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Transwell SEHAI DS 22 57 22 Ik “"SPLFMGKV VNPTQK " X144 7 4t il (HTR-8/SVneo ) 3458 iT RS RE ST 1 FE M . Btk P4 1 44t
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Comparative peptidome analysis of preeclamptic placenta and functional study of the

differential peptides

SHAO Huijing, WANG Tianjun,ZHANG Jiajia, YANG Nana',SUN Lizhou

Department of Obstetrics and Gynecology, the First Affiliated Hospital of Nanjing Medical University , Nanjing
210029, China

[Abstract] Objective: This study aims to identify the peptide with different expression in preeclamptic placenta by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) , and to study the bio-active function of the differentially expressed peptides.
Methods: Placental tissues were collected from 4 normal pregnant women and 4 pregnant women with preeclampsia. All participants
underwent planned cesarean section in the Department of Obstetrics, the First Affiliated Hospital of Nanjing Medical University from
May 2019 to September 2019. The effects of the differential peptide ‘“*SPLFMGKVVNPTQK"® on the proliferation and migration of
trophoblast cells (HTR-8/SVneo) were studied by CCK-8 assay, clone formation assay and transwell assay. And the matrigel assay was
used to study the effect of this peptide on the angiogenesis ability of human umbilical vein endothelial cells (HUVECs). Western blot
was used to detect the metalloproteinase 2 (MMP2) and metalloproteinase tissue inhibitor 1 (TIMP1) in peptide-treated group and
control group. Results: A total of 3 582 peptides were screened out and 48 differentially expressed peptides were identified. In vitro
functional assays showed that the differential peptide *“*SPLEMGKVVNPTQK"® could promote the proliferation and migration of
trophoblast cells and the tube formation ability of endothelial cells. After peptide treatment , the expression of MMP2 was up-regulated
and the expression of TIMP1 was down - regulated. Conclusion: A series of differentially expressed peptides were detected in
preeclamptic placenta, and the differential peptide **SPLFMGKVVNPTQK*"* exhibited a promotive role in the behaviour of trophoblast
cells and endothelial cells, which provides support for the study of pathogenesis and treatment of preeclampsia.
[Key words | preeclampsia; peptidomics ; endogenous peptide ; trophoblast cell
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9 HT A (preeclampsia ) /& — i 4 Uik HH 5 A 9
s, FER BN AR 20 J8 5 H B i ERE A 2
FIPR ™ e Bl LR, A B 48 B, BRAAm]
[ = WA SN =€ 7 K VTN IR VTN R LK 2T TN
A DO K AR BAE IR & AR N
AR Z B G AR R A LRI A A S
RAE R RS o B R H I A AR AL AT A
385 A R G 4 o R LT E— A A DR I R R
ZARAEIR™ . AEURWIE , SR ANMLR 25T R
WUZ , SRR SN , i 5 e e BEAPR A A 5% A AR RE
s, RIS LAE K & B b 7Rk, mife
TR E IR R B R AR RN
543 MR E B0 ok o 98 2K e, SR H Ak vy B TE s ik i B Bl
ok SRR R A S T

B2 SO i B AR (AT 8, YRR 203 H K I it
(LC-MS/MS)Hi A Fik b B 2E o 44t T8 1 T A,
TR G R B A E T 2K N AR
Y R A T HEAEHY . SR 2 E R DL
R Ry HeAilh e e Sk () — 11 4 T B 58 N TR 22 K
SER DR S AR LA B AR 2 B AT S I
G PR Z IR A8 A 2 BT /N T 10 kDa
1/NrF B, K20k B AR R, o] iy
BRI, DL RTIA Sk 22 KA R i 7= 4
T JGAE P2 16 (E SR i 22 R IF 9 3 B a6 Py R
PE 22 IR B 5 | R AE BT A GG s i el s, R 2
JIRE 2RI 5T F T e & AR ML R 5400 07 26 1
BT HAHEEE X, Bz N T 2R i
JFE B PR s B IFSE T FE TR AT Y 22 A
S, BETC A AT R DL S AEK
Z RS, Ry T R E T 0% i L B 3R AR S
PRt TSR MRy R T
R R AR AR 1, 76 2 IR 1 K- 138 A i
FEo ARSCHIFH LC-MS/MS £ ARMFFE T i G 4k
A Z2 IR PR E AR A, i AR M58 R 30
T3k A 5% Z K “°SPLFMGKV VNPTQK " X} 1% 57 4H
JL A B i A8 PN 2 A L T B PRS2 ), A i A0 e
ML 58 LRGP AL T 52 3¢

