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Abstract

Introduction: Although proteinuriaistraditionally regarded astheresult of glomerular damage, recent evidencesuggeststhat proteinuria
can directly cause renal damage through lysosomal injury, growth factor induced tubular fibrosis and transcriptase genes which trigger
vasoactive and inflammatory renal damage. Therenin angiotensin system which releasesangiotensin, amost powerful vasoconstrictor and
mediator of mesangial cell proliferation and matrix expansion, has been associated with progressive renal injury. This paper reviews the
role of angiotensin converting enzyme (ACE) gene polymorphismsin the genesis of progressive renal failure, aswell astheir rolein the
response of proteinuriato ACE inhibitor (ACEI) or angiotensin receptor antagonist (ATRA) therapy. Methodology: Thedeletion/insertion
polymor phism of the ACE genehas3 genotypesDD, | D and | 1. Reported studieson theassociation of ACE gene polymor phismswith patients
with 1gA nephritis and progressiverenal failure, including their responseto ACEI or ATRA therapy, were reviewed. Results: Individuals
with the DD genotypes have a higher risk of declining renal function with progressive I gA nephritisand more rapid deterioration to renal
failure. Therapy with ACEI and or ATRA may be beneficial in patients with 1gA nephritis with renal impairment and non-selective
proteinuria as such patients may respond to therapy with improvement in protein selectivity, decreasein proteinuria and improvement in
renal function. Conclusion: ACE genotypes appear to predict antiproteinuric response to ACEI therapy. ACEI/ATRA therapy probably
modifies pore size distribution by reducing the radius of large non-selective pores, causing the shunt pathway to become less pronounced

resulting in less leakage of protein into the urine.
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I ntroduction

Proteinuria is considered a marker of rena disease.
Traditionally it has been thought that proteinuria is the
result of diseased glomeruli. As the disease progressed,
proteinuriaworsens. Patientswith glomerul onephritis(GN)
of morethan 1 g of proteinexcretion per day intheurineare
more likely to have glomerulosclerosis or scarring of the
kidney on renal biopsy and those exceeding 2 g aday, a
higher incidence of progression to renal failure on follow
up.?

Proteinuria and Disease Progression

More severe proteinuria is associated with faster
progression of the renal disease, and this correlation is
stronger for those patientswith nephroticrangeproteinuria.®
In essential hypertension, the onset of de novo proteinuria
after anumber of years of adequate blood pressure control
isamarker of subsequent declineinrenal function.* Diabetic
patientswith persi stent mi croal buminuriahaveabout twenty

timestherisk of devel oping diabetic nephropathy.®> Albumin
excretion rate (AER) has been shown to correlate with the
rate of decline in glomerular filtration rate (GFR) in both
insulin-dependent diabetes mellitus (IDDM) and non
insulin-dependent diabetes mellitus (NIDDM) patients.
However, at the stage of incipient nephropathy (AER 20to
200 ug/ml), it is more difficult to relate levels of
microal buminuriato subsequent progression. In astudy of
IDDM patients with long duration of diabetes mellitus
(>15 years), only 5 out of 18 progressed to clinical
nephropathy in 10 years.® Therefore, albuminuria alone
may not predict changein GFR in all diabetic patients. In
arecent study of 176 patients studied over amedian of 5to
8 years, baseline AER, male sex, presence of retinopathy,
serumcholesterol and HbA 1C werethestrongest predictors
for development of incipient nephropathy.” A complicating
factor in the natura history of diabetes mellitusis that a
subgroup of patients showed a decline in renal function
without increasing AER.

* Senior Consultant Physician and Head
** Senior Scientific Officer
Department of Renal Medicine
Singapore General Hospital

Address for Reprints: Dr K T Woo, Department of Renal Medicine, Singapore General Hospital, 1 Hospital Drive, Singapore 169608.

E-mail: grmwkt@sgh.gov.sg

May 2000, Vol. 29 No. 3



384  Proteinuria and ACE Gene Polymorphism—K T Woo & Y K Lau

Intrinsic Toxicity of Filtered Proteins

Hitherto, it was believed that proteinuriais the result of
damageto the kidneys but recently, evidence suggeststhat
the converseis also true, that proteinuria can aso directly
cause renal damage.

