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Abstract 

Objective  To establish and evaluate a protein microarray method for combined measurement of 
serum ferritin (SF) and soluble transferrin receptor (sTfR). 

Methods  Microarrayer was used to print both anti-SF antibodies I and anti-sTfR antibodies I on each 
protein microarray. Anti-SF antibodies II and anti-sTfR antibodies II were used as detection antibodies 
and goat antibodies coupled to Cy3 were used as antibodies III. The detection conditions of the 
quantitative analysis method for simultaneous measurement of SF and sTfR with protein microarray 
were optimized and evaluated. The protein microarray was compared with commercially available 
traditional tests with 26 serum samples. 

Results  By comparison experiment, mouse monoclonal antibodies were chosen as the probes and 
contact printing was chosen as the printing method. The concentrations of SF and sTfR probes were 0.5 
mg/mL and 0.5 mg/mL respectively, while those of SF and sTfR detection antibodies were 5 μg/mL and 
0.36 μg/mL respectively. Intra- and inter-assay variability was between 3.26% and 18.38% for all tests. 
The regression coefficients comparing protein microarray with traditional test assays were better than 
0.81 for SF and sTfR. 

Conclusion  The present study has established a protein microarray method for combined 
measurement of SF and sTfR. 
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Soluble transferrin receptor. 

Biomed Environ Sci, 2012; 25(4):430-439    doi: 10.3967/0895-3988.2012.04.008     ISSN:0895-3988 

www.besjournal.com(full text)            CN: 11-2816/Q          Copyright ©2012 by China CDC 

 
INTRODUCTION 

ron deficiency (ID) affects approximately 2 
billion population globally[1]. It is considered 
one of the most serious nutrition issues. 

Sufficient data have been accumulated to show that 
ID reduces the physical activity in adults and impairs 
the brain development in children. To identify the 

populations at risk for the deficiency, there is an 
urgent need for simple and reliable methods to 
assess iron status. Serum ferritin (SF) and soluble 
transferrin receptor (sTfR) have been widely used as 
iron indicators in recent years[2]. SF and sTfR 
correlate numerically with body iron stores. 
Measuring SF and sTfR allows us to evaluate body 
iron storage and to determine whether this storage 
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is adequate that was previously tested by bone 
marrow staining or other less precise method i.e. 
defining iron deficiency with the serum content[3]. 

Enzyme-linked immunosorbent assay (ELISA), 
immunoturbidimetry (ITA), and radioimmunoassay 
(RIA) are currently used as the major detection 
methods for SF and sTfR. However, none of these 
techniques can measure SF and sTfR simultaneously 
to be able to reduce cost and volume of blood 
samples. In contrast, protein microarray is 
recognized as a high throughput analytical method 
using multi-target proteins. This technique may be 
used to measure SF and sTfR simultaneously, and is 
therefore extremely valuable for iron status studies. 

In recent years, the technology of protein 
microarray has been continuously improved and its 
application has penetrated into more scientific 
areas[4-7]. However, few studies have reported 
measurement of nutrition biomarkers with this 
technology. SF and sTfR, as biomarkers of iron status, 
need to be measured quantitatively, quickly, and 
simultaneously, for which current techniques are 
inadequate. The protein microarray method is 
potentially suitable for use in measurement and 
survey of iron status and other nutritional status in 
both clinical and population studies. Therefore, the 
primary aim of this study is to establish and evaluate 
a protein microarray method for combined 
measurement of SF and sTfR. 

MATERIALS AND METHODS 

Materials 

This study involves the materials including 
NaH2PO4, Na2HPO4, NaCl, KCl, Tween20, bovine serum 
albumin (BSA), Skim milk powder, printing buffer 
(code 440015, CapitalBio Corporation), mouse 
monoclonal anti-ferritin antibody (code ab10060, 
abcam), rabbit polyclonal anti-ferritin antibody (code 
ab7332), mouse monoclonal anti-sTfR antibody (code 
ab38168, abcam), rabbit polyclonal anti-sTfR antibody 
(code NB100–62443, Novus), goat polyclonal antibody 
IgG-Cy3-linked (code PA43002, PA43004, GE 
Healthcare; code 611-104-122, ROCKLAND), 
immunoturbidimetry kit (Roche Laboratories), protein 
microarray (Polymer Slide-G, CapitalBio Corporation), 
printer (PersonalArrayer™ 16 Microarray Spotter, 
CapitalBio Corporation), and scanners (LuxScan™ 
10K Microarray Scanner, CapitalBio Corporation). 
Serum control samples of SF (code 30-AF15, 
Fitzgerald) and sTfR (code 05–52172, ARP-1) were 
used as standards for the calibration curves. 

