
Species difference in lipoprotein 

metabolism, atherosclerosis, and 

myocardial characteristics

WHHLMI rabbits
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Mice are major model animals in biomedical research.

Why are mice the most used for biomedical research?

・Elucidation of disease onset mechanism and life phenomenon

・Identification of related genes

• The DNA sequence of the mouse has been determined and 99% of 

the mouse gene corresponds to human.

• Gene mutation mice can be prepared easily and relatively inexpensively.

• Compared to other animal species, research costs are low.

（small breeding space, small amounts of administration reagents）

• Experimental results can be obtained in a short time compared to other animal 

species.

• An inbred strain whose gene sequence has been determined can be used for 

experiments.



Feb. 24, 2004

1000

800

600

400

200

0

(Fan J, et al. Pharmacol Ther 2015; 146: 104-119)

1996  ‘97 ‘98 ’99  2000  ‘01   ‘02   ‘03

(kind gift from Prof. Chen, Michigan Univ)

http://online.wsj.com/home


• Compounds that were reproducible 

in clinical trials in drug development 

by major pharmaceutical companies 

are less than 21% of animal 

experiments.
(Nature 2013; 500:14-16) 

(Dec. 2, 2011)

(kind gift from Prof. Chen, Michigan Univ)

http://online.wsj.com/home


As a result, in the last decade, many compounds developed as 

research on targets that are not very effective in humans advanced 

to clinical trials.

Situation of development of drug candidate that falls out in clinical trials

○ Failure of drug development is due to the fact that there is no effect in clinical 

trial phases II and III.

○ Many new drug candidate compounds dropped out were derived from novel 

compounds based on the human genome project focusing on potential new 

drug discovery targets, molecular biological approaches, compound 

development by computer simulation, and nano-bodies.

(New Horizons in Translational Medicine 2014; 2: 5-11)



Science 2013; 342:922-925
1. Researchers should be more cautious whether studies with mice showing 

different diseases can accurately reflect the disease condition occurring in 

patients.

2. Many animal experiments are carried out without sufficient planning.

3. Compared to clinical trials, there are few experimental standards in animal 

experiments, and they are not managed.



Box 2. General reasons that the effectiveness of animal studies has 

declined: Inadequate research design

Animal experiments Human 

Condition of disease Young with single disease Seniors with multiple diseases

Gender Either males or females Both males and females

Onset of disease Induction Spontaneous onset

Timing of treatment       Induced or early stage After the symptoms

progressed
Dose of drug Extremely high doses 

that are toxic in humans

Homogeneous strain Individual difference

PLoS Med. 

2010 Mar 30;7(3):e1000245

The design of animal experiments and the condition of human patients are very different.







ARRIVE guidelines contains sample size 

determination methods, randomization, blindness, 

exclusion criteria in animal-based studies.



What makes an ideal animal model?

Kavanagh (Winston-salem, US) 

In which animal models of atherosclerosis can interventions be translated to human 

therapy?

17th International Symposium on Atherosclerosis. (Amsterdam, May 23-26, 2015)

・ Represents the human condition

・ Cost-effective

・ Large enough for imaging/repeated sampling

・ Reproducible pathology

・ Therapeutic target is present naturally

Research design is extremely important for reproducing the 

condition of human patients in animal experiments.



It is still important to increase the reproducibility of the results of 

animal experiments in clinical trials



Species differences 

in lipoprotein metabolism



Plasma cholesterol levels (mg/dl)

Human  

Normal chow 188

Total cholesterol

Triglyceride

Species difference in plasma lipoprotein profile

WHHLMI rabbit

Herminia Gonzalez-Navarro, et al. 

J Biol Chem  2004; 279: 45312-21
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ApoE-KO mouse
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LDLR-KO mice

225 ± 27

1583 ±120

Plasma cholesterol levels (mg/dl)

Human   WHHLMI apoE-KO mice

Normal chow 188           1336 513 ± 33

Animals fed 1.25% cholesterol diets.              

Total cholesterol

Triglyceride

Species differences in plasma lipoproteins

WHHLMI 

rabbit

LDLR-KO mice

Despite the absence 

of LDL receptor 

expression in LDLR-

KO mice, the serum 

cholesterol level is 

not so high in feeding 

a standard chow, 

which is very different 

from human familial 

hypercholesterolemia 

and WHHL / WHHLMI 

rabbits.



Apolipoprotein turnover rate 

in mice
Molar Ratio of ApoB-48 to 

ApoB-100 in mouse VLDL

(Li X, et al. J Lipid  Res 1996; 37:210-20)

The catabolic rate of apoB-48-containing 

VLDL is extremely fast, which affects 

lipoprotein metabolism markedly .

In mice, apoB-48-containing VLDL particles 

are secreted from the liver.



Detection of apoB48 and apoB100 mRNA in intestine 

(I), liver (L), and kidney (K) tissues of WHHL rabbits

infused with recombinant adenoviruses.

UAA, stop codon in apoB48 mRNA

CAA, glutamine codon in apoB100 mRNA

(Kozarsky KF, et al. Human Gene Therapy 1996; 7:943-57)

lacZ gene

Human LDL 

receptor 

cDNA

Primer expression assay of mRNA of apoB

editing enzyme in WHHL rabbits infused 

various recombinant adenoviruses

apoB100

apoB48

ApoB editing enzyme

ApoB 100

ApoB 48

Rat apobec-1 

cDNA

The gene of apoB-48 editing 

enzyme, apobec-1, is not 

expressed in the liver of 

wild-type WHHL rabbits.



