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Abstract 

Objective: To screen novel biomarkers in the levels of protein complexes for type 2 diabetes 
mellitus (T2DM).  
Methods: Serum immunoinflammation-related protein complexes (IIRPCs) and diabetes-related 
protein complexes (DRPCs) in 1537 serum samples including 504 healthy controls, 320 patients 
with prediabetes, and 713 patients with T2DM were analyzed using an optimized native 
polyacrylamide gel electrophoresis (native-PAGE).  
Results: Seven patterns of serum IIRPCs and four patterns of serum DRPCs were observed in the 
study population, respectively. Significant increase in the levels of serum IIRPCs in T2DM was 
detected relative to healthy controls. Change trends of serum DRPCs are as below: patients with 
T2DM>patients with prediabetes> healthy controls.  
Conclusion: Our findings suggest that increased levels of serum IIRPCs and DRPCs were 
associated with T2DM. 
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Introduction 
Diabetes mellitus, especially for type 2 diabetes 

mellitus(T2DM), is a chronic, incurable disease, and 
the efforts of a number of investigators have been 
made to probe pathogenetic mechanisms and therapy 
of T2DM [1]. Major factors, such as obesity, pancreas 
β-cell dysfunction, mitochondrial dysfunction, and 
oxidative stress, are closely associated with T2DM [2]. 
It is found that low-grade inflammation and the 
activation of innate immune system are closely related 
to the pathogenesis of T2DM[3-5].The levels of 
circulating inflammatory markers, such as C reactive 
protein(CRP), α-1 acid glycoprotein, amyloid A, IL-6, 
and IL-1Ra, significantly elevated in patients with 
T2DM[6-8]. 

Previous studies have shown that protein 
complexes are potential indicators of many diseases. 
Trypsin 2–α 1 antitrypsin complex displayed a better 

diagnostic performance than trypsinogen 2 and CRP 
in differentiating acute pancreatitis from extrapan-
creatic disease [9], and myeloid-related protein 8/14 
complex is a sensitive indicator of disease activity 
[10]. Circulating immunoinflammation-related 
protein complexes (IIRPCs) are closely associated 
with chronic diseases [11]. To date, the correlations 
between serum IIRPCs and T2DM have not been 
investigated. 

Quantification of known protein complexes is 
usually performed using radioimmunoassy, 
immunofluorescence assay, or enzyme-linked 
immunosorbent assay [12-14]. Blue native gel and 
high resolution clear native gel are powerful 
approaches to isolate protein complexes [15, 16]. 
Herein, an optimized native polyacrylamide gel 
electrophoresis (native-PAGE) was employed to 
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isolate protein complexes of interest in 1537 serum 
samples. Based on the position distributions of the gel 
bands of the protein complexes of interest in gel, two 
types of serum protein complexes are observed in this 
study, i.e., IIRPCs [11, 17] and diabetes-related protein 
complexes (DRPCs).  

Materials and Methods  
Participants 

In this study, 1537 participants were recruited 
from the medical examination center, Heze Municipal 
Hospital (Shandong, China). These participants were 
classified into three groups (i.e., healthy controls, 
patients with prediabetes, and patients with T2DM) 
based on the levels of the overnight fasting plasma 
glucose (FPG) as described by the criteria of the 
American Diabetes Association[18]. Informed consent 
was obtained from each participant. Serum was 
collected according to a previously described 
standard procedure [11]. This study was approved by 
the Ethics Review Committee at the Institute of Basic 
Medical Sciences, Chinese Academy of Medical 
Sciences within which the work was undertaken and 
that it conforms to the provisions of the Declaration of 
Helsinki. 

Native-PAGE separation 
The protein complexes of interest were isolated 

using our own previous procedure with slight 
modifications [11, 19]. Briefly, 4%-10% linear gradient 
acrylamide gel and 4% acrylamide gel were used as 
separating gel and stacking gel, respectively. 2 μL of 
serum sample mixed with 8 μL 1×native loading 
buffer (25% v/v 50 mM Tris-HCl pH 7.5; 50% v/v 
glycerol; 0.1% w/v XYlenecyanol FF) was loaded into 
one lane of gel. Each gel was run at 10 mA for 1.5 h, 
followed by 25 mA for 3 h. The gels were stained with 
Coomassie brilliant blue G-250, and then the 
background was destained in deionized water. 
Optical image was obtained using an UMAX 
PowerLook 2100XL scanner (UMAX Technologies, 
Dallas, TX, USA) for optical densitometry-based 
quantification, and then the optical densitometry (i.e., 
gray value) was quantified using Quantity One 
software (version 4.6.3, Bio-Rad). 

