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Why do loop diuretics cause hypokalaemia?
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way. Hyperkalaemia, for instance, has a direct stimula-Introduction
tory e�ect on distal tubule K+ secretion resulting from
an increase in distal tubule flow rate and from directThe treatment of hypertension by diuretics is always
stimulation of aldosterone secretion [10]. Most of thesefraught with the complication of the induction of
e�ector mechanisms a�ect the principal cells of thehypokalaemia [1]. Hypokalaemia is in fact ranked as
collecting duct [8].one of the primary complications of chronic diuretic

A schematic view of how K+ is secreted by thesetreatment [2]. During the long history of the develop-
cells is depicted in Figure 1. The luminal and thement of new diuretics it has always been a primary
basolateral membranes of these cells are equipped withgoal to avoid this complication and to advertise any
various types of K+ channels [5,6 ]. The amount ofnew diuretic as ‘K+ saving’, ‘K+ neutral’, or, at the
K+ secreted is determined by the following:least as to be ‘less K+ wasting’. The present review is

aimed at the clarification of such claims. No loop 1. The conductance of the luminal membrane
diuretic at this stage can prevent K+ losses. This is (enhanced by alkaline pH, enhanced Ca2+, elev-
based on several lines of evidence. However, it should ated plasma K+, regulation by hormones such as
also be stated that our current understanding of the arginine vasopressin).
function of the thick ascending limb of the loop of 2. The driving force, i.e. the di�erence between the
Henle permit the prediction that loop diuretics with luminal membrane voltage and the Nernst poten-
reduced K+ losses appear a feasible new development. tial for K+ (ca. −90 mV ). The luminal membrane
One of the key losses of K+ are through one specific is depolarized by Na+ entry via the amiloride-
type of pH-sensitive K+ channel, the so-called renal inhibitable Na+ channel [11]. Hence the driving
outer medullary K+ (ROMK ) channels [3–5] in the force for K+ secretion will be increased to the
thick ascending limb of the loop of Henle and the extent that Na+ is absorbed. This is the mechanism
collecting duct [6 ]. If one were able to block these by which K+ secretion is increased by increased
channels specifically, one would induce a strong saliur- secretion of aldosterone and following an increase
esis [7 ] and still prevent major urinary K+ losses. For in distal tubule flow rate [8] and by which it is
the time being this is mere speculation and the currently abolished after administration of amiloride or tri-
used drugs invariably must cause major K+ losses [1]. amterene [11,12].
Whether these K+ losses necessarily lead to serious
clinical complications is another question.

How do loop diuretics influence renal K+
excretion?The determinants of renal K+ excretion

Unlike the renal excretion of Na+ and Cl−, the excre- Loop diuretics inhibit Na+ and Cl− absorption in the
thick ascending limb of the loop of Henle [13]. Thistion of K+ can vary enormously between a few percent

of the filtered load and more than 100% [8]. Most has a direct e�ect on the K+ handling by this nephron
segment. The luminal membrane hyperpolarizesregulatory mechanisms a�ect the loop of Henle, the

distal tubule, and the collecting duct [4,5,8]. Major towards the Nernst potential for K+ [13]. Hence,
K+ recycling via luminal K+ channels ceases.determinants are the dietary intake of K+, acid–base

disturbances, changes in aldosterone secretion, and Concomitantly the transepithelial lumen-positive volt-
age collapses and the net K+ absorption, occurringtubule flow rate. Hyperkalaemia increases and hypoka-

laemia decreases K+ excretion [8]. Alkalosis tends to under control conditions, is abolished. Therefore loop
diuretics have a direct kaliuretic e�ect in the thickenhance and acidosis usually reduces K+ excretion

[4,6,8 ]. Aldosterone enhances K+ excretion to the ascending limb itself.
Loop diuretics paralyse the macula densa segmentsame extent that Na+ absorption is increased [9].

These three factors are interdependent in a complex [14,15] and hence increase renin secretion. This leads
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The clinical relevance of loop diuretic induced
hypokalaemia

The above discussion has clarified that hypokalaemia
is an unavoidable consequence of the saliuresis pro-
duced by loop diuretics. The clinical experience shows
that to some degree hypokalaemia is invariably seen
after loop diuretics or thiazides [1,2]. The exact degree
of hypokalaemia depends on dose and duration
of treatment. The degree of hypokalaemia will also
depend on confounding mechanisms, which have been
discussed above: (1) if dietary K+ intake is too low,
hypokalaemia will develop fast and will be severe;
(2) if alkalosis develops this will aggravate renal K+
loss; (3) inappropriately high doses of the diuretic will
increase K+ losses by direct and indirect (hyper-
reninism!) mechanisms.

The basic mechanisms are identical for all currently
used loop diuretics: frusemide; piretanide; bumetanide;
torasemide [1,13]. Di�erences between the substances
have not been found with respect to their proximal
secretion [18] and hence their tubule accumulation.
However, the extrarenal pharmacokinetics of the four
substances vary considerably [1]. If these di�erences
are taken into account in chronic treatment the net
saliuretic and kaliuretic e�ects are probably similar
[1]. If hypokalaemia requires clinical interference the
dose of the used diuretic should be reconsidered; K+
substitution and/or a combination of the loop diuretic
and inhibitors of Na+ channels such as amiloride or
triamterene are useful. As discussed above (Figure 1)
these substances inhibit K+ secretion to the extent that
they reduce Na+ absorption in the principal cell.

Fig. 1. (A) Mechanism of K+ secretion in a principal cell of the
collecting duct. Circle with ATP, (Na++K+)-ATPase; arrows, chan-

Are there new perspectives?nels; Aldo, aldosterone; BP, aldosterone binding protein. (B) The
rate of K+ secretion (Jk) is determined by the conductance for K+
(Gk) and the driving force for K+, i.e. the di�erence between the The functional characterization and cloning of ‘renal
membrane voltage (Em) and the Nernst potential for K+ (EK ). Loop

outer medullary’ (ROM) K+ channels [3,19] makes itdiuretics increase aldosterone secretion and reduce cytosolic H+
feasible to design new and maybe specific inhibitors of(alkalosis) by an increased H+ secretion. Both mechanism increase

kaliuresis. these K+ channels. The claim that glibenclamide may
be a prototype for these inhibitors [20] has not been
verified in our laboratory, since the e�ect is seen only

to the activation of the angiotensin–aldosterone at therapeutically inacceptable concentrations [21].
system, with the result that K+ secretion by the prin- Specific ROMK inhibitors would also act as loop
cipal cells is increased (Figure 1). On a quantitative diuretics, because K+ recycling across the luminal
basis the most important e�ect causing kaliuresis is membrane of the thick ascending limb is a prerequisite
the enhanced delivery of Na+ and H2O to the distal for Na+ and Cl− absorption by this nephron segment
tubule. The enhanced delivery leads to the maximal [13]. In fact, we have originally suggested the concept
possible Na+ absorption in the distal tubule and of Na+2Cl−K+ cotransport, because Ba2+, a non-
collecting duct, and hence the K+ secretion is maxim- specific inhibitor of K+ channels, inhibited Na+ and
ized [8,10]. This basic kaliuretic response is further Cl− absorption [7].
amplified by several factors: (1) the stimulation of
Na+ absorption by aldosterone [10,14]; (2) the adapta-
tion of the various nephron segments caused by chronic References
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the thick ascending limb of Henle’s loop. Pflügers Arch 1990; Henle’s loop of mammalian nephron. Physiol Rev 1985; 65:
415: 449–460 760–797

4. Greger R, Bleich M, Schlatter E. Ion channel regulation in the 14. Greger R. How does the macula densa sense tubule function?
thick ascending limb of the loop of Henle. Kidney Int 1991; Nephrol Dial Transplant ( in press)
40[S33]: S119–S124 15. Schlatter E, Salomonsson M, Persson AEG, Greger R. Macula

5. Wang W, Sackin H, Giebisch G. Renal potassium channels and densa cells sense luminal NaCl concentration via the furosemide
their regulation. Annu Rev Physiol 1992; 54: 81–96 sensitive Na-2Cl-K cotransporter. Pflügers Arch 1989; 414:
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Rat antigens
Introduction

A 330-kD tubuloglomerular glycoprotein (gp330) is
the main pathogenic antigen (Ag) of rat HN [2–4].Human idiopathic membranous nephropathy (iMN)
Its function has been recently ascertained: gp330 is ais the most common cause of nephrotic syndrome in
member of the low-density lipoprotein/alpha2-adults. Although the pathogenesis is unknown, it is
macroglobulin-receptor family [5]. Among other ratsomehow related to formation of subepithelial glomer-
tubuloglomerular Ags, whose structural and functionalular immune deposits.
relationship with gp330 is still indistinct, a 90-kDVery similar lesions and clinical course can be repro-
glycoprotein (gp90) with dipeptidyl–peptidase IVduced in experimental animals. In 1959 a form of
activity (DPP IV) can cause transient membranous-membranous nephropathy was induced by injection in
like glomerular aspects [6–8].the rat of homologous renal cortex (Heymann neph-

ritis, HN) [1]. Since then the pathogenetic aspects of
this disease have been thoroughly investigated. Other animal antigensThis editorial comment will briefly discuss whether

