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Introduction

Neutrophil gelatinase-associated lipocalin (NGAL)

Beta-2-microglobulin (β2-MG)

Retinol-binding protein 4 (RBP4)

Cystatin-C protein(CYSC)

alpha-1-microglobulin protein(α1-MG)
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Renal disease is a general term for common diseases that 
seriously endanger human health. It includes different types 
of nephritis, acute renal failure, Renal stones, renal cysts, 
etc. The main clinical features are proteinuria, hematuria, 
edema, hypertension, renal insufficiency and so on. 
According to statistics published by the International 
Society of Nephrology (ISN) and the International 
Federation of Renal Foundation (IFKF), there are 500 
million people worldwide have various degrees of Renal 
damage, and millions of people die from cardiovascular and 
cerebrovascular diseases caused by chronic Renal disease 
every year. The complex physiological functions of the 
Renal and its unique structural features make it susceptible 
to injury in a variety of situations.

There are several kinds of tests to measure Renal function, 
such as routine biochemistry tests on blood urea nitrogen, 
serum creatinine, blood urea, and urea nitrogen/creatinine 
ratio. Neutrophil gelatinase-associated lipocalin (NGAL), a 
small protein expressed in neutrophils and epithelial cells of 
some tissues, including the renal tubules, is expressed in the 
Renal. It is significantly elevated due to different causes of 
Renal damage, and released into the urine and blood, its 
level can rise sharply within 2 hours of Renal injury, and 
can be used as a biomarker for early sensitive Renal 
damage. NGAL in blood and urine can reflect the presence, 
severity and progression of chronic Renal disease. In 
addition, diagnostic markers reflecting renal function and 
Renal damage include β2 microglobulin (β2-MG), retinol 
binding protein 4 (RBP4), cystatin C (CYSC), and α1 

microglobulin (α1-MG), etc.

CUSAg offers a variety of IVD raw materials for Renal 
function tests, such as NGAL, β2-MG, RBP4, CYSC, α1-
MG. They have been validated through multiple platforms 
and can be used for the development of ELISA, CLIA, 
LFIA and LETIA kits.



Neutrophil gelatinase-associated 

lipocalin(NGAL)

Neutrophil gelatinase-associated lipocalin (NGAL) is a novel early marker of acute kidney injury 
(AKI) for which it has been shown that it can also be released from the injured myocardium. It is 
a small protein expressed in neutrophils and in low levels in the kidney, prostate, and epithelia of 
the respiratory and alimentary tracts.

Under normal conditions NGAL levels are low in urine and plasma but rise sharply within 2 
hours from basal levels in response to kidney injury to reach diagnostic levels within a very short 
time  within 24 hours or more before any significant rise in serum creatinine. 

Because NGAL is protease resistant and small, the protein is easily excreted and detected in the 
urine. NGAL levels in patients with AKI have been associated with the severity of their 
prognosis and can be used as a biomarker for AKI. NGAL can also be used as an early diagnosis 
for procedures such aschronic kidney disease, contrast induced nephropathy, and kidney 
transplant.

◎ Anti-Human NGAL Monoclonal Antibodies

A new generation of anti-NGAL monoclonal antibodies, which was recently produced by 
CUSAg, makes possible the development of highly sensitive immunoassays. CUSAg antibodies 
are evaluated on different types of platforms e.g. LETIA,LF,MP.

All monoclonal antibodies were tested in pairs as capture and detection antibodies to select the 
best two-site MAb combinations for the development of a quantitative sandwich immunoassay. 

2Calibration curves for several best two-site combinations are shown in Fig 1(R  >0.99). The best 
selected MAb combinations for quantification of human NGAL are (capture-detection 
respectively): 
MAb combination A: CSB-DA001DmN① - CSB-DA001AmN①
MAb combination B: CSB-DA001AmN① - CSB-DA001DmN①
MAb combination C: CSB-DA001AmN② - CSB-DA001DmN①
MAb combination D: CSB-DA001AmN③ - CSB-DA001DmN①

Calibration Curve

A. CLIA platform

Fig.1 Calibration curves for NGAL in sandwich 
chemiluminescence immunoassay (CLIA)
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Anti-human NGAL monoclonal antibodies were also evaluated via CUSAg latex-enhanced 
immunoturbidimetric assay. A set of NGAL calibrators reacts with specific antibodies coated 
onto microparticles to form an insoluble complex which can be measured turbidimetrically at a 
series of different wavelengths (Fig.2).
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SpecificationProperties

