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[HE] B Fsciad 2 A MLz 315 (invasive cardiopulmonary exercise testing, iICPET) 12 f12 31 &
i fili 3 bk 5 & (exercise-induced pulmonary arterial hypertension, EiPAH ) & 4§ % 14 fili 2 ik & & (idiopathic pulmonary
arterial hypertension, IPAH) i 2 I 3% H A b 28 40 i1 5 B 43 F 1 (human neural cell adhesion molecule 1, NCAM1) [
Rk Z 5 I o b H ARk 22 57 5 I R 2 800 A DG4 |, LAl — 25 4R - i 21 Ik =5 Fe (pulmonary arterial hypertension,
PAHD I TAREY . ik O R0 N0 S #2 1 IPAH B % 4 iICPET #1121 EIPAH 8 % 41 X {d
FREXTRRZH . iz AR 15 BT 20 2% LC-MS £ AR X 4 20 I e FEAS BE4T 43 87, >R ] ELISA ¥ — L0k, Jfid if 321 TAER:
fiF (receiver operating characteristic, ROC) 43 #r , FIWr il 3% v NCAM1 51l IR 45 A 6t . S8R EiPAH B #H K&
IPAH B3 13 i NCAM1 & [ 5T 7K 7 5 % B8 2 AH b 34 B 5 88 5, 22 5% £5% 41 (fold change, FC) 4351 24 4.32 il 4.91
(P<<0.01). ¥ RA&LFEA R ELISA AR #E— 5 51 . EIPAH & IPAH 3% Il 3¢ ' NCAM1 & 14 i 7K F 5 %3
AR B A W8 TR RS (P<<0.01) . ROC Mk %5 5 £ W], 78 IPAH 415 EiPAH 41+ NCAMU1 Ifil 2% 2 H R i) AUC 5351 4
0.9310.98, %5 EiPAH K& IPAH % I 3% th NCAM1 & 1 5 K-35 B 8 48 5, AT ik 5 PAH % MDA G .
[X8m]  FrRVEM SIS IR (IPAH) ;32 3hif & i i 8 Bk & IR (EIPAH) 5 A M 20 MU B 20 5 1(INCAM1) 5
1 4 o
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Differential expression of NCAM1 in exercise-induced pulmonary
hypertension and idiopathic pulmonary arterial hypertension
based on proteomics
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[ Abstract] Objective To study the human neural cell adhesion molecule-1 (NCAM1) in the plasma
of the patients with exercise-induced pulmonary arterial hypertension (EiPAH) and idiopathic pulmonary
arterial hypertension (IPAH) confirmed by invasive cardiopulmonary exercise testing (iCPET) , and to
analyze the expression levels of NCAM1 and the association between the protein expression levels and
clinical parameters in order to explore potential novel biomarker of pulmonary hypertension. Methods
The subjects were divided into 3 groups: patients with IPAH confirmed by right cardiac catheterization,
patients with EIPAH confirmed by iCPET, and health control group. The plasma samples of each group
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were analyzed by proteomics LC-MS.ELISA method and the subject operating characteristics were used to
Results
NCAM1 protein levels in the plasma of patients with EIPAH and IPAH were significantly higher than that