Studies performed in the mouse and in the rabbit haveCorrespondence and o�print requests to: Dr Landino Allegri,
evidenced other forms of membranous nephropathyDipartimento di Clinica Medica, Nefrologia e Scienze della

Prevenzione, Via Gramsci 14, 43100 Parma, Italy. induced by intravenous injection of antibodies (Abs)
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raised against brush-border Ags. Molecular identifica- nephritogenic role of such brush-border-related podo-
cyte Ags, because renal biopsy is usually performedtion of these epitopes has allowed researchers to find

the same glycoproteins as those discovered in the rat late in the course of human iMN, when deposits
are probably rather di�erent from initial immune[4]. However, while DPP IV plays a definite nephritog-

enic role, gp 330 has no glomerular expression and reactants.
On the other hand, in situ nephritogenic human Agspathogenic significance in these animals. Furthermore,

neutral endopeptidase (NEP), also referred to as should not necessarily be coexpressed at tubular and
glomerular level. Fukatsu et al. [16] raised a mono-enkephalinase (m.w.=85 kD), a rabbit glomerular

glycoprotein coexpressed on tubular cell surface, has clonal Ab reactive with a human podocyte protein
(mw=56 kD). Fine subepithelial glomerular depositsbeen identified as an additional pathogenetic Ag [4].

These animal models of membranous nephropathy were provoked by perfusion of isolated human kidney
or by monkey immunization with this monoclonal Ab;have been less extensively studied than rat HN; how-

ever, they are worth stressing because they point out nevertheless, severe and persistent lesions like those of
full-blown human iMN could not be induced.the evolutionary preservation of tubuloglomerular Ags

provided with nephritogenic activity. Another realistic possibility concerns the absence of
in situ pathogenic Ags from the normal human glomer-
ulus. This is supported by the finding that immuno-

Human findings globulins eluted from deposits of human iMN usually
fail to react with normal renal tissue [17].

Neo-expressed nephritogenic molecules (viral epi-After such experimental evidences, several researchers
have investigated the possibility of similar pathogenetic topes, inflammatory cytochines) could appear on

plasma membrane of human glomerular cells (podo-mechanisms in human iMN. Anti-brush-border Abs
were occasionally found in the sera or renal tissue cyte?) and participate in the formation of immune

deposits [18] under stress situations. Ronco et al. [17]of patients a�ected by the nephropathy [9,10].
Nevertheless, most investigators were unable to con- found that a 280-kD glycoprotein, usually absent from

rat glomerulus, is clearly evident in membranousfirm their presence in larger series of patients [11,12].
Another wave of studies on the role of tubuloglo- deposits of HN.

merular Ags in human iMN has arisen after the
molecular identification of renal nephritogenic epitopes

Conclusionsin experimental animals. Among the most suggestive
results it may be mentioned that an Ag of molecular
weight 400 kD (gp400), cross-reactive with rat gp330, The pathogenetic Ag(s) of human iMN is still elusive.

In situ formation of gp330-related immune complexeshas been demonstrated on the brush border of human
tubules [13]; this molecule is able to induce a model has a nephritogenic role only in the rat [19], while in

other animal species di�erent tubular coexpressedof membranous nephropathy if injected in the rat; in
addition a sequence homology of rat gp330 with the glomerular epitopes (gp90, gp85) are able to induce

membranous nephropathy. Interestingly, these molec-human LDL receptor [14] and with a human alpha2-macroglobulin receptor-associated protein [15] has ules are present in human normal kidney as well, but
a role of them in the development of human iMN hasbeen identified. In spite of this, the absence of gp400

from human glomeruli questions the role of this Ag in not been demonstrated.
This could be due to the following events:in situ formation of human membranous deposits [13].

Additional brush-border-expressed glomerular epi- (1) masking of the investigated epitopes by immuno-
globulins in excess in renal deposits; (2) presence oftopes, responsible for experimental forms of membran-

ous nephropathy, have been investigated in humans. nephritogenic tubuloglomerular Ags di�erent from
those involved in experimental models; and (3) pathol-Studies conducted in our laboratory (unpublished data)

have focused on tissue reactivity of two monoclonal ogical autoimmune action of podocyte specific (non-
brush-border-related) Ags.Abs (kindly provided by Drs Ronco and Verroust,

Paris) specific for human DPP IV (mw=90 kD) and More probably the failure to identify the Ag(s) of
human iMN is the result of its absence from normalNEP-enkephalinase which in humans is identical to

CALLA, a marker of acute lymphoblastic leukaemia glomerular cells. This supports the current opinion
that a main pathogenetic Ag similar to rat gp330 does(mw=85 kD). We found even staining of proximal

tubule–brush border and of podocyte–plasmalemma not exist in human iMN; in all likelihood we have
to face a broad spectrum of nephritogenic Ags.in normal kidney and in various glomerular diseases,

including membranous nephropathy. Nevertheless the conceptual importance of the experi-
mental models of membranous nephropathy remainsSo it was confirmed that these Ags are phylogen-

etically preserved in human kidney; however, in con- exceptional, because of the discovery of pathogenic
Ags located at renal level and able to form in situtrast with the observations made in the mouse and in

the rabbit, we could detect no clear positivity of nephritogenic immune complexes.
Further studies on human renal tissue are necessarysubepithelial granular deposits in human iMN

(Figure 1). to analyse early glomerular deposits and their antigenic
constituent(s). Transplanted kidney a�ected by de novoThese negative results do not definitively rule out a
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(a) (b)

Fig. 1a,b. Immunohistochemistry of human membranous nephropathy (stage II). Cryostat sections were incubated with monoclonal
antibodies specific for: (a) human anti-DDP IV (immunoperoxidase; ×250); (b) human anti-NEP (enkephalinase)/CALLA (alkaline
phosphatase; ×250). Both Ags are intensely expressed along the epithelial side of the glomerular capillary wall and on the tubular brush
border; however, no definite staining of typical subepithelial glomerular deposits can be shown.
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dissociation by factor H, a regulatory protein thatIntroduction
normally acts to control the rate of alternative pathway
activity. A proportion of patients with PLD alsoIt is gratifying when the advance of medical and
develop MCGN II, although the PLD and MCGN IIscientific knowledge illuminates pathogenetic mechan-
may be dissociated in time by several years. There areisms for clinical syndromes which previously have been
a few reports of NeF in apparently healthy individuals.unexplained curiosities, especially when it can be dem-

onstrated that careful study of a rare syndrome has
revealed a general principle of biology and pathology. The adipocyte as a source of complement
The association between partial lipodystrophy (PLD) components
and mesangiocapillary glomerulonephritis type II
(MCGN II ) is one such rare syndrome. The link

In 1989 Rosen and colleagues from Harvard reportedbetween these two conditions, and the associated over-
that adipsin, a major protein product of mature adipo-activity of the alternative pathway of complement, has
cytes, is highly homologous to factor D, a serineba�ed nephrologists for many years.
protease whose only known function is the cleavage ofIn the last few years, evidence has accumulated that
factor B in the alternative pathway [1]. This suggesteddysregulation of the alternative pathway of comple-
to us a mechanism for the link between PLD and NeFment may be causally related to adipocyte destruction,
and led to the experiments described in the next section.and possibly also to nephritis, by hitherto unsuspected
Subsequently the Harvard group showed that adipsinmechanisms; and that the complement system plays an
and factor D are identical, that adipose tissue is aimportant role in normal adipose tissue biology.
major source of factor D in vivo, and that adipocytes
also produce C3 and factor B and activate the alternat-
ive pathway in vitro and in vivo [2]. More recently, yetPLD, nephritic factor (NeF) and MCGN II
another link between the adipocyte and the comple-
ment system has become apparent with the description

In PLD, subcutaneous fat is permanently lost from the of an adipocyte-specific product which is highly homo-
face and upper body, often acutely and sometimes logous to C1q [3]. The possible function of these
following a viral infection such as measles. Patients complement components in adipocyte biology will be
with PLD typically have dysregulated activation of the considered below.
alternative pathway associated with the presence of
nephritic factor (NeF ), an IgG autoantibody. NeF
binds to the rate limiting C3 convertase enzyme of the NeF, adipocyte lysis and factor D expression
alternative pathway (C3bBb), and protects it from

We have reported that NeF-containing sera or IgG
induce complement-dependent lysis of adipocytes inCorrespondence and o�print requests to: Dr Landino Allegri,
vitro [4,5], indicating that when there is dysregulationDipartimento di Clinica Medica, Nefrologia e Scienze della

