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Our First 114 SUR Scholars (2010-2015)
Continent of origin

Gender balance
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Summer Undergraduate Research Programme
www.unil.ch/ecoledebiologie/sur
The sixth annual Summer Undergraduate Research (SUR) Programme of the
School of Biology of the Faculty of Biology and Medicine at the University of
Lausanne (UNIL) was held from July 6 to August 27, 2015.
This year’s SUR Programme hosted 21
(selected from nearly 250 applicants) from
Faculty of Biology and Medicine across the
this was a summer to remember, and
experience.

outstanding undergraduate students
around the world in laboratories of the
campuses of UNIL. For all participants,
for many, this was a life-changing

For the Faculty of Biology and Medicine, the SUR programme brings highly
intelligent and motivated students from very diverse backgrounds to Lausanne,
offering the possibility to evaluate and encourage the best international students to
return for future Masters or PhD degrees. Indeed, five SUR alumni (class of 2011
and 2012, from Australia, Canada, China, Serbia, and USA) are currently pursuing
further studies at UNIL or EPFL! The programme also catalyses interaction and
cohesion between its basic and clinical sciences sections, enhances world-wide
recognition of UNIL and establishes a cohort of scientists with a long-lasting
personal attachment to Lausanne.
The UNIL SUR programme is closely coordinated with the sister programme at the
Faculty of Life Sciences at the Ecole Polytechnique Fédérale de Lausanne (EFPL),
both during the planning stages and throughout the summer, with many joint
scientific and social activities.

2015 EPFL (violet/blue) and UNIL Summer
Programme students at the Welcome Day
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Why a SUR Programme?
Few university students have had significant experience with research into the
unknown. Most university courses provide descriptions of fundamental processes
that are “in the textbooks”. The opportunity to do original scientific research can be
an experience that influences the rest of one's life. The UNIL SUR Programme was
launched in 2010 to provide that experience.

Programme description
During 8 weeks in July and August, the SUR Programme hosts about 20 students
from around the world. Each student is integrated into a separate laboratory to
ensure that they receive individual mentorship. The majority of a student's time is
spent in the laboratory, supervised by a research scientist, normally a postdoctoral fellow or experienced graduate student. One afternoon a week, the
students come together for shared academic activities, often with participants of
the sister programme at the EPFL, including introductory student research
presentations, lectures from faculty members on research topics and their career
paths, and career guidance workshops in academia and beyond. At the end of the
summer, students present the results of their research on a poster during a joint
EPFL/UNIL Symposium and write a final report, which we present in this brochure.
During the summer, students also participate in social activities, including a hike in
the Alps and a barbecue, together with the EPFL programme, and many also take
the opportunity to explore Switzerland.

Target audience
Student participants are generally at the end of their second or third year of an
undergraduate university education. Participants are not only students in the life
sciences; the SUR programme also aims to introduce medical students to the world
of research. Local undergraduates from the University of Lausanne and the EPFL
are also encouraged to apply, although they represent a minority of participants so
as to maintain an international flavour of the programme. The SUR scholarships
are awarded on a competitive basis taking into consideration diverse criteria,
including the applicant's academic record, personal statement, and letters of
recommendation.

© Itan1409 – Fotolia.com
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Scholarships
A scholarship toward tuition costs is awarded to all selected
participants. This scholarship includes 3200 Swiss francs to cover
housing, local transportation and daily living expenses. Funds are
also available to cover travel to/from Lausanne, as well as
organised excursions and social events.