judge the correlation of NCAM1 in plasma with the clinical indicators. The results showed that
in the control group, and fold chang (FC) values were 4.32 and 4.91, respectively (P<C0.01). Then we
expanded the samples of each group, and verified the protein expression levels of NCAM1 in the plasma
samples of each group by ELISA technology, further confirmed that the protein levels in the plasma of both
patients with IPAH and EiPAH were significantly higher than that of the control group (P<C0.01). The
receiver operating characteristic (ROC) curve showed that AUCs of NCAM1 protein in IPAH group and
EiPAH group were 0.93 and 0.98,respectively. Conclusion The protein expression levels of NCAM1 in
the plasma of patients with EIPAH and IPAH increased significantly, therefore NCAM1 may be associated
with EIPAH and IPAH.
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fiti 8l ik & & (pulmonary arterial hypertension,
PAH) & AET- %5 12 Wi () i B G 26 101 6 @y
BV . EIRIE , REIRST I PAH B 5 4R A f7 5
R 21% " PAH B WIAERBRIE , &% 5212 Fl s
12, BE MR BUER B 612 PR E 27 N A LR
Jc # A £ B R R Y 4 & P I 3 Bk = R (idiopathic
PAH,IPAH) #4% , 2 Wi ik [ Al K35 47 A 370 Il
KL 0t 75 % 19 PAH B # 82 1 WHO DI Rg>
=k IV g™, 0192 Wi IE 159 208 206 97 19 PAH &
AL A AE AR TR 2 W PAH B, AL
2 W o PAH B A UG 2CHE . HAT
Il PR 04 PAH G £ J5 vk, A 75 .0 sl BT O AT
MRI. B BG4 R ik JIUES 25 45 B8 BB 48 /s 5301 2l
2. LAl O iz ) il 5 (cardiopulmonary
exercise testing, CPET) £ & B PAH & & R iz 3)
it £ T K AHANRE R W2 W PAH, 2 A M0 iz 3)
i % (invasive cardiopulmonary exercise testing,
ICPET ) 2t 3 [ i b 1= 27 B 3 e TP R BT BOR vl 2
Wr iz 31 % & M PAH (exercise induced PAH,
EiPAH) . 53E{2 Atk CPET A Y2 ,iCPET iz
Bl EE A Bl K AR B KA X G
DX AT i A AR B R E Bl B 58 A A O W I U 3N ) 2
FAJE 20 200 A B A G Bl . IR EEE A A
AT Dt DAL g e W PR X CHE B3k 0 7 3 o \PAH St & Pk
Jili 9 ), i JEIR AR A0 5 R A T 30 B ik )

(mean pulmonary arterial pressure, mPAP) <<
25 mmHg (1 mmHg=0.133 kPa, F[A]), 416 {5 1)
IEH R Al 47 iICPET K 4 i id iz 3 if mPAPmax=
30 mmHg H fifi il 4 FH 77 (pulmonary vascular
resistance, PVR) PVRmax=120 dyne-s-cm™, B A]
LW EIPAH, H T BB 2 PAH 9T 1 BL .

AWFSE B TEE o 8 BT 2 O BT SRR W
ZEME EiIPAH TP AH (B I35 v A 22 40 B 2 B 20 1
1(human neural cell adhesion molecule 1,NCAM1) Y
HH BERB KT, St — 245 7R 5 8 1 56 & DA K
W58 PAH LA Y s 25 W S it 92 50 2l

wORF RN Oy R

BEABRSYE ZERER KM ES —
P B 40 B 22 51 2 Atk vk AR R A 12 W bR o TR P
ST 2016 4F 1 H 2 2018 4F 11 H 3 B o0 1 5 4 Bk
16 14 0 EiPAH & IPAH % . IPAH 2 Wi b iff: .
2015 45 BR Y 0o B 55 2 2% / R P W 2 2 Ol sl ik =i
JE2 W AR dR ), IR O A N R R =
THOSERGWL . EIPAHSWbRIE 4K 5 H
WA {3 I 2% B it J& Brigham and Women’ s Hospital Hili
14 A0 F AT Waxman 2554 %€ 19 iICPET 2 Wi b5
e, B FR BE O i N R = ICPET o0 47
ICPET 512 . HEFR LA T 5% NCAM1 I 3¢ ¥ i
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B P < 6O S R R G AR At
P i R 6 o % IR 2 2018 4F 10 A fE R Be 1A 46 &
ka4 A4 0 58 ICPET K A HE Bk O 1L & N BEAH
RPN, HEBR O i B PN A3 W R A R AR
A E 2 e E R, R TP JE O I N REAR G
PRI L, 5 S 2H R g X BEZH R PR S AR I AR
HJ5 2 % Rt L, 3 REEARK S g A
FRifEARE .