Prevenzione, Via Gramsci 14, 43100 Parma, Italy. of the alternative pathway the production of comple-
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ment components by the adipocyte becomes deleterious regulatory mechanisms. What does this tell us about
the normal adipocyte: why should adipocytes expressfor the cell, which e�ectively contributes to its own

destruction. There are regional di�erences in factor D proteins whose role was thought to be mainly con-
cerned with host defence? The answer is suggested byexpression which broadly mirror the regional distribu-

tion of adipocyte loss in PLD [5], possibly indicating the demonstration that the protein C3a, which is
generated when C3 is cleaved, has potent activity asthat high-level factor D expression is required for

adipocyte loss to occur. Whether interindividual vari- an acylation stimulating protein, promoting the ester-
ification of fatty acids into triglyceride. C3a increasesation in factor D expression can account for the fact

that PLD only occurs in a proportion of patients with membrane transport of glucose into adipocytes and
increases the activity of diacylglycerol acyltransferase:NeF remains undetermined. Further, it is unknown

why adipose tissue loss occurs so acutely: the associ- both e�ects markedly increase the rate of triglyceride
synthesis [9 ].ation with viral infection suggests that cytokine release

might play a role, for example by upregulating comple- The physiological role of the adipocyte is to act as
an energy store, accumulating triglyceride in times ofment component expression by adipocytes.
plenty for use in times of need. Adipocytes express all
the components required for the local generation of

Alternative pathway dysregulation and nephritis C3a, which can then act to mediate this storage func-
tion. Factor D expression is increased in fasting or
catabolic states and decreased in various experimentalThe demonstration that NeF can induce lysis of adipo-

cytes, and therefore may be causally related to adipo- models of obesity; thus the adipocyte may modulate
its capacity to activate the alternative pathway accord-cyte loss in PLD, has implications for MCGN II: could

NeF lead to injury of renal cells [6 ]? Two pieces of ing to the need for triglyceride storage or release. The
C1q-related protein exclusively expressed by adipocytesevidence suggest that this could indeed be the case.

First, human intrinsic renal cells express complement [3] also seems to play a role in energy storage by these
cells, and is similar to a hibernation-specific proteincomponents [7]. This has been shown most clearly for

C3 and C4, which are synthesized and secreted by isolated from the plasma of Siberian chipmunks!
The expression of phylogenetically ancient comple-renal tubular epithelial cells, mesangial cells and glom-

erular epithelial cells. This expression is upregulated ment proteins by adipocytes strongly suggests that
these proteins are integral to the physiological functionby proinflammatory cytokines, and also in various

forms of nephritis. Factor B is also expressed in the of these cells. This is a previously unsuspected role for
the complement pathway, and one illustration of akidney, but there is little information on factor D.

The second piece of evidence comes from studies of growing appreciation that complement may have local
roles in various tissues in addition to the well-knownthe consequences of the dysregulated alternative path-

way complement activation which results from defi- systemic actions [10].
ciency of the regulatory protein factor H [6]. In a
variety of Yorkshire pig and in rare human cases, Conclusionsabsence of factor H is associated with a renal lesion
with very similar morphology to MCGN II. Further,

Adipocytes express key complement proteins, and thethere is an intriguing case report of a patient whose
alternative pathway of complement probably plays anserum contained a monoclonal lambda light chain
important role in normal adipocyte biology. When thiswhich interacted with factor H in vitro and prevented
pathway is dysregulated by the presence of NeF, fatits action, allowing unregulated alternative pathway
cell destruction can result, leading to the rare clinicalactivation, and whose renal biopsy showed features of
syndrome of PLD. MCGN type II may be associatedMCGN type II [8].
with PLD and since intrinsic renal cells also expressThus, overactivity of the alternative pathway for
complement components, a similar mechanism of com-three entirely separate reasons (NeF protecting C3bBb
plement-mediated injury may be responsible: this hypo-from the e�ects of factor H; genetic factor H deficiency;
thesis is supported by the occurrence of a similar formor altered factor H function) has the same consequence
of nephritis when the alternative pathway is overactivefor the kidney, strongly suggesting that it is the comple-
for other reasons. Careful study of this relatively rarement activation per se which induces the nephritis.
form of nephritis and its clinical associations hasWhether this arises by a mechanism similar to that
opened up an area of much broader biologicalpostulated for adipocyte loss in PLD remains
relevance.unproven.
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Direct and indirect pathways of alloantigen recognition:
relevance to acute and chronic allograft rejection

P. Hornick and R. Lechler

Department of Immunology, Royal Postgraduate Medical School, London

T cells with direct allospecificity, like MHC-restrictedIntroduction
T cells, have dual specificity for both peptide and the
foreign MHC molecule. Given the extreme diversity ofThe design and e�ectiveness of strategies to promote
the peptides bound and displayed by MHC moleculeslong-term graft acceptance requires a fundamental
at the cell surface, a single foreign MHC molecule canunderstanding of the mechanisms underlying acute and
give rise to several hundred distinct peptide5MHCchronic rejection. In this review we discuss the two
complexes, each recognized by a distinct clone ofpathways of allorecognition, direct and indirect, and
alloreactive T cells. The alternative hypothesis wassuggest that the direct pathway plays the major role
proposed a few years later and is referred to as thein the early weeks after transplantation, and that the
high determinant density hypothesis. This envisagesindirect pathway may contribute to the process of
that the alloreactive T cell’s specificity is for the foreignchronic rejection. The results of in vitro and in vivo
MHC molecule, with little or no specificity for boundexperimental models will be discussed, together with a
peptide. If this is the case, it is argued, that thelimited amount of clinical data.
determinant density available to the alloreactive T cell
is several logs higher than that available to an antigen-
specific T cell, because all the MHC molecules of anyPathways of alloantigen recognition
given isotype (e.g. HLA-DR) can serve as ligands for
the alloreactive T cell. Consequently T cells whoseDirect alloantigen recognition
receptors have low, medium, and high a�nity for

Molecular basis. One of the most striking features of the allogeneic MHC molecule can contribute to the
the T cell response provoked by MHC incompatible alloresponse, thereby expanding the frequency of
cells is its vigour. This is illustrated by the mixed responding cells.
lymphocyte reaction in vitro, and by allograft rejection T cells normally recognize protein antigens as pep-
in vivo. Indeed it was the very strength of the allores- tides presented by self major histocompatibility
ponse that led to the discovery of MHC molecules. (MHC ) molecules (MHC restriction). In contrast, the
The strength of this response was accounted for by the direct pathway of allorecognition results from an inter-
uniquely high precursor frequency of T cells with action between a T cell’s antigen receptor (TCR) and
specificity for allogeneic MHC molecules. Two hypo- a foreign MHC molecule5peptide complex (Figure 1).
theses have been proposed to account for these obser- At face value this appears to break the rules of self
vations (reviewed in [1]). The first is referred to as the MHC restriction; however, the two hypotheses to
multiple binary complex hypothesis, and proposes that account for the high precursor frequency of alloreactive

T cells can be accommodated within the context of
self MHC restriction. This is easiest to envisage whereCorrespondence and o�print requests to: Dr Landino Allegri,
responder and stimulator MHC molecules are similar,Dipartimento di Clinica Medica, Nefrologia e Scienze della

Prevenzione, Via Gramsci 14, 43100 Parma, Italy. sharing conserved sequences in the exposed TCR-
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Fig. 1. Direct allorecognition involves the recognition by T cells of the polymorphism of the MHC alloantigens displayed at the surface of
donor dendritic cells. No other cells intervene in this initial step of the direct pathway. Indirect allorecognition involves the recognition of
donor alloantigens (primarily allogeneic MHC molecules) in the same way as any ‘nominal’ protein antigen, i.e. as processed peptides
associated with self (recipient)-MHC class II molecules. Following activation of ‘indirect’ T helper cells, allospecific e�ector cells may be
stimulated in the same localized environment.

contacting surface of the molecule, di�erences in the extended in a rat renal allograft model by Lechler and
Batchelor [4], who observed that depletion of donorpeptide-binding groove allow binding and display of

di�erent sets of peptides. The alloresponse is thus bone marrow-derived ‘passenger’ cells from an allo-
graft led to its acceptance in some MHC-incompatibledirected to the multiplicity of di�erent peptides bound

by the MHC molecule. When the exposed surfaces of strain combinations, in the absence of any immunosup-
pression. In particular they showed that the specializedthe responder and stimulator MHC molecules are

substantially di�erent, the alternative, high determin- antigen-presenting cell population, dendritic cells, from
the donor were central to the initiation of allograftant density hypothesis may provide a better explana-

tion for the observed strength of the alloresponse. In rejection. These findings highlighted the fact that tis-
sues could be antigenic (capable of being recognizedorder to reconcile this with self MHC restriction it

only needs to be suggested that a small fraction of by T cells) without being immunogenic (capable of
initiating T cell activation). This is illustrated by theT cells whose receptors were selected for self MHC

recognition cross-react, by chance, with a foreign MHC passenger cell-depleted kidney grafts that expressed
abundant donor MHC alloantigens, but did not pro-structure.
voke a su�cient magnitude of response to induce
rejection. The immunogenicity of a tissue appears toThe distinction between antigenicity and immunogenicity
correlate with its content of specialized antigen-

In the mid 1970s Bretscher and Cohn [2] first proposed presenting cells.
the idea that lymphocyte activation required two qual-
itatively distinct signals. These ideas were translated Recognition without activation can lead to T cellinto an in vivo model by La�erty et al. [3] in a series tolerance; antigen presentation by tissue parenchymalof thyroid allograft experiments. They made the cellsimportant observation that rat thyroid tissue that had
been cultured for a period in vitro was not rejected, Bretscher and Cohn’s original two-signal model of