© M. Schuppich – Fotolia.com

picture: Alain Herzog

About the University of Lausanne
•
•

•

•
•

•
•

•

An international atmosphere. One fifth of the student population and one
third of the teaching staff come from abroad.
Up-to-date facilities and technology. State-of-the-art laboratories for
researchers; spacious, well-equipped lecture halls for teaching staff and
students.
Three faculties unique of their kind in Switzerland. Biology and Medicine;
Geosciences and Environment; Law and Criminal Justice. New innovations
encourage new synergies.
Close collaboration with the University Hospital Centre (CHUV) to remain at
the forefront of advances in medical knowledge.
The University and Cantonal Library (BCU), with its two million documents,
modern research tools and an ideal working environment overlooking Lake
Geneva.
A philosophy and work ethic expressed in a University Charter.
An exceptionally green and spacious lakeside setting. An excellent public
transport network that links the university campus to Lausanne, noted for its
varied cultural and social activities.
A wide range of sporting and cultural activities including language and IT
courses; football (soccer), capoeira, fitness or underwater diving at the Sports
Centre; societies, cinema, exhibitions or theatre at the Grange de Dorigny.
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Housing
The programme provides housing for all participants for its eightweek duration, within a building of the FMEL association. This year
students were housed in “La Maison de Rhodanie” and “La Maison
des Cèdres”, shown on the map of Lausanne on page 9.

© Alex White – Fotolia.com

La Maison de Rhodanie

La Maison des Cèdres

Both “La Maison de Rhodanie” and “La Maison des Cèdres” are near the bus or M1M2 metro system, for easy access to the principal sites of the SUR programme.
They are also a few minutes from the lake providing opportunities for BBQs and
midnight swims!
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Faculty of Biology and Medicine Host Laboratories
! Center for Integrative Genomics
Alexandre Reymond
Genome structure and expression

UNIL Dorigny Campus

Winship Herr
Molecular epigenetics
! Department of Biochemistry
Fabienne Tacchini-Cottier
Immune response to Leishmania infection

UNIL Epalinges Campus

! 	
  Department of Ecology and Evolution
UNIL Dorigny Campus
Ian Sanders
Effects of symbiosis on the ecology and evolution of organisms
Michel Chapuisat
Evolution and social behavior
Nicolas Salamin
Computational and molecular phylogenetics
John Pannell
Ecology and evolution of plant sexual systems	
  
! Department of Fundamental Neurosciences UNIL Bugnon Campus
Andrea Volterra
Glia, an active synaptic partner: from physiology to neurodegeneration
Nicolas Toni
Synaptic integration of new neurons in the adult hippocampus
Isabelle Décosterd
Neurobiological mechanisms of pain
! Division of Experimental Oncology
UNIL Epalinges Campus
Tatiana Petrova
Transcriptional control in lymphatic vascular development
! Infectious Diseases Unit
Thierry Roger
Modulation of immune response

CHUV Epalinges Campus

! Institute of Biotechnology
Nicolas Mermod
Molecular biotechnology

EPFL Campus

! Institute of Microbiology
CHUV Bugnon Campus
Dominique Sanglard
Transcriptional regulation of drug resistance in pathogenic fungi
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! Department of Pharmacology and
Toxicology
Olivier Bonny
Renal physiology and nephrolithiasis

UNIL Bugnon Campus

Vladimir Katanaev
Wnt/Frizzled signalling in development and disease
! Department of Physiology
Luc Pellerin
Neuroenergetics: food for thoughts

UNIL Bugnon Campus

! Department of Plant Molecular Biology
Ted Farmer
Jasmonate signalling pathway

UNIL Dorigny Campus

! Department of Surgical Research
Yann Barrandon
Stem cell dynamics and experimental surgery

CHUV Bugon and EPFL
Campus

! Laboratory for Investigative Neurophysiology CHUV Campus
Eveline Geiser
Global timing perception
! Department of Clinical Neurosciences
Bogdan Draganski
Neuroimaging

CHUV Bugnon Campus

Maps of SUR Programme sites

UNIL Epalinges
Campus

UNIL Bugnon
Campus

CHUV Bugnon
Campus

EPFL
Campus

UNIL Dorigny
Campus
Maison de Rhodanie
Maison dès Cèdres

Lausanne train station
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2015 SUR Programme Scholars
Name

