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Abstract
The gold nanoclusters (Au-NCs) have emerged for delivery of various payloads such as small
molecular drug and big molecular proteins due to their low immunogenicity, quick clearance and good
biocompatibility. Even though they have shown great prospective in biomedical area, there are also
some security problems which should be investigated further more. BRCAA1 mAb Au-NCs is a probe
for gastric cancer diagnosis prepared by conjugating BRCAA1 monoclonal antibody with fluorescent
Au-NCs. In this research, the renal excretion and effect on glomerulus filtration of BRCAA1 mAb AuNCs in rats were investigated. The result indicated that BRCAA1 mAb Au-NCs could be eliminated
through the glomerulus filtration as early as 2 hr after the administration following the excretion of
other proteins in the plasma such as immunoglobulin. Electron microscope image and pathological
analysis of kidney showed that BRCAA1 mAb Au-NCs induced some structural injury such as
capillaries endotheliocyte damage, pycnosis, karyorrhexis and hyalomitome acidophilia enhancement.
Biochemical indexes including ALT, AST, BUN, TBIL, CK and CREA are abnormal in the period of
2 to 48 hr after the administration. The results of Western blotting and immunohistochemisty show
the downregulation of three key proteins (ZO-1, Nephrin and Podocin) indicating the influence of
BRCAA1 mAb Au-NCs on the foot processes of glomerular epithelial cells and shallow intercellular
junctions or slit diaphragms.
Keywords: Gold nanoclusters; BRCAA1 antibody; Renal excretion; Glomerular filtration

Introduction
Fluorescent metal nanomaterials are used in
medical applications such as photothermal therapy,
radiotherapy and radiosensitizers, which have
http://www.nanobe.org

generated massive interest among researchers due to
their biocompatibility, superior photostability, nontoxicity and outstanding fluorescent properties [1-8].
Gold nanoclusters (Au-NCs) are a kind of materials
typically consisting of several to tens of gold atoms
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with extremely small size at an average core diameter
less than 2 nm [9-10]. Au-NCs have attracted more
attention in the past decade because of their ultra
small size, excellent luminescence properties and
stable structures or good storage stability [11-14]. In
the recent years, gold nanoparticles have emerged for
delivery of various payloads into their targets [15-20].
The payloads include small molecule drugs and big
molecular proteins such as antibody and peptide. The
toxicity of gold nanoparticles in vivo is directly related
to their size, shape [21-22], surface coating, exposure
dose and administration routes [23]. Developing
favourable nanomaterials with efficient renal clearance
is extremely important to their in-vivo biomedical
applications [24, 25]. It has been demonstrated that
the size plays a dominant role [26]. The size of gold
nanoparticles is usually over 10 nm of diameter.
Even though they have shown great prospective in
cancer diagnosis and therapy, their safety remains
being worried for their accumulation forming largesize particles in liver and spleen and thus inducing
the difficulty of metabolism or excreation [27]. Ideal
nanomaterials should have little accumulation in
organs, be cleared out of the body effectively and show
minimum interference with other diagnostic tests [28].
So the advantage of Au-NCs is the small size of 2-nmdiameter which can penetrate kidney filtration barrier
and guarantee to decrease in-vivo toxicity by renal
clearance. In the past few years, Au-NCs have been
applied to recognize, track or even kill early gastric
cancer cells for early diagnosis and therapy of gastric
cancer. Moreover, molecular imaging technologies
based on multifunctional nanoprobes have made great
progress. Therefore, Au-NCs kidney toxicity in vivo
has attracted our attention.
In the previous work, we observed that BRCAA1
(breast cancer associated antigen 1) is over expressed
in gastric cancer cell lines such as SGC-7901, MKN1, MKN-74, MGC803 and KATO-III. We screened out
and cloned brcaa1 gene from breast cancer cell line
MCF-7 cells (AF208045, also called ARID4B, ATrich interactive domain-containing protein 4B), and
identified its epitope peptide of SSKKQKRSHK [29].
Then we prepared BRCAA1 monoclonal antibody
and predicted that BRCAA1 protein might be one
potential targeting molecule for in-vivo gastric cancer
cells at early phase. Herein, we conjugated BRCAA1
monoclonal antibody (BRCAA1 mAb) with fluorescent
Au-NCs as gastric cancer probe, BRCAA1 mAb Au-
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NCs, for early diagnosis of patients with gastric cancer.
The objective of this study was to assess the main
clearance way of BRCAA1 mAb Au-NCs from rats
and to search the toxicity following its metabolism
by evaluating the biodistribution, biochemistry,
hematology and histopathology.

