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Abstract

Background: Previous studies demonstrated tmaicroRNA-92a (miR-92g may
serve a® novelpromising biomarker in colorectal cand@RC) patients However, a
comprehensive analysis of the contribution of fARin CRCis lacking.We aimed
to systematically summarize the diagnostic and prognosticsafueiR-92ain CRC,
Methods: The diagnostic and prognostic roles of individual miR92a and the

combination biomarkers based on riRa were evaluated througtomprehensive


mailto:szzhuyaqun@sina.com

metaanalygs. Meanwhile,the function and potentiahechanisma of miR92a were
assessed bgnintegrative bioinformaticanalysis.

Results: According to the resultsye found that miR92ayieldeda pooled area under
ROC curve (AUC) of B2 (sensitivity: 76% specificity: 75%) in discriminating CRC
from controls Notably, the combination biomarketsased on mif2aincreased the
diagnostic performancsjelding an AUC of 1, with a sensitivity of 83% and a
specificity of &%. For the prognostic metanalysis, patients with highexpression
of miR-92a had significant shorter overall survivgpooled HR: 2.30; 95% CI:
1.03-5.12). In addition,the regulatedgenesof miR-92awere retrievedand enriched
through gene ontology and pathway analysisgicating their correlatiors with the
initiation and progressionf CRC. Furthermore proteiri proteininteraction network
was set up with miM®2a targets andceeened fothub nodesand significant modules
which were cofirmed strondy involved inthe occurrence and developmesftCRC
again.

Conclusions: Current evidences suggestR-92ais a promisingoiomarker for early
detection andprognosis of CRC while miRNA combination biomarkers may be
considered as the right way for clinical practie®wever,more prospectivestudies

arerequiredto highlight the theoretical strengths.

Background

Colorectal cacer (CRC) isone ofthe mostcommonly diagnosed malignanciead
leading causeof cancer related deathll over the world 1]. CRCwith an early stage
of development is more likely to be treategccessfullywith better prognosis than
those locallyadvanced stagel?]. Currenty, the gold standard method foearly
detection of CRAs mainly based oncolonoscopyand biopsy however,the wide
applicationof this method habeenlimited because oits invasive nature and the high
cost Otherstrategesemployedto early detect CRG@ncluding computed tomography

imagingtechniques, fecal occdittiood testing (FOBT) and some molecular markers



such as carcinoembryonic antigen (CERAye not beewidely useddue to the wide
detectable range, low sensitivity asgecificity [3, 4]. As a result the majority of
patientscould only be diagnosedccuratéy in locally advanced stagesd CRCwhen
the survivaloutcomes are pooConsequenyl an urgent need exists to identify simple
and morereliable biomarkersfor the early diagnosi®f CRC. In addition, new
prognostic methods fa@@RCare also irurgent needio improve treatmengtrategies

Promisindy, the discovery of microRNAdas opened new opportunities of a
norrinvasive testfor the early detection and survival predictionof cancer.
MicroRNAs (miRNAs), which are class of small noncodii@NA moleculeg18i 25
nucleotides),have a greatregulatory role over the expression ofost human
proteincoding genesat the postranscriptional leve[5]. During the past decades
accumulating evidences hawemonstrated thamiRNAs play vital rolesin the
regulation of developmental, physiological and oncogenic processes of various
cancerdncluding cell growth, differentiationapoptosis, invasion, and metastd$is
A number ofstudies have shown that profiles of miRNA expressiliffer between
tumorasso@@ted samples anchormal controls Meanwhile, miRNAs exhibitedan
outstandingstability in body fluids and resistance agairmtiling, pH changes
extended storage time, and repeated frélea® cycles[7]. Those studies have
revealed thatmiRNAs may be sensitive and informativdiomarkers for cancer
diagnosis, prognosis and therapeutic effida}y

Emerging as one of the mospromising miRNA biomarkers, microRNA-92a
(miR-9238 has been extensively explorég plenty studiesin a variety of cancers
Previously, there have been an increasing number of studies regardaagréiation
of miR-92awith colorectaltumorigenesignd the modulation of the clinical course of
the diseas§9]. Meanwhile, several groups of researches have studiediahprostic
power of miR-92a in CRC, suggesting it may be a promising biomarker for
distinguishing CRC patientdrom healthycontrols[10]. In addition,recentevidence

has indicated that higimiR-92a expression promoteSRC progression and predicts



poor prognosis of CRC patienf41]. Therefore, niR-92a may be the promising
substratein not only early detection of CRC but alsoredicingp at i ent sé out co
However,the clinical applicability of the identifiechiR-92aas biomarkers o€RCis
still limited due to theinconsistent resultemong different studiesMoreover, the
potentialmolecularmechanism of miF®2a intheinitiation and progressioof CRCis
still not very clearfor thecurrentinsufficient knowledge.

Therefore, in the present study, st carried outa comprehensive metanalysis
to overcome the limitation of single study aedobtain a better understanding of the
clinical feasibility ofmiR-92a as excelleriiomarkerin thediagnosis, recurrence and
prognosisof CRC. In contrast to traditional biomarketudieswith an isolated and
static mode addicted &inglemolecule we also investigated the role obmbination
biomarkers based omiR-92a in CRC Moreover, we performed anntegrative
bioinformatics analysido assess the biological rel®f miR-92a atthe systems

biology level.
Materials and methods

Publication searchstrategy

All relevant articleswere searchedvia severalelectronic databases includif®MC
databaseEmbase, Cochrane Library, and Web of Science databases (up to @®gust

