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Abstract: Objective: We investigate kidney injury caused by high dose bevacizumab to uncover the possible mecha-
nisms involving in this process. Methods: Forty rats were divided into four groups: cisplation group (treated with 1 
mg/kg cisplation), Bev-high group (treated with 5 mg/kg bevacizumab); Bev-low group (treated with 2.5 mg/kg beva-
cizumab) and control group (treated with saline). The urine microalbumin, serum cystatin C, blood urea nitrogen and 
serum creatinine were detected in the four group rats, respectively. The immunoglobulin of IgG, IgA and IgM and 
protein of VEGF (vascular endothelial growth factor) and nephrin were detected by immunohistochemical methods. 
Results: All the levels of microalbumin, cystatin C, serum creatinine and blood urea nitrogen in Bev-high group were 
significantly higher than those in normal control group (P < 0.05). The cystatin C was much more increased in kid-
ney Bev-high group than cisplatin and Bev-low groups (P < 0.05). The light microscope showed a normal glomerular 
morphology in the four groups, while the electronic microscopy showed the podocytes were extensively fused in 
cisplatin group and Bev-high group. The two groups were found IgG and IgM deposition as well. The VEGF in kidney 
amples were down regulated in high dose bevacizumab group, whereas the nephrin and IgA showed no significant 
expression changes at all. Conclusion: Bevacizumab increases the risk of injury in glomerular filtration barrier in a 
dose dependent model. The injury may not only associate with the rising level of proteinuria but also with podocyte-
dependent membrane structures.

Keywords: Kidney injury, bevacizumab, vascular endothelial growth factor, glomerular filtration, immunoglobulin 
deposition

Introduction

Since the hypothesis that antiangiogenesis 
would be a potential antitumor was proposed 
by Folkman [1], angiogenesis has become a 
common attractive drug target [2, 3]. In particu-
lar, the vascular endothelial growth factor 
(VEGF) has been proved to be a critical regula-
tor for antiangiogenic therapy [4]. Bevacizumab 
is a recombinant humanized monoclonal anti-
body that is directed against VEGF. By binding 
of the antibody to VEGF, bevacizumab prevents 
the activation of VEGF receptor and inhibits the 
angiogenesis, and eventually results in anti-
tumor effects [5].

Despite the overall benefit in the treatment of 
various tumors, targeting to VEGF can bring a 
number of adverse effects [6, 7]. The side 
effects, such as vascular disorders (embolism, 
bleeding and phlebitis) usually lead to cessa-

tion during the treatment [8]. Proteinuria is one 
of the most commonly observed side effects 
caused by bevacizumab therapy [9]. A signifi-
cant increasing proteinuria risk ratio was 
detected up to 21%-63% [10], which would 
probably result in severe kidney injury [11]. In 
addition, there is a possibility that the poison-
ous effect of VEGF inhibitors also involving in 
poison on podocytes [12]. It was reported that 
inhibition of VEGF on the glomerular endotheli-
um may alter the endothelial surface and 
induce the development of thrombotic microan-
giopathy [6]. It seems that, a risk factor in facili-
tating these side effects is the underlying kid-
ney dysfunction. However, the mechanisms 
related to the pathogenesis of kidney injury 
caused by bevacizumab are unclear.

Bevacizumab is the first VEGF inhibitor that is 
approved by United States Food and Drug 
Administration (FDA) for systemic treatment in 
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Table 1. Biochemistry index in serum and urine

Groups Microalbumin  
(mg/L)

Cystatin C  
(μmol/L)

Blood urea nitrogen  
(mmol/L)

Serum creatinine  
(μmol/L)

Control group 0.14 ± 0.25 5.7 ± 1.88 5.97 ± 0.96 10.59 ± 1.34
Cisplatin group 0.82 ± 0.66* 10.01 ± 2.52*,Δ 6.67 ± 1.22Δ 12.24 ± 3.24*

Bev-high group 0.90 ± 0.70* 12.51 ± 2.69* 10.50 ± 1.81* 15.43 ± 2.38*

Bev-low group 0.61 ± 0.66* 8.28 ± 2.94*,Δ 6.75 ± 1.46 12.04 ± 1.80*

*P < 0.05 versus control; ΔP < 0.05 versus Bev-high group.

cancer in 2004 [13]. Since then, it has received 
more approval in long cancer [14], ovarian can-
cer [15], glioblastoma [16], etc. Cisplatin is 
another antineoplastic drug used in the treat-
ment of many cancers, which also bring dose-
limiting side effect such as nephrotoxicity [17]. 
Because of major and frequent results of neph-
rotoxicity in cisplatin-based therapy, the vari-
ous doses of cisplatin were commonly used in 
inducing rat kidney failure model [17-19]. In the 
current study, we investigated the kidney func-
tion and pathology effects on administration of 
different doses of bevacizumab compared with 
cisplatin treated rats and untreated rats up to 4 
weeks, trying to uncover the mechanisms 
involving in kidney injury. The results will be 
beneficial for rational use in clinical therapy. 

