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RBE BTN E LA R GieE Rz (FH)RAARREFS5RFEL R TE: ARTZRL 1 M4 (DLCN) 3 &
LWiARET 2021 £ 11 A 2022 11 AT EZFERSRR 1 BE RS FHO B ERTHR, >WEREZE, KA
C8000 %! 4 f 3h AL A AN R £ & R A2 B B2(TC) 4w =85 (TG) .LDL-C. & % & 5 & & J= B B2 (HDL-C) /K F ; 3+ R £ &
Z W BB 2 BOHE ISR dn AR ARSI G 2 it DNA 347 A R B Fal 5 8m A, itk 4 NFH AL RKRE TS 2
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ABSTRACT Objective: To explore the results of gene mutation screening and evaluation in familial hypercholesterolemia (FH)
families in Guizhou Province. Methods: According to the diagnostic criteria of the Dutch Lipid Diagnostic Network (DLCN) guidelines, a
patient diagnosed with FH was selected from a tertiary hospital in Guiyang City from November 2021 to November 2022 for study. The
pedigree was analyzed, and the total cholesterol (TC), triglyceride (TG), LDL-C, and high-density lipoprotein cholesterol (HDL-C) levels
of family members were detected by C8000 automatic biochemical analyzer. The clinical data and DNA of the family were collected, and
the pathogenic genes were sequenced by whole genome exon sequencing. The single nucleotide polymorphism (SNP) sites of four FH-re-
lated genes [low density lipoprotein receptor (LDLR), apolipoprotein B (ApoB), sibutramine 9a (PCSK9), LDLR adaptor protein 1 (LDL-
RAP1)] were screened out, and the pathogenicity of SNP sites was analyzed by Polyphen-2 and SIFT software. The incidence of cardio-
vascular disease during dual filtration plasma exchange (DFPP) adsorption therapy and the changes in apolipoprotein A (ApoA),
apolipoprotein E (ApoE), apolipoprotein B (ApoB), lipoprotein a (LPa), TC, TG, HDL-C, LDL-C, and free fatty acid (FFA) levels before
and after treatment were also retrospectively analyzed. Results: The serum TC of I-1, II-1 and II-2 members of the family was 8.91 mmol/L,
8.12 mmol/L and 7.98 mmol/L, respectively. I-1, II-1 and II-2 met the diagnostic criteria of FH. The scores of 15676210 and 1s679899 in
the ApoB gene of the family were 0.998 and 0.996, respectively, and the score of ¢.10094 A > T was 0.795. SIFT software predicted that
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the above three sites were harmful. The patient 's condition was stable after DFPP treatment, and no serious cardiovascular events oc-

curred. Compared with before adsorption treatment, the levels of ApoA, ApoE, ApoB, LPa, TG, HDL-C, LDL-C and TC after adsorption

treatment were lower than those before adsorption treatment, and the levels of FFA were higher than those before adsorption treatment.

The difference was statistically significant(<0.05). Conclusion: Mutations in the two SNPs of the ApoB gene are likely to cause FH, and

DFPP treatment is beneficial to regulate blood lipid levels in FH patients, thereby reducing the risk of cardiovascular disease.
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FE PR E NG HE H 2K (Low density lipoprotein receptor,
LDLR) FE[N 2875 J5 4 i e 1 LDLR B2k s 25 H D pe 58
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% H E(alipoprotteina E, ApoE )Y LDL g4345 4, {di£5 i 3% JH
[ mETEZH P ik BE IR AR, PR BE s 25 1 BB [ B (low den-
sity lipoprotein cholesterol, LDL-C ) 7K 3 Tt &7 . 2 ik / i 25 (598
& FH (W FZE R IN, —fefe ) L RH A7 4E LDL-C Fmf
&M, 25 5. & sl ik ok #E 08 1k (arteriosclerotic cardiovascular dis-
case, ASCVD), it fB 5 A i 2 A7 AR U, B e LAy
W12 FIRYT, S FH BTG rm2a EEE X, &
FEHA SR A D IS, W 7E FH B X 2 (H H T E W
X T A6 A T R R TR AR D SN HE &
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I R 2 0 S AH SCHB AR AR A5 T SEE , Tk BH it R I 1 3 A5 A8
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BN HEAT A AR A RE PR AL I 1 5 2, AR IBOA [R) 356 PR 9 28 S50
B, VAT 1 = BEB0m BRI, AT Ay T S R4, BT
I, AR SCHE BN A FH 58 3R 5E1R 58 A8 0t 2 5 1 R s A £ 45 2R
HATHHT , IR DGR ZE R AT AE W 1E B2 IR IR 23
4 (single nucleotide polymorphisms, SNP ) B E il , L) BF #ffi 1%
FEAMBRER ST