1 #RFTTE

1.1 ##

PEHFE 2019 4 5—9 H 7E ot R 225 — it m
P g 7= B e 43 e 2 4 8 451, v 4 91 E # E H 4
IR, 4 BT AT G . S RRAAr-Rl2F) 5 8 IRHH
XF - 13 2 W, B AT B 20 SRS B0 4

=140 mmHg FI/5% &F 7K =90 mmHg, £ /K & 1 FH
o BICEE RIS AR AR — 30« il Mk
D FFDDRE SR W 5 B DORE L 5 Bl A i 5 8 A& 1) A
P R G SH a e A o [R] BHERR R A 2 R 1
FE HEPRAE  HUAR B RE S8 AR iR B A IR AR
SiE JHIE LS IR 556 T RE I 2200 . X4
B Tome i s DL AR s o B R B
7L i B UIG B ST I R 2 B IR
B ARAT B 5 R R m 5 — EE B e 3 2
S, B I A AV R R T R A B AR k>
VPR B LR AR

B BUEEE (Millipore 23 1], 3 [H) ; 4K L LM
1R . = 9. £ 1% (Thermo Fisher Scientific 2 & , 35
) 5 ik R S8 (Sigma 2 F) , 2 E) 5 IR 4 ML L ECM
5975 (Sciencell A F], 32 [H ) ; DMEM £7 323 .0.25%
JiREE-EDTA | PBS 28 M (Gibeo 28 7l , £ ) ; CCK-8
R & BCA R & (P s vl MERE AL HE R A FD ) 5
Matrigel 3£ 5t i (Corning 23 7] , 2 [# ) ; T MMP-2 g —
i (R Proteintech 23 &) ) . $it TIMP1 4 — #T . $iT
GAPDH [l—$T (Abcam A F) , L) . BRI A
[ TSR NN 57 WA o= Wt/ B 2 Y | EB U= R f 7/ 2 TS TR T S
P =P (e PR SR AEYEARARAF) ; ZHK
ZHAC LRI AE R A R R A K, 8 i RPLC-
MS A I 40 155 A 959% LA I 5 N 2% B Aok 37 40 il 3R
(HTR8/SVneo) LI LBk P4 K2 (HUVECS ) 2 i AR 1
25 [E ATCC 44,
1.2 Fik
1.2.1 #RFLE

JREAEA R G S AR TR AT . fAk
PR 22 R B B BOR B 8 B0 1 o BARERAE i A
WE - T B I i 2 B A 5 2 4 ik B o 1) T
B A AT R R R # 2 EP 45
W, JERER AR TR 2 mLAREUR (1% H R 7K 1%
W), VK _EEE S 10 min 2%, M 5,4 °C,20 000 g
B0 30 min, B ETE o WOH 200 WL BRI W
10 kDa #BJE4 10 000 g FBUEZ 20 pL, @0 100 pl
50 mmol/L ik PR 0 5 , Ak 22 HUE 22 20 plL, WS uE it
WAk, &5 BIEE TR KT 10 kDa M E 5K
T o fHFH 200 pl 0.1% TFA, 80% i itk
Ko i 400~600 WL 0.1%TFA, 1% 2% - i
BRERKE o KR RE SO A BRERAE P, (A 5 218 it i B
AT Z KB BRI AT AR | $h A H A AR B KMoy
TR &S FHRM200 Wl 0.1% = LR ,0.5%
TG VEBRERAE , PEZ 3R B AR5, U N 300 pL
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0.1% = JA LR, 80% L NG W, (MR A S0 i i Bk
FE 4 22 JIRUE I T >k, BT EP A WS ER BRI R L Uk
IRV R T4

