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Abstract

Hypertriglyceridemia is an exceptionally complex metabolic disorder, characterized by elevated
plasma triglyceride levels, which are associated with an increased risk of acute pancreatitis and
cardiovascular diseases. The phenotypic expression of hypertriglyceridemia is highly heterogene-

SEWAEH .

WEFIH: KA, K& mH IS EIOE A 3 R ], IR IREE 3 RE, 2025, 15(4): 2686-2692.
DOI: 10.12677/acm.2025.1541228


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.1541228
https://doi.org/10.12677/acm.2025.1541228
https://www.hanspub.org/

(INSTIVS

ous and strongly influenced by conditions such as obesity, alcohol consumption, or metabolic syn-
drome. This review focuses on the genetic basis of hypertriglyceridemia, exploring genetic variants
related to triglyceride-regulating genes (such as LPL, APOA5, APOC2, GPIHBP1, and LMF1), which
are associated with abnormal transcription and translation of proteins involved in triglyceride-rich
lipoprotein metabolism. Hypertriglyceridemia caused by these genetic abnormalities can be classi-
fied as monogenic or polygenic. Monogenic hypertriglyceridemia, also known as familial chylomi-
cronemia syndrome, is caused by biallelic (homozygous or compound heterozygous) pathogenic
variants in these five typical genes. Polygenic hypertriglyceridemia, also referred to as multifacto-
rial chylomicronemia syndrome (in severe hypertriglyceridemia), is caused by heterozygous path-
ogenic variants in typical genes (with variable penetrance) and a set of common non-pathogenic
variants (polymorphisms) that have a clear association with elevated triglyceride levels.
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1. 5|8

e H = 8 L4 (Hy pertriglyceridemia, HTG) A2 & i UL B B AQ M J % 5, IRIRR LG 2%, HoE U
M H I =B KF R T 1.7 mmol/L [1]. HTG & & A MBI FO MR ST SE G RT3, A T 03 W i v i
=AM SR, e RSN K R A O R O UL BB A T O AN R A I RO A R 2 [ 2]
[3]o AERAA H iy H i =8 MUAE R R 26 205 10%, ARAFLE 35 (0 X [R] 22 57, 3 AR5 PRI D] 3 gt
P55 KR[4] [5]0 MR H I = T8 FE st A% DR 3 AN R84 X 3R W S A VR e o LR H il = ek
JE A4 22 P g B UKL R ) =R A . ARG I AR A I S I BT A I A R i R Ik = e,
R ESR H S S H I = Es A I8 & A (Triglyceride-Rich Lipoproteins, TRLs), %5 . B Uk (Chylomicrons,
CMs) FARAR % F JIg & H (Very Low-Density Lipoproteins, VLDLs). R4 Il 3% & H il =Fe KT . .
AN EE HTG, Y8518 1.7~2.3 mmol/L, 2.3~11.2 mmol/L, 11.2~22.4 mmol/L, >22.4 mmol/L,
R DURR 4 A R R ] ) Dy B RE R B 22 B K] HTG [6]

EER, BR RIS SRR A KRBT (Genome Wide Association Study, GWAS)%: i€ & I & A g
fif§(Lipoprotein Lipase, LPL). #JE# [ C-11 (Apolipoprotein C-II, apoC-II). #HAEH 1 A-V (Apolipoprotein
A-V,apoA-V). JEWi AR 1 1 (Lipase Maturation Factor 1, LMF 1) AU 5L i34 g P9k JU1L B 8 1 e 25 BE g e
4548 M 1 (Glycosylphosphatidylinositol-Anchored High-Density Lipoprotein-Binding Protein 1, GPIHBP1)%
FE P v H = BRAE B VIAR O [ 7] ASCTEEX HTG KIS AL 2T 1 ik
2. BEMESH B =M
2.1. RiEtEF BERCALIN FF (Familial Chylomicronemia Syndrome, FCS)