1 AR5 07

L1 NI

i AE bR . (1FH 2 Widr e . 2 BUfT 22 15 5012 Wi ) 4%
(Dutch Lipid Clinic Network, DLCN)PS2 WikrisE, 0 DLCN 27
bt (D FGE L[ —HREA RO S (B <55 %, Lotk
<60 % )&k —2% %8t il LDL-C 7K ik AFE 95%CI( ZH4F#
FERIREDVE 1 2\ — SRR A o 29 A (SO IR A =
5 <18 % i 1. LDL-C /KF >95%CL (AR FIME IR IE )
T 2 4315 (2 AR s [ & e O ( BB 1k <55 87, 2otk <60 %)
T2 43 2% i 0 A5 ol A1 ) LA s ( BB 4 <55 %, Lot <60
VT 14315 )RS A [ 5 RIEIT 6 43 etk Al = (<45
%) i 4 43];(4) 1fi. LDL-C 7K3F >8.5 mmol/L T 8 4} .6.5-8.4
mmol/L 3F 5 43 .5.0-6.4 mmol/L ¥ 3 43 .4.0-4.9 mmol/L 3T 1
535 (5) 53Tt f% 2525 (DNA 4347, LDLR  ApoB z} PCSK9 J

AR BURRAEVE 8 43 ) & VF4r >8 43 A2 FH.6-8 73
FH AJ etk K 3~5 43 ARl HERY FH, o [ Kok)d DLCN P4
KT 64350 AGuH ARG 0 HRRERE
e B BEIMLAE s © SR A 51 JLEE IR BB 12y v I 31 e il
it ;0 ZIHE RN . (2)HEBRbRE: 0 LIRS DI RS
W30 G REVESURGIELN ;0 ST NN ISR 0 HESZ AR
BRAR ;0 R Wsm s R g gk & 1 I RE I E ;0 AR
KA IEBERG JCTE IE 28 T
1.2 —fg3E#t

WFFERT SRR T 2021 4F 11 A -2022 4 11 H 53444 5t H
Wit = H ER R & B LDL-C B mE LA ES 514 A
o, BEBOL 14 DLON 2 Wikr 43 7 43 (LDL-C 8.16
mmol/L, 3 5 43, —Z% 3 & ifi. LDL-C /K833 AHE 95% Al {5
B, 140, Zoth/NT 60 2 B SME A , 3 1 40 i i
YERBIFENTR, 4,58 & o Lfil KRR, X838 ML H Rk R
s, 1 Fons—, IR A, AR B 1 IF R IR
P AHE L-1OR A 20305, 880 T-10LF)  L-2(%
Lo FFEFR 3 2RI TN R, HARNHTRIS 2543697 o
1.3 MmAEWRMHAST

FBET 2021 4F 6 H~2022 4 6 I AIE], 7EAMGELL#AT 6
WALR AT, WO B E BT E R R R 1 A(ApoA) |
# G H E(ApoE) .2k IF 1 B(ApoB) JJIg#E 11 a(LPa) TC,
TG HDL-C LDL-C. i# &5 I I iR (FFA) K P A2 AL 4, TR Jast 4
434t DEPP {97 FH iYHH{EL.
1.4 mEERE