2018) by wusing the foll ow2@RyAnNs-BRRAROR h t er ms
Ami ROIZ0), (Arectal o OR Arectumo O& A iAcol ono
(Aca®OR@tr & nARAMN e 0 p ODRB amar cqd. Meamdile, the references

of included articles and relevant published repoartse manuallyexamined for all

relevant studies

Eligibility criteria

The studies qualified to be includdthd to meet thefollowing criteria: (1) they

studiedthe associatios betweemmiR-92a andCRC, (2) theyrepored diagnostic test

and survival data (3) they made alefinitive diagnosis of CR®y using the gold

standargd (4) they direcly providead true positive (TP), false positive (FP), false



negative (FN),and true negative (TN) for diagnostic metaalysis or hazardatio
(HR) and their95% confidence intervals (Cldpr prognostic metanalysisor they
providedadequate data which can be usedaiculat these statistics
Thestudieswereexcluded if {) theywereobviously notassociated witlour topic;
(2) they were dplicate publications(3) they publishedn the forns of reviews case
reports letters, editorialsor expert opinions(4) theywerenonEnglisharticles or (5)
they providednsufficientdata for furthercalculation
Data extraction
Two reviewers Pengand Sher, independentlycollected data from théncluded
studieswith standardized forms anahy disagreemenivas resolved by consulting
with a third investigatorThe following data characteristics weggtractedfor each
includedstudies firsta u t h o r ;@ablicatiannyegrcountry of publicationstudy
population samplesourcestumor stage deedion method;diagnostic data including
sensitivity,specificity, true positive (TP), false positive (FP), faisgative (FN)true
negative (TN)andarea under ROC curve (AUOPrognostic data including HR and
theircorrespondin@5%Cls.
Quality assessment
The quality of the diagnostistudy wasassessed by followintie quality assessment
of diagnostic accuracy studies 2 (QUADAY [12]. For prognostic studiesthe
guality wasevaluatedisingthe guidelines of # NewcastleOttawa Scal¢13].
Statistical analysisfor meta-analysis
For the diagnostic metanalyses the overall diagnostipower of miR-92a and
miR-92arelated combination markewere assessedising thenumbersof patients
with TP, FP, FN, and TN test resulstrieveddirectly from the includedstudes or
through recalculation based on sensitivity asgecificity along with other data
collectedfrom each eligible studyThe bivariate metanalysismodel was used to
evaluate thepooled parametersncluding sensitivity, specificity, positive likelihood

ratio (PLR), negative likelihoodatio (NLR), and diagnostic odds ratio (DORM].



Based orthe sensitivity and specificitgf eacheligible study the summary receiver
operator characteristic (SROC) curwas set upand calculatedthe corresponding
area underit to quantify the diagnostic powel5]. The Spearman correlation
coefficient wasapplied to assesscutoff threshold effects between sensitivityda
specificity.

For theprognhostic metaanalysesthe pooled impact ahiR-92aexpression orthe
survival of CRC was evaluated usit¢Rs with their corresponding 95% Cdirectly
exactedfrom eachstudy orobtained from KaplaMeier survival curves witlthe
method previously introduced by Tierney et[db]. A randomeffect model was
appliedto calculate the pmed HRsif significant heterogeneityexists otherwise, a
fixed effect model waadopted

Heterogeneity of the pooled results was
at P < 0. 05)?statistid (rahbing fyom r0% dos100%A low p-value
(00.05) and high 4 value (50%) suggest presence beterogeneity[17]. The
potential sources of heterogeneityvere explored by performing subgroup,
metaregression,and sensitivity analysegl8]. De e k s 6 plét wasnseldctedo
estimatethe potential publication bias of thencluded studieq19]. P<0.05 was
considered statistically significant.

The statistical analyses wemenductedvith Meta-DiSc andSTATA 12.0 stastical
software
Integrative functional analysis of miR-92a
An integrativefunctional analysis wasarried out to investigate the role of méRa
in the initiation and progression of CRO'he target genes of th@miR-92a were
integraed with the targetinformation validatedby biological experimeng collected
from miRTarBase which is a comprehensively annotated, experimentally validated
miRNA-target interactions database in the field of miRNA related res¢a@thin
this study, # the targetgenesof miR-92awere mapped to the online tool Database

for Annotation, Visualization and Integrated Discovery (DAVID) and enriched to



conductthe Gene ontology (GO) andyoto encyclopedia of genes and genomes
(KEGG) pathway analysd21-23]. P-value < 0.05 andenecountO2 werechosen as
the cutoff.

PPI network analysisof miR-92a targets

To evaluatethe interactions among the targgenesof miR-923 we retrieved the
proteinproteininteraction(PP)) information byuploadingthem to the Search Tool for
the Retrieval of Interacting Genes (STRING) dataljagk The PPInetworkwas set

up based onhe PPI data with the combinestore > 0.4and visualized with the
powerful tool Cytoscape. Network analysis warformedto identify the key hub
gene with three different methods includindegree centralitycloseness centrality
andbetweenness centrality basedtbe plugin CytoNCAin the set up networkn
addition, nodule analysis was applied to screen the significant modules active in the
network wth the plugin Molecular Complex Detection (MCODE) of Cytoscape.
Finally, functional enrichment wasarried outwith the screenechub nodes and the
genes involved in thedentified modules. Value of P < 0.05was considered to

represent statistical sigriince

Results

Study selection

The initial search from the selectBérature databases and other sources resulted in
the inclusionof 1122 articles.As shown n the selection proces#or the literature
(Figure 1), after careful exclusion of inappropriate ones in each gtemrticles
including 11 studies[25-35] for miR-92a aloneand 10 articles includingl2 studes

[26, 27, 29, 30, 32, 34-38] for miR-92arelated combination markershat met the
inclusion norm were finally enrolled for the evidence synthé&sisthe diagnostic
metaanalyss while three publications involvilg three studies were includeth the
prognostic metanalysis that evaluated the survival prediction role of r8iRa in
CRC [11, 29, 39. In addition, mly one study assessed the roles of 18R and

miR-92arelatedcombination markeri the ecurrencerediction of CRJ40].



