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Aim: The aim of this study was to evaluate the urine afamin (uAFM) and afamin–creatinine ratio (AfCR)
levels in patients with glomerulonephritis. Patients & methods: We determined uAFM and AfCR of 247
healthy volunteers and 129 biopsy-proven glomerulonephritis patients. Results: Analytical evaluation
study revealed the assay is a reliable and robust test for measuring uAFM. For reference intervals, uAFM
and AfCR values were different significantly between males and females. uAFM and AfCR levels were
significantly increased in patients with primary membranous nephropathy, IgA nephropathy and minimal
change disease compared with healthy volunteers. uAFM and AfCR were positively correlated with urine
albumin and albumin–creatinine ratio, respectively. Conclusion: Our study suggested that uAFM and AfCR
may be attractive biomarkers for kidney injury.
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Afamin was discovered in 1994 by Lichtenstein et al. as the fourth member of the albumin superfamily, which
comprises albumin, α-fetoprotein and vitamin D-binding protein [1]. Araki et al. [2] determined the molecular weight
of afamin as 75 kDa with a carbohydrate content of 14%. Afamin has been shown to be a specific binding protein
for vitamin E via multiple binding sites, especially α-tocopherol and γ-tocopherol, two of the most important
forms of vitamin E [3,4].

Afamin is mainly expressed in the liver and secreted into the bloodstream but it can also be synthesized by brain
capillary endothelial cells [5]. High concentrations of afamin have been described not only in plasma [4,6,7] but also
in extravascular fluids such as urine [8–11], cerebrospinal fluid [4], peritoneal fluid [12], ovarian follicular and seminal
fluids [4]. Although the presence of afamin in human urine has been verified by mass spectrometry [8–11] and western
blot [9,11], there is still a lack of a robust ELISA method for determination of urine afamin (uAFM).

Plasma afamin has been investigated in various types of carcinoma including ovarian cancer [13–16], gastric can-
cer [17,18], cholangiocarcinoma [19], colorectal cancer [20], uterine cervical cancer [21], breast cancer [22], papillary
thyroid carcinoma [23,24] hepatocellular carcinoma [25], bladder cancer [8] – among others. In our recent pro-
teomics study, we have discovered uAFM can serve as a biomarker candidate for primary membranous nephropathy
(PMN) [26]. Meanwhile, uAFM has also been identified in several renal disorders, such as diabetic nephropathy [27],
focal segmental glomerulosclerosis [9], IgA nephropathy (IgAN) [10,28] and pediatric idiopathic nephrotic syn-
drome [11]. Therefore, the concentration and clinical performance of uAFM need to be determined by appropriate
methods in large study groups.

In the present study, we aimed to evaluate the uAFM and afamin–creatinine ratio (AfCR) levels in patients with
glomerulonephritis and assess the analytical performance of an ELISA method for measurement of uAFM.

Material & methods
Samples collection
In total, 2862 healthy volunteers for routine physical examinations were initially included. A detailed interview ad-
dressing personal history, family history, demographic information and laboratory examination was performed. The
individuals with chronic inflammatory, metabolic diseases, hypertension, cancer, coronary heart disease, diabetes
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Table 1. Clinical information of 376 participants.
Classifications Males (n) Females (n) Age (years)†

Healthy volunteers (n = 247) 121 (49.0%) 126 (51.0%) 40.2 ± 14.4

PMN (n = 59) 31 (52.2%) 28 (47.5%) 53.0 ± 15.6

IgAN (n = 46) 22 (47.8%) 24 (52.2%) 38.3 ± 13.7

MCD (n = 24) 14 (58.3%) 10 (41.7%) 43.1 ± 20.1

†Data were presented as means ± standard deviations.
IgAN: IgA nephropathy; MCD: Minimal change disease; PMN: Primary membranous nephropathy.

mellitus, renal disorders or abnormal laboratory examination were excluded. Finally, 247 healthy volunteers (121
males and 126 females) were selected as healthy control group in this study. 129 biopsy-proven glomerulonephritis
patients from December 2015 to March 2017 were recruited in this study. Glomerulonephritis patients included
PMN (n = 59), IgAN (n = 46) and minimal change disease (MCD, n = 24). The detail information of participants
was shown in Table 1. Midstream morning urine samples of each participant were collected at Peking University
First Hospital, Beijing, China. The collected samples were centrifuged at 2000× g for 10 min to remove cellular
debris within 2 h and frozen in aliquots at -80◦C for further use. This study was approved by the ethics committee
of Peking University First Hospital. Written informed consents were obtained from all participants.

