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Research progression of LDLR mutations in Chinese Familial hyper-
cholesterolemia
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Abstract: Familial hypercholesterolemia (FH), one monogenic autosomal dominant disease, mainly results from genetic
defects in the low-density lipoprotein receptor (LDLR) gene, which leads to the reduction or absence of cell surface LDLR,
disorder of cholesterol metabolism, and cholesterol deposition in different tissues and organs. FH is a common metabolic
disease clinically characterized by the presence of xanthomas and premature coronary heart disease. To date, about 1 741
variants have been identified in gene LDLR, among which 108 variants were identified in Chinese FH patients. To better
understand the features of LDLR gene mutations and help to FH diagnosis and therapy, this review provides a comprehen-
sive overview of LDLR gene mutations in Chinese FH patients.

Keywords: hypercholesterolemia, familial; low-density lipoprotein receptor; gene mutation; Chinese

(Familial hypercholes- lesterol, LDL-c) ,

terolemia, FH, OMIM # 143890) (Atherosclerosis, As),
FH
1/500, 6 FH,
s 1/1000000, (Low-density lipoprotein receptor, LDLR),
(Low density lipoprotein cho- Bioo(Apolipoprotein B-100, ApoBi),

Yo B H#: 2010-08-03; 1@ HH#3: 2010-10-14

HEE&mAE: ( 130771986, 30772356) ( 17062010, 7092016)

fEZ BN (1983-), , : E-mail: daiyanfang2006@163.com

BiEH: (1956-), s s : E-mail: wangluya@126.com



2 i3 f{ HEREDITAS (Beijing) 2011 33
9(Proprotein convertase subtilin/kexin type 9, 1.2 LDLR
PCSK9) LDLR FH , LDLR ’
FH 50% LDLR FH
’ LDLR LDLR 1 741
FH ’ LDLR
FH LDLR (http:// www.ucl.ac.uk/ 5 2L ’
1dlt/LOVDv.1.1.0/) LDLR
1741 FH , , LDLR: 2
PubMed CNKI VIP FH LDLR
, 140 FH LDLR ’
1 LDLR ;3 ;
1.1 LDLR , ’ LDL ’
LDLR , ; 4
s ApoBio > >
E(Apolipoprotein E, ApoE) , NPVY
, 2/3 LDL ; LDL ;
LDLR 839 , ;5
93 102 Da, 5 2 (1) ) LDL,
(Cysteine-rich region), , s LDL s
( Ligand binding structure , LDLR
domain); (2) (EGF precur- )
sor structure domain), 400 , B4l
FOF Weoo 3 2 FH  LDLR
3 O- (O-linked sugars structure
domain), , 58 ; (4) FH LDLR (LDLR@www.
( Memberrance spanning structure domain), ucl.ac.uk/ldlr/LOVDv.1.1.0/) , 2010 11
22 ;o (5) 18 1741 LDLR ,
(Cytoplasmic structure domain), C , 1 280 , 75, 337
, 64 15
LDLR 19 (Ch19pl3.1- 2 2/3
13.3), 45 kb, 18 17 , 1/3  DNA 1 741 1 122
, 839 LDLR
LDLR 7 (1) LDLR 18 , 4 (E4)
; (2) 1 5 , E4
; (3) 2~6 LDLR 5 (4) , ,
7~14 EGF ; (5) 15 FH , ,
LDLR O- ; (6) 16 17 2 2~6 LDLR
: (7) 17 18 h 7



