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Chapter 7
Rabbit as a Model for the Study
of Human Diseases

Masashi Shiomi

Abstract Although genetically modified mice are playing an essential rele in the study
of the expression and functions of individual genes, rabbits are useful animal models 1o
extrapolate animal studies o humans. 1is necessary that key gene expression and function
are eqvalent and close to human rather than the outward features or phenotype. For
example, 10 study human hypercholesterolemia, the only hypercholesterolemia s
insutheient, the lipoprotein profiles and enzymes in the ipoprotein metaholism of animal
medels are important for ranslational medicine. Lipoprotein metabolism of rabbits
resembles bumans closely, In addition, histopathological and/or immunohistochemical
features of the tssues of disease similar to humans are important, In this Geld, spontaneous
hypercholesterolemic rabbits (WHHL and WHHLMI rabbits) have contributed o the
clucidation of Hpoprotein metabolism, atherogenesis, and w0 the development of
therapeuatic componnds, such as statins, Recently, a number of transgenic rabbits have
been developed and they also contribute to the study of cardiac function and infections
diseases. Furthermore, rabbits are useful for studies of orthopedic surgery, cardiovascular
surgery, and neophastic diseases, Rabbit models have contributed not only o the
mechamstic studies of human diseases but also to the development of therapeutic
compounds, devices, or technigues for therapeutics. Applyiag these animal models n
transfational rescarches promotes the elucidations of human diseases,

Keywords animal models for human diseases, wanshtional research, wransgenic

rabbits, WHHL/WHHLMI rabbits

7.1 Introduction

After the genomes of human and mouse were fully deciphered, it has been reeognized
that the analyses of gene expression and functions are important o onderstand the
pathogenesis and the mechanisms of diseases. It is entical for researchers to choose
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defect in LDL receplors which is characterized by the deletion of 12 base pairs of
nucleotide in the LDL receptor gene { Yamamoto cf al. 1986), which explained why
there was marked accusulation of LDL in the plasma of WHHL rabbits (Tanzawa
ot wl. 19B0; Kita et al. 1981). In addition, WHHL rabbits, had 1enfold higher
levels of plasma triglycerides than normal rabbits. The CETP activity was high
in the plasma (Son and Zilversmit 1986) and expression of apoB-cditing enzyme
wax not detected in liver (Kozusky ot al. 1996). Therefore, lipoprotein metabo-
lism of WHHL rabbits resembles that of human familial hypercholesterolemia
patients, Beeause of these features, WHHL rabbits contributed 1o studies aiming at
clucidating human lipoprotein metabolism, cspecinlly the LDL yeceptor puthway
(Coldstein et al. 1983). In addition, WHHL rabbits bave been used 1o screen the
lipid-lowering effects of many compounds (Table 7.2), The best example of these
stuctics exanvined in WHHL rabbiis is statin (Watanabe et al, 1981; Tsujita 1986
Watanabe 1 al. 1988 Shiomi et al, 1993, 2008; Shiomi and Ite 19993, which is
one of the most effective hypocholesterolemic drugs preseribed right now for more
than 30 million patients in the world each year,

WHHL. rabbits have also contributed o studies of atherosclerosis and examina-
tion of anti-atheroselerotic effects of several compounds (Table 7.2). Due to the LDL
receptor deficiency and bypercholesterolemia, atherosclerotic lesions developed
spontancously in WHHL rabbits under a normal standard chow. Therefore, WHHL
rabbits can be used for the study of atherosclerosis injtation and the characteriza-
tion of atherosclerotic pathology (Shiomi 2008). Atheroselerotic lesions of the aorta
of WHHL rubbits were fatty streak at weaning, became macrophage-rich lesions
at young age, established lesion {fibro-atheroma) at mature age, and complicated
lesions (accumulation exteacellular lipids, thin fibrous cap, calcifieation, and intre-