RASME KK ELISAKH &l A k£
Thermo Scientific A& , /MRS & IPG 13 cm
(pH3-10 NL) 3E & ¥ g 47 . DIGE 44 £} (Cy2TM,
Cy3TM, Cy5TM) . EDTA ¥i % & W A % EH GE
Healthcare A wl o Jo/K B | 4R 55 8 FHIA I 2 R
= o3 Hr st o AR L TK AL (SE-600 2 25 HL UK I 45,
Fii it Amersham 23 7] ) , Ty-phoon 13 4 Fl De & i
¥ 84 (32 E GE healthcare 22 7)), Y628 B Y
(#45 . GS-710, 3% [ Bio-Rad 24 ) ; JFi i F & (!
5 : Thermo Q Exactive™ HF-X) fll{& 3% - & (K 5 .
Easy nanoL.C 1200) ( 3% [# Thermo Scientific 23 #] )
Bioworks 4 ( 32 [# Ginkgo Bioworks A A] ) o

FRARRE XAF G AT R X R K
(740 &), H EDTA $T % 5 ok 4 & kil
2mL, B FEAENRA 10, T4 °C.1 600X g 5L
10 min, MW 4 )2 MK % # 2 1.5 mL 2.0
B I A R R AR A, T =80 CIRAERH .

EZHRBEBEEWNEEREFRLE  MmFEHS
fEURIE  ABU mL AR, T 4 °C 12 000 X g B0 1 min,
W B ] 2 bR 2 B2 AE o # RS 1T 0.22 pm i
JEE it v B A 1 A (3G 1 Agilent 24 F)) &b
HEBREFEEE A (] Bradford 3% X & 1 5
FiE i, IFBEAT Cy2 Cy3 Cyshpic . HAric ki m
A —EPE T, RHIRS), siah B0 R E N
B, A S PR B 2B i 28 i, PR 10 mine 3
7 1IEF 5 SDS-PAGE. HL K 45 5 J5 SR H i R R 4
BTG

R#ERERBESGSH i H Typhoon H#i{X
Fl eCyderTM v6.5 # 4 (3£ [ GE Healthcare 23 ] )
PEAT 4 ARG AT 20 o 15K i &0 1 4
Jo 5 3] 3 5k B L X i L b R A B AR R AT
M 4 #r (differential in-gel analysis, BVA) , VC L J5 £
X 24 F8 B A X R AT R (Cy3/Cy2 8¢ Cy5/

Cy2) Ui E2ZFE AT, AN 2R E AR K6
WG AT E R . P<<0.05 B EFH S
ES-9'8

BUBEE X258 0 BT R MALDI
JF i 5 M, I BIOWORKS # 41 % ipi HUMAN
v3.53 B B PE S 2 AR .

ELISA#& M #EAY 15,5 H ELISA Jr
I 4% 20 1M 2% o NCAM1 1 28 11 it & 35 7K °F- , ELISA
F28 57 &1 (£ E Thermo Scientific 2 &) 6B FB AT

45 E

ZHEEERTHOLE ZHRHEENE
HRBEREMBANELEE T E IS, 5§
EiPAH 4 8, IPAH 2H i 55 A O 5 8 T A5
{5 i 20 Jik e 4 = [ (45.63 +£9.01) mmHg | #1 1fi. 45 B /1
[ (805+394)dyn-s-cm™ ] #iE 7 F EiPAH 4 (P<<
0.05). IPAHA 5 EiPAH 4UAH [b , ifL /R B2 LT L A
021 % K #E &, 5 /A Bk BE ad R (glomerular
filtration rate, e GFR) AR . 9 20 34 0 Il PR iR 5
SV mPAP il i A8 BH Ty 5O AR G 1 0 # R
T 1L R it = 4 0 AR ik R TC AR G PE (R 2) .

EAREAFEREER I EGSEHR,
IPAH 41 5% B4 119 Fp 22 S b B A g, Horp
66 M RIA 1,53 Fh R IA TR I s EIPAH 2H 5 %) B2
AH LG, JE AT 115 Fh 22 5 SRR 8 1 o, Hovp 44 Fh 3 5k
B IA W =3 v O T R G S Y 1 B A T
NCAM1# | . IPAH 4 il EiPAH 4 NCAM1
AH X 5 BB 43 91 19 997.4 15 471.1 Fl 21 538.4 &
5938.4, ML TR IELL A 4 991.4 1 046.4, 2 F A 5
H2E 3 X (P=0.001, P=0.003) , P 4 NCAM1 K 2%
S A5 % (fold change, FC) 4314 4.01 F1 4,32,

ELISA BiEIM 3% h NCAM1 EBKRAE XH
ELISA (LRI £ 41 1 3 b NCAM1 &K [ k. 5
X RRZH[ (2 188.03 +207.995) pg/mL J#H kb, IPAH 41
HEIPAH 41 1fi0 3% v NCAM1 % [ 5K B 538 55, 4
S K (2 704.667 £ 380.402) pg/mL (P=0.002) F
(2864.222 +288.602) pg/mL (P=0.001). il 4k H
53R A4 2425 R — 2 EIPAH 4138 5 I 2, EiPAH
5 IPAH 4 B 22 A 5T 3 L (P=0.004) .

