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Novel image analy5|s technique decodes the phy5|olog|cal
iInformation engraved on stratum corneum
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R .:'_,;';-Estabhshmentofmachme Iearnmgforanalys:s ofSC cells g e et
We . almed to -~ develop @ method. for K . SC cells from 996 wamenwere used: ta.constryct two’ machlne learnlng“"‘-'ﬁi__;i"f'
»'.',COmDrehenSIvelv decoding the phySIOloglcal- s h_"f_"models The. collected SC cells were: |maged Using - Dlno llte (AnMaa
|nformat|on contained in the stratum. corneum: jf}Electronlcs Corp Talvvan) To construct an automatic. recognltlon model"‘-‘v.f.'[’-g“f
- (SCY cells of the.skin, As SC cellé are formed f—'*-”fot individualSC céll. reglons each'SCrcellin images, wete annotated: uslng.;'ft"',ii'_.i._Q'i
- BRI N S “~Labelme’ (MIT:MA; USAY (Flgure 1) A instance. segmentatlon modelpres:
5 thmugh the ' process of keratlmza.tlon atter 'i";learned vvrth lmagel\let Was used: To construct a.btomarker, estrmatlon;;"',,

leISI‘-OI’l of hasement membrane cells in the skin, :;model was tralned based on the levels of nine. blomarkers meastired by . Fl ure .1Annotat|on of SC cellstromlmal es
B they are |mpr|nted with congenltal and acqulred - enzyme-linked: |mmunosorbent assay (ELISA) us|ng a convolutlonal;T_‘;;._, R§W mage (eft) and annotated datag(nght)

} physiological information.. -« Afthough = the f“_f_‘fﬂeural ﬁetWOl’leNNl o s e o e e o YR e  Annotated reglon(Red frame).

relatlonshlp betvveen St Cell shape ‘and sl<|n;' | = Estabhshment of mathemattcal model to estlmate skm phys:olog:cal md:cators i G VAT SN SR B R S S
N phy5|Q|ng has* been studled for a:long t|me B SCcelf sampllng sl<|n physlologjcal assessment,-and quest|onna|res were: conducted on 516 vvomen The SC cell reglons vveref*vf.'[‘»_f?{__7'
there: is Stlll mom tor analysrs Furthermore oo fa;_?--.labeled using @tsu 5t method and:a constructed Al model and: the morphologlcal parameters were: ouantltled l\llne blomarkers;j‘-*.l‘iff-‘-f;li
n “{Heat'shoek proteln 27 (HSP27) macrophage mlgratlon |nh|bltory tactor (M), interleukin:l- receptor antagonist (lL 7 Rak: sl rinpas
-'.’,f'galectln 7 (GAL 7) arglnase 1 (ARG 1) neutrOphll gelatlnase assooatecl llpocalln (NGAL) epldermal tatty acrd blndlng protelnl-;;'-:;f._}i;;;__.'f'_f’

there are tevv technlques for: estlmatlng sl<|n"-,
B f‘condltlons using a large. number ot |nd|ces such EAY
LS the‘ shape Olc stratum: ‘corneum CellS aﬂd/ SC|entlt|c Japan) SKIC.N 2OOE>< sl<1n conductance meter (Yay0| Co Ltd Japan) l\/lPASSO Cutometer‘ (Courage+ l<hazal<a:.’?f'r"'_._;'f{_ﬁ};'j}."z:
= blomarl<ers TOV\/ard this'end: we establlshed a1 }ElectronchmbH Germany)and \/ISIA evolutlon system (Canfleld Soentrtlc l\lY USA) vvere used S M A
novel |mage analySlS teChmque baged On. f’-j.__lStatlstlcalanaIVSIs S P B N B R R R N
al’tIlClClal |ntell|gence (AL and mUltl\/arlate W In this study correlatlon analysls multhle regres’slon analysls and dlscrlmlnant analysrs vvere pertormed uslng JI\/IPO 16 2 O

i anal\/5|5 tO @5tlmate the 5l<|ll COﬂdlthﬂ SR (SAS lnstltute Inc Cary l\lC USA) Results vvere consldered slgnlﬁcantvvhen P @OS ey R o R

g o i -

-.\ “
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» -_ *All studles were conducted vvlth the approval ot the ethlcal commlttee ot FANCL Co Ltd and as per the prlncrples otthe IeclaratlonmC l—lelslnl’<| \/\/rltten lntormed consent
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'.;-Results & Dlscussmn | i O M R L e e i,
|I|gure 2 shovvs the study strategy Flrst vve developed tvvo machlne learntng -Estlmatmg skm physmloglcal tndlcators from SC lmages

.....

