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SAFAETNAEE A S8 7L 3o HAl 23 THe Ao
lom &eEldom FAIZE HA kol AT 9 el vhkstAl o]
S¥ vk 2y MARFE IS F e g Aol 2dHe
2 A9 Un vitro) ol FFo] Q7EHH o] HAFoN Z7HEY &

g F2A F=709=7)4 3 (human bone marrow— derived clonal
mesenchymal stem cell) 2] A =3} (cellular senescence) & +
Eoto] wdo] wgtsl= YA tiAkAIE UPLC/Q-TOFMSE 7]
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so] W] (batch) & A7t (passage) @] JFS B3 0™ t—test
9} F—testE o]g3to] H o FAtel dist HAY S 747 333kt
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(lysophosphatidylethanolamine) 92 %7433t}
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AES] w3t BEe JlAlA YEhUE s dola BEAd Al

o AAMA A3 Aol thgh vhefdt Aol 7ol AAH A
o Yy 25T VHEE BEEe BEE oA A8EHA Y |

=
1o
FE

stoll o& Yehs mddPdo R, DNAS @wld eja o
AN thAAl Aol AX EEA A WA BT (Hayflick and
Moorhead, 1961). @A Al2o] Wl I UE AL AykzQl
AFE F3] M*ES w3}(senescence) 7|HE FHEZH O ylosE)
= Zlo] dedty olF EdE AXS w3tE Holvt volrt A
A9l w3t (aging) & olafiats Aol 7hestth o2 e A2 @A
Bl AFEol oste] FA MAE A wgAlA APsE w3}

SERY ATEG A AAForE 4 madoln E7AX

o

o] el ATl AAME B FEl Al Wgo] & Aol



2—-1. A X3} A =3}

M X3} (cellular senescence) & AlEwjek Al o=k 50 A

12

Fole Y ol AlxE7E £dskA e e Yrdth

=]
Rl

A] replicative senescence =2 o] HAS A5 K gH(Hayflick

and Moorhead, 1961) Leonard Hayflick® ©|&<& wA Hayflick

Aoz GlL7]eM AAH ki dA A ol GO7]el

A ARG AEEIE= 24 growth factor 502 A=5 3
Al MEFEE sHA g mebs Mxsr] 24753 s 49
sk #do] glom, JRAUe] o HAS AAEE Ve s TS

4

olttar AZFE vk (Rodier and Campisi, 2011). o] Al x=3}9} 7H

Awse Az Angol e Aold FgHo] fAW 1 EAA

Aot Qe obd HatetAl FYEA e AHAth 13

elolr 7] 9J3}o] Baker et al (Baker et al., 2011)2 A|¥Xx

:[o

biomarker FdAFQl pl6Ink4al] promoterol] A|XEAE

_I_4

5}
A

9

i

A A O 2R (INK—-ATTAC; pl6llnk4a - Apoptosis Through

Targeted Activation of Caspase), =3}7F dojt 2 oA w314

T2 Solfoz AAYS W, 2H2) /)5S Avngeh )

AAEL ZAA w3ty HNEES AAToEZH tEAQ =

4
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o7 HYAuE A Qox, w3H AXE AAsE RAE w=3tad
Ao}, Yolrt IF9 AR AR oz 2 4 Q=
7V S AlFskdths ol on| 7t Q).

3. thALAIS

‘—omics’ 9] sty AR E (metabolomics) 2 - A gl A
o] W3t fFE A8k AT (genomics) ol W A ) 8}
(proteomics) ¥ o] thaAS] WdEs FAZXOE oldfsh= AT
Fofolt}, dbd 02 tALA| (metabolite) & ‘phenotypes 73 %+
Uetd= Agd = e 2EAPE gustrz, dAA ]l YA
AR ] profile 1 AAIZA B 7], iAo Hdy) ¢
de A4 AR 38k phenotypeel #E AAIEE RS A
& ott}. ‘Metabolome’e| 2+ €9+ Al¥ F % (cell suspension)
=52 AA N (biological fluid) kel EAsh= 22 Ex=F (100 —
1000)= 2zt drkAY HeEAE wEth oo whe

‘Metabolomics’ = AlXZ & 24 5 UdA diAAe As, 4]

t}(ter Kuile and Westerhoff, 2001).
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3—1. dAtA &} 3}

9=+ Imperial College Nicholson W8-S = 3lo) w}E& AA o)
Ab S ATk el Al Azl A, ANk o R Uy
of 71% %, AN thAkAl ®WstE NMR= ©]§3fo] #4153
o S4E AFH Bl wEbd w=37)9 ouA] thatel FolEs

ALA Eo] Aol 7F l5S #1353 v (Richards et al., 2013).