Materials and Methods
Materials
PageRuler TM Prestained Protein Ladder, #26617,
Lot: 00169269, was from Thermo Scientific. Rabbit
Anti-GAPDH antibody [EPR16884] ab181603, and
Rabbit Anti-Nephrin antibody [Y17-R] ab136894,
were from Abcam. Polink-1 HRP DAB Detection
systerm (Goat Anti-Rabbit IgG /HRP and 3% H2O2),
Lot No.K156911D, Normal goat serum working
solution,WP140313 and Rabbit Anti-Goat IgG(H+L)/
HRP, Lot No.98028 were from ZhongShan Gold
Bridge Biotechnology Co., Ltd. SDS-PAGE. Loading
Buffer (reducing, 5 × ), CW0027A, CWBIO. Prolight HRP Chemiluminescent Kit，PA112, was from
TIANGEN. Rabbit Anti-NPHS2/Podocin, Catalog No.
BA1688, Lot No.13158, and DAB Color Development
Kit, Lot No.AR1022, were from Boster. Pierce® Rapid
ELISA mouse mAb Isotyping Kit, Lot No. PJ205664,
was from Thermo Scientific.
Animals and ethics statement
Wistar rats were from Experimental Animal Center
of Academy of Military medical Sciences SCXK (Jun)2012-0004, SD rats were from Vital River laboratory
Animal Technology Co., Ltd. (SCXK-2012-0004).
Animals experiments were carried out in the animal
laboratory of Academy of Military Medical Sciences
in compliance with the Institutional Animal Care and
Use Program Guidelines. The animals were given food
and water ad libitum, and housed under 12 hr / 12 hr
light / dark cycle. All efforts were made to minimize
suffering.
Preparation of gold nanoclusters
Gold nanoclusters (Au-NCs) were prepared by a
previously reported method [30]. HAuCl 4 in BSA
solution was reduced by L-ascorbic acid and then
NaOH was added to neutralize the residue acid. The
reacted mixture was dialyzed in the PBS (Phosphate
Buffered Saline) for further linkage with antibody.
Preparation of BRCAA1 monoclonal antibodies
BRCAA1 antigen, SSKKQKRSHK, has been
http://www.nanobe.org
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identified as an antigen epitope located in BRCAA1
protein, which was highly expressed in the gastric
cancer cells [31]. Using the recommended BRCAA1
protein as the immuno-antigen, the hybridoma cell
line, S-200-5 had been cloned following the method of
Afanassiev et al. [32]. BRCAA1 mAb, the monoclonal
antibody excreted from S-200-5 cells was purified from
mouse ascite by using protein G-Sepharose 4 fast flow
(Amersham, Uppsala, Sweden). Its purity was more
than 95%. BRCAA1 mAb was identified to recognize
BRCAA1 antigen with high specificity and affinity
[33].
BRCAA1 mAb conjugated with Au-NCs
BRCAA1 conjugated Au-NCs were prepared by
the carboxyl moieties of Au-NCs coupled to the amine
groups of antibodies through EDC·HCl and NHS
activated amide bond formation [33, 34]. Briefly, 10
mg Au-NCs was dissolved in 10 mM MES buffer (pH
= 5.4) 5 mL; 1 mg EDC and 1 mg NHS were added,
and the mixture was stirred gently at room temperature
for 0.5 hr, then 2 mg antibodies were added to the
activated Au-NCs solution with continuous stirring
in the dark at room temperature for 12 hr. At last,
the mixture was treated with ultrafiltration (MWCO
3000) and concentrated, then stored at 4 °C for further
experiments.
Collection of blood and urine of rats treated
with BRCAA1 mAb Au-NCs
Wistar rats (180 g-220 g), 6 female and 6 male,
were intravenously exposed to BRCAA1 mAb Au-NCs
at the gold dose of 1.5 mg/kg. Two rats were housed
in one metabolism cage and they were given food and
water ad libitum. The blood samples were collected at
13 time points including 0, 2, 10, 30 min, 1, 2, 4, 6, 8,
12, 24, 48 and 96 hr. At each time point after injected,
blood was collected using a standard saphenous
vein blood gathering technique. Urine samples were
collected at 8 time points including before injection,
0-2, 2-4, 4-8, 8-12, 12-24, 24-48 and 48-96 hr.
The determination of gold and antibody in the
blood and urine samples
The gold content in the blood and urine samples was
measured with an inductively coupled plasma mass
spectrometer (ICP-MS, type Agilent 7500 CE, Agilent
Technologies, Waldbronn, Germany). Blood and urine
samples were also diluted 5 times with distilled water
for the TEM (HITACHI H-7650) observation.
Western blotting was employed to explore
http://www.nanobe.org