RGN L BERORE IILE 47 5 AE(FCS) BURR Ay B3 PR 7L BEAORE HMILAE « SRR ME s H vl = BB e, %48 Bk
N R E 1A, & —Fh I 0 ™ S s H Il = 8 M A A PR, % G AR It 18 A B [6] [8]-
[11]e ZERAAERE AR AR B RF I, HEAhTH28% 1000 75 ANHAT 1~10 $[9] [12]. FCS E#H I H A
JLEE BAE /D HA R [10]. FCS [ B2 R 3R A% Bl 19 & & H v = B8 JIE 2% (1 (Triglyceride-Rich Lipopro-
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teins, TRL) 73 fiff 2 DR] A f) XA 8 DR B0 A48 S 5 | FES A RO RIS AR R [ 11] [13] [14]0 H i = BR A K A 3=
W LPL A&, 83T 90%H FCS 9512t LPL i [R] A 30 &5 o7 L K] 25 Th A (Loss-Of Function, LOF)E(
PSS R[] [9]. HARMIWENFERF LOF &5 FE R EEHwILS 5 LPL IR 2. A3 s i
HRER R, BFEEEE A C-IL(APOC2 ). #EHE I A-V (APOAS A, JEEG AT 1 (LMFI %
AT I JEE fl P Ik LI o % FE R BR 1 45 5 2 1 1 (GPTHBP JE[A]) [8] [9]o X Ik [A] r iy U&7 B[R] AR
SATEEMEIR LPL IREMREYE, S B BRI (CM) 1 o R RIS B 52 458, 51 S FLBE fok L fE[6] [9]
[15]o —T06 52 B8 A FIIE e L T B LPL JE[HAR SR 9E LPL JERAR R 512 FCS MR 16].
2] 80%I1 B 1A LPL 3R WAL R R BUm A . A B E T, TP GPIHBP1 [ X%
REFERIBORAR S, 4% B3 WHETT APOC2. APOAS Al LMF1 R4l & i 8 & A 80RA R, ol
—/NIEH ) LPL 2507 JE AT — AN AR S S SE IR X 2840 7 WAL R AR 2 AL, 33 B R 7™ 2 ) s H ol
g IMIAE

2.2. ZEZEIERRLIMELSAE(Multifactorial Chylomicronemia Syndrome, MCM)

MCM HF @RS A ME V A, PR R sl 20 BE DR, AR AL mT g DR R 18 A% R 2 T m
JI[9] [17]« MCM 15 4% 5 itk (Rl 3% R A P Fl: — 2 HANE BE R (W0 LPL. APOC2. GPIHBP1. APOAS
M LMF)HRIFE KRG T, il GWAS KPS HTG AR WA RAR 57 1% 25 WA 51 3
RO AT R S B0 2 H T = KT R TR R[8] [9]. IXEUH WRASA BB AT S8 HTG K 5 18k, X fh
Gy I W] e 28 MR DR R 1) R WL A A e DL RS AR LR R EIFE A, TSR M= E Y HTG [6] [13]. 2
1M, BPAELEH M =EEACE RS M ABER, WATREfE1ES HTG MCHIBHE e 3. Bk, IXLeis i e
K& AR IHA—E T HTG RAMKIE, XEU HTG FIRFHLHIE A, TR K& 2 Fhist4L fdE it 1&
BRI 2R I AH BR8] [13].

3. & =B MmEEXER
3.1. LPL EH

LPL J2& M H il = B8 0 FROERE, 7EMRAR . R Rk, R4 b G H24E 18], LPL &
BLIRe 2 KR IR A FLBEROR R A 25 B s 2 R i i =l . LPL SRR T35 8 Jetu i i 8p22 |,
H 10 MNETH 9 AN S TR, BRFEKE N 30kp, LS 475 NMEIEBRMATEA[19]. 5 1 42T
Gt S AR TR DX, BFE(S 5 O BCA R T AT AN EEIR . 1 1E] 8 AN AR T RS R 1 446 DMEIERR,
510 MR YRS 3 AERIREIX, AL 1948 MEFER[20]. HATHR S LPL JE R K 2 5 H AR R A
AR ST IES 4. 5 Al 6 Ah 21217,