1 LDLR 3
40 2000 , 2000 LDLR
ApoB LDL ApoE VLDL

Neff Bl FH (CBM) =«
» o« »
E4 LDLR , LDLR 31 , PubMed
‘Familial Hypercholesterolemia’ ‘Chinese’
18
3 FH LDLR
http://www.ucl.ac.uk/th-old/ , 140 108
36 1)
*1 BaEBiRiEFEAE LDLR EERTHEAL. MHRREKIE
El 13 G>A -18 W-18X [6~8]
E2 101 G>C 13 C13S [8]
E2 683 A>C 207 E207A [9]
E2 77 GA 5 [10]
E3 268 G>A 69 D69N [6 10~12]
E3-5 3 209 44~252 [6]
E4 344 G>A 94 R94H [6]
E4 632 ACT 190 , 191 H, S190-191P [7]
E4 682 G>T 207 E207X [7]
E4 344 G>A 94 RY4H [10 11]
E4 516 C>G 151 DISIE [11]
E4 590 G>A 176 C176Y [11]
E4 599 G 179 F179C [11]
E4 510 C 150 [11
E4 562 T 167 [
E4 656 GCCCCG 198 [11]
E4 364 A>T 101 T1101F [12]
E4 571 Cc>T 170 Q170X [12]
E4 385 G>T 108 D108Y [13]
E4 444 T>A 127 Cl127W [14]
E4 428 G>T 122 Cl122T [15]
E4 429 C>A 122 C122Y [16]
E4 550 T>C 163 Cl163R [17]
E4 682 G>A 207 E207K [6 8 12 17]
E4 558 G>A 165 Wi165X [18]
E4 386 A>G 129 D129G [19]
E4 685 A 208 [19]
E4 664 T>C 201 C201R [20]
E4 683 A>C 207 Q207A [21]
ES 809 G>A 249 C249Y [7 8]
ES 757 Cc>T 232 R232W [10]
ES 769 Cc>T 236 R236W [11]
E6 828 C>A 255 255X [11]
E6 826 >C 255 C255R [22]
E6 297 A 78 [23]
E6-8 6 123 252~374 [6]
E7 947 A>G 295 N295S [11]




4 i3 f{ HEREDITAS (Beijing) 2011 33
B#Zx1

E7 1016 T>C 318 P318L [
E7 1048 C>T 329 R329X [11]
E7 986 G>A 308 C308Y [6 10~12]
E7 850 T>C 263 C263R [24]
E8 1132 C>T 357 Q357X [10]
E8 1174 371 [12]
E8 1100 T>A 346 L346H [22]
E8 1075 C>T 228 Q338X [25]
E9 1268 T>C 402 1402T [6]
E9 1216 C>T 385 R385W [11]
E9 1246 C>T 395 R395W [11]
E9 1247 G>T 395 R395L [11]
E9 1329 G>A 422 W422X [11]
E9 1291 G>A 410 A410T [6 11]
E9 1277 T>C 405 L405P [12]
E9 1285 G>A 408 V408M [12]
E9 1241 G 393 L393R [10 12]
E9 1211 C>T 383 T3831 [16]
E9 1304 A>G 414 E414C [22]
E9 1329 422 [22]
E9 1322 T>C 420 1420T [10 11 26]
E10 1384 G>A 441 V4411 [11]
E10 1432 G>A 457 G457R [8 10 11 12]
E10 1474 G>A 471 D471N [10 11 12]
E10 1544 A>G 494 N494S [22]

[7 17 20 21
E10 1448 G>A 462 W462X

27 28]
E10 1439 C>T 459 A459V [29]
E10 1511 G>A 483 W483X [30]
Ell 1664 T>C 534 L534P [7]
Ell 1691 A>G 543 N543S [11]
Ell 1592 T>A 510 M510K [21]
El12 1765 G>A 568 D568N [11]
El12 1783 C>T 574 R574W [11]
El12 1807 A>T 582 K582X [11]
E12 1779 572 [12]
E12 1747 C>T 562 H562Y [11 26]
E12 1747 Cc>T 583 H583Y [31]
E13 1867 A>G 602 1602V [6]
El13 1897 C>T 612 R612C [11]
E13 1851 1862 597 600 VFWT [
AGTATTTTGGAC

