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Proteomic Analysis of Aging-related Proteins in Human Dermal Microvascular
Endothelial Cells by 2-D Liquid Chromatography and Mass Spectrometry

Ju Hee Lee'?, Sang Ho Oh'?, Wu Wen Hao??, In Ae Hong®®, and Kwang Hoon Lee'?*?

Departments of 'Dermatology, “Cutaneous Biology Research Institute and *Brain Korea 21 Project for
Medical Science, Yonsei University College of Medicine, Seoul, Korea

Endothelial cell is an interphase between blood and tissue that acts as a media for active
interactions between plasma and intracellular environment for homeostasis. Proteins in blood can
have an effect on the proteins of endothelial cells. However, endothelial cell proteins influenced by
blood components according to the aging process are not known yet and it is difficult to identify
biomarkers in blood component because that is low abundant proteins.

This study is to identify human microvascular endothelial cell (HDMEC) proteins changed by
human sera from aged man.

HDMECs were subcultured with sera from healthy children (< 6 y1s), adults in their 4th decades,
and elderly in their 7th to 8th decades. We applied ProteomeLab®™ PF2D system that uses
chromatofocusing according to pl and non-porous reversed-phase column chromatography according
to hydrophobicity. we could obtain 2D proteome map by PrteoVue software. Using nano LC-MS/
MS, we identified differential protein. As the result, we could identify adipocyte-fatty acid binding
protein(A-FABP), which showed highly increased expression on HDMEC treated with adult to
elderly sera. The further study about the delicate functional mechanism of A-FABP on endothelial
cell aging will be needed.
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Vg w3} ololol e FAASE, 1Y, ¢WH ARA
AERAE Fi, AR, 22Y2EHEF 50| I
3 AWMLY wm3hs METS] Na” HZ| o)<

HatAY, dat 34 5o A3}E M, endothelin-19] <]
b % AGo AetE sty o] AEE dodle Ao
BuEUY. dBYIA 29 it Tk 2o o)

A FHIZo= 4H8d ~E# 2 (oxidative stress)7} 7}
F 2 9o gFgn Yoy, I FEe 7o thsiA

geizl vzt gk A 2] =3 HAE B iolA
389 M Eo|A glutathione S-transferase P, calumenin,

rlr o, m l-m o e m o &

reticulocalbin, carbohydrate sulfotransferase 3°] %7}3}1L
cytokeratin 7, F-box only protein 21 isoform 1, and Era
G-protein-like 1 5°] Z4"thE Zo] 1 w7} on’
B A7 2 Y2 7S o] &3 A9 AP A
fatty acid binding protein (FABP)°] %7} 1%, moesin, rho
GDP dissociation inhibitor7} 7ZFAdtE A0 2 UEbty.
dARIAEE Y Yo ofe] 71A] G A2l ofsiA
FEFS T dEY AFH Agtely Ay AFHF AY
A8E e Qo2 ¢ 5 gl a3z
i Aoz Haf 7] wiEe] o e AR
stol| ojste] FfM L] 1A B SSfof FEFS wHE
o7 AZE Y Yo w3to] ©E dA AEo] A
A2} ol A5 2G-S Ao et FFs] &
HhE Uit
Aol A9 ntolemtAY TR @S wEd}y]
At o olaY A1 Y (two dimensional (2-D)
gel electrophoresis), 97 4] (image analysis), 2 %F &
21 7] (mass spectrometry), o} =4t A E £4 (amino acid
sequencing), bioinformaticsE ©]-83t= ZZH QX 7|4
o] AH&EI gleH], 11 F 7 &3] AHEEE W ol oA
A A7FEe ol&d WHolt. I8y o)Ak A7 FEe
throughput 7]%5¢] F3ta 7|4 ©alou} At o
(low abundance protien: LAP)o A= A@A4 e A7 Aok
T gl A Al o)A dA 2 F=ntED
2| 7] (2-dimensional liquid chromatography: 2-D LC)$} chro-
matofocusing ¥ 43H= ProteomeLab PF2D" 7]% o] A4
ol @714 ddloly Ay ghelo] B X/ Az
A% A@A YA wol oA S B28 4 9’ pF2D”
2-D LC 7| & o4 A oz praD® A ~E o7 B33
(fractionation)dt= WHOZ A X S pI"EZ chro-
matofocusing &= 3 WA ©A 9} non-porous reverse-
phase column chromatography (NPRP)E ©]&3}= F WA
GAE o] Fo X}, o] WS o] &3t WM E, THAE
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A7) W& ov9lE LAPE EEdtr|7} 1;111 %ot
immunoaffinity columno|\t o2 7}A] @ 7813} W&

