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Major causes of late renal allograft failure are
chronic allograft nephropathy, including chronic
rejection, and patient death with a functioning
transplant. Therapy and precise diagnosis of
chronic rejection remain difficult. Alterations in
the extracellular matrix (ECM) compartment and
in the proliferation rates of intrinsic and extrinsic
renal cells represent important features in chronic
allograft nephropathy. 

Extracellular matrix metabolism and cell pro-
liferation are to a significant part controlled by 
the metzincin superfamily of metallo-endopepti-
dases, including matrix metalloproteinases (MMP),
ADAM, ADAMTS and meprin [1–4].

MMP are traditionally classified into four cat-
egories, including interstitial collagenases (MMP-
1/-8/-13), gelatinases (MMP-2/-9), stromelysins
(MMP-3/-7/-10/11/-12) and membrane-type
(MT)-MMP (MMP-14/-15/-16/-17), [1, 3]. MMP
inhibition mainly occurs by tissue inhibitors of
metalloproteinases (TIMP), most importantly by
TIMP-1 and TIMP-2 [1, 3]. 

ADAM represent a family of cell membrane-
anchored proteins containing a disintegrin and
metalloprotease domain [4]. The metalloprotease
domains induce ectodomain shedding releasing
cell-surface proteins. This domain also cleaves and
remodels extracellular matrix components. The
disintegrin and cysteine-rich domains have adhe-
sive properties. 

ADAMTS (a disintegrin and metalloprotease
with thrombospondin motifs) are extracellular
proteins that can bind to matrix components [2].
ADAMTS have been found to cleave proteogly-
cans and matrix components, to inhibit angiogen-
esis and to be involved in the blood coagulation
homeostasis [2].

Meprin represents a zinc endopeptidase of the
astacin enzyme family, produced as a membrane-
bound or secreted protein in epithelial cells
(including renal tubular cells), in leucocytes and in
tumour cells [5, 6]. There are two types of meprin
subunits, a and b, which form disulphide-bonded
homo- and hetero-oligomers. Meprin cleaves a
wide range of peptides and proteins, including
ECM components. 

To investigate the regulation of metzincins in
solid organ transplantation, we have used cDNA
microarrays. With respect to kidney transplanta-
tion, this approach has already been used success-
fully in the past [7–12]. Sarwal et al. recently pub-
lished a seminal paper describing consistent differ-
ences among gene expression profiles between
acute rejection, drug nephrotoxicity, chronic allo-
graft nephropathy, and normal grafts [11]. Im-
portantly, these authors defined three subtypes of
acute rejection with prognostic implications that
were characterised by differences in immune acti-
vation and cell proliferation rates [11]. Further-
more, a clear association between CD20+ B-cell
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Summary

Chronic allograft nephropathy, including
chronic rejection, remains one of the major causes
of renal allograft failure. Amongst other media-
tors, metzincins, such as matrix metalloproteinases
(MMP), direct extracellular matrix metabolism
and cell proliferation. Thus, we hypothesized, that
these proteolytic enzymes are differentially regu-
lated in chronic renal transplant rejection in rats
and in human renal allograft nephropathy. Our
studies demonstrated on the experimental level

and in humans an overall up-regulation of MMP,
tissue inhibitors of metalloproteinases (TIMP) and
related enzymes as a result of rejection processes.
Thus, metzincins may represent novel markers
and therapeutic targets with respect to renal allo-
graft rejection.
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infiltrates and glucocorticoid resistance as well as
graft loss was seen [11]. The literature of chronic
allograft nephropathy remains less clear, although
a few very interesting studies have identified dif-
ferentially expressed individual genes or gene ex-
pression profiles in chronic allograft nephropathy
by microarrays [7–10, 12]. 

In our studies, we mainly investigated met-

zincins and related genes in experimental kidney
transplantation and in human chronic allograft
nephropathy. Furthermore, we studied effects of
an immunosuppressive agent, cyclosporine A, on
MMP production. However, these investigations
were performed in experimental heart transplan-
tation due to the availability of the respective tis-
sues.