Biomarkers measurement
uAFM was measured by ELISA (USCN Business Co., Ltd, Wuhan, China) in accordance with the manufacturer’s
recommendations. Urine creatinine (the Jaffe method) was measured by AU5800 automatic biochemical analyzer
(Beckman Coulter, Inc., CA, USA). Urine albumin (uALB, the immunoturbidimetry method) was measured by
IMMAGE 800 special protein analyzer (Beckman Coulter, Inc.). Albumin–creatinine ratio (ACR, mg/g) was
calculated with urine creatinine and uALB. Serum creatinine (the Jaffe method) was measured by Synchron
DXC800 automatic biochemical analyzer (Beckman Coulter, Inc.). Estimated glomerular filtration rate (eGFR)
levels were calculated using the chronic kidney disease epidemiology collaboration equation recommended by the
Kidney Disease Improving Global Outcomes [29].

Analytical evaluation study
Considering that the ELISA kit has been used for serum [17,18] rather than urine, we evaluated precision, linearity
and detection limit of the assay of this assay.

To verify the precision performance claims of the assay for uAFM, we performed a replication study according to
the Clinical and Laboratory Standards Institute (CLSI) guideline EP15-A2 [30]. One pooled patient urine sample
and one pooled healthy volunteer urine sample were aliquoted into 15 1.5 ml plastic tubes for each concentration
level and stored at -80◦C until analysis. We analyzed these samples one run per day with three replicate samples at
each of two levels daily for 5 days (two levels × three replicates × 5 days). We analyzed these samples one run per
day with three replicate samples at each of two levels daily for 5 days (two levels × three replicates × 5 days).

We validated the linearity of the ELISA method (claimed 0.78–50.00 ng/ml by manufacture) for uAFM
according to the CLSI guideline EP6-A [31], using eight equally spaced concentrations. One pooled healthy
volunteer urine sample and one pooled patient urine sample were used as a low- and a high-concentration pool.
The low-concentration pool was mixed with the high-concentration pool in different proportions to create a series
of concentrations spanning the measuring range: level 1, low only; level 2, 0.857 low + 0.143 high; level 3, 0.714
low + 0.286 high; level 4, 0.571 low + 0.429 high; level 5, 0.429 low + 0.571 high; level 6, 0.286 low + 0.714
high; level 7, 0.143 low + 0.857 high; level 8, high only. Each concentration was measured with three replicates
randomly in a single run (eight levels × three replicates) and the default criteria were set at 12.2% (the larger of
two coefficients of variation [CVs] of repeatability precision in the Results section) for repeatability precision and
4.0 ng/ml for nonlinearity.

The limit of blank (LoB) and limit of detection (LoD) of the ELISA method were determined according to the
CLSI guideline EP17-A [32]. LoB was determined by assaying the standard dilution buffer from the ELISA kit with
15 replicates one run per day for 4 days (15 replicates × 4 days). To determine the LoD, seven low concentration
samples ranged from LoB to 4 × LoB were measured two replicates one run per day for 6 days (seven samples × two
replicates × 6 days).
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Table 2. The repeatability and within-laboratory precisions.
Mean concentration (ng/ml) Repeatability precision Within-laboratory precision

SD (ng/ml) CV (%) SD (ng/ml) CV (%)

38.9 4.8 12.3 4.8 12.3

12.5 0.7 5.6 1.7 13.6

Manufacturer’s claims – 10.0 – 12.0

CV: Coefficient of variation; SD: Standard deviation.
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Figure 1. The first-order model of four equally spaced
concentrations in validation of linearity. The solid line
represents the linear model of four equally spaced
concentration levels. Linear range of the method is
2.0–76.4 ng/ml. n = 3 per dilution level of the urine
sample.

Determination of reference intervals
Reference intervals of uAFM were established according to the CLSI guideline C28-A3 [33]. Apart from uAFM
(ng/ml), AfCR (μg/g) was also used to determine the reference intervals. Partitioning criteria are sex and age.
Reference intervals were calculated by the nonparametric percentile method (95%, one-tailed).

Statistical analyses
Data were statistically analyzed by the SPSS software version 19.0 for Windows (IBM, IL, USA). Graphs were pre-
pared using GraphPad Prism version 6.0 (GraphPad Software, CA, USA). Values are represented as means ± standard
deviations for Gaussian distribution and medians (interquartile ranges) for non-Gaussian distribution. The nonlin-
ear response pattern was checked with polynomial regression analysis in the verification of linearity. Comparisons
of continuous variables were performed with the Mann–Whitney U test or Kruskal–Wallis test, as appropriate.
Relationships between continuous variables were tested with the Spearman coefficient of rank correlation. The
ability of biomarkers in discriminating glomerulonephritis from healthy control was evaluated by the area under
the receiver-operating characteristic curve (AUC–ROC) analysis with 95% CI. A two-tailed p-value < 0.05 was
considered statistically significant.