whether the BRCAA1 mAb conjugated with AuNCs could be excreted from kidney. Urine sample of
BRCAA1mAb Au-NCs group was 6 times concentrated
by hyperfiltration tube (Ultracel 30K, MILLIPORE
Lot No: R3KA94103) by centrifugation (11000 rpm,
10 min). 3 ml urine was concentrated to 0.5 ml. 32 μl
concentrated urine sample was mixed with 8 μl SDSPAGE sample buffer. The mixture of 20 μl BRCAA1
mAb (5 ng/μl), 12 μl distilled water and 8 μl SDSPAGE sample buffer was set as positive control. The
above specimens were boiled for 5 min in order to
make the protein denaturation completely. The proteins
separated by 10% SDS-PAGE were transferred onto a
nitrocellulose membrane. The membrane was blocked
with 5% defatted milk powder in Tris-buffered saline
containing 0.05% Tween 20 (TBST) and incubated one
hour at 37 °C with horseradish peroxidase conjugated
goat anti mouse IgG. The membrane was washed 5
times by TBST, reacted 3 min with chemoluminescence
liquid away from light, and then scanned with
Molecular Imager system (IMAGE QUAMT400, Bio
RAD ChemiDocTM XRS+).
In order to analyze the component of the antibody
secreted, urine samples were modulated to pH 7.0 with
0.5 M NaH2PO3 and then added with PBS to make the
final 5-fold dilution. The plasma samples were also
100 times diluted with PBS. The antibody isotypes in
the diluted urine and plasma samples were analyzed
by Pierce® Rapid ELISA mouse mAb Isotyping Kit
following the kits instructions. Briefly, 50 μl sample
and 50 μl Goat Anti-Mouse IgG + IgA + IgM - HRP
Conjugate were mixed for 10 min and added to the
well precoated with antibody specific for mouse IgG1,
IgG2a, IgG3, IgA, IgM, kappa light chain and lambda
light chain respectively. BRCAA1 mAb (250 ng/ml)
and BRCAA1 mAb Au-NCs (10 mg/ml) were set as
positive controls. The plates were incubated for 1 hr
at room temperature and then washed 3 times with
PBST (Phosphate Buffered Saline with Tween). 75 μl
of TMB substrate was added to each well, and 5 to 15
min later, 75μl of stop solution was added. The colored
reaction product was measured at 450 nm on a microELISA Reader (Varioskan Flash version 2.4.3, Thermo
Scientific, America).
Influence on renal function and pathology in
kidney
Thirty female SD rats (180 g-220 g) were randomly
divided into five groups (six in each group) containing
control group, four experiment groups at 2, 6, 24
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and 48 hr time points after BRCAA1 mAb Au-NCs
treatment. Experimental groups were intravenously
exposed to BRCAA1 mAb Au-NCs at the dose of
10 mg/kg. Control group was treated with the same
volume of saline. The urine samples were collected
before experiment, 0-2, 2-6, 6-24 and 24-48 hr time
frame. At each time point after injection, animals were
anesthetized intraperitoneally with urethane at the
dose of 1.2 g/kg. Their blood samples were collected
by angio catheter exsanguination for blood serum
biochemical detection. The kidney samples of rats
were harvested. A half of one side kidney of each rat
was ﬁxed in 10% neutral buffered formalin, processed
routinely to make paraffin section, and stained with
hematoxylin and eosin (H&E). The pathological
change was recorded by a digital microscope (LEICA
DM6000B). Some parafﬁn sections were used for
immunohistochemisty analysis. Remanent kidney
tissues of above were ﬁxed with 2.5% glutaraldehyde
in 0.03 M potassium phosphate buffer (pH 7.4) for
TEM analysis. The total protein in another kidney of
each rat was extracted for Western blotting.
Mechanism analysis of the renel excretion of
BRCAA1 mAb Au-NCs
Western blotting and immnohistochemistry were
applied in order to analyze the possible mechanism
of BRCAA1 mAb AuNCs. The total proteins of rat
kidney were extracted by tissue protein extraction kit
(Cat No: KGP2100) and quantified with DAB Color
Development Kit. 50 mg of Kidney total proteins in
20 μl PBS buffer were mixed with 5 μl SDS-PAGE
sample buffer and boiled for 5 min. Separated by
10% SDS-PAGE, the proteins were transferred onto a
nitrocellulose membrane. The membrane was blocked
with 5% defatted milk powder in Tris-buffered saline
containing 0.05% Tween 20 (TBST) and incubated
with primary antibodies specific for ZO-1, Nephrin,
Podocin and GAPDH at 4 °C overnight. The membrane
was then incubated with horseradish peroxidase
conjugated secondary antibodies and visualized
with an enhanced chemiluminescence kit and a
chemiluminescence imaging system. Densitometric
analysis of band intensities was conducted using the
image J 2X.
Immunohistochemistry was carried out using
the LSAB 2 Kit (DakoJapan, Kyoto, Japan) by an
antigen retrieval method. The primary antibodies were
polyclonal rabbit anti rat ZO-1, Nephrin, Podocin.
After deparaffinization, the sections were treated with
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methanol / hydrogen peroxide for 5 min to block
endogenous peroxidase. In order to retrieve masked
antigens, the slides were immersed in citrate buffer
(pH 6.0), and heated in an microwave oven for 5
min at 95 °C. The slides were incubated for 24 hr at
4 °C with the primary antibody followed by a 30 min
incubation with the biotinylated goat anti-mouse IgG,
and then with peroxidase-labelled streptavidin for 30
min. Finally, 3, 3-diamino-benzidine was introduced
to develop the colour, and haematoxylin was used for
counterstaining. After dehydration, the sections were
mounted with neutral resin.

