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ABSTRACT  
Insulin resistance plays a role in diabetic dyslipidaemia, especially postprandial hypertriglyceridaemia, 
through the overproduction of very low-density lipoprotein (VLDL). However, the role of insulin 
resistance on the apoprotein profile of VLDL has not been explored.  
To study the influence of insulin resistance on the VLDL proteome in the fasting and postprandial states. 
Eleven type 2 diabetes (T2DM) subjects with moderated metabolic control (HbA1c <8%) were classified 
as lower insulin resistance, LIR (HOMA-IR<2.5, n=5), and higher insulin resistance, HIR (HOMA-IR 
2.5-5.0, n=6), and were compared to 10 non-diabetic controls. After 12 hours of fasting, the subjects 
consumed a fat-rich meal. Both before the meal and 4 hours after the meal, blood samples were taken to 
study the VLDL proteome. VLDL-associated proteins were separated and quantified with two-
dimensional gel electrophoresis (2D-GE) and identified using mass spectrometry. The VLDL proteome 
from the fasting and postprandial states of the controls were compared to two groups of T2DM. Fourteen 
proteins with isoforms were identified from the 2D-GE, including the novel protein transthyretin (TTR). 
There were significant alterations (p<0.05) in all groups among apoA-I, apoA-IV, apoC-II, apoC-III, and 
apoE, except for TTR and apoH, which were found only in the HIR group. In the fasting state, significant 
changes in apoA-I, apoA-IV, and apoC-II were observed in LIR and HIR, whereas apoC-III, apoE, and 
TTR were observed in HIR.  In the postprandial state, significant alterations were found in apoA-I, apoC-
II, apoC-III, apoE, and TTR in LIR and HIR, except for apoH, which was found only in the HIR group. 
These data suggest that insulin resistance is not only associated with an increase in VLDL triglyceride 
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levels but also with alterations in VLDL protein composition, which possibly affects lipoprotein 
metabolism in diabetic patients.   
 
Key words: diabetes, insulin resistance, mass spectrometry, proteomics, very-low density 
lipoprotein, VLDL. 
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INTRODUCTION 
 
Type 2 diabetes mellitus (T2DM) has dramatically increased worldwide, including in Thailand. 
The prevalence of diabetes is estimated to double by the year 2030 from 171 million in the year 
2000.  
 
Over time, uncontrolled diabetes can lead to serious damage to the various body systems [1]. 
Fifty percent of people with diabetes die of cardiovascular disease, primarily heart disease and 
stroke [2], which are highly correlated with dyslipidaemia. Diabetic dyslipidaemia is 
characterised by a high level of fasting plasma triglycerides (TG), or hypertriglyceridaemia 
(HTG), which leads to a decrease in the levels of high-density lipoproteins (HDL) and a 
predominance of small low-density lipoprotein (s-LDL) cholesterol [3, 4]. However, in T2DM 
with normal metabolic control and a normal fasting TG level, HTG was only observed in the 
postprandial state, and postprandial HTG showed a stronger relationship with cardiovascular 
disease than did the fasting TG level [5, 6]. The development of dyslipidaemia, especially high 
very-low density lipoprotein (VLDL) levels, during diabetes is believed to result from insulin 
resistance. Alterations in VLDL secretion or clearance have been proposed as the primary factors 
in the pathogenesis of atherogenic dyslipidaemia in T2DM [4]. 
 
VLDL binds with cholesterol, phospholipids, apoproteins (apo) and TG, which are the major 
lipids in VLDL. VLDL TG are hydrolysed by lipoprotein lipases (LPL) and then taken up by 
liver receptors or converted to LDL. Such VLDL metabolism is mediated by apoproteins on their 
surface. To understand VLDL metabolism in T2DM, many studies have focused on the 
abnormality levels of VLDL proteins. However, these studies have been limited to certain 
proteins (e.g., apoB, apoC-II, apoC-III, and apoE) [7-10] but not whole VLDL-associated 
proteins. However, knowledge of a few proteins is not sufficient to understand VLDL 
metabolism in T2DM; therefore, it is important to simultaneously study the expression of 
multiple proteins. 
 
