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Atherosclerosis (1,2) and hypercholesterolaemia (in-
Endothelium-derived relaxing factor (nitric oxide: crease in low-density (LDL) cholesterol levels) before

NO) may provide an endogenous defence against ath- the formation of atherosclerotic lesions (3,4) disturb
erosclerosis which impairs endothelium-dependent the endothelium-dependent regulation of the vascular
vascular relaxation. Atherosclerosis development is tone by labile liposoluble radical nitric oxide (NO). Thisinhibited in cholesterol fed human apo A-I transgenic defect predisposes to vasospasm and ischaemia, withrabbits (Duverger, N., Circulation, 1996, 94, 713–717).

anginal pain as a clinical manifestation. Furthermore,We investigated if endothelium-dependent vascular
it is becoming clear that NO, in addition to regulatingrelaxation is modified in human apo A-I transgenic
vasomotion, might also modulate the progression ofrabbits by testing in vitro endothelium-dependent re-
atherosclerosis (5,6,7). In hypercholesterolemic rab-ceptor-dependent vascular relaxation to acetylcholine
bits, oral L-arginine supplementation (the substrate forand endothelium-dependent receptor-independent vas-
NO synthase (NOS), the enzyme which catalyses thecular relaxation to A23187 of abdominal aorta, pre-
production of NO in vascular endothelial cells (8)) iscontracted with phenylephrine, in human apo A-I
associated with a marked reduction in aortic and coro-transgenic rabbits (nÅ4) versus non transgenic lit-
nary atherosclerosis (5,6).termates (nÅ4). Endothelium-independent vascular

relaxation was investigated with sodium nitroprus- Epidemiological studies in industrialized societies
side. Vascular precontraction to phenylephrine was now indicate that a low high-density lipoprotein (HDL)
significantly increased in human apo A-I transgenic cholesterol level, usually accompanied by elevated
rabbits (põ0.05) while endothelium-independent vas- plasma triglycerides, is the most common abnormal li-
cular relaxation to nitroprusside was similar between poprotein phenotype associated with coronary heart
human apo A-I transgenic rabbits and control rabbits. disease susceptibility (9). Expression of human apolipo-
Endothelium-dependent receptor-dependent and re- protein A-I (apo A-I) (the major apolipoprotein of HDL)
ceptor-independent vascular relaxations were re- in mice (10) and in rabbits (11, 12) resulted in an in-
duced in human apo A-I transgenic rabbits (põ0.05). crease in HDL cholesterol levels and in highly signifi-
Maximum endothelium-dependent receptor-depen- cant protection from the development of aortic athero-
dent vascular relaxation was negatively correlated sclerosis lesions in the transgenic animals fed a choles-
with HDL-cholesterol and total apo A-I (rabbit/ terol rich diet. In spite of the strength of the associationhuman) plasma levels (rÅ0.87 and 0.86, pÅ0.01, respec- between high HDL cholesterol levels and atheroprotec-tively) but not with atherogenic plasma lipid (VLDL-

tion, the basis of this association is not totally eluci-cholesterol, LDL-cholesterol, VLDL/LDL cholesterol,
dated. The leading hypothesis, originally proposed bytriglycerides, apolipoprotein B) levels. These results
Glomset in 1968 (13), is called reverse cholesterolsuggest that the transgenesis of human apo A-I in rab-
transport. This theory suggests that HDL regulate thebits impairs signal transduction of endothelial NO syn-
movement of cholesterol from peripheral tissues, wherethesis. q 1997 Academic Press
it cannot be metabolized, to the liver for excretion. Nev-
ertheless, HDL not only act on the so-called reverse
cholesterol transport but also modify the biology of dif-1 Correspondence to: Patrick Duriez, Département d’Athérosclérose, ferent cells such as platelets (14), renal proximal cellsINSERM U325, Institut Pasteur, 1 rue du Professeur Calmette, BP
(15) and stimulate endothelin secretion by cultured en-245, 59019 Lille Cedex, France. Fax: 33 (0)3 20 87 73 60. E-mail:

Patrick.Duriez@pasteur-lille.fr. dothelial cells (16, 17).
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Production) recognizing both human apo A-I and rabbit apo A-I whileAs human apo A-I transgenic rabbits are protected
anti-human apo A-I antibodies raised in rabbit were used to deter-against a cholesterol rich diet (12) and are also given
mine human apo A-I specifically (Duverger 1995). Apo B was mea-oral L-arginine supplementation to inhibit atheroscle- sured by immunonephelemetry using antibodies specific for rabbit

rosis development (5,6), we tested the hypothesis that apo B (Institut Pasteur, Lille, France).
a relationship could exist in rabbits between the trans- Statistical analysis. Contractile response elicited by PE is ex-
genesis of human apo A-I and the biological activity pressed as a proportion of KCl induced constriction. Relaxations to
of NO. Therefore we measured endothelium-dependent the vasodilator agents are expressed as percentages of the initial

contraction to the PE. To analyse contractile and vasodilatation re-vasorelaxation in human apo A-I transgenic rabbits
sponses we determined the Emax and the EC50 (drug concentrationand in non transgenic littermates.
producing 50% of the maximal vasoconstrictor response). All data
is expressed as mean //0 SD. Aortic abdominal condtriction and
relaxation and lipid levels of human apo A-I transgenic rabbits andMATERIALS AND METHODS
control rabbits were compared by the Mann-Whitney test. Correla-
tion coefficients were calculated between maximal aortic abdominalAnimal model. Experiments were performed with New Zealand
relaxation and lipids. põ0.05 was acknowledged as significant.White rabbits transgenic for human apo A-I (line 20) (11, 12) and

non transgenic littermates (controls) aged 12 months and fed with
standard chow.

RESULTS
Solutions and drugs. The drug used were phenylephrine, acethyl-

choline, calcium ionophore A23187 and sodium nitroprusside (Sigma
Aortic Abdominal MotricityChemical). Concentrated stock solutions were prepared with deion-

ized water or 1% dimethyl sulfoxide (A23187).
Contractile response to phenylephrine (PE). Con-

Measurement of vascular reactivity. Abdominal aortic reactivity tractile responses to PE are illustrated in Figure 1.was studied in 2 male and 2 female human apo A-I transgenic rabbits
The contractile response to PE was significantly in-and compared with sex matched control animals that had fasted

overnight. Two rabbits were studied each day and the experimenter creased in rings with endothelium from transgenic hu-
did not know which of the two rabbits was the transgenic. Rabbits man apo A-I as compared with vessels from the control
were anesthetized with phenobarbital (30 mg/Kg IV). The abdominal group (apo A-I: EmaxÅ253.5{14.0%, versus control:aorta was removed and placed immediately in iced Krebs-Henseleit

EmaxÅ177.0{7.1%; pÅ0.03). Sensitivity to PE was(KH) solution consisting of the following (in mmol/L): 118 NaCl; 4.6
KCl; 27.2 NaHCO3; 1.2 MgSO4; 1.75 CaCl2; 0.03 Na2EDTA and 11.1 not different between human apo A-I transgenic rab-
d-glucose. This solution was aerated with 95% O2-5% CO2 (pH 7.4) bits for human and control rabbits (apo A-I: EC50 Åand was maintained at 377C. Intravenous heparin (1000 UI) was 5.9 { 3.3.1007 mol/L versus control: EC50 Å 3.31 {given before removal of the vessels to prevent coagulation. Vessel

1.3.1007 mol/L; pÅNS). After endothelial denudation,cleaning and dissection were performed in KH with the aid of a
binocular magnifying-glass. Arteries were cut into rings of 3 to 5 mm contractile response to PE in both control and human
in length. In half of the arteries, the endothelium was gently and apo A-I were similar.
mechanically removed with a small wooden applicator. Two stainless
stell wires were introduced through the arterial lumen of the ring. Endothelium-dependent and -independent relax-
One wire was fixed to the wall of the organ bath, while the other ation. The maximal endothelium-dependent receptor-
was connected to a force-displacement transducer (Radnoti glass dependent relaxation elicited by acetylcholine wastechnology, Monravia, CA). Each organ bath (Radnoti glass technol-

significantly attenuated in the transgenic group for hu-ogy, Monravia, CA) contained 40 ml of KH. The baths were main-
man apo A-I (apo A-I: EmaxÅ26.8{9.5%, versus con-tained at 377C and bubbled continuously with 95% O2 and 5% CO2.