Target species

Host animal 

Immunogen

Purification method, Purity 

Presentation

Application

Catalog Number

Human

Mice Balb/c

Human NGAL

Protein G affinity chromatography, >90%(SDS-PAGE)

Mab solution in PBS with 15 mM NaN  (pH 7.4)3

ELISA, CLIA, LETIA, LFIA and others

CSB-DA001DmN①

CSB-DA001AmN①

CSB-DA001AmN②

CSB-DA001AmN③

11

B. LETIA platform

Fig.2 Calibration curve for human NGAL in latex-
enhanced immunoturbidimetric assay
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A study was performed where 50 specimens were tested using different antibody combinations 
(A, B, C and D) on the CUSAg CLIA platform and compared to a high-quality comparison 
assay. Data from this study were analyzed and summarized in the following figure (Fig.3). 
Results showed the four combinations have correlation coefficients (r) > 0.90.

In order to meet the application of CUSAg anti-NGAL MAbs on LETIA platform, 40 clinical 
blood samples were separately tested using mixed MAbs on the CUSAg LETIA platform and 
compared to a commercial diagnostic kit. The correlation coefficient between the two 
systems  was over 0.90.

 Fig.3 Determination of clinical samples using four MAb combinations on CLIA platform

Clinical Comparison2

A. CLIA platform

B. LETIA platform

Fig.4 Comparison of 
CUSAg NGAL LETIA 

and commercial diagnostic 
assays

C. LFIA platform

In order to meet the application of CUSAg anti-NGAL MAbs on LFIA platform, 40 clinical 
blood samples were separately tested using mixed MAbs on the CUSAg LFIA platform and 
compared to a commercial diagnostic kit. Data from this study were analyzed and summarized in 
the following (Fig.5). Result showed the combination have correlation coefficients(r)>0.90.

Fig.5  Determination of 
clinical samples using 
MAb combination on 

LFIA platform
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Our anti-human NGAL monoclonal antibodies presented in PBS buffer without any preservative 
were stored at -20°C, 2-8°C and 37°C for 15 days, respectively. During this period, the titers of four 
MAbs were determined per 3 days, respectively. Fig.6 shows the relative titers of the MAbs treated 
at -20°C or 2-8°C were similar with that at 37°C. All the MAbs were stable from -20 °C to 37°C. 

Thermal Stability3

 Fig.6 Evaluation of the relative titers of four anti-NGAL MAbs stored at different temperature

◎ Anti-Human NGAL Polyclonal Antibody

Anti-human NGAL polyclonal antibody has been developed by CUSAg for more than 5 years, 
and it was characterized in detail during this time. The antibodies are widely used in commercial 
NGAL immunoassay. In addition, the antibodies are used in research applications such as 
Western blotting, immunohistochemistry and many others.

SpecificationProperties

Calibration Curve

NGAL antigens specifically react with anti-human NGAL polyclonal antibodies which were 
precoated on latex beads, resulting in agglutination and increase in turbidity. The calibration 
curve was fitted according to the relationship between absorbance values and NGAL 
concentrations (Fig.1).

11

Immunogen

Purification method

Presentation

Application

Catalog Number

Human NGAL

Antigen affinity chromatography

Mab solution in PBS with 15 mM NaN  (pH 7.4)3

Immunoassay, WB, Immunohistochemistry and others

CSB-DA001ARN

Fig.1 Calibration curve in particle-enhanced 
turbidimetric immunoassay
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Target species

Host animal

Human

Rabbit 

Clinical Comparison2

Anti-Human NGAL polyclonal antibody was evaluated in medium-scale clinical tries with random 
blood samples from donate (n=50). Fig.2 showed that the correlation coefficient(r) is 0.98 between 
in-house latex reagents using CUSAg NGAL polyclonal antibodies and commercial NGAL 
immunoassay. These results show good agreement between the two systems.



Fig.2 Clinical comparison between in-house latex reagents and 
commercial NGAL immunoassay.