Demographic characteristicsof included studies

Twelve studies with955 patientsand 721 healthy controlsevaluatedthe diagnostic
value of miR-92a alone for CRC. Among them, here were five studieassessing
serum miR923 five studiesinvestigatingplasmamiR-92a andone studyinvolving
stoolmiR-92a The includedstudieswereconductedn Europe(n=2), EastAsian (n=8)
and Africa (n=1). The included publications forassessag miR-92arelated
combination markersnvolved 1404 patients andl307 controlsin detectingCRC.
Sample sourcewere classifiedas plasma (), serum (n¥) and feces (n2). Most

of the studies focused on Asian population while only study concentrated on
CaucasianAnd for the prognostic studies, they were all carried out in Asian, of which
one evaluated serum mi#2a and two assessed tissue f8R.In the present study,
guantitativereattime polymerase chain reaction (JRCR)assaywas used irall the
studiesfor detectingthe expression level of miB2a and the related combination
markers.Moreover, asessments of the quality these studiesevealedthat overall
they were of moderate to high qualifyhe mainfeatures of all the included studies
arelisted inTable 1, Table 2andTable 3, respectivéy.

Diagnostic value ofmiR-92ain CRC

As shown in thd=igure 2A, the pooled sensitivity and specificity were 0.76 (95%Cl,
0.64i 0.86) and 075 (0.670.83), respectively.The canbined DOR wasl0 6-17),
which means thapatientwho wasidentified positive for CRC with a high level of
miR-92ahad a 16fold higher chance dfuffeing from CRCin factthan peoplevith

a negative CRC resullhe pooled PLR and NLR, whicire considered to be more
comprehensivand steady diagnostic values of screening teg&rs also calculateid
predict the diagnostipowerof miR-92awith the pooled results &.1 (2.4-4.1) and
0.31 (0.21-0.47), respectivelyAt last, he SROCcurve Figure 3A) was plottedand
the area under the curve was(8.79i 0.85), suggestingniR-92a has a relatively
high diagnostic performance @RC.

However, significant heterogeneityasfoundas the Q value wak2331 (P < 0.001)



and|? value was91.89% (95% C188.37i 95.41) for sensitivitywhile the Q value was
44.91(P < 0.001) and’lvaluewas77.73% (95% C164.92i 90.54) for specificity.

In order toexclude theheterogeneitycaused by théhreshold effectwe used the
Spearman tegb estimatehe correlation coefficient and Rue between the logit of
sensitivity and logit of dspecificity. According to the results, the Spearman
correlation coefficient was0.68 with the P valueof 0.47 (P >0.05), revealingthat
there was no heterogeneggneratingrom threshold effect.

Then, subgroup analys was carried outto explore the possible sources of
heterogeneityfrom nonthreshold effect(Table 4). Subgroup analysis based on
differentsample sourcesf miR-92asuggested thaterum miR92aindicatedsuperior
diagnostic propertis Figure 3C) thanplasma(Figure 3B), with sensitivity of 0.78
versus 0.75, specificity of B8 versus 074, and AUC 0f0.83 versus 0.8, suggesting
that serumis a better matriXor miR-92a detection.Among theelevenstudies, ten
measurd the miRNA assayn circulatingsamplesTherefore subgroup analysis was
alsoconductedoy circulating sampledn total the pooled sensitivity, specificity, and
AUC of circulating miR92a were 077 (0.630.87, 0.76 (0.66-0.84), and 0.3
(0.79-0.86). Since Asian populations were more often studied in the included studies,
thus subgroup analysisvas performed, showing theensitivity of 0.73 (0.57-0.85),
specificityof 0.78 (0.70-0.85), and AUCof 0.83(0.76-0.86).

Metaregression analysiwas also applied to search theterogeneitysourcesWe
consideredoublication yeargethnicity sample size and sample souroay result in
the heterogeneity.However, It was revealedfrom the results of etaregression
analysighatnone ofcovariategshe may havecontributed to the heterogeneity.

Sensitivity analys wasthen carried ouin order toassesshe impactof individual
studes with estimates differing from the summaggtimates on the overall results.
Goodnessof fit and bivariate normalityanalyses Kigure 4a, b) implied that the
bivariate randomeffects model was robust for the matzalysis. There was one

deviated stug that mayovershadovihe robustness dhe metaanalysisbased on the



influence analysis and outlidetection Figure 4c, d). After removingit, the F value
for heterogeneityof sensitivity and specificitydroppedfrom 91.89 to 78.85% and
from 77.73t0 69.67%, respectivelyNevertheless, thergere only minimal changes in
the pooled estimatex sensitivity (0.5 vs. 080), specificity (075vs. 073), PLR (31
vs.2.9), NLR (0.31 vs. 028), DOR (10 vs11), and AUC (0.2 vs. 083) between the
overall analysis witrand without outlierswhich meantthere was high robustness in
our metaanalysis.

The publication bias isonsideredto be another influent factor tohe diagnosis
accuracyln orderbassesp ubl i cati on bi as, geimtedllse6 f unnel
funnel plotsshowedno symmetry Figure 5A) for all includedstudieswith a Pvalue
of 0.16, indicatingno publication bias exist among these included studies
Diagnostic value ofmiR-92arelated combination markersin CRC
The pooledesults indicatedniR-92arelated combination markesensitivity 0f0.83
(95%Cl, 0.78-0.87), specificity of 0.87 (0.80-0.92), DOR of 33 (17-66). The forest
plots of sensitivityand specificity were plotted aFigure 2B. Meanwhile,the pooled
dataexhibited a PLR 0f6.5 (4.1-:10.5 and an NLR 0f0.20 (0.15-0.27). The AUC
under theSROC curve was 091 (0.880.93, indicating relatively high predictive
power.Comparedwith miR-92a alonemiR-92arelated combination markechieved
a higher levebf diagnostigpower, with sensitivityof 0.83 vs. 076, specificityof 0.87
vs. 075, and AUC of ®1vs. 082

Despite of the promsing results,the conclusions wer@lso overshadowed by
obvious heterogeneitgs the Q value was7543 (P < 0.01) and?l was 84.09%
(76.43-91.75) for sensitivity, while the Q value wad7178 (P < 0.01) and?lwas
93.01% (90.36-95.67) for specificity.