Methods 

Procedure of Protein Microarray Basic   The 
antibody probes of SF and sTfR, the quality control 
(Cy3-coupled BSA), the positive control 
(non-specificity rabbit IgG), the negative control (3% 
BSA) and the blank control (PBS pH7.2) were 
successively printed in each of 12 blocks on the PSG 
microarray. After they were immobilized ( at 37 °C 
for 16 h) and blocked (by adding 3% BSA, 40 
µL/block, at 37 °C for 30 min), the protein microarray 
was washed in 1‰ PBST wash buffer (5 min/time, 3 
times). And then, the antigens were added and 
incubated (30 µL/block, 37 °C incubation, 1 h), and 
the microarray was washed with 1‰ PBST wash 
buffer (5 min/time, 5 times). Afterwards, the 
detection antibodies were added and incubated (30 
µL/block, 37 °C incubation, 1 h), and the microarray 
was washed with 1‰ PBST wash buffer (5 min/time, 
5 times). Finally, the goat antibody coupled to Cy3 
was added and incubated (30 µL/block, 37 °C 
incubation, 1 h), and the microarray was washed 
with 1‰ PBST wash buffer (5 min/time, 5 times) and 
scanned to obtain images and result value by laser 
scan. 
Optimizing the Kind of SF and sTfR Probes   The 
experimental procedures were the same as the basic 
procedure of protein microarray. Both mouse 
monoclonal antibodies (mAb) of SF and sTfR were 
printed as probes in Block1, 2, 3, and Block4, and 
both rabbit polyclonal antibodies (pAb) of SF and 
sTfR were printed as probes in Block 5, 6, 7, and 
Block 8. Rabbit pAbs of SF were used as detection 
antibodies in Block 1 and Block 2, and rabbit pAbs of 
sTfR were used as detection antibodies in Block 3 
and Block 4. Mouse mAbs of SF were used as 
detection antibodies in Block 5 and Block 6, and 
mouse mAbs of sTfR were used as detection 
antibodies in Block 7 and Block 8. The SF antigens 
were added in Block 1 and Block 5. The sTfR antigens 
were added in Block 3 and Block 7. Three percent 
BSA were added in other blocks. The concentrations 
of the probes were 1 mg/mL for the mouse mAbs of 
SF, 1 mg/mL for the mouse mAbs of sTfR, 1 mg/mL 
for the rabbit pAbs of SF and 0.09 mg/mL for the 
rabbit pAbs of sTfR. The concentrations of the 
antigens of SF and sTfR were 2 µg/mL and 5 µg/mL 
respectively and the negative control was 3% BSA. 
The concentrations of the detection antibodies were 
0.5 µg/mL for the rabbit pAbs of SF, 0.18 µg/mL for 
the rabbit pAbs of sTfR, 2 µg/mL for the mouse mAbs 
of SF and 2 µg/mL for the mouse mAbs of sTfR. The 
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dilution of both the goat anti-mouse and goat 
anti-rabbit antibody was 1:1000. 
Optimizing the Printing Method    Mouse mAbs of 
SF and sTfR were printed respectively by contact 
printing and non-contact ink jet printing on different 
microarray. The concentration of the mouse mAbs of 
SF and sTfR using both printing methods was 1 
mg/mL. The subsequent steps were the same as in 
the procedure of protein microarray basic. The 
concentrations of the SF and sTfR antigens were    
2 µg/mL and 5 µg/mL respectively. The negative 
control (NC) was 3%BSA. The concentrations of the 
SF and sTfR detection antibodies were 0.5 µg/mL 
and 0.18 µg/mL respectively. The dilution of goat 
anti-rabbit antibodies was 1:1000. 
Homogeneity of the Spots of the SF and sTfR Probes    
Mouse mAbs of SF and sTfR were printed in 400 
spots in each of blocks by contact printing. The 
concentrations of the SF and sTfR probes used were 
0.5 mg/mL and 0.5 mg/mL respectively. The 
microarray was directly scanned after it was printed. 
Optimizing the Concentrations of the Probes, the 
Detection Antibodies of SF and sTfR   The experiment 
procedures were the same as the basic procedure of 
protein microarray. All of the blocks were divided into 
two groups to receive different dilutions of the second 
antibodies. The concentrations of the probes and the 
detection antibodies of SF and sTfR were optimized by 
using the crisscross serial-dilution analysis in each 
group. Different concentrations were used to print 
probes of SF (0.5, 0.25, 0.125 mg/mL) and sTfR (0.5, 
0.25, 0.125 mg/mL) in each block. Three concentrations 
of antigens were chosen: high concentration (SF 2 
µg/mL, sTfR 10 µg/mL), low concentration (SF 5 ng/mL, 
sTfR 25 ng/mL) and NC (3% BSA). Then, three 
concentrations of detection antibodies were added: 
high (SF 10 µg/mL, sTfR 1.8 µg/mL), medium (SF 5 
µg/mL, sTfR 0.36 µg/mL) and low (SF 1 µg/mL, sTfR 0.18 
µg/mL). The optimization criteria were that: (1) the 
signal reading was unsaturated (signal value 
-background value <65535) at high antigen 
concentrations, (2) the signal reading at low antigen 
concentrations had difference of statistical significance 
from that obtained with NC. At the same time, the 
background reading of the microarray had to be low. 
Optimizing the Kind of Blocking Reagent and 
Second Antibody   The experiment procedures 
were the same as the basic procedure of protein 
microarray. The twelve blocks on the microarray 
were divided into four groups of 3 blocks each. 
Different concentrations were used to print probes 
of SF (0.5 mg/mL) and sTfR (0.5 mg/mL) in each block. 