Home Institution

Country

Host Laboratory

ANGKIRIWANG

Patricia

University of British Columbia

Canada

E. Geiser

BOWNESS

Joseph Samson

University of Cambridge

UK

W. Herr

CASTILLO

Luis Alberto

Universidad Nacional de Colombia

Colombia

I. Sanders

DARROUS

Liza

Lebanese American University

Lebanon

N. Mermod

DJORDJEVIC

Jelisaveta

University of Belgrade

Serbia

S. Chapuisat

DUMONT

Andrey-Ann

University of Sherbrooke

Canada

A. Volterra

DVORSKI

Kora

University of Zagreb

Croatia

C. Salamin

FERENC

Katalin

Eötvös Loránd University of
Budapest

Hungary

A. Reymond

GAO

Peter

University of Toronto

Canada

F. Tacchini-Cottier

GOUELLE

Cathy

Université de Rouen (UFR des
sciences et techniques)

France

L. Pellerin

GUILLEN

Daniela

Colegio Libre De Estudios
Universitarios

Mexico

B. Draganski

HARWOOD

Daniel

Brown University

USA

O. Bonny

HUANG

Yi

Beijing Normal University

China

J. Pannell

HUHU

Mihaela Roxana

University of Medicine and Pharmacy
Romania
"Carol Davila"

D. Sanglard

IRUZUBIETA

Pablo

University of Zaragoza

Spain

N. Toni

JOHNSTON

Matthew

University of Cambridge

UK

T. Farmer

KOCAK

Elif

Koc University

Turkey

Y. Barrandon

KONNOVA

Elena

University of Manchester

UK

I. Décosterd

MARIN VERMEHLO

Miguel

University College London (UCL)

UK

V. Katanaev

VORA

Kruti

Harvard University

USA

T. Petrova

ZHANG

Xiaoyue

Sun Yat-sen University

China

T. Roger
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Patricia Angkiriwang

University of British Columbia
(UBC), Canada
Host Laboratory:
Eveline Geiser
Laboratory for Investigative
Neurophysiology
Bugnon Campus
	
  
Effect of Temporal Context on the Perception of Sound
Patricia Angkiriwang, Micah Murray, Eveline Geiser

With age, many seemingly trivial tasks become
more
difficult,
one
of
them
being
the
comprehension of speech. There is thought to be
not only a general slowing of the brain with age but
also specific deficits, such as a decline in peripheral
and central auditory processing abilities. Of
particular interest is the role of rhythmic processing
in aging, as the temporal structure of acoustic
signals (‘Global Timing’) has been shown to be of
crucial relevance to the processing of speech. Some
timing abilities, such as gap detection and duration
discrimination, have been shown to be impaired in
older adults; however, little is still known about a
potential decline of global timing perception with
age.

	
  

To this aim, we designed a set of paradigms to
investigate the use of global timing in sensory
perception. Specifically, we measure the effect of
regularity/irregularity
and
rhythmic
priming
(temporal grouping) within a sequence of tones on
sound intensity discrimination. The experimental
designs adopted a two-alternative forced choice
task (2AFC). Experimental stimuli consisted of a
series of tones containing a single intensity deviant
after which subjects were asked if the deviant was
louder or softer than the standard tones. Deviants
differed from the standard tones in increments of
0.5 dB between ± 12 dB. Psychtoolbox in MATLAB
was used to create and present the stimulus
sequences.