FRETEFMEMSE N2 H TAERE
(receiver operating characteristic, ROC) il £& %i 45 7T
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£ 1 IPAH 4 .EiPAH 2B 70X} BB 4 9 I IR & £} Eb 4%

Tab 1

Age (y)

Female (%)

BMI (kg/m?)

WHOFC [ /1I/I/IV

Transverse diameter of right atrium (mm)
Right ventricular end—diastolic diameter (mm)
NT-proBNP (pg/mlL)

Bilirubin (pmol/L)

Creatinine (pmol/L)

Uric acid (pmol/L)

eGFR (mL-min '-1.73m?)

Mean pulmonary artery pressure (mmHg)

Mean pulmonary pressure during exercise (mmHg)

Pulmonary vascular resistance (dyn-s-cm™>)

Pulmonary vascular resistance during exercise (dyn-s+cm™)

50
23+2
0/1/5/2
44+9
29410
731+ 831
20+ 17
76 28
447 138
98 + 24
46+ 9

805+ 394

44 %12
50
23+1
0/4/2/0
34+ 4
20+2
32+19
9+3
67 12
295+ 72
11115
17+ 4
33+1
104+ 15

243 £ 44

29+8

60

21+2

Comparison of clinical characters between IPAN group, EiPAH group and control group

0.387

0.832

0.124

0.020

0.847

0.051

0.066
0.988

0.522

0.012
0.002
<20.001
0.112
0.441
0.003
0.364

<20.001

<20.001

“ IPAH group vs. Control group;"EiPAH group vs. Control group;* IPAH group ws. EIPAH group.FC:Fold change.

%2 IPAH 4 EiPAH M Il FR Bk F 5 F B3I B E , it
I % BE 71 B 48 K 1
Tab 2 Correlation between blood uric acid levels and mean
pulmonary arterial pressure and pulmonary vascular

resistance in IPAH group and EiPAH group

Mean pulmonary artery pressure 0.71 <<0.01
Pulmonary vascular resistance 0.83 <20.01
Heart rate 0.27 0.489
Mean systemic artery pressure 0.15 0.708
Pulmonary capillary wedge pressure 0.31 0.419
A IPAH
100
80
X 60
z
£ 40
g
(5]
“ 20

0 20 40 60 80 100
Specificity (%)

AICE 1), IPAH 415 EiPAH 4 NCAM1 i AUCyoc
435 2R 0.93 F110.98 , & B 1Z 8 s B 55 g b 000 92 4
SR, X NCAM1 5 7 28 H8 3% 0 I U 2l ) = 48 A 2
F1HE DG 43 B, A4 1 I8 B RTAZ Bl 8 i B ) it 3 fik
S-S5 Rl It BEL T 2B A A R O HE R A
fEbR, R ARG B,

ER

F A5 £ H G b B 2 B Mt J& Brigham and
Women’ s Hospital fifi il 4 .0 32 /£ Aaron B.

B EiPAH
100

80 ¢
60

40

Sensitivity (%)

20 e

0 20 40 60 80 100
Specificity (%)

B 1 IPAH X EiPAH % Il % " NCAM1 & B 8 ROC Hi £
Fig1 ROC curves for NCAM1 in the plasma of patients with IPAH and EiPAH
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Waxman % & 1E, T 2017 4F 5 H 76 4 E JF 55 1
il iICPET i2 Wi EIPAH™ | [7] it # 57 T EiPAH #9 4
Y RE A B 22 RN B 17 BR A, I 7E 4 HE T 3k 0T 4
AR UL N BE R R 2= B I 55— B BE T 2018 4F 4 A
FER LT F AR . 2017 4, FRATHGE T iICPET 2 Wi
EiPAH | F I EF 5K P 0 77 52 vl 55 B8 X I 1052 FR] X (4
H™ . 2018 4, FATTAE [H PR L i I8 &7 5k 0
T U A Ll 3l Ik D fE R A 1 AR T B R
BIEANT S BRI ICPET MR AMEK & #1E 2 2,
RO E B B, R A 2 O BB AE 4 [
PR . B B SE RS W PAH Y I K A YA
A B I PR 2R i D i IR R