The mass spectrometry (MS) techniques available today have opened possibilities for clinical 
research, e.g., the use of tandem MS for analysis of drug metabolites in human plasma [11-13]. 
Moreover, MS combined with two-dimensional gel electrophoresis (2D-GE) has been used for 
protein research and also lipoprotein research. The proteomic studies of whole proteins in 
lipoproteins, such as VLDL, LDL and HDL [14-17]. Novel proteins along with major 
apoproteins have been found and have led to a new area of lipoprotein research. Furthermore, 
proteomics has been applied in clinical research for the study of LDL protein profiling from 
obese subjects [18]. In this study, a proteomics tool was used to investigate the effect of insulin 
resistance on the VLDL proteome in T2DM with varied insulin resistance from both the fasting 
and 4-h postprandial states. The 4-h postprandial state was selected because it is the time at 
which a maximum amount of lipids occurs after a lipid-enriched meal [19, 20]. 
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EXPERIMENTAL SECTION 
 
Subjects 
Twenty-one subjects, aged 35 to 60 years, composed of 11 type 2 diabetic patients (7 women and 
4 men) and 10 non-diabetic subjects (6 women and 4 men), were investigated. Diabetic subjects 
had no history or symptoms of any known disease apart from diabetes, never used insulin or lipid 
lowering drugs and did not engage in other studies. These subjects were recruited from the 
Theptarin hospital in Bangkok, Thailand. The stages of insulin resistance were attributed as 
follows in the diabetic patients: higher insulin resistance with HOMA-IR 2.5-5.0, HIR (n=6), and 
lower insulin resistance with HOMA-IR <2.5, LIR (n=5). Non-diabetic control subjects had no 
history or symptoms of any known disease and were randomly selected from among the research 
laboratory staff.  
 
Informed consent forms and study protocols were in accordance with the Declaration of Helsinki 
and were reviewed and approved by the ethics committee of the Theptarin Hospital and the 
ethical review committee for research involving human subjects and/or the use of animals in the 
research health science group of faculties, colleges and institutes, Chulalongkorn University, 
Bangkok, Thailand. Informed consent of all participating subjects was obtained. 
 
Biochemical analysis  
All subjects fasted overnight for 12 h before being fed a high-fat meal in the form of a milkshake 
and buttered bread. The meal contained 40 g fat/m2 body surface area and had an energy 
distribution of 72% fat, 24% carbohydrate and 4% protein. Blood samples were collected into 
EDTA-containing tubes (1 mg/ml) before the meal and 4 h after the meal and were kept on ice 
before the plasma was separated. Total cholesterol, HDL-cholesterol, LDL-cholesterol, 
triglycerides and glucose concentrations were assayed in plasma by enzymatic colourimetric 
methods (Human, Germany). Glycated haemoglobin (HbA1c) was measured by an 
immunoturbidity assay. Plasma insulin was measured by an immunochemiluminometric (ICMA) 
assay. The insulin resistance was estimated from the HOMA-IR index derived from fasting 
plasma insulin and glucose concentrations (insulin (µU/ml) x glucose (mg/dl)/405) [21]. 
 
VLDL preparation 
VLDL was isolated from plasma samples by sequential ultracentrifugation, as previously 
described [22]. Each individual VLDL fraction was further prepared before analysis by two-
dimensional electrophoresis. The VLDL fraction was overlaid with normal saline, re-centrifuged 
under the same conditions and delipidated [23]. The resulting apoproteins were resuspended in 
sample buffer before being processed by isoelectric focusing. Protein concentration in the VLDL 
was determined using Bradford’s assay [24]. To normalise the variations among subjects, equal 
amounts of VLDL protein from each sample within the same group were pooled. Six pools of 
each sample group (control, LIR, HIR), three pools from the fasting state and three pools from 
the postprandial state were used for proteomics analysis.    
 
2D-GE 
The first dimension of electrophoresis was performed using IPGphorII (Amersham BioSciences, 
USA) in triplicate for each pool of VLDL samples. A total of 120 µg of protein was applied by 
in-gel rehydration for 12 h using low voltage (30 V) at 20°C with a pH 3-10 NL IPG strip and 
focused at 52,500 Vh at a maximum voltage of 7,500 V. The entire process was performed as 
previously described [11]. The second dimension was performed using a PROTEAN II xi cell 
(Bio-Rad, USA) on 13% T- 2.6% C, 1 cm x 16 cm x 16 cm homogenous SDS-PAGE and run at 
a constant current of 50 mA until the tracking dye reached 1 cm from the gel bottom. 
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Staining and image analysis 
Resolved proteins were detected by Colloidal Coomassie Brilliant Blue G250 and visualised 
using ImageScanner II in combination with ImageMaster 2D Platinum software (Amersham 
BioSciences). The percent intensity volume (%vol) of each individual spot (relative to the 
intensity volumes of all spots) was used for comparative analysis.  
 
