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Human apolipoprotein B transgenic SHR/NDmcr-cp 
rats show exacerbated kidney dysfunction
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Abstract: Nephropathy frequently co-occurs with metabolic syndrome in humans. Metabolic syndrome 
is a cluster of metabolic diseases including obesity, diabetes, hypertension, and dyslipidemia, and 
some previous studies revealed that dyslipidemia contributes to the progression of kidney dysfunction. 
To establish a new nephropathy model with metabolic syndrome, we produced human apolipoprotein 
B (apoB) transgenic (Tg.) SHR/NDmcr-cp (SHR-cp/cp) rats, in which dyslipidemia is exacerbated 
more than in an established metabolic syndrome model, SHR-cp/cp rats. Human apoB Tg. SHR-cp/
cp rats showed obesity, hyperinsulinemia, hypertension, and severe hyperlipidemia. They also 
exhibited exacerbated early-onset proteinuria, accompanied by increased kidney injury and increased 
oxidative and inflammatory markers. Histological analyses revealed the characteristic features of 
human apoB Tg. SHR-cp/cp rats including prominent glomerulosclerosis with lipid accumulation. Our 
newly established human apoB Tg. SHR-cp/cp rat could be a useful model for the nephropathy in 
metabolic syndrome and for understanding the interaction between dyslipidemia and renal dysfunction 
in metabolic syndrome.
Key words: apolipoprotein B, dyslipidemia, kidney dysfunction, metabolic syndrome, SHR/NDmcr-cp 
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Introduction

Metabolic syndrome is a cluster of metabolic dis-
eases including obesity, diabetes, hypertension, and 
dyslipidemia, which greatly promotes the progression 
of renal dysfunction [3, 10]. Metabolic syndrome and 
nephropathy are frequent complications in humans 
[3, 10]. Recent clinical studies have revealed that meta-
bolic syndrome increases the risk for chronic kidney 
disease (CKD) [3, 10].

SHR/NDmcr-cp (SHR-cp/cp) is a rat model of meta-
bolic syndrome with hypertension, obesity, hyperinsu-
linemia, and mild hyperlipidemia [4, 22]. SHR-cp/cp 

rats also spontaneously develop abnormalities in renal 
histology [4].

Therefore, we produced a new nephropathy model by 
provoking severe hyperlipidemia in SHR-cp/cp rats. Dys-
lipidemia in type 2 diabetes patients is a risk factor for 
the progression of kidney dysfunction [16, 23]. Dyslip-
idemia is also considered to be associated with an in-
creased rate of progression of renal insufficiency in 
nondiabetic patients [17]. Several studies in animal mod-
els have shown that hypercholesterolemia accelerates the 
rate of progression of kidney disease [1, 5, 12]. Thus we 
intended to establish an animal model for the progressive 
loss of kidney function, exacerbated by hyperlipidemia.
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To exacerbate dyslipidemia in SHR-cp/cp rats, we 
generated human apolipoprotein B-100 (apoB-100) 
transgenic (Tg.) SHR-cp/cp rats. ApoB plays a central 
role in mammalian lipoprotein metabolism, and apoB-
100 is the key structural protein in the formation of li-
poproteins [29]. Human apoB-100 Tg. mice show in-
creased plasma total cholesterol and triglyceride levels 
as compared with non-Tg. mice [2, 11]. It could be ex-
pected that a transgene of human apoB in rats would 
provoke hyperlipidemia due to increased production of 
human apoB in the liver and/or reduced catabolism of 
human apoB-containing lipoproteins, as well as in mice 
[2, 11]. In fact, human LDL binds poorly to rat cell recep-
tors on rat fibroblasts and smooth muscle cells [7].

In the present study, to establish a human apoB Tg. 
SHR-cp/cp rats as a hyperlipidemia-dependent nephrop-
athy model with metabolic syndrome, metabolic and 
biological parameters in urine and plasma, and renal 
histopathology were investigated.

Materials and Methods

All animal care procedures and experiments con-
formed to the guidelines of the AAALAC and were ap-
proved by the Experimental Animal Care and Use Com-
mittee of Takeda Pharmaceutical Company Limited.

