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Summary
The results of a research project on ex vivo
expansion of human haematopoietic stem cells
(HSC) and development of gene therapy, funded
by the Swiss National Research Program 46, are
summarised and discussed in the context of current
progresses and difficulties in these fields. A routine
method for ex vivo expansion of human HSC is not
yet available. However, stem cell biology has progressed importantly in recent years; ex vivo expansion of human HSC should become possible in
the near future. Regarding gene therapy development, we obtained with HIV-1-derived bicistronic
lentiviral vectors efficient delivery of genes into

immature haematopoietic cells and also primary
human B lymphocytes. However, clinical gene
therapy still faces a variety of problems. For the
(into chromosomes) integrating lentivectors, currently the most promising tools for HSC-based
gene therapy, the risks of insertional mutagenesis
need to be fully assessed before larger clinical
trials can start.
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Introduction
A research project, funded by the national research program (NRP) 46, pursued three goals: 1)
To develop an in vitro assay which can detect how
many cells within a mixed cell population are
haematopoietic stem cells (HSC). Such an assay
would facilitate research on HSC, including the
next subproject. 2) To develop a routine method
for the ex vivo amplification (ie multiplication by
cell division in vitro) of human HSC. This would

enhance the safety of HSC transplantation in many
situations and facilitate gene therapy based on
these cells. 3) To study delivery of genes into HSC
and also B lymphocytes by means of bicistronic
lentivectors. Results of this work, and also what we
could not do, is summarized below and discussed
in the context of present progresses and difficulties in these fields.

Summary of our studies on quantitation and ex vivo expansion of human HSC
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When we formulated the projects in 2001, reports in the literature suggested that human HSC
amplification in cell cultures was possible with cell
growth-inducing cytokines known at that time.
Human HSC could apparently be quantitated in a
surrogate in vivo assay using immunodeficient
NOD/SCID mice [1]. Because this assay lasts 6
weeks or longer, and is difficult, we attempted to
Abbreviations
FACS
GFP
HSC
IL

fluorescence-activated cell sorter
green fluorescent protein
haematopoietic stem cells
interleukin

develop a shorter in vitro assay. The immature cells
capable of forming both lymphoid and non-lymphoid blood cells were believed to be HSC [2].
Such cells were detected in cell cultures which
also lasted 6 weeks or more. We isolated with the
fluorescence-activated cell sorter (FACS) immature cells from umbilical cord blood (CD34+
CD38lowCD19– cells; approximately 0.4% of total
nucleated cells) and dispensed these, one cell per
well, into cultures with MS-5 stromal cells and various cytokines [2]. After 10 to 14 days, small cell
clones were tested for the presence of myeloid
(CD33) as well as B-lymphoid (CD19) markers by
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reverse transcription-PCR. Approximately 1 in
100 to 1 in 20 of the cultures was found to generate such mixed clones. However, we also found that
the numbers of blood cells generated in 6-weekNOD/SCID mouse assays poorly correlated with
the numbers of injected immature cells. Thus, we
could not validate the putative in vitro HSC assay.
To explore ex vivo amplification of putative
HSC, cord blood CD34+CD38low cells were cultured with stem cell factor, FLT3 ligand, thrombopoietin and interleukin (IL)-3 (all cytokines
together or various combinations). Usually after 5
to 7 days, the growing cells were analysed by cell
division tracking (with a fluorescent die, CFSE,

which becomes diluted two-fold after each cell
division) in conjunction with detection of cell maturation markers. We found that cells with a still
immature phenotype (CD34+CD38low and lacking
erythroid, myeloid and lymphoid cell lineage
markers, ie lin– cells) had performed up to 9 cell divisions. However, because of the cell death rate
during cultures, there was no significant net
increase in lin– cells (except approximately a twofold increase when all four cytokines were present;
unpublished data). We abandoned those studies
for the time being, because we had no HSC assay
to validate HSC expansion.

