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Abstract

Dietary supplementsemain a relatively underexploresource fordrug repumosing. A systematic approach to
soliciting responses from a large consumer populatioddsirableto speed up innovatioWe testeda workflow
that mines unexpected refits of dietary supplements framassive consumer reviews (nonexhaustive) list of
regular expressions was used to scregar 2 million reviews on healidind personal care productdhe matched
reviews were manually afyzed, andnesupplementiseasepair was linked to biological databases for enriching
the hypothesized associatiohhe regular expressionfound 169 candidate wews, of which 45.6% described
unexpected benefits of certain dietary supplemértie manal analysis showedome of thesupplementisease
associationdo benovel orin agreementvith evidence published later in thigerature. The hypothesis enrichment
was able to identify meaningfdlunction similarity between the supplement and the diseahe results
demonstratedalue ofthe workflowin identifying candidates for supplement repurposing

Introduction

For nore than a decadéhere has been fervent interest in drug repurpo@ngepositioning)due to theexpensive

and timeconsuming pocess of drug development. It was estimated that on average it takes 10 years and at least $1
billion to bring a drug to marketOn the other handijnding a new usefor an old drug hs advantages such as
shortened time in verifying toxicity and higher probability of government appr®eiowned examples include
sildenafil for erectile dysfunction and thalidomide for erythema nodosum leprdstenestingly, a reltively
overlooked teritory along this repurposinghovement is dietary supplemsnthich are widely available off the

shelf andmay offer great variety of functions

According toa 2015 survey by th€ouncilfor Responsible Nutrition (CRK)about 68% of Americansse dietary
supplementsAmong these supplement users, 69% said their doctor talked to them about the benefits of taking
supplementsAdditionally, most supplement users age8-34 (66%) anticipatan increased use over the next 5
years.Dietary supplemest come in diverse categories: minerals, vitamins, amino acids, enzymes, herbals and
botanicalsThese facts imply aextensive influence of dietary supplemeat®r populationhealthandwell justify

them as a rich source faliscoveringnovel repurposingandidates. In fact, there has bemgoing Osecondary
repurposing@ effortthat searches for analogues already repositionedchemicals (e.g., sildenaff) in dietary
supplements There are tremendous opportunities for informaticssystematicallyfacilitate the hypothesis
generatiorprocess

In our previous work of mining heaktelated issues ifi.3 million Amazon.comconsumer reviews we found that
about 40% of the reviews describeertainhealth benefit from using a gceryfood product The Amazon online
store is one of the largesttailers in the Unite®tates, with oveBOO million usersandnet saleof $136 billion (in
2016f. As of 2017 March 6, its umbersof supplements sold by categories were: 19,619 Multi & Prenatal
Vitamins, 16,048 (specific) Vitamins, 10,255 Minerals, 35,584nonherbal) Supplements, 42,519 Herbal
Supplements, and 12,370 Weight Lge®ducts Given the hugecollection of supplenms anduserbase, the
consumer feedbaakay actuallyserve as midealdatasourcefor automatedurveillance Currency is another merit

of the data, as the reviews are constantly growing and closely reflect the ptbdtpenpleuse

Although thereare issueswith using consumer review&.g., credibility and sparseness), we believe itwierth
developing solutions that can bring any meaningful signal to our attention for advancing daig¢hisestudy, we
proposed andkxercised a dryun of a discovery workflow. Text mining was applied to screefor unexpected
benefitsof dietary supplements ithhe consumer reviewdollowed bymanual curation othe candidate reviewsand
hypothesis enrichment by linking to external biological databd$esgoal $ two-fold: 1) assess content of the data
for thetarget usén repurposingand?) execute the prototype workflow andentify issuegor improvement



From thetrue positiveexamples irifable 2, IBS-ashwagandhassociatior(4th row under the heading)as utilized

for the enrichmenéxercise asthe supplement and relief of the condition (JB&table bowel syndromedreboth
unambiguousccording tahe review. Ashwagandh&\ithania somniferpis a perennial shrub that has been wed
medicinal herb in some cultureéBo our knowlelge, hereis notany literature on the use of ashwagandha for IBS.
We were able to identify their associated genes from the GWAS Catalog and CTD respectivéjblse®. By
further looking into the GO annotatidAs moderate functional similarity between the genes suggests possible
biological underpinning of the observed effect. For exampigyre 1 illustratesa coupleof the GO Biological
Process terms between SOD1 (ashwagandha) and PER2 (IBS), with inforthaticetic similarity scores
computed using our previously published metfioBor GO Molecular Function terms, we also observed overlaps
such agprotein binding GO:000551% shared betweenER?2 (IBS) and HSPA9 (ashwagandha).

Table 3.Genes identified as associated with IBS and ashwagandhedatabases

IBS ashwagandha

Gene ID: 166378  Symbol: SPATAS Gene ID: 847 Symbol: CAT
Gene ID: 55502 Symbol: HES6 Gene ID: 2670 Symbol: GFAP
Gene ID: 8864 Symbol: PER2 Gene ID: 3306  Symbol: HSPA2

Gene ID: 65217 Symbol: PCDH15 Gene ID: 3313  Symbol: HSPA9
Gene ID: 11014 Symbol: KDELR2 Gene ID: 4684  Symbol: NCAM1
Gene ID: 6647  SymboSOD1

Figure 1. Similar biological processes between two genes associated with ashwa@@@@jand IBS(PER?2)

Discussion

Consumer reviews as innovation driver

Our results suggest that mining massive consumer revieays enableltimely) discovey of useful incidentsof
unexpected dietary benefitSnhanced with an integrative approach, rich hypothesebegenerated to spark novel
researchBelow we discuss several noteworthy cases fi@ile 2

1. In the enriched analysisf Figure 1, the possiblanvolvement of circadian rhythm and ovarian follicle
development offers hiological hint that aligns withevidence ofiBS gender disparityas reported inthe