Stability of Polyclonal Antibody3

Anti-human NGAL polyclonal antibodies presented in PBS buffer without any preservative were 
stored at 37°C and 4°C for 7 days, respectively. And then the antibodies were prepared into latex 
reagents and used to detect NGAL antigens. Table 1 revealed the detection performance of 
polyclonal antibodies exposed at 37°C had no significant change compared to that at 4°C. These 
results showed that the antibody was thermostable.
Table 1 Comparison of detection performances of anti-human NGAL polyclonal antibodies at 37°C and 4°C for 7 days

ΔABS
(antibodies stored
at 4°C for 7 days)

NGAL
Concentration 

ng/mL)(

ΔABS
(antibodies treated

at 37°C for 7 days）
Relative bias (%)

◎ NGAL Protein

A certain amount of excellent NGAL protein (Cat: CSB-DP001A) is also offered by CUSAg. It 
could be used as calibrator in immunoassay and applied on Western Blotting.

Beta-2-microglobulin (β2-MG)

Human beta-2-microglobulin (β2-MG) is an 11.6 kDa non-glycosylated protein of 99 amino 
acids, which is the light chain of human leucocyte antigen-I (HLA-I) and can accumulate to 
cause serious dialysis-related amyloidosis (DRA) in long-term hemodialysis patients. It can be 
used for specific elimination of β2-MG from serum and can induce apoptosis of several types of 
tumor cells, and thus has great therapeutic potential. In addition to its physiological function, 
much clinical interest has been drawn to β2-MG as its increased serum levels and misfolding 
have been linked to a pathological condition.

◎ Anti-Human β2-MG Monoclonal Antibody

A new generation of anti-β2-MG monoclonal antibodies, which was recently produced by 
CUSAg, makes possible the development of highly sensitive immunoassays. CUSAg antibodies 
are evaluated on different types of platforms: lateral-flow immunochromatogragphic assay 
(LFIA) and latex-enhanced turbidimetric immunoassay (LETIA).

SpecificationProperties

Target species

Host animal

Cell line used for fusion

Immunogen

Purification method, Purity

Presentation

Application

Catalog Number

Human

Mice Balb/c

Sp2/0

Human β2-MG protein

Protein G affinity chromatography, >90%(SDS-PAGE)

CSB-DA003CmN①  CSB-DA003CmN③

CSB-DA003CmN④  CSB-DA003CmN⑤

CSB-DA003CmN⑥  CSB-DA003CmN⑦

8 9

82

415

1150

2550

4900

386

1301

3593

8737

13387

399

1403

3897

9526

13412

3.4%

7.8%

8.5%

9.0%

0.2%
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Mab solution in PBS with 15 mM NaN  (pH 7.4)3

LFIA、LETIA



β2-MG proteins specifically react with anti-β2-MG monoclonal antibodies(CSB-DA003CmN③ 

and CSB-DA003CmN⑦ )precoated onto latex beads to form insoluble complexs, resulting in 
turbidity increasing, and then the increasing of absorbance is detected by automatic biochemical 
analyzer. Our in-house assays have a linear detection range from 0-18 mg/L.The calibration 
curve was fitted according to the relationship between absorbance values and β2-MG 
concentrations (Fig.1). 

Fig.1 Calibration curve for β2-MG in 
latex-enhanced turbidimetric 

immunoassay (LETIA).

A set of β2-MG calibrators with the concentration of 0、0.1、0.2、0.5、1、2 and 5 mg/L was 
detected on CUSAg LFIA platform using two anti-β2-MG monoclonal antibodies. The capture 
antibody was stripped on the nitrocellulose membrane, and the detection antibody was 
conjugated to colloidal gold. The best selected MAb combination for the development of semi-

quantitative human β2-MG immunoassays is (capture-detection): CSB-DA003CmM ⑥ -CSB-

DA003CmM ⑤

10 11

100 ng/mL 200 ng/mL 500 ng/mL 1 ug/mL 2 ug/mL 5 ug/mL

11 Calibration Curve

A. LETIA platform

B. LFIA platform

Fig.2 Semi-quantitative detection of  protein in colloidal gold 
immunochromatogragphic assay

β2-MG

Anti-β2-MG monoclonal antibodies were also evaluated in medium-scale clinical trials with 
random blood samples from donates (n=44). Fig.3 showed that the correlation coefficient (r) is 
as high as 0.98 between in-house latex reagents and commercial β2-MG immunoassay. These 
results show good agreement between the two systems. 