E13 1953 1954 TA 631 [11]
El13 1880 C>T 606 A606V [12]
El13 1864 C>T 601 D60IN [15]
E13 1849 A>G 596 K596E [22]
E13 1877 A>G 605 E605V [22]

[7 11 12 24
E13 1879 G>A 606 A606T

26 30 32~34]




1 LDLR 5
(&% 1)
El3 1864 G>T 601 D601Y [35]
El4 2015 T 651 [7]
El4 2012 C 650 [8]
2108
El4 682 [10]
TGCTGGC
El4 2048 G>A 663 A663T [10]
El14 2087 G>A 675 C675Y [10]
El4 2030 G>T 656 C656F [12]
El4 2021 A>G 653 N653S [22]
El4 2043 C>G 660 C660W [26]
El4 2054 C>T 664 P664L [12 26 36]
El5 2150 C>G 696 A696G [6]
El5 2215 C>T 718 Q718X [11]
El6 2389 G>A 776 V776 M [11 12]
El17 2475 C 805 [7]
El17 2400 C 779 [22]
P 152 C>T 152C>T [10]
P 44 C>T 44 C>T [12]
Int3 313 1 G>A 5’ 313 1G>A [10 37]
Int 5 818 1 G>A 273 818 1G>A [18]
Intl1 1706 1 G>T 3’ 1706 1G>T [12]
1 E: (exon); Int: (intron); P: (promoter)
3.1 FH  LDLR 1~17 13
, 35 11 -152 44
1 , FH LDLR LDLR LDLR
30 7
25 4
20 A
15 4
10 4
5 -
0
" Voo o > o N D N 9 5 o L RO S ~
CEOCRPEITIFTITIFTITFCS FAEE G
L |
{57 ik
: O-i: 4kl [0/
I piaied B
. P2t by Slitiyd
WK KA £ Tk ek i) Juk
EGFHi 4 P
I‘ ‘] ?Jﬁul& g;Ji *“'Jj'-ﬁ
1 HPEANELDLRZ2FARTHFEHRRE S AR FECERS XA ERINEX
:E: (exon); Int: (intron); P: (promoter)



6 i3 f{ HEREDITAS (Beijing) 2011
, E4 , 23 5
E4 , 44 E4
2
3.2 FH LDLR
80
FH =2
LDLR ( 2
E13, A606T 9 , 1994 Sun
171 [12] [26]
[33] [34] [20] s
D69N E207K C308Y G457R
4 3 5" 313+1 A
G 2 , Khoo MY 0
2000 , B
FH , 2009 Cameron 1%
, Northern blot 3 5" 313+1 ”
A E3 Int3
,LDLR
%2 ENHLDLR RERTHMAER
(%) 0 —|—n—|
E3 D69N 4 8.33 & S S 3 S 3
R N2
E4 E207K 4 8.33 o4 \3"7 &@““‘ \é@ {? @5‘5’
E4 R94H 2 4.17 & Q\\\Q\ z{,@\' @
G
ES C249Y 2 4.17 < 0.1:5*
E7 C308Y 4 8.33
E9 A410T 2 4.17 2 LDLR
E9 L393R 2 4.17
E9 1420T 3 6.25 4
E10 G457R 4 8.33
E12 H562Y 2 4.17 FH LDLR FH
El3 A606T 9 18.75 ’
El4 P664L 3 6.25 140 LDLR 108
El6 V776M 2 4.17 E4 , E13 2003
Intron3 ¥ 428 j';g (Human genome project, HGP)
y , (Gene chip)
3.3 FH LDLR LDLR DNA FH
s MLPA
LDLR >
(  2),EGF 80 , LDLR
EGF S FH S FH
7~14 s EGF )


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Khoo%20KL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hobbs%20HH%22%5BAuthor%5D

LDLR 7

£ 2% 3k (References):

(1]

(2]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

Goldstein JL, Brown MS. The LDL Receptor. Arterioscler
Thromb Vasc Biol, 2009, 29(4): 431-438.[DOI]