Results
Analytical evaluation study
The CVs of repeatability and within-laboratory precision were 12.3% and 12.3% at a mean concentration of
38.9 ng/ml, and 5.6% and 13.6% at a mean concentration of 12.5 ng/ml (Table 2). Although measured repeatability
and within-laboratory precision were greater than the manufacturer’s claims (Table 2), there were no statistically
different values from the claims.

The low-concentration pool had a mean uAFM concentration of 2.0 ng/ml and the high-concentration pool of
102.4 ng/ml. Deterioration in the linearity was observed when above the level 5, so we narrowed the linear range
to level 4. The default criteria for nonlinearity (Supplementary Figure 1) and repeatability precision were met. The
first-order model of four equally spaced concentrations was shown in Figure 1. Therefore, the linear range of the
method is 2.0–76.4 ng/ml.

The LoB was 2.3 ng/ml calculated by the nonparametric percentile method (95%, one-tailed) given a non-
Gaussian distribution of blank values. The LoD was 3.2 ng/ml calculated by 84 results according to the CLSI
guideline EP17-A [32].
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Figure 2. Distribution of urine afamin and afamin–creatinine ratio in healthy individuals according to sex groups.
Box and whisker plots demonstrated gender-specific distributions of uAFM (A) and AfCR (B) in 121 males and 126
females. Mann–Whitney U test was used to compare differences between sex groups. The detail information was
shown in Supplementary Table 1.
*p < 0.05.
AfCR: Afamin–creatinine ratio; uAFM: Urine afamin.

Table 3. The relationship between afamin-related variables (urine afamin and afamin–creatinine ratio) and age in two
sex groups.†

Sex groups n uAFM (ng/ml) AfCR (μg/g)

rs p-value rs p-value

Males 121 -0.137 0.134 -0.047 0.612

Females 126 0.036 0.687 0.169 0.058

†Spearman coefficient of rank correlation was used to compare the relationship.
AfCR: Afamin–creatinine ratio; uAFM: Urine afamin; rs: Spearman’s rank correlation coefficient.

Determination of reference intervals
A histogram of uAFM in the healthy volunteers indicated a non-Gaussian distribution. Of the 247 healthy
volunteers, 121 (49.0%) were males and 126 (51.0%) were females. Both uAFM and AfCR values were different
significantly between male s and females (Figure 2 & Supplementary Table 1). For uAFM, the reference intervals
were less than 86.3 ng/ml for males and less than 48.3 ng/ml for females. For AfCR, the reference intervals were
less than 74.4 μg/g for males and less than 67.6 μg/g for females.

The mean age of the healthy volunteers was 40.2. In sex subgroups, all individuals were categorized into five
groups by age (20–29, 30–39, 40–49, 50–59 and ≥60 years). No significant differences in uAFM and AfCR
were observed across age groups (Supplementary Figure 2). Furthermore, Spearman coefficient of rank correlation
analysis revealed no association between afamin-related variables (uAFM and AfCR) and age (Table 3).

Clinical evaluation study
The detail results of study participants in the clinical evaluation study were shown in Table 4. The distribution
of uAFM and AfCR in healthy individuals and glomerulonephritis patients is displayed in Figure 3. The results
indicated that uAFM and AfCR levels were significantly increased in patients with PMN, IgAN and MCD
compared with healthy volunteers. Spearman coefficient of rank correlation analyses of all the 376 participants
revealed significant positive correlations between uAFM and uALB (rs = 0.620, p < 0.001), and between AfCR
and ACR (rs = 0.545, p < 0.001). The results of area under curve – receiver-operating characteristic (AUC–ROC)
analysis evaluated the biomarkers in discriminating glomerulonephritis from healthy control are shown in Figure 4.

