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sEEIng Is bElIEvIng: MUltIPhoton  
IMagIng of thE fUnCtIonIng KIdnEy

Of all the research techniques available to biological 
scientists, live imaging is perhaps the most seductive. 
It provides the unique opportunity to directly visual-
ise complex physiological or patho-physiological pro-
cesses in functioning tissues, and offers the instant 
gratification of following events in real-time, with-
out having to wait days for that elusive western blot.  
Aesthetically pleasing images are a powerful medium 
by which to convey scientific information; a picture 
really can speak a thousand words. It is little wonder 
then that microscopes have been used to study living 
cells since the 17th century, and they remain a vital 
tool in modern research.

flUorEsCEnCE MICrosCoPy
Fluorescence microscopy uses a light source - typically 
a laser - to illuminate fluorescent molecules (called 

fluorophores) within cells, which then emit light at a 
longer wavelength. This emitted light can be filtered 
and passed through a pinhole conjugate to the focal 
plane (‘con-focal’ microscopy), to eliminate unwanted 
signals. Sensitive detectors convert the light to a digi-
tal image, which can be visualised, processed and an-
alysed using computer software. Some fluorophores 
are naturally occurring, such as green fluorescent 
protein in jellyfish, whilst others are manufactured. A 
veritable rainbow of fluorescent probes with increas-
ingly exotic names are now available to the micros-
copist, which can be targeted to particular structures 
of interest within cells. Furthermore, the fluorescent 
properties of some of these dyes are altered by bio-
chemical reactions, turning them into optical bio-
sensors that provide readouts of cellular physiology, 
such as ion concentrations, pH and redox state. By 

Multiphoton microscopy (MPM) of cellular structure and function in the kidney



using fluorophores with different excitation/emission 
wavelengths, multiple structures or events can be im-
aged simultaneously within the same cell.
Confocal microscopy is widely used to study cells 
grown in vitro; however, its usage to image cells in 
their natural environment – within intact organs – 
is limited, due to light scattering and photo-toxicity 
from visible wavelength lasers. Multiphoton micros-
copy (MPM), otherwise known as two-photon micros-
copy, is an alternative form of fluorescence imaging 
that uses a longer wavelength (infra-red) laser (Fig. 1). 
It relies on two low energy photons arriving simulta-
neously to excite a fluorophore, and the laser is pulsed 
at very high frequency to increase the likelihood of 
this occurring (Fig. 2). The concept behind MPM was 
described in a PhD thesis in the 1930s by the Nobel 
prize-winner Maria Goeppert-Mayer; however, it took 
another 60 years for it to be applied to biological 
science. Multiphoton excitation is highly localised 
to the focal plane, so photo-toxicity is minimised in 
surrounding tissues. Furthermore, long wavelength 
light is less scattered in tissue than short wavelength, 

Editorial

Three years ago I met for the first 
time with the main researchers 
from the newly formed Swiss 
National Centre of Competence 
in Research “Kidney – Control of 
Homeostasis”. This was shortly 
before I officially started as 
project manager. I was greatly 
impressed to see such enormous 
expert knowledge concentrated 
in one single room. Professors 
from different Swiss medical 
universities and clinic direc-
tors from different university 
hospitals came together, all with 
the wish and goal to advance 
knowledge and understanding 
in the field of kidney physiology 
and pathophysiology.

One of my main tasks in the early 
days working at Kidney.CH was to 
set up structures to support and 
foster collaboration between the 
initially over 20 research groups. 
The goal of collaborating is to cre-
ate added value as opposed to the 
lesser value created by 20 single 
non-collaborative projects. One 
can imagine that getting so many 
different personalities to work 
together is quite challenging and 
time consuming.

Today, we have 30 research 
groups and I’m happy to observe 
the ever-increasing collabora-
tion between these groups, and 
between basic researchers and 
clinicians. Of course, there are 
always opportunities to improve 
collaboration, but knowing from 
where we started and seeing 
where we stand today, I’m highly 
confident that we are on the right 
track.

Matthias Meier

Matthias Meier 
is project manager at NCCR-Kidney.CH.

enabling visualisation of deeper structures. For these 
reasons, MPM is ideally suited to working with intact 
organs in live animals, and is now even being used 
in humans, to non-invasively investigate the nature of 
suspicious skin lesions.

IMagIng KIdnEy fUnCtIon In rEal tIME
Imaging of the rodent kidney with MPM has been es-
tablished in the last decade, and can be performed 
in vivo or in isolated perfused organs. It has been 
used to image a range of processes in real-time, in-
cluding glomerular filtration rate, blood flow, solute 
transport and tubulo-glomerular feedback; quite an 
impressive toolkit for a single technique. Intra-vital 
MPM has re-energised the field of renal physiology 
and enabled important insights into the pathogenesis 
of kidney diseases. It has also raised some controver-
sial questions regarding our basic understanding of 
how the kidney works, leading to lively debates, re-
examination of old literature, and the generation of 
new hypotheses; new technology produces disruptive 
innovation, and MPM is no exception. 