Austin MA, Hutter CM, Zimmern RL, Humphries SE.
Genetic causes of monogenic heterozygous familial hy-
percholesterolemia: A HuGE prevalence review. Am J
Epidemiol, 2004, 160(5): 407-420. [DOI]

Hobbs HH, Russell DW, Brown MS, Goldstein JL. The
LDL receptor locus in familial hypercholesterolemia: mu-
tational analysis of a membrane protein. Annu Rev Genet,
1990, 24: 133-170. [DOI]

Ranheim T, Kulseth MA, Berge KE, Leren TP. Model
system for phenotypic characterization of sequence varia-
tions in the LDL receptor gene. Clin Chem, 2006, 52(8):
1469-1479. [DOI]

Neff D, Ruschitzka F, Hersberger M, Enseleit F, HU
rlimann D, Noll G, LUischer T, Hanseler E. Detection of a
novel exon 4 low-density lipoprotein receptor gene dele-
tion in a Swiss family with severe familial hypercho- les-
terolemia. Clin Chem Lab Med, 2003, 41(3): 266-271.
[DOI]

Chang JH, Pan JP, Tai DY, Huang AC, Li PH, Ho HL,
Hsieh HL, Chou SC, Lin WL, Lo E, Chang CY, Tseng J,
Su MT, Lee-Chen GJ. Identification and characterization
of LDL receptor gene mutations in hyperlipidemic Chi-
nese. J Lipid Res, 2003, 44(10): 1850-1858. [DOI]

Sun XM, Patel DD, Webb JC, Knight BL, Fan LM, Cai HJ,
Soutar AK. Familial hypercholesterolemia in China. Iden-
tification of mutations in the LDL-receptor gene that result
in a receptor-negative phenotype. Arterioscler Thromb
Vasc Biol, 1994, 14(1): 85-94. [DOI]

Hobbs HH, Brown MS, Goldstein JL. Molecular genetics
of the LDL receptor gene in familial hypercholesterolemia.

Hum Muta, 1992, 1(6): 445-466. [DOI

s s s > s 5

, 2004, 56(5): 566-572. [DOI]
Khoo KL, van Acker P, Defesche JC, Tan H, van de
Kerkhof L, Heijnen-van Eijk SJ, Kastelein JJ, Deslypere
JP. Low-density lipoprotein receptor gene mutations in a

Southeast Asian population with familial hypercholes-

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

terolemia. Clin Genet, 2000, 58(2): 98—-105. [DOI]

Chiou KR, Charng MJ. Detection of mutations and large
rearrangements of the low-density lipoprotein receptor
gene in Taiwanese patients with familial hypercholes-
terolemia. Am J Cardiol, 2010, 105(12): 1752-1758.
[DOI]

Mak YT, Pang CP, Tomlinson B, Zhang J, Chan YS, Mak
TW, Masarei JR. Mutations in the low-density lipoprotein
receptor gene in Chinese familial hypercholesterolemia
patients. Arterioscler Thromb Vasc Biol, 1998, 18(10):
1600-1605. [DOI]

s s s s

— 1
450-452. [DOI
Cheng XH, Zheng F, Zhou X, Xiong CL, Ding J, Chen YM.

, 2008, 28(6):

Mutation screening and functional analysis of low density
lipoprotein receptor in a familial hypercholesterolemia
family. Chin J Med Genet, 2008, 25(1): 55-58. [DOI
LDL—R
, 2007, 40(12): 752-755. [DOI

s s s > s s s

2003, 31(9): 653-656. [DOI]

Pimstone SN, Sun XM, du Souich C, Frohlich JJ, Hayden
MR, Soutar AK. Phenotypic variation in heterozygous fa-
milial hypercholesterolemia: A comparison of Chinese pa-
tients with the same or similar mutations in the LDL re-
ceptor gene in China or Canada. Arterioscler Thromb Vasc
Biol, 1998, 18(2): 309-315. [DOI]