Results and Discussion
Au-NCs in blood and urine of rats
After the BRCAA1 mAb Au-NCs were injected
in vivo, the gold concentration in blood and urine
was determined by ICP MASS. The result in Fig. 1
indicated that BRCAA1 mAb Au-NCs could quickly
disperse in the blood. The high concentration of gold
was measured in urine within 2 hr after BRCAA1
mAb Au-NCs treatment. The gold concentrations
in both blood and urine then decreased gradually to
lower levels. At the time period of 48 to 96 hr, the gold
concentration in blood sustained at the concentration
of about 300 ng/ml, whereas no gold in urine was
detected at this period.
Aimed to know whether the gold determined in the
blood and urine is from Au-NCs, the plasma and urine
samples were directly observed by the transmission
electron microscope (TEM). The TEM images of the
NCs in blood and urine gave microscopic insight for
the distribution of gold nanoparticles. The nanoparticals
in blood and urine clearly indicated that higher
concentration of gold clusters appeared in the plasma
sample of 2 hr time point and particles of the same
size were found in the urine samples during 2 to 48 hr
time points (Fig. 2, 3). This result elucidated that gold
clusters could be excreted through glomerular filtration
in good agreement with the above results (Fig. 1).
From the detection above we concluded that after
BRCAA1 Au-NCs were injected, the gold particles
were quickly excreted from kidneys. However, we
still could not conclude if the excreted gold clusters or
some of them were still ligated with BRCAA1 mAb. At
first, we used Western blotting to detect the antibody in
urine. The proteins in urine samples were respectively
separated by non-reduced SDS PAGE and reduced

http://www.nanobe.org
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Fig. 1 Gold concentrations in the plasma, urine and fecal of rats administrated with BRCAA1 mAb Au-NCs. Wistar rats, 6 male and
6 female, were in vivo injected with BRCAA1 mAb Au-NCs at a dose of 1.5 mg/kg. At different time points, the plasma, urine and
fecal samples were collected and their gold concentrations were measured with an inductively coupled plasma mass spectrometer.
Data are presented as means ± standard deviations, n = 12.
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Fig. 2 Glod nanoparticles in the plasma of rats treated with BRCAA1 mAb Au-NCs. Wistar rats, 6 male and 6 female, were in vivo
injected with BRCAA1 mAb Au-NCs at a dose of 1.5 mg/kg. At different time points the plasma samples were collected and mixed.
The plasma samples were diluted 5 times with saline for TEM observation. (a) BRCAA1 mAb Au-NCs in saline; (b)-(f) Plasma
collected at 0, 2, 6, 24, 48 hr time points. Scale bars = 100 nm in each part.