Quantification of serum protein complexes of 
interest 

Nine serum samples and one quality control 
(QC) serum sample were loaded into ten lanes of one 
native-PAGE gel, respectively. The QC sample was a 
mixture of three control sera. The gel image was 
introduced into Quantity One software, and the levels 
of serum protein complexes of interest were 
calculated using the following formula: the level of 

protein complex= gray value of gel band－gray value 
of gel background. The level of serum 
transferrin-related protein complex (TRPC) in each 
serum sample was quantified relative to that of the 
QC sample. The levels of serum protein complexes of 
interest were quantified relative to that of serum 
TRPC which is normalized to 100[11]. To evaluate the 
reproducibility of this method, four serum samples 
(i.e., the QC sample, one control, one patient with 
prediabetes, and one patient with T2DM) were used 
to examine intraday and interday precision of the 
method. 

Identification of serum protein complexes of 
interest 

Each gel band in native-PAGE gel was 
transferred into a 0.6 mL eppendorf tube, followed by 
the incubation for 45 min at room temperature in the 
equilibrium buffer (93.8 mM Tris-HCl, pH 6.8, 10% 
v/v glycerol, 2% w/v sodium dodecyl sulfate) 
including 3% (w/v) dithiothreitol, and then the band 
was incubated for 35 min at room temperature in the 
above-mentioned equilibrium buffer with 10% (w/v) 
iodoracetamide. The gel band was further separated 
using sodium dodecyl sulfate-PAGE. Each gel was 
run at 60 V for 1 h, followed by 120 V for 2 h. Gel 
bands from the sodium dodecyl sulfate-PAGE gel 
were excised and digested followed by the 
identification of the proteins of interest as described 
previously [11]. 

Statistical analysis 
Normal distribution of variables was evaluated 

by Shapiro-Wilk test, and categorical variables were 
analyzed using Pearson χ2 test. Student’s t test or 
Mann−Whitney U test was used to compare the 
differences between two groups. The variables of 
subjects were compared among three groups using 
Kruskal-Wallis test. Receiver operating characteristic 
(ROC) curve analysis was performed to evaluate 
diagnostic performance. Statistical analysis was 
performed using the SAS software (version 9.2, SAS 
Institute Inc., Cary, NC, USA). A p-value less than 0.05 
was considered to be statistically significant based on 
two-tailed tests. 

Results 

Linear dynamic range and reproducibility 
To explore an appropriate loading volume of 

serum sample, different volumes of serum from 0.2 
μL to 3 μL were loaded into different lanes in one 
native-PAGE gel to evaluate linear dynamic range. 
Finally, linear correlation coefficient (R2=0.977) was 
found over the range of 0.2 μL to 2.5 μL, and for 
thyroglobulin (Sigma-Aldrich, St, Louis, MO), linear 
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correlation coefficient (R2=0.981) was detected over 
the range of 0.1μg to 2.5μg. The reproducibility of the 
method was also assessed based on the four serum 
samples, with relative standard deviations (RSDs) of 
intraday precision from 4.3% to 17.5% and of interday 
precision from 5.0% to 19.3% for serum protein 
complexes: TRPC, a3, b4, T1, and T2 (Figure 1). 

 

 
Figure 1. Serum protein complex separation by the optimized 
native-PAGE gel. (A) Seven patterns (i.e., a, b, c, d, e, f, and g) of serum 
immunoinflammation-related protein complexes (IIRPCs). (B) Six patterns (i.e., 
1, 2, 3, 4, 5, and 6) of serum diabetes-related protein complexes (DRPCs). 