FguaEAdTd ATEHS o AP thAAe WskE UPLC-
QTOF-MS= 2433tk ZhujAkel 1to] QL= 12001F2] HiAb

A9 Wal, S AYAAE, oAy Athitel dofst= thAbAE U

nucleic acid A &2 H3ILE #2619 31, energy dysregulation,

hypoxanthine % xanthine WA= yolo whapa F7Fgic). o]
A= energy dysregulation 2 free radicalse] =3F2F ¢13o]

A= o]ES Y53¥ T (Son et al., 2012).



1. d9A%, Ak & 717]

1-1. Az L AJ¢F

1—palmitoyl (C16:0) lysophosphatidylcholine (LPC), 1-
stearoyl (C18:0) LPC, 1 —palmitoyl (C16:0)
lysophosphatidylethanolamine (LPE), 1-—stearoyl (C18:0)

LPE + Advanti Polar Lipids (Alabaster, AL, USA) Z4-E

SR

1-2. ¥47]7]
UPLC system (Waters) ¢} micrOTOF—QII mass spectrometer

(Bruker Daltonics) & AF£3}$tt.



AEE gAY s AT N HAAFE sk

early mid late
hcMSC @ \ 4 o—>
P7 P15 P20

\ 4 \ 4 \ 4

S

Characterization (MSC marker analysis, senescence
evaluation)

Metabolite extraction

Instrumental analysis (UPLC/Q-TOF-MS)

Statistical analysis (Sorting DEMs)

Identification of metabolites

Interpretation

P: passage

Figure 1. Experimental design.
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3-1. TRFE7IAX £2¢ =3 1Y

of
Y

A=Z7]4*% (human clonal mesenchymal stem cells)%&
T2 HE 2FH38F] (approved by the Inha University School of
Medicine Institutional Review Board under IRB Registration
Number 10-51) <8 W95 (subfractionation culturing
method) °.& Fgaidith. #2ld FTUHE71MEE 10% heat—
inactivated FBS (fetal bovine serum)$%} 1% antibiotics—
antimycoticsE 3¥3rsk= DMEM (Dulbecco’ s modified essential
medium) & HiA[eIA 5% CO, HlF7]el ¥ol wjkstAtt. passage

207FA] wjeksle] AMEQS w3E XA T (Song et al., 2008).

w

—2. TUEE7IARY B4 &

FHASNALY B4 By dstel AE EW wAY



ey B3se syt Axel W o riAELS FAE
EXAHS E& Qs anti—-CD14, anti—CD34, anti—CD44,

anti—CD73, anti—CD90, anti—CD105, anti—HLA Class I, anti—
HLA-DR, and anti-PODXL #A& Ap&atdict. ®3les

gosl7] 9Aste] 370 A fPom 77 RakE Amstarh
B YA 2 (adipocytes) & #23FA17]7] 9)8to] 4—well plateo] 6 X
10* cells/well 9] W= Y& F Rgulxle]A wgate] 4-59
ol mNkAlzR wdlske e Fdsin. AlEE 4%

TELAs =R 14 F oil red O & FAste] FAEATH

%o alizarin red S 9SS FI gt AFFFO=

wEAI717] S8k ABE WS ARGSE 35 Fel safranin O

QAL Feho] elsheiv.

3-3. B-Gal ¥4, WYY

og
g
1=
g
1%

w3leo] wel =718t SA-— B —gal(senescence—associated S —

galactosidase) A4S H7] {5t kit& o]&3to] F7]AXE



3—4. RT—-PCR (reverse transcription—polymerase chain

reaction)

w3 5129 mRNA 23S gelshy] 93te] RT-PCRS
TR A BEEFE FF3 RNAE kitS o] &3lo] cDNAZ

@ddstd PCR= el =Qlshalh. PCR Zpojw] Alfie Bl

Product
Genes Primers Primer Seqeunce (5° 23’ ) Ta (T) Cycle
Size (bp)
) forward ATG GAG CCT TCG GCT GAC TGG C
p16NKa 63 30 411
reverse TGC GGG CAT GGT TAC TGC CTC
forward TCT CAC ACC CTT GGA GCT GG
p19°FF 60 30 265
reverse CAA CGT GCA CAC TTC AGG TC
forward TCA CTC CGT CTT TTG CAC AG
PCNA 56 35 401
reverse TGT AAA CCT GCA GAG CAT GG
forward TAG CCC TGG CAG ACC TCT TA
Caveolin—1 54 35 218
reverse AAT ACA CCT GGC CTT GTT GC
forward AAC GGA TTT GGT CGT ATT GG
GAPDH 56 25 507
reverse TGT GGT CAT GAG TCC TTC CA