1.2.2  LC-MS/MS % #7

035 254 . SR NanoAcuity # /=55 FE 99 T+ AH
ARG AT B o WA AR 0.1% W IR - 7K %
BN 0.19% W R- LI . FEaL 1L 200 L AAH
A, W ShERERR I 2 WL AR L PL 10 wl/min
T AL B AR AT EAAR 2 mino AHARAE L AORE S
TESHTAE EFEAT (3% 3 25, Ui3# 2 300 nl/min,  AH
TR AR B E R 0~105 min, B ¥R 146 M 5% 3]
30% ; 105~110 min, B ¥ Z& 1 #6 BE M 30% £ 90% ;
110~112 min, B & 4EFETE 90% 5 112~113 min, B £k
PR EE I 90% 3] 5% ; BIRIREF 5% 7 min. FEAS[F]
25 ¥R 30 min i SAHAR BEVE VR 11K .

JE 251+ Q Exative HF B35 55 F IR M 55 By,
JE24 2.0 KV, B0 BUE 300 °C, R R
HE X E B e MS A MS/MS [ VIR .
MS fifi H Orbitrap #E47 — 28 314, 494838 Bl 0 m/z
350~1 600, 43 HEFEE A 60 000(m/z 2004L) . 5T
e KRG AR E] 4 50 ms, FH 33 25 #2 6] (automatic
gain control, AGC) € A 3% 10°, Fifi J5 8 FH 51 e Ailf {2
f# 25 (higher energy C-trap dissociation, HCD ) X} £4F
B B (MS/MS ) i 2L 25 15 19 98 B2 i 10 4% BE 85 7
HEAT R LT ] orbitrap FEAT 4, 73 PR BOE
15 000, 40 FE AR 4R BF 2 1 B i Lo B shas i,
AR ATV 11 22 S m/z=100 4k, f /85 £ 2 000,
1 MS/MS 4 AP 75 58 B2 R332 O 50 000, MS/MS
25 F e KB ARTE A 100 ms, AGC 45 il 15 52
2.0x10°, BB L HE % D 15E A 2 Da, X1 2.3 .4
FLfr B B TR AT MS/MS SR 4L , s A HERR BE 2 N
AR FIE 10 s NEFT 1IR MS/MS, Z )5 HERR 30 s,
30% Bl RE =
123 RS R 0T

Q Exative HF J51 8% {3 Jir SR £E 119 ot 3% &5 48 A1) H]
MaxQuant (Version 1.6.5.0) #1179 2 , Ki 5815 0
SwissProt (& & (FE : Homo sapiens , BI85 20 422 4%
reviewed JT41)) . Ki R SEOR BN : R TR IR IL A
R A Tl Wi e J5E Ry T AR B 5 TC T 5 — BTG
(4.5 ppm) ; " ZRJFIEHREEE (20 ppm) . 2 KT THE
VBT AR BH % (false discovery rate, FDR)/NF
1% ; /P ILHEL 1 5580045 KB (unique peptides) ; Ik
B/ DB T E IR . 2 IKE 2K FH MaxQuant £
4 (version 1.6.5.0) & iBAQH: ,FDR X & 4 0.01,

124 AR EFRRITFHN

F| FH 75 28 T H. (http: //web.expasy.org/compute )
G322 BRI 73 1 A1 AE L R S O . IR AT GO
(http://geneontology.org) H KEGG (http://www.ge-
nome.jp/kegg ) 73 %t 22 5 IR BE VG B 1) £ H B i A 72
[EHGE SagiIRIlilis g =g g i
1.2.5 fafss i % AL 22

HTR-8/SVneo 7E & A 10% FBS () DMEM 1
7%, HUVECs 7E &5 A 10% FBS [ ECM 55 77 3 ip 5%
¥ PIEHIE T 37 °C.5% CO, AR IR B 46
WL SR . 2 KTk T e R 2 MK s i e Ak B
9 10 mmol/L AR A7 , {8 TRl A e AR Wk 3 o AR S
Brh, 52340 1 50 pwmol/L e 5 1Y 22 IRAL B, o) R 2H
TSt 1) R R ZE 1R K, BE IS P AL IR i) 51 37 °C.
5% CO, P fE R B R4 h AR 2235 9% 24 W LURR R
1.2.6 CCK-8 3% % 2m it 8 4%