When there is excessive leakage of protein in the rena
tubules, theproximal tubular cells(PTC) becomeoverloaded
with protein. Lysosomes present in the PTC when they
engulf excessive proteins, would swell, ruptureand rel ease
injuriouslysosomal enzymeswhich causetubulointerstitial
damage and fibrosis and with time, give rise to renal
failure. In the second mechanism, protein overload of the
PTC asotriggerstherelease of certain growth factorssuch
asplatelet-derived growth factor (PDGF) and transforming
growth factor-beta (TGF-B) which are mitogenic to the
PTC. They cause excessive production of collagen aswell
asinterdtitial cell proliferation, eventually leadingtofibrosis
and rena failure. Finaly, protein overloading of the PTC
causes the activation of transcriptase genes which in turn
trigger genes encoding vasoactive and inflammatory
mediators, the release of theselead to vasoconstriction and
inflammation of the renal tissue with injury and renal
failure®

ACE Gene Polymor phism

Individuals are prone to certain diseases because of
disease susceptibility genes. In many instances, such genes
arepresent at birth, whilein other situations, aparticular set
of genes could be modified by environmental factors, pre-
disposingtheindividual to devel opment of acertaindisease.

Thereninangiotensin system (RAS) which regulatessalt
and blood pressurewithin our body comprisesgeneswhich
have several forms of polymorphism. One such
polymorphism is the deletion/insertion polymorphism of
the angiotensin converting enzyme (ACE) gene. The ACE
geneismadeup of 26 exonsand spans21 kb onchromosome
17.° A polymorphism existswithinintron 16, consisting of
the presence or absence of a 287 base pair fragment. This
deletion polymorphismisassociated with raised serum and
cellular ACE levels and may be associated with
hypertension, left ventricular hypertrophy and ischaemic
heart disease. However, this association varies depending
onthegenetic make-up and environmental factorsaffecting
individuals.’®'* Angiotensin Il is a most powerful
vasoconstrictor within the body. It promotes hypertrophy
and collagen accumulation within the heart leading to
ischaemicheart diseaseand heart failure. Withinthekidney,
it causes mesangia cell proliferation, matrix expansion
leading to progressive renal injury with eventual renal
failure.

IgA nephritisisone disease wheretheroleof renal injury
related to the RAS is well documented. Yoshida et a2

studied 53 patients with IgA nephritiswho had at least 10
years of follow up since onset of symptoms, in relation to
reductionincreatinineclearanceover 5yearsand performed
genotypetesting onthemto determinetheinsertion/del etion
locus of the ACE gene. The frequency of 3 genotypeswas
documented. The genotypes were:

1) homozygote for deletion alele (DD);
2) heterozygote (ID);
3) homozygote for insertion alele (11).

The DD genotype was more frequently associated with
declining creatinine clearance and had 4-fold risk of
progression to renal failure compared to those with ID or
Il genotype. The increased risk of renal failure with the
ACE DD genotypewasarisk factor independent of therisk
factor of hypertension. It wasfoundthat the ACE DD geno-
type was significantly higher in frequency among patients
with declining renal function even in the absence of hyper-
tension. These authors® further found that, patients with
glomerular hypertrophy at the time of biopsy with the DD
genotype (7/9) developed loss of renal function 10 years
later compared to patients (0/4) with no glomerular
hypertrophy. Also patientswiththeDD or 1D genotypehad
moreglomerulosclerosiscomparedtothosewith |1 genotype.

Among Caucasian series, the ACE DD genotype was
also associated with progressive decline of renal function
in IgA nephritis,*** indicating that the ACE I/D genotype
crosses geographical and racial boundaries.

Basisfor Treatment of Proteinuria using ACEI

Local generation of angiotensin Il in the kidney, formed
in excessive amountsin response to haemodynamic injury
to the endothelium in glomerular hyperfiltration, shifts
glomerular non-selective pores to larger dimensions (i.e.
patients with non-sel ective protei nuria become even more
non-selective). Experimental and human evidence suggest
that ACEI tends to improve non-selective proteinuria, but
how they do soisstill speculative. Theimprovement inthe
selectivepropertiesof theglomerul ar capillary wall induced
by ACEI couldbetheresult of changesinthemorphometry,
asreflected by changesinthe macromol ecul ar organisation
of theprotein matrix intheglomerular basement membrane
(GBM) or the dit-diaphragm of the podocytes. This is
consistent with recent findings that ACEI reduces RNA
expression for extracellular matrix components in
experimental diabetes,™ aswell asin animmunologial rat
model with massive proteinuria.’®