Establishment of human apoB-100 transgenic (Tg.) SHR-
cp/cp rats.

To generate human apoB-100 transgenic rats, we in-
jected human genomic DNA containing the full length 
of the human apoB-100 gene into fertilized eggs of Wi-
star rats. To select a transgenic rat line showing stable 
hyperlipidemia, expression analyses and phenotypic 
analyses were carried out among the four lines obtained. 
Then the male rats carrying the human apoB-100 trans-
gene were backcrossed four times with SHR-+/+ rats to 
replace the genome of the Wistar rat by the speed con-
genic method. A TaqMan Copy Number Assay 
(HS02237611_cn, Life Technologies, Carlsbad, CA, 
USA) was used to detect human apoB transgene in the 
genome of rats. Then male N4 rats were crossed with 
SHR-cp/+ rats to introduce cp mutations into the N5 rats. 
Finally, backcrosses to SHR rats were carried out nine 
times. Then human apoB Tg. SHR-cp/+ rats were crossed 
with non-Tg. SHR -cp/+ rats to obtain human apoB Tg. 
SHR-cp/cp rats and their littermates. Selection of the 
best human apoB Tg. male rats for subsequent backcross-

ing was based on genotyping by MAX-BAX service 
(Charles River) using 110 markers scattered throughout 
the whole genome. SHR-cp/cp, SHR-cp/+, and SHR-+/+ 
rats were provided by the Disease Model Cooperative 
Research Association (Kyoto, Japan). The human apoB 
Tg. SHR-cp/+ rats will be deposited in the National Bio-
Resource Project for the Rat in Japan and will be avail-
able from the project.

Animals
All rats were housed in individual metal cages in a 

room with controlled temperature (23°C), humidity 
(55%), and lighting (lights on from 7:00 am to 7:00 pm) 
and were fed MF-based western diet (Oriental Yeast) 
containing 0.15% cholesterol and 15% butter for 
7 months beginning at 8 weeks of age, with free access 
to water.

Biochemical parameters
Blood samples were collected from the tail vein with 

EDTA as an anticoagulant. Plasma HDL was fraction-
ated with a commercially available kit (Wako Pure 
Chemical Industries). Then the total and HDL choles-
terol levels were determined by enzyme assay kits (Wako 
Pure Chemical Industries). A turbidimetric immunoassay 
kit for the quantitative measurement of human apoB-100 
and apoB-48 was used (Apo B auto N Daiichi, Sekisui 
Medical, Tokyo, Japan). Plasma triglyceride (TG), glu-
cose, and blood urea nitrogen (BUN) were also measured 
with enzyme assay kits (Wako Pure Chemical Indus-
tries). Plasma insulin and C-reactive protein (CRP) con-
centrations were determined with ELISA kits (Morinaga 
and Alpha Diagnostic Intl). Lipid peroxide levels were 
estimated by TBARS assay kits (Cayman Chemical 
Company). To collect urine samples, the rats were placed 
individually in metabolic cages for 24 h, and urine was 
collected with free access to water as well as western 
diet. Urinary albumin and protein were measured by a 
commercially available kit (Wako Pure Chemical Indus-
tries). Urinary kidney injury molecule 1 (KIM1) levels 
were determined by KIM1 rat ELISA kits (Abcam, Cam-
bridge, UK)

RT-PCR
Thirty-six-week-old rats were sacrificed, and total 

RNA in the renal cortex was extracted with ISOGEN 
kits (Nippon Gene, Tokyo, Japan). The RNA was treated 
with DNase I (QIAGEN, Venlo, Netherlands). Then first-



NEPHROPATHY IN APOB TG. SHR-CP/CP RATS 315

strand cDNA was synthesized using a PrimeScript RT 
reagent Kit (Takara Bio, Otsu, Japan). We carried out 
real-time quantitative RT-PCR for the mRNA expression 
of secreted phosphoprotein1 (Spp1) in the renal cortex 
by using a 7900HT Fast Real-Time PCR System with 
commercial TaqMan probe kits (TaqMan Gene Expres-
sion Assays, (Life Technologies) and TaqMan Universal 
PCR Master Mix (Life Technologies) according to a 
standard method. Actb was used as a housekeeping ref-
erence gene.