B lymphocyte activation [2], was similarly predicteddespite expressing the same alloantigens that led to the
rejection of a fresh allograft. These studies were for T cells [5]. Signal 1 alone failing to activate should
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negatively signal a lymphocyte and make it refractory utilized to estimate recipient5anti-donor Th and CTL
to subsequent activation (anergic), whereas signal 2 frequencies in patients who have progressive chronic
should prevent the refractory state and lead to full rejection. Using donor-derived splenic APCs, donor-
activation. The delivery of signal 1 refers to the engage- specific hyporesponsiveness was observed against both
ment of the antigen specific T cell receptor (TCR/CD3 donor MHC class I and II antigens in approximately
complex) with allogeneic MHC or antigenic peptide 50% of recipients (Hornick et al. submitted ). Similar
plus self MHC. For full T cell activation and prevention findings have been reported for renal transplant recipi-
of anergy a second signal must be supplied by the ents [10]. These findings are important since they
molecular interaction between members of the B7 indicate that in man, as in rodents, the prolonged
family present on antigen presenting cells (APC) with residence of an allograft can induce donor-specific
their T cell ligand CD28 [6]. Successful orchestration hyporesponsiveness in T cells with direct allospecificity
of an alloimmune response depends upon the inter- in a proportion of patients. This has potential implica-
action of CD4+ helper cells with cells capable of tions for graft monitoring, outcome, and adjustment
supplying both signals. In man, only three populations of immunosuppression. These findings also suggest
of cells, dendritic cells, monocytes/macrophages, and that chronic rejection can progress despite such hypore-
B lymphocytes constitutively express B7 and MHC sponsiveness.
class II molecules. Parenchymal cells induced to express Chronic rejection appears to result from both
MHC class II molecules by pretreatment with IFN-c immunological and non-immunological mechanisms.
in vitro do not support activation and may result in The importance of HLA matching, the influence of
anergy of naive and in some but not necessarily all, previous acute graft rejection, the occurrence in allog-
primed CD4+ cells. eneic as compared to syngeneic grafts, as well as more

tangible experimental evidence [11–13], all points to a
determining role for alloreactive T cells. Direct allorec-Relevance to T cells with direct allospecificity
ognition is likely to play an important part in the

In a rodent model, in vitro primed, donor-specific, initiation of chronic rejection as the early post-
direct pathway alloreactive T helper cells were shown transplant period is dominated by tissue damage
to e�ect acute graft rejection when adoptively trans- caused by episodes of acute rejection. However, chronic
ferred into irradiated recipients that had been trans- rejection may occur in the absence of previous episodesplanted with an allogeneic kidney. Rejection occurred of acute rejection [14] and the observations of directonly in the presence of donor-derived dendritic cells pathway hyporesponsiveness in patients with chronic[7]. However, in animals bearing an established graft,

rejection argues against this pathway as being a drivingthe renal parenchymal cells were unable to reactivate
force in its progression.the alloreactive T cells. This indicates that whilst direct

alloreactive T cells play a dominant role in acute
rejection, T cell hyporesponsiveness can occur follow-

The contribution of the indirect pathway to allografting dendritic cell loss.
rejectionDirect alloreactive CD4+ and CD8+ T cells are

primed in the spleen and draining lymph nodes follow- Passenger cell-depleted rat kidney allografts. Evidenceing the migration and maturation of donor dendritic
for a second route of allorecognition was provided bycells [8 ]. E�ector functions are carried out by CD8+
retransplantation experiments in the rat modelcytotoxic T lymphocytes (CTL) within the graft with-
described above. Lechler and Batchelor observed thatout necessarily further input from CD4+ Th cells. Th
MHC incompatible kidney allografts depleted of indi-cells can initiate antibody production at sites distant
genous dendritic cells (by ‘parking’ kidneys in inter-from the allograft by allospecific B cells. Delayed-type
mediate hosts) were permanently accepted withouthypersensitivity (DTH) responses may be orchestrated
immunosuppression, in certain donor/recipient com-by Th cells which have infiltrated the graft having left
binations, but in others su�ered rejection [15]. Giventhe recipient lymphoid tissue. The eventual replacement
that no immunogenic donor-derived cells were presentof donor dendritic cells by recipient dendritic cells [9 ]
in these retransplanted grafts, they proposed that rejec-and the apparent paucity of cells capable of stimulating
tion of these grafts resulted from the sensitization ofdirect allorecognition left within the graft is likely to
T cells with indirect allospecificity. Indirect allorecogni-account for the development of hyporesponsiveness in
tion mirrors the normal mechanism of T cell stimula-T cells with direct allospecificity.
tion by nominal antigens. Alloantigens shed from a
graft are internalized, processed, and presented as

Clinical data peptides in the context of recipient MHC class II
molecules (Figure 1). Whilst T cells sensitized by theIn recipients receiving immunosuppression, episodes of
direct pathway might initially dominate the rejectionacute rejection become less frequent and destructive
process occurring in non-immune recipients, T cellswith the passage of time following transplantation,
sensitized by indirect allorecognition might contributewhilst the progression of chronic rejection continues.
substantially to continuing graft damage after theRecently in our own laboratory, limiting dilution

techniques specific for the direct pathway have been allograft has lost its dendritic cell population [15].
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In vivo—animal models or more MHC class II alleles. Whether this exaggerates
or diminishes the indirect response in vivo is a matterIn a murine system, Benichou et al. [16] showed that of conjecture. It can be assumed that class II matchingT cells which had been sensitized by allogeneic spleno- will favour the sensitization of indirect pathway T cellscyte infusions or skin grafting proliferated to synthetic by donor dendritic cells. However, it can also be arguedpeptides derived from the polymorphic regions of the that class II matching will favour the induction ofa and b chains of the allogeneic class II MHC molecules tolerance in T cells with indirect allospecificity due topresented by host APC. Peptide immunization of allog- the e�ects of indirect presentation by MHC class II-eneic MHC antigens has been shown to hasten the expressing graft parenchymal cells that lack expressionrate of graft rejection for skin and kidney allografts of costimulatory molecules. HLA class II matching[17,18]. In another study using skin grafts from MHC has been reported to be associated with an increasedclass II-deficient knockout mice, rejection in a self- incidence of rejection of corneal allografts, which arerestricted CD4+-dependent manner has been demon- known to be rejected by predominantly indirect path-strated [19]. Further importance of indirect allorespon- way T cells. In solid organ transplantation it is di�cultses is suggested by the downregulation of T cell to separate the beneficial e�ects of class II matchingresponses following thymic administration of allog- due to reducing the activity of direct pathway T cells,eneic MHC-derived peptides, leading to prolonged from the possible beneficial e�ects of indirect presenta-survival of subsequent renal allografts. Such peptides tion by parenchymal cells.could not have a�ected the direct pathway and suggests

that indirect presentation is critical to the rejection
process [20]. Sites of sensitization of indirect pathway T cells;

co-operation with e�ector mechanisms of graft rejection
In vitro The delivery of T cell help requires physical proximity

between the Th cell and the CTL or B cell. This usuallyThe first demonstration utilizing human material that
occurs in the environment of the lymph node, followingindirect mechanisms were capable of stimulating an
migration of dendritic cells carrying antigens that theyalloresponse was provided by Liu et al. [21] utilizing
have internalized in tissues, and that they present asan in vitro system whereby the responder’s T cells were
peptides bound by MHC class I and class II molecules.sensitized in mixed lymphocyte culture with allogeneic
This allows for Th and CTL to interact with the sameDR1-expressing cells. The frequency of T cells engaged
APC surface, facilitating the delivery of T cell help atin the indirect recognition of synthetic DR1 peptides,
very close range. This kind of cell5cell collaborationwas found to be about 100-fold lower than T cells
has been described as a three cell cluster [24]. Forparticipating in direct recognition of intact DR1 molec-
sensitization of T cells with direct allospecificity, thisules. Such data does not necessarily imply dominance
is easy to envisage. However, assuming that eitherof direct pathway mechanisms, as there is the potential
CTL, or delayed-type hypersensitivity (DTH) mech-for the generation of a multiplicity of epitopes derived
anisms are involved in e�ecting chronic rejection, it isfrom MHC molecules, particularly when several MHC
necessary to envisage the delivery of T cell help occur-incompatibilities are expressed by the stimulator cells.
ring in the graft itself. Only here are cells expressingThe strength of the indirect response would therefore
donor MHC alloantigens available, once the initialbe the sum of all indirect frequencies estimated for
wave of emigrating donor dendritic cells has passed.each peptide epitope. It thus becomes clear that a

failure to demonstrate an indirect alloreactive fre-
quency might reflect the insensitivity of the assay Indirect pathway in the human
system and the methodology used [22]. This challenges

Recent data derived in the context of acute rejectionthe precept that direct allorecognition dominates the
in recipients of heart grafts, utilizing synthetic peptidesrejection process in its early stages just because high
corresponding to the hypervariable regions of theprecursor frequencies are produced in vitro. The precise
mismatched donor HLA-DR antigens, have indicatedcellular origins of donor antigens are likely to be of
an association between acute rejection and activationlittle significance, as donor antigens are processed and
of the indirect pathway [25].presented by recipient APC, the important factor being

All evidence indicates that indirect allorecognition isthe quantity of donor antigen. Class I MHC antigens
important in the progression of the chronic rejectionmay be of greater importance than class II antigens,
process; however, to-date there is no direct experimentalbeing expressed in all cells of a tissue and thus more
evidence that Th cells with indirect specificity are func-common in the long-term life-span of the allograft [23].
tionally active in recipients with chronic rejection.