Digestion of protein spots  
The protein spots were excised from the stained gel and placed into a 0.5-mL microcentrifuge 
tube. The gel plaques were then washed with 100 µl of 25 mM NH4HCO3/50% acetonitrile until 
the plaques were clear. Tryptic digestion was performed using 20 ng/µl of proteomics grade 
trypsin (Sigma) in 25 mM NH4HCO3 overnight at 37°C. The supernatant was transferred to a 
separate tube and dried until almost completely evaporated. 
 
Mass spectrometry  
The tryptic digested peptides were analysed in positive modes for all analysis. The peptide mass 
was determined by MALDI-TOF MS (MicroflexTM series, Bruker Daltonics GmbH, Germany) 
while LC-MS and LC-MS/MS used an ESI ion trap MS (ESI-IT MS) (Esquire HCT, Bruker 
Daltonics GmbH) directly connected with an HPLC (Agilent 1100 Series, Agilent Technologies, 
Palo Alto, CA, USA). For MALDI MS, tryptic peptides were mixed 1:1 with a CHCA matrix (10 
mg/mL in 50% ACN, 0.1% TFA) and operated in reflector mode with delayed extraction in a 
600 to 3,000 m/z range under the control of FlexAnalysis 3.0. ESI-IT MS samples were 
separated through a BioBasic C18 column, 1.0 mm x 150 mm (Thermo Finnigan, USA), with a 
gradient elution of solvent A (0.1% v/v FA in 98% H2O) and solvent B (95% ACN containing 
0.1% v/v FA), starting from 5% B to 65% B over 65 min and then from 65% B to 80% B over 5 
min, followed by a 25-min hold at 5% B. The column temperature was set at 35°C. ESI-IT MS 
was performed, and the electrospray capillary potential was 3,500 V relative to the end plate. The 
temperature of the drying gas was 300°C, and the dry and nebulising gases were set at 8 ml/min 
and 35 psi, respectively. The maximum accumulation time was 200 milliseconds. Tandem MS 
experiments were performed in product ion scanning mode, where the five best S/N recursor ion 
peaks were automatically selected in a 300 to 2,500 m/z mass range. Hystar and Esquire Control 
software (Bruker Daltonics GmbH) were used for instrument control.  
 
Database search 
The results from MALDI MS and LC-MS/MS were subjected to a database search using the 
Mascot search engines (www.matrixscience.com) and compared to the Swiss-Prot database. The 
restrictions were human species, a maximum of one missed cleavage by trypsin and cysteine 
modification by carbamidomethylation. All peptide mass values were considered monoisotopic. 
The results from MALDI were searched as peptide mass fingerprints (PMFs), whereas those 
from tandem MS analysis were searched as MS/MS ion searches against a database. A 
significant match (p<0.05) was considered from a MASCOT probability-based MOWSE score. 
 
Statistical analysis 
All variables were tested for normal distribution by the One Sample-Kolmogorov-Smirnov Test. 
The statistical analysis was performed with SPSS 17.0. Continuous data were expressed as the 
mean ± SEM. Differences among three groups were identified with analysis of variance 
(ANOVA). The student’s t test was used to analyse differences within a group. P< 0.05 was 
considered significant.  
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RESULTS AND DISCUSSION 
 
Clinical and biochemical characteristics of the subjects 
Insulin resistance is known to play a role in diabetic dyslipidaemia, or hypertriglyceridaemia, 
when there are low levels of HDL and a predominance of small LDL. In this study, we recruited 
diabetic patients who had different stages of insulin resistance, optimal fasting plasma 
triglycerides and total cholesterol. The subjects were classified into two groups: LIR (HOMA-IR 
< 2.5), and HIR (HOMA-IR 2.5-5.0). The characteristics of all subjects are shown in Table 1; the 
duration of diabetes between diabetic groups, age, blood pressure, waist-to-hip ratio and fasting 
TC were comparable and not considered significantly different (p < 0.05). The HIR group had a 
significantly (p < 0.05) higher body mass index (BMI), fasting TG level, insulin level and 
HOMA-IR compared to the LIR and control groups, although these significant differences were 
not observed between the LIR and control groups. HDL cholesterol was significantly lower in 
the HIR group compared to the groups. As expected, blood glucose and HbA1c were 
significantly higher (p < 0.05) in diabetic subjects than in the controls but not significantly 
different between diabetic groups.  
 

