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DNA immunization is an efficient method for high-affinity
monoclonal antibody generation. Here, we describe the gen-
eration of several high-quality monoclonal antibodies
(mAbs) against retinol-binding protein 4 (RBP4), an impor-
tant marker for kidney abnormality and dysfunction, with
a combination method of DNA priming and protein boost.
The mAbs generated could bind to RBP4 with high sensi-
tivity and using these mAbs, an immunocolloidal gold fast
test strip was constructed. The strip can give a result in
<5 min and is very sensitive with a detection limit of about
1 ng/ml. A small-scale clinical test revealed that the result of
this strip was well in accordance with that of an enzyme-
labeled immunosorbent assay kit currently available on the
market. Consequently, it could be useful for more con-
venient and faster RBP4 determination in the clinic.
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Introduction

DNA immunization can effectively trigger an immune
response in vivo [1], and is a promising vaccine approach
for many diseases [2,3]. Preparing DNA for immunization
is very convenient. More importantly, because hetero-
geneous DNA is processed in host muscular cells, the
target antigen’s natural conformation is generally pre-
served, though some post-transductional modifications
might be different from the native antigen. Consequently,

DNA immunization is an efficient way to generate high-
affinity monoclonal antibodies (mAbs), especially when
the protein antigen is difficult to prepare or when a tra-
ditional immunization procedure cannot be applied.

Moreover, besides DNA immunization, a protein (with
its natural conformation preserved) boost is also rec-
ommended for hybridoma generation [4–6]. A final protein
boost before cell fusion may facilitate the generation of
more antibody-producing B cells in the spleen and result in
a higher hybridoma recovery rate [5,6].

Retinol-binding protein 4 (RBP4) is a low-molecular-
weight protein (about 21 kDa) predominantly synthesized
in the liver [7]. In plasma, RBP4 binds to all-trans-retinol
at 1:1 ratio and transports it from the liver to various target
tissues [7,8]. Because of the small molecular size, RBP4 is
easily filtered through the renal glomerular membrane.
Plasma RBP4 thus binds to transthyretin (55 kDa, involved
in thyroid hormones transportation) at 1:1 ratio to form a
large protein complex to prevent renal clearance [8,9].

During renal failure and kidney abnormality, especially
proximal tubule dysfunction, RBP4 level increases drama-
tically in urine and is widely accepted as a marker for
renal damage and dysfunction [10–12]. Researches have
revealed that RBP4 is very sensitive for early detection
of proximal tubular impairment [10,11]. Compared with
b2-microglobulin, RBP4 is more stable in acid urine [10].
Consequently, it is a more practical and reliable marker for
proximal tubular damage. Besides, RBP4 is also useful for
detecting renal dysfunction in kidney transplant patients
[13]. Fast, easily performed and highly sensitive antibody-
based immunoassays for the detection of RBP4 are there-
fore needed for clinical use.
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The method of DNA immunization followed by protein
boost allowed us to obtain a number of mAbs with high-
sensitivity binding to RBP4 at a variety of different epi-
topes. Two mAbs among them were further selected and
paired in a sandwich enzyme-labeled immunosorbent assay
(ELISA) for detecting RBP4 quantitatively. The detection
limit reached as far as 1 ng/ml. Based upon these results,
an immunocolloidal gold test strip was also constructed.
This strip could give a result in ,5 min and is very sensi-
tive with a RBP4 detection limit of about 1 ng/ml. In clini-
cal sample testing, this strip showed results comparable
with those of ELISA kits commercially available, indicat-
ing it has favorable potential clinical application.

Materials and Methods

RBP4 plasmid
The RBP4 gene was obtained using RT–PCR from human
liver tissues with the sense primer (50-CGGGGTACC
ATGATGAAGTGGGTGTGGGCGCT-30) and the reverse
primer (50-CCGCTCGAGTCGCTACAAAAGGTTTCTTT
CTGATC-30). A plasmid for mouse immunization was con-
structed by inserting the RBP4 gene into a pBudCE4.1
vector (Invitrogen, Carlsbad, USA).