20 samples from apparently healthy donors and patients were detected with the CUSAg LFIA 
β2-MG assay. As shown in Fig.4, the detection signals of T line were proportional to the 
concentration (0.06-31.3 mg/L) of the β2-MG in the sample tested by commercial kit.

◎ β2-MG protein

A certain amount of excellent β2-MG protein (Cat: CSB-DP003A) is also offered by CUSAg . It 
can be used as calibrator in immunoassay.

12 Clinical Comparison

A. LETIA platform

Fig.3  Clinical comparison of CUSAg β2-MG 
immunoassay and commercial 

diagnostic assay

B. LFIA platform

Fig.4  Clinical comparison of 
CUSAg LETIA immunoassayand 

commercial 
immunoassays
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Retinol Binding Protein 4(RBP4)

Retinol Binding Protein 4(RBP4) belongs to the lipocalin family and is the specific carrier for 
retinol (vitamin A alcohol) in the blood. It delivers retinol from the liver stores to the peripheral 
tissues. In plasma, the RBP-retinol complex interacts with transthyretin, which prevents its loss by 
filtration through the kidney glomeruli. A deficiency of vitamin A blocks secretion of the binding 
protein posttranslationally and results in defective delivery and supply to the epidermal cells.

Retinol-binding protein 4 has recently been described as an adipokine that contributes to insulin 
resistance in the AG4KO mouse model. It is secreted by adipocytes, and can act as a signal to 
other cells, when there is a decrease in plasma glucose concentration.Mutations in the RBP4 
gene have recently been linked to a form of autosomal dominant microphthalmia, anophthalmia, 
and coloboma (MAC) disease.

◎ Anti-Human RBP4 Monoclonal Antibody

Mouse anti-Human RBP4 antibody has been derived from the mouse immunized with human 
RBP4. Mouse Anti-Human RBP4 monoclonal antibody can be used for detection of RBP4 in 
latex enhanced immune turbidimetry. 

SpecificationProperties

12 13

Target species

Host animal

Cell line used for fusion

Immunogen

Purification method, Purity

Presentation

Application

Catalog Number

human

Mice Balb/c

Sp2/0

Human Retinol Binding Protein 4

Protein G affinity chromatography, >90%(SDS-PAGE)

MAb solution in PBS with 15 mM NaN  (pH 7.4)3

LETIA etc.

CSB-DA002AmN①  CSB-DA002AmN②

RBP4 proteins specifically react with anti-RBP4 monoclonal antibodies precoated onto latex 
beads to form insoluble complexes, resulting in turbidity increasing, and then the increasing of 
absorbance is detected by automatic biochemical analyzer. The calibration curve was fitted 
according to the relationship between absorbance values and RBP4 concentrations (Fig.1). 

The high-value RBP4 serum was two-fold serially diluted with physiological saline, and 
measured on our CUSAg LETIA platform. Fig.2 showed that the measured RBP4 concentrations 
were gradually declined along with the serial dilution of blood samples.

Two levels of RBP4 blood samples were 
analyzed in replicates of three using our anti-
RBP4 monoclonal antibodies on the CUSAg 
LETIA platform. Data from this study are 
summarized in the following table, the relative 
bias was <1%.

Mean Con.  
(mg/L)

Bias (%) 

11 Calibration Curve

Fig.1 Calibration curve for RBP4 in 
latex-enhanced turbidimetric 

immunoassay (LETIA)

Fig.2 Determination of the RBP4 
concentration by serial dilution of 

clinical serum

1

1

2

3

Linearity

Accuracy  
Table 1. Analysis of the accuracy of CUSAg RBP4 assay

1(15.5 mg/L)

2(24.8 mg/L)

15.6  15.9  15.4

24.6  24.8  24.5

15.6

24.6

0.6

0.8

Renal Function and Injury Renal Function and Injury

Determined
Con. (mg/L)

Control Target
Value



Blood samples of control low and control high were repeatedly measured 10 times using self-
made reagents with CUSAg RBP4 antibody. The CV% of two are all <1%, as shown in table 2.