Histopathology
Kidneys were collected from human apoB Tg. SHR-

cp/cp rats, non-Tg. SHR-cp/cp rats, human apoB Tg. 
SHR-+/+ rats, and non-Tg. SHR-+/+ rats. Then they were 
fixed in 10 vol% neutral buffered formalin and embedded 
in paraffin. The sections were stained with hematoxylin 
and eosin (H&E) and periodic acid-methenamine silver 
(PAM). Frozen sections of the kidney from apoB Tg. 
SHR-cp/cp rats and non-Tg. SHR-cp/cp rat kidneys were 
also stained with Oil Red O. Using light microscopy, the 
severities of the tubulointerstitial findings such as de-
generation/regeneration, mononuclear cell infiltration, 
and hyaline casts were determined in H&E-stained sec-
tions according to the following criteria expressed on an 
arbitrary scale from 0 to 4 or 3: tubular degeneration/
regeneration (0, no tubular degeneration and regenera-
tion; 1, focal lesions; 2, almost 25% of tubules were 
affectedd; 3, almost 50% of tubules were affected; 4, 
>80% of tubules were affected), mononuclear cell infil-
tration (0, no mononuclear cell infiltration; 1, sporadic 
and focal infiltrations; 2, multifocal infiltrations; 3, more 
extensive multifocal infiltrations), and hyaline casts (0, 
no hyaline cast; 1, a few hyaline casts; 2, multiple hya-
line casts mainly in the medulla; 3, multiple hyaline casts 
in the medulla and sporadic hyaline casts in the cortex; 

4, numerous hyaline casts). The severity of the glomer-
ulosclerosis was determined in the PAM-stained sections 
according to the following criteria expressed on an ar-
bitrary scale from 0 to 4: 0, no glomerulosclerosis; 1, 
sporadic glomerulosclerosis; 2, sporadic glomeruloscle-
rosis, with adhesion to the Bowman’s capsule in some 
affected glomeruli; 3, sclerosis lesions in almost 50% of 
glomeruli, with adhesion to the Bowman’s capsule in 
less than 50% of the affected glomeruli; 4, sclerosis le-
sions in most glomeruli, with adhesion to the Bowman’s 
capsule in more than 50% of the affected glomeruli. In 
addition, lipid accumulation in the glomerulus was 
evaluated using sections stained with Oil Red O.

Statistical analysis
Results were expressed as the mean ± standard error. 

Statistical significance among four groups was deter-
mined using one-way ANOVA and subsequent paramet-
ric Dunnett’s or Tukey’s multiple comparison tests. 
Statistical significance between two strains was deter-
mined by Student’s t-test.

Results

Metabolic parameters
Metabolic parameters were measured to confirm 

whether human apoB Tg. SHR-cp/cp rats met the crite-
rion for metabolic syndrome. Thirty-six-week-old male 
human apoB Tg. SHR-cp/cp rats showed higher body 
weight levels when fed the western diet than human apoB 
Tg. SHR-+/+ and non-Tg. SHR-+/+ rats (Table 1). There 
were no significant differences in body weight between 
human apoB Tg. SHR-cp/cp rats and non-Tg. SHR-cp/
cp rats (Table 1). Twelve-week-old male human apoB 
Tg. SHR-cp/cp rats showed higher plasma insulin levels 
when fed the western diet than human apoB Tg. SHR-+/+ 

Table 1.	 Metabolic parameters in human apoB Tg. SHR-cp/cp rats

ApoB Tg. cp/cp Non-Tg. cp/cp ApoB Tg. +/+ Non-Tg. +/+

n 9 8 7 7
Body weight (g) 911 ± 20.8 963 ± 8.6 520 ± 15.5** 541 ± 11.9**
Plasma insulin (ng/ml) 35 ± 5.9 23 ± 1.6 3 ± 0.2** 3 ± 0.3**
Plasma glucose (mg/dl) 202 ± 33.8 203 ± 26.9 129 ± 2.7 145 ± 2.5
Plasma TC (mg/dl) 1,513 ± 89.1 176 ± 9.2** 465 ± 10.1** 73 ± 1.8**
Plasma TG (mg/dl) 1,044 ± 61.4 313 ± 149.9** 361 ± 12.8** 82 ± 10.5**
Plasma human apoB (mg/dl) 1,147 ± 40.2 0 ± 0** 406 ± 11.6** 0 ± 0**
Plasma HDL-c (mg/dl) 18 ± 2.1 40 ± 2.3** 5 ± 0.3** 24 ± 1.0
Systolic blood pressure (mmHg) 139 ± 9.0 153 ± 2.0 150 ± 3.0 168 ± 4**

