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[ ABSTRACT] Aim To study alterations in particle components of high density lipoprotein subspecies and activities
of the key lipid transfer proteins for its metabolism in type 2 diabetic patients, the correlation between these alterations and
related blood glucose indicators were also explored. Methods 26 new-onset type 2 diabetic patients (T2DM group)
and 25 healthy subjects (control group) were recruited. ~ Plasma was both fasting and postprandial sampled for all sub-
jects, then blood glucose, insulin and lipid spectrum were determined.  High density lipoprotein 3 was separated by mod-
ified one-step precipitation method and the compositions were measured, then the major compositions of high density lipo-
protein 2 were calculated.  Activities of cholesterol ester transfer protein and phospholipid transfer protein was determined
by enzyme fluorescence assay Kkits. Results (1) There were no differences in plasma high density lipoprotein choles-
terol (HDLC) between T2DM group and control group (P =0.579).  (2)There were no significant differences in either
cholesterol ester transfer protein or phospholipid transfer protein activity between T2DM group and control group (P >
0.5).  (3)The following particle components of high density lipoprotein 3 (HDL;) in T2DM group were decreased sig-
nificantly than those in control group (P <0.01) . HDL,C (0. 60 +0. 17 mmol/L vs 0. 75 +0. 22 mmol/L) , phospholipids
(PL, 1. 14 £0. 19 mmol/L vs 1.29 +0.22 mmol/L), free cholesterol (FC, 0.021 £0.012 mmol/L vs 0.033 +0.012
mmol/L) , cholesterol ester (CE, 0.97 +0.28 mmol/L vs 1. 19 +0. 36 mmol/L).  All the subjects’ FC and CE from H-
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DL, were significantly and negatively correlated with the following indicators (P < 0.05): postprandial blood glucose
(PBG), glycosylated hemoglobin ( HbAlc), home-ostasis model assessment of insulin resistance ( HOMA-IR). (4)

The apolipoprotein AT ( Apo AI) of HDL, in T2DM group was significantly decreased than those in control group (604. 8 +
233.3 mg/L vs 755.4 £198.0 mg/L, P <0.05), and the Apo Al of HDL, in all subjects was significantly and negatively

correlated with PBG, HOMA-IR and plasma triglycerides (TG) (P <0.05).
HDL, and HDL, were decreased significantly in T2DM group than that in control group.

Conclusions  The major components of

We speculate that the size of

HDL,; and HDL, particle shrinks and might relate to hyperglycemia and insulin resistance.

2 AU JRIG (type 2 dibetes mellitus, T2DM ) i
AR BER LA S bk ok A B 1 Ay B il 1O fili it A8 5
SE IR SR ARG AT S ~6 51 B 4L 2
NI B R OR R I % RE R AR ME
(high density lipoprotein cholesterol, HDLC ) Ifil fiF #%
AR T2DM B85 AL iR ZE AL 2 —, Ho2
LU DRI, 335 o 1) 2k S s PR 2R R T R ek
ZMRFFE S iR T2DM B HDLC JF B B E T
K% , If ELIA [ B0 4% 32 25 11 ( cholesteryl ester transfer
protein, CETP) #1 il 57| Torcetrapib i e /L ¥ /51 1&
AFETHR T HDLC /KF | HAI ] 38 70 L A 2
PR A FIFET- R R HDLC 7K~ 0 B JF:
ANBEBLGF Y S W %5 2 RS 25 1 (high density lipopro-
tein, HDL) UKLAY T RE .

o NG AR 1 BORL 2 B HE 2 R AL . /Ny
F) 1 %8 B2 G £ 1 3 (high density lipoprotein 3, HDL,)
IR 19 1= % BE NS 25 11 2 (high density lipoprotein
2, HDL,) . FoURE 3 22 41 B 53 341 A W i ( phospho-
lipid, PL) \HDLC , H il =& ( triglyceride, TG) JH
RS ( cholesterol ester, CE) 7 %5 H [ [ (free cho-
lesterol, FC) \# 88 1 A (apolipoprotein A, Apo A;
f145 Apo AL K Apo Al BiFl4rF ), B HF5EHHR
T HDL J0RL Y 5 R4 S OGS G CETP B
328 M (phospholipid transfer protein, PLTP) 25X}
HDL HyRE Y45 HA #2052, H I BORL A 43 40
Apo A AR By X Sl Ik sk RERE AL 19T AT BB A B R
fER ., BHRTIAA HDL, F1 HDL, X 2l [k ok #f i 1k /Y
PP EFRATETS H T2DM 53X 2 Fh v A k:
FE T 1o 1 kA R AL S A5 AH [R]85 JC 4R
DA A5 $UL 058 87 & T2DM 3% HDL, #1 HDL,
o35 F B U o K A G B S PR AL, o
X BEUAR 5 B SRR AR YA R R