Materials and methods 

Animal and groups 

Forty C57BL/6 rats (Shanghai SLRC experi-
mental animal Co. Ltd) weighing 18-22 g (aged 
6-8 months) were housed and used in experi-
ments according to the National Institutes of 
Health guidelines approved by the Committee 
on the Ethics of Animal Experiments of the 
Chinese Academy of Medical Sciences. They 
were randomly divided into four groups (n = 10): 
(a) cisplation group: treated with 1 mg/kg cis-
plation (Qilu pharmaceutical factory, Jinan, 
China) intravenously 3 times a week; (b) Bev-
high group: treated with 5 mg/kg bevacizumab 
(BMS359, eBioscience, California, USA) intra-
venously via caudal vein 5 times a week; (c) 
Bev-low group: treated with 2.5 mg/kg bevaci-
zumab intravenously via caudal vein 5 times a 
week; (d) control group: treated with saline 
intravenously via caudal vein.

Biochemistry index assay 

Blood sample (280 mL) was obtained via cau-
dal vein, and then all the rats were killed by cer-
vical dislocation. The urine samples (500 mL) 

C was detected by the homocysteine circulating 
enzymatic method. Blood urea nitrogen and 
serum creatinine levels were measured using 
picric acid creatinine reagent. 

Histopathological examination of kidney tissue

Tissues in four groups were fixed with 4% neu-
tral buffered formalin, embedded with paraffin, 
and stained with hematoxylin-eosin (HE). Then 
the histopathological change was observed 
under a light microscope (OLYMPUS BX51lF- 
320H1, JEOL, Japan). 

Immunostaining for IgG, IgA and IgM deposi-
tion

The kidney tissues were embedded in tissue 
OCT-freeze Medium, frozen in liquid nitrogen. 
The frozen sections (4 mm) at -20°C were air 
dried, washed using phosphate buffered saline 
(PBS) (3 ×, 5 min each) and blocked with PBS 
containing 5% FBS for 60 min. Then the sec-
tions were incubated overnight at 4°C with pri-
mary antibody (IgG1: BETHYL, USA; IgA: 
BETHYL, USA; IgM: BETHYL, USA). After wash-
ing with PBS 5 min for 3 times, sections were 
incubated with secondary antibody (cy3, 
Jackson ImmunoResearch, West Grove, PA, 
USA) for 60 min at room temperature. The cell 
nucleuses were stained by DAPI (Dojindo, 
Shanghai, China) for 5 min at 37°C, washed by 
PBS (3 ×, 5 min each), mounted using anti-
quencher (Southern Biotech, USA), and subject-
ed to a light microscope for IgG, IgA and IgM 
deposition.

Immunohistochemistry for VEGF expression

The expression of VEGF in the experimental 
group cells was detected by immunohistochem-
ical sABC (streptavidin-biotin complex) method. 
The details of the method for dewaxing, antigen 
retrieval and blocking for the paraffin sections 
of kidney tissues have been published previ-
ously [21]. Then the sections were incubated 

were collected by 
bladder puncture 
and kidney tissues 
were obtained from 
the four groups.

Microalbumin in ur- 
ine was measured 
quantitatively using 
biuret method [20]. 
The serum cystatin 
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Figure 1. Glomerular structure of the control and treatment (cisplatin, Bev-high and Bev-low) groups. A: Under light 
microscope (× 200); B: Under electron microscope (× 5000).
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for 60 min at room temperature 
with a rabbit polyclonal anti-
body against mouse VEGF 
(eBioscience, USA). After rinsing 
in PBS, they were incubated for 
20 min at 37°C with the second 
biotinylated antibody (goat anti-
rabbit IgG, eBioscience, USA). 
DBA (Dolichos biflorus aggluti-
nin) staining was visualized 
using the ABC (avidin biotin per-
oxidase complex) method.

Immunohistochemistry for 
nephrin expression

The formalin-fixed, paraffin-
embedded kidney tissue sec-
tions were dewaxed and inacti-
vated with 3% H2O2, and sub-
mitted to antigen retrieval by 
microwave radiation for 15 min. 
After overnight incubation at 
4°C, sections were reacted with 
a rabbit polyclonal anti-mouse 
nephrin (eBioscience, USA), and 
processed by adding polymer 
reinforced agent (reagent A) 
and enzyme labeled anti-rabbit 
polymer (reagent B). Immun- 
oreactivity was visualized using 
DAB. Sections were then coun-
terstained with haematoxylin 
(Beyotime Institute of Biotech- 
nology, Shanghai, China), wa- 
shed, dehydrated, and mount 
with permount (Amresco, USA).