Table 1

Real-time TaqMan

PCR Analyses of

Metzincins 

Significant up-regula-

tion (↑) and down-

regulation (↓) of

mRNA levels of rat

metzincins in chronic

renal allograft rejec-

tion and in acute

cardiac allograft

rejection versus

control samples 

are depicted.

Experimental studies

Experimental chronic renal allograft 
rejection [13]

In a preceding investigation, as a result of acute
rejection in the stringent DA-to-Lewis rat strain
combination, overall MMP activity slightly in-
creased and was successfully inhibited by the MMP
inhibitor BB-94 [14]. The MMP inhibitor BB-94
was able to keep proteinuria at a low level, al-
though no visible attenuation of histological dam-
age was observed. Thus, MMP due not appear to
play a crucial role in severe acute rejection, prob-
ably due to the magnitude and redundancy of up-
regulated pro-inflammatory mediators.

Thus, we investigated the regulation of met-
zincins in the established Fisher (F344) to Lewis
(LEW) rat model of chronic renal allograft rejec-
tion [13]. LEW recipients of F344 allografts de-
velop acute rejection episodes around day +25 after
transplantation, leading to approximately 50%
graft loss [15, 16]. The surviving rats demonstrate
histopathological and functional characteristics of
chronic rejection beyond day +50 after transplan-
tation, without concomitant immunosuppressive
treatment. 

Our studies were performed in close collabo-
ration with Joosten S.A. et al, Department of
Nephrology, Leiden University Medical Centre,
Leiden, The Netherlands. Analyses were per-
formed at day 0 (healthy controls) and during
periods of chronic rejection at days +60 and +100

following transplantation. Messenger RNA ex-
pression was examined by real-time Taqman PCR
preceded by Affymetrix® Rat Expression Array
230A GeneChip analyses (Novartis Institutes for
BioMedical Research, Basel, Switzerland). Protein
expression was studied by zymography, Western
blot analyses and immunohistology. 

Messenger RNA (mRNA) tissue levels of
MMPs (MMP-2/-11/-12/-14), of their inhibitors
(TIMP-1/-2), of ADAM-17 and of TGF-b1 were
found to be significantly augmented during
chronic renal allograft rejection. The most strik-
ing mRNA elevation was demonstrated in the 
case of MMP-12. TIMP-3 remained unchanged.
In contrast, mRNA levels of MMP-9/-24 and
meprin a/b were decreased. These results are sum-
marised in table 1.

These quantitative real-time PCR data were in
accordance with the data obtained by the less
quantitative genechip analysis with the notable ex-
ception of MMP-2. Microarrays failed to show an
increase of MMP-2, because the Affymetrix probe
set did not recognise the splice variant of MMP-2
over-expressed in our rat model.

Western blot analysis also depicted increased
production of MMP-12, MMP-14 and TIMP-2
(in the latter two cases as individual proteins and
as complexes). MMP-2 activity and immunohisto-
logical staining were increased in parallel. MMP-
9 protein levels and meprin a/b synthesis and
activity were down-regulated significantly.

In conclusion, members of metzincin families
(MMP/TIMP, ADAM and meprin) are differen-
tially regulated in chronic renal allograft rejection.
Thus, altered pattern of metzincins may represent
novel diagnostic markers and possibly may provide
novel targets for future therapeutic interventions.

Experimental acute heart allograft 
rejection [17]

In this still-ongoing study, the prime interest
was the analysis of the effect of cyclosporine A on
MMP and TIMP expression. These investigations
were performed in close collaboration with mem-
bers of Novartis Pharma AG, Basel, Switzerland;
mainly with Friedrich Raulf.