Current progresses and difficulties of research on human HSC
HSC transplantation became a treatment for a
variety of congenital and acquired blood diseases
[3], because of progresses in tissue matching and
immunology, before there was much understanding of stem cell biology. In recent years, research
on stem cells (of blood and other organs) advanced
fast. It has been found that a whole hierarchy of
undifferentiated cells with tissue regenerating capacity persists even in adult organisms [4]. Bone
marrow too seems to contain some multi-tissue
regenerating stem cells, but various controversies
persist [3, 5]. In vivo, HSC can remain quiescent
for many years; they can also multiply without
undergoing differentiation, and they can mature
(sometimes by asymmetric division, where only
one daughter cell matures) into various differentiated cells. This involves sophisticated regulation
critically depending on interactions between stem
cells and support/regulatory cells in specific niches
(microenvironments). A multitude of signalling
pathways are now known to be involved, including
those depending on WNT, notch, bone morphogenic protein, sonic hedgehog, fibroblast
growth factor and other molecules [6–8]. Thus, it
became clear that cultures for ex vivo HSC expansion – as mentioned above – in the absence of

signals blocking cell maturation, lead to various
degrees of HSC maturation and, thereby, compromise their tissue regenerating capacity. Such methods must preserve this capacity and this must be
validated.
Work with HSC from humans in particular is
difficult. First, one can not perform in vivo HSC
assays as with animals. Second, it has been reported
that various mammalian species all have similar
numbers of HSC per organism. In mice, rats and
cats approximately 1 out of 2  104, 1 of 5  105
and 1 of 2  106 bone marrow cells, respectively,
was found to be an HSC [9–11]. If this is true, ie if
indeed increase in body mass during evolution was
associated with an increase in numbers of cell
divisions during blood cell maturation rather than
an increase in numbers of stem cells, then HSC are
extremely rare cells in humans. Many earlier data,
eg on gene expression signatures of human HSC
or on their quantitation in various assays, need to
be revised. So far, a routine method for ex vivo amplification of human HSC is not available. In view
of new discoveries regarding stem cell regulation,
widely conserved in different species, this should
be found in the near future [3, 6–8].

Summary of our studies on gene therapy development
In collaboration with Didier Trono’s group we
studied delivery of genes (gene transduction) into
human immature haematopoietic cells and also B
lymphocytes, the cells which produce antibody
proteins. We utilised HIV-1-derived lentiviral vectors. Briefly, such vectors had been developed by
replacing most of the original coding DNA of HIV
provirus by a transgene [12]. Viral particles, which
contain the RNA copy of the lentivector (analogous
to HIV virus) and can infect various cells, are produced in cell cultures. One adds the vector plasmid
(a circular DNA construct) as well as other plasmids
which encode viral proteins that no longer are en-