The high concentration of mixed antigens (SF 512.5 
ng/mL, sTfR 2500 ng/mL), the low concentration of 
mixed antigen (SF 5 ng/mL, sTfR 10 ng/mL) and the 
NC (3% BSA) were added into one of the three blocks 
in every group separately The first and the second 
groups used 3% BSA as the blocking reagent. The 
third and the fourth groups used 3% skim milk 
powder as the blocking reagent. The first and the 
third groups used second antibodies made by GE 
Healthcare. The second and the fourth groups used 
second antibodies made by ROCKLAND. In the mixed 
detection antibodies, the concentrations of the SF 
and sTfR detection antibodies were 5 µg/mL and 
0.36 µg/mL respectively. The dilutions of goat 
anti-rabbit antibodies were 1:1000 (GE Healthcare) 
and 1:41000 (ROCKLAND instruction manual). The 
optimization criteria were that: (1) the signal reading 
was unsaturated (signal value -background value 
<65535) at high antigen concentrations, (2) the 
signal reading at low antigen concentrations had 
difference of statistical significance from that with 
NC, (3) the difference between high concentration 
antigen and NC was as large as possible. The final 
optimized conditions were selected based on 
detection results for both SF and sTfR. 
Lower Limit of Detection and Biologic Limit of 
Detection    The experiment procedures were the 
same as the basic procedure of protein microarray. 
Different concentrations were used to print probes 
of SF (0.5 mg/mL) and sTfR (0.5 mg/mL) in each block. 
The mixed antigens were diluted from high 
concentrations (SF: 16.0 ng/mL, sTfR: 6.25 ng/mL) to 
low concentrations (SF: 2.0 ng/mL, 0.78 ng/mL) by 
using 1:2 serial dilutions. Three percent BSA was 
used as the NC. In the mixed detection antibodies 
the concentrations of the SF and sTfR detection 
antibodies were 5 µg/mL and 0.36 µg/mL 
respectively. The dilution of the second antibodies 
was 1:1000. The same procedure was repeated 12 
times for each concentration. Based on the results, 
the lower limit of detection (LLD) of the method was 
the concentration that corresponded to mean 3SD 
above zero when the NC was used. Finally, the 
biologic limit of detection (BLD) was found by 
selecting the minimal concentration of mixed 
antigens that gave a mean signal level-with 3SD 
value greater than the signal level at LLD. 
Establishing the SF and sTfR Models and Standard 
Curve    The experiment procedures were the 
same as the basic procedure of protein microarray. 
Different concentrations were used to print probes 
of SF (0.5 mg/mL) and sTfR (0.5 mg/mL) in each block. 
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Five concentrations of mixed antigens were chosen: SF 
512.5 ng/mL, sTfR 625 ng/mL; SF 128.125 ng/mL, sTfR 
312.5 ng/mL; SF 32.03 ng/mL, sTfR 156.25 ng/mL;   
SF 16.0 ng/mL, sTfR 78.13 ng/mL; SF 2.0 ng/mL, sTfR 
19.53 ng/mL, and 3% BSA was chosen as the NC. In the 
mixed detection antibodies, the concentrations of the 
SF and sTfR detection antibodies were 5 µg/mL and 
0.36 µg/mL respectively. The dilution of the second 
antibody was 1:1000. We calculated the mean levels 
and used these levels as the basis to obtain their 
standard curve and model respectively. Standard 
curves and models were established for SF and sTfR 
based on the relation between the antigen 
concentration and the detection signal level. 
Precision   Three samples of known concentrations 
were tested 18 times on one protein microarray to 
assess intra-assay precision. Another three samples 
of known concentrations were tested in 10 separate 
assays to assess inter-assay precision, and for every 
sample the assay was repeated twice. 
Recovery   The recovery of SF and sTfR spiked to 
three mixed levels (SF: 32.03 ng/mL, sTfR: 39.06 
ng/mL; SF: 64.06 ng/mL, sTfR: 78.13 ng/mL; SF: 
128.13 ng/mL, sTfR: 156.25 ng/mL) in three samples. 
Application Studies   To test this new method, 26 
serum specimens were analyzed with traditional 
methods and protein microarray respectively. The 
commercial immunoturbidimetry SF and sTfR kits 
from Roche Laboratories were used as a reference to 
compare the protein microarray results. The correlation 
and agreement between the 2 methods were 
calculated by the correlation analysis and paired 
-comparisons t test.  
Calculations and Statistics    All analyses were 
done with Excel 2003 (Microsoft) and SPSS13.0. The 
standard curves and models were made with Curve 
expert 1.3. A two-sample t-test was used to compare 
the two group samples measured and to test the 
difference between low concentration antigen and 
NC within the experiment that optimized the kind  
of blocking reagent and second antibody (α=0.05). A 
 

