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[HZE] B - oKtk =B H i AE  (familial hypertriglyceridemia, FHTG) K £ MG W 4H 50 FHFAE . ik - I
22 R — BB 1N A FHTG K RS Wb I FHTG K &, MIAZE R 13605, R R Rl R = H i
(triacylglycerol, TAG) K F-2&G T (22.26 mmol/L) 43 TAGHL (n=7) FXTHEZL (n=6). MitHEIXS A IHA, Wl
RAMBER . YR B, WORE . MOF RS (body mass index, BMI) . B . A= 76 >J45 Kos ol 45— e wekl, JRAR
PAES RETARRIGE . KRRAZEE8~12 05, RESNEE K MFEA SIS TAE A5 BRI, R a0 8 PR 00
4 [ SR ISR (vertical auto profile, VAP) Wl EWFFT X 4 MG MR WAL 5y, FEALHE TAG., BHAHE G, (K% 55
1 IH [E % (low-density lipoprotein cholesterol, LDL-C) . {K% )8 1 [low-density lipoprotein, LDL]. #f&%& g &E M
(very-low-density lipoprotein, VLDL) . k% FEAEH# 3 (very-low-density lipoprotein 3, VLDL,) . %5 g 2 (1 I [ 2
(high-density lipoprotein cholesterol, HDL-C) . %% lRE 12 (high-density lipoprotein 2, HDL,) . % E R 13 (high-
density lipoprotein 3, HDL,). WA EAGE T, R 158K, I8&Ta. JESHENGEIT; VAP I T LDL 5 KT EE 47
LDL % s, FHE H I8 E 1 E%7: (vertical lipoprotein profile, VLP) HiMAF o8 %) 42 i 15 IR % NE & 11 Wk (low-density
lipoprotein particle, LDL-P). >R SEAEAS ¢ 46 56 A B RN &5 TAG IR W4 70 K F- 25 5% . R - FHTGR & &
TAG . Wi . BMIAINE B R 2w R4 (P=0.022, P=0.000, P=0.001, P=0.000). 2Z41a11E52: 54 501t
X (P=0.029), 2R ILEI¥EX (P=0.561), F TAG41TAG, VLDL, VLDL,, LDL-P/K¥-¥5 FX 4] (P=
0.003, P=0.033, P=0.020, P=0.043), HDL-C, HDL,, HDL, /K F¥/EF % B4 (P=0.000, P=0.001, P=0.001). 7 TAG
2 LDL % BRI /N, %t BRZH LDL 2% BERE AR G alioR g . HA RS AR 2 (A 9 22 R B e 2 2 3. 4518 - BRI
RH MBI TAG, HDL-C4F, VLDL, VLDL,, LDL-P, /Ni% LDL. HDL,, HDL, A7 FHTG 2 FGYT AFE 5 .
[REIR] FWevkm = BEH e s o 5% AR R 0 2 A S LRI 2 s AR L s =Wk Hh s O A
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Analysis of lipoprotein subclasses of family with familial hypertriglyceridemia
based on VAP method
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[Abstract] Objective:To analyze the characteristics of lipoprotein subclasses of family members with familial
hypertriglyceridemia (FHTG). Methods*A FHTG family with 13 members meeting the diagnostic criteria of the FHTG family was
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collected at the First Hospital of Lanzhou University. They were divided into the high triacylglycerol (TAG) group (7 persons) and
the control group (6 persons) according to whether the level of TAG of the family members increased (=2.26 mmol/L). Through the
face-to-face investigation, age, gender, height, weight, body mass index (BMI), waist circumference, living habits and medical
history and other general information of each member were collected. Based on the survey results, a family tree was drawn. After 8—
12 h in abrosia, peripheral venous blood samples of the family members were collected for biochemical testing. The vertical auto
profile (VAP) was used to determine the serum lipoprotein subclasses of the study subjects, including TAG, total cholesterol, low-
density lipoprotein cholesterol (LDL-C), low-density lipoprotein (LDL), very low-density lipoprotein (VLDL), very low-density
lipoprotein 3 (VLDL,), high-density lipoprotein cholesterol (HDL-C), high-density lipoprotein 2 (HDL,), high-density lipoprotein 3
(HDL,), intermediate-density lipoprotein, remnant-like lipoprotein particle, lipoprotein a and non-high-density lipoprotein. The LDL
pattern was obtained by VAP method based on the analysis of LDL max time value. The vertical lipoprotein profile (VLP) was used
to determine the serum low-density lipoprotein particle (LDL-P) of the study subjects. The levels of lipoprotein subclasses between
the control group and the high TAG group were compared by independent sample # test. Results-Compared with the control group,
the high TAG group in FHTG pedigree had remarkably higher levels of height, weight, BMI and waist circumference (P=0.022, P=
0.000, P=0.001, P=0.000). There was statistical significance in gender difference between the two groups (P=0.029), but there was
no significant difference in age (P=0.561). Compared with the control group, the high TAG group had remarkably higher levels of
TAG, VLDL, VLDL, and LDL-P (P=0.003, P=0.033, P=0.020, P=0.043), and remarkably lower level of HDL-C, HDL, and HDL,
(P=0.000, P=0.001, P=0.001). The LDL pattern in the high TAG group was small and dense, while the LDL pattern in the normal
control group was mixed or large and sparse. There were no significant differences between other indicators. Conclusions-In
addition to the TAG and HDL-C commonly used in clinical practice, VLDL, VLDL,, LDL-P, small and dense LDL, HDL, and
HDL, are expected to become the indicators for FHTG diagnosis and treatment.