Fig. 3: Multiphoton imaging of cellular structure and function in the kidney. 
(A) Calcein (green) is taken up by live cells, and Hoechst (blue) stains cell nu-
clei. (B) Renal tubules have a high density of mitochondria; NADH, a substrate 
for the mitochondrial respiratory chain, is naturally fluorescent. (C) TMRM is 
a marker of mitochondrial membrane potential, which is generated by respira-
tory chain activity. (D) Dihydroethidium is used to measure intracellular ROS 
production. (E) Monochlorobimane is a marker of intracellular glutathione, an 
important anti-oxidant. (F) Fluorescent labelled insulin (red) is endocytosed 
at the apical membrane of proximal tubules; this process requires ATP, which 
is generated by the mitochondrial metabolism of NADH (blue), bars ~20 µm.

Fig. 1: A multiphoton microscope (Image by Prof. Bruno Weber, Institute of 
Pharmacology and Toxicology, University of Zurich). 

Fig. 2: The principle of multiphoton excitation. 
In confocal microscopy (1P), fluorescent molecules are excited by single 
photons arriving from a visible wavelength laser source; upon recovery to the 
ground state, light is emitted at a longer wavelength. In multi- or two-photon 
microscopy (2P), a longer wavelength (infra-red) laser is used, and two low 
energy photons arriving simultaneously can excite the fluorescent molecule.

90°

1P 2P

A B

C

E F

D



Wolf-Georg Forssmann, you are a former 
chair of pharmacology of Hannover Medical 
School and now emeritus professor and se-
nior professor in Ulm, as well as CEO of the 
Pharis Group. What was your motivation for 
entering biomedical research and for becom-
ing a pharmacologist?
I grew up in a small village in the Black  
Forest, where my mother worked as a coun-
try doctor. Our family was always interested 
in science and biology, and so I followed 
the family tradition by going into the natu-
ral sciences, primarily chemistry and then 
changing to medicine. After my medical 
studies in Mainz, I went to Geneva, joining 
the famous lab of Charles Roullier, Jean-Marc 
Pasternak, and Edouard Kellenberger. There 
I learned the technique and use of electron 
microscopy and I became passionate about 
looking into the depths of structures at high 
resolutions.
I see real life as the dynamics of structures in 
microscopic and molecular dimensions. And 
looking into it was, and will always be, the 
greatest fascination I can imagine. 
The first organs and tissues we examined in 
Geneva in the early sixties were the heart,  
the kidney, and the liver.

You then became a chair at the University of 
Heidelberg.
Correct. I very soon received the offer to be-
come a chair at the University of Heidelberg, 
in cell biology and anatomy. This was a big 
change in my career, as I was suddenly con-
fronted with lots of academic administration 
and teaching, at a young age. However, I still 
focussed on and educated myself further 
in chemistry and molecular biology by tak-
ing a sabbatical to Harvard Medical School 
in 1978, and to the Karolinska Institute in 
1982, working under Don W. Fawcett and  
Susunu Ito in Boston, and under Viktor Mutt 
in Stockholm.

How did you acquire your fascination for 
peptide research and biochemistry?
After having worked in Viktor Mutt’s lab, I  
realized that peptides have a high potential 
for the translation of basic research into clin-
ical application and are thus of tremendous 
medical importance. So it happened that 
I built up my own peptide library from the 
immense reservoir of unknown peptides in 
human blood filtrate–hemofiltrate.
We then started to look in our library for 
regulatory peptides and isolated several 
new peptides such as natriuretic peptide 
in its circulating and urinary form, which is 
ularitide.
Ularitide is now in phase III development 
after we transferred it to a Swiss investor 
(Frank Binder from Zurich), and it will cer-
tainly be used in the near future for the treat-
ment of acute decompensated heart failure. 
Several other peptides from blood were also 
isolated at that time and, as a consequence, 
the Lower Saxony government in Hannover 
asked me to create a Peptide Research In-
stitute: a request which I accepted in 1990, 
going to Hannover to work with a large group 
of co-workers.

How did you become a member of the NCCR 
Kidney.CH?
After leaving Geneva, I remained in regular 
contact with my many friends in Switzer-
land. One day, whilst visiting friends there, 
I met Jan Loffing, current vice director of the 
NCCR. We spoke about peptide isolation of 
putative regulators of kidney function and 
he asked me to enter into collaboration with 
him in order to isolate a kaliuretic factor, 
which is now our main goal in the NCCR. 
Meanwhile, other interesting projects within 
the NCCR, with the groups of Roland Wenger, 
Edith Hummler, and Olivier Staub, were set 
up to screen for regulatory peptides.

How do you see the NCCR?
Kidney Control of Homeostasis targets a 
better understanding of one of the most es-
sential organs and its interaction with other 
organs. I consider these projects to be of the 
highest interest. And it is an immense plea-
sure and honour for me to collaborate with 
this highly qualified group of internationally 
recognized researchers and with its large 
number of excellent scholars.