Table 1: Clinical and biochemical characteristics of type 2 diabetes and control groups in fasting and 4-h 
postprandial states 

 
Parameters Control (n=10) Type 2 Diabetes 

LIR group (n=5) HIR group (n=6) 
Age, years 46.0±1.7  47.2±1.9  49.3±3.9  
Duration of diabetes, years - 7.4±2.1  5.7±1.0  
BMI, kg/m2 23.6±0.7  22.6±1.9  28.6±1.8 π* 
Blood pressure, mmHg 

-Systolic  
-Diastolic  

 
121.0±4.8  
68.1±1.8  

 
124.6±12.9  
79.4±7.4  

 
123.2±7.7  
76.7±3.3  

Waist-to-hip ratio  0.83±0.02  0.84±0.04  0.87±0.02  
Fasting        
Total cholesterol, mg/dl 203.5±13.6  192.2±14.3  185.8±6.3  
Triglycerides, mg/dl   99.6±11.9  66.0±8.2   147.0±12.8 π* 
HDL cholesterol, mg/dl    51.7±3.6     51.2±3.8         41.7±3.1 π 
LDL cholesterol, mg/dl 123.8±16.2  134.3±19.8  115.9±8.1  
Glucose, mg/dl   89.0±2.7    134.4±16.6 π     126.5±10.7 π    
Insulin, µU/ml    5.2±0.8      2.8±0.4         11.5±1.2  π*  
HOMA-IR        1.2±0.2        1.0±0.2           3.6±0.4 π*     
HbA1c (%)    5.7±0.2     7.4±0.8 π         7.3±0.5 π 
4-h postprandial       
Total cholesterol, mg/dl   204.1±14.7  198.8±14.5  198.3±10.8  
Triglycerides, mg/dl 239.2±32.6 ƒ 184.6±34.2 ƒ 358.0±31.3 π*ƒ 
HDL cholesterol, mg/dl   51.7±3.5  51.2±3.3  41.3±2.3  π* 
LDL cholesterol, mg/dl 123.2±14.7 131.2±16.2 111.4±11.1 π* 
Glucose, mg/dl     99.5±2.7   135.8±16.6 π    129.8±10.7 π 
Insulin, µU /ml     9.4±1.8 ƒ  8.2±1.0 ƒ 27.0±3.8 π*ƒ 
The results are given as the means ± SEM. π P<0.05 compared with the control group, and * P<0.05 when 
the LIR group in the fasting or postprandial state were compared. ƒ P<0.05 when the fasting and 
postprandial states were compared within an individual group. LIR = lower insulin resistant type 2 diabetes 
with HOMA-IR < 2.5; HIR = higher insulin resistant type 2 diabetes with HOMA-IR 2.5-5.0 
 

Postprandial changes of biochemical values in subjects 
Although the T2DM group had optimal blood glucose levels with normal fasting TG levels, a 
HTG dyslipidaemia response to a high fat meal was presented [25]. As shown in Table 1, plasma 
TG levels were higher than before the meal in all groups, with significant differences at p < 0.05. 
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The changes of TG seemed 
studies [25, 26]. The highest level of postprandial plasma TG was observed in the HIR group, 
with a significant difference in the LIR and control groups, but it was not
between the LIR group and controls
levels and differed significantly (
higher postprandial insulin levels compared to the LIR and control groups, which were not 
significantly different when compared to themselves. Although the insulin response to the high
fat meal was higher in diabetic subjects, the postprandial glucose levels were higher than the 
control. This increase is the result of insulin resistance or the failure of insulin to regul
glucose level. The total cholesterol, LDL
were about the same as in the fasting state
 

          
Figure 1: Representative VLDL proteins from 2 strips, with 120 
GE and detected by Colloidal Coomassie Blue staining.
proteins: apoC-III (1a-c); apoC-II (2); 
apoA-I (6a-c); apoE (7a-f); apoA-IV (8); 
acid-glycoprotein 1, AAG1 (11); apoH (12a
 
