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Discoveryofsynergistickeyregulators
forcombinationtherapy

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchteamledbyProf．
GaoLin (高 琳)attheInstituteofComputationalBioinformatics,SchoolofComputerScienceand
Technology,Xidian University,developed a network controllabilityＧbased algorithm for denovo
identificationofsynergisticregulatorsascandidatesforcombinationtherapy,which waspublishedin
NatureCommunications(２０１９,１０:２１８０．DOI:https://doi．org/１０．１０３８/s４１４６７Ｇ０１９Ｇ１０２１５Ｇy)．

Complexdiseases,suchascancer,arisefrom multiplederegulatedpathways．Combinationtherapy,by
exertingeffectsonmorethanonepathogenicpathway,isaneffectivestrategytocombatdrugresistance
anddiseaseheterogeneity．Existingmethodsfordiscoveringcombinationtherapeutictargetsfocusedon
identifyingsynergisticcombinationsofexistingdrugs．However,targetsofexistingdrugsarelimitedtoa
smallgroupofproteins．Thus,alargenumberofgenesandtheircombinationsremainunexploredas
potentialcombinatorialtherapeutictargets．

Motivatedbythischallenge,GaosgroupdevelopedtheOptimalControlNode(OptiCon)algorithmfor
identifyingsynergistickeyregulatorsinadiseaseＧperturbedgeneregulatorynetwork．Byusinggene
expressionasaconstraintinthestandardnetworkcontrollabilityframework,OptiConfirstidentifiesaset
ofoptimalcontrolnodes (OCNs)askeyregulators．TheidentifiedOCNsexertmaximalcontrolover
deregulatedpathwaysbutminimalcontroloverthepathwaysthatarenotperturbedbythedisease．Next,
usingasynergyscorethatcombinesbothgeneticmutationandgenefunctionalinteractioninformation,
OptiConidentifiesasetofsynergisticOCNs,whichcanserveascandidatetargetsforcombinationtherapy．
Thepredictedsynergy wasvalidated by CRISPR/Cas９Ｇbased doubleknockoutgrowthassay．More
interestingly,theyfoundthatasignificantportionofgenesregulatedbysynergisticOCNsparticipatein
denseinteractionsbetweencoＧregulatedsubnetworksandcontributetotherapyresistance．Inabroader
sense,the OptiCon algorithm proposedinthe NatureCommunications paperrepresentsa general
frameworkforsystemicidentificationofsynergisticregulatorsunderlyingacellularstatetransition．

Figure　OverviewoftheOptiConalgorithm．