For these analyses, we used a rat model of acute
heart allograft rejection, the Dark Agouti-to-Lewis
(DA-to-Lewis) heterotopic heart allotransplanta-

Metzincins Chronic renal Acute cardiac 
allograft rejection allograft rejection 
in rats in rats

MMP-2 2 2

MMP-7 2

MMP-8 2

MMP-9 4 22

MMP-11 2 4

MMP-12 22 22

MMP-14 2 2

MMP-24 4

TIMP-1 2 22

TIMP-2 2 2

TIMP-3 3 2

ADAM-17 2

Meprin a and b 4
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tion, with and without the administration of
Sandimmune Neoral® (7.5 mg/kg/d, from the 
time of transplantation). In this model, untreated
allograft recipients develop severe acute rejection
5 days after transplantation [18].

In the following, we report preliminary data,
essentially as published in abstract form [17].
Three groups of hearts at day +5 after transplan-
tation are being studied: placebo treated DA
allografts (n = 6), Sandimmune Neoral® treated
DA allografts (n = 6), healthy native DA hearts 
(n = 6). The mRNA levels of MMP and TIMP
were analysed by real-time TaqMan PCR and 
by Affymetrix® Rat Expression Array 230A
GeneChip® analyses (Functional Genomics Cen-
tre, University of Zürich). MMP protein expres-
sion and activities were quantified by fluorometry,
zymography and Western blot assays.

Histological analyses demonstrated a severe
acute rejection of grade III in placebo treated heart
allografts. The exposure of Sandimmune Neoral®

attenuated acute rejection to grade II in treated
hearts. 

In allografts of placebo treated animals,
mRNA levels of MMP (MMP-2/-7/-8/-9/-12/
-14) and TIMP (TIMP-1/-2/-3) were clearly in-
creased, as depicted in table 1. Interestingly, max-
imal increases in mRNA levels were observed 
for MMP-9, MMP-12 and TIMP-1. MMP-11
mRNA was decreased. Accordingly, overall MMP
activity, including activities of pro-MMP-2 and
pro-MMP-9, significantly increased during re-
jection. Accordingly, MMP-2 immunohistology
showed an increased staining in untreated DA
allografts.

The exposure of Sandimmune Neoral®

demonstrated only a trend towards an attenuation
of the increased MMP/TIMP production. The
only exception was a clear reduction of MMP-14
at the protein level, compatible with the literature
[19].

In summary, gene expression of several key
MMP and TIMP were up-regulated during acute
rejection in heart allografts. Therapy with
Sandimmune Neoral® did not show a clear and
consistent effect on MMP/TIMP production.
Thus, cyclosporine A did not appear to be a key
regulator of metzincin synthesis under these con-
ditions.

Human chronic allograft nephropathy (CAN)
The interpretation of renal biopsies is

currently based on three approaches: light mi-
croscopy, immunoflurescence and electron mi-
croscopy. Thus, quantitative analyses of specific
parameters by molecular profiling may improve
the diagnostic and prognostic yield of a given
transplant biopsy [20, 21].

Metzincins and metzincin substrates (mostly
extracellular matrix proteins) represent good can-
didate genes for such an approach, since they
already play a key role in the normal physiology of
the renal glomerulus and the tubulo-interstitium.

Furthermore, depending upon the type and stage
of a given nephropathy, an augmented or even a
decreased metzincin or metzincin substrate ex-
pression contributes to structural and functional
tissue damage. 

In this study, we hypothesised the following:
(1) In chronic allograft nephropathy, alterations of
the expression and the activity of metzincins and
their substrates, such as extracellular matrix pro-
teins, in biopsies (and possibly also in leukocytes
and serum) reflect glomerular and tubulo-intersti-
tial damage of the transplanted kidney. (2) Analy-
ses of the expression patterns of these genes help
to refine the histological diagnosis, to elucidate
pathogenetic mechanisms and to predict disease
progression in chronic allograft nephropathy. (3)
In the future, modifications of medical patient
therapy based on our results will help to amelio-
rate tissue damage in transplanted kidneys with
signs of chronic allograft nephropathy.