[Key words] familial hypertriglyceridemia (FHTG); vertical auto profile (VAP); lipoprotein subclasses; triacylglycerol (TAG);
cardiovascular disease

Peom = Bt OH oM JE (familial 4 IREHE
hypertriglyceridemia, FHTG) J& LI — Bt H
(triacylglycerol, TAG) & IS I Ay AL 1) G 4 14 1.1 bk
WrEm AR, S & E & TAG R I % B2 A% FHTG R RS WibnfE ' Afh eI &7,
H M (very-low-density lipoprotein, VLDL) i ki ;= FETEVH 2 YR LTS TAG=2.26 mmol/L,
A, AR NEIRRA 5%~10% ", FHTGEHIMIETAG  MHIEEE (total cholesterol, TC) <5.18 mmol/L; %
K- H R 2.26~7.91 mmol/L (200~700 mg/dL) ', W HAb A 51 v TG HAM 8 ) 5 B 4 A LR
SR, T TAG K P32 AR £ F N 8] 45 R 3R Y 520
EIEH A BRAE T TR aRAE, B F— MR 1.2 WFEERT R K4l
ZUMER, TAGEREA R KER . Wik, X WCHE 22 MR 225 — R e 1 455 FHTG K R 12
MHE 38 LG ACF AN A Bl S G0 2 45 i R 6 PER FHTG K &R o EAXFRKBTEHEK “+H” TR
#E4T FHTG W2 Wi 7E — € IR R, LA w2 BHE LI RPR s SR IR . R SR
WA HA AR AR W AT R B2 W o 3 D R R 0 RS T | NN Ui 2 = IR e IR NS
éﬁfﬁllﬂlﬂaﬁaﬁhf)ﬂﬂ #% (vertical auto profile, VAP) K IRFAT I A58 (2002BA711B08-17) MIFLE,
TP B0, B FEIONMARE 5 17 O HEBR DR 23 WA 0 S 4k e M R S B TAG FH= )
ﬁ%ﬁﬂ’ﬂﬂﬁéﬂﬁj\; LB Fe KPR B LR 7 R B 1 REMD . WA EFR MG 3M13 N FHTG &
TR A RURCIR S, A Ry 52 b S e i 2R s 2 1 Y A3 HIN, MARIE® 6 N; BTN, @hhe A, Wil TAG
iR, RIEEASBENSE LD KRR JEATHE (2226 mmol/L), PR M5 A TAG A
F VAP XF—A> FHTG X & By R AT AR SE 05019 (n=7) AIXTREAL (n=6).
e, DU R 21587 09 7T H T FHTG 12 W R4 )12
(U465 . T N FHTG (9 7 0132 0T o 4 $2 4itpr 1.3 IR BRI
FE. ISR R R B BRI SE— R YR
PRI, HE “FRMAR, FEBEER R
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FIAES . PEBI . AETE S5 R e SR, IR
R EF5%L (body mass index, BMI).