Z KA FE HTR-8/SVneo 41 fifl 24 h )5 , 10%FBS
DMEM A2 41 i 45 20 JfL H2 70 1) 96 LA , FRdH i &
SAEE RN, Bl 2 000N, Ak R0,
24.48.72.96 hJ5 4 HIA 10 wL CCK-8385, 5 &
2 h J5 FEBEBE SR G A 490 nm b ) £ 4%FL IO
o SEERAST A 3R,

1.2.7 L& R ER

Z kAL FE HTR -8/SVneo 41 fifl 24 h )5 , 10%FBS
DMEM =24, B K 40 i e Fh 2 6 fLAR T, &
M 3 A HEE AL, 4 fL 600 4~ 41 i, 10% FBS
DMEM 58 4 1% F2 B4k 22 9% 10 d, 10 d )5, PBS ¥k
BRANM 3 W, RS 4 , 0. 1945 Fh g ey, i 7R {2
B U T BEALIR 3 AP A T e e, S
S 3K
1.2.8 Transwell 523

Z kAT HTR-8/SVneo 402 24 h J , F G LTS
Re R L i B AN, B J5 R 40 B A Transwell /N2,
T 3AE AL, AL 3X10 N L, FEA
10% FBS DMEM 5 57 3 | jit A W0 4 4k 22 15 57 24~
48 h, LRSI AREARE L LSRRI, B
[, 0.19%45 f e e o, (508 0 fUBs 100 5 LB
Bl ALIR 5 > P X0 28 S 20 M 2R A 7 e 3 1, IO 3{E
AT LI AT H A 3K
1.2.9 HUVECs %8 itk & 2 5

LKA B HUVECs 200 24 h )5 , 109%FBS ECM 1%
FERLHRANN , P TTARETTE T 4 CRlik, 96 fLAR
WAL 50 WL J5 R 37 CHREFRA I 40 min
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DI bo SRS I RIS S0 R0 A S BB ) 96 FLAR
R 3IANLIELE AL, FALIX10' 14, 5 5% 6~
12 h 5 B TR A 100 50 BT T e, s
W e ikt . e 4 3K
1.2.10 ¢PCR

TRIzol $2HUE RNA , 154 Sk il c DNA J5 , 2R B
Al S N AT H R Y. 5IF5 I .
MMP2:5'-GCTCAGATCCGTGGTGAGAT-3' (iE[i] ),
5'-GGTGCTGGCTGAGTAGATCC-3' (2 [fi] ) ; TIMPI ;
5'- AATTCCGACCTCGTCATCAG-3' (1E[H] ) ,5'-GTT-
GTGGGACCTGTGGAAGT-3' (JZ 1] ) ; GAPDH: 5’ -
GACTCATGACCACAGTCCATGC -3" (1E [ ) , 5' -
AGAGGCAGGGATGATGTTCTG-3' (J2[f] ), &4k
LI 2
1.2.11 Western blot

RIPA S 1 24 A MU P2 BB R 1, BCA
JER VKRR, B 5 _EAE#EAT SDS-PAGE Hik . R
B4 B 5 1 U4 2 PVDF B |, 5% NS 0k v
TCEARCEAT 1 h, 4 CF Pt % (BT MMP2 —47L
PLTIMP1 —HT PL GAPDH —HTHk I h 1:1 000) , 5
T P01 h( PO N 1:5 000) , VeI S
ECL &6k B8 . 1 Image J XF 5571 R 72 2 1
JREEG3HT o
13 %itssix

K HI SPSS 17.0 #1 Graphpad prism8.0 #4151 745
AT, THE ORI A B bR 22 (x + ) 3R LRI EL
BRSSP < 0.05 2R HA G ER X

2 # R

2.1 JEEAREREKIESR T

XFAN A 5T 10 22 E A8 R FE 45 21 (body mass
index, BMI) 2% Ji] (WS & &7 ik e LB R IR L
AR Aparg PP 450 IRMS B T4 (R 1),