Data are shown as the mean ± SE. **P<0.01 compared with human apoB Tg.-cp/cp rats.
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and non-Tg. SHR-+/+ rats after overnight fasting, al-
though there were no significant differences in plasma 
glucose levels between the 4 strains (Table 1). There 
were no significant differences in plasma insulin levels 
between human apoB Tg. SHR-cp/cp rats and non-Tg. 
SHR-cp/cp rats (Table 1). Twelve-week-old human apoB 
Tg. SHR-cp/cp rats showed plasma total cholesterol (TC) 
and TG levels of more than 1,000 mg/dl when fed the 
MF-based western diet beginning at 8 weeks old. Then 
human apoB Tg. SHR-cp/cp rats showed stable hyper-
lipidemia during the experimental period (Supplemental 
Fig. 1). Thirty-six-week-old male human apoB Tg. SHR-
cp/cp rats also showed higher total plasma TC, TG, and 
human apoB levels when fed the western diet than their 
littermates, human apoB Tg. SHR-+/+, non-Tg. SHR-cp/
cp, and non-Tg. SHR-+/+ rats (Table 1). Plasma human 
apoB protein was detected in only human apoB Tg. rats 
(Table 1). Thirty-six-week-old male human apoB Tg. 
SHR-cp/cp rats showed lower plasma HDL-cholesterol 
levels when fed the western diet than non-Tg. SHR-cp/
cp rats (Table 1). Systolic blood pressure (SBP) in each 
strain was measured by the tail-cuff method in 12-week-
old rats, and there were no significant differences among 
human apoB Tg. SHR-cp/cp, human apoB Tg. SHR-+/+, 
and non-Tg. SHR-cp/cp rats (Table 1). However, non-Tg. 
SHR-+/+ rats showed a significantly higher SBP than 
human apoB Tg. SHR-cp/cp rats. The human apoB trans-
gene had no effect on metabolic parameters, obesity, 
diabetes, or hypertension, with the exception of hyper-
lipidemia.

Urinary albumin excretion, urinary protein excretion, 
and BUN

Urinary albumin and protein excretion (UAE and 
UPE) and BUN were measured in 12-, 20-, 28- and 
36-week-old rats. UAE and UPE in male human apoB 
Tg. SHR-cp/cp rats were more prominent earlier than in 
non-Tg. SHR-cp/cp rats; when they were fed the western 
diet (Figs. 1A and 1B). BUN gradually increased in hu-
man apoB Tg. SHR-cp/cp rats in accordance with in-
creases in UAE and UPE, but this did not occur in the 
non-Tg. SHR-cp/cp rats (Fig. 1C).

KIM1, Spp1, TBARS, and CRP
Kidney injury markers, an oxidative stress marker, 

and inflammation markers were measured in 36-week-
old rats. KIM1 is located in the renal proximal tubule 
epithelial cells, and urinary KIM1 is a specific biomark-

er for tubular injury. Thirty-six-week-old male human 
apoB Tg. SHR-cp/cp rats showed higher urinary KIM1 
levels when fed the western diet than an established 

Fig. 1.	 (A)Urinary albumin excretion (UAE), (B) urinary protein 
excretion (UPE), and (C) BUN of rats. Filled circles and 
solid line, human apoB Tg. SHR-cp/cp (n=9); open circles 
and solid line, non-Tg. SHR-cp/cp (n=8); filled circles and 
dashed line, human apoB Tg. SHR-+/+ (n=7); and open 
circles and dashed line, non-Tg. SHR-+/+ rats (n=7). The 
asterisks indicate a significant difference at **P<0.01 in 
comparison of human apoB Tg. SHR-cp/cp rats with non-
Tg. SHR-cp/cp rats.