Mouse anti-human RBP4 monoclonal antibody was prepared into latex reagents , and then the 
antibodies were heat-treated at 37°C for 14 days and used to detect RBP4  antigens. Table 3 
revealed the detection performance of monoclonal antibodies exposed at 37°C had no significant 
change compared to that at 4°C. These results showed that the antibody was thermostable.

Mouse anti-human RBP4 monoclonal antibody was evaluated in medium-scale clinical tries with 
blood samples. Fig.3 shows the comparison of the results of RBP4 measurements determined by 
the self-made reagents with CUSAg RBP4 antibodies and the high-quality comparison kit.

SD

Table 2. Analysis of the precision of CUSAg RBP4 assay

◎ RBP4 Protein

A certain amount of excellent RBP4 protein (Cat: CSB-DP002A) is also offered by CUSAg . It 
can be used as calibrator in immunoassay. 

14 15

Control

1

1

1

4

5

6

Precision

Stability

Clinical Comparison

Mean Con.  (mg/L)n CV(％)

Control low

Control high

25

50

100

964

2129

4426

957

2243

4556

0.7

5.4

2.9

30.0

73.2

10

10

0.2

0.1

0.7

0.1

Table 3. Comparison of detection performances of anti-human RBP4 monoclonal antibodies at 37°C and 4°C for 14 days

RBP4 Concentration
 (mg/L)

ΔABS
(antibodies treated 
at 37°C for 14 days)

Relative bias
(％) 

ΔABS
(antibodies stored
at 4°C for 14 days)

Fig. 3 Determination of serum RBP4 by self-
made reagents using CUSAg RBP4 antibody 

and the high-quality kit

Cystatin-C protein(CYSC)

Cystatin-C (CYSC) is a non-glycosylated, low molecular weight, cation protein that is regularly 
synthesized by most nucleated cells. Cystatin-C is an endogenous protein that is known to be 
affected little by age, race, and muscle mass. It is not only used as a biomarker of renal function 
but also has positive as¬sociations with obesity, insulin resistance, hypertension, and 
cardiovascular mortality. Higher levels of serum cystatin-C were associated with increased 
prevalence of diabetic conditions.

Under normal circumstances, cystatin C in serum is 0.51-1.09 mg/L. When renal function is 
impaired, cystatin C concentration in blood will change with GFR. In renal failure, GFR 
decrease while cystain C concentration in blood can increase more than 10 times. Under normal 
glomerular filtration rate and renal tubules dysfunction can hinder cystatin C absorption and its 
rapid decomposition in the renal tubules, increasing its concentration in urine over 100 times.

◎ Anti-Cystatin-C (CYSC) monoclonal antibody
A new generation of anti-CYSC monoclonal antibodies, which was recently produced by 
CUSAg, makes possible the development of LETIA assay. Anti-CYSC monoclonal antibodies 
can be used for a broad range CYSC assay, which is a simple, rapid, sensitive and homogeneous 
assay that can be performed using automated systems for high-throughput immunoassays.

Human

Mice Balb/c

Sp2/0

Human Cystatin-C (CYSC) protein

Protein G affinity chromatography, >90%(SDS-PAGE)

Mab solution in PBS with 15 mM NaN  (pH 7.4)3

LETIA、LFIA etc.

CSB-DA004AmN①

CSB-DA004AmN

CSB-DA004AmN③

②

SpecificationProperties

Target species

Host animal

Cell line used for fusion

Immunogen

Purification method, Purity

Presentation

Application

Catalog Number
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Anti-CYSC monoclonal antibodies were also evaluated in medium-scale clinical trials with 
random blood samples from donations (n=50). Fig.4 shows that the correlation coefficient (r) is 
as high as 0.99 between in-house CYSC assay and commercial LETIA assay. These results show 
good agreement between the two systems. 

Two levels of CYSC serum were analyzed in replicates of three at two separated time on the 
CUSAg LETIA assay. Data from this study are summarized in the below table.1, the relative bias 
was <5%.