2D-GE pattern of VLDL proteins between T2DM and controls 
Insulin has an inhibitory effect on VLDL secretion, but in T2DM patients who have an insulin 
resistant state, the inhibitory effect of insulin on VLDL secretion is reduced, leading to the 
overproduction of VLDL [27]. However, the role of insulin resistance on the protein profiles of 
VLDL in T2DM has not been elucidated. In this study, proteomic tools were used to investigate 
the influence of insulin resistance on VLDL 
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 to correlate with insulin resistance, which agrees wit
]. The highest level of postprandial plasma TG was observed in the HIR group, 

with a significant difference in the LIR and control groups, but it was not
and controls. All groups also had an increase in postprandial insulin 

levels and differed significantly (p<0.05) from the fasting state. The HIR group had significantly 
higher postprandial insulin levels compared to the LIR and control groups, which were not 

n compared to themselves. Although the insulin response to the high
fat meal was higher in diabetic subjects, the postprandial glucose levels were higher than the 
control. This increase is the result of insulin resistance or the failure of insulin to regul
glucose level. The total cholesterol, LDL cholesterol and HDL cholesterol levels in all groups 
were about the same as in the fasting state, which agrees with previous stud

Representative VLDL proteins from 2 strips, with 120 µµµµg of proteins each, were 
GE and detected by Colloidal Coomassie Blue staining. The numbers on the gel refer to the identified 

II (2); serum amyloid A-IV  (3); apoC-IV (4); transthyretin, TTR (5a
IV (8); αααα-1-antitrypsin, A1AT (9);      αααα-2-HS-glycoprotein, AHSG (10); 

apoH (12a-c); albumin (13); and apoB-100 (14).   

GE pattern of VLDL proteins between T2DM and controls  
Insulin has an inhibitory effect on VLDL secretion, but in T2DM patients who have an insulin 
resistant state, the inhibitory effect of insulin on VLDL secretion is reduced, leading to the 

tion of VLDL [27]. However, the role of insulin resistance on the protein profiles of 
VLDL in T2DM has not been elucidated. In this study, proteomic tools were used to investigate 
the influence of insulin resistance on VLDL proteome changes in T2DM 
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which agrees with previous 
]. The highest level of postprandial plasma TG was observed in the HIR group, 

with a significant difference in the LIR and control groups, but it was not significantly different 
had an increase in postprandial insulin 

om the fasting state. The HIR group had significantly 
higher postprandial insulin levels compared to the LIR and control groups, which were not 

n compared to themselves. Although the insulin response to the high-
fat meal was higher in diabetic subjects, the postprandial glucose levels were higher than the 
control. This increase is the result of insulin resistance or the failure of insulin to regulate the 

cholesterol levels in all groups 
with previous studies [25, 26].  

 
g of proteins each, were separated with 2D-

The numbers on the gel refer to the identified 
; transthyretin, TTR (5a-b); 

glycoprotein, AHSG (10); αααα-1-

Insulin has an inhibitory effect on VLDL secretion, but in T2DM patients who have an insulin 
resistant state, the inhibitory effect of insulin on VLDL secretion is reduced, leading to the 

tion of VLDL [27]. However, the role of insulin resistance on the protein profiles of 
VLDL in T2DM has not been elucidated. In this study, proteomic tools were used to investigate 

proteome changes in T2DM from the fasting and 
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postprandial states. Delipidated VLDL was analysed with 2D
MS/MS ion searches against the Swiss
spots represented 14 different proteins, and their isoforms wer

Table 2: Profiling of VLDL proteins and the corresponding isoforms identified by 2D

Protein name Accession 

apoC-III 
apoC-II 
SAA4 
apoC-IV 
TTR 
apoA-I  
apoE 
apoA-IV 
A1AT 
AHSG 
AAG1  
apoH  
albumin  
apoB-100 

 
Unknown proteins were detected at 
identified as apoH with 44% sequence coverage and TTR with 65% sequence coverage, 
respectively. The VLDL proteome from the fasting and 4
were compared with the LIR and HIR groups. Every gel had the same pattern of VLDL proteins; 
however, the relative amount of some proteins were different. Several VLDL proteins from 
diabetic groups were different compared with the non
 

Figure 2A: Comparison of VLDL protein from the fasting state with significant changes in the LIR and HIR 
compared with the

 

%Volume 
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Delipidated VLDL was analysed with 2D-GE and identified by PMF and 
MS/MS ion searches against the Swiss-Prot database via the Mascot tool. Twenty
spots represented 14 different proteins, and their isoforms were identified (Figure 1, Table 2).