	
  

To test the effect of regularity, three experimental
conditions were designed. The first condition was
comprised of simply two tones, with the second
being the deviant. In the second condition, the
deviant was the last of a sequence of 5 regularly
spaced tones, and in the third, the sequence
contained irregularly spaced tones. To evaluate
intensity discrimination in the presence or absence
of rhythmic priming, stimuli comprised a sequence
of 5 rhythm groups with a fixed inter-onset interval.
Each group consisted of two (‘duple’) or three
(‘triple’) tones, with the fourth group containing an
intensity deviant on the second tone.
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In the ‘primed’ condition, this target group was of
the same rhythm (duple or triple) as the three
preceding groups, while in the ‘unprimed’ condition
it was of a different rhythm than the preceding
groups. The raw data of of both experiments were
fit to a psychometric response curve modelled by
the sigmoid logistic function, using Monte Carlo
simulations. This determined the individual’s point
of subjective equality (PSE) and threshold, related
to the individual’s sensitivity to the stimuli.

	
  

A preliminary pilot experiment on healthy young
adults
(n=4)
showed
no
effect
of
regularity/irregularity. That is, participants were
equally sensitive to intensity deviants in both the
regular and irregular conditions. This may have
been due to the static position of the intensity
deviation, as the anticipation of this deviation may
have overridden any differences in regularity. There
was also no evidence found to support the presence
of rhythmic priming improving sound intensity
discrimination, regardless of whether the intensity
deviant was placed on a ‘duple’ or a ‘triple’ rhythm
group. In fact, intensity deviants on the ‘duple’
rhythm group were better perceived when preceded
by ‘triple’ rhythm groups (unprimed). This is in
contrast with previous studies in speech, where
subjects performed better in word discrimination
when the rhythm in the target region matched
preceding rhythms. It suggests potential differences
in rhythmic grouping perception of speech and nonspeech sounds.

	
  

In the future, these paradigms will be slightly
adapted. If they are apt to find effects of global
timing, they will be applied to an aging population.
Results of the aging population will be compared to
those of young adults to investigate how the ability
to use global timing for sensory perception changes
within a lifespan.

Effect of Temporal Context
on the Perception of Sound

Angkiriwang, Patricia T.†, Murray, Micah M.‡, Geiser, Eveline‡

†
University of British Columbia, Vancouver, Canada
‡

The Laboratory for Investigative Neurophysiology (The LINE),
Dept. of Radiology, Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland
Motivation and overview

Preliminary findings
We designed a set of paradigms to investigate the use of
global timing in sensory perception. Specifically, we measure
the effect of regularity/irregularity and rhythmic priming
(temporal grouping) within a sequence of tones on sound intensity discrimination.

Of particular interest is the role of rhythmic processing in aging, as the
temporal structure of acoustic signals, i.e. ‘Global Timing’, has been
shown to be of crucial relevance to the processing of speech (Diley &
McAuley, 2008). Some timing abilities have been shown to be impaired
in older adults, such as gap detection and duration discrimination
(Strouse, 1998; Fitzgibbons, 2010). However, little is known about a potential decline of global timing perception with age.

The designed paradigms will later be applied to an aging
population, and results will be compared to those of young
adults to investigate how the ability to use global timing for
sensory perception changes within a lifespan.

Global timing

Effect of regularity

Global timing is the percept of temporal patterns created by acoustic
events, e.g. notes and rests in a musical sequence, syllables and words in
a sentence (requires integration over time)

Onset of acoustic events

III III IIIIIII

As a pilot experiment, paradigms were tested on healthy
young adults (n=4).
Effect of regularity:
Regularity was not shown to have a significant effect on
sensitivity to the target intensity deviants. However, performance was considerably improved when intensity deviants were presented following a sequence of tones.

Threshold/ Difference Limen

With age, many seemingly trivial tasks become more difficult, one of
them being the comprehension of speech. There is thought to be not
only a general slowing of the brain with age (Schneider et al, 2005) but
also specific deficits, such as a decline in peripheral and central auditory processing abilities (Humes, 1996; Morrell et al, 1996).