Table 1. The Primer sequences used for RT—PCR Analysis
11



4. WA HARA S £4
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NA Aol 123 Yol A3t Ad2elA =<l

f
S
St
w
B
tlo
o

FE= ot S 3W AbESIT —20T o 1A%F

A2 AN Fete] dxsith. Aozl 95% oMHEYEH

4—2. UPLC Q—TOF MS #4

Waters UPLC$®} Acquity™ UPLC column (BEH C18, 1.7 xm,

21 mm X 100 mm) I3 micrOTOF—QII mass

(|

spectrometer®s AFE3sFtt. olEAo® 0.1% ESANS ETIE

il

"y
e
i
I

.
B ¥
i
kH
=

—



0.2 mL/min, A% &% 40T oA ®Asth 4 77 oA
7171490 Azks ®BAs] fsked AlRE A A=
wAsrR o A AR 3= QC (quality control) AlE=ZEH
REE A stol AdAdS #RletthDunn et al, 2011; Hu et al,
2011). AFRA71E 24 9= 50 ~ 1000 m/z2 &b A2
A8t (capillary voltage) 4.5 kV, ®¥7] <t (nebulizer
pressure) 1.2 Bar 2 Z4E3oh. Ax 7l %52 8.0 L/min
o] quadrupole®} collision cell& &4 3}3to] quadrupole ©]-&
o UYA]E 15.0 eV, collision “lHAE 10.0 eVE 3} T}, collision

Ha NEE Az JbaE Ay REe Fus] gskol

4-3. Hlolg AA g

=39 Ay MZmine 25 0 AXEAE o] §3519

B A3l (Pluskal et al., 2010). Peak detection ©AZS 3]

‘Mass  detection’ ‘chromatogram  builder’ ‘peak

deconvolution’ 7]s& 33t ‘Mass detection’ WAE

E3lel MS AFEHS m/ze  intensity? 239 Az

H3lstg o o] wl noise level  ‘Centroid algorithm’ =
13

e

31

1V



B3l 10°=  AAstr ‘chromatogram  builder’ A=
3t W AnEs FRvEgfor  FAAson  oluo
sebulEe oy 29tk minimum height — 1.5 X 10°, m/z
tolerance — 0.05. ‘peak deconvolution’ ©@AE %3} 3=
MEAor qIAsiglen senE = vad 23tk function —
Savitzky —Golay, minimum peak height — 1.5 X 10°, threshold
level — 80%. ‘peak alignment’ ©Al&= ‘RANdom SAmple
Consensus (RANSAC) aligner’ WS Aeslslon sgletuE =
o2 28tk m/z tolerance — 0.05, absolute retention time
(RT) tolerance — 0.1 min, RANSAC iterations — 10 000.
HFT A= csv E WES] AASEGlow FAEEA  (principal
e+el

component analysis; PCA) o2 71 &S

14



5. SAEA]

del® UPLC Q-TOF MS &4 A3}l thato] w3l 5o Lol
gArAl S sk sAEA #AHe SIS

A 3}

BARAge F WAz Adsc WA, 09 #7142

ok

[-'_l

wsbell el tfARAIY] Eo] ofwA WElstEAE Elsksith
Batch®} passage, random effectE H Q37| Y39 linear mixed

effects modelS Z &3} o FF3p FAHe] FHwo|A thALA 7}

test® 2 -&3FA

15



6. AEE hALAY] &7

6—1. LPC$ LPE EFES o83 ¥F MS/MS A9 EH 2

3

Waters UPLC$®} Acquity™ UPLC column (BEH C18, 1.7 xm,
2.1 mm X 100 mm), 22813 micrOTOF—QII mass spectrometer
£ AFE3F9TE. 1—-Palmitoyl (C16:0) lysophosphatidylcholine
(LPC), 1-stearoyl (C18:0) LPC, 1-palmitoyl (C16:0)