Therefore, ve also evaluate@vhether there was any threshold effedth statistical
significanceand the results revealethat this was not theasesincethe Spearman
correlation coefficient was 86 with P valueof 0.13.

Subsequently, we carried ostibgroup analysi® explore the potential sources of



heterogeneity(Table 4). Similarly, for the subgroups ofample sourcesthe
serumbasedmiR-92aassays exhibit a better performanceptasmabasedmiR-92a
assays, withhe sensitivity of 0.8 versus 078, the specificity of ®1 versus 0.8 and
the AUC of 093 versus 0.8 (Figure 6). As a whole,the combination biomarkers
based on mi®2a incirculating samplesexhibitedthe diagnostic sensitivity of 84
(0.78-0.89), the specificity of 089 (0.84-0.93) and the AUC of 0.93 (0.90-0.95).
Notably, we found thathe number of theniRNA combinatiors may exert impaston
the resultsit was revealed from the results tltaimbination biomarkers wittarger
number ofmiRNA combinations (>2)nay show a highetevel of overall accuracy
compared with biomarkers with two combinatioffsgure 6). Among thethirteen
studiestwelve studies detected the mi#Raexpression in Asiapopulations. Hence,
subgroup analysis was alsonductedoy Asian populations. The poolegnsitivity,
specificity,and AUC were @4 (0.78-0.88), 0.83 (0.81-0.93), and 092 (0.89-0.94).

Next, we further attempted to explain théeterogeneity by exploring study
characteristics, that ipublication yearethnicity,sample sizesample sourganumber
of combinatios through metaegressioranalyses, and fountthat the heterogeneity
maybe caused bygample source amtimber of combinatian

Then sensitivity analysis was alsmnductedto investigatethe robustness of our
study. Goodness ofit and bivariate normality analyseorfirmed that theselected
analysismodel was robust for the calculatiad the pooled estimase(Figure 7).
Moreover, t revealed that single studyid not drive our findingsWith one outlier
study excluded, the? of sensitivity decreased fron84.09 to 79.34 % and that of
specificityincreasedrom 93.01 to 93.11 %. However no remarkable variatigrwere
observedn thepooled estimategrable 4), which did notobviouslyaffectthe overall
results,ndicating thabbur metaanalysiswas robust

Finally, the funnel plotof the diagnostic metanalyss of miR-92arelated
combination markerwas shown in Figure 5B. Funnel plot test indicated no

significantpublication bias in this study=0.23).



Recurrence prediction role of miR-92a and the related combination
markers in CRC

Only one studyevaluated the prediction role ofiR-92a and the related combination
markersin the eecurrenceof CRC. In the studymiR-92 could discriminaterecurred
patientsfrom nonrecurredstage 1l CRC patientswith 66.76 sensitivity 85.8%
specificity and the AUC of 0.786 Prospectivelythe related combination markers
(miR-92, miR-17, miR21 andmiR-29g enhancedhe diagnostipowerfor stage |l
patients yielding an AUC of 0.881, witla sensitivity of 83.3% and a specificity of
85.7% (p < 0.05).

Prognostic role ofmiR-92a in CRC

A total of three studiesvith 440 patients assessed the impact of Al expression
on the survival outcome of CRO'he pooled HR wa&.30 (95% CI,1.03/5.12, P =
0.042 for theincludedstudiesyevealingthat higher miR92aexpression level predic
poorer OS for patientsith CRC.

Sincethe studies enrolled in the analysi®ere limited,further analysis could not be
carriedout including subgroup, metaegressionand sensitivity analyseMeanwhile,
due tothe limited number of the included studies, it is difficultascertainvhether
publication bias exists or not the prognosticmetaanalysis
Integrative functional analysisresults of miR-92a
The above results indicated that m8Ra may be a excellent biomarker in the
diagnosis and prognosis of CRC. Then, an integrative functional analysis was
performed to explain why mHR2a could possess such qualitiess a promising
biomarker forCRC. Supposng that the genes regulated bgiR-92a mayalso take
part in the CRC occurrenceand developmensince miR92a could predict the
initiation and progressionf CRC, functional enrichmentanalyss including GO and
KEGG pathwayanalysis were carried out based on the target genes e®@2aR

The GO analysisvas enrichedinto three different levels includindpiological

processes (BREell component (CCandmolecular function (MF)In this study, we



mainly concentrated on thep ten significantly enriched terms for-depth analyses
(Figure 8A). At the BP level, most enriched GO terms were mainly linked with the
transcription translation nucleartranscribed mMRNA catabolic processid rRNA
processingwhich are highly assoded with theestablisiment and development of
CRC. At the CC level, the miR®2atargets were most enriched with the hallmarks of
a cell including nucleoplasm cytosol nucleus and nucleus which have been
identified ascritical areas with a major impact d¢ime tumorigenesisAt the MF level,
most significant terms were closely relevanthe birding function includingpoly(A)
RNA binding protein binding RNA binding and chromatin binding which also
influence thecarcinogenesighrough disturbing the binding function of important
molecules

Pathway enrichment analysmsay further revealthe biological function and the
potential mechanisms of theniR-92a A total of 34 pathways were significantly
enriched anglotted at Figure 8B. The top enriched K&G terms indicated several
pathways related tthe occurrenceand development dERC namelyribosome cell
cycle, RNA transport RNA degradationFoxO signaling pathwayproteoglycans in
cancer pathways in cancepliceosome biosynthesis of amino acidp53 signaling
pathway proteasomgPI3K-Akt signaling pathwayetc.