ITAERFFE R W] LPL ZE K RAF 5 HTG A%, 5™ & HTG B iR EE/EH . Sun 5 AR LPL JE K
I Leud52His 5848 S5 LP DhRERtS, A 1H Leud52His Z45 ) LPL EF S NNRAAN G, KIS FR L
Fr il =Rek B R ThE, T LPL NG PR 35 B[ 22]. Chan S8 A% 1 A HTG & #EAT 2457
., RILLPL JER A A TAE (Leu252Val 5 Leu252Arg), 4 ANG IR 45 B R AR LPL IR
FMEAL TS E[23]. Yu 8 AN LPL PR 98748 o] Gesdid PRI LPL A& S AN % 14 1 5 80 HTG 1R A2 [24]
Lun %5 ATE 1§ B 58 R ESE T LPL £ A8 S 8UH i =B A R [25] iR 428 AT 12 6 HTG
BFATIE 3T, BRI 12 BB &5 B AR 8 M2 i = Be/KF398 R RAR BE A T e, 8% fui i B
W[26]. P, LPL MZERIGEE S HTG KA AT e 2 VIAH G

3.2. APOC2 &
apoC-II f&— MMy F R ik e B A, £ LPL AR FE P RIEE EEAEH . apoC-11 FE A H
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P T Getath 19q13.2 [X ) APOE-APOC1-APOC4-APOC2 K% H ) APOC2 SR 4w, JE 1 79 MNE KA
PR R EREE A . = RS R =MERE, T3 —MEER N i s S HK AR, Mg aRE
Fs AL T3 = ANERER C ¥t LPL BIBGE 2 CE 2[27]-[29]. HET O AKILE APOC2 %K 5848 0 Fh 4
SRAR TS GAE . BRI ARG SR DL R I X S 2R [8] [28] 0 IX EE SRR T3 APOC2 SR RIA A
GITEYHML I PR SERATRE B A . R, #EHPE R MR ARG apoC-11 ¥k B BEAR BG4S
I, CA R LPL A0 M 1) 0 38 B a2 [30] [31]

3.3. APOA-V EH

apoA-V 7EH i = Hafa S R FE A0S M Y R AR, sl AR e IR B 1 - B Aok 1 38 LPL
g, MR . apoA-V FEAEFAE A RIL, FHMRAK BT HARLE RANEEA . Hitk, APOA-
V 53 i = BRI RS AL, apoA-V B S SRR (SR EL, T4 VLDL R
FEEREIEH[32] [33]. APOA-V HH APOAS J:R i, ZIEREMT 11 556k 11923 X APOAI-
APOC3-APOA4 F:[AFE I B L4 B 7 . APOAS FEFIAL & DU FM R+, gl 366 DM LRI EE B, H
W23 DNEIER S SR, F SR RE & o BHEME KR . N ity 45 1 180 2 0 P 08 i
WA, ATS5MEEELSE. N Imah M0 X dse e ghits, 197 5 R miR & o 2 WA H il = ek
fR4E&8E A 1 LAXAIN 52 /& R-LDL 57 85 7. Sun %8 AR IUFR S 192 & 238 X+ 45 & F0 LPL 3
TERDTEN . CImgitig th IUES IR R R, WS & 2 EE[34] [35].

3.4. LMF1 &&F

LMFI JERALT 16 SHEARE) 16p13.3 X, HiTi4td LMF1 HH, %&EHAZ S5 LPL MHRHE
(Hepatic Lipase, HL)I G F2[36]. LMF1 & H {2y —#f A 51 % (Endoplasmic Reticulum, ER) 73 5-F£45
AL TS IR A RN — S RS fR AT C S Fg, a0 HL FGE 2R . R LMF1 R A7y
T AR S, ERFERY, LMFI1 g 5 ER 4 FAEEMHEAER, (2ubHi& st LPL
TR ML R, MM SR LPL IS E M [37].