lysophosphatidylethanolamine (LPE), 1—stearoyl (C18:0) LPE

EFH> B chloroform/methanol/water (65:35:8) ¢l 50 3nj
H3th.  ©]& methanol E (1—10)3Aste]  EA &SIt

precursor ions [M+H] &= 53 o] 474433tk LPC 16:0 —

496.3397, LPC 18:0 — 524.3710, LPE 16:0 — 454.2928, LPE

18:0 — 482.3241. Collision energy+ LPC2 A% 10, 20, 30, 40,

50 eV, LPE®] 4% 5, 10, 15, 20, 25 eV & A& 02 28319
T} (Wagner and Richling, 2010; Lee et al., 2013). ®E& MS 9}
MS/MS base peak chromatograms (BPCs), spectra, m/z error
+ DataAnalysis 4.0 (Bruker Daltonics) & ©]&€3}%] < 5 ppm =

gsrglon Jle B4 UPLCE ¥4 2ale A9 ¥4 273

ol

)

bt
16



6—2. AEE thALA ) MS/MSAFER S vlw

(¥FEY Td3 oA Alg T g ARl sk

MS/MSE4 S 383} th. LPC9 LPE= MS/MS AHEZ Ao A

precursor ion% m/zE 7]Fo® EXHEH HAHE do] LIPID

MAPS  (http://www.lipidmaps.org) H°JE Ho]AE E3

ol

7

FCt,

17



kel Aol AREE F E714AE D103¥% D106 EF
ZobrE Wk ZPo]Eo|A  fibroblast—like shapes &
BAo(Figure 2A). E71MEEAL SAS  glsty] 9189
Az E7+9 =71MEQ surface marker$! CD44, CD73, CD90,
CD105, HLA Class I, PODXL & #RIs A% &2 552 wdo]
siEgom UIAE =& 2FAES wA< CD14, CD34,
CD45, HLA-DR = +74°% YRt (Figure 2B). 3ls=
glsty]  fstey 72 MIYRA|E (visualized by oil red 0),
= A 3E (visualized by alizarin red S), &4 (visualized by
toluidine blue) = #3A7]= HiXE AL EIE

ANESQen 7t Aol Ads JFaANE

et

lako]

b
o

L
[e)

ol’dol fla= Tt (Figure 20).
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2s a3 23 A K
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=] 2 2 ® = B
- © .
=] e Par U ancir e e i< e i< S e e e
& t—m f— E B B
- o] cois| ALAY 2], ALADR| PODXL
= 2 18 s 13
i i [ i i
e 2 % pt %
P e S R e TS R e R e (e S )
C adipogenic (il Red 0) osteogenic (Alizarin RedS)  chondrogenic (Safranin 0)
control induced control induced control induced

D106

% g .

D103

Figure 2. Characterization of hcMSC isolated from human BM.

(A) Cell morphology of hcMSC.

(B) Flow cytometric analysis of MSC markers.

(C) Multilineage potential of hcMSC; adipogenic, osteogenic, and

chondrogenic differentiation. Magnification, 40X and 100X.
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2. TTFEVIAEY 3 &

F sAEVIAE 2 AW e 23E FEsih w3k
ol dAsk= tAA S BES Flsr] 9]ske] 247t passage
7, 15, 20914 AmE AHs] Agsislon o] oM w3}
AR5 Flstr] A% B-Gal EMs FHsUH(Figure 3A). 1
A7} passage 7¥ 15°AE wd7F A AFEHA e AE

g5t o™ passage 209 MEE ASHAl GAo] Ho| w317}

>

2
oft
ol
o

FE S At vEIIR|E caveolin—1 @S

of
_O‘L
2
kr
ol
i
_l (
ro

3t A3} passage 7% 153 <] passage

20014 x=3}7F A

0::1

H g 1At (Figure 3B). =312 t}&

7124 RT-PCR& 3% A3 passage’t S7heel uwhet
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Figure 3. Characteristics of hcMSC during cellular senescence.

(A) B —gal staining.

(B) Immunofluorescence staining for caveolin—1.

(C) Molecular markers of gene expression by RT—PCR.

(D) Flow cytometric analysis of MSC markers to compare the

expression changes during passages.
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Figure 4. Total Ion Chromatogram of hcMSC by UPLC Q—-TOF MS.