Table 7.2 Hypolipidemic and anti-atherosclerotic studies using WHHL or WHHLMI mbbits

Compounds Hypertipiderain Acriic lesion Coronary lesion
Sutin O ® 02 o
Resin - nad.
Siatin + Resin £ 0
Squalene synthase inbibitor 2 0
MTE inhibitor nel ndl
ACAT inhiblier %, O %, 3
Prohucol o nal,
M-CSF or GM-USF J aal,
Apol nad.
Fibrase * nd,
Fish oil e .l
Thinzolidinedione 5 ) A
Ca'” antagonist ® # p
{-blocker % B ><;
ACE inhibitor ¥ o wal.
Al recoptor antagonist ® & [
Ciene therapy & n.d, nd,

0, effective; =, not effective: nd

.. ot determined
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plague hemorchage) it old age. These histelogicul Teatures resomble many respects
of human atheroselerotic lesions. Using WHHL rabbits, Watanahe et al. demon-
strated that plasma cholesierol reduction by pravasiatin, an inhibitor of cholesierol
synthesis, can delay development of atherosclerosis (Watanube ot al. 1988),

7.3.2 WHHLMI Rabbits

Although atheroselerotic lesions developed in aona of every WHHL vabbil, the
incidence of coronary atherosclerosis was very Jow amd myccardial infwretion did
not oceur, To develop coronary atherosclerosis in WHHL rabbits, Watanabe et gl
{(Watanzabe ot al. 1985) started o develop coronary atherosclerosis-prone WHHL
rabbits by sclective breeding in 1993, Stodies nsing the coronary atherosclerosis-
prone WHHL rabbits demonstrated that reduction of plasma cholesiern] levels by
statins jmproved composition of coronary plagues from unstable lesions Lo stable
lestons (Shiomi et al, 1995, 2005; Shiomi and lto 1999a), However, the incidence of
myocardial infarction was still very low due to macrophage-poor lesions, In quan-
titative analyses of atherosclerotic lesions using bmaging techniques (Shiomi et al,
19943, the composition of coronary atherosclerosis differed from the aortic vaes.
Therealter, Shiomi et al. (Shiomi ¢t al. 2003) staried selective breeding from 1993
using indices of macrophage-rich coronary lesions, severe coronary stenosis, higher
plasma cholesterol levels, and development of myocandial infarction. Seven vears
after, the incidence and severity of coronary lesions incressed. The cumulated inci-
dence of myocardial infarction in 30 months old animals was increased from 23%
of the original WHHL rabbits to W7% in WHHLMI rabbits by the selective breeding
(Shiomi ef al. 2003), The degree of coronary stenosis (croxs-sectional narrowing) st
the age of 10-14 months also increased from 38% in the original WHHL rabhits 1o
S5 i the WHHLMI rabbits (Tto el al. 2004). Myocardial infarcdon of WHHLMI
rabbits is classified ino four types: subendocardial infarction, intramural infare-
tion, transmural infarction, and sobepicardial infarction, In WHHLMI rabhits,
fresh myocardial lesions consisied of hyperemia, cosinophilic degeneration of
myoeardial cells and infiliration of inflammatory cells was observed in the viciniy
of old myocardial lesions consisting of myocardial Gibrosis, scar, and dissolution
of myocwrdial cells. The electrocardiograms from o WHHLMI rubbit monitored
immediately before sudden decease showed an elevition of STsegment and deep
{-wave which are the typical changes of acute myoveardial infarction in humans,
The coronary lesions of WHHLMI rabbits show various types, vulperable plague
{karge lipid core covered with thin fibrous cap), nucrophage-rich plaque, compii-
cated plague and Tibrous plague. all similar to human coronary plagues. However,
rupture of coronary plague and/or formation of thrombosis were not observed, The
next there is the development of acute coronary syndrome in WHHLMI rubbits,
with the coronary plague rupture and the generation of thrambosis,