Natural RBP4 purification
RBP4 protein was purified from urine of patients with renal
damage using the AKTA explorer purification system (GE,
Fairfield, USA). Briefly, urine was collected during a 24-h
period, filtered through a 0.45 mm filtration membrane
(Millipore, Billerica, USA) and diluted with an equal
volume of double-distilled water. An anion exchange Q-FF
column (20 ml volume), a hydrophobic Butyle-FF column
(1 ml volume), and a Supperdex-75 column (24 ml volume)
were used in tandem. The sample was loaded onto a Q-FF
column (equilibrated with 0.02 M phosphate buffer, pH 8.0,
buffer A) at 5 ml/min. After loading, the column was
washed with buffer A until complete removal of all the non-
binding fractions. Afterwards, an ion gradient (0–0.08 mM
NaCl) elution was performed to elute RBP4 from the Q-FF
column. Fractions were collected and assayed for RBP4
content using sodium dodecylsulfate–polyacrylamide gel
electrophoresis (SDS–PAGE) with Coomassie blue stain-
ing. Fractions that were rich in RBP4 were mixed and
further loaded onto a Butyle-FF column (equilibrated with
buffer A containing 1 M ammonium sulfate, buffer B) at
1 ml/min and washed with buffer B until non-binding frac-
tions were completely removed. A linear ion strength gradi-
ent elution was carried out at 50–100% (v/v) of buffer A
and fractions were collected and assayed for RBP4 content
by SDS–PAGE. Fractions rich in RBP4 were finally loaded
onto a Supperdex-75 column and RBP4 was separated by
its molecular weight. After purification, RBP4 content

could reach as high as 90%. Purified protein was then
assayed for concentration and stored at 2208C.

Transfection of RBP4 plasmid
HEK293T cells purchased from ATCC (ATCC No.
CRL-11268TM) were cultured in Dulbecco’s Modified
Eagle Medium (Invitrogen) containing 10% fetal bovine
serum (Invitrogen). Cells (6 � 105/well) were plated at
�60% confluence in 6-well plates. Twenty-four hours
later, 3 mg/well of RBP4 plasmid or the vector was trans-
fected into the HEK293T cells, respectively, using
Lipofectamine (Invitrogen) according to the manufacturer’s
instruction. Forty-eight hours after transfection, the culture
medium was removed and cells were washed with phos-
phate buffered saline (PBS; pH 7.4) once. After that, cells
were lysed with 1� SDS–PAGE loading buffer (0.2 ml/
well). Samples were then collected, heated at 1008C for
5 min and stored at 2208C for further analysis.

Animal immunization
Six-week-old female BALB/c mice (n ¼ 6) of SPF class
were purchased from Shanghai Laboratory Animal Center,
Chinese Academy of Sciences. Animals were handled
according to the Guidelines of Chinese Academy of
Sciences for Animal Care and Use. The immunization
method was previously described [14,15]. Briefly, mice
were immunized three times with a 3-week interval
between immunizations. For each immunization, 100 mg
plasmid (in 100 ml sterile PBS, pH 7.4) per mouse was
injected from the quadriceps muscles of both legs using a
29-gauge needle (BD, Franklin Lakes, USA) with each leg
receiving 50 mg plasmid DNA. Immediately after injection,
a pair of electrode needles, separated by 5 mm, was
inserted into the muscle covering the DNA injection sites
and electric pulses were delivered using an electric pulse
generator ECM830 (BTX, Holliston, USA). Three square
pulses of 100 V/50 ms each followed by three pulses of the
opposite polarity were delivered into each injection site at
the rate of one pulse per second. The cell fusion exper-
iment was carried out 3 weeks (21 days) after the last DNA
immunization. Three days before cell fusion, the mouse
was given another intraperitoneal booster injection of
100 mg natural RBP4 protein. Mouse blood was collected
12 days after the third DNA immunization from the eye
artery and sera were obtained by centrifugation (10,000 g,
10 min) to remove the blood clot after incubation at 378C
for 1–2 h and then at 48C overnight.