ABEHE — H G R KA FH ZZR M 3 mL 25 /AP bk
L, 5 MV AS 3% 22 53 M 48 5t BT 56 = P = e 2R ] C8000 # 4>
B AT [EEHERE (FERAT) A PR FIT AT IH R
(TC) HM =86 (TG) AR B2 i 4 1 H [ i (LDL-C) | ey %5 2
54K H BH [ 5 (HDL-C )4 Wi A= b 48 H5
15 E£EFBENEFFF

3 2o A R SR 1) X A DG B B R AT L, S
ApoB . 74 4 il ] 9a %! (Porprotein convertase subtilisin/kexin 9,
PCSK9) .LDLR LDLR #j4%45 1 (LDLR adaptor protein, LDL-
RAP)E N I BEFE RGN AR IFE . H4 3ml 23 1§ SMH 1% &
HERFEH  $-EL DNA, Jfik (Nanodrop 2000 ) 5 FT#EA£ A (100~
700bp ) ,PCR ¥ 3 , 2Lk =4y , F-UR ker, A7 4 B H 41 41 i
¥, A1 Burrows Wheeler Aligner(BWA) b %l Jr 25 %, 118 1ot
SOAPsnp, SAMtools 5§, GATK A4k SNP {3/ 25 . AnnoDB 1
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il 13 Polyphen-2 (http://genetics.bwh.harvard.edu/pph2/) Fl
SIFT (https://sift.bii.a-star.edu.sg/)§ 4 FE i) LDLR . APOB ,PC-
SK9 .LDLRAPI ixX 4 AR FH 05 5L R 256 s i DI e A
TRSFHERE S o PolyPhen-2 )0 48 5 i, AR BUAL S oL s, I
PEM SO Y ] BEPE (0~0.446 43 : R 44;0.447~0.908 43 : T fiE;
0.909~1.000 43 : R AT RE ) [RIASAIH SIFT 3| Gk HE A A B foe
AT RENE:, Xt R AERR M 19 AR [F] U SNP #EAT T, <0.05
BFRRAEE,>0.05 SFRARZ,
L7 Git#EFHE

K Ge 24404 (SPSS 23.0 ) # AT 4 M  Bhis ., i %
BEBAGet ) Z20% X B ST B BOUEA TREATREAS € K20
P<0.05 WZEFHEG I FE X,

2 R

2.1 FH R&HM BRI MASE R 547

%% | -1 B LDL-C ik 8.16 mmol/L, 11-1 J 51 1f
% TC ik 7.0 mmol/L, 11 -2 Ji 5% 1f 3% TC 3% 3.45 mmol/L, 34 I8
DLCN A, [ -1 9% 7 43, 11-1 3% 6 43, ¥ 37~ & FH Al gk
XK, 5% FH IR RS Wik, I3 1,

1 9347 FH KR 5 #MAS 55 ( mmol/L)
Table 1 Analysis of blood lipids in FH family members( mmol/L )

Member number Sexuality Age (years) Kinship TC TG HDL-C LDL-C
[-1 Female 58 Principal 11.06 1.01 1.67 8.16
II-1 Males 27 Son 8.65 1.17 0.95 7.00
-2 Female 35 Daughter 491 0.75 1.31 3.45

2.2 FH REWBEXBIREER SNP (Lm0
%R Z ApoB FH: K 11 15676210 15679899 43 5ill45 43 0.999 .

0.998,1 i3 5 c.10094A >T 243 0.829, SIFT #c 44 T
P B =AM S E, L 2,

R 2 24 FH RRHEXBUREE B SNP L=
Table 2 Analyzed the SNP loci of related pathogenic genes in FH families