Humoral mechanisms have long been thought toInfluence of HLA class II matching make important contributions to chronic rejection
[26–28]. Although anti-donor alloantibodies may e�ectAs discussed above, the most e�cient ‘indirect’ pre-

sentation occurs when the MHC alloantigen is the graft directly, it is also possible that the allospecific
B cells, with their enhanced capacity to capture andco-expressed with the responder MHC class II restric-

tion element on the same cell surface. Precisely this process alloantigens, are responsible for driving indir-
ect pathway T cells.situation arises when an allograft is matched for one
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9. Milton A, Spencer S, Fabre J. The e�ects of cyclosporin A onTolerance and immunosuppression
the induction of donor class I and class II MHC antigens in

Divergent requirements for direct and indirect allorec- heart and kidney allografts in the rat. Transplantation 1986;
42: 337ognition activation and regulation indicate that there

10. Mason P, Robinson C, Lechler R. Detection of donor-specificmay be di�erent susceptibilities to immunosuppression.
hyporesponsiveness following late failure of human renal allo-Early experiments in the rat indicated that immuno- grafts. Kidney Int 1990; 50: 1019–1025

suppressive protocols were more e�cient at preventing 11. Cramer D, Qian S, Harnaha J et al. Cardiac transplantation in
rejection when dendritic cells had been depleted from the rat: I. The e�ect of histocompatibility di�erences on graft
the graft [4], but chronic rejection in humans appears atherosclerosis. Transplantation 1989; 47: 414–419

12. Cramer D, Chapman F, Wu G, Harnaha J, Quian S,una�ected by immunosuppression. This may indicate
Makowka L. Cardiac transplantation in the rat. II. Alterationthat T cells with indirect allospecificity may be resistant
of the severity of donor graft arteriosclerosis by modulation ofto cyclosporin A, possibly reflecting the continuous
the host immune response. Transplantation 1990; 50: 554–558

activity of recipient APC in stimulating such cells. 13. Shin Y, Adams D, Wyner L, Akalin E, Sayegh M, Karnovsky M.
The acquisition of insights into the events that lead Intrathymic tolerance in the Lewis-to-F344 chronic cardiac

allograft rejection model. Transplantation 1995; 59: 1647–1653to T cell tolerance, and to the emergence of regulatory,
14. Isoniemi H, Nurminen M, Tikkanen M et al. Risk factorsrather than proinflammatory, T cells o�ers exciting

predicting chronic rejection of renal allografts. Transplantationpossibilities for the future. Of considerable interest is
1994; 57: 68–72the role played by Th2 cells and their signature cyto- 15. Lechler R, Batchelor J. Restoration of immunogenicity to pas-

kines which suppress Th1 function. Although no data senger cell-depleted kidney allografts by the addition of donor
exists in the human transplant recipient, it is tempting strain dendritic cells. J Exp Med 1982; 155: 31–41

16. Benichou G, Takizawa A, Olson A, McMillan M, Sercarz E.to speculate that routine immunosuppression does
Donor major histocompatibility complex (MHC) peptides areallow an ascendancy of both direct and indirect allos-
presented by recipient MHC molecules during graft rejection.pecific Th2 cells. Once the frequency of alloreactive
J Exp Med 1992; 175: 305–308Th2 cells can be assessed in transplant recipients it 17. Fangmann J, Dalchau R, Fabre J. Rejection of skin allografts

may be possible to further develop strategies to induce by indirect allorecognition of donor class I major histocompat-
a ‘self-reinforcing’ immune deviation of cytokine ibility complex peptides. J Exp Med 1992; 175: 1521–1529

18. Benham A, Sawyer G, Fabre J. Indirect T cell recognition ofresponses. Further attractive strategies include recipi-
donor antigens contributes to the rejection of vascularized kidneyent pretreatment strategies using cells expressing donor
allografts. Transplantation 1995; 59: 1028–1032alloantigens or peptides corresponding to donor MHC

19. Auchinloss HJ, Lee R, Shea S, Markowitz J, Grusby M,sequences coupled with antibodies or fusion proteins Glimcher L. The role of ‘indirect’ recognition in initiating
designed to interfere with the delivery of costimulation. rejection of skin grafts from major histocompatibility complex
If the hypothesis that T cells with indirect allospecificity class II-deficient mice. Proc Natl Acad Sci USA 1993; 90:

3373–3377play a key role in chronic rejection is confirmed,
20. Sayegh M, Perico N, Gallon L et al. Mechanisms of acquiredstrategies to induce tolerance in such cells will be

thymic unresponsiveness to renal allografts. Transplantationcritical to long-term allograft survival.
1994; 58: 125–132

21. Liu Z, Sun Y, Xi Y et al. Contribution of direct and indirect
allorecognition pathways to T cell alloreactivity. J Exp MedAcknowledgements. P. Hornick is in receipt of research grants
1993; 177: 1643–1650awarded by the British Heart Foundation and the Royal College of

Surgeons of England. 22. Van Besouw N, Vaessen L, Daane C et al. Peripheral monitoring
of direct and indirect alloantigen presentation pathways in
clinical heart transplant recipients. Transplantation 1996; 61:

References 165–167
23. Hart D, Fabre J. Quantitative studies on the tissue distribution

1. Warrens A, Lombardi G, Lechler R. MHC and alloreactivity: of Ia and SD antigens in the DA and Lewis rat strains.
presentation of major and minor histocompatibility antigens. Transplantation 1979; 27: 110
Transplant Immunol 1994; 2: 103–107 24. Mitchison N, O’Malley C. Three-cell-type cluster of T cells with

2. Bretscher P, Cohn M. A theory of self-nonself discrimination. antigen-presenting cells best explain the epitope linkage and
Science 1970; 169: 1042–1049 noncognate requirements of the in vivo cytolytic response. Eur

3. La�erty K, Bootes A, Dart G, Talmage D. E�ect of organ J Immunol 1987; 17: 1579–1583
culture on the survival of thyroid allografts in mice. 25. Liu Z, Coloval A, Tugulea S et al. Indirect recognition of donor
Transplantation 1976; 22: 138–149 HLA-DR peptides in organ allograft rejection. J Clin Invest

4. Lechler R, Batchelor J. Immunogenicity of retransplanted rat 1996; 98: 1150–1157kidney allografts. J Exp Med 1982; 156: 1835–1841
26. Russell P, Chase C, Winn H, Colvin R. Coronary atherosclerosis5. La�erty K, Prowse S, Simeonovic C, Warren H. Immunobiology

in transplanted rat heart. II. The importance of humoral immun-of tissue transplantation: a return to the passenger leucocyte
ity. J Immunol 1994; 152: 389–398concept. Annu Rev Immunol 1983; 1: 143–173

27. Dunn M, Crisp S, Rose M, Taylor P, Yacoub M. Anti-6. June C, Bluestone J, Nadler L, Thompson C. The B7 and CD28
endothelial antibodies and coronary artery disease after cardiacreceptor families. Immunol Today 1994; 15: 321–331
transplantation. Lancet 1992; 339: 1566–15707. Braun M, McCormack A, Webb G, Batchelor J. Mediation of

28. Reed E, Hong B, Ho E, Harris P, Weinberger J, Suciu-Foca N.acute but not chronic rejection of the MHC incompatible rat
Monitoring of soluble HLA alloantigens and anti-HLA antibod-kidney grafts by alloreactive CD4 T cells activated by the direct
ies identifies heart allograft recipients at risk of transplant-pathway of sensitisation. Transplantation 1993; 55: 177–182
associated coronary artery disease. Transplantation 1996; 61:8. Austyn J, Larsen C. Migration patterns of dendritic leucocytes.
566–572Implications for transplantation. Transplantation 1990; 49: 1–7



Nephrol Dial Transplant (1997) 12: 1811–1812 1811

Vitamin D receptor genotype: its role in bone mass and turnover in non-
renal and renal patients

A. Torres and E. Salido
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vitamin D; this finding suggests functional di�erencesIntroduction
at the intestinal VDR protein among the various VDR
genotypes.Bone mineral density (BMD) has an important genetic

Age may also interact with the genetic e�ect of thecomponent [1,2]. In 1994 Morrison et al. [3 ] reported
VDR polymorphisms on the BMD. Riggs et al. [11]that polymorphisms at the 3∞ UT end of the vitamin
observed a much stronger genotype e�ect amongD receptor (VDR) gene defined by the restriction
younger than among older women at the hip, but thereenzymes Bsm I, Apa I, and Taq I are associated with
was no statistically significant genotype-age interactionthe BMD. In the most widely used Bsm I polymorph-
at the spine. A similar finding has been reported in theism, the presence or absence of a restriction site in the
meta-analysis study of Cooper and Umbach [7]. If this7th intron of the gen, yields the so-called ‘b’ and ‘B’
interaction is confirmed, the magnitude of the e�ect atalleles respectively. Individuals with the ‘BB’ genotype
younger ages is greater than the overall estimateshow a higher bone turnover assessed by osteocalcin
indicates.levels, and a lower BMD at the spine and femoral