1 WM&REFE

1.1 RIS

1.1 N&ARfE HOW2 BABERRNER, LI

6 WHO 1999 8% o 4 2 D WiAnfE, 3F R &
EEERKARET, XRALT5 ¢ 0 RFH R
fit 21X % (oral glucose tolerance test, OGTT) A A
BREEY FHReELE oK REHEGMER
#, TAZREHEmBERRES SR,
112 HRARE S0 £ F Emh e EsdE,
SMPEFREETRAACRDERTEEL, R
B B e, SRR R, THEMNAE,
HOR BRRR , R R AR .
1.2 HRFAE

REAZRENERN S8 8 KE E
B VEE O EF - EEEAT, teBTRE R
e AL KA R B AT 75 ¢ OGTT K%, Ml & & B i
A (fasting blood glucose, FBG) X A & 2 /N B i 4
(postprandial blood glucose,PBG)

FREMEARARA TN DAE ALk A
( glycosylated hemoglobin, HbAlc) ., = f & & %
(fasting insulin, FINS) , % & B & & (total cholester-
ol, TC) TG .HDLC & % JZ iz & & JE & B (low den-
sity lipoprotein cholesterol, LDLC) % i fig ¥ 38 #% .
MBI U AR £ R TR T 2 B 3 & o 7 1L
(‘B 3L7600, H A H AR &) E, B RGO
M F R A A 3% (home-ostasis model assess-
ment, HOMA ) #4737 41, Bl | A X . HOMA-IR
= FBG ( mmol/L) x FINS (mIU/L)/22.5 # 4T it &
[IR: f# % & 4L 47 (insulin resistance) ], 3f x4 45 F B
B A

FEMERARAUFTRE - F L 25
HDL, : (1) 3 0.3 mL i % A5 A, 9 2 & 3 & KK Aw
NAF% (8.25 g/L)-MnCl, ¥ i (98.7 g/L)-%1 B &
FHE(12 g/L, % T 50 000 Da)60 L, & K Ji 2
AL E] 360 pl; (2) Bt FRBAEREE R
T#E 30 min 5 & T (K5 &% & QAL 4C 10
000 r/min % # & 10 min; (3) B0 EILIE B R
HDL, #1&E 4 Apo B th i & &, & HEMIKE K 7 &
A (very low density lipoprotein, VLDL) | ¥ % & 5 &
A (intermediate density lipoprotein, IDL) Fa{& % & g
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& A (low density lipoprotein, LDL) ; L 7 & R & 4
HDL, ; (4) HDL,C | 7 % Al HDLC 47 48 M & K 7/,
WE AU R, B E A AEIRL 1.2 B
B AR B (1) B SEAT 89 #6096 4% 2| 5L Fr 8 HDL,C
AT (5) B EF RN EEL A 8 3 A&
LB % HDL, % F74 8 Apo Al Apo AIl . PL FC CE
647 ; (6) HDL, P& #484F Apo Al ,Apo AIl \HDL,C
¥l AR AR B & HDL, A S5 AR B A
{2 7 81+ & 4% Y HDL, # TG .PL.FC .CE 14,

BE B B2 G 4535 K G X PLTP vE M H — kW
& 63X F| & (Biovison A &, % B v 48 & I N ) DA
WA B EHATA 2

2.2 BEEREATAHARSSELRE

HDL, 2043845 : T2DM 41/ HDL,C .PL FC .CE
Bt IR ZH B FEFRIE (P <0.05) ;Apo Al Apo AIl G
Giite 22 5% (P >0.05), HDL, 44> 46 5. P4
HDL,C K F T EMH2ZR (P >0.05), T2DM 4
HDL, 4053 B Apo AL B 4%t BEZH 0 o 2>, It
FREGI #2573 (P=0.016) ;i HDL,C i Apo

All ZHEWHARTTHEER(E2),

* 1. BiRE—RRBR MASERR
Table 1. The baseline data and lipid profile of all subjects