coded by the vector. One of these plasmids encodes
an envelope protein (not from HIV but from vesicular stomatitis virus) which can attach to many cells.
We utilised a second generation system with the
self-inactivating (SIN) modification. This leads to
inactivation of the viral gene promoter (its functions in gene expression and virus replication) in the
retrotranscribed DNA copies of the vector which
insert into chromosomes of infected cells [13].
Therefore, the vector must have an internal gene
promoter for the expression of the delivered transgene.
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Gene transfer into human immature
haematopoietic cells
When the NRP 46 project started, we had already found that HIV vectors expressing as transgene the marker green fluorescent protein (GFP)
under the control of the human elongation factor1a(EF1a) internal promoter, gave at least 10-fold
higher percentages of GFP+ cells among transduced human cord blood CD34+ cells than did a
murine retroviral vector [14]. Efficient gene delivery occurred during mitogenic as well as nonmitogenic culture conditions. GFP expression
persisted after >20-fold expansion of CD34+ cells
and their maturation with appropriate cytokines
into erythroid, megakaryocytic or various types of
myeloid cells [14]. Large quantities of GFP+ dendritic cells could be generated from a few transduced CD34+ cells; no vector toxicity was found
[15]. Various groups had also shown GFP expression in NOD/SCID mouse repopulating cells after
transduction with lentivectors.
Our new project was to test bicistronic vectors,
ie vectors which code for a transgene of interest expressed from the internal promoter and – downstream of an internal ribosomal entry site (IRES)
– a transduction marker, such as GFP. We constructed in our laboratory a vector expressing
IL-4 and GFP (ie EF1a promoter – IL-4 – IRES
– GFP, using the vector plasmid pWPTS-GFP
which also carries a cPPT element enhancing nuclear localisation and a WPRE element enhancing
transgene expression; see vector map at www.
tronolab.epfl.ch). IL-4 was chosen to obtain a
secreted protein which could be dosed and which
was not present in our cell cultures. After exposure
of cord blood CD34+ cells to a vector dose which
resulted in approximately 4.5 GFP DNA copies
per diploid genome according to quantitative
PCR, we found 20% GFP+ cells on average (sometimes up to 40%). Because GFP was encoded
downstream of the internal ribosomal entry site
(IRES), the mean GFP fluorescence intensity was
approximately 2.5-fold lower with this vector than
with the monocistronic GFP vector. IL-4 was detectable with a fluorescent monoclonal antibody
and correlated with GFP expression in individual
cells. The IL-4 secretion rate, measured in cells
which had undergone several cell divisions, was
1.2 ng/105 cells/24 hours on average. This was
measured in cells which had divided several times.
This IL-4 production integrase enzyme-dependent, ie vector integration into chromosomes was
required. These data (published together with the
B cell data [16]) showed that CD34+ immature
haematopoietic cells were efficiently transduced
by a bicistronic HIV vector carrying a WPRE element (woodchuck hepatitis virus post-transcriptional regulatory element). An at least 10-fold
lower cytokine secretion rate has been reported for
human leukaemia cells transduced with an HIV
vector lacking such an element [17]. Previously,
by directly comparing different monocistronic
vectors, we had found that the WPRE element
enhanced GFP expression in CD34+ cells [14].
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Gene transfer into human primary
B lymphocytes
With the lentivectors we obtained for the first
time – and for any gene delivery method, viral or
non-viral – an efficient gene transduction into
primary (ie “normal”, not immortalised) human
B lymphocytes. Previously, only tumour B cell
lines or Epstein-Barr virus-immortalised B cells
had been significantly transduced with murine
retroviral vectors. The first B cell transductions
were performed in a culture system using a murine
helper T cell line for B cell activation [18]. The cytomegalovirus (CMV) promoter, which had a very
weak activity in CD34+ cells [14], was better than
the EF1a promoter in B cells. For B cells we could
not establish whether cell division was required for
lentiviral transduction or not, because these cells
(unlike CD34+ or T cells) could not be maintained
in a non-dividing, but activated, state. Proliferating B cells are very sensitive to all kinds of cell
death inducing stimuli. Compared to CD34+ cells
or primary T lymphocytes, an optimal function of
the virus producing 293T cell-system was particularly critical for efficient B cell transduction.
For development of gene therapy it was important to avoid the helper T cell line with its
potential risks regarding propagation of infectious
agents or generation of recombinant viruses. B
cells stimulated with CD40 ligand were very
poorly transducible. However, we then found that
naive and memory B cells were efficiently transduced in a culture system using immunostimulatory oligonucleotides (CpG DNA), anti-immunoglobulin antibody (only required for activation of naive B cells), IL-2 and IL-10 [16]. In the
B cells too, GFP expression was approximately
2.5-fold lower with bicistronic than with monocistronic vectors. Therefore, in B cells the fluorescence peaks of GFP+ and GFP– cells became partially overlapping; we obtained 32% GFP+ cells
with monocistronic, and 14% with bicistronic,
vectors on average. With the IL-4 expressing
bicistronic vector, B cells showed the same IL-4 secretion rate as CD34+ cells (using the optimal promoters as mentioned above, respectively, for these
cells). We also studied the effect of a known antiapoptotic protein to obtain proof of principle for
the detection of a biological function of a delivered
transgene. A bicistronic vector expressing a viral
FLIP molecule protected 50% of FACS-sorted
GFP+ B cells, but not GFP– B cells, against Fas
ligand-induced cell death. A control vector gave
no protection. The viral FLIP was detectable in
the GFP+ B cells, which had undergone several
cell divisions, by flow cytometry or Western blot,
confirming that the transgene was effectively expressed [16]. Thus, our data showed that B cells
were efficiently transduced with HIV vectors.
Such vectors and the above culture system should
also be useful for the testing of various gene functions in B cells.
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Current progresses and difficulties in gene therapy development
Gene therapy aims at treatment of not only of
genetic, but also many acquired diseases, such as
cancers, tissue degeneration, HIV infection, etc.
Depending on the planned treatment duration, the
targeted cells, their location, and whether they undergo cell divisions or no longer divide, one can
utilise either non-viral methods, non-integrating
viral vectors, or integrating viral vectors (ie vectors
which can insert into chromosomes and, thus, also
replicate during cell divisions). However, in recent
years the clinical applications advanced slower
than expected for different reasons.