FQsjok drtE Bygo] gtk PF2DY 2-D LC 71 o] oj=
A& oy He 5T F gle FEo] dou Aoy
4 AA o Wol7t A w27 W Aoy A
Me B Aol GotE A sk w3t #H s A FA
UA =377 &olshA Fokth wetAl, Holrt & d
AEEte ZRHYA 7 e o] &t Az TS
a3l Zo] § 018 Aoz A 6A v 300,
70th 73 4 A vidE AA 2T wA EHy
I M Z (human dermal microvascular endothelial cells:
HDMEC)el A 2|& st} He] ggrs e dAfajr =
o gl S BN HI|2 STt

oo =& W3l PF2D" 2-D LC 7|H< o] §3ta] A
ol W& @3S HDMECH A& st 3td Yo 9
3 W3lsl= HDMEC ©¥l S dhzZsle] T uA| Lo »
sto} AEd gls waEFstaa) s
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2. HDMECZ2| HH2¥

AN I ZE HDMEC (Cambrex, Walkersville, MA,
US.A)E TY3tY A-&3t9 . HMVECS #4519 0.1 %
A S Mgk 220 F87]9 4 human epidermal growth
factor, hydrocortisone acetate, VEGF, human fibroblast
growth factor-B, gentamicin, amphotericin B, 5% fetal
bovine serum (FBS), R’-insulin growth factor-1, ascorbic
acid’} ¥ microvascular endothelial cell medium-2
(Cambrex, Walkersville, MA, U.S.A)= AF&3}4 37C, CO,
71014 passage 5H-El At &3t 31 th. HDMECS] Al
g Al 27 5% FBSE AT stAy Ztzte] AT



o]F3 T:olatd WA A=vtEIR 9} AFEHIE o) &

H Z A¥Te A9 pooled serume X El3te] 3 passage
o} g T AEE FHAT

3. PF2D® 2-D LC system
1) 2-D LCO|l 23t UteIN 3l

3% HDMEC= F8}7] o]l 20 mM triethylamine
(pH11.3) &0 &3AZ Balo] &3)8 99| 1 mge
starting buffer (buffer A)2} &7 A2 ZH < Mono P HR
5/20 column (5 x 200 mm (Amersham Biosciencesm Uppsala,
Sweden)oll Y3t A4 0.3 mL/min ¢ £E2 FY3}
ATk 280nme| FFO T AHPY FE4S RUEHSHL
H, AE FY F 38 30% ol buffer 2927} AHE2 L.
2 elution bufferql Polybuffer96 (pHS8.3) (Amersham Bio-
sciencesm Uppsala, Sweden)Z HAF AT FE2HL 4534
o2 £33 5 0] 96-well plated] 0.3 pH unit {H4 0.2 43
A

2) NPRPOI| 2|et O|xIEA Z2|

Beckerman Coulter NPRP 2-D columng ©]&3ta] 50C
oA 0.75 mL/min®] $E& @S Festdon AP f
Z9L 214 nmol M &% AstAth &1 A (0.1% wiv
TFA in distilled water)$} &1l B (0.08% w/v TFA in ACN)
= A& YA £l o5 dojx A7 g2 A

Z 92 NPRP column®] FY= %tk NPRP columne %
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B B2 FHo] 14T FREAA
BEHE ARE Z2o AR TSt HA Aol 4T
AR AP