SDS PAGE. Then the translated antibody on membrane
was recognized by HRP conjugated goat against mouse
IgG. The results of Western blotting indicated that in
the urine samples of rats having received BRCAA1
mAb Au-NCs, the whole antibody (Fig. 4(a)) and the
Fc fragment (Fig.4(c)) were recognized by HRP-GAMIgG. We randomly selected four samples at 4-8 hr and
8-12 hr to detect whether the positive band was from
the individual animal, and the result showed that the
antibody presented in most urine samples of BRCAA1
mAb Au-NCs treated rats (Fig. 4(b) and (d)).

http://www.nanobe.org

From the Western blot result above we observed
the antibody excretion from kidneys. We still could
not confirm whether the secreted antibodies included
BRCAA1 mAb. We analyzed BRCAA1 mAb using
mouse antibody isotype ELISA kit and found that
its isotype was IgG2b. So we analyzed the antibody
constitution in the plasma and urine samples. Firstly,
we determined the background mouse antibody signals
in the plasma and urine of control rats. The result
showed that in the control samples, no mouse antibody
signals in urine and lower mouse antibody signals of
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Fig. 3 Gold nanoparticles in the urine of rats treated with BRCAA1 mAb Au-NCs. Wistar rats, 6 male and 6 female, were in vivo
injected with BRCAA1 mAb Au-NCs at a dose of 1.5 mg/kg. At different time points the urine samples were collected and mixed.
The urine samples were concentrated 5 times by super-filtration for TEM observation. (a) BRCAA1 mAb Au-NCs in saline; (b)-(f)
Urine collected at 0, 0-2, 2-6, 6-24, 24-48 hr time points. Scale bars = 100 nm in each part.
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Fig. 4 Western Blotting determination of antibody in urine samples of rats administrated with BRCAA1 mAb Au-NCs. Urine samples
were concentrated by super-filtration and separated by 12% non-reduced ((a), (b) and (d)) and reduced SDS PAGE (c). The proteins
translated onto nitrocellulose membrane were recognized by HRP-GAM-IgG. BRCAA1 (Ab) and BRCAA1 mAb Au-NCs (Au-Ab)
were set as positive control. Equal volume of urine sample at the same time point were mixed and to be analyzed ((a) and (c)). At 4-8
hr and 8-12 hr time points, four urine samples were selected randomly to be determined.
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IgG3, IgM and kappa chain in plasma were observed.
When rats were treated with BRCAA1 mAb Au-NCs,
the concentration of gold was about 2000 ng/ml in their
plasma of 2 hr time point in which the mouse antibody
signals were difficult to be monitored. This result was
predictable because BRCAA1 mAb Au-NCs, even at
10,000 ng/ml in saline, could not give strong antibody
isotype signals due to the linkage of antibody with gold
nanoparticals (Fig. 5(b)).
The mouse antibody’s isotype in urine of rats gave
3

us very interesting information. In the period of 0 to
6 hr after BRCAA1 mAb Au-NCs administration,
high concentration of gold nanoparticles secreted in
urine samples (Fig. 1(b)). As the result from plasma
of administrated rats, IgG2b, the isotype of BRCAA1,
was difficult to be monitored in the urine samples.
However, strong signals of lambda chain and kappa
chain were observed in 2-6 hr urine samples. The
lambda chain should be from BRCAA1 mAb, because
kappa chain was the main light chain of rat antibodies
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Fig. 5 Antibody isotype in urine samples of rats administrated with BRCAA1 mAb Au-NCs. ELISA was used to analyze the isotype
of BRCAA1 mAb in saline. Mouse IgG1, IgG2a, IgG3, IgA, IgM, kappa light chain and lambda light were captured by coating
specific antibody and recognized by Goat Anti-Mouse IgG + IgA + IgM - HRP Conjugate. (a) BRCAA1 mAb in saline; (b) BRCAA1
mAb Au-NCs in saline; (c) antibody in normal plasma of rats; (d) antibody in normal urine of rats; (e) antibody in plasma of rats
treated with BRCAA1 mAb Au-NCs; (f) antibody in urine of rats treated with BRCAA1 mAb Au-NCs. Data are presented as means
± standard deviations, n = 4.
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in plasma. Comparing with the lower background
of antibody signals in the normal urine, this result
demonstrated that the filtration of kidneys was affected
at this time and the affection was even more serious
during 6 to 48 hr period, because besides lambda and
kappa chains, IgG1, IgG2a, IgG2b, IgG3, IgA and IgM
were detected. So we concluded that BRCAA1 mAb
was not the only source of the strong antibody signals,
and we wanted to know what injures had happened
in the glomcrulus of rats inducing the leakage of big
molecules passing through the filtrating blockage.
Urinalysis and biochemistry
Urinalysis and biochemical analyses were
programed to reveal the potential toxicity of the
BRCAA1 mAb Au-NCs. The protein concentrations in
urine were determined and the proteinuria was found
in rats injected with BRCAA1 mAb NCs for 6-24
and 24-48 hr (data not shown). We also presented the
biochemistry results in the plasma of rats including
alanine transaminase (ALT), aspartate transaminase
(AST), albumin (ALB), blood urea nitrogen (BUN),
creatinine (CREA), total bilirubin (TBIL), creatinine (CREA), creatinekinase (CK), albumin (ALB),
alkaline phosphatase (ALP), total protein (TP),
cholesterol (CHOL), blood glucose (GLU) and
triglyceride (TG) (Table 1). We paid more attention
on ALT, AST, BUN, TBIL, CK and CREA which are
related to the functions of liver and kidney closely.