1.4 ki Jy ik

13 0 58 & B 2 i 5 mL, IR E 0
2 533xg 5 min RIS 739 2 65 o LR ISR A T2 h
N TE 22 K 2% 26 — = B {11 58 [ Beckman Coulter
AUS5800 4> H sh A b o G AT A Ak i 5 (i L 1
WL OFDIRE. BEIRE) K. 53 1Oy B bR A £ 2~
8 °C 1)V ilf 1z i 28 77 I 5% B AL IR 7 46r 49 i >R FH VAP
RN =R IAZE ) S
140 AbAR AR R I I IR AR I 45 AR fL 4 TC
TAG, =% 5 I IH[E B (high-density lipoprotein
cholesterol, HDL-C) . ik % i Ji5 2 A IH [ B (low-
density lipoprotein cholesterol, LDL-C) . #zZJE# H A
I (apolipoprotein A I , apo A1 ). #HIEH H B
(apolipoprotein B, apo B) . fI§ & 1 a [lipoprotein
(a), Lp (a) ]. LDL-C. HDL-C {5 fdi F 5 =
Beckman Coulter 23 ] it £ Jii %6 il /] , TC. TAG.
apo Al . apoB. Lp (a) MMM AL 5t JLss A9
FEARA PR w1 AR
1.4.2  IfUIESEZH ARSI A ] A A B A B PN R If
FORIE L0, RRRE A2 REA, B
2500 J5 B REAS BICAE 1M B S 2 43 s A (MS-V600)
b AUERE ELOE ISR B, 2R AL
EIRHRT Rk, IR 5 AR R R R S, ARAT 2
P4 i 1L P P e i ok R AR D R i g 2
[ Y B, {435 TC. TAG. LDL-C. K%
A H (low-density lipoprotein, LDL). VLDL. #%
K % BF g %5 M1 3 (very-low-density lipoprotein 3,
VLDL,) . HDL-C. = % B 5 5 11 2 (high-density
lipoprotein 2, HDL,) . =% E & 3 (high-density
HDL,) . [ % & Ik & B
(intermediate-density lipoprotein, IDL) . J&%E 1 5% kL
(remnant-like lipoprotein particle, RLP) . AEE % AR
# 1 (non-high-density lipoprotein, non-HDL) ., %
T LDL f K [{E 53 LDL % BEA 0. /)N % LDL
(BAY) XAt (<115s), KfiiHi LDL (A &)
XPREIEFE] (2118 s), HEIEEE (A/BAL) 4 TH#H
Z0E) AR A AR 8 L B G e A
Lp (a) HFE,

lipoprotein 3,
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F 2 H AR 4 A B35 5 (vertical lipoprotein
profile, VLP) £ Ik % 5 i 4 HUW0KL (low-density
lipoprotein particle, LDL-P), 7| B4 8 18 250
B EARIREN, BEERAHALT VLP 38 B
AL A% , 3 AR 5 1 22 A BE O B R I iE LDL
45 LDL-P S .

i 1 MS-V600 %! VAP Ifil i 3720 43 K M4 (Vv
FHRIEA YR A RAE) f IDL, VLDL, %848
B, A8 HI MS-V800 HY ifil Jig FUR: 4G I A (V7Y 58 5 1%
TEA BT IRA ]) A I3 LDL-P. 1 5 3 20
53+ Lp (a) F1LDL-P kil ir 5 i) G M HL e £ kil
WA LA A i

1.5 #il#iiik

K HI SPSS 26.0 A X BB AT S 100 BT o R R
BERE LA Xs T, RIS BEA K 90 R 1T 2 A1 1R e
B EVERRLL n(%) £, SR Fisher i DI AR A1k
PEAT 2 H NI AR . P<0.05 FnZESAGH % E Y.