Transducer outputs were amplified, recorded on a polygraph, digi- trol: EmaxÅ68.6{3.3%; pÅ0.03). (Figure 2A). Simi-
tized, and sampled by a microcomputer (Kenitec 486 DX2 66). For larly, endothelium-dependent receptor-independent re-
each abdominal aorta, four rings were studied. To establish the rest- laxation induced by A23187 was significantlying tension for maximal force development, a series of preliminary

decreased in the transgenic group for human apo A-Iexperiments were performed on rubbed and unrubbed artery rings
which were exposed repeatedly to 70 mM KCl. Basal tension was (Figure 2B). However, for the highest dose, Emax were
increased gradually until contractions were maximal. The optimal not stastistically different (apo A-I: EmaxÅ57.4{2.2%,
resting tension was found to be 8.0 g. The arteries were allowed to versus control: EmaxÅ80.9{7.6%; pÅNS). In contrast,
attain a steady level of tension for 60 minutes before testing. All the

cGMP-mediated endothelium-independent relaxationrings were then preconstricted with phenylephrine (1009 to 3.1004

was not altered, yielding superimposable concentra-mol/L). At the plateau of phenylephrine response, acetylcholine (1009

to 3.1005 mol/L) and calcium ionophore A23187 (1009 to 3.1006 mol/ tion-response curves for the sodium nitroprusside-in-
L) were added to assess endothelium-dependent responses. We also duced relaxation from control and transgenic groups
added the nonendothelium dependent dilator (sodium nitroprusside: for human apo A-I (Figure 2C).
1009 to 3.1005 mol/L) to the bath with rubbed artery rings.

Serum lipids measurements. The serum levels ofSerum lipids measurements. Serum lipids (cholesterol and tri-
total lipids and the cholesterol of lipoprotein fractionsglycerides) were measured colorimetrically on a microtiter plate

reader and with commercially available reagents (Boehringer Mann- in control and transgenic rabbits are presented in table
heim, FRG). To determine the distribution of cholesterol within dif- 1. The levels of total cholesterol, triglycerides and HDL
ferent plasma lipoprotein fractions, 10 ml of serum was subjected to cholesterol tended to be higher in the transgenic rab-size fractionation on a Superose 6 column (Pharmacia LKB, Sweden).

bits, but due to the small number of animals and theTotal apo A-I (rabbit/ human) was measured by immunonepheleme-
try using a mixture of 5 monoclonal antibodies (Diagnostics Pasteur large dispersion of these lipidic values, the differences
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FIG. 1. Vasoconstrictor dose–response curves for PE in abdominal aorta for both human apo A-I transgenic rabbits and in control
rabbits. The effect of PE was determined in rings with intact endothelium (A, nÅ4) and in rings from which endothelium was removed (B,
nÅ4). All contractions are expressed as percentages of maximal contraction to potassium. Standard error bars are shown. An asterisk
denotes a value that differs significantly between human apo A-I transgenic and control rabbits (põ0.05).

were not significant between the two groups. On the high HDL cholesterol and apo A-I levels are associated
with in vivo impaired endothelial vascular relaxation.other hand VLDL-cholesterol, LDL cholesterol and apo

B levels were identical in both groups. Rabbit apo A-I Whereas, it has undoubtingly been established that ox-
idized-LDL impairs ex-vivo endothelium-dependent ar-was non-significantly lower in the transgenic group

while total apo A-I (rabbit apo A-I / human apo A-I) terial relaxation by their lysolecithin content (18,19),
only one publication reports that HDL inhibits ex-vivowas significantly higher in the transgenic group

(põ0.01). There were strong negative correlations be- endothelium-dependent relaxation through their phos-
pholipid content (20). We speculate that at least 4 bio-tween the maximal endothelium dependent receptor

dependent vasorelaxation and HDL cholesterol and to- logical mechanisms may be involved in the inhibition of
endothelium-dependent vascular relaxation in humantal apo A-I levels (rÅ0.87 and 0.86 respectively,

põ0.01) but there was no correlation between maximal apo A-I transgenic rabbits:
endothelium-dependent receptor-dependent vascular

-1. The human apo A-I transgene could be insertedrelaxation and total cholesterol, VLDL-cholesterol,
near the endothelial (e) NOS gene in the genome of theLDL-cholesterol, VLDL/LDL-cholesterol, triglycerides
rabbits and could inhibit the expression of this enzyme.and apo B levels (table 2).
Although this hypothesis is valid, the probality of such
an aleatory gene insertion is very low.