This collaborative study was designed and ini-
tiated by the principal investigator of this grant
proposal (H.P.M.) during a one year INSERM po-
sition (“Poste Orange”) between 2003 and 2004 at
Hôpital Tenon, INSERM U489, Paris, France. 

All renal transplant patients at the Services de
Néphrologie A and B, Hôpital Tenon, Paris, who
underwent renal allograft biopsy, were included in
the study after having given informed consent,
from February 2003 until September 2004; some
were later included until September, 2005. In ad-
dition, some patients from Hôpital Bicêtre, Paris,
and from CHU Bordeaux, Bordeaux, were re-
cruited. 

Altogether, we collected 80 allograft biopsy
specimen potentially usable for microarray analy-
ses. Furthermore, from about half of all patients
we have concurrently harvested serum samples and
aliquots of full blood for the extraction of leuko-
cytes’ RNA (PAXGene®, Qiagen). 

Among these biopsies, 19 biopsies were taken
from nephrectomy specimen of patients suffering
from solid renal cancer using an otherwise identi-
cal procedure. Healthy looking renal cortex was
obtained at maximal distance from circumscribed
malignancies. These samples served as control kid-
ney (nephrectomy). Transplant biopsies were clas-
sified based on the Banff 97 classification of renal
allograft pathology. 

Altogether, we had the following three major
patient groups: (1) Control patients without a renal
transplant (nephrectomy specimen), (2) control
patients with a renal transplant (normal tissue,
non-immunological lesions, or acute rejection),
and (3) patients with chronic allograft nephro-
pathy (CAN; CAN alone, and acute rejection on
CAN).

Optimal control samples would consist of pe-
rioperative biopsies obtained at day 0 from entirely
normal kidneys, preferably from living donation.
However, due to restricted availability, we were
only able to include two such samples. 

RNA was extracted from all biopsy samples.
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From 1 mg renal tissue protected in RNAlater 
(Qiagen), 50 ng to 2.5 mg of total RNA was yield-
ed (RNeasy® Micro and Mini Kits; Qiagen). Sub-
sequently, we used an Agilent 2100 Bioanalyzer to
ensure high quality starting material for microar-
rays; exact quantification of RNA was determined
with a NanoDrop ND-1000 spectrophotometer
(from 1 ml of total RNA). All biopsies resulted in
high quality RNA potentially usable for future
microarray analyses. 

Four different protocols for the processing of
the samples were evaluated in a series of prelimi-
nary experiments that utilised extracted total RNA
from our biopsies. The protocols included the
Affymetrix® standard protocol, the Nugen Ova-
tion Kit protocol, and Affymetrix® amplification
protocols with 100 ng and 50 ng of RNA, respec-
tively. As a result, the Affymetrix® amplification
protocols demonstrated nearly identical correla-
tion coefficients of 0.947 and 0.945, as compared
to the standard protocol. In contrast, the Nugen
amplification protocol introduced significant
changes, reflected by a correlation coefficient of
0.804. Thus, the Affymetrix® 50 ng protocol
(Affymetrix SST®) was selected for the processing
of all 80 samples that were available.

During the first half of 2005, all Affymetrix
GeneChip® HG-U133 Plus 2 Array (microarray)
hybridisations were performed at the Novartis
Genomics Factory in Basel, Switzerland. These
microarrays comprise 54 000 probe sets for 38 500
genes with 47 000 transcripts.

All raw microarray data have already been gen-
erated and are currently being analysed in the De-
partment of Biostatistics from Novartis. Thereby,
MAS5 normalised gene expression values were
subjected to statistical analyses following a three
level procedure: statistical filtering (ANOVA),
gene set enrichment analysis (GSEA), and use of
the nearest shrunken centroid method [16]. Based
on our Reseach Hypothesis, we intend to focus

mainly on metzincins, targets of metzincins and
factors involved in their regulation.