which (at present, see discussion of ex vivo amplification above) have a risk of exhaustion of stem
cell function. Improved integrating vectors regarding regulation of gene expression and
biosafety are being developed [21]. However, the
most urgent task is to evaluate the risks of insertional mutagenesis of different integrating vectors,
ie the risks of overexpression of genes (including
oncogenes), or inactivation or disruption of genes
(including tumour suppressor genes), by vector
inserting (semirandomly, see below) into chromosomes [23].

Non-integrating viral vectors and
non-viral methods
Regarding adenoviral vectors, which do not
(or almost never) integrate into chromosomes, the
problem of boosting strong anti-vector immune
responses by repeat administration still needs to be
better solved. These vectors also showed dose-dependent toxicity. Adeno-associated virus vectors,
which remain mostly non-integrated (ie episomal),
have a small DNA transport capacity and, unexpectedly, also elicited immune responses in
humans (which had not been found in animal
studies) [19]. Non-viral methods for delivering
either DNA or RNA (eg small inhibitory RNA
inhibiting oncogene expression or viruses), which
comprise electric current, physical pressure, liposomes and now also multicomponent nanoparticles, are still less efficient than viral methods
[19, 20].

Risks of insertional mutagenesis
with different integrating viral vectors
A clinical study in France, performed with a
retroviral vector, strikingly demonstrated that the
severe combined immunodeficiency (SCID-X1),
which results from absence of T cells due to a deficiency of the common g-chain of the IL-2-family cytokine receptors, can be corrected by ex vivo
transfer into immature haematopoietic cells of
the missing g-chain gene. However, 3 of 11 treated
children developed T cell lymphoproliferative disease [3, 24]. Although the alternative treatment by
HSC transplantation too has its risks, this was a
hard blow for gene therapy. In the abnormally proliferating T cells the vector had inserted close to a
known T-leukaemia oncogene [24]. It was then established that murine retroviruses insert preferentially into promoter regions of active genes [23].
But in two other, similarly sized SCID gene therapy trials using such vectors no complications of
vector insertion were found. Thus, critical variables in different therapy contexts need to be identified. In the SCID-X1 patients, very few genetransduced T cell progenitors developed the whole
T cell system, thereby performing many more cell
divisions than do T progenitors in normal individuals. This, in conjunction with transfer of a gene
which itself enhanced cell proliferation (the cytokine receptor) and the activation of an oncogene
by vector insertion, may have contributed to a
multi-step tumorigenic process.
Self-inactivating (SIN) vectors usually have a
weaker or more cell-type specific internal promoter than the original viral promoter and thus,
should give lower oncogene activation. Also, HIVvectors were found to insert preferentially into
gene ends rather than promoter regions [23]. This
should also reduce the risk of oncogene activation.
But in theory HIV vectors might inactivate tumour
suppressor genes by insertion. Natural HIV infection causes no directly HIV-related tumours.
Moreover, in a sensitive, tumour-prone, mutant
mouse model, transduction of HSC with retroviral vector, but not with HIV vector, enhanced
tumorigenesis [25]. In the single clinical (phase I)
lentivector study performed so far, T cells from

