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S5REHRGHAIREE R PLD2 EEFFIRT R EIhEE ST
B, KA, BFEE, RIE, %A
(1. K HsE—ER SR, KD 410005; 2. g K@i = BB N Rk, K70 410013)

[HE] Br: REVELPRNE (systemic lupus erythematosus, SLE)JE ™ fG E A ZSHEEAT H B o e P45 45 41 21
i, 1% IR AE SLE B A R CHE T . AR 5 505 SLE A X 1YW D2(phospholipase D2, PLD2)J [
BRAS, I B2 AE B SLE T BEALH] . Faik: WCEE SLE 5 | BREACRE K 147 (9 1E 5 % BE A ikt Fh
$E4 1M DNA . X B S AR T 4 S D 4l s adi il e, e P 85 3R F 2 AR W5 B 2sonikilt AT bt . #E—204
FEEF B (wild type, wt). 2878 (mutant type, mu) 5 ST IR PLD2 FUk F 545 4L 293 40, R FH R 5 B A6 0 4%
£ 293 213 P A 4% PLD2-Ras {5 5 38 4 (1 OCHERE [ HRAS B BT RIS KT, 8558 TEIXSLER R, LIESLE##
FOLRESE T R4S 147 BURL Y SLE IR, HIER R BURIE T R, Hst G R A 60 Je ek i ki .
RIEA LILEREEHT PLD2 28 5 98748 (¢.2722C>T),  H AR EH AR FHAMIE # X I R R %5848 . 554 wiPLD2 Jit
KLANEPEXT B PLD2 BTRL AL, % muPLD2 BURLY 293 4 i HRAS 194 FI BT R IA /K7 .3 iR (H) P<0.05)., 518
PLD2 ¢.2722C>T 7L AT A2 FEUZ SLE K &R AR Z —.

[K$EIR] RGEMELIBIRAE; PLD23E; HRAS; @XEH4 M@ T ; PLD2-Ras {5538 #%
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ABSTRACT Objective: Systemic lupus erythematosus (SLE) is a kind of autoimmune inflammatory
connective tissue disease which seriously endangers human health. Genetic factors play a
key role in the pathogenesis of SLE. This study aims to investigate a novel phospholipase
D2 (PLD2) mutation associated with familial SLE, and further explore the underlying
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mechanism of the mutation in SLE.

Methods: The blood samples from a SLE patient, the patient’s parents, and 147 normal
controls were collected and DNA was extracted. Whole genome high-throughput
sequencing was performed in the patient and her parents and the results were further
analyzed by various bioinformatics methods. The wild type (wt), mutant type (mu), and
negative control PLD2 plasmids were further constructed and transfected into 293 cells.
The expression level of HRAS protein in 293 cells was detected by Western blotting.
Results: In this SLE family, the female SLE patient and her mother, 1 in generation II and
1 in generation III had typical clinical manifestations of SLE, and all of them had lupus
nephritis at early stage. The genetic characteristics are consistent with autosomal dominant
inheritance. A novel PLD2 heterozygous mutation (c.2722C>T) was found in the patient
and her mother, but not in her father and other normal controls. Compared with wtPLD2
plasmid and negative control PLD2 plasmid, the expression of HRAS in 293 cells
transfected with muPLD2 plasmid was significantly up-regulated (both P<0.05).
Conclusion: PLD2 c.2722C>T mutation may be one of the pathogeny of SLE in this
family.

systemic lupus erythematosus; phospholipase D2 gene; HRAS; high-throughput genome-

wide sequencing; phospholipase D2-Ras signaling pathway

2 G0 M 21 BE R 9 (systemic lupus erythematosus,
SLE)/& ™ 8 fi T NSl e [ B S le k45 4 41 21
B LT 20 2 40 2 1 F BN IR AT SRR
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DURTE R R . 5670 L /NI . B/ NERSEE, S54b
PRIGRVE S 8O0 2 R EDD, s R R A
SLE [ 45 Hr R S HEVE T, SLE ZMRLHE (14 F e
T IER ARE, HAESLER ZW, 10%~20% 1Y SLE
B R SIEE N — YRR . WFECHGE : [F o
A AR [R5 28 SLE AR K 24%~69% ,  BH i 55
TR AR B SLE B (2%~5%). BE A
HLA, Fas/FasL, TSAd, Cbl-b, CTLA-4, SLEI fil
Ras GRP1 % 80 2/ B[R 58 78 5 34 SLE Y i),
SLE [ & AL A 5 2256 R (14 D 8 S 18 RN 2 W 14 2
R AR A

WG D2(phospholipase D2, PLD2)4& PLD %
WRZ—, Z250aEnatk. 5. T8%5Y)
AEIHATE, PLD2 nJ BEIE i M Ras {55538 B80T il
FOIL AR R, Ik — 20 5] Gy 4 i 4R 4R
FIRYIHAEZAL, iS5 SLE (A K!Y, Ras3EHFK
%4 HRAS. KRAS. NRAS 3Nl b1 . ABF5E X K

VTR —BE B (LA T AR A FRBE)USIA Y 1 1 SLE f8 3%
KA AT R Nl iy, IRk — 25
PLD2 #5745 % PLD2-Ras {5 5l [ 1 52 M, 1414
AL SLE (ML -

1 M&57H%

1.1 3%

PLSLE (23 . HE ST K 147 ) 1E H % B8 (Hrp
BYESO B, Lotk 676 MFFE x4, SLE B 2
FFG 2017 4532 B XU 23 (ARC)SLE 12 5 iRy 7 45
Mo ARG K T — B P R 2E AR HEZ 5 it
ZRFE B FB MG ES.