ACE inhibitors in animals and humans reduce the log-
normal component of the assumed pore size distribution'’
and more importantly, cause the shunt pathway to become
less pronounced by reducing the radius of large non-
selective pores.’®
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Progression of Renal Disease and Protein Selectivity

Thereisevidencethat in certain renal diseaseslikefocal
and segmental glomerulosclerosis, IgA nephritis, lupus
nephritisand diabetic nephropathy, thedegreeof interstitial
mononuclear cell infiltrates correlate with the rate of renal
functional decline.® The presence of chronic tubulo-
interstitial lesions in these diseases is correlated with
declining renal function.?> What these diseases have in
common is non-selective proteinuria. In IgA nephritis, the
non-selective proteinuria was correlated with tubulo-
interstitial lesions and ahigher incidence of renal failure.

In contrast to the above diseases, interstitial infiltrates
seldomdevelop in minimal changedisease (MCD) despite
heavy proteinuria. The obviousreason isthat the period of
heavy protein excretion in the rena tubules is of short
duration since MCD responds promptly to steroids. The
other reasonisthedifferenceinthequality of theproteinuria.
In MCD, patients have selective proteinuria and excrete
albumin, which is relatively innocuous compared to the
larger immunoglobulins like 1gG in non-selective
proteinuria, which canalter expression of tubul ar activation
molecules much more than albumin. In addition, non-
selective proteinuria normally includes complement
components C 5 to 9, which enter tubular fluid and allow
complement-mediatedinjury resultingintubul o-interstitial
inflammation and injury as in focal and segmental
glomerulosclerosis and diabetic nephropathy.

ACE I/D Polymor phism and Responseto ACEI/ATRA
Therapy

Since ACE inhibitors decrease ACE activity, ACE
inhibitor therapy in patients with IgA nephritis would be
expected to reduce renal injury in these patients. We have
shownthat A CEl therapy doeslead todecreased proteinuria
and retardation of the progression of renal failure in IgA
nephritis. In our study we also showed that angiotensin |1
receptor antagonist (ATRA) is as effective as ACEI in
decreasing proteinuriaand preservation of renal function.?

It has been postulated that ACEI/ATRA (ACE inhibitor/
angiotensin receptor antagonist) may decrease proteinuria
in patients with glomerulonephritis by its action on the
glomerular basement membrane. We performed a study?
toexaminetherel ationship between theresponseof patients
with IgA nephritis (IgA Nx) to ACEI/ATRA therapy by
decreasing proteinuria and its effect on the selectivity
index (Sl) inthese patients. Forty-one patientswith biopsy
proven IgA Nx entered a control trial with 21 in the
treatment group and 20 in the control group. The entry
criteria included proteinuria of 1 g or more and/or renal
impairment. Patientsin thetreatment group received ACEI
/ATRA or both with 3 monthly increase in dosage. In the
control group, hypertension was treated with atenolol,
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hydrallazine or methyldopa. After a mean duration of
therapy of 13 = 5 months, it was noted in the treatment
group, therewas no significant changein serum creatinine,
proteinuriaor Sl; but inthe control group, serum creatinine
deteriorated from 1.8 £ 0.8 t0 2.3 £ 1.1 mg/dL (P <0.05).
Amongthe21 patientsinthetreatment group, 10 responded
to ACEI/ATRA therapy determined as decrease in
proteinuria by 30% (responders) and the other 11 did not
(non responders). Among the responders, Sl improved
from a mean of 0.26 + 0.07 to 0.18 + 0.07 (P <0.001)
indicating a tendency towards selective proteinuria. This
wasassociated with improvement in serum creatininefrom
mean 1.7 + 0.6 to 1.5 + 0.6 mg/dL (P <0.02) and decrease
in proteinuriafrommean of 2.3+ 1.1 g/day to 0.7+ 0.5¢g/
day (P <0.001).