Integrating retroviral and lentiviral vectors
The integrating viral vectors are derived either
from the murine simple retroviruses (retroviral
vectors) or the more sophisticated lentiviruses
(HIV-1 and other lentiviruses, lentivectors) [19,
21]. Studies with lentivectors still are at the preclinical stage (except for one study, see below);
most of the data were obtained with HIV-1derived vectors. Lentivectors are clearly more
efficient than retroviral vectors for gene delivery
into many human cells, as was also shown by our
own data on CD34+ cells and B lymphocytes. In
addition, only lentivectors can enter into the cell
nucleus and integrate into chromosomes even in
non-dividing cells, such as neurons [12]. However,
transgene expression in such post-mitotic cells
has also recently been obtained with a non-integrating lentivector [22]. In contrast, for HSC and
other stem cells which must divide to regenerate
blood or other organs (and other dividing cells,
such as lymphocytes), an integrating vector is required. Only with integrating lentivectors can one
stably integrate a transgene into chromosomes of
HSC ex vivo under non-mitogenic conditions. For
retroviral vectors one needs mitogenic conditions
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five therapy-resistant HIV patients were in 2003
transduced ex vivo with an HIV vector, with enhanced biosafety features, which expresses antisense RNA against the HIV envelope RNA, ie
which blocks envelope protein synthesis [26]. No
serious side effects, rather a lower HIV titre, were
reported. A larger phase II study testing four ex
vivo T cell transductions for each patient has
started (see press releases at www.virxsys.com). It
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is important to fully assess the risks of insertional
mutagenesis of the lentivectors, the currently most
promising tools for HSC-based gene therapy, in
large animals and then in humans. This will determine whether, and in what clinical contexts, they
can be utilised. In addition, research progresses;
artificial virus-inspired vectors and enzymatic
nanomachines which repair gene defects in situ are
on the agenda of gene therapy research.

Conclusions
We could not reach our goals regarding quantitation and ex vivo amplification of human HSC,
but research in the field of stem cell biology currently progresses fast; ex vivo expansion of HSC
should become feasible soon. On the other hand,
we could demonstrate efficient delivery of genes
into immature human haematopoietic cells and
also primary B lymphocytes with HIV-1-derived
bicistronic lentivectors, but the risks of insertional
mutagenesis of this promising tool must be further

assessed, before larger clinical studies can be performed.
Correspondence:
Rudolf H. Zubler, MD
Division of Haematology
Department of Internal Medicine
Hôpitaux Universitaires de Genève (HUG)
CH-1211 Genève-14
E-Mail: rudolf.zubler@hcuge.ch

References
1 Dick JE, Bhatia M, Gan O, Kapp U, Wang JC. Assay of human
stem cells by repopulation of NOD/SCID mice. Stem cells.
1997;15(Suppl. 1):199–203.
2 Berardi AC, Meffre E, Pflumio F, Katz A, Vainchenker W, Schiff
C, et al. Individual CD34+CD38lowCD19–CD10–progenitor
cells from human cord blood generate B lymphocytes and granulocytes. Blood. 1997;89:3554–64.
3 Bordignon C. Stem-cell therapies for blood diseases. Nature.
2006;441:1100–2.
4 Rando TA. Stem cells, ageing and the quest for immortality.
Nature. 2006;441:1080–6.
5 Bryder D, Rossi DJ, Weissman IL. Hematopoietic stem cells:
the paradigmatic tissue-specific stem cell. Am J Pathol. 2006;
169:338–46.
6 Katoh M. WNT2B: comparative integromics and clinical
applications. Int J Mol Med. 2005;16:1103–8.
7 Ross J, Li L. Recent advances in understanding extrinsic control of hematopoietic stem cell fate. Curr Opin Hematol. 2006;
13:327242.
8 Pare JF, Sherley JL. Biological principles for ex vivo adult stem
cell expansion. Curr Top Dev Biol. 2006;73:141–71.
9 Abkowitz JL, Catlin ST, McCallie MT, Guttorp P. Evidence
that the number of hematopoietic stem cells per animal is
conserved in mammals. Blood. 2002;100:2665–7.
10 Gordon MY, Lewis JL, Marley SB. Of mice and men … and
elephants (correspondence). Blood. 2002;100,4679–80.
11 McCarthy KF. Marrow frequency of rat long-term repopulating cells: evidence that marrow hematopoietic stem cell concentration may be inversely proportional to species body weight.
Blood. 2003;101:3431–5.
12 Naldini L, Blomer U, Gallay P, Ory D, Mulligan R, Gage FH,
et al. In vivo gene delivery and stable transduction of nondividing cells by a lentiviral vector. Science. 1996;272:263–7.
13 Zuffrey R, Dull T, Mandel RJ, Bukovsky A, Quiroz D, Naldini
L, et al. Self-inactivating lentivirus vector for safe and efficient
in vivo gene delivery. J Virol. 1998;72:9873–80.
14 Salmon P, Kindler V, Ducrey O, Chapuis B, Zubler RH, Trono
D. High-level transgene expression in human hematopoietic
progenitors and differentiated blood lineages after transduction
with improved lentiviral vectors. Blood. 2000;96:3392–8.
15 Salmon P, Arrighi J-F, Piguet V, Chapuis B, Zubler RH, Trono
D, et al. Transduction of CD34+ cells with lentiviral vectors enables the production of large quantities of transgene expressing