NEPHROPATHY IN APOB TG. SHR-CP/CP RATS 317

diabetic nephropathy model, non-Tg. SHR-cp/cp rats 
(Fig. 2A). SPP1 is a pleiotropic cytokine that is ubiqui-
tously expressed and upregulated during inflammation. 
Thirty-six-week-old male human apoB Tg. SHR-cp/cp 
rats also showed increased Spp1 mRNA expression lev-
els in the renal cortex; compared with non-Tg. SHR-cp/
cp rats (Fig. 2B). The plasma levels of TBARS, an oxi-
dative stress marker and an index for lipid peroxidation 
are shown in Fig. 2C. Thirty-six-week-old male human 
apoB Tg. SHR-cp/cp rats showed more than a three-fold 
increase in TBARS levels than their littermates, human 
apoB Tg. SHR-+/+, non-Tg. SHR-cp/cp, and non-Tg. 
SHR-+/+ rats (Fig. 2C). The plasma levels of CRP, a 
sensitive marker for inflammation, are shown in Fig. 2D. 
Thirty-six-week-old male human apoB Tg. SHR-cp/cp 
rats showed significantly increased plasma hsCRP levels 
than those of their littermates, human apoB Tg. SHR-+/+, 
non-Tg. SHR-cp/cp, and non-Tg. SHR-+/+ rats (Fig. 2D).

Renal histology
Representative histological features of 36-week-old 

male human apoB Tg. SHR-cp/cp rats are shown in 
Fig. 3. Human apoB Tg. SHR-cp/cp rats showed prom-
inent hyaline casts and tubular degeneration/regenera-
tion. The tubular changes were characterized by vacu-
olation and single-cell necrosis of the tubular epithelium, 
thickening of the basement membrane and tubular dila-
tion. Mononuclear cell infiltration mainly consisting of 
lymphocytes was also observed in the interstitial region 
(Fig. 3A). These lesions were also seen in non-Tg. SHR-
cp/cp rats (Fig. 3B); however, the severities in human 
apoB Tg. SHR-cp/cp rats were significantly higher than 
those in non-Tg. SHR-cp/cp rats (Table 2). Human apoB 
Tg. SHR-cp/cp rats also showed more severe glomeru-
losclerosis compared with non-Tg. SHR-cp/cp rats 
(Figs. 3E and 3F), and the glomerulosclerosis score in 
human apoB Tg. SHR-cp/cp rats was significantly high-

Fig. 2.	 Kidney injury, oxidative, and inflammation marker levels in 36-week-old of human apoB 
Tg. SHR-cp/cp (n=9), non-Tg. SHR-cp/cp (n=8), human apoB Tg. SHR-+/+ (n=7), and non-
Tg. SHR-+/+ rats (n=7). (A) Urinary KIM1 excretion, (B) Spp1 mRNA expression in the 
kidney cortex, (C) plasma thiobarbituric acid reactive substances (TBARS), and (D) plasma 
C-reactive protein (CRP) levels. The asterisks indicate a significant difference at *P<0.05 
or **P<0.01 in comparison of human apoB Tg. SHR-cp/cp rats with their littermates.
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er than that in non-Tg. SHR-cp/cp rats (Fig. 3K). Few 
lipids were observed in the glomeruli of non-Tg. SHR-
cp/cp rats (Fig. 3J), whereas more prominent lipid ac-
cumulation was observed in the glomeruli of all the 

human apoB Tg. SHR-cp/cp rats (Fig. 3I). Human apoB 
Tg. SHR-+/+ rats and non-Tg. SHR-+/+ rats showed no 
remarkable glomerular or tubulointerstitial changes 
(Figs. 3C, 3D, 3G, and 3H).

Fig. 3.	 Representative light micrographs of H&E- (A-D), 
PAM- (E-H), and Oil Red O-stained (I, J) kidney 
sections from 36-week-old human apoB Tg. SHR-
cp/cp (A, E, I), non-Tg. SHR-cp/cp (B, F, J), human 
apoB Tg. SHR-+/+ (C, G), and non-Tg. SHR-+/+ 
rats (D, H). Filled circles indicate hyaline casts. 
Arrows indicate dilated tubules. In the sections 
stained with Oil Red O (I, J), lipid droplets appeared 
as red spots and indicate the accumulation of neutral 
lipids in the glomeruli. K: The glomerulosclerosis 
score of the rats is shown. The number of rats is 
shown in parentheses. Values are shown as the mean 
± SEM. Bars=100 μm. The asterisks indicate a sig-
nificant difference at ††P<0.01 compared with the 
human apoB Tg. SHR-cp/cp rats.