Variations
Gene name SIFT Polyphen-2 SNP
cDNA Protein
ApoB c.8216C>T p.Pro2739Leu harmful(0) probably(0.999) 1676210
ApoB c.1853C>T p.Ala618Val harmful( 0.008 ) probably(0.998 ) 1s679899
ApoB c.10094A>T p-His3365Leu harmful( 0.026) perhaps(0.829) -
PCSK9 ¢.2009G>A p-Gly670Glu tolerable( 1) optimum(0) rs505151
PCSK9 c.1420G>A p-Val474lle tolerable( 0.426) optimum( 0.005 ) 1s562556
LDLRAPI1 ¢.604T>C p-Ser202Pro tolerable(0.154) optimum( 0.045) 156687605
LDLRAPI1 c.67G>G p.Gly23Arg tolerable(0.169) optimum( 0.463 ) -

23 LB HRBREEER

2 DFPP IBYT 5 B I R HIRCR BN R e , B4 KRG1IR
OB Bl At ™ O A S . BB KAR  R A 25 0 : 2022 4F
5 H RIS A7 30 8 ok ks B B e, A2 A 0350 0 Bk Bk 2 43 331
9 40% .50%;2022 4F- 11 A WSS kA5 A e BEE , 22 A5 3
Bk iR b B 2 40%~50%.
2.4 MASWRBHETT RIS B MASTLIE R

5 BHA YT AT LLER , TR FHEYT IS ApoA ApoE . ApoB . LPa,
TG HDL-C LDL-C ,TC /K4 ik FFA 7K-F4 8, 2 RA50T
2FE(P<0.05), 3 3,

3 3t
FH J&: fl1 LDL-R 22 R T8, 843 hZe & T (het-

erozygote,He )  4li &5 F (homozygote , Ho ) & A 24 A F W EH 4%
AF 4 FpIeA, H Ll HeFH HoFH % 4% W, HoFH 4 fifd fi5

LDL SZ K58 A b i 4™ 8, A5 AR BURY T e, 1A 7T
FL% ASCVDI, #Rfi FH 5 22 A8 1 R A e IR S ik
JEABL FET RS HR, NI RH012 RIRIT 0 2 250,
WEJLAE, AT HIBAEIR DLCN 453 K 3% [F AR LDL-C /K-
e FH KR, ikl 1 (G5 e JIR T2 1 i 7 A 59298 vh [ &
FILPORY FH i2Wbs ik, 22 Wibs i 38 4 36 =AY FH G
A5 S PRIZ A, [ B5F38 46 51 LDLR  ApoB PCSK9 il
LDLRAPI 3R SO HESE 1 FH 9% 4 % JR R BURAT X,
S FH AaE Y, (H% G i, R B TR B
GEAANANREBRSN FH,  BEERG 1) FH 2 Wi 245 5 6 KT8 br Al
FEP AU,

ARWEFEAE BN 5t PHTTRE = BE e R B0 T 1 Bil%EML FH
B, SMEFRRFAT MGG R T -1, 1-1 858 i 1l
LDL-C ¥ ¥ ik 1IR3 FBR 2 HE L 1, 456 HAL GOk, 795
FH I FRZWibsife , 880 LDL-C nf {2l FH (I RAER - i
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%3 MARWRMETE BE mMAETEHIER (n=6,x% s)

Table 3 Changes of blood lipid in patients before and after lipid adsorption(n=6, xt s )

Index Before adsorption therapy After adsorption therapy t P
ApoA(g/L) 091+ 0.12 0.63+ 0.10 4.548 0.001
ApoE(g/L) 7.05+ 0.58 3.57+ 0.46 11.457 0.000
ApoB(g/L) 2.34+ 0.18 0.95+ 0.10 16.360 0.000
LPa(g/L) 0.14+ 0.03 0.07+ 0.02 4.772 0.001

TG(mmol/L) 0.76+ 0.05 0.35+ 0.04 15.158 0.000
HDL-C(mmol/L) 0.96% 0.10 0.60% 0.06 7.785 0.000
LDL-C(mmol/L) 9.93+ 0.72 3.74%+ 0.32 19.273 0.000