The mean eGFR of the healthy volunteers was 85.36 ± 12.46 ml/min/1.73 m2. There were no significant
differences in afamin-related and albumin-related variables between group with an eGFR <90 ml/min/1.73 m2

and group with an eGFR ≥90 ml/min/1.73 m2 in both males and females. (Supplementary Figure 3). Furthermore,
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Table 4. The detail results of study participants in the clinical evaluation study.† ,‡

Gender Study groups n uAFM (ng/ml) AfCR (μg/g) uALB (mg/l) ACR (mg/g)

Controls 121 32.2 (20.7–43.7) 26.2 (19.3–40.3) 4.57 (2.59–6.94) 3.92 (2.96–5.50)

Male: PMN 31 37.3 (28.9–52.7)§ 40.9 (25.1–88.8)§ 2100.00 (817.00–3260.00)§ 2553.06 (837.78–4837.76)§

IgAN 22 44.4 (24.6–89.0)§ 71.0 (33.2–142.9)§ 334.00 (117.75–863.50)§ 381.78 (222.41–798.76)§

MCD 14 78.9 (32.7–237.3)§ 155.0 (70.6–304.3)§ 979.50 (246.75–3837.50)§ 4199.21 (481.03–5422.83)§

Controls 126 15.4 (5.5–9.9) 17.2 (8.0–26.6) 3.90 (2.19–6.22) 4.63 (3.54–6.29)

Female: PMN 28 31.5 (19.5–53.6)§ 83.3 (42.4–145.2)§ 814.00 (432.00–1975.00)§ 2556.69 (1141.40–3367.80)§

IgAN 24 28.3 (15.5–52.5)§ 62.4 (38.6–95.0)§ 318.00 (77.60–630.25)§ 585.68 (298.41–1052.97)§

MCD 10 27.5 (18.9–32.0)§ 123.6 (31.2–166.1)§ 216.50 (45.70–3770.00)§ 1573.39 (230.62–6638.48)§

†Data were presented as medians (interquartile ranges).
‡Mann–Whitney U test was used to compare differences between patients groups (PMN, IgAN or MCD) and controls.
§p � 0.05.
ACR: Albumin–creatinine ratio; AfCR: Afamin–creatinine ratio; IgAN: IgA nephropathy; MCD: Minimal change disease; PMN: Primary membranous nephropathy; uAFM: Urine
afamin; uALB: Urine albumin.
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Figure 3. Distribution of urine afamin and afamin–creatinine ratio in healthy volunteers and patients. Box and whisker plots showed
distribution of uAFM (A & C) and AfCR (B & D) in healthy volunteers (controls, n = 121 for males and 126 for females) compared with
patients with PMN (n = 31 for males and 28 for females), IgAN (n = 22 for males and 24 for females) and MCD (n = 14 for males and 10 for
females). Mann–Whitney U test was used to compare differences.
*p < 0.05.
ACR: Albumin–creatinine ratio; AfCR: Afamin–creatinine ratio; IgAN: IgA nephropathy; MCD: Minimal change disease; PMN: Primary
membranous nephropathy; uAFM: Urine afamin.

future science group www.futuremedicine.com 1245



Research Article Pang, Duan, Xu et al.

0

40

20

60

80

100

0 20 40 60 80 100

1 – specificity

S
en

si
ti

vi
ty

ACR

uALB

AfCR

uAFM

0.9997

AUC 95% CI

0.9959

0.8502

0.6934

0.9992–1.0000

0.9892–1.0030

0.8090–0.8914

0.6391–0.7476

Figure 4. Area under the receiver-operating characteristic curve analysis of urine afamin, afamin–creatinine ratio,
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Spearman coefficient of rank correlation analysis revealed no association between afamin-related variables (uAFM
and AfCR) and eGFR, and between albumin-related variables (uALB and ACR) and eGFR.

Discussion
We aimed to evaluate the uAFM and AfCR levels in patients with glomerulonephritis. Our study provided support
that the assay is a reliable and robust test for measuring uAFM. In the clinical evaluation study, we found that
uAFM and AfCR were significantly increased in patients with PMN, IgAN and MCD. Furthermore, uAFM and
AfCR were positively correlated with uALB and ACR, respectively, rather than eGFR. Our results indicate that
uAFM and AfCR are biomarkers for glomerular barrier function, rather than glomerular filtration function.

Urinary proteins are mainly composed of plasma proteins filtered by the glomerular filtration membrane and
proteins secreted from the urinary tract, especially the renal tubular epithelial cell [34]. Afamin is mainly expressed
in the liver and secreted into the bloodstream [35]. Apart from liver and brain capillary endothelial cells [5], it
has been shown that afamin mRNA can also expressed in kidney (Unigene Hs.168718). uAFM is mainly filtered
by the glomerular filtration membrane. Whether the uAFM is partly secreted by the renal tubular epithelial cell
still needs further research. Our results showed that uAFM and AfCR were positively correlated with uALB and
ACR, respectively, but not with eGFR. These results indicated that uAFM and AfCR are biomarkers for glomerular
barrier function, but not glomerular filtration function. Along with the question whether the renal tubular epithelial
cell can synthesize afamin, another question whether the uALB can reflect the renal tubular function needs to be
resolved. In our study, although the ability of AfCR to predict kidney injury is poor with an AUC–ROC (0.8502)
compared with the ACR with an AUC–ROC (0.9997), our preliminary study showed uAFM and AfCR are
potential biomarkers for glomerular barrier function. Whether the newfound biomarkers can predict early kidney
injury and the performance when combined with other renal biomarkers need further study.