Ztzre] F}EE= 253150l AAE I ProteomeLab
system®| PrteoVue AZE & A&3te] 134 =9] 2-D

liquid proteome map< 2435 th.
4. Nano LC MS/MS

7 @7ke) Aol7h gl REL guol T sl A5
3}% sampler, capillary pump, nano-flow pump, micro 6- ort
column-switching valve, MSD XCT IT mass spectrometerS’Jr
nanoelectrospray® T4 5= Nano Proteomics Solution
System (Agilent)S ©]-£3}91T}. Nanoflow gradient= 5%°]
A AZFete] 65%7FA ACN =& F7FAF . Salt gradient
= 1.5, 5, 15, 50, 100%2] 1M ammonium acetate -4 2]

A Az =5 dd g wE 3

AZ FZH A Salt §9-2 158 02 gradient’} A
o] SCX column®] micro 6-ports valve & WHEE T}
Column®| EF& 15ul/min°|UX 7AZE 7F2=E 5 L/min,
325CAH. o] AlzglollA dojxl JEtol= MS/MS 2T E
& Spectrum Mill 2ZE9ol& o] &3] to|EH|o] =&
T8t QAT DS Tl A F Holg o] ¢l
NCBI9 AA dag]&d A HAAsH T} Protein score> 13,
petide score > 10, scored peak intesity (%) >70%] -
olE E4stitt.

4 1
1. XM chromatofocusing £ Zu}

5% FBS, 64l °]#, 30d], 60-70t]9] ¥AHE& Azt
HDMECS Y4} chromatofocusings pH 8.0914 A|Z}s}
o pH 4.07}4] gradientE 283+ A3, Ztzte] 4 19
ZE A4S F ARGtz FBSE A FolA buffer
| o3 zHd dAo]l FEEHANL, YA FolAME Bl
A dakd J =7t FEEH A (Fig. 1).
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2. O|xXt¥ I 20IERY

5% FBS, 64l °]#, 30d], 60-70t]e] ¥AHE& Azt
HDMECS 9214l chromatofocusing ©] & ZF 8 & o4
Mo ARuEIHIE AANT A, pH £ 8, 13, 149
Me Z 79 ARAA AdA JA dee 999 93 E
H2E F UATH (Fig. 2A). HHddl pH 23 30, 43, 4891 A
ol9] AL A2 HDMEC A EoAT 2715 & 3
##S Ay (Fig. 2B).

E3] 499 A E3o) M= 30t 60-70t)e] AL AT
HDMECS] Aol AT MEA vehtes @9 337 #
Z¥ Aot (Fig. 3).

3. 2-D liquid proteome map

Z+z7vel @4 & Ak HDMEC 9] oA g3l L2 ¢ &
A%Z ProteomeLab™ system®| ProteoVue AZE g o]E
7}

o] &3te] A& 7 AUAUTH (Fig. 4). Tuid ol wpe} A4
5 ZolE HO|BE lane 12014 71 43 S3=71 2
of SiE ] ¢fo] & A& & F AT

4907 EZo A Ao e Agds W FUhske
@S 2D liquid proteome map2 2 UERH A3 Ol 2T
Zobe] EAS A3 wolMe #EHA gouh 4l 2 =
A9 AL AYAe Pt dethes MES &1 5 9
Ak (Fig. 3).
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Fig. 1. The first dimension separa-
) tion is done at ambient temperature
D with a flowrate of 0.2 ml/min and
B absorbance of the column effluent
A: control, B: neonate, C: adult, D: elderly was measured at 280 nm.
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Fig. 2, (A) The 2nd -dimension chromatogram of the pH fraction 8, 13, 14 from HDMEC streated with each sera. Repetitive peaks
show correspondent proteins in each sample. (B) The 2nd -dimension chromatogram of the pH fraction 30, 43, 48 from HDMEC
streated with each sera. They show increased intensitiy of peaks in the HDMEC treated with sera from the elderly.
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Fig. 3. Differential protein of HDMEC treated with sera from the elderly is seen correspondent band in 2D-liquid proteome map
(49th fraction). The protein was identified as fatty acid binding protein by LCMS/MS.
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Fig. 4. The representative 2D-liquid pro-
teome map of the HDMEC sample as
viewed with the ProteoVue software.
Each lane represents the absorbance
intensity of the 2-D separation of each
fraction collected in the first dimension.
The x-axis, 0.03-0.1, is pl units. The y-
axis is percent B of the RP-HPLC
gradient at 214 nm UV detection and the
spectrum is the chromatogram for given
fraction. Color intensity is proportional to
differences in protein levels.