Ultrastructure of kidney tissue

The ultrastructure of kidney tis-
sue was observed under trans-
mission electron microscope 
(JEM-1230, JEOL, Japan). Befo- 
re observation, the specimens 
were fixed for 72 h in a solution 
of glutaraldehyde 2.5%. After 
rising 2 × 15 min in PBS, they 
were later fixed for 2 h in a sou-

Figure 2. Immunofluorescence of 
deposition in the control and treat-
ment (cisplatin, Bev-high and Bev-
low) groups. A: IgG deposition; B: 
IgM deposition; C: IgA deposition.
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lution of osmic acid 1%. The specimens were 
dehydrated with graded acetone and were 
soaked in embedding medium. Ultra-thin slides 
were made with an ultramicrotome (LKB-NOVA, 
LKB, Sweden), and then subjected to transmis-
sion electron microscope.

Statistical methods 

The experimental data were analyzed by SPSS 
17 software (SPSS, Inc., Chicago IL). All quanti-
tative data were reported as mean  ±  SEM 
(standard error of mean). Means among differ-
ent groups were compared using ANOVA (analy-
sis of variance) and multiple comparisons were 
performed by LSD (least significant difference) 
method. P value < 0.05 was considered to be 
statistically significant. 

Results 

Biochemistry index analysis

The levels of biochemistry index in serum and 
urine were presented in Table 1. The levels of 

microalbumin, cystatin C and serum creatinine 
in all treatment groups were significantly higher 
than those in normal control group (P < 0.05). 
Treatment with cisplatin and low dose bevaci-
zumab did not significantly affect the blood 
urea nitrogen level, whereas the blood urea 
nitrogen levels in Bev-high group were signifi-
cantly higher than those in control and cisplatin 
groups (P < 0.05). The microalbumin levels in 
Bev-high group were significantly higher than 
those in cisplation and Bev-low groups (P < 
0.05). The cystatin C was much more increased 
in kidney when treated with high dose bevaci-
zumab than cisplatin and low dose bevacizum-
ab treated groups (P < 0.05).

Morphological changes of kidney tissue in light 
microscope and electron microscope

The results of HE staining showed a grossly nor-
mal glomerular morphology in the four groups 
(Figure 1A), with the legible glomeruli structure, 
the non-expanded mesangial matrix, regular 
intercapillary and epithelial cells growth. While 

Figure 3. Immunohistochemical staining for VEGF (vascular endothelial growth factor) in kidney from control and 
treatment (cisplatin, Bev-high and Bev-low) groups (× 200).
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the electronic microscopy showed the podo-
cytes were extensively fused in cisplatin group 
and Bev-high group (Figure 1B). None abnor-
mal effects were observed in all of the treated 
groups with regard to basement membrane 
and mesangial matrix.

Immunostaining results of IgG, IgA and IgM 
deposition

There was extensive staining of both IgG (Figure 
2A) and IgM (Figure 2B) in the mesangial 
regions and prepapillary vascular loops for cis-
platin (+++) and Bev-high (++) groups, whereas 
staining for IgG and IgM in other groups were 
negative. IgA (Figure 2C) staining in the four 
groups was negative as well, indicating IgA 
deposition was found in neither control group 
nor treatment groups.

Immunostaining results of VEGF expression

We investigated the effect of cisplatin and bev-
acizumab on expression of VEGF by immunos-

taining. Results (Figure 3) showed the VEGF 
immunoreaction was remarkable with claybank 
in the cytoplasm cells of control, cisplatin and 
Bev-low group, while the cells in Bev-high group 
displayed relatively light dyeing color.

Immunostaining results of nephrin expression

As shown in Figure 4, the immunohistochemi-
cal staining for nephrin in kidney exhibited a 
non-significant difference expression level in 
the treatment and control groups. That is, dif-
ferent dosages of bevacizumab, did not remark-
ably affect the nephrin expression level.