 
Profiling of VLDL proteins and the corresponding isoforms identified by 2D

searching the Swiss-Prot database 
 

Accession 
no. 

Isoform 
spots 

Calculated 
pI value 

Calculated protein 
mass 

P02656 
P02655 
P35542 
P55056 
P02766 
P02647 
P02649 
P06727 
Q86U18 
P02765 
P02763 
P02749 
Q9P157 
Q13787 

1a-1c 
2 
3 
4 

5a-5b 
6a-6c 
7a-7f 

8 
9 
10 
11 

12a-12c 
13 
14 

5.23 
4.72 
9.27 
9.19 
5.52 
5.56 
5.65 
5.28 
5.37 
5.43 
4.93 
8.34 
5.92 
6.61 

10 845
11 277
14 797
14 543
15 877
30 759
36 132
45 371
46 707
39 300
23 497
38 273
69 321
515 241

Unknown proteins were detected at pI/Mr 8.3/38 273 and 5.5/15 877 in the 2D gel, which were 
identified as apoH with 44% sequence coverage and TTR with 65% sequence coverage, 
respectively. The VLDL proteome from the fasting and 4-h postprandial states of th
were compared with the LIR and HIR groups. Every gel had the same pattern of VLDL proteins; 
however, the relative amount of some proteins were different. Several VLDL proteins from 
diabetic groups were different compared with the non-diabetic group (Figure 2A

 
: Comparison of VLDL protein from the fasting state with significant changes in the LIR and HIR 

with the controls. P<0.05 compared with the controls
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GE and identified by PMF and 
Prot database via the Mascot tool. Twenty-six protein 

e identified (Figure 1, Table 2).  

Profiling of VLDL proteins and the corresponding isoforms identified by 2D-GE and MS/MS by 

Calculated protein 
mass (Da) 

% 
Coverage 

10 845 
11 277 
14 797 
14 543 
15 877 
30 759 
36 132 
45 371 
46 707 
39 300 
23 497 
38 273 
69 321 
515 241 

37 
59 
63 
35 
65 
70 
64 
58 
30 
8 
30 
44 
19 
34 

8.3/38 273 and 5.5/15 877 in the 2D gel, which were 
identified as apoH with 44% sequence coverage and TTR with 65% sequence coverage, 

h postprandial states of the controls 
were compared with the LIR and HIR groups. Every gel had the same pattern of VLDL proteins; 
however, the relative amount of some proteins were different. Several VLDL proteins from 

oup (Figure 2A-C).  

 

: Comparison of VLDL protein from the fasting state with significant changes in the LIR and HIR 
the controls  
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A contrasting alteration between isoform
(spot 6a) was significantly lower in both diabetic groups than 
the fasting and postprandial states. 
decreased in both diabetic groups compared to the control in the fasting state and was increased 
compared to the control in the postprandial state. The increase 
postprandial state was significantly different th
increase in the apoA-I acidic isoform in the postprandial state 
biosynthesis. The chylomicrons and VLDL are secreted into the lymph
in the content of the apoA-I acidic isoform. Alternatively, the apoA
high affinity for triglyceride-
these lipoproteins during fat absorption could result in an increase in the ap
[28].  
 

Figure 2B: Comparison of VLDL protein from the fasting state with significant changes only in the HIR 
compared with the controls. 

A previous proteomics study using SELDI
TTR in T2DM serum [29]. In 
than in the control groups in the fasting state
was found compared to the control in the postprandial state
thyroid hormone, insulin and the cytokine interleukin
might be the result of an insulin resistant state [
triglyceride metabolism by directly inhibiting lipoprotein lipase 
transgenic mice and reducing
increased binding affinity to vas
are considered to be correlated with cardiovascular disease. TTR
in VLDL before, was significantly higher in the diabetic group 
the postprandial state and only significantly higher in 
The unique predominance of TTR in the insulin
increase in both the fasting and postprandial states only found i
Transthyretin functions as a transporter for thyroxin (T4) and retinol (vitamin A) in the blood 
[34]. Thyroxine (T4) has a direct effect on lipoprotein metabolism, especially on CETP activity 
[35]. Furthermore, TTR itself 
levels has been found in plasma from insulin
plasma TTR level was also found in insulin
with cardiovascular risk [37] and w
abundant in obese subjects than lean subjects [
biomarker for myocardial infarction and identified in human coronary 
[38]. Aside from being a transporter, TTR also acts as a protease 
be the cause of atherosclerosis by reducing 
also increase apoA-I amyloid deposits
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alteration between isoforms was found in apoA-I. The major isoform of apoA
(spot 6a) was significantly lower in both diabetic groups than in the controls 

fasting and postprandial states. However, the acidic isoform (spot 6b) was si
decreased in both diabetic groups compared to the control in the fasting state and was increased 
compared to the control in the postprandial state. The increase in the apoA
postprandial state was significantly different than in the fasting state in all subject groups.