8 T2DM £H Xf B ZH
1.3 @gitERE BB A 26/6 25/4
X Fl SPSS 16. 0 3t AT &1t i, PTA I E RS () 54 9" 47 6
FRRARE £ 2 (v 2s) RF; ARMBHRA  BMI(kg/m’) 24.6+3.1"  22.5:2.4
Mann-Whitney # 5 b0 {5 20 6B & At St B 8990 o T6s7
e s . s s s R 0.89+0.03"  0.83 0.06
TARBATIN T 2 2 W73 — F HI BT A &St % = 57 qy;‘g}f(mmﬂg) 137++131. 121:12
Y A M\ <7 2% AN “IHE. + +
B RAL fﬁﬂi)ﬂ Pearson H % 4k 247, B P < P IE (mmHg) g3 +7" 75 47
0.05 1 & & WALt ¥ B AR 25 1 1 ( mmol /L) 10.8£4.0°  5.3%0.5
48 I W% ( mmol /L) 20.3 £5.4" 6.1x1.2
2 &% B HbAlc 9.6% +2.1%" 5.7% +0.3%
23 % 2 (mIU/L) 8.0=4.5" 5.7+3.0
2.1 ZiXEBH—REF R MASE LR HOMA-IR 1.1+0.6" 0.1+0.6
T2DM AERS R T X IR (A5 (body mass  AIHIERE (mmol/L) 5.9+1.2" 5.1+0.8
yth — ik b
index, BMI ) | J% [H] | J% & [#] It ( waist-to-hip ratio, ED{T;(@E(H;HS/L) 21 13i 1023 i ; igz
/ .3 0. .5+0.
s EPIKIE IR #5556 TR 2 ¢ frme
YZHR) i ‘ﬁﬂKE\}fOMA IR iy‘if"“’ﬂ U147k LDLC( mmol/L) 3.8+0.8" 3.2+0.8
5 (P <0.05) . T2DM ZAL[RXSARALLLES BR HDLC 7K vy b1 ¢ (mmol/L) 0.7 £0.5" 0.4 £0.2
AP =0.57),T2DM 41/ TG .LDLC \ TC,VLD- Apo Al( mg/L) 1418 £235° 1599 280
LC 2 Apo Al ¥JEEXFBRALTHim (P <0.01) , A4 Il Apo AIl( mg/L) 480 £47 498 +53
Apo AILVREETEWI .22 5% (P >0.05) (£ 1) ai P<0.05,b N P <0.01, 5% B4 A,
2. T2DM A 5XFERAR HDL T A BB 53 b B
Table 2. The particle components of HDL subspecies in control group and T2DM group
HDL, HDL,
B W
T2DM 4 Xf B2 T2DM 4 X 2
CHOL( mmol/L) 0.77 £0.30 0.78 +£0.33 0.60 +0. 17° 0.75 +0.22
Apo Al(mg/L) 604. 8 +233.3" 755.4 £198.0 676.1 £205.0 705.2 +189.3
Apo AlI(mg/L) 152.1 +66.9 154.2 +37.9 266.6 +69. 5 286.7 +46. 0
PL( mmol/L) - - 1.14 £0. 19" 1.29 +0.22
TG( mmol/L) - - 0.17 £0.07 0.16 £0. 09
FC(mmol/L) - - 0.021 +0. 012" 0.033 +0.012
CE(mmol/L) - - 0.97 +0. 28" 1.19 0. 36
ah P<0.05, 5xHBA IR, “-" FoRIEIE,
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2.3 EZHESTEREASTLAASSMmAE.
m#EFEFR R HOMA-IR B8 %14

232 1) HDL, HAY Apo Al & 51l TG
(r=-0.391, P =0.005) &% LDLC S AH% (r =
-0.382, P=0.006) ,'5 HDL,C & B F FAK(r =
-0.539, P<0.001), @#83ZiX#& 1) HDL, Ir & 1
Apo Al 5 HbAlc F1 FBG JCHA B AHEAE (P >0.05) ;
ifif HDL, /) CE.PL.FC 5 FBG 7R JCHH B AH G (P
>0.05), HDL, fif &% Apo Al 5 PBG, HOMA-IR
PR FE AR (P <0.05) , HDL, AYAH[E EE CE
FC =Fh /5 PBG HbAlc HOMA-IR #5 g 2
XK (P <0.05);PL &5 5 PBG HbAlc JF 5 B %
AR (P <0.05) (F£3),