A T/C polymorphism at the first of the two potentialneck than ‘bb’ homozygotes. Heterozygotes ‘Bb’ indi-
translation initiation sites (ATG) of the VDR geneviduals range in between [3]. Since the initial report
has been described [12]. Using PCR and the FokIof an association of VDR polymorphisms with BMD,
restriction enzyme, the presence of the FokI sitemany additional studies on various populations have
denoted by ‘f ’, indicates that the first ATG is presentreached divergent conclusions, with some investigators

finding an association [4] while others not [5]. In predicting a longer VDR protein than in ‘F’ individuals
studies showing an association, the magnitude of the where the first ATG is absent. Gross et al. [13] observed
BMD di�erence between genotypes was less than ori- that the ‘� ’ genotype was associated with decreased
ginally suggested, usually closer to one-half of a stand- BMD at the spine and with an increased rate of bone
ard deviation in BMD [6 ] rather than a full standard loss at the hip in postmenopausal Mexican-American
deviation as originally proposed [3]. A recent meta- women. This initial finding warrants further study in
analysis including 16 studies from Australia, Europe, larger populations with subjects of diverse ethnic
United States (African-Americans and whites) and background.
Japan, found evidence favouring a modest e�ect of the VDR polymorphisms represent one genetic factor
VDR genotype on the BMD at the hip, spine, and a�ecting BMD but current evidence suggests that the
radius, with a reduction in BMD of about 2% in ‘BB’ inheritance of bone mass is under polygenic control
as compared to ‘bb’ genotype groups [7]. Thus, VDR [14]. Type I collagen is the major protein of bone
polymorphisms represent one genetic factor a�ecting encoded by the COLIA1 and COLIA2 genes. A novel
BMD but they only partly account for the genetic G�T polymorphism in a regulatory region of COLIA1
e�ect on bone mass. at a recognition site for the transcription factor Sp1

Calcium intake has been shown to influence the has recently been associated with bone mass and
genetic e�ect of the VDR polymorphism on BMD and osteoporotic fracture in two populations of British
bone turnover. Krall et al. [8 ] observed that the rate women [14]. The unfavourable ‘Ss’ and ‘ss’ genotypes
of bone loss was higher in ‘BB’ than in ‘bb’ post- were ‘over-represented’ in patients with severe osteo-
menopausal women only when calcium intake was low porosis and vertebral fractures.
(<500 mg/day). Moreover, in elderly women Ferrari In summary, at least two candidate genes, namely
et al. [9 ] showed that the bone loss at the lumbar spine VDR and COLIA1, have been implicated in the regula-
and the calcium intake were correlated only in the tion of bone mass although the molecular mechanisms
heterozygous ‘Bb’ genotype. Finally, Dawson-Hughes underlying this association remain to be defined. In
et al. [10] demonstrated a lower intestinal fractional addition, the interaction between these and other
calcium absorption in ‘BB’ than in ‘bb’ individuals potential genes, as well as the interaction with environ-
after dietary calcium restriction, a situation in which mental factors such as calcium intake, are not fully
intestinal calcium transport is more dependent on understood. Current e�orts to elucidate these inter-

actions might provide an useful model applicable toCorrespondence and o�print requests to: Armando Torres, Servicio
the analysis of other common diseases under polygenicde Nefrologı́a, Hospital Universitario de Canarias, 38320 La Laguna,

Tenerife, Spain. control such as hypertension or diabetes.
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cardiovascular function, and activities of daily life,Introduction
while minimizing risk. Cardiac disorders account for
about 40% of deaths in ESRD patients [2,3].Neophyte renal physicians and nurses working in dia-
Uncorrected anaemia produces a hyperdynamic statelysis centres in 1997 may not realize what is missing
that contributes to the development of left ventricularwhen they look around. Prior to the availability of
hypertrophy (LVH) [4]. Correction of anaemia wouldrecombinant human erythropoietin (rHuEpo) therapy
be expected to remove any anaemic component con-in 1989 it was typical to see several units of blood
tributing to eccentric LVH and left ventricular dilata-infusing during any shift of patients. Nowadays, trans-
tion, while leaving una�ected contributions fromfusions are the exception, rather than the rule. In the
fibrosis. Anaemia also limits myocardial oxygenUS multicentre licensing trial of rHuEpo for 333
supply, particularly in those with coronary artery dis-anaemic patients with end-stage renal disease (ESRD),
ease, provoking angina pectoris or other ischaemicerythrocyte transfusions were eliminated within 2
events. It is thus not surprising that anaemia alongmonths of therapy, whereas 1030 transfusions had
with hypertension contributes to left ventricular dys-been administered within the 6 months before rHuEpo
function, and the development of congestive hearttherapy [1]. In that trial the target haematocrit was
failure [5]. Each decrease in haemoglobin of 1 g/dl35±3%. Patients experienced significant improvements
increases mortality by 18% in dialysis patients [6].in quality of life (particularly related to energy and

Although correction of the anaemia associated withactivity level ), and the incidence of vascular access
renal disease with rHuEpo produces a number ofthrombosis did not di�er from a large cohort of
significant benefits, it is the e�ects on the cardiovas-patients not treated with rHuEpo. Blood pressure was
cular system and on physical activity which determinenoted to increase, or control to worsen requiring
much of the risk benefit ratio. During sustainedadditional medications, in 35% of patients. In the 8
rHuEpo therapy producing partial correction of anae-years that have followed this seminal report, many
mia, incomplete reductions in LVH and volume occur,studies have confirmed these findings. In addition,
as measured by echocardiography. The mean decreaseseveral investigators have examined outcomes and
in left ventricular mass (LVM ) among 15 studiesorgan system e�ects of various target haematocrits
averaged 18% after a mean treatment time of 45 weeksachieved with rHuEpo. Questions still remain, how-
as haematocrit was corrected from 18–22% to 29–35%ever, regarding the optimal haematocrit, including
[7]. Complete normalization of LVM rarely occurs,whether normalization of haematocrit would be bene-
reflecting perhaps the residual e�ect of incompleteficial and safe. In addition, certain subpopulations (e.g.

the elderly, diabetics, or those with cardiovascular anaemia correction, access fistula–shunt flow, and
disease) may have di�erent haematocrit requirements myocardial fibrosis. Improvement in exercise-induced
because of critical di�erences in end-organ oxygen ST-segment depression following partial anaemia cor-
needs. Finally, it is clear that various end-organs rection can also be demonstrated [8]. On the negative
respond di�erently to amelioration of anaemia, further side, a hypertensinogenic e�ect of rHuEpo therapy
confounding the search for the optimal haematocrit. occurs in renal failure patients, probably due to a loss
What is a desirable haematocrit for the brain may be of anaemic vasodilatation, with a reported increase in
less so for the heart or the dialysis vascular access. incidence over placebo-treated patients of 6–20% [7].

In certain subsets of patients, worsening of LVH can
develop, particularly in those who develop hyperten-

What target haematocrit during rHuEpo therapy sion [9].
optimizes cardiovascular function? Initial positive reports of a decrease in cardiovascular

events in small numbers of rHuEpo-treated patients
are now being reported based on larger populationsThe optimal haematocrit during rHuEpo therapy in
[6]. Treatment with rHuEpo tends to decrease overallESRD patients should be one that maximizes survival,
hospitalization [10]. Total costs of care for ESRD
patients may also be reduced in the long term throughCorrespondence and o�print requests to: Allen R. Nissenson MD,
the use of rHuEpo [11]. The positive results obtainedUCLA Medical Center, 200 Medical Plaza, Suite 565, Los Angeles,

California 90095 USA. to date from rHuEpo therapy have in general been
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achieved with haematocrits of 30–36%. Some studies achieved target of 30% significantly improves brain
function [18]. These findings are consistent with studieshave suggested that raising the haematocrit further to

40–44% increases benefit without increasing risk [12]. that demonstrate a relationship between haematocrit
and oxygen delivery to brain tissue, with maximal levelOn the other hand, the Normal Hematocrit Cardiac

Trial (NHCT), designed to examine the e�ects of of oxygen delivery occurring within a haematocrit
range of 40–45% [17]. It has recently been reportednormalizing haematocrit in haemodialysis patients with

significant cardiac disease, was halted when the group that neuronal cells carry the Epo receptor, and that
Epo may be produced in brain and function in arandomized to the normal haematocrit had an

increased incidence of death or non-fatal myocardial paracrine fashion to protect against hypoxia-induced
damage of neurons [20]. Whether exogenously admin-infarction (Goodkin, D., personal communication).