 

Quantification of serum TRPC 
Ninety one serum samples (i.e., 20 healthy 

controls, 20 patients with prediabetes, and 51 patients 
with T2DM) were excluded due to the aberrant 
expression of serum TRPC. Finally, 1446 serum 
samples were used for further analysis, including 484 
controls, 300 patients with prediabetes, and 662 
patients with T2DM (Table 1). To investigate whether 
serum TRPC is an internal reference to quantify serum 
protein complexes of interest, the relationships 
between its level and several other variables (i.e., sex, 
age, patterns, and health status) were analyzed. 
Statistical analysis indicated that the level of serum 
TRPC in 1446 serum samples has no statistical 
significance (p>0.05, Table 2), indicating that serum 
TRPC could be used as an internal reference to 
quantify serum protein complexes of interest. 

Association of serum IIRPCs with pathological 
status 

Seven major patterns (a, b, c, d, e, f, and g) of 
serum IIRPCs in 1446 serum samples were observed 
based on their native-PAGE gels (Figure 1A), which is 

consistent with our previous study [11]. Each of these 
patterns accounts for approximately 34% (n=498), 32% 
(n =456), 17% (n=244), 8% (n=110), 2% (n=36), 5% 
(n=71), and 2% (n=31), respectively (Figure 1A). For 
pattern a, we assigned four specific IIPRCs (a1, a2, a3, 
and a4); for pattern b, five specific IIRPCs (b1, b2, b3, 
b4, and b5); for pattern c, no specific IIRPCs; for 
pattern d, three specific IIRPCs (d1, d2, and d3); for 
pattern e, three specific IIRPCs (e1, e2, and e3); for 
pattern f, five specific IIRPCs (f1, f2, f3, f4, and f5); for 
pattern g, seven specific IIRPCs (g1, g2, g3, g4, g5, g6, 
and g7). Due to limited sample sizes of patterns d, e, f, 
and g, as well as pattern c without specific IIRPCs, we 
only selected patterns a and b for further analysis in 
this study. Representative protein complex a3 in 
pattern a and b4 in pattern b were selected to 
investigate the relationships between their levels and 
pathological status (Table 3). Statistical analysis 
indicated that the levels of a3 and b4 in T2DM patients 
significantly increased compared with the 
corresponding controls (p<0.05). However, no 
difference was detected between patients with 
prediabetes and controls (Figure 2A &2B). In 
addition, the components of serum IIRPCs were 
separated by SDS-PAGE, followed by the 
identification using mass spectrometry, and they are 
immunoglobulin G1, immunoglobulin A1, 
haptoglobin, complement C3, complement C4A, 
complement C5, complement C7, complement factor 
H, transferrin, and apolipoprotein A-I, which is 
consistent with our previous study[11]. 

 

Table 1. Characteristics of the participants in this study 

 Controls Prediabetes T2DM 
Characteristics n=484 n=300 n=662 
Sex(M/F) 227/257 172/128 326/336 
Age(years) 46.6±16.4 50.9±13.9 53.4±12.7 
Glucose(mmol/L) 4.9±0.4 6.4±0.4 9.8±3.1 
Patterns of serum DRPCs    
1 193 102 214 
2 53 64 181 
3 218 127 250 
4 20 7 17 

Data are described as mean ± SD (standard deviation) or numbers. 

 

Association of serum DRPCs with pathological 
status 

Six major patterns (1, 2, 3, 4, 5, and 6) of serum 
DRPCs in 1446 serum samples were detected based on 
their native-PAGE gels (Figure 1B). For patterns 1, 2, 
3, 5, and 6, two gel bands corresponding to serum 
protein complexes (T1 and T2) were clearly observed 
with slight differences in their gray values, while for 
pattern 4 both T1 and T2 were not detected. In order 
to simplify statistical analysis, we redefined these 
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patterns based on the ratio of T2 to T1 (T2/T1). 
According to the following ratio values: 0.5＜T2/T1＜
2, T2/T1≧2, and T2/T1≦0.5, the patterns of serum 
DRPCs were reclassified into patterns 1, 2, and 3. 

Finally, the six patterns were reclassified into 
patterns1, 2, 3, and 4 (Figure 1B and Table 1). The 
detailed information on the age- and sex-matched 
participants is listed in Table 4. 