Gene expression profiling of chronic allograft
nephropathy [22]

First, we investigated whether chronic allo-
graft nephropathy could be distinguished from
normal control samples based on the gene expres-
sion profile taking into account all genes analysed
on the Affymetrix GeneChip® HG-U133 Plus 2
Array. These microarray data lead to the identifi-
cation of a set of 937 genes that are differentially
expressed among healthy controls and diagnostic
biopsies with chronic allograft nephropathy grade
I, II, III (figures 1 and 2), as reported in abstract
form [22].

Subsequently, we have started to analyse more
closely gene expression profiles of our genes of in-
terest, as stated above. The first series of prelimi-
nary results showed that several metzincins, met-
zincin substrates and related genes were indeed
up-regulated in chronic allograft nephropathy.
Importantly, a correlation between the degree of
up-regulation and the severity of chronic allo-
graft nephropathy existed. In addition, such gene
expression profiling may allow the separation of
normal tissue from biopsy samples with chronic
allograft nephropathy.

Currently, microarray analyses of the concur-
rently harvested blood samples are in progress.
These studies will describe the gene expression
profiles of leukocytes for comparison with the tis-
sue samples.

In conclusion, these first results showed that
metzincins, especially MMP/TIMP, may be po-
tential markers and therapeutic targets in the case
of chronic allograft nephropathy. Altogether, our
investigations may help in the search for an early
diagnosis and therapy of chronically rejected
transplants prior to overt clinical damage.
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Figure 1

Dynamic gene-signa-

tures of chronic allo-

graft nephropathy.

These signatures are

represented by nor-

malised values for

gene expression in-

tensity. ANOVA iden-

tified a total of 937

genes to be differen-

tially expressed

among controls and

diagnostic biopsies

with CAN grade I, II,

III (FDR = 0.05 and FC

>2). Each line in the

graph represents one

of these genes; with

respect to controls,

blue lines represent

down-regulated

genes and red lines

depict up-regulated

genes in CAN. In this

respect, the extent of

this down-regulation

and up-regulation

correlates with the

severity of CAN. 
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The incidence of end-stage renal disease
(ESRD) is growing by an annual rate of 6% to 8%
with dialysis remaining the only option for the ma-
jority of these patients [23]. Thus, there is a rising
demand for refined diagnostic tools and more ef-
ficient treatment forms for patients with chronic
renal failure, including transplant recipients. 

The success of kidney transplantation leading
to one-year graft survival rates in the order of 90%
correlates with the development of powerful im-
munosuppressive agents to prevent and to treat
acute rejection episodes [24]. However, chronic al-
lograft nephropathy and death with a functioning
transplant represent the leading causes of late graft
loss of around 3–5% per year [24]. Thus, new
strategies to improve long-term graft survival have
become the priority in renal transplantation. 

There still exists no satisfactory therapy for
chronic allograft nephropathy. This disorder
mainly includes chronic rejection but also other
non-immunologic damage to the transplant. Fur-
thermore, diagnosis is based on observer-depend-
ent interpretation of histological alterations, and
patient prognosis often remains ill defined. 

Quantitative and qualitative alterations of ex-
tracellular matrix proteins and increased prolifer-
ation of various cell types are characteristic fea-
tures of acute and chronic rejection processes.
These features are regulated to an important ex-
tent by metzincins [1–6]. Members of the met-
zincin family were found to be good diagnostic 
and predictive factors in two recent unbiased in-
vestigations of tubulo-interstitial nephritis and
acute renal allograft rejection [21, 25].

Our own studies support an active role of met-
zincins (mainly MMP) in chronic renal allograft
rejection, including chronic allograft nephropathy
in humans. Chronic renal allograft rejection and
acute heart transplant rejection, showed in our two
rat models a surprisingly good concordance with
respect to increased MMP/TIMP regulation; the
most significant exceptions were MMP-9 and
MMP-11.

However, key immunosuppressive agents like
cyclosporine A do not appear to be critical regula-
tors of these enzymes. Thus, increased MMP ac-
tivities may need to be controlled by separate
agents, such as synthetic MMP inhibitors [14, 26].