Thus in the absence of clinical studies which define a istered rHuEpo is able to reach such receptors and
also a�ect brain function independent of haematocritsustained dose–response e�ect of haematocrit of

30–45% on hard end-points such as LVM, cardiac level is an intriguing possibility. At first glance this
would seem unlikely, since the molecular weight ofmorbidity, mortality, and exercise capacity, the target

haematocrit in patients with cardiac disease should be rHuEpo (30 400 Daltons) far exceeds the molecular
weight cut-o� for the normal blood-brain barrierindividualized between 30 and 38%.
(500–750 Daltons). Uraemia as well as chronic hepatic
disease is associated with significant alterations in the
blood–brain barrier, however, at least for small solutes

Does the level of haematocrit impact on quality of such as amino acids. Whether this would apply to
life, cognitive function, or brain function? larger substances such as rHuEpo is worthy of study.

Following the earliest reports of the e�cacy of rHuEpo
What is the relationship between haematocritin improving anaemia, and decreasing transfusion
achieved with rHuEpo and exercise capacity/requirements, it became apparent that many of the
muscle function?symptoms reported by ESRD patients, and attributed

to uraemia, were in fact related to anaemia. Weakness,
di�culty concentrating, fatigue, impaired sexual func- Patients with renal failure demonstrate depressed exer-

cise capacity compared to age-matched controls, andtioning, and poor exercise tolerance were a few of the
symptoms that improved when the haematocrit was have decreased muscle strength and endurance. This is

associated with low muscle mass and energy stores,raised to 32–38% in the US multicenter trial [13].
Similar findings were reported from Canada, Europe, and histological abnormalities [21]. Resting and exer-

cise blood lactate levels are elevated, and oxygenand elsewhere. More recently a phase IV study of over
1000 patients receiving rHuEpo in regular clinical consumption by muscle is decreased [22]. Anaerobic

metabolism plays a more prominent role than in com-practice showed a significant improvement in quality
of life when even a modest increase of haematocrit to parably anaemic controls. The ratio of phosphocreat-

ine to inorganic phosphate is lower in ESRD patients,30.1% was achieved [14]. Four of six domains of the
Short Form-36 quality of life questionnaire showed supporting decreased oxidative metabolism [23]. The

aetiology of these alterations is unknown, but couldimprovement: vitality, which improved to the greatest
extent, physical functioning, social functioning, be consequent to enhanced activity of the ubiquitin–-

proteasome pathway as reported in uraemia, acidosis,and mental health. In addition, the Canadian
Erythropoietin Study Group reported improvement in from cytokines released during dialysis, and infections

[24]. Other factors such as poor nutrition, diabeticquality of life when haemoglobin was raised to
10.2 g/dl, but no further improvement in a group of neuromuscular pathology, and physical inactivity may

be involved.patients with haemoglobin raised to 11.7 g/dl [15]. The
study results were confounded, however, since the An increase in haematocrit to the 30–36% range is

associated with improvements in the parameters notedbaseline physiological tests in the group randomized
to the higher target haemoglobin were quite high, above. Cardiovascular function, oxygen transport, and

exercise capacity are all augmented. Maximum volun-making it unlikely that any improvement could be
demonstrated. By contrast, Eschbach et al. have dem- tary contraction, force generation, and duration of

muscle contraction all improve. Histological improve-onstrated an improvement in quality of life and func-
tional capacity when haematocrit is raised to 42% [12], ment in architecture and muscle fibre diameter have

been reported. Resting and maximal exertion-inducedand Moreno et al. have shown a direct relationship
between the score on the Karnofsky functional scale blood lactate improve, as well as the ratio of phosphoc-

reatine to inorganic phosphate, suggesting improvedand Sickness Impact Profile, and level of haematocrit,
at haematocrits ranging from 29% to over 35% [16]. aerobic metabolism [22,23]. This is also reflected by

increased oxygen consumption. The increases in max-Cognitive function and brain electrophysiology are
highly sensitive to the level of haematocrit, and imal oxygen uptake per increment in haemoglobin in

ESRD patients, however, are only half of thoseimprove when the haematocrit is raised from the mid-
twenties to 32–36% [17]. More recent studies suggest observed in subjects without renal disease [25], perhaps

reflecting lower aerobic capacity in renal failurethat raising the haematocrit to 42% from the commonly
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patients due to habitual physical inactivity or fixed Conclusions
limitations of oxygen extraction by diseased muscle.

It seems likely that a multifaceted approach will be When the initial phase III trials of rHuEpo were being
needed to optimize exercise capacity and muscle function planned, the haematologists involved recommended a
in ESRD patients. This includes normalization of acid–- target haematocrit in the normal range, while the
base balance, adequate nutrition, and a formal exercise nephrologists were concerned about adverse vascular
programme. The optimal haematocrit for exercise e�- e�ects at normal haematocrit levels. A compromise
ciency and muscle function is at least 36% based on target of 35±3% was selected for the clinical trials.
current evidence [26]. Lim [27] reported greater When rHuEpo was approved by the FDA in the US,
improvements of energy and work capacity in those however, a target of 30–33% was delineated, for
whose anaemia was more completely corrected (haem- unclear reasons. There is still a widespread perception
atocrit 35–40%) than in those only partially corrected. around the world that 30% is an adequate haematocrit
In addition, Barany et al. [28] found that exercise target, maximizing benefits and minimizing complica-
capacity did increase further with normalization of hae- tions, although some investigators recently suggested
moglobin, but that the increase remained subnormal that a target haematocrit of 34–37% ‘seems reasonable’
compared to rHuEpo-treated non-uraemic subjects. [30]. A number of studies have since been published

Improvement in dialysis techniques are needed to in abstract form, some referenced in this brief editorial,
decrease situations likely to contribute to poor exercise that indicate that quality of life, cardiac output, cognit-
performance such as infection, under-dialysis, and ive function and brain electrophysiology, amino-acid
depression. Additional research is needed in larger levels, maximum exercise capacity, sleep dysfunction,
numbers of patients (1) to correlate functional, phys- insulin sensitivity, and survival improve as the haem-
ical/psychological and histological parameters, (2) to atocrit rises toward the normal range. The real chal-
optimize the beneficial e�ects of rHuEpo-induced rises lenge is to determine the optimal haematocrit for a
in haematocrit, and (3) to better understand the com- specific patient, that maximizes organ function, butplex interplay of uraemic factors in the pathogenesis does not cause adverse e�ects. The early terminationof the impaired exercise capacity and muscle dysfunc- of the NHCT suggests that a thorough knowledge oftion observed in these patients. the physiological e�ects of higher haematocrits,

coupled with an understanding of the pathophysiology
Does haematocrit a�ect vascular access function? of the organ abnormalities in individual patients is

crucial if we are to achieve our goals of improved
survival, decreased morbidity, and enhanced quality ofOur understanding of the relationship between haem-
life for ESRD patients. The currently available dataatocrit, rHuEpo dose, and vascular access patency is

in evolution. In the US phase III multicentre trial, suggest that no patient should have an haematocrit
haematocrits increased from 22 to 32–38% on rHuEpo below 30%. Based on the beneficial e�ects on the
therapy, and the rate of vascular access thrombosis cardiovascular system of partial correction of anaemia,
was lower than the rate seen among a large cohort of as well as the improvements in quality of life, exercise
haemodialysis patients who did not receive rHuEpo capacity, and other organ function outlined in this
[1 ]. However, similar increases in haematocrit through review, we should not remain complacent by accepting
the use of rHuEpo in the Canadian multicentre trial haematocrits barely at 30% in any ESRD patient, but
showed a trend, although not statistically significant, should strive to achieve haematocrits in the entire
toward increased access thrombosis [29]. When haem- dialysis population of 33–36%. In order to achieve this
atocrit was increased toward a target of 42% from an goal, the haematocrit in some patients may at times
entry target of 30% in the NHCT involving some 1200 rise above 36%. On balance, the benefits of maintaining
patients, a statistically significant increase in access the haematocrit above 30% at all times in all patients
thrombosis was noted (Goodkin D., personal commun- outweigh the possible risks of exceeding an haematocrit
ication). The reason for the increase in arteriovenous of 36% for short periods of time in some patients.
(AV ) access thrombosis is unclear, as thrombosis did Until the benefits and safety of a near-normal haemato-
not correlate with haematocrit level. These observa- crit have been clearly demonstrated, it is not recom-
tions are further limited by the fact that the patient mended that it be maintained above 38%.
population in the NHCT was older than the average
US dialysis population, had major cardiovascular risk
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Dialysis patient outcomes in Europe vs the USA.
Why do Europeans live longer?

F. Locatelli, D. Marcelli and F. Conte

Lombardy Dialysis and Transplant Registry, Milan, Italy

[1] using data taken from two registries, the LombardyIntroduction
Dialysis and Transplant Registry (RLDT ) [2] and the
US Renal Data System (USRDS) [3]. The relativeA study evaluating patient survival in Lombardy, Italy,
risk of mortality for the haemodialysis patients treatedand in the United States has recently been published
in Lombardy was 36% lower than that of the patients
treated in the US. This di�erence was even greater inCorrespondence and o�print requests to: Dr Landino Allegri,
the 20–60-year-old age group. However, in the patientsDipartimento di Clinica Medica, Nefrologia e Scienze della

Prevenzione, Via Gramsci 14, 43100 Parma, Italy. receiving peritoneal dialysis who were less than 60
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years old, the relative risk of mortality was not statistic- The EDTA estimates may be less reliable because
they depend on voluntary reporting, but all of the 44ally di�erent.
dialysis centres in Lombardy supply data to the
Lombardy Registry [2]. Treatment acceptance rates inCountry di�erences in dialysis treatments with the US have been running consistently above those inmortality other countries and the proportion of elderly patients
with diabetic and hypertensive ESRD is much higher.

