprintG3
mouseGev2.0(8×60K,designID:074809)gene
expressionprofileanditskitfromShanghaiOuyi
BiomedicalTechnologyCo.,Ltd.Itissummarized
asfollows:first,totalRNAisreverse-transcribed
intodouble-strandedcDNA,andthencRNAlabeled
with Cyanine-3-CTP (Cy3)issynthesized.The
labeledcRNAishybridizedwiththechip,andthe
originalimageisobtainedbyscanningwithAgilent
Scanner G2505C (Agilent Technologies)after
elution.Finally,thedataareread.(Theabovechip
detectionanddatareadingarecompletedbyShanghai
OuyiBiomedicalTechnologyCo.,Ltd.)

2.1 RNAqualitydetectionofspecimens
 TheRNAqualitydetectionresultsofkneejoint
specimensofmiceareshowninTable1.

Table1 RNAqualitydetectionresultsofkneejointspecimensofmice

Code
Sample
name

Concentration
(μg/μl)

A260/280 A260/230
Volume
(μl)

Totalmass
(μg)

2100

28S/18S RIN
Result

Fluorescent
label

CV(%) Result

1 C-g 1.7772 2.10 2.18 25 44.43 2.1 9.6 A cy3 4.23 pass

2 F-g 1.4115 2.13 1.88 25 35.29 2.1 9.3 A cy3 3.84 pass

3 EG-g 1.8236 2.10 2.15 25 45.59 1.6 9.1 A cy3 2.94 pass

4 A-i 1.5498 2.11 1.81 25 38.75 1.8 9.0 A cy3 2.45 pass

5 H-i 1.6383 2.11 1.87 25 40.96 1.7 9.5 A cy3 2.74 pass

6 AC-i 1.5575 2.12 1.92 25 38.94 1.8 9.6 A cy3 2.98 pass

 Over56000genesaredetectedandnoobvious
RNAdegradationoccurs.Accordingtothestatistic

results,thereare175differentiallyexpressedgenes
(DEGs)whosevariationsaremorethantwotimes,
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asshowninTable2,whichindicatesthattheeffect
ofBushenHuoxueformulaongeneexpressionprofile
ofkneejointin MLI-OA miceissignificantly
different.
 ItisnoteworthythatthereferenceindexforRNA
qualitydetectionisthatif2100RIN≥7.0,itis
qualifiedandif28S/18S≥0.7,itisqualified.
CV(%)represents the variation coefficient of
repetitiveprobe,andthesmallertheCV(%)value,
thehighertheexperimentalaccuracywillbe.C-g,F-
GandEG-garethesamplesoftheBSHXFtreatment
groupwhileA-i,H-iandAC-iarethesamplesfrom
theMLI-OAmodelgroup.
Table2 StatisticsresultsofgenevariatonsfromMLI-OAmodel
groupandBushenHuoxueformulatreatmentgroup
Experiment
group

MLI-OA
group

Up-regulated
genes

Down-regulated
genes

Total
genes

BSHXF Placebo 56 119 175

2.2 Datastandardizationandevaluation
 Tofurtheranalyzethegenevariation,thedetected
dataarenormalizedandtheresultsareshownin
Figs.1and2.

Fig.1 Intensityvaluesofspencimens

Fig.2 Scatteringchartofoveralldistributiontrendsoftwo
groupsofdata

 Fig.1showsthenormalizedintensityvaluesofthe
specimensandtheirbaselinesareatroughlythesame
level,thereforethedatahavehighconsistency.
Fig.2showstheoveralldistributiontrendsofthetwo
groupsofdata.Itcanbeseenthatthedistributions
ofthetwogroupsofdataareconcentrated.

2.3 Differentialgenescreening

 BeforescreeningDEGs,theprobedetectionis
performed,andthedifferencesignificancePvalue
obtainedbyTtestandthedifferencemultipleFold
changevalueofstandardizedsignalvalueareusedto
screen.ThestandardisthatFoldchange≥2.0andP
value≤0.05,andtheresultsareshowninFig.3.
Thegraydots(bottom)arethegeneswithPvalue
greaterthan0.05,lightgraydots(top)arethegenes
withFoldchangeabsolutevaluelessthan2andP
valuelessthanorequalto0.05.thedarkgraydots(
right)arethegeneswithFoldchangegreaterthanor
equalto2andPvaluelessthanorequalto0.05.
Theyaresignificantup-regulateddifferentialgenes.
Theblackdots(left)arethegeneswithFoldchange
lessthanorequalto-2andPvaluelessthanor
equalto0.05.Theyaresignificantlydown-regulated
differentialgenes.