Monoclonal antibody generation
Monoclonal antibody generation was conducted as pre-
viously described [16]. Briefly, at the day for cell fusion,
one of the immunized mice, whose serum showed the
highest antibody titer against RBP4 protein was sacrificed.
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The spleen cells were immediately collected and fused
with murine myeloma cells SP2/0 using 50% (w/v) poly-
ethylene glycol in 50 ml centrifugal tube (Corning,
New York, USA). Cells were distributed into 96-well
microplates (107 spleen cells before cell fusion per plate)
and HAT (hypoxanthine, aminopterin, and thymidine;
Sigma-Aldrich, St. Louis, USA) was added for hybridoma
selection. About 10 days after cell fusion, the supernatants
from 96-well plates were collected and assayed for anti-
body secretion by ELISA. A limited dilution method was
adopted for positive-well hybridoma cloning.

HRP labeling of antibody
Anti-RBP4 mAbs were purified by a Protein G Sepharose
4 Fast Flow column (GE) according to the manufacturer’s
instruction. Purified antibodies were labeled with horse-
radish peroxidase (HRP; Sigma-Aldrich) by 1.25% glutar-
aldehyde. The reaction was stopped by incubation with
0.2 M lysine for 2 h and then dialyzed in PBS at 48C over-
night. After that, the HRP-conjugated antibody was preci-
pitated by 33% saturated ammonium sulfate and then
dialyzed again in PBS. The HRP-conjugated antibody was
stored at 2208C in 50% glycerol.

Enzyme-labeled immunosorbent assay
Ninety-six-well microplates were coated with RBP4 protein
or mAb in 0.1 M carbonate buffer (pH 9.6) at a concen-
tration of 10 mg/ml and incubated at 48C overnight. PBS
containing 10% bovine serum albumin and 0.1%
Tween-20 was used as blocking and dilution buffer. After
blocking at 378C for 2 h, the plates were washed, serial-
diluted antibody or RBP4 (clinical sample or protein) was
added and the plates were incubated at 378C for 2 h.
Subsequently, HRP-conjugated goat anti-mouse IgG anti-
body was added and the plates were incubated at 378C for
1 h. Tetramethylbenzidine (TMB; Sigma-Aldrich) was used
as the substrate and optical density was measured at
450 nm (OD450nm) using a micro-plate autoreader (Thermo,
Waltham, USA).

Western blot analysis
Samples were separated by SDS–PAGE and then trans-
ferred onto a polyvinylidene fluoride membrane. After
blocking in 3% bovine serum albumin for 2 h, the mem-
brane was incubated with an anti-His tag monoclonal
antibody (Tiangen, Beijing, China) at room temperature
for 2 h. The membrane was then incubated with
HRP-conjugated goat anti-mouse IgG antibody at room
temperature for another 1 h. The blots were developed
using ECL detection reagents (Pierce, Rockford, USA).

Immunocolloidal gold technique
Briefly, the generation of RBP4 immunocolloidal gold fast
test strip includes three steps: preparation of colloidal gold
solution, preparation of colloidal gold-conjugated antibody,
and production of a test strip. First, a colloidal gold sol-
ution was generated by constant mixing at boiling tempera-
ture of 0.01% (w/v) chloroauric acid hydrate (gold
chloride) and 0.01% (w/v) sodium citrate for �10 min. The
pH of the solution was then adjusted to 8.5 with K2CO3.
Second, anti-RBP4 antibody was dialyzed with 20 mM
phosphate buffer (pH 7.4) and added to colloidal gold sol-
ution (pH 8.5) at 30 mg/ml. After 30 min of incubation at
room temperature, the antibody was labeled with colloidal
gold. Another 15 min incubation was carried out after
bovine serum albumin was added into the solution at a
final concentration of 2% (w/v). Centrifugations (500 g,
10 min) were then performed to remove large debris and
enrich the labeled probe (6000 g, 20 min). The probe was
re-suspended in blocking solution [1% (w/v) bovine serum
albumin in PBS (pH 7.4)]. Test strips were produced using
instruments HGS101 and HGS 201 (JN-Bio, Shanghai,
China) according to the manufacturer’s protocol.