The functional enrichment analysis agreed well withidantificationof miR-92a
as biomarker of CR@ndrevealedhe potential mechanisms involved in th&iation
and progressionf CRC.

PPI network construction andanalysisof miR-92a targets

To betterunderstand the internal contact and interactions among the ¢gngesof
miR-92a the PPI network wasonstructechased orthe genegeneinteractiondata
screenedrom the STRINGdatabase. Byploadingl750target genes of miHR2ato
STRING, a PPI network waslentified and visualizedwvith the Cytoscape platform
softwareconsisting 0f1237 nodes with statistical significance. Netwgokrameters

such asdegree centrality, closeness centrality and betweenness cent#éut the



ability of network nodego influence othes and the nodesossessg higher power
areespeciallyindispensable for the stabilization of the netwdrkthe present study,
we first respectivelyscreenedhe network nodes by using the three methods and then
identified thetop 10, top 20 and top 3&y hub nodes of the PPI network for nriRa

by intersecing them.The network analysis results were plotteéigure 9.

Functional erichmentwas performed to explore the function of these key hub
nodes.As a result, the top 10 hub nodes were associated wefititycle PI3K-Akt
signaling pathwayand p53 signaling pathwayThe top 20 hub nodes were highly
involved in @ll cycle PI3K-Akt signaling pathwaypathways in cancep53 signaling
pathway Wnt signaling pathway colorectal cancer microRNAs in cancerand
TGFbeta signaling pathwayhe top 30 hub nodes were mainly relatedeib @ycle
PI3K-Akt signaling pathway pathway in cancer microRNAs in cancer AMPK
signaling pathwayFoxO signaling pathwagndp53 signaling pathway

Next, the top threesignificant network modukewereidentified from theabovePPI
network with the MCODE packagdgFigure 10). According to KEGG pathway
enrichment analysis, the geniagolved in the significant modusef the PPInetwork
were mainly related toibosome liceosome RNA transport mRNA surveillance
pathway proteasome cell cycle FoxO signaling pathwaypathways in cancer
proteqgglycans in cancePI3K-Akt signaling pathwaymicroRNAs in cancerHIF-1
signaling pathway AMPK signaling pathway p53 signaling pathwayand Ras

signaling pathway

Discussion

Over the decadesccumulaing researchs haverevealedthe possibility of miRNAs
as noninvasive biomarkers for CRC screeningeatmen and survivaloutcome
prediction,but the prediction performanchas been inconsisteramongthese studies
and the specific miRNAs were not confirmeis one of the mosstuded miRNAs,

miR-92ahasgaineda greater focus adttentionas itcan not onlyplay important roles

in early detection of CRC but algor edi ct p at However,mast obthesec o me



studies included only small study populations and their conclusions aiem
inconclusive caused bysample sizescancerstatuses, sample sources, meagur
methods, and otheuncontrolled factorsThe inconsistent findings promateis to
carry outthis comprehensive and #p-datestudyto draw a complete overview of all
reported clinical studies investigating thalue of miR-92a expression onthe
diagnosis angbrognosis of CRC patientdeanwhile,the current study was the first
systematic evaluation of the literatures exploring thesraf combination biomarkers
based on mi2ain CRC. Finally, an integraed bioinformatics analysisat the
systems biology levelvas performed to evaluatbe functionof miR-92a and to
explain the reasomvhy it could possesssuch perfect biomarkercharateristics of
CRC.

As a result miR-92a discriminated CRatients from healthy controls and
achieveda summary 76% (95%CI: 64%-86%) sensitivity and75% (67%i 83%)
specificitywith an AUC of 082 (0.79-0.85), indicatingits moderatediagnosispower
of CRC as noninvasive detectionCompared with the star biomarker
carcinoembryonic antigefCEA), which has been tHest tumormarker proposedor
CRCwith the overall sensitivityranging from43%to 69% miR-92ahas gprominent
advantage oveit for early detectingCRC. It must be noted that treamplesources
may influence the diagnostigerformance based on thabgroup analysislt was
indicated that ®frumbased miR-92a assaysachievel significantly higher overall
diagnostic accuracy thgplasmabased miR92a assayswhich was onsistentwith
previous metanalyseghat indicated serum miRNAad stronger performance for
distinguishing CRC patienfsom healthycontrols tharthat in plasma

Nowadays,extensiveefforts have beespentin searcing cancer biomarkerfor
diagnosis, prognosias well astreatment responsé&leverthelessmost attention on
cancer biomarkensas beenaddicted to single or limited moleculdss is well known
canceris a highly complex and heterogeneous disease, thetiewaty processs of

carcinogenesiand progressionontribute not by the malfunction of single molecules



but their synergistic behavior in the netwowkccording to our previous study,
combination biomarkerswere considered to outperform individual molées in
disease characterizati¢pal, 42]. Therefore, asystematic evaluation of élpublished
studieswas performed taexplore the values of combination biomarkers based on
miR-92a in CRC As a result, it isindicated thatmiR-92arelated combination
biomarkerexhibit a strong performance distinguishCRC patients from healthy
peoplewith the sensitivity 083%, specificity of 87% and AUC of 0.91lt is worth
noting that miR92arelated combination marketsad superior diagnostic properties
than miR92a alone no matter in Asianpopulationbasedstudiesor in circulation
samplebasedstudies or in all enrolled studieSubgroup analysis wadsoperformed,
indicating thattwo more combinatiomiomarkers, anderumbased miR92aassays
exhibited higher diagnostigower thantwo combinationmarkers, anglasmabased
miR-92a assays, respévely. In brief combination biomarkers based on rfiRa
tend to be given moneliable diagnostic resulthencet is meaningfulto testmiRNA
combination biomarker® improvethe credibility of resultén clinical examination.