3. FTAEZAE HDL IWAHA S FH8E X MABERAIHE K&
Table 3. Correlations between the particle components of
HDL subspecies and related factors about glucose metabo-

lism in all subjects

HDL, HDL,
i H
Apo Al HDL,-C  FC CE PL
ppe " 0303 -0.321 -0.372 -0.301 -0.331
P 0.031  0.022 0.007 0.032 0.008
r -0.264 —0.340 -0.298 —0.325 -0.352
HbAlc
P 0.061  0.015 0.033 0.020 0.011
r -0.324 -0.298 -0.325 —0.281 -0.213
HOMA-IR
P 0.020 0.034 0.020 0.046 0.133

2.4 2BERFARNBAMEREIEFIZEEH
BBiEEEAE LS

T2DM i J& X BE 41 & AR (0] 1) CETP 3% % (P =
0.98) 5 PLTP i (P =0. 12) ¥ LA 22 7 . JfH.
VL b WP A 52 285 11 5 AR DG i | g s 08 &R e b
BITCH WAHSCHE(P >0.05) (£ 4)

F 4. T2DM HFATERA CETP &£ K PLTP i@tk Lb i
Table 4. The activity of CETP and PLTP in T2DM group

and control group

o CETP j% PLTP 74

[ wmol/ (L« h)] [ wmol/ (L + min) ]
T2DM 2 473.11 = 62.46 0.43 + 0.16
X e 2 473.52 + 76.17 0.66 = 0.71
3 3

3.1 2EBERFEENSZEREQEEEKFE
LRt X BEE R L
ARRWFFEH, T2DM 4 34 /9 1. TG A1 VLDLC

Y6 0 B TH 478 T2DM 21 1 SR B AP AE I 2 1Y TG
R . BEAEER AR 5E I T2DM 19 TG AR 3
HLJ2 HDL ThAEX AL LAL)€ HDL Ay ;s 1%
UIEUN s BN [T et - S B R = R e e T
) CE M TG 4328, f2ff TG AR B i 2 11
TR A 2% B Rig 25 14 1] KABURL Y HDL % 82117 CE 386
EER , T Ad /N UKL HDL 3% 21 B s %: 15 &
M2 o G VE A5 PL B LDL [n] HDL B9 %% 5%
A HDL AH B2 8] i % 33 , 48 1F HDL 9 K /N F 4
B SR ASBFSE T T2DM 20 HDLC 7K P-4 %) R
T R AR Ak, A DG T IR R & B HDLC 5 TG |
VLDLC /K- AR, FATHEN TG QM 2= AL I
AR B4 FK T2DM B35 HDL 4r F Ul 1
HIRATUEEE] ) HDLC 5 TC J2Ifl Apo Al 774EHH 2
IEAHZE (P <0.005) , #2785 T2DM H 3 ) HDL X5
SHTIRES HDL (5 T4 iUl o 46 48 3 (1 45
A EERR,

TIHN FEA ST h I AT A B T2DM 4 8 1
CETP & PLTP 3% M4 %} R 20 JC W & ok 28 |, S R RE 1
W s

FEBEAEARGE T2DM B3 PLTP 36 Pk T & i 5%
o T2DM R 2 I HDLC 7K S48 % 1R 40 F [ 1)
L, X 5 AR R REE RASF, AT A AE R GE
T2DM 55 PLTP {6 4 F+ &5 A 58 i, PLTP 3 P 1)
TS HDLC /K FREA G, 24 HDLC /K- B
MO AYAE SR, PLTP (36 P vl REJGIH i A2

FEARRM TR HIRATUEE R T2DM [ H 1%) CETP
T M5 A O M bE 22 Bk B R IR PUE bR (B EE FBG,
PBG .HbAlc FINS HOMA-IR) JCHH A, Bag-
dade' 7' ZEHEH CETP 1545 T2DM J 7 F L BE G
X, MATMELRILE T2DM B F RN ) CE #418 /KF
Fhi, A [E B CETP 3% & WL B & 2t A8, %5 & [F)
VLDL M) fe 5% A %, TEARRBgEH, FATIEE
F| T2DM 2H 53519 TG F1 VLDL %% B 20 B 2 T 5
(P<0.01),3F5 LiRBIIRINES S .