Clinical samples
Urine was collected from patients with renal damage or
after kidney transplantation. A total of 40 urine samples
were collected and assayed for RBP4 concentration. Urine
samples were aliquoted and stored at 2208C.

Results

Construction and verification of plasmid encoding
RBP4 for immunization
The RBP4 gene was inserted into a pBudCE4.1 vector
(with a His tag gene following the multiple cloning site)
and sequenced. Expression of the RBP4 plasmid was veri-
fied by in vitro transfection and western blot analysis. As
shown in Fig. 1, RBP4 protein was detected by an anti-His
tag monoclonal antibody in cells that were transfected with
RBP4 plasmid but not the vector. This result demonstrates
that the RBP4 plasmid is well constructed and can be used
for animal immunization.

DNA immunization induces a strong antibody response
against RBP4
Mouse sera were tested using ELISA for antibody titer
against RBP4. As shown in Fig. 2, after DNA immuniz-
ation the mice developed considerable antibody responses
targeting RBP4. The serum titer reached 1:50,000 after the
third immunization. The results demonstrate that DNA
immunization is an effective method for triggering anti-
body response in vivo.
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mAbs raised against RBP4 have a high sensitivity
On the third day before cell fusion, mice were boosted
with RBP4 protein purified from the urine of patients with
kidney disease. Figure 3 shows RBP4 protein purified
from the urine of patients using three chromatography
columns (Q-FF, Butyle-FF and Supperdex-75) in tandem
were at about 21 kDa and 95% purity. The mice were
sacrificed and spleen cells were collected for hybridoma
generation. mAbs were generated by fusion of the mouse
spleen cells and myeloma cell line SP2/0. After three
rounds of cloning using a limiting dilution method and
testing the antibody reactivity by ELISA, three hybridoma
clones (S-17-4, S-113-7, and SA-64-11) were selected. All
the three clones displayed high-sensitivity antibody-binding
activity with naturally purified RBP4 protein. The antibody

titer in the ascites reached 1:1,000,000. The isotypes of the
three mAbs were also determined to be either IgG1/k or
IgG2a/k.

Development of paired mAbs to detect RBP4
using ELISA
The three mAbs were applied in ELISA to detect RBP4
after purification using Protein G Sepharose 4 Fast Flow
columns and labeling with horseradish peroxidase. As
shown in Fig. 4, two antibody pairs were identified for use
in a sandwich ELISA for RBP4 detection. One pair is
S-17-4 and SA-64-11, the other is S-113-7 and SA-64-11.
S-17-4 and S-113-7 was unable to function as an antibody

Figure 2 ELISA detection of antibody response in mice immunized
with RBP4 DNA Urine-purified RBP4 (10 mg/ml) was coated on

96-well plate. After blocking by 10% bovine serum albumin (in PBS), a

2-fold dilution of mouse serum starting from 1:400 was set and added to

the plates for binding activity determination. A HRP-conjugated goat

anti-mouse IgG antibody was used for antibody detection and the

OD450nm was measured for each well. 1–4, four mice immunized with

RBP4 DNA; vec, mouse immunized with the DNA vector as negative

control.

Figure 1 Western blot analysis of the expression of RBP4 plasmid in
HEK293T cells Anti-His tag monoclonal antibody was used for

detection of the RBP4 protein. The molecular weight of RBP4 is about

21 kDa. Lane 1, sample of cells transfected with vector (negative control),

Lane 2, sample of cells transfected with plasmid encoding RBP4.

Figure 3 SDS–PAGE of the urine-purified RBP4 stained with
Coomassie blue Lanes 1 and 2: RBP4 protein finally obtained after

purification by the three chromatography columns (Q-FF, Butyle-FF and

Supperdex-75) used in tandem. A high purity (.90%) could be achieved

using this method.

