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Abstract

iPSHifE Z DA P MENKARADILFEEL . BEERORRPAXRAREERYBZENTH
RICAVLSATVRHN, ThSOSLMRBZAVTHREZTSICERASAOFETRERE. HME-
MUBERTOVEN BB, —ROUICUAZEBETHERIZ L. BNC TR MRS SLFESS
NicceRBarsd., FLEQHRFENOMBEL ISNSEV, T TERUMTEHERICL DL
HRRZRETZLHIC, RERBPHBREBIZEOT FEYFNFEZAVD, 2<051L
Rz HEBRERBETCHEELTE, BNE T2 5LEROFENRHEZ ABIr2#BLRE2 T3
ERFRTERV, EF, #BFFNFrESL, ABFREBLENBZWVERZAV TR SEEZHR
TERLIICB2>TETHBYEBEIATVD, BICZ1—FIRY ND—DJZAVELREBFEIC
LD EGFERIE. HECAAKCHETHIESHIBEELL., ARARICSV TR, ABNFEBITE
BOWHCHEROBHEEGE#HREZFEZAVT, sLtBROEBEEZOISAZAEL TV,
ERNPSiifleZz MENKRMRADIFEE IR L, FEMETR ZEROMRO T ICMERN KRR
FEETD. MRUICENDLSTENMRTEDLFIEMNRE10~80%EETHY) ., &V D20~
WHEEFENE THMEANADOEL THMRABELTVS, UHAZEMEZAVTTASOM
REERELTE, MBI MEANRMBRYEHBTAETHD, ChETICEBREZTZAVT
DM ERN KRN EEAREDL DRIEZITO>TE L, MENERMBEZDLFEEL BROREL 2
HBEERCSVWT, REZBLLERICFET LI EUHZEEGOATOEARMREAES L
BRoHsohnadL5ICB335 e z2RELE, ESICHRYBEZMERBN TSI EICKRYEERIFY
UEETHLEERENTEL,

Machine learning enables learning from large data sets to solve complex problems. In conventional
machine learning, the knowledge of human experts is used for feature extraction. Deep learning, a
form of machine learning, uses multiple layers in neural networks, i.e., deep neural networks and
can extract patterns from several types of data to accomplish complex tasks such as image
classification. This technique is rapidly advancing due to innovative algorithms and improved
computing power. Induced pluripotent stem cells (iPSCs) which can be established from somatic
cells by expression of defined genes, hold great promise in regenerative medicine, disease
modeling, drug screening, and precision medicine. iPSCs can differentiate into numerous cell
types, although differentiation efficiencies vary among cell lines and are easily affected to various
experimental conditions. We cannot identify the types of differentiated cells by the microscopic
phase-contrast images without molecular techniques such as immunostaining and lineage tracing.
We hypothesized that phase-contrast images of differentiated cells contain discriminative
morphological characters that can be used by a convolutional neural network to identify
differentiated cells. We showed that deep learning techniques can be used to identify iPSC-derived
endothelial cells based only on phase-contrast images. Here, we improve the accuracy of the
method to identify endothelial cells.
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Cardiovascular research by machine learning

1. HIREBRFROBE

iPS fifaZ DA CIERNEME~AMEFEL. BEEROHRCRIERRLERLLZEMTHRICHALLNTNSS, Tn5
DR EHEERANTHEEFTIICIEALIDFEATRE FHbi - bR EEITIVELH D, — BRI AETEMBE THRET 5L, B
HETHHMENMEFTESIN L ERMET . FLEOHMBABNOMBENNID ML, T THEMBETICKY HLiaERE

ET DN, RELBEOCHBRERBTLEDD FEMFNFEZEANS, 2O LMEECIHEREMECHELTH, BET
S0 DO EMNEEEARBNEE LR FEIEIETELRLD, BE . #EFENESL. ARASLEBLENLZUVLVEREALTH
RIGEBEERRTERLIICHSTETHBYEBEEINTWS, I a—SIILrybT—0E2 AW EREE CLPEBRRE L. (tEes
REAEICHITHESHEEELL KAEICHLTIE. ABIE TEEOMEMEOBEMEEGREEHEE AT, 21t
DRIEEZFDAEBIELTLS,

EhiPS HilaZMENEHMBEAMEEET A BEM L CHAREBEEORBEORICMENEEEIZIEET S, —BHIZEDELS
B TENMEEEYEIL 10~80%IEETHY . BYD 20~90%IEE X B ML T DB LN DO < iR AEEELTULNS, fiZ
HEBEWBERANTENLLOMBEEERRLTE, FOMBEANMERN RN IH B RATEETHD, CNETICHBEFREEALTSE
MERNEMELAREAENDRIAEITOTE -, MENRHMEENMMEFELIBROEEL-MEBERIZEWNT, FEETICKY #
WP ESEAENBEEBROATMERNRBEANEIN RS TONDESITHEIEEZRE L, SHICHALEHEREILT ST
EICKYIEER 95% L EFE TR ESHZIENTES -,

2. MIRERRAEEOBE R

Machine learning enables learning from large data sets to solve complex problems. In conventional machine learning, the knowledge of
human experts is used for feature extraction. Deep learning, a form of machine learning, uses multiple layers in neural networks, i.e.,
deep neural networks and can extract patterns from several types of data to accomplish complex tasks such as image classification.
This technique is rapidly advancing due to innovative algorithms and improved computing power. Induced pluripotent stem cells
(iPSCs) which can be established from somatic cells by expression of defined genes, hold great promise in regenerative medicine,
disease modeling, drug screening, and precision medicine. iPSCs can differentiate into numerous cell types, although differentiation
efficiencies vary among cell lines and are easily affected to various experimental conditions. We cannot identify the types of
differentiated cells by the microscopic phase—contrast images without molecular techniques such as immunostaining and lineage
tracing. We hypothesized that phase—contrast images of differentiated cells contain discriminative morphological characters that can
be used by a convolutional neural network to identify differentiated cells. We showed that deep learning techniques can be used to
identify iPSC—derived endothelial cells based only on phase—contrast images. Here, we improve the accuracy of the method to
identify endothelial cells.
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