®1 BREERNIEKRER
Table 1 Clinical characteristics between preeclampsia

and healthy pregnancies (x+s)

izt T ATIA EwZAd P
AR () 30.17 £ 4.16 29.67+5.92  >0.05
2810 BMI(kg/m®)  26.32 = 3.41 25.82+£2.07 >0.05
G162 )E () 3243 +3.16 39.22+043 <0.01
i (mmHg)  171.83 + 8.58 117.00 = 10.62 <0.01
79K E (mmHg)  106.83 +4.26 7333 +5.78 <0.01
HEHIR(mg/24 h) 5278.89 £342.71 5470 £8.99 <0.01
AR (g) 1 665.00 + 761.10 3 716.67 + 484.42 <0.01
1535 Aparg P2y 7.90 + 1.03 10.00 +0.00  <0.01

22 FEFEAEK BRI 09 i AT

T LC-MS/MS #5571 3 58212 Ik B, ok
JRT 499 ANEE H o AN E Y B BE o F it B B A 7E
1 000~1 800 Da (&l 1A) ; KBt 45 | p, = 22 40 A 7E
8.0~11.0(E 1B); 45 & 4R 2k E IR 41
MIEAIYE], FEAL PR L 250 10.0 2247 A X3,
(F10),
23 EFHEREZLFik

FIHGE 2707 1 0 6 25 57 2 Bk, 25 57 22 K i i
FRUEH P < 0.05 H Fold-change {£<0.83 8 #>1.2, 1k
el 48 k= R 2k, Ho 18 52 2 AKTE T AT I
LI, 30 SR 2 IRAE IR AT TR R (R 2) .
2.4 R E S RPN IR BLE G R A F o
24.1 GO/

T Ao A 2 B T X 25 S 22 KT XoF I 1 AR 2R
H BT DI REE R M (B 2) o 25 R, X SEqi
R R D REZE I 20 B or TN a6 B ds A
454 \DNA 5 RNA 456G sk 1456 DL A DL
WRIEE LSS ILINE P Kbt AL DL o+ 4k
ITIRE. XL (25 TR B —5 5
LT AR iz 2 50 At #

A s B 20 C 2500 .
L]
15 2000 ;"
—~ - = .
<10 & = 1500 el 0 @
= 7 10 I R
Z s = M 1000 .
dé dﬁ 5 <R .
500
0 0 |_| [l [ 04 : : .
FLIRA PARRRA A PR PEAPRRAY O DA% oV 0\ 0O 0 5 10 15
QQ/%/XQ/\(L/\b(/\b/\%ﬁ’gﬁ’%ﬁ’b( &.Q/Z.Q/b.glr\.@loogﬂog”\Q’ \Q/\(b %Eﬁ i
O CRANDAR
NONIAIRNON TV o

7 F(Da)

A ZIRARRT 33 5341 5 B s 2 JIRAF R4 5 C o AN 23 5 45 LR IR 8
1 HEEE-REEENREZIERST
Figure 1 Characteristics of placental peptide identified by liquid chromatography-tandem mass spectrometry (LC-MS/MS)
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Table 2 Differentially expressed peptides secreted from normal and preeclamptic placentas

E2INiRdl EMAID H AR ARG R PH
EIHZ IR B E>1.2)
DKAKVKDEPQR P05204 HMGN2 108.620 0.018
EGPEGKLKGPK 09666 AHNK 73.707 0.012
KGKKEEKQEAGKEGTAP Q15651 HMGN3 46.854 0.012
KDYGPAKGGKK 015347 HMGB3 14.960 0.002
GDAKGDKAKVKDEPQR P05204 HMGN2 8.842 0.012
APVEKSPAKKK P16401 H15 8.375 0.000
KEPSEVPTPKRP P17096 HMGA1 5.689 0.040
AGEKVEKPDTKEKKPEAKK 002878 RL6 5.210 0.004
PEPAKSAPAPKKGSKK 016778 H2B2E 3.603 0.045
APPKPEPKPKK P05204 HMGN2 3.567 0.001
EPPPPPPPESAPSKP 060264 SMCAS 3.199 0.006
EITTKDLKEKKE P06454 PTMA 3.105 0.009
PAPPPPPP Q15637 SFO1 3.021 0.003
PEPTKSAPAPKKGSKK P58876 H2B1D 2.880 0.020
PDPAKSAPAPKKGSKK 093079 H2B1H 2.826 0.046
KPPAKVEAKPKK PO5114 HMGNI1 2.561 0.027
SETAPAAPAAPAPAEKTPVKKK P10412 H14 2.489 0.026
KPPAKVEAKPK PO5114 HMGN1 1.764 0.034
TIRZ IR (281045 %0<0.83)