While culturing was carried out, the cells in passage 7, 15 and 20

were analyzed. Two MSC lines, D103 (batch 1) and D106 (batch 2),

were obtained from each of the two different donors and the entire

experiment was repeated twice. The experiment was carried out in

triplicate per passage and the results were expressed by overlapping

in one chromatogram. The measurement range of m/z values was 50

to 1000. Repeatl, repeat2 and repeat3 were presented in blue, red

and green, res

pectively.
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%4 (composition) 2] WH3l& Sk o gk2ls}] 3}k
F3FH (Figure 5). PCA+= thHE dglo]lHE F=A4 %1 (principal
component 1; PC1)¥ 42 (principal component 2; PC2) %
Fofsto]l 2zato® yedth ZH7e] Aase 47 vgE A9
Hoz mdEgleor pCly PC29 el weh SAsHsith w=3)
Al uwel 2152 EAISE AI passage 7oA 15, 200%

WSk Bok ol WA A wFol: RS HASAT =A T

i x| oA B w=3b7F e 7] A (passage 7, 15) ¢ HI3F] w3}

% (passage 20)°] A wHbE 7+ A7} FUhe AES el
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Figure 5. Principal component analysis (PCA) plot. PCA was
performed for all profiled metabolites. One spot represents a single
sample. In the plot, it can be observed that samples from passage 20
(after senescence) were shifted left compared with those from
passages 7 and 15 (before senescence), indicating that the average
value of passage 20 was either increased or decreased when
compared with the other passages. Simultaneously, each triplicate of

passage 20 was spread in the plot, indicating an increase in dispersion.
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oo st 223 M=, af & fixed batch effect ©]H
nj ~iid N(0,0f) + random effect ©]i B; = fixed time (or

passage) effect ©l™, ¢, ~iid N(0,0¢) = measurement error

olt}, & random effect & measurement error += 3%l
Row AREAAL. a=0,f=0 & ZFFYT, HE WA
A¥dS ddsty] S8l Hy:ps =0 & AT

A A3, passage 20 °lA Bt 9 EF HAVF p-value <
0.001 <= =Rl olE ®u A FRlsr] 95k
histogram ¥} scatter plot & ZAd3FAtH(Figure 6). #A, w7

=0 7 passage 7, 15, 20 & 77 YERU SIS W passage 20 ©]

peak ° Fo WIE AT 9 dedt 2ES FAE

Sz, passage 15 & 20 o] AAE vl X2 9} X?+= passage

15 ¢ 20 479 Hitolth wpzb7iA=E, ¥%F |z ) WIE
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Null hypothesis (o]t}
olEAoR B4 Tix 10 9 AFEE AU t—-B¥XE wsti F/25
Fisher 9] z—%X & Wittt £ A4, $e= oy 7Hd A5
Z BAlel dojui= multiple testing errors & FA37] 9d|
Efron o €3t empirical bayes(EB) (Efron et al., 2001; Efron, 2004)
AzkE ol &3stARtt. EB AAfel| A, empirical null distribution 7}
theoretical null distribution Xt} ] #3101 R-—package
'fdrtool's E3 Bitol O(zero)oli WA/} Z2b 67 9F 67 <
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Figure 6. Histogram and scatter plot of the predicted means and
standard deviations according to the linear mixed model. (A) In the
histogram, black, red, and green lines represent passages 7, 15, and
20, respectively. We see a significant increase in the mean between
passages 7 and 15 and between passages 15 and 20. The difference
between the means of passages 15 and 20 is significantly larger than
that between passages 7 and 15. We also see the same pattern in
changes of the standard deviation. There is a significant increase from
passage 15 to passage 20. (B) Scatter plot of predicted means by
standard deviations are plotted below. Black, red, and green dots
represent passages 7, 15, and 20, respectively. The increasing
patterns between passages 15 and 20 as observed in the histograms

are shown.
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6. =3 A& HA4g dAHAS FH