Xie L, Gong QH, Xie ZG, Liang ZM, Hu ZM, Xia K, Xia JH,
Yang YF. Two novel mutations of the LDL receptor gene as-
sociated with familial hypercholesterolemia in a Chinese
family. Chin Med J, 2007, 120(19): 1694-1699. [DOI]

Chen K, Mu YM, Wang BA, Guo QH, Lu ZH, Dou JT, Lu
JM. Two novel mutations 685del 1 and D129G in the
low-density lipoprotein receptor gene in a compound het-
erozygote Chinese family with familial hypercholes-
terolemia. Metabolism, 2007, 56(5): 636-640. [DOI]
Wang L, Lin J, Liu S, Cao S, Liu J, Yong Q, Yang Y, Wu B,


http://www.ncbi.nlm.nih.gov/pubmed/19299327
http://dx.doi.org/10.1093/aje/kwh236
http://dx.doi.org/10.1146/annurev.ge.24.120190.001025
http://dx.doi.org/10.1373/clinchem.2006.068627
http://dx.doi.org/10.1515/CCLM.2003.041
http://dx.doi.org/10.1194/jlr.M200470-JLR200
http://atvb.ahajournals.org/cgi/content/short/14/1/85
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hobbs%20HH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20MS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goldstein%20JL%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Hum%20Mutat.');
http://dx.doi.org/10.1002/humu.1380010602
http://www.cqvip.com/qk/90118X/200405/10619164.html
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Khoo%20KL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Acker%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Defesche%20JC%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Clin%20Genet.');
http://dx.doi.org/10.1034/j.1399-0004.2000.580202.x
http://dx.doi.org/10.1016/j.amjcard.2010.01.356
http://atvb.ahajournals.org/cgi/content/short/18/10/1600
http://d.wanfangdata.com.cn/Periodical_zgsynkzz200806012.aspx
http://www.ncbi.nlm.nih.gov/pubmed/18247305
http://www.cqvip.com/qk/90109X/200712/26363986.html
http://www.cqvip.com/qk/92767X/200309/8659117.html
http://atvb.ahajournals.org/cgi/content/abstract/18/2/309
http://www.cmj.org/Periodical/abstractlist.asp?titleid=LW2007928522946204291
http://dx.doi.org/10.1016/j.metabol.2006.12.011

8 i3 f{ HEREDITAS (Beijing) 2011 33
Pan X, Du L, Wu C, Qin Y, Chen B. Mutations in the LDL J, 2008, 121(9): 776-781. [DOI]
receptor gene in four Chinese homozygous familial hy- [30] Cheng XH, Ding JF, Zheng F, Zhou X, Xiong CL. Two
percholesterolemia phenotype patients. Nutr Metab Car- mutations in LDLR gene were found in two Chinese fami-
diovasc Dis, 2009, 19(6): 391-400. [DOI] lies with familial hypercholesterolemia. Mol Biol Rep,
[21] , , , , , , 2009, 36(8): 2053-2057. [DOI]
[31] , , , , B, ,
, 2002, 30(6): 347-350. [DOI] ,
[22] > > > > > , 2005, 4(6): 473-476. [DOI]
, 2004, [32] , , ) , , 1
43(9): 665-668. [DOI] apoB100
[23] Guan X, Li M, Fan L, Chen Q. Analysis of low density ,2010, 28(3): 179-181.
lipoprotein receptor function and gene mutation in familial [33] R , , , , , ,
hypercholesterolemic patients. Chin J Med Genet, 2003, , , , ,
20(2): 138-142. [DOI] 13
[24] , , , , ) , ,2010, 10(13): 2451-2454.
[34] Wang D, LiY, MuY, Gao Q, Heng W, Zhong H, Wang J. A
, 2001, 18(4): gene analysis of the low density lipoprotein receptor in
279-282. [DOI] Chinese with homozygous familial hypercholesterolemia.
[25] , , Chin J Med Genet, 2001, 18(4): 279-282.
1. , 2009, 36(6): [35] , , , , , , ,
397-398. [DOI] ,
[26] Chiu CY, Wu YC, Jenq SF, Jap TS. Mutations in low-density , 2008,
lipoprotein receptor gene as a cause of hypercholesterolemia 24(5): 350-354. [DOI]
in Taiwan. Metabolism, 2005, 54(8): 1082-1086. [DOI] [36] , , , , , ,
[27] , , ) 5 ) > > )
) , 2008, 23(1):
W462X 25-27. [DOI]
, 2009, (1): 18-20, 23. [37] Lin J, Wang LY, Liu S, Pan XD, Du LP, Shi FR, Qin YW,
[28] Cheng XH, Zheng F, Zhou X, Xiong CL, Ding J, Chen YM. Zhao Q, Guo HY. Identification of a novel splice mutation
Mutation screening and functional analysis of low density of low density lipoprotein receptor gene in a Chinese fam-
lipoprotein receptor in a familial hypercholesterolemia ily with familial hypercholesterolemia. Chin J Med Genet,
family. Chin J Med Genet, 2008, 25(1): 55-58. [DOI] 2004, 21(1): 14-18. [DOI]
[29] LinJ, Wang LY, Liu S, Xia JH, Yong Q, Du LP, Pan XD, [38] Cameron J, Holla OL, Kulseth MA, Leren TP, Berge KE.