Table 2. Association of serum TRPC level with health status, sex, age, and patterns of serum DRPCs 

  Controls(n=484) Prediabetes(n=300) T2DM (n=662) 
Characteristics Level p value¶ Level P value¶ Level P value¶ 
Health status 1.02±0.07  1.01±0.07 0.608 1.01±0.07 0.362 
Sex       
Female 1.02±0.07 0.992 1.01±0.07 0.771 1.01±0.07 0.133 
Male 1.02±0.07 1.02±0.07 1.01±0.07 
Age(years)       
<60 1.02±0.07 0.280  1.01±0.06 0.143 1.01±0.07 0.495 
>=60 1.02±0.07 1.02±0.07 1.02±0.07 
Patterns of serum DRPCs       
1 1.02±0.08 0.571 1.00±0.05 0.861 1.05±0.10 0.131 
2 1.04±0.08 1.02±0.05 0.01±0.06 
3 1.02±0.07 1.01±0.07 1.01±0.07 
4 1.02±0.07 1.02±0.07 1.03±0.08 

Data are described as mean ± SD (standard deviation); TRPC, transferrin-related protein complex. 
¶ Pearson χ2 test for sex variable and Kruskal-Wallis test for types and age variables. All statistical tests were two-sided. 

Table 3. Characteristics of the age- and sex-matched participants in patterns a and b of serum IIRPCs 

  Pattern a  Pattern b 
 Controls Prediabetes p value¶ T2DM P value¶  Controls Prediabetes p value¶ T2DM p value¶ 
Characteristics n=148 n=108  n=185    n=131 n=97  n=173  
Sex(M/F) 75/73 64/44   93/92 0.212  58/73 45/52  80/93 0.574 
Age(years) 49.7±15.9 50.7±14.3  51.5±12.8 0.338  49.6±14.8 51.0±15.1  52.0±12.7 0.266 
Glucose(mmol/L) 4.9±0.5 6.4±0.4  9.8±2.9   4.9±0.5 6.4±0.4  9.8±3.4  
a3 20.8±13.1 23.3±13.3 0.102 26.0±16.8 0.004  ND ND  ND  
b4 ND ND   ND     17.2±11.3 21.3±17.3 0.090 21.7±14.5 0.013 

Data are described as mean ± SD or numbers. 
¶ Pearson χ2 test for sex and Kruskal-Wallis test for age and Mann-Whitney U test for serum protein complexes a3 and b4 of prediabetes and diabetes and controls. All 
statistical tests are two-sided. 
ND, no data. 

Table 4. Characteristics of the age- and sex-matched participants in patterns 1, 2, and 3 of serum DRPCs 

  Pattern 1  Pattern 2  Pattern 3 
 Controls Prediabetes T2DM P value¶  Controls Prediabetes T2DM p value¶  Controls Prediabetes T2DM P value¶ 
Characteristics n=180 n=102 n=185    n=50 n=59 n=181    n=165 n=127 n=210  
Sex(M/F) 92/88 55/47 92/93 0.744  20/30 34/25 86/95 0.517  78/87 72/55 105/105 0.268 
Age(years) 51.2±15.3 51.5±14.1 53.9±13.4 0.082  53.1±16.6 54.6±11.4 53.7±10.5 0.961  47.3±15.3 47.7±14.3 48.9±13.4 0.313 
Glucose(mmol/L) 4.9±0.4 6.4±0.4 9.8±3.0   5.0±0.4 6.6±0.2 10.0±3.0   4.9±0.4 6.3±0.4 9.9±3.5  
T1 11.7±7.6 18.0±9.6 23.7±13.9 <0.001  ND ND ND   13.1±6.2 22.3±10.6 25.5±12.9 <0.001 
T2 10.3±7.6 15.5±9.4 21.7±15.6 <0.001   16.5±9.3 40.7±17.1 51.8±20.7 <0.001   ND ND ND   

Data are described as mean ± SD or numbers. 
¶ Pearson χ2 test for sex and Kruskal-Wallis test for age and serum protein complexes T1 and T2. All statistical tests are two-sided. 
ND, no data. 