2 ER

21 HFERIEKH

HE 3 I R %R 22 ] FHTG R & &35, WK 1.,
XPREZL: M1, M2, 03, 05, 7. 6. & TAG
M. T2, M4, M6, I8 (Jgifd)., M3, M4, M
5. JCiE#F 18, MFHTG 364F; Joib&—1CHEE 1 2,
HOFHTG 384F; JBiFE# %8 14, H FHTG 22
A JeiEE —ARCEE 6, MFHTG 254F; Jeik# —
KRB I3, BFHTG 164F; SGiE# = oE/E 4,
#FHTG 3 4F; JEiE#H =g @ I 5, & FHTG
174F

22 %R

ARHFFEN AN FHTG R R M5, i TAGA &
. PRBTE . BMIL B G T RZE (P=0.022,
P=0.000, P=0.001, P=0.000), H 2ZH[a¥:5254
Giita#E L (P=0.029), 24 A4EIAZE RG24 =
X (P=0.561), W#1.

2.3 FHKAM G REFOE
HEMGIT, filh, YR S s
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1 RRERILE
Fig1 Pedigree diagram of the family
F1 FHTGRABRERFFE
Tab 1 Basic characteristics of FHTG family members

Item Control group (n=6) High TAG group (n=7) t/x* value P value
Agelyear 61.17+17.15 54.57+21.73 0.599 0.561
Gender (male/female)/n(%) 1(16.7)//5 (83.3) 6 (85.7)/1 (14.3) 3.731 0.029
Height/cm 164.67+4.13 179.14£12.62 -2.676 0.022
Weight/kg 57.67+5.89 88.43+10.15 -6.520 0.000
BMI/(kg-m™) 21.30+2.25 27.64+ 2.58 -4.680 0.001
Waist circumference/cm 73.22+5.33 103.14+9.37 -6.898 0.000
i PR # HLMLAS A A8 bR P, | TAGH TAG K T BT A (P=0.004, P=0.001), W2, KRN

Xof e 20

(P=0.002), & TAG4lapoA I . HDL-C /K

2 FHTG R ZRB R KE # A RS R
Tab 2 Clinical routine blood lipid detection indicators of FHTG family members

GRS . IFIIRE . B DhRER A 45 R TR o

Ttem Control group (n=6) High TAG group (n=7) t value P value
TC/(mmol-L™) 5.08+0.77 4.89+0.72 0.467 0.650
TAG/(mmol-L™") 0.88+0.47 4.16+1.98 -3.945 0.002
HDL-C/(mmol-L™) 1.64+0.18 1.01£0.28 4.680 0.001
LDL-C/(mmol-L™") 3.18+0.77 3.28+0.53 -0.291 0.776
apoA 1/(g-L™") 1.75+0.19 1.31£0.24 3.602 0.004
apo B/(g-L™") 0.91+0.19 1.01£0.17 -0.991 0.343
Lp (a)/(mg-dL™") 20.05+22.09 9.91+6.37 1.166 0.268

2.4 FEFRM O AT MUNG T RS 1 %

4 101 A 3 A I PR 4 g o RS R 1 P N E Y
HFRUMREAGEMAE . MK RER . R
OB 4 IR A I P, AT 0L . SRR 3
(El2) Mk, EiEE (R TAGHA 18) IfiLhg 5+ +F
AEPE B TE Ry HDL 7K PB4, VLDL 7KW i
(E3)., VAP Jy ¥4 T LDL f5 K I 8] {31 51 LDL 2%
FERE, /NI 2 LDL 4R A if Rl J (<115s) B
JEiF & LDL f K R 4% B2 11 341K, LDL 0
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4 95 4% 3 /N1 %% LDL, = %5 LDL %% JF i X /)

ﬁﬁg,:z—?o

2.5 NG AL 5y Ko 25

LDL % FER4r A B AL (/M%) . AT (K
Bi) FABHEL ()% ) . FHTG %K & = TAG 41
LDL % & #5454 B A1 (LDL LA /)N k7 350 %% AL
F), X HEZH LDL % AL AR (LDL DA BURL BT
R E) BA/BR (I T ZIE]), W3,
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Note: The x-axis represents the time it takes for the contents of the centrifuge tube to be discharged from the bottom of the tube after ultracentrifugation, and
the y-axis represents the magnitude of the absorbance at any given density gradient point. The area under the continuous curve (fitted line) corresponds to the
TC concentration, and each individual curve of different color corresponds to the concentrations of five lipoproteins [(HDL, Lp (a), LDL, IDL, and VLDL)]
and their subclasses.