Several proteomics studies have discovered uAFM can serve as a biomarker candidate in multiple renal diseases.
Rao et al. [27] identified uAFM as the urinary biomarker for diabetic nephropathy. Sedic et al. [11] detected the
expression of uAFM from pediatric idiopathic nephrotic syndrome patients for the first time by combined pro-
teomics and metabolomics approach based on label-free mass spectrometry. In a focal segmental glomerulosclerosis
rat model, Zhao et al. [9] found uAFM was gradually increased during nephropathy progression by proteomics
approach, indicating that uAFM may be associated with disease severity. In IgAN, Mucha et al. [28] found increased
uAFM urine proteomics, and Kalantari et al. [10] suggested uAFM is predictive biomarker for severity of IgAN by
label-free proteomics approach. Vivekanandan-Giri et al. [36] reported altered uAFM in chronic kidney disease by
urinary glycoprotein profile proteomics, indicating the important role of glycoprotein as an early marker for kidney
injury. However, all of the studies are mass spectrometry-based quantitative proteomics. Although it has become a
powerful technology for the discovery of new biomarkers [37], hundreds of candidate biomarker proteins are often
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listed, awaiting validation [8]. It is the first time to validate the concentration of uAFM by the ELISA method in
our study.

For quantification of uAFM, Chen et al. [8] performed a multiple reaction monitoring-mass spectrometry
(MRM–MS) assay to determine the concentration of uAFM, which was the first time of quantification of uAFM.
However, the MRM–MS assay is relatively quantificative and costly. Moreover, it needs specialized laboratory and
professional technology. The knowledge of the absolute concentration of uAFM in healthy volunteers and diseased
patients is still limited. ELISA is currently the most common method for measuring the concentration of a target
protein in biological samples, with advantages including low cost and widespread application [38]. It is the first time
to determine the absolute concentration of uAFM by ELISA, which will make the clinical routine application of
uAFM possible.

Apart from the activity of binding vitamin E, it is shown that afamin plays an important role in cellular
antioxidative defence [11]. For example, Heiser et al. [39] showed that the addition of afamin to cortical chicken
neurons exposed to oxidative stress can protect cortical neurons from cell death. Oxidative stress plays a major role
in pathogenesis and progression of renal injury [40], especially in diabetic nephropathy [41]. However, whether the
afamin has the function of kidney protection needs to be further investigated.

This study has several limitations. On the one hand, we did not perform the all-sided methodology evaluation.
The analyte stability and biological variability need to be evaluated in the future studies. On the other hand, it still
requires evaluation of clinical samples from a larger and equally sample sizes to verify our results.

Conclusion
Our study provided support that our ELISA method is a reliable and robust test for measuring uAFM. uAFM and
AfCR may be attractive biomarkers for kidney injury.

Summary points

• It has been reported that high concentrations of afamin have been described not only in plasma but also in
extravascular fluids such as urine, cerebrospinal fluid and peritoneal fluid.

• In our recent proteomics study, we have discovered urine afamin (uAFM) can serve as a biomarker candidate for
primary membranous nephropathy.

• Our study provided support that our ELISA method is a reliable and robust test for measuring uAFM.

• In order to avoid interference from concentration and dilution of urine, we develop a new biomarker,
afamin–creatinine ratio (AfCR).

• For reference intervals study, both uAFM and AfCR values were different significantly between males and
females.

• uAFM and AfCR levels were significantly increased in patients with primary membranous nephropathy, IgA
nephropathy and minimal change disease compared with healthy volunteers.

• Significant positive correlations were observed between uAFM and uALB, and between AfCR and ACR.

• There were no significant differences in afamin-related and albumin-related variables between group with an
estimated glomerular filtration rate <90 ml/min/1.73 m2 and group with an estimated glomerular filtration rate
≥90 ml/min/1.73 m2 in both males and females.

• Our results indicate that uAFM and AfCR are biomarkers for glomerular barrier function, rather than glomerular
filtration function.

Supplementary data
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