Increasing in the levels of ALT, AST, TBIL and BUN,
and decreaseing in the level of CK were found at 2 hr
after the treatment. Distributed in liver cells, the ALT
mainly exists in the cytoplasm, and the AST mainly
exists in the cytoplasm and mitochondria. The increase
of their activities frequently reminds the potential
hepatoxicity [35]. TBIL concentration in blood is
related to the excreting ablility of bilirubin from liver
to blood [36]. The increasing level of BUN usually
indicates the nephrotoxicity. These biochemical index
changes within 48 hr after BRCAA1 mAb Au-NCsAuNCs treatment showed that these nanoparticals might
induce the reversible hepatoxicity and nephrotoxicity.
The mechanism of the decrease in CK levels requires
further investigation.
Histopathological analysis
The Electron microscope image of kidney in
Fig. 6 shows some structural injury of the kidney.
Through the ultrastructural organization, the
capillaries endotheliocyte damage was found in kidney
glomerulus. The damage lesion was directly related
to the exposure time. The pathological analysis also
showed injuries in the kidney glomerulus. As shown in
Fig. 7, after 2 hr of BRCAA1 mAb Au-NCs injected,
apparent pycnosis, karyorrhexis and hyalomitome
acidophilia enhancement were found in some vascular
endothelial cell nuclei. Necrosis of part of the vascular
endothelial cell and enhancement of the mesangial cell

Table 1 Effect of BRCAA1 mAb Au-NCs on nephrotoxicity and hepatotoxicity related biochemical indicators in sera of mice
Time after BRCAA1 mAb Au-NCs treatment (h)
Parameters
0

2

6

24

48

ALT (U/L)

44.0 ± 3.6

112.0 ± 21.9

55.7 ± 14.5

32.2 ± 3.4

AST (U/L)

135.3 ± 26.1

335.0 ± 80.4

311.3 ± 95.3

216.5 ± 87.5

125.3 ± 14.3

ALP (U/L)

200.3 ± 43.0

224.2 ± 31.4

221.6 ± 15.4

193.2 ± 50.8

213.2 ± 24.6

69.1 ± 3.0

65.2 ± 5.8

70.6 ± 4.0

**

TP (g/L)

59.3 ± 2.1

61.2 ± 4.0*

ALB (g/L)

35.9 ± 1.4

35.1 ± 3.6

36.4 ± 3.5

28.1 ± 0.8***

28.2 ± 2.4**

TCHO (mM)

2.1 ± 0.2

1.7 ± 0.0*

2.5 ± 0.4

2.2 ± 0.3

2.2 ± 0.2

BUN (mM)

7.0 ± 0.5

8.9 ± 0.6

9.7 ± 0.5

9.8 ± 1.6

9.7 ± 1.3**

TBIL (mM)

0.0 ± 0.0

0.7 ± 0.2

2.8 ± 1.3***

2.1 ± 0.7***

0.4 ± 0.1

GLU(mM)

9.9 ± 0.7

7.6 ± 0.6

6.2 ± 1.3

7.3 ± 0.8

11.9 ± 1.7*

TG (mM)

0.8 ± 0.2

1.8 ± 0.3***

0.9 ± 0.2

0.7 ± 0.1

0.7 ± 0.2

CREA (mM)