MMP may act as pro-inflammatory mediators
in allograft rejection in several ways: direct tissue
injury, augmentation of cell proliferation and/or
migration and facilitation of tissue invasion by ex-

trinsic cells. As just recently shown by others, rats
in the Lew to F344 chronic rejection model were
exposed to an inhibitor of MMP-2,-3 and -9 (BAY
12-9566) during 10 days after transplantation
(early treatment) and from week 12 to 20 follow-
ing transplantation (late treatment) [26]. The early
MMP inhibitor application resulted in a signifi-
cantly reduced proteinuria associated with a lower
grade of chronic allograft nephropathy, findings
not observed after late MMP inhibition.

The functional role of MMP in human trans-
plantation medicine remains ill defined. To the
best of our knowledge, only descriptive studies
exist and studies defining an exact biological func-
tion of MMP in solid organ transplantation are
lacking. For instance, increased circulating levels
of MMP-1 were found in human subjects with
acute kidney allograft rejection, whereas concen-
trations of MMP-2 and MMP-3 were augmented
in patients with chronic transplant nephropathy
[27].

Results of our studies help to better adjust and
tailor the medical treatment after kidney trans-
plantation to improve the survival of allografts,
especially those with signs of chronic allograft
nephropathy. In addition, diagnosis and prognosis
may be better refined.

Furthermore, the definition of metzincins and
related factors as diagnostic, prognostic and poten-
tial therapeutic factors may have consequences be-
yond chronic allograft nephropathy for kidney dis-
eases in native kidneys or even for inflammatory
states in other organs than the kidney.

We are very thankful indeed to all our collaborators.
Especially, we thank to the following persons: F. Raulf, 
G. Weckbecker and P. Saint-Mézard (Novartis Pharma
AG, Basel, Switzerland); S.A. Joosten, C. van Kooten and
L.C. Paul (University of Leiden, Leiden, The Nether-
lands); D. Leppert and R. Lindberg (Universitry of Basel,
Basel, Switzerland); R.P. Wüthrich and P. Wahl (Univer-
sity of Zürich, Zürich, Switzerland); N. Lods, A. Kappeler,
E.E. Sterchi, D. Lottaz, B. Frey and F.J. Frey (University
of Berne, Berne, Switzerland).

Correspondence:
Professor Hans-Peter Marti, MD
Division of Nephrology and Hypertension
Inselspital Berne
University of Berne
CH-3010 Berne
Switzerland
E-Mail: Hans-Peter.Marti@insel.ch

Figure 2

Heat map pattern.

Heat map of expres-

sion values of 937

genes found to dis-

tinguish control biop-

sies and biopsies

with different grades

of chronic allograft

nephropathy. Each of

the four rows depicts

these genes. Numeri-

cal gene expression

values are assigned a

colour, where red

corresponds to high

expression and green

corresponds to low

expression of that

particular gene. De-

gree of colour satura-

tion reflects the mag-

nitude of the log

expression signal.

There are clearly

visible differences

regarding the gene

profiling between

control, CAN I, 

CAN II, and CAN III

samples. ANOVA, 

FDR = 0.05 and Fold

change >2. 

Control

CAN, grade I

CAN, grade II

CAN, grade III

Discussion and conclusion



Metzincins and transplantation 794

1 Hamacher S, Matern S, Roeb E. Extracellular matrix – from
basic research to clinical significance. An overview with special
consideration of matrix metalloproteinases. Dtsch Med
Wochenschr. 2004;129(38):1976–80.

2 Porter S, Clark IM, Kevorkian L, Edwards DR. The ADAMTS
metalloproteinases. Biochem J. 2005;386(Pt 1):15–27.

3 Rundhaug JE. Matrix metalloproteinases and angiogenesis. 
J Cell Mol Med. 2005;9(2):267–85.

4 White JM. ADAMs: modulators of cell-cell and cell-matrix in-
teractions. Curr Opin Cell Biol. 2003;15(5):598–606.

5 Bond JS, Matters GL, Banerjee S, Dusheck RE. Meprin metal-
loprotease expression and regulation in kidney, intestine, 
urinary tract infections and cancer. FEBS Lett. 2005;579(15):
3317–22.