DISCUSSION -2. Nitroprusside-mediated endothelium-independent
vasorelaxation is not altered in the human apo A-I
transgenic rabbit. This indicates that the relaxingEndothelium dependent vascular relaxation is medi-

ated by NO release and is inhibited in humans and in mechanism of NO- dependent vascular smooth muscle
cells relaxing is not altered in human apo A-I trans-rabbits by high LDL-cholesterol levels and atheroscle-

rosis (1, 3). Overproduction of endogeneous NO induced genic rabbits. We can speculate on the direct action of
high levels of HDL and human apo A-I on NO synthesisby L-arginine oral supplementation in cholesterol fed

rabbits inhibits atherosclerosis development (5, 6) and in human apo A-I transgenic rabbits. Shaul et al. (21)
reported that eNOS is localized in the plasmalemmalatherogenesis is also inhibited in human apo A-I

transgenic rabbits submitted to a cholesterol rich diet microdomains implicated in signal transduction called
caveolae and Ju et al. (22) demonstrated that direct(12). Duverger et al. (12) reported that this atheropro-

tection is partly mediated through an improvement in interaction of endothelial eNOS and caveolin-1 inhibits
synthase activity. On the other hand, caveolae repre-reverse cholesterol transport. Our goal was to study

endothelium-dependent vasorelaxation dependent on sent a major site of HDL3-induced cellular cholesterol
efflux (23) and HDL3 interact with glycosyl phosphati-NO release in human apo A-I transgenic rabbits and

we made the unexpected observation that this vascular dylinositol-anchored proteins in caveolae (24). Further-
more, HDL3 induce a signal that involves glycosyl-relaxation was dramatically impaired in these animals.

This data is highly surprising because to our knowledge phosphatidylinositol-anchored proteins (25) and Feron
et al. (26) reported that the muscarinic cholinergic ago-it has never been reported in humans and animals that
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FIG. 2. Vasodilator dose–response curves showing percentage relaxation elicited by increasing doses of acetylcholine (Ach, A), calcium
ionophore A23187 (B) and sodium nitroprusside (SNP, C) in the abdominal aorta of human apo A-I transgenic and control rabbits. Standard
error bars are shown, nÅ4 for each group. Although endothelium-dependent receptor-dependent and -independent relaxation is altered in
transgenic for human apo A-I, endothelium-independent relaxation elicited by SNP did not differ between the two groups. An asterisk
denotes a value that differs significantly between human apo A-I transgenic and control rabbits (põ0.05).

nist carbachol promotes the translocation of the musca- pendent relaxation is highly decreased in transgenic
rabbits in comparison with controls. Conjointly alongrinic acetylcholine receptor to caveolae where eNOS is

localized in cardiac myocytes. We can therefore suppose with putative eNOS activity inhibition in transgenic
rabbits (lower sensitivity to calcium . . .), one canthat high concentrations of human apo A-I containing

HDL in transgenic rabbits invade caveolae modifying imagine alterations in endothelial cell muscarinic re-
ceptor activation. For example, the recruitment of thethe muscarinic receptor working and inhibiting eNOS

activity. The sensitivity of the aortae of transgenic rab- muscarinic receptors could be decreased in the caveolae
of endothelial cells in transgenic rabbits due to thebits to the lower doses of A23187 that induce receptor-

independent endothelium-dependent vasorelaxation locally high concentration of HDL bound to the binding
protein anchored in the caveolae (24). For this reasonwas reduced but the level of the relaxation induced

by the higher concentrations (3.1006 mol/L) was not the working of the muscarinic receptors could also be
altered and the transduction of the signal could be de-different from controls. This could indicate that higher

doses of A23187 are necessary in human apo A-I graded, or the accessibility of acetylcholine to the li-
gand binding domain of these receptors could be dimin-transgenic rabbits than in control rabbits to induce en-