Independent

Irregular

Regular

independent of sequence

The absence of an effect due to sequence regularity/irregularity may have been due to the static position of the intensity deviation. The anticipation of this deviation may
override any differences in regularity.
Effect of rhythmic priming:
No evidence was found to support the presence of rhythmic priming improving sound intensity discrimination,
regardless of whether the intensity deviant was placed
on a ‘duple’ or a ‘triple’ rhythm group.

time

250 ms

TEMPORAL GROUPING
Perception of acoustic events that are relatively close in time

preceded by regular sequence

Threshold/ Difference Limen

BEAT
The pattern of temporally regular events
TEMPO
The speed of the beat or average tempo of auditory events
250 ms
preceded by irregular sequence

Methods

‘Duple’ deviant

Unprimed

‘Triple’ deviant

Primed

Design
The experiment design adopted a two-alternative forced choice task
(2AFC). A series of tones containing a single intensity deviant was presented. Participants were asked if the deviant was louder or softer than
the standard tones.

Stimuli
All presented tones, 80 ms long, consisted of a fundamental frequency of 440 Hz and two harmonics of half the amplitude of the fundamental, with rise and fall times of 16 ms and 32 ms respectively. 51 trials were
presented per condition, with 50% containing intensity deviants that
were louder, and 50% containing deviants that were softer than the standard tones. Deviants were sampled in 0.5 dB increments.

In fact, intensity deviants on the ‘duple’ rhythm group
were more sensitively perceived when preceded by ‘triple’
rhythm groups (unprimed). This is in contrast with previous studies in speech, where subjects performed better in
word discrimination when the rhythm in the target region
matched preceding rhythms (Morrill et al, 2014).

1000 ms

Effect of rhythmic priming

Analysis

primed

Further investigation
300 ms
unprimed

A psychometric function was used to relate an individual’s performance on a task to the intensity deviation within a stimulus (dB). The
shape of the psychometric curve was modelled by the sigmoid logistic
function, with the two parameters determined by Monte Carlo simulations. This determined the value of the individual’s point of subjective
equality (PSE), defined as the stimulus level at which the psychometric
curve reflects a 50% “louder” hit rate, and threshold (inversely proportional to sensitivity to stimuli), defined as the average magnitude of the
stimulus levels at its 25% and 75% hit rate.

primed

200 ms
unprimed

Our next steps...
Adapt the regularity paradigms to vary the position of
the intensity deviant. This would match other paradigms
that have previously found an effect of regularity/irregularity on sensory perception (Geiser et al, 2012).
Consider using syllables instead of tones for the rhythmic priming paradigm, as there may be differences in
rhythmic grouping perception of speech and non-speech
sounds.
Test paradigms on elderly adults and compare to results of young adults.

Psychometric analysis
Raw data:

Fitting Psychometric Response Curve:
Response “Louder” = 1

Measure of subject performance: threshold, PSE

Monte Carlo Simulations

Threshold/ Difference Limen

Response “Softer”= 0
Point of subjective equality

SUR 2015
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Joseph Samson Bowness
University of Cambridge, UK
Host Laboratory:
Winship Herr
Center for Integrative Genomics
Dorigny Campus

	
  
How do THAP proteins interact with HCF-1?
Joseph Bowness, Harmonie Senez, Winship Herr