1.2 ##

Lipofectamine™ 3000 1% [ 5 [ Invitrogen /A ]
RIPA 24k . BCA 8 11 i a0 & M ECL 5z
FE¥WA LR REWRHEARAR; =
DMEM 577 5E . JiG4R I3 . [ . PVDF ¥4Il 9 1t
FEBR KM RBHE AT HRAS 4. GAPDH 412 —
i A 22 [ Proteintech A 1) ;. QlAamp DNA $2HUx
F & A 5 E QIAGEN ARl 5 293 4 h Hh g 2=l
M = BEBE N S I TS B R AT FUKAX . LKA . B
A . Gel Doc XR-+5E I BUZ 73BT R G #4055 [
Bio-Rad 73 7 ; PCR 1 [ 3% [# Applied Biosystems
N

©Journal of Central South University (Medical Science). All rights reserved.



236

PR R (BE2EI ), 2021, 46(3)  http:/xbyxb.csu.edu.cn

1.3 ik
1.3.1 I AR FTA AT A

W SLE f 35 ML AC BRI AR GG IR RE . SRR
JIT A WF XS 42 1% EDTA Hi B¢ 4 1% 3 mL, /A7 T
-80 C,

1.3.2 4 fo DNA b2 B 4K B 20 & i 20l 5

A ST R A4 DNA, R-4ET-80 C.
S8 B LA A DR 2 v 3 2 DU K VD 4 B R
Hor e i A7 BR 2N W 58 1
1.3.3 A9 8304

T4 R N 28 2 Y 5 4% 2 4l P (human gene
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(http://gnomad. broadinstitute. org/about) %) 7£ £& 58 A& i
BROF BT A e S B AR/ N T 0.01 1Y 58210 145
i J5 R FHAE 2 58 728 A5 35 1 43 A 5] [STF T (http://sift.
jevi.org), LRT(http://www. genetics. wustl. edu/jflab/) .
MutationTaster(http://www. mutationtaster. org). Polyphen2
HVAR J% Polyphen2 HDIV (http://genetics. bwh. harvard.
edu/pph2) X AL AT FPEBEAT TN . SIFT J2 LRT 73
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HDIV/MEBRR, F W% 578 S 8UR 1 45 sl D g
BUB T REMEBOR, B R ET
1.3.4 PCR

KH Primer Premier 5.084/£ PLD2(NM_002663.4)
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DRNEWEEERC Uk o BT A B FEXT 41 PCR 74 2% ) 7
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1.3.5 kit s B sm e %
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NC) B b 17 B FRRR R A7 B ml A A S5 i
4 K PLD2 %i % X (coding sequence, CDS)#4#H: A
GV141 H % % 35 Bk, 13 F GV141-wtPLD2,
GV141-muPLD2 & GV141-NC, >k f Lipofectamine™
3000 K5 5 A7 43 9 5% Yk 293 4L, 6 h )5 B e b

DMEM 5555
1.3.6 & & Fivp ik ik

UL 72 h A ALARAL, A 350 uL PIPA %
%, 30 minJ57E4 °C F LA 12 000 r/min £5.0> 15 min,
BV, SR BCA 8 1 B s a7 65 I 85 1 o
WeRE o OB R R AR PR R B S0 pg B 54T SDS-
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HRAS(1:1 000)F1 GAPDH(1:5 000)—%t, fE4 °C F ¥
B, IMAZHI(1:10 000), TEEE FFHF2h, F
JHECL %, Gel Doc XR+EEI AR 53 HT 2 B8 itk A7
30T o

1.4 GitFAbE

K H SPSS 13.0 e it #4F E 17 K4 b 38R0 437
THE R S B AR e 22 (vts) R, 2 1A] HE R A ¢
kg, P<0.05 RS G FE L,

24 B

2.1 IEERBE R

SLE %%, %, 334, b hARE R IERe,
AL EREFEWIER ., BE23YHEREEMSA
HEE L, #E20094E7 HEE 1 Ok TR —
BERE . REAEMCEE . PRMEAG A B3 K v 50 /D /R
TELLBE, 2Wih “SLE. RIEHEBT R, AT R
B R GYT o 20114F 10 H B TES5 &2
SOBFGBUE DRz TR, T 2012455 H 2201947
A — B2 RN M EGENTRIT . BHETEET 1986
iz “SLE. BEMER”, JEH “RIstEER .
PREFAE” T 2006 4F- 2 H AR BGEA T LA LGS BT o
BEIMA L ANEC B JEFATE), BT 1 20
FEAOREFARI) . HR Z P I3 (L) A T3 (R 7
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0 Rond ¢