dothelial cell calcium entrance or that higher intracel- ished.
As previously noted one study reported that HDLlular calcium concentrations are necessary to stimulate

eNOS in transgenic rabbits. The sensitivity of trans- inhibit endothelium-dependent vascular relaxation
through their phospholipid content (20). Phospholipidgenic rabbits to acetylcholine to induce receptor-depen-

dent endothelial-dependent vascular relaxation is dra- levels are increased in human apo A-I transgenic rab-
bits although there is no difference in the lipid andmatically reduced and the maximal acetylcholine-de-
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TABLE 1 the VLDL- and the LDL-cholesterol levels were not
higher in the human apo A-I transgenic rabbits but theLipids and Apolipoproteins in Human apo A-I Transgenic

Rabbits and Nontransgenic Littermates (Control Rabbits) triglyceride concentrations tended to be increased in
these animals. This increase has been confirmed in the

Transgenic Control following protocol (32) where we also note an increase
rabbits rabbits p in phospholipid concentrations in transgenic animals.

In this protocol, the increase in phospholipid concentra-Total cholesterol (mg/dl) 102 { 43 51 { 24 0,16
tion is largely linked to the threefold higher level ofTriglycerides (mg/dl) 136 { 39 82 { 28 0,13

VLDL-cholesterol (mg/dl) 2 { 1 21 { 29 0,36 HDL in transgenics, but the increase in triglyceride is
LDL-cholesterol (mg/dl) 28 { 33 17 { 18 0,62 partly due to increases in HDL-triglyceride and in non-
HDL-cholesterol (mg/dl) 52 { 19 32 { 7 0,20 HDL triglyceride (VLDL/LDL). The LDL of diabeticRabbit apo A-I (mg/dl) 17 { 22 37 { 8 0,25

patients with higher serum triglyceride and phospho-Human apo A-I (mg/dl) 84 { 37 — —
Total apo A-I (mg/dl) 101 { 15 37 { 8 0,01 lipid concentrations are more susceptible to lipid oxida-
Apo B (mg/dl) 95 { 90 43 { 23 0,46 tion than the LDL of control patients (35) and the

plasma of these patients contains higher concentra-
tions of AB-MDA-LDL than the plasma of controls (36).
It can therefore be supposed that the intensity of in vivo

protein composition of HDL between transgenic and LDL oxidation is higher in human apo A-I transgenic
control rabbits (11). Therefore, it is possible that high rabbits than in controls because of a higher triglyceride
concentrations of phospholipids are susceptible to be concentration in the non-HDL fraction (VLDL/LDL).
transformed into molecules such as lysolecitin capable This would lead to the formation of more oxidized im-
of inhibiting endothelium-dependent vascular relax- munogenic LDL and to the production of more AB-
ation (18,19). Howerver, data concerning the putative MDA-LDL. Furthermore, it has been proposed that in
role of HDL in inhibiting endothelium-dependent vas- vivo, cell-derived NO can inhibit LDL oxidation (37,
cular relaxation is conflicting since Plane et al. (27) 38). In our study, assuming that the basal endothelial
reported that the ex-vivo inhibition of relaxation by NO release is reduced in human apo A-I transgenic
oxidized-LDL was prevented by the presence of HDL rabbits, as suggested by the increase in the contractile
and suggested that this prevention is consistent with response to phenylephrine, one can suggest that LDL
the inhibition by HDL of inhibitory factors, different are less protected against in vivo oxidation. The re-
from lysolecithin, that are present in oxidized-LDL. In sulting higher oxidized-LDL concentrations in the ar-
1994, Galle et al. (28) also reported that HDL inhibit tery wall of human apo A-I transgenic rabbits would
the oxidized-LDL induced inhibition of endothelium- impair endothelium-dependent vascular relaxation.
dependent vasodilation. This putative increase in oxidized-LDL in transgenic