3.2 2EBRFEESEEREATEARNY R E
TRAEELK

o AR R LS 2 A B AL Ny T
HDL, FIR2> T i HDL, ., E A B9 %& W HDL,
A fExt HDL & & A kg ma g k7 9f H HDL,
A EIXC IS 1 FEZE AR T, HDL, A5 FAE X 85
55'% . 7E HDL, A4 A5+, B8k HDL,C JCH
Ak, 2 Apo AL & H BLBA Wk >, Apo AL fEH
HDL (%) FZLH B AL 43, o5 HDL Jr & 8 F 5 85%
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Ay, Bt &g s ki N £ 2 —, It
LR B ok 586 B B A o0 JOE 5 1) 2 A S A R O
Apo AT [R8/ 4278 HDL, A9 IS AP A LS
TE HDL, W 2H i3 v, FATTUE 4 2] T2DM 4
5 R Ee , ZE IR [E B PLUFC 1 CE Jy 1 B S F
fR(P <0.05) ,HZ7E Apo Al Fil Apo AIl #1K UL 3]
AR 2SR, 1E4 HDL 4ME“H5242” /Y PL F1 CHOL
DL AE R “#%.07 1) CE RIS /b Wi A7 HDL
FES Y Apo Al A WL E # s /b, X — 25 B4R
HDL, RS> 2540 K Aol 7E |
T8 & HDL, 8J& HDL, , Hor 1B 2R 143 i s
DM HA T IRE N, B AT A HiGE 5 TR
FUINE) HDL % P Bz 40 A A0 42 B 4 0 i 55
A LR AKX T2DM B3 Kl HDL S 7Y 50K 1
T 4y VLR A VRN H A T U Re R 4l 1Y
HDLC il LA 5 o 2 fr g AR 38 S
3.3 BEREREASTARS SMERESER
AT, AT & B AR Z 54 1Y 1 &2 HDL,
WHAIH Apo Al KF5 PBG B HAHKE, XFFE Apo
ATYER G RTR R 5 PBG /BN O I fE K
PR 2 o) AR LR 56 R T 7E 2 1R 372 3K 3 1Y
HDL, 4B+ , /4% HDL,C . FC .CE PL,¥5
PBG S iAot #7878 T2DM & ¥ HDL, 2 %
BT MR WK, BT A B 5 b i R S 2 S
LW T2DM B &5 I 2 T i Xk 28 R 1)
LIRS FRATT I 3k ol 5 S R A R Il b
AT s S H R TG W shi K, &) £ A T g
fit} ( hepatic lipase , HL) J Jig 5 1 i B ( lipoprotein li-
pase, LPL) ) f & S G PE A e 2s , 5y RS 2 AR
XL, T HDL B o 7252 2052
A1 & B HDL, 253+ FC .CE F1 HbAlc 2
TR, I HA G4 X (P <0.05), #75 HDL,
FRIZH 432 b e 25 R O ] T2DM 5K -S4 6, i
#£ HDL, 11 Apo Al 7K F-[7] HbAlc FYAHICHE 3BT
I I R C (ARSI 2= L (r = -
0.294, P=0.061), X1 GBS AAI G A LN B E N
B R PR s FE R T = A B i, B AR i A
A e, FRATRELE &1 X B T2DM £ 35 ) AifF 75 45
SRR SRR B AT I (n > 200) , B 42 -
ZH(HbAlc <7% ) Y I Apo AL 7K3F-HH i i F iU
HlEE 2240 (HbAle >7% ) (P <0.01), ko4 1R
JR S L AT RESSI HDL 1955 F 1 M S g
FEENRE 2 T Y Apo Al LI K HDL, 1
CE.FC 5 HOMA-IR & W ZE AAHE (P <0.05) , %W

[ 5 ZE AT A 1 B 4l ) RE S 3 AN &5 R
T2DM 1 HDLC /)& 5, 3f n] LG5 4
BN F R HDL 3 s mel , i 5E me HDL 192 RE .

25 FRTIR  TEARB SR B & T2DM [ 35 HDLC
KPR TEH N TS A8 fk, T2DM 41 i 3% ) HDL,
Wik 4l B 4 (CE FC HDL,C PL) & & 4 AN
FRBE A9 /0 s HDL, B0k 24> Apo AL &1 B
Wb, RS M KT BB 5 R HRHURE BE A G,
Il PRAIF 5 v % B 56 7 HDL 43144 )i 2k 28 XF T2DM
B S Kok R Ak e R A S
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