As is known to all,he main cause of treatment faildog CRC islocal recurrence
As a result,liere is a greateed to identify sensitive and specific biomarkers for early
prediction of local recurrencelt is worth noting that miFB2a has beera good
candidate as an acate novel biomarkeior predicting thaecurrenceof CRC. More
importantly, combination biomarkers based on 8ER further improve the
predictionaccuracyof local recurrence

The results of therognosticmetaanalyss indicatedthat the elevated levedf
miR-92a is indeed a poor prognostic biomarker for CRC in @®mpared with
patients with low miR92a expressionlevel, patients with an increased level of
miR-92aexpression had 230-fold higherrisk of poor OS However,the numbeiof
studies and sample sizes enrolled in pinegnosticanalysiswere limited, thus the
conclusion need further validation.

Theimpactsof miR-92aexpressioron CRC diagnosis andrognosis may be partly



caused by the biological functisof the miR-92a Thus, anntegraed bioinformatics
analysiswas conductetb investigatethe function of miR92aat the systems biology
level. The GO enrichedesults revealed that the target geokEmiR-92a were highly
related tosomeimportant biological processed theBP level, cell hallmarks &EC
level andthe binding functions such g@sotein binding RNA binding andchromatin
bindingat MF level.In addition, pathway enrichment analysis indicated that-@3&
targets weresignificantly involved in severalsignaling pathwayswhich hadclose
connections withthe initiation and progression dERC according to text mining in
PubMed For examplethe cell cycle pathwakias been critically reviewed by a large
amount of studiefor its pathogenesis malignant progessionof a variety ofhuman
cancers includingCRC because of itsmultifunctional rolesin cell growth,
inflammation, differentiation, apoptosis, and metastd4d{3. Accumulating new
evidence has identified ribosome signaling RNA transport signaling RNA
degradatiorsignaling spliceosomesignalingand poteasomesignalingas important
molecular determinantsfluencing cellular oncogenesis, genomic stability, DNA
damageaepair, and apoptosisoxO signalinggenerallyplaystumor suppressioroles
through promoting cell cycle arrest, apoptossstess resistance, and DNA repair in
cance cells, andthe abnormal activationof it may result in the physiological
alterationstowards arcinogenesi$44]. Emerging evidence supports the critical roles
of proteoglycans in canceignaling pathways capable cellular effectors important
for homeostasis and contributingdancer pathogenedid5]. Studies have convinced
PI3K-Akt signaling pathwayas the most frequently mutated network @RC and
aberrant activation of this pathway ishighly related totumorigenesis,cancer
progression, andreatmentresistanceg46]. AMPK signaling pathwayis a master
regulator of eergy homeostasigssociated withthe regulation of a number of
physiological processethat acts to limit the growth of cancer cell47]. The
inhibition of AMPK signalingmay contributeto cancer cell growth and tumorigenesis

Recent new evidence gathered so far has indicatedNtttah signaling pathwais



dysregulated inCRC, impacts normakellular division and leads to cancand has
been correlated with progressiotymor grade and metastagjdg]. It is well
established thaf GFbeta signaling pathwayplays crucial and complex roles
variousbiological processesuch asell growth, differentiation, apoptosis, migration,
as well as cancer initiation and progresdi4]. Pathways in cancesignalingis an
important cancer related pathwashich contains the above witudiedsignaling
pathways playing synergistic effecin the initiation and progression QRC or other
cancers The functional bioinformatics analysisot only confirmed our studywas
convincible butelucidatd the potentialmechanisnof miR-92a in theestablishment
and development of CR&D that it could be promisingbiomarker for CRC

There were closeonnectios among the targets of mi#2a. As a result, a PPI
network analysis wa performed d further investigate the correlations among the
target genes omiR-92a. Through PPI network constructiokRgy hub genes were
identified In the presenstudy, it was indicatettom the functional enrichmemésults
that thescreenediubnodes regulated byniR-92aplayed important rolem a series of
CRCassociatedignaling pathway. Most of these pathways have been pronetdted
to theoccurrence and development ®RC by literature exploration abov&®espite
all this, it must be noted thgi53 signalingrepresents one of the most important and
extensively studied tumor suppressbss provoking transient or permanent growth
arrest, by enabling DNA repair, or by advancing cellular death progidmsberrant
activation @ this pathwayhas beertightly involved inthe initiation and progression
of almost all types of cancencluding CRC [50]. What® more,Wnt signaling a
hallmark of many cancgrhas most prominently been describedCRC for he role
in carcinogenesi$51]. The olorectal cancesignalingand mcroRNAs in cancer
signaling reflect the direct relationships amonkey miR-92a target genes and
establishmenand progressionf CRC.Moreover,the top three significant modules of
the RPI network were identified and enrichiedo several pathway$Ve also searched

the PubMed literatures for the associations of these pathwaySR@tmorigenesis



and the results indicated thapost ofthe enrichd pathways were involved iGRC
occurrence and development according to PubMed literature repaat$dition tothe
pathwaysmentiored aboveother pars have to describevere the HIF-1 signaling
pathwayand Ras signaling pathwayn recent yearsaccumuating new evidence
supports the concept th&tlF-1 signaling acts as a networking hub coordinating
activities of multiple signaling molecules influencing tumorigen¢s®. Besidesa
multitude of studies have contributed todaeper understandintpe role of Ras
signaling in colorectal carcinogenesigb3]. These resultsmight also provide a
possible explanation to thomarker roles of miF92a in CRC.