-3. We have previously indicated that it has clearly rabbits would be sufficiently low not to promote athero-
been established that oxidized-LDL inhibit ex-vivo en- sclerosis development because aortic atherosclerosis
dothelium-dependent vascular relaxation probably has only been observed in cholesterol fed transgenic
through their lysolecithin content (18, 19). In choles- rabbits and not in animals on a chow diet (12), and we
terol fed rabbits dietary antioxidants preserve endothe- did not observe macroscopic atheroma on aortae in our
lium-dependent vessel relaxation (29) and in humans study. Nevertheless, it has clearly been demonstrated
an antioxidant therapy improves endothelium-depen-
dent coronary vasomotion (30). Furthermore, in pa-
tients treated with lipid-lowering agents, the coronary TABLE 2
vasodilator response to acetylcholine is related to the

Correlation between Maximum Endothelium-Dependentsusceptibility of LDL to oxidation. These findings sug- Receptor-Dependent Aortic Relaxation and Plasma Lipids
gest that oxidative stress is an important determinant and Apolipoprotein Levels in Pooled Human apo A-I
of coronary endothelial dysfunctioning to be observed Transgenic Rabbits and Control Rabbits
in patients with hypercholesterolemia (31). A higher

rlevel of AB-MDA-LDL has been observed in human
apo A-I transgenic rabbits in a following protocol (32)

Total cholesterol 00.51carried out on 13 controls and 18 transgenic rabbits to
Triglycerides 00.53

study atherosclerosis development during a cholesterol VLDL-cholesterol 00.11
rich diet. AB-MDA-LDL is a marker of LDL oxidation LDL-cholesterol 00.19

VLDL- / LDL-cholesterol 00.16and higher serum levels of these autoantibodies have
HDL-cholesterol 00.87*been reported to be proportional to the progression of
Total apo A-I 00.86*carotid atherosclerosis in humans (33) and in the se- Apo B 00.60

rum of apo E-deficient mice depicted as models of lipo-
* p õ 0.05protein oxidation in atherogenesis (34). In our study
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8. Palmer, R. M. J., Ashton, D. S., and Moncada, S. (1988) Naturethat any alteration in lipid metabolism can induce en-
333, 664–666.dothelium-dependent vascular relaxation alteration in

9. Breslow, J.(1995) in The Metabolic Basis of Inherited Diseasethe absence of atherosclerosis development (39).
(Scriver, C. A., Sly, W., and Valle, D., Eds.) Seventh ed., Vol. 2.,-4. Hu et al. (16) and Martin-Nizart et al. (17) have pp. 2031–2052, McGraw–Hill Book Company, New York.

reported that HDL and oxidized HDL highly stimulate 10. Rubin, E. M., Krauss, R., Spangler, E., Verstruyft, S., and Clift,
endothelin secretion in cultured endothelial cells. Fur- S. (1991) Nature 353, 265–267.
thermore, Hu et al. (16) have shown that human apo 11. Duverger, N., Viglietta, C., Berthou, L., Emmanuel, F., Tailleux,
A-I increased endothelin secretion as potently as HDL A., Parmentier-Nihoul, L., Laine, B., Fiévet, C., Castro, G., Fru-

chart, J. C., Houdebine, L. M., and Denèfle, P. (1996) Arte-in these cutured cells. Endothelin is the highest vaso-
rioscler. Thromb. Vasc. Biol. 16, 1424–1429.constrictor peptide isolated up to date(40). We may

12. Duverger, N., Kruth, H., Emmanuel, F., Caillaud, J. M., Vig-speculate that a high circulating concentration of hu-
lietta, C., Castro, G., Tailleux, A., Fiévet, C., Fruchart, J. C.,man apo A-I in human apo A-I transgenic rabbits could Houdebine, L. M., and Denèfle, P. (1996) Circulation 94, 713–

induce the endothelium-dependent endothelin secre- 717.
tion that would result in impairment in endothelium- 13. Glomset, J. (1968) J. Lipid Res. 9, 155–167.
dependent vasorelaxation. On the other hand oxidized 14. Nazih, H., Devred, D., Martin-Nizard, F., Clavey, V., Fruchart,
LDL also stimulate endothelin secretion in cultured J. C., and Delbart, C. (1992) Thromb. Res. 67 (5), 559–567.
endothelial cells (41,42). Assuming as suggested above 15. Ong, A. C. M., Jowett, T. P., Moorhead, J. F., and Owen, J. S.