TC(mmol/L) 9.49+ 0.65 4.82+ 0.35 15.576 0.000

FFA(mmol/L) 0.36% 0.03 0.63% 0.12 -5.345 0.000

fESH BATE NS FH A9 & 1 BRI, T e lipe
P BN 3 7 61 1L S DA - b DB 5 5t g rh 6 FHL 1 &
TRBIR . IR T B A8 0 1 DL A T 5 )i R 0, F
[ 1B 5 R Y FH R REAIE, R AR A A,
O AR A I WU A8 18 o AR R AFSE B i A% FH R &R 4 4>
NN FH BUR R G 2B, K R SNP {7 5 £ 00 T
APOB PCSK9 LDLRAPI 3£ [H |-, APOB # K # i rs676210
15679899 .¢c.10094A>T =4~ S A543 #4940 T 0.829~0.999 Z
[f], SIFT ATk =A™ s 07 A5 5 (H X B 007 i BR 5
RSB A S I RE A fRilt— %50, 4555 Hori MPU]
BAFORIF ST 25 AR 1Z BT BAFE 1 A H AR R 2L T APOB
(Arg3527GIn) 285, BIHf T 20wt APOB 28 Sk n] 5 [
FH, ApoB FEPHHt: 29 4k 7, HoAv 8 E8AbF 2 S YL@k
B I (2p24.1), 2 LDLR LPa HEHMBAEN, FEMAUKE
ApoB48 F1 ApoB100 WiFR 2, jij4 H/Na A L, JF & &
JP, LDL &AMWURLY &7 ApoB100 43, Al 5 LDL ZZ{K45
4, JFFE LDLR A5 F 785044 LDL-C VE AR Y HE |, Bt
ApoB FE[H — B 275, HLIRINYE ApoB ¥ &R Fhm, S
LDL-C Jeik B, — 2 R IR T B AR S5 ELAC i 455
95 I & AE KU, FH B3R YT L, E HT 22 7 R I8 W A T IR
I, I TR A AT R BV BRI 5 1) ApoB J43 (1% LPal#,
ARG 45 5 oK FH % 2 DFPP 1697 J5 i 3 I 42 2%
BB , B KT R OB s ™ 0 i 5 S, FIR
Y7 J5 H % 1 ApoA ApoE ApoB.LPa TG HDL-C .LDL-C .TC
IR EATF AT, FFA 7K HLIAYT o 5 Albayrak MP9 B
KA H BA R T 25 S —3 . Albayrak M [A1BAIA i DFPP W[4
S EARAl AT FH W LPa FlML AR, HJS 3h DFPP JA9T
JE e E = A o WAk A A I VB Al AR T A R0
{i FH 35 1% TC Ml LDL-C 7K, 13484 DFPP 557 1l # B FH
SRR A AR R B, 4005 175 08, [T ) 38 B 70 40 AT AR 11
M FET S HE AU o $E0 AT g 2 (K >4 DFPP Jr 3k )1 i ¢ o
PRI T AR, S ek — O 43 4 ot v 4 ot A it 40
Jif, P i 4B LDL-C 5 H AR A% R, i F
K4 4 LA AR B LDL-C fEL At i 2% 5543 [ i o
P, BT ik 275 B LDL-C /4 B Y, 8% 0 il A5 B2 i 1w 11 1 AL

BN B A7 T BAR D STl bk e 2 15 1 2 B9 AS RO LA

FHERI AR ZAE -0 ARRIFTEALET X — DRI T

T, MAREARGED; o SIFT B /FHi AR fE % B PCSK9,

LDLRAP1 FEP YA FE AL 50 AR A LDLR HeP K HA A5 5

0 RIFTIIRESIES RS . AU IRAE S ST h Z WAL

FEILF T, TR S, M ZJ5 T IESS SNP (A5 5
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