To some extent, heterogeneity may undermine thebiktya of the promising
results which was found in all parameters of diagnosis, including sensitivity,
specificity, PLR, NLR, and DORor diagnostic meanalyses for mif@2a alone and
combination biomarkers based on nfiRa Several common approaches were
applied to explore potential tezogeneity including Spearman testsubgroup,
metaregressionand sensitivity analyses Accor ding to the Spearnm
coefficient, no heterogeneity from the threshold effect was identifsedhgroup
analysisrevealedhatsamplesourcesnayexat impacts on theliagnosticaccuracyof
miR-92a and the related combination biokes Notably, we found that the number
of the miRNA combinations mainfluencethe results which may be the potential
source oheterogeneity

Consistentwith recentaccumulatingstudiesthat suggestedniR-92a as potential
predictors fothe diagnosis angrognosisof CRC our comprehensive analysis results
also indicated that miR-92a could be a perfect biomarker for CR8evertheless
severalpointsmustbe concernedbeforeits application to clinical practicéirst and
foremost moreeffortsshould be spent ireachinga consensuaboutstandard cudff
valug consistentletection and normalization methodéext,it was revealed frorour
results thatboth serummiR-92a and the related combination biomarkexsibited

superiordiagnostic propertiethan plasmaones suggesting that serum is a better



matrix for further detectionMoreover,it is worthnoting thatindividual miR-92awas
promising but not powerful enough to ensureearly detection while combination
markersbased on miF®2a substantiallyincreasedhe diagnostiqperformance The
combination of miR92aandother miRNAsmay bean aternativemethodto improve
the accuracyf diagnosisand to promote them intdinical practice As combination
biomarkers with larger number of miRNA combinations (>2) nesibit higher
diagnostic accuracthan miRNAbiomarkers with two combinationhus, an open
guestionremainswhich and howmany miRNAsshould be combined with miB2ato
increasehe diagnostic power.

There are severalital strengths from resultsur study First, we proved that
miR-92a may be an excellent biomarker in the diagnosis and prognosis of CRC
through acomprehensive analytiapproach Second,we digussedthe diagnostic
performanceof combination biomarkers based on r8Rafor the first time.lt was
proved that the combination of miR2a with other miRNAscould improve the
diagnostic powerwhich may provide new ideas foclinical practice In addition,
superior toprevious clinical studies that only described tfiagnosticvalue of
miR-92a but failed teelucidatethe reason whit possess suctharacteristis, we not
only performedquantitative analysis athe biomarkewalues in CRC but conducted
an integraed bioinformatics analysis tinvestigatethe function of miR92a at the
systems biologyevel.

Apart from the inspiring outcometjere are inevitable limitations in interpreting
our results To begin with,the mgority of the diagnostic testincluded healthy
participants as controlbut they were not blind in designwhich maylimit the
diagnosticpower Next, there wasa lack of detailed information abosbmestudy
characteristicsvith restrictions ordealing withall the datawvith a consistent manner
Moreover, the numbers of studied were inconsistent amatfferent races.
Accordingly, subgroup analysis could not be perforfoedll races whichmay cause

potential heterogeneity from ethnicityn addition, although we demonstrate



combination biomarkers based on rRa were mor@owerful than miR92aalone
in detectingCRC, which miRNAshould be combined with miB2afor enhancinghe
diagnosticperformance has not been decided Lestly, only few articles includd
the studyfor the prognostic metaanalysis and provided relevant data So it is
necessary to strengthéhe conclusiors by further validations in larg@rospective

studies.

Conclusion

Taken togetherour study comprehensivelyinvestigatedthe biomarker role of
miR-92a and the related combination biomarkers in CRC.ré\isaled thamiR-92a
may be a promising biomarkerin the diagnosis and prognosis GRC, while
combination biomarkers based on nfiRa provide a new alternate for clinical
applicationwith advantageoversinglemiR-92a Moreover, ntegraédbioinformatics
analysisrevealedthe function of miR92ain the initiation and progression cZRC.
Nonethelessmore prospective wellesigned studieare required talevelop better
diagnostic and prognostic mod&lgh higher discriminative capacity.
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Table 1 The main features of the included studies on individual miF92a in the diagnosis of CRC

Case Control Sample Methods AUC Sersitivity Specificity QUADAS
First author Year  Country Ethnicity
M F N Age M F N Age souce

Ng, EK 2009 China Asian NA NA 90 710 NA NA 50 690 Plasma RT-PCR 0.885 89% 70% 5
Huang, ZH 2010 China Asian 51 49 100 61.0 31 28 59 580 Plasma RT-PCR 0.838 84% 71% 3
Wu, CW 2012 China Asian 49 39 88 67.2 44 57 101 60.5 Feces RT-PCR 0.780 2% 73% 4
Giraldez, MD 2013 Spain Caucasian NA NA 21 72.5 11 9 20 60.6 Plasma RTPCR 0.857 95% 65% 4
Luo, XY 2013 Germany Caucasian 45 35 80 68.0 60 84 144 625 Plasma RTPCR 0.56L 68% 49% 4
Liu, GH 2013 China Asian 126 74 200 574 42 38 89 57.7 Serum RT-PCR 0.786 65% 82% 5
Du, ML 2014 China Asian 30 19 49 61.1 30 19 49 61.7 Plasma RT-PCR 0.533 18% 96% 4
Zheng, G 2014 China Asian 93 67 160 602 51 43 94 523 Serum RT-PCR 0.871 80% 80% 3
Elshafei, A 2017 Egypt Africa 46 18 64 51.4 17 10 27 46.4 Serum RT-PCR 0.844 84% 81% 4
Liu, HN 2018 China Asian 51 34 85 59.5 48 30 78 34.8 Serum RT-PCR 0.817 79% 72% 5
Fu, FF 2018 China Asian NA NA 18 60.0 5 5 10 60.0 Serum RT-PCR 0.845 89% 79% 4

M male, F female, N numbeXA not available, AUC area under the curve, QUADAS quality assessment of diagnostic accuracy studies



Table 2 The main features of the included studies on mif®2arelated combination markersin the diagnosis of CRC