ARBFFESE B2, NCAM1 I 8 1 5 3k K
FAETPAH M EIPAH B & PR T & . NCAMI1 2
B 12 BR R M R E 4> T, 002 40 3 B Ay e —
R REERETFHAERS, S 50 MA 68,
FEAR 2 A AT A o O BEE ] . AN NCAM I BN &
7 F 11q22~23, & — MR & L, BB S T2 E A
WF T4 3 T 40 48 R G0 M DGR I o 3 4F oK 1 T 2
REW ZEATREEENGFESZEK, S 5% mW
Y M G B R B A T o e, IR E— 2P 5 A
WL AE 16 S A T g o 3% 43 AE SRl P O L Y 0
JULAR AL S0P O WUASE BB 1 00 L AR iR e tR: 3l ik o A
B b 0 IR 99 R 3 A i v 0 R 0 o AN (R R B A
GAN = (| W i N N & Y T 1 T W
NCAM!1 55 fili ifiL 58 AH OG5 5 A A Gk o [R]s, ASfF
FEAE R RN IPAH B35 LR IR LI B 21 3 K F- 1
&, HL I PR 2 K S5 mPAP il 1 48 By 520 A 5,
2555 van Albada %6 HGE ML, IZZE R AT RES
IPAH FB 0 i 8 B 38 A<l 9 L 81 2% 0 L L
PR ZH 2 I R 4R L I R T R T R BN IR R T i
B M HEM A G . T R IR ARSI 5 ik 2
fICHE AR R A, v] R A2 I i, AR BF 5 48 7R R 8 0] B
AT A b 52 B TP A H 355 1™ B J3E 1) S 6 S 4R s o

IPAH } EiPAH 5 PAH #H ¢ 7k (1 B AR HL#I 1%
AN B, (ESF- T L 200 6 e 4 R O T R R 3
B4 Bl I 4 TR BN N S TPAH A9 T 29 B A B G
. B AW EW, Wnt3a/B-catenin/survivin 5 5
W RES 5 PAH &4 & R, %08 % 2 8 IE 50 2
55 22 0 I Je A0 B % O T BT LA R Y R AR
WA 28 5 1 IPAH 500 P g 04 & 0 ML) 5 A
FLfa] o5 o ARk, 7E 22 B iR vk B R 2 it

Bt TR E RS E T E . B R, NCAML Af
A 2L R g e 98 400 O T R 2D, O £ U A RS B L 1%
VE I HLHI AT BE R T B-catenin (%5 S 1% vk, S 8040
it 1) 8% B 0 55 , IR I O AR 28 Gavert 25
SuRTiEnE G EZE Uk e e N 7R P E S /NS I3
B AT LS AR5 5 R 7 NF-«B , %15 5 1 5% 5 i
(1228 5% B % Y AH ¢, NF-kB 005 S — 25 hn s
NCAM1 X i fg i) 42 28 RS VE 'S . AR BF 98 8 IR
&I EIPAH B M2 NCAM 1 8 IE & X JE 21 B
G ThE, HoE IPAH B i 2 sh g o 7 (BT
ERE A K EIPAH B .

o T EIPAH 76 5 P9 2 B 82 AR, H A A T R 6]
B o g A X IPAH  EIPAH & 8 %
WA, TE Y KB AE 115 BT, A BIF 5 (0 BE A 2 4K AR
AR R RRAL Y Z 3K B AR R W] e X B oY 4 R
H— R W XA 1A B 547 Pearson A
SRS BT AT, NCAM 5 4R % (9 A 56 R R 3 (r=
0.291,P=0.179) o A URE LK QL2 P KFE AR, JF
— 8 iF NCAM1 5 IPAH & EiPAH #5674 1Y
B o
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