Two members of serum samples based panel were assayed, using a single lot of reagents, in 
replicates of ten on the CUSAg LETIA assay (from 0.47 to 1.09 mg/L as normal). As shown in 
table.2, the system shows excellent precision with CV≤5%. 
Table.2 Precision profile of CYSC reagent

16 17

11 Calibration Curve

12 Accuracy  

Table.1 Accuracy of CYSC reagent

1

2

0.593

0.716

0.57  0.56  0.58

0.72  0.67  0.66

0.57

0.68

-3.88

-4.56

Fig.1 Calibration curve for 

CYSC LETIA assay

13 Precision

Panel Member n Mean Conc. (mg/L) SD %CV

0.85

6.27

10

10

1

2

4.24

0.27

0.04

0.02

Our CUSAg antibodies (CSB-DA004AmN①  and CSB-DA004AmN② ) were dealt with 
subsequent freeze-thaw cycles, the number of which is 1 time and 5 times from -20°C to 20°C, 
and after that we toke the anti-CYSC antibodies into the reagents on LETIA assay. As shown in 
Fig.2, the antibodies were stable after 5 times repeated freeze-thaw cycles.

Anti-CYSC monoclonal antibodies were also evaluated in medium-scale clinical trials with 
random blood samples from donations (n=50). Fig.4 shows that the correlation coefficient (r) is 
as high as 0.99 between in-house CYSC assay and commercial LETIA assay. These results show 
good agreement between the two systems. 

The active concentration of CYSC protein was determined by using an outsourcing kit. Fig.4 
shows thatThe theoretical value and test value of protein activity concentration.

14 Repeated freeze-thaw cycles

Fig.2 Effect of repeated freeze-thaw on CYSC antibodies

Clinical Comparison15

Fig.3 Clinical comparison of in-house CYSC reagent and 

commercial kit

16 Protein activity determination

Fig.4 The theoretical value and test value of protein 
activity concentration

Renal Function and Injury Renal Function and Injury

Reagent Lot Control Target value (mg/L) Determined Con.(mg/L) Mean Con. (mg/L) Bias (%)



alpha-1-microglobulin protein(α1-MG)

Alpha-1-microglobulin (α1-MG) is a microglobulin, a small globular protein. It is found in all 

vertebrates, including humans, and is distributed in blood plasma and extravascular tissues of all 

organs. It is synthesized in most cells of the body, but mainly in the liver from a gene that codes 

for the alpha-1-microglobulin/bikunin precursor.

α1-MG binds and degrades heme, is a radical scavenger as well as a reductase. A model has been 

proposed in which α1-MG is described as a circulating “waste bin” which continuously removes 

free radicals and oxidizing agents, particularly heme, from the tissues. It is subsequently 

transported to the kidneys, where it is broken down. The protein is therefore believed to protect 

cells and tissues against the damage that is induced by abnormally high concentrations of free 

hemoglobin and/or reactive oxygen species.

◎ Anti-Human α1-MG Monoclonal Antibody
A new generation of anti-α1-MG monoclonal antibodies, which was recently produced by 
CUSAg, makes possible the development of highly sensitive immunoassays. α1-MG monoclonal 
antibodys can be used for detection of α1-MG in latex enhanced immune turbidimetry.

SpecificationProperties

Target species

Host animal

Cell line used for fusion

Immunogen

Purification method, Purity

Presentation

Application

Catalog Number

Human

Mice Balb/c

Sp2/0

AMBP protein

Protein G affinity chromatography, >90%(SDS-PAGE)

Mab solution in PBS with 15 mM NaN  (pH 7.4)3

LETIA 

CSB-DA141AmN①

CSB-DA141AmN②

CSB-DA141AmN① and CSB-DA141AmN② were precoated onto latex beads to form insoluble 
complexes, resulting in turbidity increasing, and then the increasing of absorbance is detected by 
automatic biochemical analyzer. The calibration curve was fitted according to the relationship 
between absorbance values and α1-MG concentrations. Our in-house assays have a detection 
range 0 -160 mg/L.

20 clinical blood samples were separately tested using CUSAg α1-MG antibody on the LETIA 
platform. Data from this study were compared to that of commercial diagnostic kit.

◎ α1-MG protein

A certain amount of excellent α1-MG protein (Cat: CSB-DP141A) is also offered by CUSAg . It 
can be used as calibrator in immunoassay.

1

11 Calibration Curve

2 Clinical Comparison

Fig.2 Clinical comparison of CUSAg 1-MG 

immunoassay and commercial diagnostic kit

α

Fig.1 Calibration curve for 1-MG in latex-

enhanced turbidimetric immunoassay 

(LETIA)

α

18 19
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