21.8 ± 1.4

26.0 ± 2.8

23.5 ± 1.2

23.9 ± 1.5

25.1 ± 1.6*

CK (U/L)

4442.3 ± 432.5

1044.2 ± 253.6***

741.7 ± 425.3***

4449.8 ± 995.5

4793.5 ± 427.0

**
**

*

*

**

151.0 ± 56.6

***
**

**

***

**

**

Alanine aminotransferase (ALT), aspartate aminotranferase (AST), alkaline phosphatase (ALP), total protein (TP), albumin (ALB), total cholesterol
(TCHO), blood urea nitrogen (BUN), total bilirubin (TBIL), glucose (GLU), triglycerides (TG), creatinine (CREA) and creatinekinase (CK) in rat
sera were determined. Data were expressed as mean ± S.D. n = 5; *P < 0.05, compared with normal control; **P < 0.01, ***P < 0.001, compared with
normal control. Significant difference was calculated by SPSS18.0

http://www.nanobe.org

Nano Biomed. Eng., 2017,Vol. 9, Iss. 1

44

(a)

(b)

P

(c)

Cap

P
End

FP

P

Cap

End

BM

BM
FP

P
Mes

P
Mes

Cap

FP

BM

2 μm

2 μm

P

P

Bar: 2 μm

Bar: 2 μm

(d)

(e)

2 μm

P

Bar: 2 μm

Cap
P
Mes
FP

FP
Cap

P

Mes

Mes

BM

2 μm

Mes

Bar: 2 μm

2 μm
Bar: 2 μm

Fig.6 Electron microscope image of kidneys of rats treated with BRCAA1 mAb Au-NCs. The microscope image of kidney was
observed by TEM. Some capillaries endothelicyte damage in glomerulus was found after BRCAA1 mAb Au-NCs treatment. (a)(e) Time points 0, 2, 6, 24, 48 hr after the administration. Cap, capillary lumen; End, vascular endothelial cell; P, podocyte; FP, foot
process; BM, basal membrane; Mes, intercapillary cells. In all sections detected, no significant injuries in the basal membrane and
foot process were found. The main injure induced by BRCAA1 mAb NCs was the damage of endotheliocyte neorobiosis indicated
by arrows. (c) Individual endotheliocyte nerobiosis in the blood vessel loop, lumens collapse, ground substance increasing. (d)
Endotheliocyte neorobiosis induced the exposing of basal membrane and the fusing of adjacent capillary lumens. (e) Endotheliocyte
neorobiosis, broad of capillary lumen, the fragments of neorobiosised cells were phagocytosed by intercapillary cells, more of base
materials under basal membrane.
(a)

(b)

(c)

20 μm

20 μm
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Fig. 7 Pathological changes in kidney glomerulus of rats treated with BRCAA1 mAb Au-NCs. Microscopic observation was
performed on sections of tissue samples under a Leica DMI6000 B fluorescence microscope, and photographs were taken using
Leica Application Suite V3. Scale bar = 20 mm in each part. (a)-(e) Time points 0, 2, 6, 24, 48 hr. Pathological changes were
observed in glumerulus. (b) Arrows indicated the karyopyknosis, karyorrhexis and increased karyorrhexis were found in individual
endotheliocyte. (c) Some endotheliocyte necrosis and more intercapilary cells aggregated to the necrosis cells to deserve their
phagocytose function. (d) More endotheliocyte necrosis cells were found in the glomerulus. Intercapilary cells deserved their
phagocytose activity. Basal material increased in mesangial region. Some vascular net was not integrated (labeled by *). Original
magnification 1000 ×.
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phagocytize function had been seen at 6 hr to 48 hr
after injection. These results indicate that the kidney
suffered from the microscopic damage.
Western blotting and immunohistochemisty
Podocytes are specialized epithelial cells of
the kidney filtration barrier that contribute to
permselectivity via a series of interdigitating actinrich foot processes. A unique cell junction positioned
Nephrin

among adjacent projections is slit diaphragm [37].
Nephrin and Podocin are two important proteins of
podocytes to maintain normal slit diaphragm structure.
The critical role of nephrin has been confirmed by
different animal models with nephrin knockout and
knockdown [38]. Nephrin is connected to the actin
cytoskeleton by several adapter proteins and makes a
pivotal contribution to the regulation of podocyte actin
dynamics [39]. As well known, podocin presents the
Podocin

ZO-1

(a)

100 μm

100 μm

100 μm

100 μm
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100 μm

100 μm

100 μm

100 μm
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(b)