Xue H, Chen BS, Jiang ZS. Functional analysis of
low-density lipoprotein receptor in homozygous familial
hypercholesterolemia patients with novel 1439 C—T mu-

tation of low-density lipoprotein receptor gene. Chin Med

Splice—site mutation ¢.313+1, GNA in intron 3 of the LDL
receptor gene results in transcripts with skipping of exon 3
and inclusion of intron 3. Clin Chim Acta, 2009, 403(1-2):
131-135. [DOI]


http://www.cqvip.com/qk/92767X/200206/6398940.html
http://www.cqvip.com/qk/90107X/200409/10879515.html
http://www.ncbi.nlm.nih.gov/pubmed/12673584
http://www.cqvip.com/qk/92672A/200104/5622945.html
http://www.cqvip.com/qk/94677A/200906/32323162.html
http://dx.doi.org/10.1016/j.metabol.2005.03.012
http://www.ncbi.nlm.nih.gov/pubmed/18247305
http://www.ncbi.nlm.nih.gov/pubmed/18701038
http://dx.doi.org/10.1007/s11033-008-9416-z
http://www.cqvip.com/qk/84051X/200506/20940818.html
http://www.cqvip.com/qk/91810X/200805/27466946.html
http://www.cqvip.com/qk/92456X/200801/26347847.html
http://www.ncbi.nlm.nih.gov/pubmed/14767901
http://dx.doi.org/10.1093/nar/30.1.0

	中国人群家族性高胆固醇血症LDLR基因突变研究进展
	代艳芳, 孙立元, 张新波, 王绿娅
	关键词: 高胆固醇血症, 家族性; 低密度脂蛋白受体; 基因突变; 中国人群
	Research progression of LDLR mutations in Chinese Familial hyper- cholesterolemia
	DAI Yan-Fang, SUN Li-Yuan, ZHANG Xin-Bo, WANG Lu-Ya
	Keywords: hypercholesterolemia, familial; low-density lipoprotein receptor; gene mutation; Chinese
	1  LDLR基因的生理功能
	1.1  LDLR基因的结构和功能
	1.2  LDLR基因突变的分类

	2  国外FH患者LDLR基因突变的研究
	3  中国FH患者LDLR基因突变类型
	3.1  中国FH患者LDLR基因突变特点
	3.2  中国FH患者常见的LDLR基因突变
	3.3  中国FH患者LDLR基因各结构域的突变分布特点

	4  结语与展望
	参考文献(References): 