Figure 4 Pairing of the three mAbs to detect RBP4 As coating

mAbs, S-17-4 was used in Group 1 and 2, SA-64-11 in Group 3 and 4,

S-113-7 in Group 5 and 6; as detecting mAbs, S-17-4-HRP was used in

Group 3 and 5, SA-64-11-HRP in Group 1 and 6, S-113-7-HRP in Group

2 and 4. mAbs were coated on 96-well plate at 10 mg/ml. The

concentration of RBP4 added was 500 ng/ml. For detecting antibody, a

1:10,000 dilution was applied in each group. Group 1, S-17-4/

SA-64-11-HRP; Group 2, S-17-4/S-113-7-HRP; Group 3, SA-64-11/

S-17-4-HRP; Group 4, SA-64-11/S-113-7-HRP; Group 5, S-113-7/

S-17-4-HRP; Group 6, S-113-7/SA-64-11-HRP.
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pair, indicating that they may recognize the same epitope.
In addition, coating S-113-7 or S-17-4 and using
SA-64-11-HRP for detection yielded better signal than did
other Ab combinations with SA-64-11 as the coating anti-
body (Figs. 4 and 5). The pairs of S-113-7/SA-64-11-HRP
and S-17-4/SA-64-11-HRP were almost equivalent (Figs. 4
and 5). Consequently, we selected the pair of S-113-7/
SA-64-11-HRP for further characterization. A series of
experiments were carried out to optimize the working con-
ditions of the sandwich ELISA. An S-113-7 coating

concentration of 5 mg/ml or 2 mg/ml with an
SA-64-11-HRP dilution rate of 1:10,000 (Fig. 6) was
chosen. An antibody coating of S-113-7 at 1 mg/ml
showed a weak OD450nm signal and an impaired linear
pattern (Fig. 6). The linear range of the sandwich ELISA
was under 10 ng/ml (Fig. 6). Our results suggest that the
selected antibody pair was optimal for the testing of RBP4
protein.

Development of an immunocolloidal gold fast test strip
On the basis of the primary data, we constructed an immu-
nocolloidal gold fast test strip for RBP4 detection. S-113-7
was used as capture Ab in the test (T) line and SA-64-11
was used after colloidal gold labeling for reaction with
RBP4 in test samples. The control (C) line was set as goat
anti-mouse IgG antibody. After various parameters were
optimized, samples with RBP4 concentration more than
1 ng/ml produced a generally visible red color on the T
line and the more RBP4 present, the deeper the color
produced (data not shown).

We collected 40 urine samples from patients with renal
failure or after kidney transplantation and evaluated the
clinical usage potential of our strips. The samples were
first assayed for RBP4 concentration with commercial
uRBP4 ELISA kit (Debo, Shanghai, China). As shown in
Table 1, the concentrations of RBP4 in these samples
ranged from 0 to 80936 ng/ml. Test samples were prepared
by diluting the urine at 1:100 in 0.01 M PBS containing
2% Tween-20. The RBP4 concentration of 100 ng/ml was
set as an example of distinguishing level for positive and
negative samples. Our strip’s detection limit is 1 ng/ml, so
the 1:100 dilution of the urine could meet the criterion for
distinguishing samples with RBP4 less or more than
100 ng/ml. The strips were soaked in diluted samples and
after �3 min of the reaction, the T line of the strips
showed red color of different depths or remained blank
(Fig. 7). All of the C line of the strips displayed clear red
color indicating that the strips were in good condition and
effective. Further analysis revealed that tests of urine
samples (before dilution) with RBP4 concentration
,100 ng/ml all displayed blank (no color visible)
[Fig. 7(C)] on the T line and samples with RBP4 concen-
tration more than 1000 ng/ml (including No. 15 sample
with RBP4 concentration of 944 ng/ml) displayed a heavy
red color on the T line [Fig. 7(A)]. As for samples with
RBP4 concentration between 100–1000 ng/ml, generally, a
moderate or light red color was shown on the strips’ T line
[Fig. 7(B)]. This result is comparable with that of the
ELISA assay, except that No. 19 with a concentration of
173.8 ng/ml showed blank when tested on the strip (Fig. 7
and Table 1). These data demonstrate that our immunocol-
loidal gold test strip is able to detect RBP4 in patient urine
effectively and conveniently.