Table 5. Diagnostic performance of serum DRPCs in different patterns 

Patterns DRPCs Groups AUC 95% CI Cut-off  
value 

Sensitivity Specificity 

1  T1 Controls vs. prediabetes 0.71 0.65-0.77 11.79  70.00% 63.73% 
Controls vs. T2DM 0.77 0.73-0.82 42.14  87.78% 58.38% 
Prediabetes vs. T2DM 0.61 0.54-0.67 37.35  64.71% 57.84% 

1  T2 Controls vs. prediabetes 0.70 0.64-0.76 7.89  68.33% 64.71% 
Controls vs. T2DM 0.78 0.73-0.82 6.73  71.11% 72.43% 
Prediabetes vs. T2DM 0.61 0.54-0.68 11.61  68.63% 50.81% 

2 T2 Controls vs. prediabetes 0.93 0.88-0.98 11.52  86.00% 92.16% 
Controls vs. T2DM 0.94 0.91-0.97 65.91  94.00% 80.66% 
Prediabetes vs. T2DM 0.59 0.50-0.67 55.97  86.28% 32.04% 

3 T1 Controls vs. prediabetes 0.76 0.70-0.81 40.10  89.70% 53.54% 
Controls vs. T2DM 0.82 0.78-0.86 8.61  89.09% 64.29% 
Prediabetes vs. T2DM 0.57 0.51-0.63 11.75  34.29% 65.71% 

AUC, area under the receiver operating characteristic curve; CI, confidence interval. 
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Figure 2. Scatter plots of protein complexes: a3, b4, T1, and T2 in serum samples from healthy controls, patients with prediabetes, and patients 
with T2DM. (A) The level of a3; (B) The level of b4; (C) The level of T1 in pattern 1; (D) The level of T2 in pattern 1; (E) The level of T2 in pattern 2; (F) The level 
of T1 in pattern 3.* **, p < 0.001; **, p < 0.01; *, p <0.05. 

 
As shown in Figure 2C-D, for pattern 1, the 

levels of serum T1 and T2 in patients with T2DM 
remarkably increased compared with patients with 
prediabetes and controls, and significant increase in 
the levels of serum T1 and T2 in patients with 
prediabetes were detected compared with controls. 
For pattern 2, significantly increased level of serum T2 
in patients with prediabetes and patients with T2DM 
was observed compared with controls (Figure 2E), 
and no difference was detected between prediabetes 
and T2DM. For pattern 3, the level of serum T1 in 
patients with T2DM significantly increased relative to 
patients with prediabetes and controls. Additionally, 
significant difference was also observed between 

patients with prediabetes and controls (Figure 2F). 
ROC curve analysis indicated that serum T2 in pattern 
2 had an excellent diagnostic performance on 
distinguishing patients with prediabetes and T2DM 
from controls, with the area under the ROC curve 
(AUC) of 0.93 and 0.94, respectively. It is worth noting 
that T1 and/or T2 from patterns 1, 2, or 3 had a similar 
capability of distinguishing prediabetes from T2DM, 
with the AUC values from 0.57 to 0.61. More 
information of ROC analysis is shown in Table 5. In 
addition, the components of serum T1 and T2 were 
separated using the sodium dodecyl sulfate-PAGE, 
followed by identification using mass spectrometry. 
The components are inter-alpha-trypsin inhibitor 
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heavy chain H1 and H2, complement C3 β-subunit, 
haptoglobin β-subunit, and apolipoprotein A-I. 

Discussion 
In this study, serum protein complexes of 

interest were isolated using the optimized 
native-PAGE approach. According to the linear 
dynamic range of the loading serum volume, it was 
found that 2 μL of serum is an appropriate loading 
volume for electrophoresis separation. The RSDs of 
intraday and interday precision were less than 20%, 
indicating that the method is acceptable for complex 
biological sample analysis. It should be noted that 
serum TRPC is an internal reference to quantify serum 
protein complexes of interest. 