Figure 7.1 summarizes the characteristics of WHHLMI vabbits and their imple-
mentation in translational researches. LIL accumulates in the plasma due 1o LDL
receptor deficiency, the low HDL-cholesteral and the metabolic syadrome-like
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Characteristics of WHHLMI rabbils

{ LDL receptor deliciency }

v

[ Hypercholestarolemia M Low HDL }[ Matabolic syndrome )

~

{ Atherosclerosis }{ Myocardial infarction }

[ Ranthoma }{Ove;asiéva bladder (Paiiakimia)ﬂ Other related disoases }

Application for studies of dlagnosis, therapeutics, and development of drugs for
hypercholesterclemia, atherosclerosis, and other related disgases

[imaging of atherosclerosis for diagnasis}

Gene therapy }

( Development of compounds and therapeulics }

Fig, 7.1 Charactesistics of WHHLMI abbits and the application

feature {accumulation of visceral fats snd hypesinsulinemia) which couse the
development of atherosclerotic lesions in morta, coronary areries, pulmonary
arteries, caratid artertes, cercbral arteries and other arteries, Myocardial infwction
oveurs due fo coronary ovclusion by atherosclerotie lesions, In addition, xanthoma,
overactive bladder and other diseases appeared related to hypercholesterolemia and
atherosclerosis,

Ideally, it is essential that animal models should contribute not only to the
mechanistic study of human diseases but also w the development of new drugs,
devices, or techniques Tor therapentics. As mentioned above, several hypocholeste-
rolemic drugs have been developed and the anti-atherosclerotic effects of some of
them could be proved. Statin is an inhibitor of HMG-CoA reductase, a rate-limiting
enzyme in the cholesterol biosynthesis pathway, Lipid-lowering effect of statin was
initinlly detected in WHHL rabbits and it is the most potent drugs to prevent soote
coronary syndromes (Naghavi et al. 2003). Snudies using WHHL rabbits contrib-
pied 1o undesstand how the reduction of the serum cholesterol levels stabilized
atherosclerotie lestons (Shiomi et al. 1995). Recently, WHHLMI rabbits have been
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used in studics based on imaging of atheroselerotic lesions by MR (Meding et al,
2007 Steen et al, 20073, PET (Ogawa ¢ al. 2006: Ishino et al, 2007) and intra-
vascular ultrasound (IVUS) (Jwata et al. 2007} These weehniques are promising
for the identification of patients with coronary atherosclerosis 1o provest acule
coronary syndromes, In addition, WHHL (Kobe colony) and WHHLMI rubbits ulso
showed metabolic syndrome-like metabolic disorders, including the accumulation
of visceral fats (Shiomi et al. 19949, insulin resistance (Zhang et al. 1991 Shiomi
et al, 19990 and mildly hyporglveedemig, Some WHHLMI rabbits also showed
overactive bladder and keratopathy (Garibaldi and Goad 1988).

7.3.3  Other Rabbit Models for Human Lipid Disorders

In 1987, La Ville et al. (La Ville et al. 1987) developed a rabbit strain characterized
by hypercholesterolemia (394 = 100mg/dl) with moderately inereased or normial
triglyceride levels, This rabbit strain showed elevated endogenous lipoproteins
{very low-density hpoprotein (VLDL), intermediate density Tipoprotein {(IDL),
and low-density lipoproin (LDL)) cholesterol and LDL triglyeeride levels due o
over-secretion of VDL from the Hver, The LDL receptors functioned normally.
Atherosclerosis developed in the aorta of these animals, These rabbils resemble
human familial combined hyperlipidemia, which is one of the most common
diserete hyperlipidemic disorders, Later on, this rabblt strain was bred into a
new colony, the St Thomas” mixed hyperlipidemic (SMHL) rabbit {Ardern et al,
1994, In SMHL rabbits, the serum cholesterol levels were 264 = 68 mg/d], and the
triglyeeride levels were 290 2 55 mg/dl in feeding of very low cholesieral contain-
ing diet {0.08% cholesteral enriched diet) {De Roos et al, 2005), SMHAL rabbits also
showed insulin resistance (De Roos ¢t al, 2001,