6 Kruse MN, Becker C, Lottaz D, et al. Human meprin alpha and
beta homo-oligomers: cleavage of basement membrane pro-
teins and sensitivity to metalloprotease inhibitors. Biochem J.
2004;378(Pt 2):383–9.

7 Djamali A, Reese S, Oberley T, Hullett D, Becker B. Heat shock
protein 27 in chronic allograft nephropathy: a local stress re-
sponse. Transplantation. 2005;79(12):1645–57.

8 Donauer J, Rumberger B, Klein M, et al. Expression profiling
on chronically rejected transplant kidneys. Transplantation.
2003;76(3):539–47.

9 Eikmans M, Roos-van Groningen MC, Sijpkens YW, et al. Ex-
pression of surfactant protein-C, S100A8, S100A9, and B cell
markers in renal allografts: investigation of the prognostic value.
J Am Soc Nephrol. 2005;16(12):3771–86.

10 Hotchkiss H, Chu TT, Hancock WW, et al. Differential expres-
sion of profibrotic and growth factors in chronic allograft
nephropathy. Transplantation. 2006;81(3):342–9.

11 Sarwal M, Chua MS, Kambham N, et al. Molecular heterogene-
ity in acute renal allograft rejection identified by DNA micro-
array profiling. N Engl J Med. 2003;349(2):125–38.

12 Scherer A, Krause A, Walker JR, Korn A, Niese D, Raulf F. Early
prognosis of the development of renal chronic allograft rejec-
tion by gene expression profiling of human protocol biopsies.
Transplantation. 2003;75(8):1323–30.

13 Berthier CC, Lods N, Joosten SA, et al. Differential regulation
of metzincins in experimental chronic renal allograft rejection:
potential markers and novel therapeutic targets. Kidney Int.
2006;69(2):358–68.

14 Ermolli M, Schumacher M, Lods N, Hammoud M, Marti HP.
Differential expression of MMP-2/MMP-9 and potential ben-
efit of an MMP inhibitor in experimental acute kidney allograft
rejection. Transpl Immunol. 2003;11(2):137–45.

15 Benediktsson H, Chea R, Davidoff A, Paul LC. Antihyperten-
sive drug treatment in chronic renal allograft rejection in the
rat. Effect on structure and function. Transplantation. 1996;62
(11):1634–42.

16 Joosten SA, van Dixhoorn MG, Borrias MC, et al. Antibody re-
sponse against perlecan and collagen types IV and VI in chronic
renal allograft rejection in the rat. Am J Pathol. 2002;160(4):
1301–10.

17 Berthier CC, Weckbecker G, Raulf F, Marti HP. Acute rejec-
tion in experimental heart transplantation: effect of cyclo-
sporine on matrix metalloproteinases and their inhibitors. Pre-
sented as abstract at the ATC winter conference, Banff, Canada.
2005.

18 Nikolova Z, Hof A, Baumlin Y, Hof RP. The peripheral lym-
phocyte count predicts graft survival in DA to Lewis heterotopic
heart transplantation treated with FTY720 and SDZ RAD.
Transpl Immunol. 2000;8(2):115–24.

19 Alfonso-Jaume MA, Mahimkar R, Lovett DH. Co-operative
interactions between NFAT (nuclear factor of activated T cells)
c1 and the zinc finger transcription factors Sp1/Sp3 and Egr-1
regulate MT1-MMP (membrane type 1 matrix metallopro-
teinase) transcription by glomerular mesangial cells. Biochem J.
2004;380(Pt 3):735–47.