Figure 6 Modification of the sandwich ELISA using the S-113-7/
SA-64-11-HRP pair S-113-7 was coated with concentrations of 1, 2,

and 5 mg/ml, respectively; SA-64-11-HRP was diluted 10,000-fold as the

detection antibody. RBP4 was diluted serially to 8, 4, 2, and 1 ng/ml for

detection. Both of the 2 and 5 mg/ml (but not the 1 mg/ml) of S-113-7

showed an excellent linear detection range of RBP4 within 1–8 ng/ml

(R2 . 0.99).

Figure 5 Detection of RBP4 with different coating and HRP-labeling
mAb combinations Coating with S-113-7 or S-17-4 and using

SA-64-11-HRP as the detection antibody could yield higher signal than

the combinations of using SA-64-11 as the coating antibody. Moreover,

coating with S-113-7 and S-17-4 were almost equivalent for RBP4

detection. A concentration of 10 mg/ml was used for mAb coating.

HRP-labeling antibody was diluted 10,000-fold for use. RBP4 was

determined in a concentration range from 1 to 20 ng/ml. S-17-4,

SA-64-11 and S-113-7 were as the coating antibody. S-17-4-HRP,

SA-64-11-HRP, and S-113-7-HRP were as the detection antibody after

labeling with HRP.
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Discussion

As reflected by our primary experiments, it is very hard to
obtain high-affinity mAbs that bind to natural RBP4 on
different epitopes. In the beginning, we generated mAbs
using Escherichia coli expressing recombinant RBP4
protein. We obtained two mAbs with the ability to recog-
nize natural RBP4 but both bound to the same epitope. We
then used different recombined overlapping fragments as
antigens for immunization and screening, but still could not
obtain another mAb that bound natural RBP4 on a different
epitope. Next, we used natural RBP4 protein directly to
immunize mice and generate mAbs. After being immunized
with natural RBP4 following a conventional procedure
(with Freund’s complete and incomplete adjuvants), mice
showed severe fatigue and great loss of weight. Further, the
antibody responses were poorly induced.

DNA combined with protein immunization is an effi-
cient method for high-affinity monoclonal antibody gener-
ation. Different immunization procedures have been
applied such as DNA priming followed by protein boost

[4–6] and DNA/protein co-immunization [17]. The protein
antigen used for immunization is also in various forms
such as antigen gene-transfected cells [4], recombinant pro-
teins [17], and live viruses [6]. The critical point is to keep
the protein’s natural structure. Interestingly, unlike immu-
nization with recombinant protein that expressed in E. coli
only yielded mAbs binding to the same site, this DNA
priming and naturally purified protein boost immunization
method allowed us to obtain a number of high-affinity
mAbs that could recognize different epitops on RBP4. This
may be because protein boost promotes more antibody-
producing cells accumulating in the spleen, and thus more
antigen specific hybridomas are generated [5,6]. It should
be noted that the immunization with the naturally purified
RBP4 protein caused mouse death. This may be because
RBP4 is very important for vitamin A transportation and
too much RBP4 destroys the natural vitamin metabolic
process in vivo [7–9].