It is well known that haemodialysis patients in the US One reason for the higher acceptance rate of elderly
run a higher risk of death than those treated in Japan and diabetic patients in the US may be due to di�er-
and Europe [4,5]; furthermore, patients receiving peri- ences in the hidden selection criteria for admitting
toneal dialysis in the US are at higher risk of death them to substitutive treatments on the part of nephrolo-
than those treated in Japan [5] and Canada [6]. gists, and/or di�erences in the habits of general practi-
However, the comparison of dialysis patient survival tioners in referring patients with chronic renal failure
between Lombardy and the United States [1] is of to renal units regardless of their age or clinical condi-
particular interest because it is not only adjusted for tion. This may indicate that US nephrologists are more
age, diabetes, and gender, but also for di�erences in a willing to give RRT to high-risk patients than their
number of comorbid conditions. European counterparts, and so it is likely that frailer

and sicker patients are accepted in the US.
The inclusion of comorbid conditions in the compar-Factors possibly involved in the di�erent survival

ative analysis of Lombardy and the US reduced butrates
may not have completely eliminated this selection bias
and the observed di�erence in outcomes, since it has

Registry data should be used with caution when com- been hypothesized that patients living in a country
paring dialysis patient survival because they may be with a higher acceptance rate are more likely to be
a�ected by country di�erences in dialysis procedures a�ected by both the presence of comorbid conditions
or other factors. These di�erences may include the and greater disease severity.
criteria for admission to renal replacement therapy In this respect, Friedman’s opinion is very provocat-
(patient selection and the time of starting dialysis), ive [8]. His suggestion is that the di�erence between
gender and age distribution, baseline comorbid condi- the US and Europe in the ESRD treatment rate may
tions, and the withdrawal rate due to kidney transplant; be due to the fact that the rate of kidney failure is
furthermore, patient compliance with di�erent modalit- higher in the US and/or that the US inappropriately
ies of treatment may also di�er between countries. treat patients who ought to be left to die or who are

not in renal failure and/or that Europe undertreats
renal failure and thus allows a considerable percentageLife expectancy of the general population
of uraemic patients to die because they are not given
dialysis treatments [8]. Friedman’s final conclusion [8]The comparability of life expectancy in the general
is that ‘liberalizing European ESRD acceptance ratespopulation must be evaluated: the 1988 life expectancy
to equal those of the US, by including older and sickerat birth in North America and Europe was similar
patients would, I am certain, bring survival figures(respectively 71 and 70 years for males, and 78 and 77
closer to those in America’.years for females), but was greater in Japan (75 years

It is possible that the number of treated ESRDfor males and 81 years for females). However, the
patients dying during the first few weeks of RRT arerelationship between the life expectancy of the general
underreported to some degree, but it is important to‘healthy’ population and that of end-stage renal disease
underline the fact that both the USRDS and RLDT(ESRD) patients on dialysis is debatable.
prospectively collect the data relating to each new
ESRD patient at baseline, and the fact that the evalu-

Admission to renal replacement therapy ation of survival was started on day 30 partly over-
comes this possible bias. When the same analysis was
repeated (excluding deaths) for the first 90 and 180The selection criteria for admission to renal replace-

ment therapy (RRT ), access to dialysis facilities, and days, the results of the comparison were not substan-
tially di�erent.the registration of treated ESRD patients should also

be considered. The rate of acceptance of ESRD patients
for RRT varies widely in di�erent countries: in 1992,

Transplantation rate51 new patients per million of the population were
recorded by EDTA, 98 p.m.p. by the Canadian Organ
Replacement Register, 214 p.m.p. by the US Renal The use and selection of alternative ESRD treatment

modalities, particularly the di�erence in the rate ofData System, and 181 p.m.p. by the Japanese Registry
[7]. The acceptance rate also varies from one European transplantation among countries, could a�ect the

results of these comparisons. It is well known that thecountry to another: it is less than 40 p.m.p. in the
countries of Northern Europe, but respectively 102 patients chosen for transplantation are those with

a long potential survival, leaving those with aand 110 p.m.p. in Lombardy, Italy, and Austria [7].
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comparatively poor prognosis on dialysis. The ratio contribute towards the higher risk of mortality in US
patients [16], although the association between mortal-between the number of patients transplanted per year

and those starting ESRD therapy varies widely from ity and reuse overall was not particularly great.
country to country ranging from 3% in Japan [9] to
25–29% in the US [10] and in Canada [11]; it also

Doctor/patient timevaries across Europe, currently it is 21% in Lombardy
[2]. Furthermore, the relative risk of death is also
higher in older patients who are less likely to be We need to put the time that doctors, nurses, and

social workers spend taking care of the clinical andtransplanted.
social needs of their patients in the Cox Model! A
better relationship between doctors (and nurses) and

Treatment modality, adequacy, compliance, reuse, patients could also improve patient compliance to
time of starting dialysis dialytic treatment (in terms of duration and frequency),

diet, and drugs. Intradialytic weight gain, and serum
potassium and phosphate levels are also clear markersWhen analysed according to dialytic modality, the

relative risk of death between the Lombardy and the of compliance.
US Registries was significantly di�erent only in the
case of patients treated by haemodialysis aged less

Family and social supportthan 60 years. Peritoneal dialysis was a fairly uniform
prescription in the late 1980s, with the great majority
of the patients being treated with continuous ambulat- A very important point to take into account is the

social context in which dialysis treatment is delivered.ory peritoneal dialysis with four exchanges of 2 litres
per day. Moreover, the e�ect of residual renal function It is well known that the family and social support is

extremely important: it greatly a�ects the quality ofon patient survival is well recognized, and it is probable
that this is greater than that of the total weekly Kt/V. life of the patients in terms of vital needs (nutritional,

motor, and mental rehabilitation) and transportationAs far as haemodialysis is concerned, a large number
of studies have shown that the level of the delivered to and from the dialysis unit, the frequent smouldering

depression and compliance to treatments’, diet, anddose of dialysis is closely associated with patient sur-
vival [12]. The dialysers used in Europe have a 20% drugs. In general, the familial and social support

improves patients’ approach to life and therefore alsolarger surface area than those used in the US, and the
duration of haemodialysis treatment is 23.5% longer to dialysis. However technologically advanced, no pro-

cedure can succeed unless it is performed in the contextin European patients [13]; in Japan the average dura-
tion of dialysis treatment is roughly 40% longer than of humanized health care directed towards patient

needs.in the US [9–13], and reimbursement varies, on the
basis of its duration.

It is well known that the duration of haemodialysis
Conclusionsis often reduced at the patients’ request, but the main

reason is to cut the cost of the attending personnel.
As a result, the treatment time is often no longer Any comparison involving di�erent Registries must be

interpreted with great caution because unmeasuredadequate from the depurative and cardiovascular
points of view, and this increases the incidence of di�erences in the characteristics of patients may have

played a role.intradialytic hypotension and interdialytic hyperten-
sion. Hakim et al. [14] have reported a significant There is evidence of a greater death rate among

white US than Lombardy ESRD patients, even afterreduction in the mortality rate of US patients over the
last few years, associated with an increase in Kt/V; having adjusted for age, gender, renal disease, and

comorbid conditions. The relative death risk was alsoand Held et al. [12] found an inverse relationship
between Kt/V and mortality up to a Kt/V of 1.4 (an higher in older patients less likely to be transplanted.

The higher death risk of US dialysis patients may beapproximate log. linear relationship between decreas-
ing mortality and increasing dialysis dose, with a risk related to di�erences in the quality of haemodialysis

therapy, since these di�erences were significant onlyof all cause mortality, that was 8% lower for each 0.1
increase in Kt/V from 0.8 to 1.4). However, lower for haemodialysis patients. The lower risk of mortality

of haemodialysis patients in Lombardy may also bedoses of dialysis do not a�ect mortality as a result of
one isolated cause, but rather as a result of a number due to the presence of less severe disease, a higher

dialysis dose, and the fact that dialysers are not reused.of the major causes of death in the dialysis population.
The greater risk of mortality of younger haemodia- Clearly additional factors are also likely to play a part.

For international studies, the development oflysis patients in the US in comparison with Lombardy
may be related to the wide range of dialysis doses common standard data collection instruments are

needed in all ESRD Registries, including the recording(adequacy), which depend on the length of the dialysis
session, blood flow, the surface and type of membrane, of comorbid conditions and their severity. However,

we must also bear in mind patient characteristics.and the reuse of dialysers. The common use of unmodi-
fied cellulose membranes [15] and reused dialysers may General medical care is a very strong determinant of
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