WA (adipocyte)] fatty acid-binding protein (A-FABP)
l AL g2 FAHHUT (Table 1).

LA

_ARAAZE AT B4 L IE 2 389 7)
e Axs %JﬂrﬂMxﬂiﬂ WggAY 5oz <

So FAAHE, U, SR AR, P, 450, 25
A2HES SO @_szlo] FUHY 2R, 4, w3



Table 1,
sera in fraction number 49 (pH 5.04-5.95)
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Determination of the newly expressed protein differentially displayed in HDMEC treated with adult and aged

No. of Distinct Distinct summed % AA Mean peptide Accession No Protein name
spectra peptides MS/MS search score coverage spectral intensity ’
16 4 5330 0 (0) 4.46¢+ 008 30582457 Pty acid binding protein
4, adipocyte
FFa Tol BHUAAZY TFoldel FFE F= AL

2 484 Ao
oA 2ol FF
of thell WA AHRH JrEZF] THF Hol ‘a—hﬂﬁ
o 2ERZAS AHHoE FAYIAM L FFES T|x
nitric oxide & S7HA711 W@ | F3hg JA s &
AL gdE 28-S fisd 99 ZEA2HELS
EZAY F% 5HE AN I=H &
OHL/‘V]E HNoZ %“gﬂﬁii’ Aetd o= AHd
Ao g FHHY. w5t 7
o] 7} 2017“’“ U—}E} dAWIHA EA = o8 74A 7]
T24 37t FLEA e, otAEZdd o
WaAze d@stgol iyt 1PHAA £y ut
noradrenaline, endothelin-19] 2|3+ YdA4= WkSo 7HA4
Az Zesze e & 5 g2 5
T3 =57 JAgE A9 ddfaAEe AT AB
nitric oxide®] ¥H]7} 2 A2 @ Al Zeto] Na FZ 9 0]
Aol ola) d@7)sol o)afo] AR, Ui Fol A3
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T3H = 1 o] Z alkaline phosphatase
Fo, 52 Al @3] 135- 150 mg/dL, 2]
% ¥do|Y glucose tolerance testoll A 1047ttt A4 -10
mgldL A 44, 2ok W) 22, BUN 271, 4
7 AAE 27, BAL9 24 B9 A 228 AFAS
t}. Veldhuis 57 AA3 229 Bu|7} Yo|7} SHA &

o HA Fojeval BustEA Yo7k & 4¢ GHRH 7
2, somatostatin ¥, g3t é Ji 2 2 24 7159
&4 Fol sy WEo] AFASEE BHVF SojEta
718t Hth. EF vitamin B12 ( obalamin)®] X% o7}
Sojztoll whek Al Hlal & Fo HaR FAEHE 7
7t gon old ofs) AR =

A BT £ o)7h E017HE 3
7bsAdol F7ksk ol 2jh ot
o 7% Tk, Th2E WY B 4
innate immunity?] 7+4 59 # =4 =
o= Eiﬂ 014” Fut ' B 191 w8 g
&3t 3 =
apoptosis s1gnal—regulat1ng kinase I(ASKI)«] 43 =7}
ANA daYaAEe w35 fists Aoz Lo
3hot AdE g8 Y HEoEE 95 HHE inter-
feron-gamma inducible chemokine$! MIGUY IP-103} eotaxin,
soluble TRER-II F°] A4 Aol Hl3l] =oA S7}3t
11, epidermal growth factor (EGF) receptor®} EGF= #4a-F
i Hag wh APl
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o R A g dhulg BEglste] BAsE pR2D”
2-D LC 7I¥< o]&3te, @RI EAgME H29
B o]tk PF2D" 2-D LC 71%¢] LAPE BAatE o &o]
st AdAo] AE AHol e Wk Tl pist elution
buffer®] pH 7+ *}°]& E.O]& position shift7} ‘i’)\ljr% @4
o] glt}. o] & FE317] 94 2D JEEﬂ& AEE Hlast
o position shiftg B Fste= HHS AHEE + AU 2D
A5 Ax @74 dwo] 2 7 ] HEo] HA=d, F
F 9 Be AZE ool HEA YL Ffe] 2D A
52 WEART 22te] Aol Bule FASE Aol B
8% Zlo® ARHY.