A dxAlE TSR A4S AESSY. A3 AlFe
Sl = SRS QC (quality control) Al Zof| A

A EFHZHRSD) 7 20% oldtE ATl A= FHow =HH

FeAT. MS/MS 23, AdEdE BE dabAelA lipid AR
59 spectrum pattern®] ZAHA. WA lipide= TFR
w2} triacylglycerol ¥ 22 simple lipid ¢ phospholipids,
glycolipids®} #2 complex lipids® ZYA Yy, =g
olg1dt AlES 38 Fx1 head group 5= 7|22 subclass®
Uz 7 Stk webA olelst 7 xA Bolds viEoeE MS/MS
spectrum= &3l lipidsE® 4% 4 AATUungalwala et al.,
1984). WA, MS/MS spectrum % LPC9 m/z 1845 zZt+=
[phosphocholine] © ¥ = (Barber et al., 2012)8 LPES] 141 Da
2719] neutral loss 57 (Avadhani et al, 2006)< 34 lipid<]
ALS #3335 th Positive—ion mode °A4] LPC product—ion
phosphocholine head group= &3 UEHt m/z 184¢ I &
&7 7Fxth (Liebisch et al., 2002). F3F T2 5H O F ls}o]
collision energy®ll W& I MS/MS spectrum pattern ®3+&

7Pk webA i3 A Q1 LPCRI 16:0¥ 18:0 LPCE “ZFF=
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3R 3oy collision energyel W& MS/MS spectrum €S
galst & (Figure 7, 8) ©] ZA¥¢e precursor ion% m/z&
Fdet] Z7IAEWS LPCE wAslth AdE ik T
spectrum® E3 o] LPCe <dF3l= WA= 57/lE precursor
ion ¢ m/z¥} FE3sFo] Z+7t 544.343-20:4 LPC, 570.346—22:5
LPC, 496.340-16:0 LPC, 522.355—-18:1 LPC, 524.367—18:0
LPC % &3}t (Figure 9~13). X3+ LPEX positive—ion
mode °l4 m/z 1412] neutral loss & EAOoZ 7Hxt}. upalAa
[precursor ion — 141 Dal 9% peak? &A= %3}o] LPE
5 g = vk o] EIF FxAQ SAHCE <y
collision energy (10, 20, 30, 40, 50 eV)ol W& I/ MS/MS
spectrum pattern ¥3}E5 7FA =2 A<l LPESQ! 16:0% 18:0
LPE?S] X F¥%E &H 3} collision energy (5, 10, 15, 20, 25 eV)
of & MS/MS spectrum #HE-E &Is S (Figure 14, 15) ©]
A3} precursor ion® m/zE F3ste] 74X U LPEE
=8t AHE thAA] 5 spectrum® =74 o] LPES} A X &l
JAFA = 370 E precursor ion & m/z¥ F3sle] Z+Z; 526.291—
22:6 LPE, 528.310—22:5 LPE, 530.322-22:4 LPEZ
st th(Figure 16~18). o]ZA AEE thARAIZ7F 8709 lipids
zHow WEs| FAFPOH (Table 2) 7 diAAS)

:[L
w3l g w3y A= 2189t (Figure 19).
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Figure 7. MS/MS spectrum of lysophosphatidylcholine 16:0 standard

(collision energy: 10— 50 eV).
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Figure 9. MS/MS spectrum of lysophosphatidylcholine 16:0 which is
an endogenous metabolite that shows change in expression during

senescence process of hcMSC (Collision energy: 10~50 eV).
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Figure 12. MS/MS spectrum of lysophosphatidylcholine 20:4 which is

an endogenous metabolite that shows change in expression during

senescence process of hcMSC (Collision energy: 10~50 eV).
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Figure 13. MS/MS spectrum of lysophosphatidylcholine 22:5 which is

an endogenous metabolite that shows change in expression during

senescence process of hcMSC (Collision energy: 10~50 eV).
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during senescence process of hcMSC (Collision energy: 5~25 eV).
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Figure 17. MS/MS spectrum of lysophosphatidylethanolamine 22:5

which is an endogenous metabolite that shows change in expression

during senescence process of hcMSC (Collision energy: 5~25 eV).
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Figure 18. MS/MS spectrum of lysophosphatidylethanolamine 22:6

which is an endogenous metabolite that shows change in expression

during senescence process of hcMSC (Collision energy: 5~25 eV).
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Figure 19. Expression comparison of eight selected marker candidates.