Table 2.	 Quantitative analysis of tubulointerstitial lesions in human apoB Tg. SHR-cp/cp rats

ApoB Tg. cp/cp Non-Tg. cp/cp ApoB Tg. +/+ Non-Tg. +/+

n 9 8 7 7
Tubular degeneration/regeneration 2.9 ± 0.1 2.1 ± 0.1* 0.7 ± 0.2** 0.6 ± 0.2**
Mononuclear cell infiltration 2.8 ± 0.2 1.8 ± 0.2* 0.1 ± 0.2** 0.1 ± 0.2**
Hyaline cast 2.9 ± 0.1 2.3 ± 0.2* 0.9 ± 0.2** 0.7 ± 0.2**

Data are shown as the mean ± SE. *P<0.05 and **P<0.01 compared with human apoB Tg.-cp/cp rats.



NEPHROPATHY IN APOB TG. SHR-CP/CP RATS 319

Discussion

In this study, we established a new nephropathy mod-
el with metabolic syndrome, human apoB Tg. SHR-cp/
cp rats, by provoking severe hyperlipidemia. Human 
apoB Tg. SHR-cp/cp rats showed early-onset proteinuria 
and exacerbated kidney dysfunction compared with an 
established model, SHR-cp/cp rats.

Glomerular and tubulointerstitial lesions were more 
pronounced in the kidneys of human apoB Tg. SHR-cp/
cp rats, compared with non-Tg. SHR-cp/cp rats. Human 
apoB Tg. SHR-cp/cp rats showed marked glomerulo-
sclerosis. Glomerulosclerosis is a hallmark of diabetic 
nephropathy. They also showed lipid accumulation in 
the glomeruli. Several studies have shown the presence 
of lipid accumulation in the kidneys of diabetic patients 
[6] and animal models [8, 12, 20, 26]. It has been sug-
gested that lipid accumulation in the kidney could play 
a role in the pathogenesis of diabetic nephropathy 
[6, 8, 12, 20, 26]. It has been thought that lipid accumu-
lation in glomeruli and subsequent lipotoxicity would 
cause podocyte dysfunction and apoptosis [6], activate 
inflammatory mediators [9], and finally cause kidney 
injury, although the detailed pathogenic process in hu-
man apoB Tg. SHR-cp/cp rats has not been clarified.

Thirty-six-week-old male human apoB Tg. SHR-cp/
cp rats showed significantly increased urinary KIM1 
levels compared with non-Tg. SHR-cp/cp rats. KIM1 is 
a type I transmembrane structural glycoprotein located 
in the renal proximal tubular epithelia. These cells un-
dergo regeneration after various forms of injury and shed 
KIM1 antigen into the urine. Thus urinary KIM1 could 
be a specific biomarker for renal tubular injury. Actu-
ally, increased urinary KIM1 is an independent predictor 
of long-term renal graft loss and is also elevated in hu-
man proteinuric CKD [24, 25]. Male human apoB Tg. 
SHR-cp/cp rats also showed significantly increased Spp1 
mRNA expression levels in the renal cortex, compared 
with non-Tg. SHR-cp/cp rats. SPP1 is a pleiotropic cy-
tokine that is broadly expressed and upregulated during 
inflammation. Gene expression studies showed that 
higher Spp1 levels correlate with more severe diabetic 
albuminuria and glomerulosclerosis in diabetic nephrop-
athy models [21]. Spp1 expression is induced in several 
models of tubulointerstitial disease [27]. In addition, 
inducible expression of Spp1 in the tubular epithelium 
seems to be associated with interstitial monocyte infiltra-
tion and subsequent tubulointerstitial changes in some 

forms of human renal disease [15]. These changes in 
injury markers in human apoB Tg. SHR-cp/cp rats were 
consistent with histological changes of glomeruli and 
tubulointerstitial area in human apoB Tg. SHR-cp/cp 
rats.