After treatment, proteinuriainthetreatment group (1.8 +
1.6 g/day) was significantly less than in the control group
(2.9 + 1.8 g/day) (P <0.05). The post-treatment Sl in the
responder group (0.18 + 0.07) was better than that of the
non responder group (0.33 £ 0.11) (P <0.002). Eight out of
21 patients in the treatment group who had documented
renal impairment had improvement in their renal function
compared to 2 in the control group (2 = 4.4, P <0.05). Of
the 8 patients in the treatment group who improved their
renal function, 3 normalised their renal function.

Our study suggests that ACEI/ATRA therapy may be
beneficial in patients with IgA Nx with renal impairment
and non-sel ectiveprotei nuria, assuch patientsmay respond
totherapy withimprovementin proteinselectivity, decrease
in proteinuria and improvement in renal function. ACEI/
ATRA therapy probably modifiespore size distribution by
reducing the radius of large non-selective pores, causing
the shunt pathway to becomelesspronounced and resulting
in less leakage of protein into the urine.

Individual antiproteinuric response to ACEI/ATRA
therapy varies depending on ACE gene polymorphism as
those with the DD genotype respond better to the
antiproteinuric effect of ACEI/ATRA therapy.>2Y oshida
et a,® in a study examining the role of the deletion
polymorphism of the ACE gene in the progression and
therapeutic responsiveness of IgA nephropathy using the
ACEI lisinopril, reported that the ACEI lisinopril
significantly decreased proteinuria in the DD genotype
patients but not in the Il or ID genotype. Similar findings
have a so been reported by Moriyama et al.»

Inathird series,? the DD genotype was found to predict
a stronger antiproteinuric response to ACEI therapy in a
subgroup of patients in the series where patients had non-
nephrotic range proteinuria exceeding 1 g/day, not on
diuretics. However, two other studies from Europe?®?” in
patients with a variety of renal diseases with proteinuria
foundthat thosewiththe DD genotypewerelessresponsive
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to ACEI therapy. There could be a genetic explanation to
this.

Theunderlying mechanism for the association of the DD
genotypewith theantiproteinuric efficacy of ACEI therapy
is related to the serum and tissue levels of ACE.
Individuals with DD genotype have higher serum ACE
levels than those with |1 genotype, whereas those with ID
genotype have intermediate values. There is more ACE
activity toinhibit in those with the DD genctype sincethey
havethehighest level sand therefore, such patientshavethe
most dramatic decrease in proteinuriawith ACEI therapy.

The antiproteinuric effect of ACEI isindependent of its
effect on blood pressure.* Various studies®*?® have shown
that there was no association of the I/D polymorphism of
the ACE genewith blood pressure responseto ACEI inthe
presence of an association with the antiproteinuric effect.

Whilst patientswith the DD genotype with renal disease
have better response to the antiproteinuric effect of ACEI/
ATRA asthey havevery high serumandtissue ACE levels,
it also means that those patients are also the ones more
likely to develop progressiverenal diseaseleading to renal
failure. In diabetic nephropathy, patients with the DD
genotype had a significantly shorter time interval from
onset of diabetestoinitiation of dialysiscompared to those
with 1D and |1 genotype.3! Theclinical courseof thedisease
is accelerated in patients with the DD genotype.

There are at this time some unanswered questions with
regards to ACEI/ATRA therapy in these DD genotype
patients. Inview of their high ACE levels, doesit meanthat
they will require a larger dose of ACEI/ATRA to reduce
proteinuria? In other words, a small dose may not be
effective in these patients. One may have to increase the
dose of ACEI/ATRA progressively until the maximum
tolerable dose is prescribed. The comforting thought is
that, as long as ACE levels are inhibited, renal damage
could be contained. In some of the patients in our trial,
ACEI/ATRA therapy has restored normal renal function
amongst those with rena impairment. Hopefully, for as
long as these patients are on ACEI/ATRA therapy, renal
function can remain normal and renal damage repaired if
not contained. We have embarked on our own studies of
ACE genepolymorphisminour patientsand woul d attempt
to find answers to some of these questions.