20 Cohen CD, Grone HJ, Grone EF, Nelson PJ, Schlondorff D,
Kretzler M. Laser microdissection and gene expression analy-
sis on formaldehyde-fixed archival tissue. Kidney Int. 2002;61
(1):125–32.

21 Henger A, Kretzler M, Doran P, et al. Gene expression finger-
prints in human tubulointerstitial inflammation and fibrosis as
prognostic markers of disease progression. Kidney Int. 2004;
65(3):904–17.

22 Raulf F S-MP, Zhang, Dengler U, Rahuel J, Kehren J, Rein-
hardt M, et al. Transcriptomic Profiling for Diffferential Diag-
nosis of Renal Allograft Biopsies. Poster Presentation, Eighth
Banff Conference on Allograft Pathology, Edmonton, Canada,
July 15–21. 2005.

23 Ronco P. Predicting the outcome of human renal diseases by
gene expression profiling: myth or reality? Kidney Int. 2004;65
(3):1107–8.

24 Pascual M, Theruvath T, Kawai T, Tolkoff-Rubin N, Cosimi
AB. Strategies to improve long-term outcomes after renal trans-
plantation. N Engl J Med. 2002;346(8):580–90.

25 Schmid H HA, Irrgang S, Luckow B, Gröne HJ, Schlöndorff
D, Kretzler M. A mRNA Expression Marker Set for the Differ-
ential Diagnosis of Renal Allograft Rejection. J Am Soc
Nephrol. 2003;14:181A.

26 Lutz J, Yao Y, Song E, et al. Inhibition of matrix metallopro-
teinases during chronic allograft nephropathy in rats. Trans-
plantation. 2005;79(6):655–61.

27 Rodrigo E, Lopez-Hoyos M, Escallada R, et al. Circulating lev-
els of matrix metalloproteinases MMP-3 and MMP-2 in renal
transplant recipients with chronic transplant nephropathy.
Nephrol Dial Transplant. 2000;15(12):2041–5.

References



What Swiss Medical Weekly has to offer:

• SMW’s impact factor has been steadily 
rising, to the current 1.537

• Open access to the publication via
the Internet, therefore wide audience 
and impact

• Rapid listing in Medline
• LinkOut-button from PubMed 

with link to the full text 
website http://www.smw.ch (direct link
from each SMW record in PubMed)

• No-nonsense submission – you submit 
a single copy of your manuscript by 
e-mail attachment 

• Peer review based on a broad spectrum 
of international academic referees

• Assistance of our professional statistician
for every article with statistical analyses

• Fast peer review, by e-mail exchange with
the referees 

• Prompt decisions based on weekly confer-
ences of the Editorial Board

• Prompt notification on the status of your
manuscript by e-mail

• Professional English copy editing
• No page charges and attractive colour 

offprints at no extra cost

Editorial Board
Prof. Jean-Michel Dayer, Geneva
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel
Prof. Andreas Schaffner, Zurich 

(Editor in chief)
Prof. Werner Straub, Berne
Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam, 

The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy

We evaluate manuscripts of broad clinical
interest from all specialities, including experi-
mental medicine and clinical investigation.

We look forward to receiving your paper!

Guidelines for authors:
http://www.smw.ch/set_authors.html

All manuscripts should be sent in electronic form, to:

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz

Manuscripts: submission@smw.ch
Letters to the editor: letters@smw.ch
Editorial Board: red@smw.ch
Internet: http://www.smw.ch

Swiss Medical Weekly: Call for papers
Swiss 
Medical Weekly

The many reasons why you should 
choose SMW to publish your research 

Official journal of
the Swiss Society of Infectious disease
the Swiss Society of Internal Medicine
the Swiss Respiratory Society

Impact factor Swiss Medical Weekly 

0 . 7 7 0

1 . 5 3 7

1 . 1 6 2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
2

2
0

0
3

2
0

0
4

Schweiz Med Wochenschr (1871–2000)

Swiss Med Wkly (continues Schweiz Med Wochenschr from 2001) 

Editores Medicorum Helveticorum