Plasma hydroperoxide levels were measured to eval-
uate the degree of lipid peroxidation of blood compo-
nents. We found that TBARS, an index for lipid peroxi-
dation, increased in the plasma of human apoB Tg. 
SHR-cp/cp rats. The extremely high cholesterol and TG 
levels contribute to the marked elevations of circulating 
hydroperoxide in rats [18, 28]. Thus it could be sug-
gested that severe hyperlipidemia causes lipid peroxida-
tion, an oxidative stress marker in human apoB Tg. 
SHR-cp/cp rats.

Human apoB Tg. SHR-cp/cp rats also showed sig-
nificantly increased plasma CRP levels compared with 
their littermates, human apoB Tg. SHR-+/+, non-Tg. 
SHR-cp/cp, and non-Tg. SHR-+/+ rats. These results 
suggested that human apoB Tg. SHR-cp/cp rats have 
chronic middle-grade inflammation [28]. In a previous 
study, it was demonstrated that elevated serum CRP 
levels were positively associated with renal function 
abnormality and that early inflammatory processes may 
predispose the kidney to glomerular hyperfiltration-re-
lated renal function loss in humans [19]. It has been 
suggested that severe hyperlipidemia induced by the 
human apoB transgene in SHR-cp/cp rats could influence 
the inflammation and oxidative stress, although the hu-
man apoB transgene had no effect on metabolic param-
eters including obesity, diabetes, and hypertension. Yu 
Yamaguchi et al. confirmed that serum oxidative stress 
markers notably increase in SHR-cp/cp rats [28]. Miki 
Nagase et al. suggested that oxidative stress caused by 
mineralocorticoid receptor activation would partly con-
tribute to this renal abnormality in SHR-cp/cp rats [13].
These results suggested that oxidative stress could 
partly be involved in the renal injury in human apoB Tg. 
SHR-cp/cp rats characterized by glomerular sclerosis. 
Actually, biomarkers of inflammation and oxidative 
stress status are increased in chronic kidney dysfunction 
patients compared with healthy subjects [14]. Increased 
prevalence of oxidative stress and inflammation could 
also contribute to the progression of kidney dysfunction 
[14].

In the present study, we produced human apoB Tg. 
SHR-cp/cp rats to introduce the human apoB-100 gene 
into SHR-cp/cp rats, a metabolic syndrome model. How-
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ever, the human apoB transgene had no effect on meta-
bolic parameters, obesity, diabetes, or hypertension 
among rats with cp mutations, although inflammation 
and oxidative stress status were increased in human apoB 
Tg. SHR-cp/cp rats; compared with non-Tg. SHR-cp/cp 
rats. It is suggested that the levels of inflammation and 
oxidative stress in human apoB Tg. SHR-cp/cp rats 
would be insufficient for exacerbating metabolic param-
eters.

The plasma lipids levels of human apoB Tg. SHR-cp/
cp rats were three times higher than those of human apoB 
Tg. SHR-+/+ rats. However, the aortic atherosclerotic 
lesions were comparable between human apoB Tg. SHR-
cp/cp rats and human apoB Tg. SHR-+/+ rats (data not 
shown). Human apoB Tg. SHR-cp/cp rats also did not 
show prominent atherosclerotic plaques and coarctation 
of renal arteries. Thus it is suggested that the aortic 
lipid deposition would not cause exacerbated kidney 
dysfunction in human apoB Tg. SHR-cp/cp rats.

In summary, human apoB Tg. SHR-cp/cp rats devel-
oped progressive kidney failure, exacerbated by hyper-
lipidemia with metabolic syndrome. Our newly estab-
lished metabolic syndrome model, the human apoB Tg. 
SHR-cp/cp rat, is a useful model for understanding the 
interaction between hyperlipidemia and renal failure. It 
would be possible to use this model to develop thera-
peutic agents for kidney dysfunction associated with 
metabolic syndrome. Further study will be necessary to 
determine the involvement of lipotoxicity and oxidative 
stress in the pathogenesis and pathology of this meta-
bolic syndrome model.
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