Recent studies have also demonstrated that ACEI, apart
from remodelling the GBM with the improvement in pore
selectivity being one of the end results, may also have
beneficia effects on the mesangia cells by decreasing
TGF-B production, thereby decreasing mesangial matrix
production and ameliorating the disease processin IgA Nx
where there is mesangia cell proliferation.®® In addition,
ATRA has been shown to exert an antiproliferative effect
onmesangial proliferative GN.* Thiscould help to further

explain theimprovement in renal function in patientswith
IgA Nx on ACEI/ATRA therapy. In order for thisto occur,
theinjury must still be at the stage where it is possible for
amelioration of the renal lesions and possibly remodelling
of therenal architecture. Patientswith moreadvanced renal
disease with glomerulosclerosis and thickening of the
GBM arelesslikely torespondtotherapy withimprovement
in Sl and serum creatinine. In this respect, we found that
patients with serum creatinine exceeding 3 mg/dL areless
likely torecover renal function, thoughtherapy with ACEI/
ATRA may retard their long-term progression to end-stage
renal failure (ESRF).

REFERENCES

1. WooKT,LauY K,LeeGSL,Wei SS,LimCH. Pattern of proteinuria
in 1gA nephritis by SDS-PAGE: Clinical significance. Clin Nephrol
1991; 36:6-11.

2. WooK T, EdmondsonRPS,WuA Y T, Chiang GSC, PweeH S, Lim
C H. The natural history of IgA nephritis in Singapore. Clin Nephrol
1986; 25:15-21.

3. Cameron JS, Turner D R, Heaton J, Williams D G, Ogg C S, Chantler
C, et a. Idiopathic mesangiocapillary glomerulonephritis. Comparison
of types | and Il in children and adults and long-term prognosis. Am J
Med 1983; 74:175-92.

4. Ruilope L M, Alcazar J M, Hernandez E, Moreno F, Martinez M A,
Rodicio J L. Does an adequate control of blood pressure protect the
kidney in essential hypertension? J Hypertens 1990; 8:525-31.

5. Mathiesen E R, Ronn B, Storm B, Foght H, Deckert T. The natural
course of microalbuminuria in insulin-dependent diabetes: A 10-year
prospective study. Diabet Med 1995; 12:482-7.

6. Forsblom C M, Groop PH, Ekstrand A, Groop L C. Predictive value of
microalbuminuria in patients with insulin-dependent diabetes of long
duration. BMJ 1992; 305:1051-3.

7. Gal M A, Hougaard P, Borchjohnsen K, Parving H H. Risk factors for
development of incipient and overt diabetic nephropathy in patients
with non-insulin dependent diabetes mellitus—Prospective,
observational study. BMJ 1997; 314:783-8.

8. Remuzzi G, Ruggenenti P, Benigni A. Understanding the nature of renal
disease progression. Kidney Int 1997; 51:2-15.

9. Rigat B, Hubert C, Alhenc-GelasF. Aninsertion/del etion polymorphism
in the angiotensin I-converting enzyme gene accounting for half the
variance of serum enzyme levels. J Clin Invest 1990; 86:1343-6.

10. Cambien F, Poirier O, Lecerf L. Deletion polymorphism in the gene for
angiotensin-converting enzyme is a potent risk factor for myocardial
infarction. Nature 1992; 359:641-4.

11. Schunkert H, Hense JW, Holmer S R. Association between a deletion
polymorphism of the angiotensin-converting-enzyme gene and left
ventricular hypertrophy. N Engl J Med 1994; 330:1634-8.

12. YoshidaH, KawamuraT, Ichikawal, Sakai D. Polymorphism of renin-
angiotensin system genesin progressive IgA nephropathy. Nephrology
1997; 3:S719-23.

13. Hunley T E, JulianB A, Phillips Il JA. Angiotensin converting enzyme
gene polymorphism: potential silencer motif and impact on progression
in IgA nephropathy. Kidney Int 1996; 49:571-7.

14. Harden P N, Geddes C, Rowe P A. Polymorphism in angiotensin-
converting enzyme gene and progression of 1gA nephropathy. Lancet
1995; 345:1540-2.

Annals Academy of Medicine



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nakamura T, Takahashi T, Fukui M, Ebiharal, Osada S, Tomino Y, et
al. Enalapril attenuates increased gene expression of extracellular
matrix components in diabetic rats. J Am Soc Nephrol 1995; 5:1492-7.

Ruiz-Ortega M, Gonzalez S, Seron D, Condom E, Bustos C, Largo R,
et a. ACE inhibition reduces proteinuria, glomerular lesions and
extracel lular matrix production in anormotensive rat model of immune
complex nephritis. Kidney Int 1995; 48:1778-91.