,f-'tiJ‘_},;”"fmodels one: that automatically recognlzes |nd|v1dual SGicellregions in‘animage-and * o3 Multmle regress,on analvs:s could estlmate skm phVSlOlGSICGI mCllCGtOF s, ‘
;A‘-_-j_;_another that estlmates nine lolomarl<er levels ot SC cells (reportedly assooated vv|th i Ther egtlmated values @f skin phy5|g|oglcal |nd1cators by multlple regreSSlon anal\/SlS

_"‘_,'}f;‘l;.-sl<|n) trom |mages The sl<|n phy5|olog|cal |ndlcators vvere estimated by multlvarlate"_;l~»_jg,:.g:.-usmg morphologlcal ValGes and” blomarker “levels of SC.icellss “OutpUt trom the A
analysls US”’lg the morphologlcal parameters and blomarl<er leV@lS lcl'@m C@ﬂStrUCtedff;},_-" ¥ constructed models slgnlflcantly correlated vvlth the measured values (Flgure 5)
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Figure 2 Scheme for estimating skin physiological indicators from SC cell images R : Ll RS et S :
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-Estabhshment of two machme Iearmng model for SC cells analys:s

Sep Machme Ioarnmg moclel automat:callv recognlzes mdtv:dual SC ceII regions . | ‘ _.
The number ot cells recognlzed by the model Was lovver than that annotated The estlmated | e “Est.m;oe i R S St L ;}? e E:lm‘::e d“
cell reglon cornoded appro><|mately Wlth the annotated reglon (Flgure 3) The |ntersectlon 5 TS o R i R L s N
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Figure 3. Evaluation of predicted and annotated regions N ool PR SR SR L LY _
Raw image (left). Regions predicted by the machine-learning model (center); the pink o.'zp PPy Loy o S L N L e e g e e e L AP S P i ey S AR

area indicates the predicted region. Merged image (right): green: annotated area Es“f’"‘a“"d”f ,Es“mat?d, I T Ty et s

?._ﬁ_;, (talse negative), blue: predlcted area (false pos|t|ve), Cyan: true pos|t|ve. Flgure 5 Correlatlon plots of predlcted and measured values ot physlologlcal sl<|n |nd|cator
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Xk ,2 MaCh" ne learni ng model est: iates a appr ox:mate blomar ker Ievels YAt J_jﬁ"4 D:scrlmlnantanGIVSIs could estlmate react:vrtv to cosmetlcs and UV ravs |
- Correlation: analysrs was performed between the measured ang’ estlmated values The""‘4"“","f'The questlonnalre answers were predlcted by dlscnmlnant analy5|s dsing the 5C. REiES

; 1f-,f:g{f;estlmated values of the ning blomarkers slgnlﬂcantly correlated vvlth the measured Valuesﬂ“‘*f";f*‘morphologlcal parameters and blomarker levels estlmated by the machlne learnlng

:.f___'._"5‘;9‘;.[\f?(Flgure 4). The predlcted values of all marl<ers were lovver than the measured values andw"u_ . moedel asexplanatory variables. Flgure é shovvs the responses estlmated and the actual
, :"'-,.;;the dlstrlbutlon ranges vvere narrovver N A S R e B RPN
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predicted (pe/ii) | predicted (pe/vi) | predicted (pe/vi) AN \/Ve succeeded ln constructlng an’ Al model that can automatlcally l abel the SC
e A S e e AR e cell reglons “ahd: estimate . Iolomarker Jevels: with' accuracy These machlne—«
| T e T e T T S e [;’A._f‘:_learnlng models output a huge amaunt, of |nformat|on frofyione SC cells lmage
2 1600 °o 90 ° e o an N T Pl
- 5100 0 | o EavefUEN L N IS tound that™ multlvarlate analysis using these’ large ntmber: ot
B 0 gs: R i X ;fj.,;parameters could estimate Various sl<|n phy5|olog|cal charactenstlcs withy hlgh
. s ’l“’"_,,5,_’7‘_j/f_«accuracy Moreover thls technldue can generate output in seconds vvlthout
00 diins o s IR S ledansive time; money Or equiprient, andno. llmltatlon for sample volume |
_ _ Tl e o o w0 a0 e LT enie SO oWever: thls research is only the beglnnlng ot the. appllcatlon of, machlne
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. | o L earning o dermatology and further research s needed. The accuracy of the
Figure 4 Correlation plots of predicted values determined by the machine-learning ],f.‘l’Al model Caﬂ be Irnproved loy addlng llata and othmIZ|ng rnachlne learnlng ,
model and the values measured by ELISA for nine biomarkers in SC cells. ff[,,i?__CUlrlCUlum etC l\/lany more types 'lc blomarkers and phy5|olog|cal l”d|C65 i e
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