The concentration of urinary RBP4 for distinguishing
various situations of renal diseases is different. For
example, Bernard et al. [11] detected RBP4 levels in 100

Table 1 Concentration of urinary RBP4 from 40 patients with renal damage and comparison of the results of ELISA and immunocolloidal gold
test strip for RBP4 determination

No.a RBP4

(ng/ml)

ELISAb IGc No. RBP4

(ng/ml)

ELISA IG No. RBP4

(ng/ml)

ELISA IG No. RBP4

(ng/ml)

ELISA IG

1 1400.0 H þþ 11 184.1 M þ 21 80936.6 H þþ 31 6.8 L 2

2 218.8 M þ 12 125.3 M þ 22 12.8 L 2 32 7.0 L 2

3 29812.7 H þþ 13 32.7 L 2 23 52.5 L 2 33 181.6 M þ
4 8969.6 H þþ 14 26.9 L 2 24 39.4 L 2 34 43635.4 H þþ
5 43179.7 H þþ 15 944.3 H þþ 25 5298.7 H þþ 35 1960.5 H þþ
6 32.3 L 2 16 49154.4 H þþ 26 813.8 M þ 36 0 L 2

7 10.9 L 2 17 616.1 M þ 27 13.2 L 2 37 18237.8 H þþ
8 13.8 L 2 18 54.2 L 2 28 26.6 L 2 38 305.5 M þ
9 6273.4 H þþ 19 173.8 M 2 29 18800.0 H þþ 39 189.4 M þ
10 52.9 L 2 20 1032.9 H þþ 30 29.7 L 2 40 222.6 M þ
aClinical number assigned to patients, bresults of ELISA, cresults of immunocolloidal gold test strip. H, RBP4 more than 1000 ng/ml (including

No. 15 of 944.3 ng/ml); M, 100 ng/ml � RBP4 � 1000 ng/ml; L, RBP4 ,100 ng/ml; þþ, strong positive; þ, weak positive; 2, negative.

Figure 7 Clinical test of the RBP4 immunocolloidal gold fast test strip Forty urine samples of different RBP4 levels were collected. Test samples

were prepared by diluting the urine at 1:100 in 0.01 M PBS containing 2% Tween-20. The strips were then soaked in the test samples. After �3 min,

when the C line of the strips turned red, the strips were taken out and their T line showed various depths of red color or blank. A 1:100 dilution of urine

sample set the distinguishing concentration of urinary RBP4 to 100 ng/ml. (A) Deep red (strong positive). (B) Mild or moderate red (weak positive).

(C) Blank (negative). The control line (C line) all demonstrated ‘positive’ indicating assurance of the strips’ quality.
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healthy subjects and set the upper limit of normal to
308 ng/ml. In patients with different glomerulopathies,
Kirsztajn et al. [18] used 1000 ng/ml to identify ones who
progressed with loss of renal function. RBP4 concentration
of 100 ng/ml is just an example of distinguishing concen-
tration set for the strip. We can easily change the dis-
tinguishing RBP4 concentration by adjusting the dilution
rate of the urine samples. For example, a 1:300 dilution of
urine can lift the distinguishing RBP4 concentration to
300 ng/ml and a 1:1000 dilution can make the distinguish-
ing concentration to 1000 ng/ml. This allows people to use
this strip with more flexibility in case different RBP4 dis-
tinguishing concentrations are needed.

We noticed that patients tested in our work showed a
broad range of urine RBP4 concentration. Because these
patients were in different phases of renal disease and
received the treatments, the RBP4 in their urine might have
decreased to a very low level as the treatments took effect.

Our work reported here demonstrates that DNA immu-
nization with a protein boost is very useful for high-quality
mAb generation, especially under circumstances in which
the mAbs are intended for diagnostic and/or therapeutic
use or when there exist various antigen limitations.
Moreover, we report here for the first time construction of
an RBP4 immunocolloidal gold fast test strip. This strip,
when compared with RBP4 ELISA/EIA kits currently
available on the market, provides faster results and is more
convenient to use. It could potentially be applied to clinical
detection of RBP4 and for renal damage diagnosis
especially suitable for large-scale physical examination and
surveillance of patients with chronic renal diseases or after
renal transplantation. Because the result of the strip test
is visually judged and no numerical value is obtained,
samples with an RBP4 concentration near the distinguish-
ing concentration may give ambiguous results. Further con-
firmation thus may be required.
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