B ATdgMe Y Yo w3l mE Y J& Wt
AWz} old Hs ZEE st=AE Bel7] A U
olo] W A& FAYWI A L At HIlHE &
< PF2D® 2-D LC 71" % nano LC-MS/MS7] % & o] &5}
Wzt stda, I A3 ALAES FABPE 4835
T 499 8 o) B o) Wy}l 7h FEiske] 499 £
< Mgt

FABPS} Agshs Ak Al
Aoy FY2EHEY FAH =

=]
L
=

o g4, olyx A, Q)
A Basi. old@ A

RS AALE Tl dolA AL AGA LA EulEAY 3L
oA FoRFE dHHETt A4S albumin, lipocalin,

FABP 53 233t L¢ o=
o] & FABP: AX 449 =4, Ax Aadg, {24 A
Abe] 2A 3 22 Ao 2 s e FAo] WHsA A
#Eol Qe Ao A UF>’. FABPE ZA plasma
membrane¥ AAH FABPpmI A EU|, AxZ thizQl
FABPc9 5 7} & UH 1™ FABPcE 229 Eo]Ad w
gt AA7MA 3L, A AR, AAE, 29, 3%, o, 22

189 97k Ao A LA HAT, B AAEo] A
of & d7zlo] AgT Ao dHHIAAELE Tl =3}
o} d#d ZozZ uEd W FoAE FABPE i
(epidermis) FABP (E-FABP, psoriasis-associated FABP)% =
H w37} AYDES F71shs Zlo] BAHdY B a7
£ 53 w39 AFH AeE gAFHE A A-FABPO|T.
A-FABPE AW 229 Azde 53| dAR L A Az
o B3] Wrdo] 2AHHY Awite] o ME A-FABP
mRNA®] Wgo] 2HAT”. 22 A-FABPY wdo] gl
nh§-2 ATl A A-FABP7} thAY ek 2R #dol

et ol go] A doh.

Aeo] B FEH A-FABP7L 53 9 o] T #4
of o Hvts} AAE vEANEZTHY J&d Ao Ta
HE Ao g VehgtHY 5 2o] A-FABPE HIT A P}
2 Age] it FEE A AAE] AR =

WA AzvtEdefu)el AFEAVE o] & HWIALY w3 dd Ty = 7

gL HAE Aoz IHHGE =3 tlAH ZoA B
i -FABP7} 537359 #2S S/ AAs
7&‘47‘4 © % A-FABP7} 4733859 2 T8
o 3§ oz Ag71-5]_]_ FABP7]' ;(]HP ] ]— ol &
A gl F83 F2o] 2 Zow 7]31
A-FABPE AWAEL ooz 3|57, ejo} IHFA, ek,
ciliary ganglion 514 HAFHUSHS o} 2712 & df 5] A
oA HAHITGE Bie glon wstel ARHAtE
B glth Yo7l Eo24E dat dad W, A%
T2 o, 47559 EA ol FUts] Wi & ATl
A o] & Atghe] gl Aio] G ol faA x|
A A-FABP7} 2@ EH AT 22 & o7t lS & AUk
A-FABP7} o] 2] tiAbgof & ofyzt s A 29| w3}
o 2T Aol e F don d9 FEY oud A
o o3l A-FABPS] Wdo] FEH =37} Xl*ﬁﬂ?i%
7Fsdol Ak &% A-FABP7F k3ol A 9] 7)< 38t
n 319} o] ‘Er‘ﬂH ABA o g F71H ﬂ:rLﬂ 49%
Aoz AzHAT
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B oo we 528 FA A 7)Ak8F BPRCY ©]F
AFdelA ZHAE =@yt
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