First Case Control miRNA combinations Sample Methods AUC  Sersitivity Specificity QUADAS
Year  Country Ethnicity
author M F N Age M F N Age souce
Huang, ZH 2010 China Asian 51 49 100 610 31 28 59 580 miR-92a, miR29a Plasma RT-PCR 0.883 83% 85% 3
Wang, QF 2012 China Asian NA NA 90 NA NA NA 58 NA miR-92a, miR29a, miR760 Plasma RT-PCR 0.943 83% 93% 5
Wu, CW 2012 China Asian 49 39 88 67.2 44 57 101 60.5 miR-92a, miR21 Feces RT-PCR NA 82% 57% 4
Liu, GH 2013 China Asian 126 74 200 500 42 38 80 57.7 miR-92a, miR21 Serum RT-PCR 0.847 68% 91% 5
Luo, XY 2013 Germany Caucasian 45 35 80 68.0 60 84 144 62.5 miR-92a, miR18a, miR20a, miR21, Plasma RT-PCR 0.745 72% 75% 4
miR-29a, miR106b, miR133a,
miR-143, miR145, miR342-3p,
miR-532-3p, miR181b
Wang, J 2014 China Asian NA NA 30 55.0 NA NA 30 570 miR-92a, miR21, let7g, miR31, Serum RT-PCR 0.900 83% 97% 5
miR-181b, miR203
Wang, J 2014 China Asian NA NA 83 55.0 NA NA 59 570 miR-92a, miR21, let7g, miR31, Serum RT-PCR 0.923 96% 88% 5
miR-181b, miR203
Zheng, G 2014 China Asian 93 67 160 60.2 51 43 94 52.3 miR-92a, miR19a, miR223, miR422a  Serum RT-PCR 0.960 91% 89% 3
Zheng, G 2014  China Asian 68 49 117 56.3 59 43 102 52.8 miR-92a, miR19a, miR223, miR422a  Serum RT-PCR 0.951 84% 92% 3
Chang, PY 2016 China Asian 78 60 138 NA 199 110 309 NA miR-92a, miR223, Feces RT-PCR 0810 72% 80% 4
Chang, PY 2016 China Asian 116 99 215 NA 115 68 183 NA miR-92a, miR223, Plasma RT-PCR 0.7 76% 1% 4
Liu, HN 2018 China Asian 51 34 85 59.5 48 30 78 34.8 miR-92a, miR21, miR29a, miR125b Serum RT-PCR 0.952 85% 99% 5
Fu, FF 2018 China Asian NA NA 18 60.0 5 5 10 60.0 miR-92a, miR17 Serum RT-PCR 0910 91% 83% 4

M male, F female, N numbeXA not available, AUC area under the curve, QUADAS quaigessment of diagnostic accuracy studies



Table 3 The main features of the included studies on mif®2a in theprognosis of CRC

First Year Country Ethnicity  Male/ N Age TNM stage Sample Methods  Endpoints Follow-up Hazard ratio Scores
author female souce time

(months)
Liu, GH 2013 China Asian 126/74 200 50 1:18; 11:96; 11l:64; IV:22  Serum RT-PCR oS 36 4.36(1.6411.57) 7
Zhou, T 2013 China Asian 57/25 82 NA I/11:34; 1I/1V: 48 Tissue RT-PCR (O 60 2.951.49-5381) 9
Ke, TW 2015 China Asian 64/94 158 65 I/ 84; N/1V: 74 Tissue RT-PCR (O] 57.6 1.26(1.021.55) 8

N number, OS overall survival



Table 4. Pooled results of diagnostic accuracy of iR-92a and combination biomarkers in

gastric cancer

Analysis Number of studies Se(95%Cl) Sp(95%Cl) AUC(95%CI)
Individual Ethnicity

Asian 8 0.73 (057-0.85) 0.78(0.70-0.85) 0.83 (0.76-0.8)

Sample type
Plasma 5 0.75 (0.45-0.92) 0.74(052-0.88) 0.80 (052:0.88)
Serum 5 0.78(0.70-0.84) 0.78(0.72-0.83) 0.83 (0.80-0.86)
Circulating 10 0.77 (0.63-0.87) 0.76 (0.66-0.84) 0.83 (0.79-0.8)
Feces 1 0.18 0.96 0.53 (0.430.63)
Overall 12 0.76 (0.64-0.86) 0.75(0.67-0.83) 0.8 (0.79-0.85)
Outliers excluded 11 0.80(0.73-0.85) 0.73(0.66-0.79) 0.83(0.79-0.86)

Combination Ethnicity

Asian 12 0.84(0.78-0.88) 0.83 (0.81- 0.93) 0.92(0.89-0.99)

Sample type
Plasma 4 0.78(0.71-0.83) 0.81 (0.69- 0.89) 0.85(0.81-0.88)
Serum 7 0.87(0.79-092) 0.91(0.89- 0.94) 0.93(0.91-0.%)
Circulating 11 0.84(0.78-0.89) 0.89(0.84-0.93) 0.93(0.90-0.%)

miRNA number

2 6 0.77 (0.71-0.8) 0.78(0.67- 0.86) 0.82(0.79-0.85)
>2 7 0.86(0.80-0.91) 0.92(0.86- 0.95) 0.95(0.93-0.97)
Overall 13 0.83(0.78:0.87) 0.87 (0.80- 0.92) 091 (0.88-0.93)
Outliers excluded 12 0.81 (0.76-0.85) 0.87 (0.79- 0.92) 0.89(0.86-0.91)

Note: AUC, area under the curve; Snsitivity; Sp specificity, 95% Cl 95% confidence interval
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Figure 2 Forest plots of sensitivities and specificities from test accuracy studies in the
diagnosis ofCRC. A Forest plots of sensitivities and specificities miR-92aalone;

B forest plots of sensitivities and specificities for r8Rarelated combination
markers



Figure 3 The SROC curvesf miR-92ain the diagnosis oCRC. A SROC curve
overall including the outliers for mi#&2g B SROC curve for miFB2ain plasma
samples C SROC curve for miFB2ain serum sampled) SROC curve of outliers
exduded for miR-92a. SROC summary receiver operator characterisGRC

colorectal cancer