Portrait

CUrIosIty and thE IMProvEMEnt of 
lIvIng CondItIons arE thE 
basIC ConCEPts of rEsEarCh.
Interview with Prof. Wolf-Georg Forssmann

Andrew Hall
is Kidney.CH Assistant Professor of Structural and Functional Imaging at the 
Institute of Anatomy of the University of Zurich. Andrew has been a member 
of The Royal College of Physicians (UK) since 2003, and a Consultant  
Nephrologist since 2012. In March 2013 he moved to The University of Zurich.

In our own work, we have focused on investigating mi-
tochondrial function in the kidney. Tubular cells are 
densely packed with mitochondria, which generate 
ATP for solute transport and also have a range of oth-
er important functions. Mitochondria can be damaged 
by insults such as ischaemia, drug toxicity or diabe-
tes, and abnormal mitochondrial function is widely 
implicated in the pathogenesis of acute and chronic 
kidney disease. We have demonstrated that a variety 
of aspects of mitochondrial function can be imaged 
in the kidney using MPM (Fig. 3), and have found that 
there are striking differences in signals along the 
nephron, both at rest and in response to toxic insults. 
These insights may be important in explaining topo-
graphical patterns of disease that commonly occur in 
the human kidney.

fUtUrE ChallEngEs for MPM
At present, it is only possible to visualise about  
200 µm below the surface of the kidney, which means 
that many glomeruli and all of the medulla are beyond 
reach. New, brighter fluorophores, combined with 
more powerful lasers, might offer solutions to this 
problem. Introducing fluorescent dyes into cells in 
living organisms remains a technical challenge, and 
increasingly researchers are turning to rodents ge-
netically engineered to express fluorophores within 
cells of interest. Beyond their eye-catching appear-
ance (glowing in the dark like mammalian fireflies), 
these animals could greatly increase the scientific 
yield from in vivo imaging.
In summary, MPM is a powerful research tool to in-
vestigate renal physiology and patho-physiology, in 
ways that were not previously possible. When applied 
to the growing number of genetically modified mouse 
models now available it offers the real opportunity to 
study the effects of altering single molecule expres-
sion on cell and organ function in vivo. It thus bridg-
ing the gap between molecular biology and whole 
animal physiology – the essence of translational re-
search. Much remains to be discovered, and these are 
exciting times for those interested in illuminating the 
inner workings of the kidney. As the editor of Nature 
once put it: “Microscopes are changing the face of  
biology. The deeper biologists look, the more they will 
find there is to see”.
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EvEnts

IUPs 2013
July 21–26, 2013  
Birmingham, UK

42nd IntErnatIonal CongrEss of 
thE Edtna/ErCa
August 31–September 3, 2013 
Malmö, Sweden

5. JahrEstagUng dEr dEUtsChEn 
gEsEllsChaft für nEPhrologIE
October 5–8, 2013  
Berlin, Germany

asn KIdnEy WEEK 2013
November 5–10, 2013 
Atlanta, GA, USA

45th annUal MEEtIng of thE sWIss 
soCIEty of nEPhrology
December 4–6, 2013 
Interlaken, Switzerland

Kidney – Control of Homeostasis is a Swiss research initiative, 

headquartered at University of Zurich, bringing together leading 

specialists in experimental and clinical nephrology and physio- 

logy from the Universities of Basel, Berne, Fribourg, Geneva, 

Lausanne and Zurich and corresponding University Hospitals.

IMPrEssIons froM thE KIdnEy.Ch rEtrEat 2013
Our annual retreat was held in February in the city of Morat, beautifully 
situated in Switzerland’s three-lake region. During two days, over 70 
participants intensively exchanged current research results on over 40 
posters and discussed new ideas.

CongratUlatIons

Sophie De Seigneux and Nourdine Faresse, two of 
our Kidney.CH Junior Grant awardees, both received 
an Ambizione Grant from the Swiss National Science 
Foundation (SNSF). 
With the Ambizione Grant, the SNSF promotes junior 
researchers in all disciplines, and the award is spe-
cifically aimed at young researchers who would like to 
conduct, manage, and lead an independently planned 
project at a Swiss university.

E-lEarnIng sUCCEssfUlly startEd

A first Kidney.CH eLearning module, on the topic 
“salt & water”, was developed and implemented  
in 2012. The course was run from September to  
December. It included two face-to-face meetings. The 
first was a kick-off meeting to learn about the objec-
tives and how to use the platform, as well as to take 
a self-assessment. The second meeting was used to 
present and discuss group works based on five anno-
tated articles, and to re-take the self-assessment to 
track learning progress. The feedback received on the  
eLearning course was very positive, both from the 
instructor and from the participants. We therefore 
feel encouraged to continue and extend the eLearn-
ing platform with additional modules and topics 
of renal physiology and pathophysiology. The next 
module is planned to start in the last quarter of this 
year.
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