E1 SLEEERZ
Figure 1 Pedigree map of the patient with SLE

Arrow indicates the patients.
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Table 1 Clinical data of the patient and her mother

FrRARI FANM/(<10°-L™")  ZL40M0/(x10%L7")  Ifi/PR/(<10°-L7) MAEH (gL JREM JREH
e 3.31 2.06 87 62 2+ 2+
Bt 431 3.6 100 101 2+ 2+
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FrA e H&EM/(g L™ élé?n}i/i ﬂf}:/ (miﬁfﬁ; ﬁ?ﬁiﬁﬁ/ (Iﬁ%‘)%/ SCr/(umol-L™)
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BT 35 40 1.6 40.4 65 730

B AR 37.9 37 1.9 39 42 680
A 35~55 0~20 0.55~1.71 0~42 0~37 44~101
FRA IR bibiik  bids-DNA  PUSS-Aditk  HiSS-Bhilk AMA3/(g L 24 h JREE I E B/ g
e FHM: FH M FHM: FEE 0.29 0.97

BT FE: R FE: PHAE 0.79 —
BETEE FHE R PR PR 0.89 —
SH(HEH FA R 55 Kl 0.8~1.6 <0.15

#2009 45 7 H IR EE 2558, 1S 201948 7 H R Er 45 5L

2.2 %lse'y:ﬁa\ffﬁ
o 4 L R 2 e e O e e 2 AP A W5 B 2

exomes H1°44.06128x1075, HAZAIT AL 0.000579845,
RAAG FEWIE R /R SIFT, Polyphen2 HDIV,

/zt:ﬁ'}’*ﬁ‘ & 15 3] B M HAESE PLD2 ¢.2722C>T El’] Polyphen2 HVAR, LRT, MutationTaster 1 3 {H 43 3] }
FersAr . it Sanger I P UE 3L % 2 AR TE A K 0.176. 0.963. 0.86. <0.000001. 1.0, ZE7A5{ AT

HAERAP AR, MR AC0E S 147 ) 1EH 4 BE 2y

Pk 3T A0 AR AL A 1 B PR (18] 3), HLAR A RE AR

KRERIZRE (K 2), #HZEHGMD, K WiZRASE WA, AT A FERA , RAEN SN TR
SLE A IE o 1A A5 25457 3 RUTCR E 1000 Genomes FE12 741 908 i (p.Leu908Phe), ik i H 52 Z MR 578

H450.000199681, HH AV ARER0.001; fEEXACHH
0.000041, JL v 4 S A R 0.000579; 7 gnomAD
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Figure 2 DNA sequencing map of PLD2 in the patient, the patient’s parents, and a normal control

A: PLD2 ¢.2722C>T heterozygous mutation of the patient; B: PLD2 ¢.2722C>T heterozygous mutation of the patient’s mother; C:
DNA sequencing of PLD2 in the patient’s father; D: DNA sequencing of PLD2 in a normal control. Arrows indicate PLD2
heterozygous mutation ¢.2722C>T.

©Journal of Central South University (Medical Science). All rights reserved.



238

PR R (BE2EI ), 2021, 46(3)  http:/xbyxb.csu.edu.cn

2.3 HRAS EHRRIEKFE

5 GVI141-NC 4 K GV141-muPLD2 4 H % ,
GV141-wtPLD2 4| HRAS % [1 Jfi #& ik /K - i & b
(#1P<0.05, K 4),

HRAS s SR S 2 <D

GAPDH swss ammwss e 30D
A

Human 5'-..TCCCCCTCAAGT...-3'
Gorilla 5'-..TCCCCCTCAAGT...-3'
Mouse 5'-.. TCCCCCTCAAGT...-3'
Rat 5'-..TCCCCCTCAAGT...-3'
Rabbit 5'-... TCCCCCTCAAGT...-3'
Pig 5'-..TCCCGCTCAAGT...-3'
Sheep 5'-...TCCCCCTCAAGT...-3'
Horse 5'-. TCCCTCTCAAGT...-3'
Cat 5'-..TCCCCCTCAAGT...-3'
Dog 5. TCCCCCTCAAGT...-3'

B3 FRE#FPLD2 WERF L

Figure 3 Comparison of PLD2 base sequences in different

species
15 *
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P
® 1.0
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0 GV141-NC  GVI141-wtPLD2 GV141-muPLD2 B

B4 FAREDEZWN GVI41-NC, GV141-wtPLD2#1 GV141-muPLD2 43 5452 293 40 72 h J5 HRAS F A RIAFE R
Figure 4 Protein expression of HRAS in 293 cells transfected with GV141-NC, GV141-wtPLD2, and GV141-muPLD2

transfected for 72 h, respectively

A: Electrophoretogram; B: Histogram. *P<0.05 vs the group of GV141-NC; +P<0.05 vs the group of GV141-wtPLD2.
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