GNPKVKAHGKK P02042 HBD 0.470 0.004
DKSEEEQSSSSVKK P07910 HNRPC 0.367 0.009
GNPKVKAHGKKYV P02042 HBD 0.354 0.022
VTGVASALSSRYH P69892 HBG2 0.270 0.004
EYDESGPSIVHRK P60709 ACTB 0.264 0.004
DENFILKHTGPG P62937 PPIA 0.263 0.031
GLSIGDVAKK P09429 HMGB1 0.247 0.013
PDAVMGNPKVK P02042 HBD 0.240 0.020
KSSTPEEVKKRKK P23528 COF1 0.223 0.004
TPPVQAAYQKVVAGVAN P68871 HBB 0.211 0.010
KETGEHLVHVKK P21333 FLNA 0.191 0.025
KAPAKKGEKVPKGKK P05204 HMGN2 0.175 0.019
KDYGPAKGGKKKKDPN 015347 HMGB3 0.174 0.043
SPLFMGKVVNPTQK P0O1009 SERPINA1 0.172 0.010
KVVAGVANALAHK P02042 HBD 0.158 0.018
KSPKKAKVAKPK P16403 HI12 0.136 0.021
SDLHAHKLRVDPVN P69905 HBA 0.105 0.042
KQIKTKVNK P23381 SYWC 0.099 0.005
GNLSSASAIMGNPK P69891 HBG1 0.097 0.036
PNALSALSDLHAHK P69905 HBA 0.080 0.036
GLPSHSSVISQHSKGSKSPD P82909 RT36 0.079 0.002
ETESPRNPSSAGSWN P02671 FIBA 0.062 0.019
VFPSIVGRPR P60709 ACTB 0.061 0.032
KEITALAPSTMKIKIIAPPER P60709 ACTB 0.057 0.018
KEYKDVDKKH Q01518 CAP1 0.050 0.021
KGPAKVARKK 015347 HMGB3 0.035 0.033
KKEDKEKEEEEEEKPKRG Q05682 CALD1 0.033 0.025
AATASAGAGGIDGKPRT 002978 M20M 0.018 0.000
DAIKHLDDLK P69891 HBGI1 0.004 0.007

TPPVQAAYQKVVAG P68871 HBB 0.003 0.002
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Figure 2 GO analysis of the differential peptide matched proteins

FEALFEACHE IR ek
DA B e B4
242 KEGGAE5 @ %o

X 22 5 Z2 IR AT SE 1T KEGG (5538 1 43
BT, 45 5 5 s X 6 3 1 T 2 2 5 AR AR BE I (coagula-
tion cascade) , #MA (complement cascade ) F1 Ifil /)N
% (platelet activation )8 B, Hirp b I AIAT 25
1 ( 3LFK SERPINA ) \FIBA 25 11 ( XFKFGA) LUK Ac-
tin &
2.5 £ % M SPLFMGKVVNPTQK"® 44 7k 5t 4

PEFE T R A £ K ““SPLFMGKVVNPTQK** it 47
WF9Y , %2 Ik & SERPINAL & 1 Coi 2 ik, & &
14D 56 R . AR AT AP 584 il , SERPINAL 7E+
SR AT A2 I P I PRI DL R iG B 2k R
BEAE N, SERPINAT LA K FE 22 IK AT BB A6 TR i 1 1
JAR R R R E . B W R 40 i T e
PR DL S R B ik B SR AN R R R AT T Bk
s P25, DR LA 186 5 A0 L LA B I 5 Mok PN B A4 e ot
SEIZZRRIEH]
25.1 25 % Bk ““SPLFMGKVVNPTQK"® %} % 7« 2@
FO3G 58 VA BT A fE ) 0 % vh
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