16

17

18

19
20

21

22

23

24

25

26

immature and mature dendritic cells. J Gene Med. 2001;3:
311–20.
Kvell K, Nguyen TH, Salmon P, Glauser F, Werner-Favre C,
Barnet M, et al. Transduction of CpG DNA stimulated primary
human B cells with bicistronic lentivectors. Mol Ther. 2005;
12:892–9.
Stripecke R, Cardoso AA, Pepper KA, Skelton DC, Yu XJ, Mascarenhas L, et al. Lentiviral vectors for efficient delivery of
CD80 and granulocyte-macrophage-colony-stimulating factor
in human acute lymphoblastic leukemia and acute myeloid
leukemia cells to induce anti-leukemic immune responses.
Blood. 2000;96:1317–26.
Bovia F, Salmon P, Matthes T, Kvell K, Nguyen T H, WernerFavre C, et al. Efficient transduction of primary human B lymphocytes and nondividing myeloma B cells with HIV-1-derived
lentiviral vectors. Blood. 2003;101:1727–33.
Park F, Gow KW. Gene therapy: future or flop. Pediatr Clin N
Am. 2006;53:621–36.
Li S-D, Huang L. Gene therapy progress and prospects: Nonviral gene therapy by systemic delivery. Gene Therapy. 2006;
13:1313–9.
Sinn PL, Sauter SL, McCray Jr PB. Gene therapy progress and
prospects: Development of improved lentiviral and retroviral
vectors – design, biosafety, and production. Gene Therapy.
2005;12:1089–98.
Yanez-Munoz RJ, Balaggan KS, MacNeil A, Howe SJ, Schmidt
M, Smith AJ, et al. Effective gene therapy with nonintegrating
lentiviral vectors. Nat Med. 2006;12:348–53.
Baum C, Kustikova O, Modlich U, Zhixiong LI, Fehse B. Mutagenesis and oncogenesis by chromosomal insertion of gene
transfer vectors. Hum Gene Ther. 2006;17:253–63.
Hacein-Bey-Abina S, Von Kalle C, Schmidt M, McCormack
MP, Wulffraat N, Leboulch P, et al. LMO2-associated clonal T
cell proliferation in two patients after gene therapy for SCIDX1. Science. 2003;302:415–9.
Montini E, Cesana D, Schmidt M, Sanvito F, Ponzoni M,
Bartholommmmae C, et al. Hematopoietic stem cell gene transfer in a tumor-prone mouse model uncovers low genotoxicity
of lentiviral vector integration. Nat Biotechnol. 2006;24(6):
687–96.
Morris KV. VRX-496 (VIRxSYS). Curr Opin Invest Drugs.
2005;6:209–15.

Swiss
Medical Weekly

Swiss Medical Weekly: Call for papers

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

The many reasons why you should
choose SMW to publish your research
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 conferences 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 experimental medicine and clinical investigation.
We look forward to receiving your paper!
Guidelines for authors:
http://www.smw.ch/set_authors.html

Impact factor Swiss Medical Weekly
2
1.8

1.537

1.6

E ditores M edicorum H elveticorum

1.4
1.162

1.2

All manuscripts should be sent in electronic form, to:

1
0.770

0.8
0.6
0.4

Schweiz Med Wochenschr (1871–2000)
Swiss Med Wkly (continues Schweiz Med Wochenschr from 2001)

2004

2003

2002

2000

1999

1998

1997

1996

0

1995

0.2

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz
Manuscripts:
Letters to the editor:
Editorial Board:
Internet:

submission@smw.ch
letters@smw.ch
red@smw.ch
http://www.smw.ch