2 XTHR4H 11 3 £ M AR iS40 i

Fig2 Whole blood lipid profile detection of control group I 3

0.25 . . VLDL
—— Fitted line

— HDL
—— LDL
— IDL
— Lp(a) LDL

VLDL

Absorbance

1 1 1 1 N \4 1 I S

0 20 40 60 80 100 120 140 160 180 200 220 240
t/s

Note: The x-axis represents the time it takes for the contents of the centrifuge tube to be discharged from the bottom of the tube after ultracentrifugation, and
the y-axis represents the magnitude of the absorbance at any given density gradient point. The area under the continuous curve (fitted line) corresponds to the
TC concentration, and each individual curve of different color corresponds to the concentrations of five lipoproteins [(HDL, Lp (a), LDL, IDL, and VLDL)]
and their subclasses.

3 BTAGHA I 8(5IEE ) £ mBs i E i

Fig3 Whole blood lipid profile detection of high TAG group Il 8 (proband)
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Tab 3 Comparison of the LDL pattern in FHTG family

Item Control group (n=6)  High TAG group (n=7)
Pattern B/n(%) 0(0) 7 (100)
Pattern A/B/n(%) 2(333) 0(0)
Pattern A/n(%) 4(66.7) 0(0)

*4 FHTGRRMASTFAS LB

Tab 4 Comparison of plasma lipoprotein subfractions in FHTG family

Item Control group (n=6)
TAG/(mmol-L™") 1.00+0.49
TC/(mmol-L™") 5.75+0.86
LDL-C/(mmol-L™") 3.50+0.79
HDL-C/(mmol-L™") 1.81£0.23
RLP/(mmol-L™") 0.59+0.19
IDL/(mmol-L™") 0.33+0.12
VLDL,/(mmol-L™") 0.26+0.07

LDL-P/(nmol-L™") 1394.17+270.98

Non-HDL/(mmol-L™") 3.95+0.92

LDL/(mmol-L™") 2.95+0.68

Lp (a)/(mg-L™) 170.00£195.20
VLDL/(mmol-L™") 0.45+0.15
HDL,/(mmol-L™") 0.48+0.13
HDL,/(mmol-L™") 1.32+0.11

3 idie

IR AT F I R, P E 18 & L AR S
= BEH I ALAE FOR RO 12.17%, 2 B I A
W RN S g Y Bk, IR SR B2
Ry BRI AR R B EE R, T TAG KV B & T
[TAG=1 000 mg/dL (11.30 mmol/L) ] SIfif§5H 5
B2k IR R DI OG . BeAh, AiFs Y BoR
TAG 7K Fh o AR ] 3 hin O i 45995 A RURS: - 1fii FHTG &
DL R e IR ILAE () R B, g R
M. HHEFHTG K & I K12 Wi & ZARESE M (3%)
TAG 7K, 1B TAG 7K V- FEAM K A S AR ) 28 57
Al — MR Z R E R, TAGUATfEAH k2R, H
TAG 32 TR F128 JE BT R A 52 M Ae R, DR kA% 4 1 35
IR U A E — 2 R R, FE I RIS B 236k A
—E MRS R 12 VAP I8 4 A I — b g
TR A A 5 2 i 4 11 B L 20 VR B 1) 7 v
AL [ s G 22 i 2R 1 O B DR B 2 1 0 Y o A
PE AT HAE G0 00 1L H A 5 d- 1 S XURG: j 2

ABESE L VAP K —A> FHTG % & 5 1 1 g
WSy, VLT fif FHTG 5 & 55 IR 41 43 B RRAIE
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FHTG % % % TAG 41 TAG, VLDL. VLDL,,
LDL-P 7K V- ¥ % F % 41 (P=0.003, P=0.033, P=
0.020, P=0.043), % TAG 41 HDL-C, HDL,. HDL,
KFEEE T X E4] (P=0.000, P=0.001, P=0.001),
Fiftbggbr 22 oot F R L k4,

High TAG group (n=7) t value P value
4.1742.03 -3.716 0.003
4.67+1.21 1.819 0.096
2.75+0.87 1.612 0.135
0.93+0.34 5.374 0.000
0.83+0.32 -1.674 0.122
0.41+0.20 -0.869 0.404
0.43+0.14 -2.709 0.020