DeenW M, BridgesC R, Brenner B M, MyersB D. Heteroporous model
of glomerular size selectivity: Application to normal and nephrotic
humans. Am J Physiol 1985; 249:F374-F389.

Remuzzi A. Mathematical description of transport of water and
macromolecules through the glomerular capillary wall. Curr Opin
Nephrol Hypertens 1995; 4:343-8.

Mackensen-Haen S, Bohle A, Christensen J, Wehrmann M, Kendziorra
H, Kokot F. The consequences for renal function of widening of the
interstitium and changesin the tubular epithelium of therenal cortex and
outer medullain various renal diseases. Clin Nephrol 1992; 37:70-7.

Bohle A, Wehrmann M, Bogenschutz O, Batz C, Muller C A, Muller G
A. The pathogenesis of chronic renal failure in diabetic nephropathy:
Investigation of 488 cases of diabetic glomerulosclerosis. Pathol Res
Pract 1991; 187:252-9.

WooK T,LauY K, YapHK,LeeGSL,ChiangGSC,LimCH.Protein
selectivity: A prognostic index in IgA nephritis. Nephron 1989; 52:
300-6.

Woo K T, Lau Y K, Wong K S, Chiang G S C. ACE/ATRA therapy
decreases proteinuria by improving glomerular permselectivity in IgA
nephritis. Kidney Int 2000 (In press).

VlemingL J, VanKooten C, VanDijik M. The D-allele of the ACE gene
polymorphism predicts a stronger antiproteinuric response to ACE
inhibitors. Nephrology 1998; 4:143-9.

YoshidaH, Mitarai T, KawamuraT. Role of the deletion polymorphism
of the angiotensin converting enzyme gene in the progression and
therapeutic responsiveness of IgA nephropathy. J Clin Invest 1995;
96:2162-9.

Proteinuria and ACE Gene Polymorphism—K T Woo & Y K Lau

25.

26.

27.

28.

29.

30.

31

32.

33.

387

MoriyamaT, KitamuraH, Ochi S. Association of angiotensin|-converting
enzyme gene polymorphism with susceptibility to antiproteinuric effect
of angiotensin |-converting enzymeinhibitorsin patientswith proteinuria.
J Am Soc Nephrol 1995; 6:1674-8.

van Essen G G, Rensma P L, de Zeeuw D. Association between
angiotensin-converting-enzyme gene polymorphism and failure of
renoprotective therapy. Lancet 1996; 96:94-5.

Schmidt A, Haas M, Yimaz Y, Mayer Y and the Austrian Study Group
of Enalapril in Renal Disease. Angiotensin converting enzyme (ACE)
gene polymorphism determines the renal response to ACE inhibition in
patients with proteinuric kidney disease. J Am Soc Nephrol 1996;
7:1398A.

Tiret L, Rigat B, Visvikis S. Evidence from combined segregation and
linkage analysis, that a variant in the angiotensin |-converting enzyme
(ACE) gene controls plasma ACE levels. Am J Hum Genet 1992;
92:197-205.

Costerousse O, Allegrini J, Lopez M, Alhenc-Gelas F. Angiotensin |-
converting enzyme in human circulating mononuclear cells: Genetic
polymorphism of expression in T-lymphocytes. Biochem J 1993; 93:
33-40.

Heeg J E, de Jong P E, van der Hem G K, de Zeeuw D. Efficacy and
variability of the antiproteinuric effect of ACE inhibition by lisinopril.
Kidney Int 1989; 89:272-9.

Andersen A R, Christiansen J S, Andersen JK, Kreiner JK, Deckert T.
Diabetic nephropathy in type 1 (insulin-dependent) diabetes: An
epidemiological study. Diabetologia 1983; 25:496-501.

Nakamura T, ObataJ, KimuraH, Ohno S, YoshidaY, Kawaihi H, et a.
Blocking angiotensin Il ameliorates proteinuria and glomerular lesions
in progressive mesangioproliferative glomerulonephritis. Kidney Int
1999; 55:877-89.

NakajimaM, Hutchinson H G, FujinagaM, HayashidaW, MorishitaR,
ZhangL, et a. Theangiotensin || type 2 (AT2) receptor antagonizesthe
growth effects of the AT1 receptor: Gain-of-function study using gene
transfer. Proc Natl Acad Sci U S A 1995; 92:10663-7.

May 2000, Vol. 29 No. 3