The main components of serum IIRPCs are 
immunoglobulin G1, immunoglobulin A1, 
haptoglobin, complement C3, complement C4A, 
complement C5, complement C7, complement factor 
H, transferrin, and apolipoprotein A-I, which are 
immunity-related proteins, inflammation-related 
proteins, and complement-related proteins. Previous 
studies have indicated that serum IIRPCs are closely 
associated with cancers, chronic diseases, and the 
development of lung cancer [11, 17], suggesting that 
they may be excellent indicators of humoral immune 
responses and inflammatory responses. In this study, 
serum IIRPCs in patients with T2DM also increased 
compared with controls, but no difference in between 
controls and patients with prediabetes and in between 
prediabetes and T2DM was detected, suggesting that 
serum IIRPCs may be closely associated with T2DM. 

The main components of serum DRPCs are 
complement C3-β subunit, inter-alpha-trypsin 
inhibitor heavy chain H1 and H2, haptoglobin β 
subunit, and apolipoprotein A-I. Some of them are 
inflammation-related proteins and 
complement-related proteins. All serum samples from 
1446 participants were classified into four patterns 
based on the position distributions of serum DRPCs 
(T1 andT2) in their native-PAGE gels. The levels of 
serum DRPCs had a positive correlation with blood 
glucose levels in an order of patients with T2DM> 
patients with prediabetes>healthy controls. More 
importantly, significant increase in the levels of serum 
DRPCs may be closely associated with the 
development of T2DM. Previous studies have shown 
that circulating inflammatory factors and innate 
immune cells-related activated factors elevated in 
patients with T2DM[4, 20-22], including α-1 acid 
glycoprotein, sialic acid, IL-6, and urinary albumin, 
especially for CRP, which plays an important role in 
diabetes mellitus and diabetic complications[23-25]. 
Complement C3, a central component of complement 
system, is closely associated with inflammatory 

response, and the incorporation of C3 into clot from 
diabetic fibrinogen is enhanced in patients with type 1 
diabetes [26]. A large cohort study has indicated that 
complement C3 is a risk factor to develop diabetes 
[27]. Inter-alpha-trypsin inhibitor (ITI or IαI) is 
composed of one light chain and six heavy chains (H1, 
H2, H3, H4, H5, and H5L) [28]. In this study, H1 and 
H2 were detected. IαI is involved in inflammation and 
complement activation [29-31]. Haptoglobin is one of 
the most important acute phase proteins, the 
genotype of which might play a very important role in 
diabetes and diabetic complications [32-36]. 
Apolipoprotein A-I, a principal protein in 
high-density lipoprotein (HDL), has an 
anti-inflammatory function [37]. In addition, 
apolipoprotein A-I can interact with haptoglobin to 
form protein complex [38, 39]. All above-mentioned 
studies indicate that serum DRPCs may be associated 
with inflammatory responses and may play a crucial 
role in the development of T2DM.  

There were some meaningful findings and 
limitations in this study. First, we used a simple and 
economic gel separation method to obtain 
diabetes-related protein complexes in serum. Second, 
serum IIRPCs are not only associated with cancers, 
chronic diseases, and the development of lung cancer, 
but also closely associated with T2DM. Third, all 
serum samples could be classified into four types 
based on the patterns of serum DRPCs. Significantly 
increased levels of serum DRPCs were correlated with 
prediabetes and T2DM, indicating that serum DRPCs 
may be unique, personalized biomarkers for T2DM. 
In addition, it should be noted that the mechanisms 
need to be further confirmed, and that the factors, 
such as height, weight, waist circumference, hip 
circumference, and blood pressure should be included 
in the future study.  

Conclusions 
The optimized native-PAGE approach combined 

with mass spectrometry was used to separate and 
identify serum protein complexes from controls, 
patients with prediabetes, and patients with T2DM. 
All participants could be classified into four and seven 
groups based on serum DRPCs and IIRPCs, 
respectively. The levels of serum DRPCs in patients 
with prediabetes and T2DM increased compared with 
controls. Our findings suggest that increased levels of 
serum IIRPCs and DRPCs were associated with 
T2DM. 

Abbreviations 
IIRPCs: immunoinflammation-related protein 

complexes; DRPCs: diabetes-related protein 
complexes; TRPC: transferrin-related protein 
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complex; T2DM: type 2 diabetes mellitus; FPG: fasting 
plasma glucose; QC: quality control; CRP: C reactive 
protein; PAGE: polyacrylamide gel electrophoresis; 
ROC: receiver operating characteristic. 
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