1810.29+368.79 -2.281 0.043
3.75£1.05 0.353 0.731
2.19+0.91 1.665 0.124

90.80+£70.27 1.006 0.336
1.00+0.53 -2.439 0.033
0.17+0.06 5.242 0.001
0.76+0.28 4.613 0.001

T T2 P B YE . FHTG IS %N TAG 2 5
FERETRE . TCKTFIER . AFK RN E TAG 4
TAG K- 8 = T X IR, 241 22 18] TC /K- 25 57+ 6
GiitEEm X, 5CHRGE LS —5. tkAh, BT
5 1 AR B S AR A3 AR A 3 TAG 7K R4
W, HE (BMI=24 kg/m?) FIAERE (BMI=28 kg/m?)
NFER TAG KW S & T IE 5 AR . AR EE A W
7~ 15 TAG 2 BMI B I = % 41, S 8 = ] 3 m
FHTG &AW XU, ik, BMI AT RAfE Sl FHTG i £
() — TG b5

AHFFE o, it VAP AR FHTG K & i
WA 4y, %R R AR W4 4 B R AE 2 TAG A
VLDL. VLDL,. LDL-P 7K -3 %} 4 %, HDL-C,
HDL,. HDL,/KF ¥k F %841 . # TAG 41 LDL %
BERLA I R /N, $EOR /N %5 LDL AR A B8 S Y
FHTG XU o 4> i Jg 135 60 0 1133 b I i = Rk
PERIEAR, HItE, 454 VAP ERIEE A S,
KIS 46 B B AR B TR FHTG. FHTG 1Y% UL 28
AR AR AR RS (lipoprotein lipase, LPL) &
K25 RIS, ZRAEFEVLDLAZ.O NI TAG
IK AR B AR, VLDL BURLAHXS R, TAG & =3 in

LSRR (0, 2022, 42(4) (@)
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T2 VLDL BRSPS An. K VLDL kLA J& LPL
MYy, UK s B RS , SR P E &
TAG KR VLDL Bk in ', AR89 FHTG K &
HE TAG 41 VLDL il VLDL, & % B4l i, 5445
w3

HAT, T FHTG 27 AC I A5 995 1 40 57 f
PR BA7A R O R SR AT KRS G i
R LG 25 90 1A RBURIT TS, BAR A LDL-C/K -2
AR, (HERS B AT AT RE B IS O AR SR 1)
5 TAG KV E B UIARC V7 A g - R,
TAG 7K V-3 = 5.0 M A BRI & A T ARG . 7
ARBEFE R, LI 2 53 . AR AR [
KNG 8 FUBORL R, &3 FHTG % & s TAG 41 1fiL
% TAG., VLDL, VLDL,. LDL-P %X} &4 i 3 7t
%, HDL-C. HDL,. HDL, /K% %} B8 20 i % FAIK
H % TAG 403 2 /v ifii % LDL. 1 & A 1Y K & B
¢ '?" W VLDL, /Nifi% LDL, HDL-C. HDL,,
HDL, ¥ 5.0 M8 1) &R R R VIFH G . TAG R
Z R B TR RO VDL Mz Higkok (URL EE /N 1
VLDL) HiZ, XS IR (1l TR AR /N, T hE
HA BB RE L ifE '. VLDL H11 TAG
FIHDL . LDL i) JIE (5 B R A7 50 4, 51 L3
/INTTT % LDL UKL ) v B2 T 2 il HDL-C KPR,
JB A8 I A I /N T 2% LDL 0k HL A R 58 1 2 30 ik
SEREREALAVE ] . /NI 2% LDL UK/, B 25 5 ik A3
WK )2, Wi B 2 Sh kA BE , Jn 22 /)Nl % LDL
S BRI RR G0, 2D R T 7 Bl I BE 114 iy B
), FH IS S B R AR R i, R Sk
o RERE AL BRI B 2 Bl Ik ok A A S i 1 B 1)
BN REENE ™, AALRPRRER 2, 14
(20154F) 0 KAWL, #—5 RV FHTG Al g
U GRS AR R . B, R4S
A, FHTG 5.0 MBI KA R IRA VIR,
TR LA 2143 900 2 X6 F FHTG KU I 95075 114
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