(c)

(d)

(e)

Fig. 8 Immunohistochemical staining of nephrin, podocin and ZO-1 in kidney glomerulus of rats treated with BRCAA1 mAb AuNCs. Nephrin, podocin and ZO-1 in kidney were respectively recognized by specific antibody following reacted with the biotinylated
goat anti-mouse IgG. Scale bar =100 mm in each part. (a) From normal control rat; (b)-(e) From rats administrated with BRCAA1
mAb Au-NCs at 2, 6, 24 and 48 hr after the nano-particles exposure. Original magnification 400 ×.
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more than 100 nm [43–46]. Developing functional
nanomaterials with efficient renal clearance is of
fundamental importance to their in-vivo biomedical
applications [46-49]. Ideal nanomaterial should
be effectively cleared out of the body, have little
accumulation in organs. Sub-5.5 nm particles can
pass through the barrier for renal clearance [50].
However, we need to know whether these particles
still could pass through glomerulus when they are
functioned by connecting with other molecules such
as antibodies. BRCAA1 mAb conjugated Au-NCs
were the gold clusters with the diameter of 5 nm
functioned with BRCAA1mAb, an antibody that could
recognize stomach cancer cells. These particles were
much bigger than the original ones. In the urine of
rats injected with Au BRCAA1 mAb NCs in vivo, we
found gold nanoparticles that could be measured by
ICP Mass and observed by TEM. The result of Western
blot and ELISA indicated that BRCAA1 mAb was still
linked with gold clusters by renal clearing even at 2 hr
after the administration. In the urine samples within
6 hr, free light chains, l from BRCAA1 and k from
rat blood, were determined. This result indicated that
functioned gold clusters could pass through glomerulus
quickly and affect the filtration barrier inducing the
leakage of light chains firstly and followed by the
excretion of big antibodies. These excreated molecules
contained not only the disjuncted BRCAA1 mAb and

similar function to nephrin. Reduction of nephrin and
podocin expression is often identified in adult kidney
diseases. ZO-1 is a key protein that is specific for the
tight junction or zonula occludens. The cells formed
homogeneous monolayers with well-expressed ZO-1
protein [40]. The tight junctions could not be well
formed among sells lacking ZO-1, for instance, MDCK
cells showed higher sensitivity to the barrier loss
induced by actin depolymerization [41].
In order to further reveal the close relationship
between the proteinuria and the integrality of tight
junction and slit membrane, we assessed the expression
levels of these proteins by immunohistochemistry using
specific antibody that recognizing ZO-1, Nephrin and
Podocin respectively. As shown in Fig. 8, we observed
that all of the expressing levels of ZO-1, Nephrin and
Podocin decreased from 6 hr after the exposure of
BRCAA1 mAb Au-NCsAu-NCs. It was in accordance
with the result of Western blot shown in Fig. 9. Both of
the results from the immunohistological evaluation and
the Western blot determination showed that the change
in fitration fuction of renal glomerulus might be related
to the depressed protein levels of Zo-1, Nephrin and
Podocin after the treatment of BRCAA1 mAb Au-NCs.
The Gold nanomaterials have long been considered as
possible drug delivery vehicles applicable to therapy
of a range of diseases. They can be easily synthesized
in a variety of shapes with size ranging from 1 nm to
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Fig. 9 Western blotting analysis of nephrin, podocin and ZO-1 proteins in kidneys of rats treated with BRCAA1 mAb Au-NCs.
Nephrin, podocin and ZO-1 proteins of renal tissue form 0, 2, 6, 24 and 48 hr after BRCAA1 mAb Au-NCs exposures were analyzed
by Western blotting. Values are the mean ± SD, n = 3. Nephrin: *P < 0.05 versus 0 hr , **P < 0.01 versus 0 hr; Podocin: *P < 0.05
versus 2 hr, **P < 0.01 versus 2 hr; ZO-1: *P < 0.05 versus 0 hr.
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its degraded fragments, but also the molecules in the
rat blood. Using HRP labeled goat againt rat IgG,
we determined the presence of rat antibody in the 6
hr urine sample of treated rats by Western blot (data
not shown). The excretion of big molecules from
kidneys is related to the influence of gold clusters on
the glomerulus structure. We have observed the down
regulated expression of three proteins, ZO-1, Nephrin
and Podocin. As for why their levels were depressed
and whether there were other mechanism related to this
secretion need further studies in future.
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