I acidic isoform in the postprandial state represents a direct intestinal 
biosynthesis. The chylomicrons and VLDL are secreted into the lymph system

I acidic isoform. Alternatively, the apoA-I acidic isoform may have a 
-rich lipoprotein particles, and an increase in the concentration of 

these lipoproteins during fat absorption could result in an increase in the ap

 
Comparison of VLDL protein from the fasting state with significant changes only in the HIR 
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Table 3: MS/MS analysis of apoE polymorphism 
 

Sequence 
Amino acid 

position 

Observed 
parent peak 

mass 

Calculated 
parent peak 

mass 

Ion 
scores 

MS/MS ion peaks 

LGADMEDVC130GR 122-132 612.2 1221.5 81 

231.9(y2); 357.1 (b4); 
392.1(y3); 491.2(y4); 
606.3(y5); 735.3(y6); 
732.3(b7); 866.4(y7); 
981.3(y8);1052.4(y9); 
1109.5(y10) 

LLRDADDLQK/R176 166-175 594.2 1185.6 40 
275.2(y2); 388.2(y3); 
498.3(b4); 503.3(y4); 
684.3(b6); 799.4(b7); 
912.4(b8);1040.6(b9); 

 
With respect to the functional correlation between apoA-IV and apoC-II, ApoA-IV is required 
for efficient apoC-II-mediated activation of lipoprotein lipase and facilitated CETP activity and 
apoC-II function as the activator of lipoprotein lipase. ApoA-IV was found to be significantly 
decreased in diabetic groups compared to the controls, especially in the HIR diabetic groups in 
the fasting state (p<0.05). The decrease of apoA-IV levels in the diabetic groups was found to be 
associated with insulin resistance in T2DM because the apoA-IV level increased when T2DM 
was treated with insulin [41]. ApoC-II was found to be significantly lower in HIR than the 
controls in both the fasting and postprandial states (p<0.05). The largest decrease in apoC-II was 
found in HIR. ApoC-II was found to be significantly higher in LIR than in the controls in the 
fasting state. The abnormality of apoA-IV and apoC-II levels was clearly observed in the HIR 
group; however, in the LIR group, the decreasing level of apoA-IV seemed to be compensated 
by the apoC-II level. In addition to lipoprotein metabolism, apoA-IV is also associated with an 
increased prevalence of vascular disease.  
 
ApoH, also known as β2-glycoprotein I, is associated with lipoprotein metabolism. ApoH is 
present in plasma and binds to the two major lipoprotein fractions, VLDL and HDL [42]. ApoH 
levels are closely associated with TG levels and have been found to be higher in diabetic subjects 
[43]. In the present study, apoH was only found to be significantly higher in HIR than in the 
controls in the postprandial group. It could be speculated that this change of apoH level was 
temporarily reflected in the high level of TG, which is an influence of the insulin resistant state. 
 

CONCLUSION 
 
This study provides the first proteomics analysis of VLDL from T2DM that varied with insulin 
resistant states and demonstrates that insulin resistance not only plays important roles in 
postprandial dyslipidaemia but also affects the VLDL protein composition, as is clearly observed 
in the HIR diabetic group. This alteration of proteins could affect lipoprotein metabolism in 
diabetic patients and possibly lead to complications in diabetic patients, such as atherosclerosis. 
A decrease in apoA-IV is necessary for the efficient release of LPL and apoC-II to activate LPL 
activity. An increase in apoC-III inhibits LPL activity, together with a decrease in apoE, which is 
used to bind the hepatic VLDL receptor, particularly in the postprandial state. This leads to a 
decrease in VLDL catabolism and VLDL clearance, prolonging VLDL circulation in the blood 
and resulting in postprandial dyslipidaemia in diabetes. Moreover, an increase in TTR, a 
transport protein, has not been identified in VLDL before and remains to be further investigated.  
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