3.5. GPIHBP1 £H

GPIHBP1 7E44 LPL %3z 25 B 40 L5 P R 4H IR AR B SR T 7 TR ¥ R E L, i IR Ho AR s r, IF
fiei3k TRLs HI3AZAk, M NG MRAL PO 440 . GPIHBP1 & [ LA 1:1 4L A1t Lbf LPL 4 8 75 B4
M N RN E, 750K LPL i £ B, FRW IR 2 B4 W &, [FEFBi ik LPL
() E & REFF[38] [39]. GPIHBPI Stk ELANAE TR 6-FR BT 21 15 B S s R 32 A B L R I 52, LA
fEAE & 2 Rk HE . GPIHBP1 AT 8 5 Y fiufk 8q24.3 [X ) GPIHBP1 [N 4afd, 7E-E4HIME N R
MpRIE. 2 2 SR TR —DNNLETIFH N I, & S RIERIER AR AR A ER), XL
X FA&5E LPL FIMEAk 45 0 %8 5¢ 8 21 [38] [40]. 7F FCS B3 &8 T GPIHBP1 £ [A ()45 5 [41].GPIHBP1
5 S A A R I RS L BE ORI, ) LB R RO, R ™ E ) HTG. GPIHBPI it~
AR I LIS S LPL B A1 GPIHBP1 & B35 BRI . R AR AE/E GPIHBP1 R R4 & 7 &
Fea B E T, MG T W RN IEH IR FUKF[42]

4. RE

TR, HTG 2 LE P RS WE R ar, X5 LE MRS LIPS TIMG. EE BT, TG K
AR JLE N I R IR, BRI REER A R IR . SR, B RS U5 QR OB A I A e R
J&l, HTG #£ JLE AN DA i AR A Frg i 2 53000 U5 s (0 KU, IR I AR IR I3 T HTG &
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FRRY T E R REE, P RTSWTE AR ) LB R A XU, il R EE A2 A S B A5
ASSEAE PR ST TR] it R (RS o B3 8L A% A T SO T IR IO BRI R Jig - JE R — AN e A 4 4k - e
RO, PPRTS WTER PR 2 7 B IR R BRI AT DRI B CupA 7, 34 RE TR ol B3 DR 0
AONIE A2 5, LB RE AL SR T S T M SCRF . AT T AR B 5 % 0 25 PRSI 2 T
P2 W (K STk D, X 6 I R AR T - BOH il = W A AR ek, T 51 I AR 575, S B0 RGP
TR B S ISR AW, RoRAT Bt 2D e B IR A & 10 A2 Wi e . o+
O MLE B T IO AE T 4R B B R L, IR A A L3 (@ B LS T SCH

5. B4

JERNE HTG HoA R Mg M5k, JF 23 R AR R AR S5 R A SCE . RKR R 23t — Lk 7T Hitil
AN AR Y, LTSI R B AT o L6 I ARE AT XU o 38 A% 0 A B 3R o ML 8 vy OB AN, 5143
AT 25 i T MR AR T SO B . A, B> T2 B T R S e KR .
FUERMIAE, R 1T SR IR DR L GIORE IR R XS A7 J TR 55 ML AR S A, A% R PR 3 A v H v =B
IMRE AL R, VR 22 SRR e G AR . WS 20 LURRE Fs A R R 2 B AR 45 PR SR A7 AE I A
SHIRBIN . A FCS Al MCM (4 (63 PR 7™ B8y Tl = B8 IAE T 18 52 i A R ANBE T8, ARy e 2
TFE. 2T HTG MR HI XL, BRI TS 22 5C 52, DATRIG 5 H il = e B 3 v iy SR A s PR O

RAE
HEE&mE

WEHHBXFRAEEBAADTE, HH%S: YKD2023ZY001.
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