Fig.3 Differentialscreeningofvolcanoplot

 Theenrichmentanalysisofgeneontology(GO)
and Kyoto encyclopedia of genes and genomes
(KEGG)pathwaysareperformed[13-16],asshownin
Table3.The GO canbedividedintobiological
process (BP),cellular component (CC)and
molecularfunction(MF).
 ItcanbeseenfromTable3thattheup-regulated
genesmainlyincludeChrm3;Foxa2;Pax6;Sorbs2;
Clic4;Il20ra;Trpm2;Neurog3,etc.andthedown-
regulatedgenesincludeCnga3;Tomm40;Trpc4;
Hcn4;Fxyd6;Nrsn2,etc.
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Table3 GOanalysisofDEGs

Gene
classification

Go
category

GoID
Numberof
genes

Genename Pvalues Genedescription

Up-regulated
genes

BP 6810 6
Nup160; Slc2a3; Agap1; Trpm2;
Clic4;Abca13

0.035635 Transport

BP 7219 3 Timp4;Sorbs2;Foxa2 0.000538 Notchsignalingpathway
BP 55085 3 Trpm2;Abca13;Slc2a3 0.018853 Transmembranetransport

CC 5886 10
Psd4;Npy1r;Il20ra;Sorbs2;Slc2a3
Sytl3;Ipcef1;Trpm2;Chrm3;Clic4

0.024782 Cytoplasmicmembrane

CC 5829 6
Npy1r;Agap1;Trpm2;Ipcef1;Fcor;
Clic4

0.016049 Cytosolic

CC 5578 3 Spock2;Timp4;Impg2 0.010146 Proteinextracellularmatrix

MF 1077 3 Pax6;Neurog3;Foxa2 0.006284

Transcription activator activity,
thespecificbindingofproximal
region sequence of RNA
polymeraseIIcorepromoter

MF 3690 3 Pax6;Neurog3;Foxa2 0.000786 Double-strandedDNAbinding
MF 19904 3 Ipcef1;Sorbs2;Foxa2 0.008051 Specificbindingofproteinregion

Down-regulated
genes

BP 6811 5
Cnga3; Tomm40; Trpc4; Hcn4;
Fxyd6

0.011692 Iontransport

BP 5085 4 Cnga3;Tomm40;Trpc4;Hcn4 0.015805 Transmembranetransport

BP 35023 2 Rasgrf1;Mcf2l 0.011228
RegulationofRhoproteinsignal
transduction,etc.

CC 43025 4 Cnga3;Nrsn2;Hcn4;Rasgrf1 0.028558 Bodyofneuron
CC 16323 3 Rasgrf1;Trpc4;Hcn4 0.008184 Basalplasmamembranes
CC 34704 1 Trpc4 0.040939 Calciumchannelcomplex
MF 5216 4 Cnga3;Trpc4;Hcn4;Fxyd6 0.000746 Ionchannelactivity

MF 5222 2 Cnga3;Hcn4 0.000368
Intracellular cAMP activated
cationchannelactivity

MF 5089 2 Rasgrf1;Mcf2l 0.011342 Nucleotideexchangefactoractivity

 Fig.4showsthegeneexpressionvariationofthe
specimensfromlowcolorscaletohighcolorscale.
Thehorizontalcoordinatesrepresentthespecimens
andtheverticalcoordinatesrepresenttheprobes.

Fig.4 EnrichmentanalysisofKEGGpathwayofgeneexpression

3 Conclusions
 AccordingtoGOanalysis,theup-regulatedgenes
includeChrm3,Foxa2,Clic4,Impegg2,Neurog2,
etc.Furtheranalysisrevealsthatmostofthegenes
focuson smooth musclesignalregulation.For
example,Foxa2geneisatypicaltranscriptionfactor

andischaracterizedbyapterygoidDNA binding
domain,which can simulate histone bindingto
nucleosometargetsenteingthenuclearchromatin,
thusachievingpositiveregulationofsmoothmuscle
signalingpathwayaswellasanatomicalstructure
formationandmorphogenesis,etc.Inconclusion,
the up-regulated and down-regulated genes are
mainly concentrated in smooth muscle,
transmembraneandintracellularregions.Theyare
closelyrelatedtotransmembraneandintracellular
signalingpathwayssuchascAMP,NotchandJak-
STAT. Gene regulation of smooth muscle
contractionsignalingpathwayisespeciallycommon.
BecauseBushenHuoxueformulamayberegulatethe
contractionoflymphaticsmooth muscle,promote
lymphaticcirculation,acceleratethemetabolismof
kneeosteoarthritisarthritisfactorsanddecompose
enzymestoalleviateOAbyregulatingrelatedgenes.
Therefore,thesmoothmusclesignalingpathwayis
verylikelytobeoneofthetargetsofBushenHuoxue
formulatoimproveOA.
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基因表达谱芯片用于小鼠膝关节炎组织的检测与分析

谭思航,石继祥,周 强,周军杰,郝胜坤,王文燕,庄伟康

(上海中医药大学 附属普陀医院,上海200062)

摘 要: 通过副韧带及半月板切除方法(MLI-OA)建立小鼠KOA模型,补肾活血方灌胃给药、常规抽提

和纯化RNA,采用AgilentSurePrintG3MouseGEV2.0基因表达谱芯片检测小鼠膝OA关节组织的基因

表达变化。检测结果显示补肾活血方对KOA组织基因表达具有明显调控作用:补肾活血方有明显上调作用

的基因中,中药组比模型组上调2倍以上的有56个;明显下调作用的基因中,中药组比模型组下调2倍以

上的有119个。研究结果表明补肾活血方可能通过调控目前在KOA病变过程中作用尚不明确的基因,促进

关节炎性因子代谢,延缓软骨退变,治疗骨关节炎的作用。
关键词: 基因表达谱检测;补肾活血方;膝关节炎;基因芯片;小鼠
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