ltes and coworkers developed posiprandial hypertriglyceridensic (PHT) rabiity
{Kawai et al. 2006), which showed postprandial hypertriglyeeridemia und mueta-
bolie syndrome-like feature. In PHT rabbits, the preprandial plasma triglyceride
levels (4,55 & 1,32 mmol/D) were about tenfold higher than in normal JW rabbits,
Afier 15h of continucusly available feed ol normal standard chow, the plasma
triglyecride levels were markedly increased (159 = 2.7 mmol/l) compuared with
the normal Japanese white rabbits (0,71 = 0.01 mmold1y, In PHT rabbits, accumu-
lation of visceral fat was prominent and insulin resistance was observed, These
rabbity may also be impartant for the study of hyperipidemia and metabolic
symdrome.

7.4 Rabhit Models for Other Human Diseases

Rahbits also comributed 1o studies of cardiae function, infectious diseases, ortho-
pedic surgery. cardiovascular surgery. and neoplastic diseases,
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7.4.1  Transgenic Rabbit Models for Prolonged QT
and Sudden Cardine Death in Human

Recently, Brunner e al. (Brunner et al. 2008) reported that the expression of
pore mutants of the human genes KCNGQ) and KCNHZ in rabbit heans led 10
the generation of transgenie rabbits (LOTT and LOQT2) with 2 long QT pheno-
type. KONOQT and KCNH2 are genes encoding repolarizing K- chanpels, The
human long-Q7T syndrome is characterized by delayed ventricular repolarize
tion, prolonged QT-interval, ventrieular arvhythmia and sudden cardiae death,
Current murine transgenic animal models of long-QT syndrome are limited
by substaptial differences in cardiac electrophysiology. LQT2 rabbits showed
a high incidence of spontancous sudden cardine death (>530% at 1 year) due
to polymorphic ventricular tachycardia, Optical mapping revealed increased
spatial dispersion of repolarization underlying archythmia, These transgenic
rabibits have been used as a model o deteet the channel-blocking properties of
some anesthetic ngents (Odening et al. 2008). The transgenic LOTY and LQT2
tahbits are thus suitable animal models for studying the human prolonged QT
syndrome.

7.4.2  Rabbit Models for Thrombogenesis

An imporlant event after plague rupture ix thrombogenesis, Development of
thrombus under physiological conditions is rure in animal models, Recently,
Yamashita et al  Yamashita et al, 2004} reported that a blood fow reduction after
thrombus propagation related 10 arterial thrombogeneeity in eabbit model after
single and repeated baltloon injuries. In their study, after balloon injury of the
normal femoral artery of normal rabbits, the blood fow was reduced. As aresult,
ereased vaseular wall thrombogenicity together with a substantial blood flow
reduction are erucial for ceclusive thrombus formation and the von Willebrand
factor plays an important tole in thrombus propagation. Finally, (hey speculated
that reduced blood Pow at plague distuption sites might contribute 1o thrombus
propagation feading to scute corpnary syndromes, In coronary thrombi obtained
by an aspiration device from patients with acute myocardial infurction, Hoshiba
el al. (20063 observed co-localization of the von Willebrand fuctor with platelet
thrombi, the tissue factor, platelers with fibrin and the consistent presence of
inflammatory cells (CD16-positive neutrophils, CD45-positive mononuclear
cells and CD3-positive blood progenitor cells). These studies suggest tha, to
propagate an arlerial thrombus after a plaque ruplure, a reduction of blood flow
is important as well as ihe grewing of the thrombug with inflammatory cells and
erythrocytes, Therefore, rabbits are useful models for studies of thrombogenesis.
Development of transgenic rabbits for factors of thrombogenesis way also play
an imporiant role,
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