Discussion

Given the fact that VEGF inhibitor exhibits clini-
cally side effect in therapeutic of various of 
tumor cells [22, 23], we wished to reveal the 
toxicity mechanism of bevacizumab on kidney 
injury by administrated with low (2.5 mg/kg) 
and high (5 mg/kg) dosages of bevacizumab. 
Our study demonstrated that bevacizumab 

Figure 4. Immunohistochemical staining for nephrin in kidney from control and treatment (cisplatin, Bev-high and 
Bev-low) groups (× 200).
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therapy significantly increased the proteinuria 
at the cost of its toxicity, especially at the high-
er dosage treatment level. Treatment with high 
dosage bevacizumab statistically increased the 
microalbumin, serum cystatin C, blood urea 
nitrogen and serum creatinine levels compared 
with control group rats. Immunohistochemical 
results showed the kidney function related pro-
teins of IgG, IgM and VEGF were highly 
expressed when treated with high dose bevaci-
zumab, whereas the IgA and nephrin were not 
significantly expressed at all. Podocytes were 
observed extensively fused in cisplatin group 
and Bev-high group. All these changes are con-
sidered to be the promising indicators for early 
kidney injury, and they are probably involving in 
injury mechanism by high dose of bevaci- 
zumab.

In the present clinical practice, early kidney 
injury is characterized as a rapid decline of glo-
merular filtration rate and sudden loss of kid-
ney function, and clinically detected by an 
increase in serum creatinine and urea [24, 25]. 
In our study, both of the serum creatinine and 
urea nitrogen were detected increased in all 
the treatment groups, indicating a kidney injury 
occurred in these rats after giving drugs (beva-
cizumab and cisplatin), while the urea nitrogen 
increase was not significant in cisplatin and 
Bev-low group. Previous results proved that cre-
atinine did not accurately estimate the glomer-
ular filtration rate attributing to the secretion 
and reabsorption of kidney tubule [26, 27]. 
Compared with serum creatinine and blood 
urea nitrogen, our study showed microalbumin 
and cystatin C levels were more sensitive for 
early kidney injury detection because a more 
significantly dose dependent increase was 
found in these treatments. Our results were in 
coincidence with previous studies that microal-
bumin and cystatin C were considered to be the 
more promising and easier measurable mark-
ers for the progression of kidney injury [28, 29]. 
Therefore, we strongly suggest that kidney 
functions should be carefully detected in 
patients who were treated with bevacizumab 
for cancer diseases, even without clinical signs. 

Kidney injury caused by high dose of anti-VEGF 
drug bevacizumab is a process induced by sub-
sequent signaling cascades. In the glomeruli, 
VEGF is continuously expressed and secreted 
by podocytes to protect the integrity of filtering 

membrane [30, 31]. We found that, the expres-
sion of VEGF protein was significantly down-
regulated in rats kidney after a period of beva-
cizumab administration. Moreover, the podo-
cytes were extensively fused in rats injected 
with bevacizumab. The data indicates that the 
down-regulated VEGF is likely due to the distur-
bance of glomerular basement membrane. 
Further decline in VEGF expression was 
observed in rats kidney by higher dose of beva-
cizumab, which might be explained by podo-
cytes apoptosis being induced by inhibition of 
VEGF activity [32]. In this process, the bevaci-
zumab may partly activate alexin cascade, 
causing the formation of cell membrane attack 
complex and triggering cytolytic toxicity [33].

Bevacizumab caused podocytes damage may 
mediated by down-regulation of  a member of 
immunoglobulin (Ig) superfamily-slit diaphragm 
nephrin [34]. Immunohistochemical analysis 
showed no significant changes in nephrin 
expression levels in the kidney biopsy speci-
mens of treated rats at all. The expression of 
nephrin was not always consistent in other kid-
ney injury [35, 36]. These discrepant results 
may be explained by the differences in kidney 
injury degree and the methods in detecting pro-
tein expression. Patients who suffered from 
chemotherapy of anti-VEGF lead to proteinuria 
indicating injury of the glomerular filtration bar-
rier [37, 38]. Another immunoglobulin super-
families, IgG and IgM were found higher depos-
ited in high dose bevacizumab treated groups. 
So we concluded from our results that the pro-
teinuria induced by bevacizumab was related to 
immunoglobulin deposition. Clearly, our data 
demonstrated that the perturbation of VEGF 
levels were not only associated with the rising 
level of proteinuria but also with adjustment of 
podocyte-dependent membrane structures. 

In accordance with effects of high dose bevaci-
zumab, the cisplatin injected rats kidneys also 
showed relative extensively podocytes, and 
immunoglobulin deposition in extracelluar 
matrix and vascular loops, indicating that high 
dose bevacizumab and cisplatin should not be 
treated in combination in patients for cancer 
diseases.

In summary, our results imply that the high 
dose bevacizumab for chemotherapy signifi-
cantly increased the risk of injury in glomerular 
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filtration barrier. The injury may not only associ-
ate with the rising level of proteinuria but also 
with podocyte-dependent membrane struc-
tures. It is important for doctors to recognize 
the risk with carefully detection in patients who 
are treated with bevacizumab for cancer dis-
eases. Moreover, high dose bevacizumab and 
cisplatin should not be treated in combination, 
because they results in coincidence and severe 
kidney injury.
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