This figure shows the mean and standard deviation of the expression
of the eight selected metabolites according to the senescence. The
expression value of passage 20 was set to 100%, and the values for
the other two passages were calculated as relative percentages. The
mean of expression values was presented as a bar graph. The
expression was greatly increased in passage 20 (after senescence)
compared with passages 7 and 15 (before senescence). The standard
deviation of each group (n = 3, 2 batches) is presented as an error
bar, and there is an increased standard deviation in passage 20

compared with passages 7 and 15.
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precursor ion m/z

496.340
524.367
522.355
544.343
570.346
530.322
528.310
526.291

name

lysophosphatidylcholine 16:0
lysophosphatidylcholine 18:0
lysophosphatidylcholine 18:1
lysophosphatidylcholine 20:4
lysophosphatidylcholine 22:5
lysophosphatidylethanolamine 22:4
lysophosphatidylethanolamine 22:5
lysophosphatidylethanolamine 22:6

Table 2. List of candidate senescence markers for metabolomics
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Az A 34 =l ™ (Ridgway, 2013), M aEukE T/

flo

phospholipid®] product ©¢]t}. A3 W phospholipid®] <

a2

passage: E& apoptosis® L w3} dE9o sE A A
Aol & YT He Ao deA QTh(van Meer and de
Kroon, 2011). ¥ <$7E &3sto] It A3 JvHFA=
lysophospholipid <oA% £3| lysophosphatidylethanolamine
(LPE) 2} lysophosphatidylcholine (LPC)7} =3 o]& &
w7kl BEvbE Hole Zlo® yerwgen oo sty

H}H ] LSS

'_l7<7]‘E =2 O

o
2

3

btk

ol
ol

ui
dlo
::I,

e 71AaA

. w/

Bioactive pro—inflammatory lipid @1 LPC+ A|32] pathological
G4 9] vital signo|t}. 31 k7| Zkel] o3 WHAYst=, LPC & %9
7k Abst AEH AL A AE 2n] sk (Colles and Chisolm, 2000),

o =
= o)

tlo

ol
o

o

o] 7A%S YERNT (Tselepis and John Chapman,
2002). HZ F7F 9442 E& LPCO Ao =% intracellular
Ca®"9 717} f#5 = FAlel, protein kinase C (PKC) &4
s wre] A=l fEEvhz o] WAt (Golfman et al., 1999).
53] & AFtelA wdEe] stk Ao® yEhd LPC 16:0, 18:1,

49
e

| &1

11



o

20:4+= prostacyclin2 (PGI 2) A4l FES= Zlo=
<2 Atk (Riederer et al., 2010). PGI2¢] 4H=<1, LPC—elicited 6-
keto PGFla 9 AL cyclooxygenase (COX)—1, COX-2 <}
A 3712 2] cytosolic phospholipase type IVA (cPLA2) 2] &4d
oJ3dkS u|Ft}. Arachidonic acid 2] cPLA2-dependent release

2 Al LPC 55 7MY, Ad3A8 o2 cPLA2+ LPCel 2]

e r  BAE

mﬂ
>

= Qla, ol wEl LPCE 3453
S7FAI T (Kast et al., 1993). ©]& &3l LPC7l =3} S 14
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PA tyrosine kinase, GTPase activating protein (GAP), PI—4
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Abstract

Mesenchymal stem cells (MSCs) have been used in a wide
range of research and clinical studies because MSCs do not
have any ethical issues and have the advantage of low
carcinogenicity due to their limited proliferation. However,
because only a small number of MSCs can be obtained from the
bone marrow, ex vivo amplification is inevitably required. For
that reason, this study was conducted to acquire the metabolic
information to examine and control the changes in the activities
and differentiation potency of MSCs during the ex vivo culture
process. Endogenous metabolites of human bone marrow—
derived clonal MSCs (hcMSCs) during cellular senescence were
profiled by ultra—performance liquid chromatography /
quadrupole time—of—flight mass spectrometry
(UPLC/QTOFMS). To select significant metabolites, we used
the linear mixed effects model having fixed effects for batch
and time (passage) and random effects for metabolites,
determining the mean using a t—test and the standard deviation

using an F-—test. We used structural analysis with
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representative standards and spectrum patterns with different
collision energies to distinctly identify eight metabolites with
altered expression during senescence as types of
lysophosphatidylcholine (LPC) and
lysophosphatidylethanolamine (LPE), such as LPC 16:0 and
LPE 22:4. The present study revealed changes in endogenous

metabolites and mechanisms due to senescence.

Keywords:

human clonal mesenchymal stem cells
cellular senescence
lysophosphatidylcholine

lysophosphatidylethanolamine
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