factorial experimental design was used to optimize 
the kind of blocking reagent and second antibody 
(α=0.05). The correlation analysis and paired 
-comparisons t test (α=0.01) was used to compare 
the difference between the protein microarray and 
the traditional method. 

RESULTS 

Optimizing the Kind of SF and sTfR Probes 

Both the mouse mAb and rabbit pAb of SF and 
sTfR were able to be attached to the microarray. The 
differences between SF antigen and the NC of SF 
were similar for different SF probes. However, when 
rabbit pAbs of sTfR were used as probe, the 
difference between high concentration sTfR and the 
NC of sTfR was too low to satisfy the requirement of 
detection for low concentration sTfR (Table 1). 

Optimizing the Printing Method 

Contact printing was better than non-contact 
ink-jet printing for both SF and sTfR because the 
contact printing could increase the detection range 
between the high concentration antigen and the NC 
(Table 2). Besides, the signal images made by 
no-contact ink jet printing were inferior to those 
obtained from contact printing (Figure 1). 

Homogeneity of the Spots of the SF and sTfR Probes 

Between the 40th spot and the 200th spot, the 
spots of the SF and sTfR probes were basically 
homogeneous (Figure 2). After the 200th spot, the 
signal intensity of the SF probe obviously decreased; 
however, the signal intensity of the sTfR probe 
remained unchanged until the 240th spot. Therefore, 
pre-spotting 40 spots was necessary to ensure good 
results for both SF and sTfR probes in preparing 
protein microarray. The number of spots should be 
controlled in 160 spots after each sampling. 

 

Table 1. Detection Value of Different Antibodies as Probe for SF and sTfR ( ±x s ) 

The Mouse Antibody of SF 
as the Detection Antibody 

The Mouse Antibody of 
sTfR as the Detection 

Antibody 

The Rabbit Antibody of SF 
as the Detection Antibody 

The Rabbit Antibody of 
sTfR as the Detection 

Antibody Probe 

3% BSA SF 3% BSA sTfR 

Probe 

3% BSA SF 3% BSA sTfR 

Rabbit 
antibody of 

SF 
23010±942 35689±1965 — — 

Mouse  
antibody of 

SF 
14086±1021 29357±1216 — — 

Rabbit 
antibody of 

sTfR 
— — 12127±1244 14318±974

Mouse 
antibody of 

sTfR 
— — 6360±329 18309±479

Difference — 12679 — 2191 — — 15271 — 11949 
