ApoB editing enzyme

ApoB 100

ApoB 48

Northern blot analysis of apobec-1 mRNA 

expression in various mouse tissues

(Nakamuta M, et al. J Biol Chem 1995; 270:13042-56)

Mouse MTN blot #7762 

from Clontech

Mouse poly(A) RNA 

from Baylor College

Apobec-1 

mRNA

Apo B editing enzyme is expressed 

in the liver of mice and rats. 

The species differences between 

mice or rats and humans or rabbits 

on the expression of apoB-editing 

enzyme greatly affect lipoprotein 

metabolism.



CETP (cholesteryl ester transfer protein) transfers cholesterol from 

HDL to VLDL, IDL, and LDL. In humans, CETP is thought to be a key 

player that transports cholesterol from the peripheral macrophages 

to the liver.

Plasma     Transfer activity

Gender cholesterol (% kt/ml plasma)

Rabbits                                                           (mg/dl) TG      CE

Control New Zealand white male (n=5) 48.7 ± 11.5 563 ±124A 594 ± 99E

female (n=5) 52.2 ± 8.2 862 ±206B 901 ± 177F

WHHL male (n=5) 798  ± 209 1068 ± 341C 1562 ± 579G

female (n=5) 640  ± 134 1000 ± 268D 1430 ± 360H

Mean ± SD . A vs B (P<0.025); A vs C (P<0.025); B vs D (P<0.025); E vs F (P<0.01) E vs G 

(P<0.01); F vs H (P<0.02)

Plasma CETP activity in WHHL rabbits

Son YC, et al. (Arteriosclerosis 1986; 6: 345-351)



Agellon LB, et al. 

J Biol Chem 1991; 266 (17): 10796-10801

CET

P

Immunoblot 

analysis for 

CETP

Since CETP does not exist in the blood in mice, the reverse cholesterol 

transport pathway of mice is greatly different from humans and rabbits.



Exogenous pathway Endogenous pathway

Lipoprotein metabolism in humans and rabbits

(Modified after Goldstein et al. N Engl J Med 1983; 309:288-286)
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Changes in activity of LPL (dotted lines) and HTGL (solid lines) after heparin intravenous injection in various animals.

Animals used in this examination were females in mice and rats, and males in rabbits.

Data are presented as the mean +/- SEM. Statistical analyses between LPL activity and HTGL activity were performed with 

the Student t-test (*, P<0.05; **, P<0.01; ***, P<0.001).
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(Kimura et al. (Exp Anim 2019, in press)

Activities of LPL and HTGL of mice, rats, and rabbits.

Mice have HTGL activity in pre-heparin plasma



(Tsujita Y, et al. BBA 1986; 877: 50-60)

スタチン
の用量

スタチン
の用量

スタチン
の用量

スタチン
の用量

Lipid-lowering effects of 

pravastatin

Pravastatin decreased serum 

cholesterol levels in dogs, 

monkeys, HW rabbits and 

WHHL rabbits. 

However, in rats, pravastatin did 

not decrease the serum lipid 

levels.



Statins do not reduce serum lipid levels in mice.
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(Modified after Fan et al. Pharmacol Ther 2015; 146: 104-119)



Species differences in 

atherosclerotic lesions



apoE-KO/LDLR-KO mouse fed 

high fat diet （Masson’s Trichrome stain）

Caligiuri G, et al. PNAS 1999; 96: 6920-6924

ApoE-KO/SRBI-KO mouse fed 

standard chow （Masson’s Trichrome stain）

Braun A, et al. Cir Res 2002; 90: 270-276

40 mm

LDLR-KO mouse fed high fat diet
（H&E stain）

Ishibashi S, et al. JCI 1994; 93: 1885-1893

Stable and instable 

coronary lesions of 

humans

Lipid/macrophage- rich coronary lesions in mice



500 mm

500 mm

Stable and instable coronary lesions of humans

Stable and instable coronary lesions of WHHLMI rabbits



Western blotting for VLDL receptors



Aortic plaque 

from a 

WHHLMI 

rabbit

Plaques 

developed 

on  aortic 

sinus in an 

apoE-KO

mouse

・The VLDL receptor is expressed in macrophages in arterial lesions of rabbits and 

humans, but not in mice.

・The development and development process of atherosclerotic lesions in mice may be 

different from humans and WHHL rabbits.
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Differences between mouse and rabbit at 

overexpressing the same human gene

Mice Rabbits

Lecitin:cholesterol acyltransferase

Hepatic TG lipase

apoE3

15-lipoxygenase

Apolipoprotein (a)

Lipoprotein lipase

CRP

(modify. after Koike T & Fan J, Laboratory Animal Technology and Science 2005; 17: 91-96)

No function Functional

No effects on Decrease in

visceral fat accumulation

No Lp(a) formation Lp(a) formation

Pro-atherogenic Anti-atherogenic

Anti-atherogenic Pro-atherogenic

Pro-atherogenic Anti-atherogenic

Pro-atherogenic Anti-atherogenic



Lessons from species differences in 

hypercholesterolemia and coronary heart disease

1) For translational research, we have to select 

appropriate model animals

2) Not all genetically modified animals correspond 

to human diseases.