(1994) Kidney Int. 46, 1315–1321.that oxidized LDL would accumulate (insufficiently to
16. Hu, R. M., Chang, M. Y., Prins, B., Kashyap, M. L., Frank,induce atheroma) in the vascular sub-endothelium of

H. J. L., and Pedram, A. (1994) J. Clin. Invest. 93, 1056–1062.human apo A-I transgenic rabbits, we may put forward
17. Martin-Nizard, F., Sqalli-Houssaini, H., Walters-Laporte, E.,that these oxidized LDL would stimulate endothelin

Boullier, A., Fruchart, J. C., and Duriez, P. (1995) J. Cardiovasc.secretion that would alter endothelium-dependent vas- Risk 2, 263–267.
cular relaxation.

18. Kugiyama, K., Kerns, S. A., Morrisett, J. D., Roberts, R., and
In conclusion, we have observed that endothelium- Henry, P. D. (1990) Nature 344, 160–162

dependent vascular relaxation is impaired in human 19. Yokoyama, M., Hirata, K. I., Miyake, R., Akita, H., Ishikawa,
apo A-I transgenic rabbits but the biological mecha- Y., and Fukuzaki, H. (1990) Biochem. Biophys. Res. Comm. 168,

301–308.nism of this inhibition remains unexplained. This inhi-
20. Takahashi, M., Yui, Y., Yasumoto, H., Aoyama, T., Morishita, H.,bition is surprising inasmuch as these transgenic rab-

Hattori, R., and Kawai, C. (1990) Am. J. Physiol. 258, H1–H8.bits are protected against a cholesterol rich diet induc-
21. Shaul, P. W., Smart, E. J., Robinson, L. J., German, Z., Yuhanna,ing atherosclerosis development (12). In order to

I. S., Ying, Y., Anderson, R. G., and Michel, T. (1996) J. Biol.determine if over-expression of human apo A-I in other
Chem. 271(11), 6518–6522.

species than rabbits also inhibits endothelium-depen-
22. Ju, H., Zou, R., Venema, V. J., and Venema, R. C. (1997) J. Biol.dent vascular relaxation we plan to study vasorelaxa- Chem. 272 (30), 18522–18525.

tion in human apo A-I transgenic mice. Furthermore, 23. Fielding, P. E., and Fielding, C. J. (1995) Biochemistry 34,
we will also investigate the functional relationships be- 14288–14292.
tween HDL binding proteins, eNOS and muscarinic 24. Nion, S., Briand, O., Lestavel, S., Torpier, G., Nazih, F., Delbart,
receptors in the caveolae of endothelial cells. C., Fruchart, J. C., and Clavey, V. (1997) Biochem. J. in press.

25. Nazih-Sanderson, F., Pinchon, G., Nion, S., Fruchart, J. C., and
Delbart, C. (1997) Biochim. Biophys. Acta 1346, 45–60.
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33. Salonen, J. T., Ylä-Herttuala, S., Yamamoto, R., Butler, S., Kor-7. Boger, R. H., Bode-Boger, S. M., Mugge, A., Kienke, S., Brandes,
R., Dwenger, A., and Frolich, J. C. (1995) Atherosclerosis 117, pela, H., Salonen, R., Nyyssonen, K., Palinski, W., and Witztum,

J. L. (1992) Lancet 339, 883–887.273–284.

210

AID BBRC 7790 / 6941$$$661 11-17-97 10:11:27 bbrcg AP: BBRC



Vol. 241, No. 1, 1997 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

34. Palinski, W., Ord, V. A., Plump, A. S., Breslow, J. L., Steinberg, 39. Clarkson, P., Adams, M. R., Powe, A. J., Donald, A. E.,
MCCredie, R., Robinson, J., McCarthy, S. N., Keech, A., Celer-D., and Witztum, J. L. (1994) Arterioscler Thromb. 14, 605–616.
majer, D. S., and Deanfield, J. E. (1996) J. Clin. Invest. 97, 1989–35. Rabini, R. A., Fumelli, P., Galassi, R., Dousset, N., Taus, M.,
1994.Ferretti, G., Mazzanti, L., Curatola, G., Solera, M. L., and Valdi-

40. Yanagisawa, M., Kurihara, H., Kimura, S., Tomobe, Y., Koba-guié, P. (1994) Metabolism 43, (12), 1470–1474.
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