HCF-1 (Host cell factor-1) is a human protein
involved
in
the
regulation
of
cell-cycle
progression. It is a chromatin-associated protein
that does not bind DNA directly, but regulates
transcription of target genes via collaborations with
other DNA-binding factors. These interactions are
often between the Kelch domain of HCF-1 and a
HCF-1 Binding Motif (HBM) on partners (Consensus
= D/E H x Y).
One family of potential HCF-1 co-regulators are the
THAP proteins, a family of eukaryotic transcription
factors that possess a conserved zinc-finger DNAbinding (THAP) domain located at their Nterminus. Many of the twelve human THAPs
possess HBM or HBM-like sequences, and several
studies have implicated individual THAPs as
cofactors
for
HCF-1-mediated
regulation
of
transcription and cell proliferation.
Yet the
molecular basis and wider functional importance of
HCF-1's interactions with the THAP family are not
yet fully defined.
In my project, I explored the former of these issues
by comparing and contrasting how two human
THAP proteins, THAP11 and THAP8, interact with
HCF-1. THAP11 possesses a HBM sequence and is
a well-studied HCF-1 cofactor that potentially acts
interdependently
with
HCF-1
to
regulate
transcription of important genes in cell proliferation.
In addition, previous work in the lab has implicated
the HCF-1N subunit (containing the Kelch domain)
as the binding substrate for THAP11. By contrast,
THAP8 contains no HBM and less is known about its
potential cellular functions.
The first objective was to confirm THAP11's
association with HCF-1 and investigate whether
THAP8 also associates with HCF-1. This was
achieved through an in vivo co-immunoprecipitation
(Co-IP) assay in which tagged constructs of THAP8
or THAP11 were transfected into 293 cells. THAP
protein complexes were immunoprecipitated from
the whole cell lysates before the resulting
precipitates were probed for the presence of HCF-1
by Western blotting. This experiment confirmed
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THAP11's interaction with HCF-1 and revealed no
similar association between THAP8 and HCF-1,
which was expected as it lacks an HBM.
Subsequently we wanted to determine whether
possession of the HBM by a THAP protein is
necessary and/or sufficient for association with
HCF-1. To this end, we performed site-directed
mutagenesis of both genes to change key amino
acids in their protein structures. We mutated
THAP11 to disrupt its HBM and mutated THAP8 to
introduce an artificial HBM. We then repeated the
Co-IP protocol to detect any changes in the
proteins' associations with HCF-1. Mutation of the
HBM in THAP11 seemed to eliminate the association
with HCF-1 seen for the wild-type protein, which
supports the premise that HCF-1 binds THAP11 via
the Kelch:HBM molecular interaction. By contrast,
creation of an HBM in THAP8 was not sufficient to
allow it to strongly interact with HCF-1. Possible
explanations for this may be that our novel binding
site was obstructed in the 3D conformation of
THAP8, or that additional amino acids adjacent to
the HBM are also important for mediating HCF-1binding. Regardless, de novo induction of HCF-1
association in a HBM negative protein remains a
ongoing goal as we seek to understand the
complete molecular basis THAP:HCF-1 interactions.
An additional feature of both THAP11 and THAP8
that caught our attention was the 'Coiled-Coil'
motif. This is a common oligomerisation domain,
raising the possibility that THAP11 and THAP8 may
interact together. In order to test this in a Co-IP
assay, it is necessary to transfect cells with two
differentially tagged protein constructs. We have
made progress towards this by building vectors
containing THAPs with a different tag.
Looking to the future, it would be interesting to test
the HCF-1 binding properties of the remaining
human THAP proteins to characterise the family as
a whole. From this base of understanding, further
work can focus on the functional significance of
THAP:HCF-1 collaborations in the regulation of cell
proliferation and gene transcription.

GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGA
TGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTG
How do THAP proteins
CGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAAGAAT
interact with HCF-1?
CTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTG
ACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCC
Joseph Bowness , Harmonie Senez and Winship Herr .
Homerton College, University of Cambridge, UK; Centre for Integrative Genomics, University of Lausanne, Switzerland.
CATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCC
Introduction
Project Aims
AACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
Insights into the molecular basis of THAP:HCF-1 interactions are needed to better
HCF-1
a
key
transcriptional
and
cell-cycle
regulator
understand the cooperative action of HCF-1 and THAP proteins in cell proliferation. Here
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTA
we compare and contrast how two THAP proteins, THAP11 and THAP8 associate with
HCF-1 (Host cell factor-1) is a human protein that
HCF-1, and investigate the importance of the HBM sequence for these interactions.
CATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGC
regulates cell-cycle progression. It is a chromatinassociated protein that does not bind DNA directly,
but regulates transcription of target genes via
CCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATC
collaborations with other DNA-binding factors
Methods
(Figure 1).
TACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCG
In vivo binding assay for protein-protein interactions
- Co-immunoprecipitation
TGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGA
These interactions are often between the Kelch
domain of HCF-1 and a HCF-1 Binding Motif
Transfect tagged plasmids into
GTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCA
293 cells
(HBM) on partners (Consensus = / H x Y) .
TTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCC
48hr whole-cell lysis
CTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTG
The THAP family - potential HCF-1 collaborators
Immunoprecipitate exogenous THAP proteins with
AACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
The THAP proteins are a family of 12 eukaryotic proteins defined by their N-terminus THAP
anti-FLAG beads
DNA-binding motif (Figure 2, red boxes). Many possess HBM or HBM-like sequences (Figure 2,
GGGACCGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGGTACCGAGCTCGG
blue and dashed-blue lines) and have been implicated as cofactors for HCF-1-mediated regulation
of transcription and cell proliferation. Further characterisation of the molecular basis of
Probe precipitate for HCF-1 by Western Blotting
THAP:HCF-1 interactions is needed to fully understand their functions.
ATCCACTAGTCCAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCG
Site-directed mutagenesis of THAP proteins
AGGCCATGCCCAAGTACTGCAGGGCGCCGAACTGCTCCAACACTGCGGGCCGCCTGGG
We aimed to determine if possession of an HBM by a THAP protein is necessary
TGCAGACAACCGCCCTGTGAGCTTCTACAAGTTCCCACTGAAGGATGGTCCCCGGCTG
and/or sufficient to allow association with HCF-1. We mutated both genes so as to:
Inactivate the HBM in THAP11. (H244A_Y246A)
CAGGCCTGGCTGCAGCACATGGGCTGTGAGCACTGGGTGCCCAGCTGCCACCAGCACT
TGTGCAGCGAGCACTTCACACCCTCCTGCTTCCAGTGGCGCTGGGGTGTGCGCTACCTG
Create an HBM in THAP8. (R159H_Q161Y)
CGGCCTGATGCAGTGCCCTCCATCTTCTCCCGGGGACCACCTGCCAAGAGTCAGCGGA
GGACCCGAAGCACCCAGAAGCCAGTCTCGCCGCCGCCTCCCCTACAGAAGAATACACC
CCTGCCCCAGAGCCCTGCCATCCCAGTCTCTGGCCCAGTGCGCCTAGTGGTGCTGGGCC
Results
CCACATCGGGGAGCCCCAAGACTGTGGCCACCATGCTCCTGACCCCCCTGGCCCCTGC
GCCAACTCCTGAGCGGTCACAACCTGAAGTCCCTGCCCAACAGGCCCAGACCGGGCTG
GGCCCAGTGCTGGGAGCACTGCAACGCCGGGTGCGGAGGCTGCAACGGTGCCAGGAG
CGGCACCAGGCGCAGCTGCAGGCCCTGGAACGGCTGGCACAGCAGCTACACGGGGAG
AGCCTGCTGGCACGGGCACGCCGGGGTCTGCAGCGCCTGACAACAGCCCAGACCCTTG
GACCTGAGGAATCCCAAACCTTCACCATCATCTGTGGAGGGCCTGACATAGCCATGGT
CCTTGCCCAGGACCCTGCACCTGCCACAGTGGATGCCAAGCCGGAGCTCCTGGACACT
CGGATCCCCAGTGCACTCGAGGGAGGAGGAGGAATGGCATCGATGACAGGTGGCCAA
Conclusions
CAGATGGGTGGAGGAGACTACAAAGACGATGACGACAAGTAAGGGCCCGTTTAAACC
THAP11 exhibits an association with HCF-1, but no similar
CGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCC
interaction is detected for THAP8.
GTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGA
Mutation of the HBM in THAP11 seems to eliminate its
association with HCF-1, but creation of a HBM in THAP8 is not
AATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAG
sufficient to allow it to strongly interact with HCF-1.
GACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGC
TCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGC
Do THAP8 and THAP11 interact together?
Perspectives
The results of the THAP11 mutagenesis provide good evidence that THAP11
CCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTAC
Both THAP8 and THAP11 contain a ‘Coiled-Coil’ motif, a common oligermisation domain. We
associates with HCF-1 via a Kelch:HBM interaction. However, as our artificial
wanted to test whether this allows different THAP proteins to associate with each other. This
creation of an HBM in THAP8 was not directly sufficient to induce HCF-1 binding, the
requires double transfection of cells with differentially-tagged THAP8 and THAP11 proteins, so
ACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTT
complete molecular basis of THAP:HCF-1 interactions is still unknown. De novo
we have constructed vectors containing THAPs with a single HA tag (Figure 6).
induction of HCF-1 association in a HBM-negative protein remains an objective as
CGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTG
we seek to understand the complete molecular basis THAP:HCF-1 interactions.
CTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTACCTAGAA
In addition, it would be interesting to test the HCF-1-binding properties of the
remaining human THAP proteins to characterise the family as a whole. From this
base of understanding, further work can focus on the functional significance of
GTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCCTTGGCCAAAAAGC
THAP:HCF-1 collaborations for the regulation of gene transciption and cell
proliferation.
CTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCC
GACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAG
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Figure 1: Schematic representation of a HCF-1 heterodimer, in
complex with a DNA-binding cofactor and attached to chromatin.
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Figure 2: Diagram displaying the basic molecular features of the 12 human THAP proteins. Note that Ronin is the well-studied murine
homolog of human THAP11.
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Figure 3: Anti-FLAG Western blot. Exogenous (tagged) THAP8 or THAP11 are recorded in the whole lysate (Input) samples for both wild-type and
mutant proteins (Lanes 3,5,7,9), representing successful expression of transfected contructs. Similarly, these proteins are well immunoprecipitated by
the CoIP procedure, as demonstrated by strong signals in the CoIP samples (Lanes 4,6,8 and 10). Samples taken from transfection of an empty
12% polyacrylamide gel, Input/CoIP = 1/31
tagged pcDNA5 vector act as a negative control (Lanes 1 and 2).
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Figure 5: Quantification of the lowest HCF-1 band present in Figure 4. Relative intensities
of sample/input were calculated and subsequently normalised to the pcDNA5 control.
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Figure 4: Anti-HCF-1 Western blot. All of the whole lysate inputs (Lanes 1,3,5,7 and 9) show a strong HCF-1 signal, indicating consistent
endogenous HCF-1 expression. Of the CoIP samples only wild-type THAP11 demonstrates significant pull-down of HCF-1 (Lane 6).
THAP11mut (Lane 10) and both THAP8 samples (Lanes 4 and 8) show weak signals similar to that of the negative control (Lane 2).
7% polyacrylamide gel, Input/CoIP = 1/31

Complete and verified

Xho1 digestion

Figure 6: Cloning strategy used to create
a THAP-HA construct inside a pcDNA5
vector. The HA tag was first amplified by
PCR amplification and inserted into the
pcDNA5 plasmid by Xho1 and Apa1
digestion. This vector was then recut
with Xho1 to allow for the insertion of the
THAP ORF. (Only THAP11 is shown)
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Allele frequency varation between 9 single-spore lines of the mycorrhizal
fungus Rhizophagus irregularis
Luis Alberto Castillo Reina, Edward Camilo Rojas, Ian Sanders
Arbuscular mycorrhizal fungi (AMF) belong to the
phylum glomeromycota; a widely distributed and
ecologically important group of fungi. (Ropars and
Corradi, 2015). These heterotrophic fungi take
plant-assimilated carbon through an obligate
symbiosis with most plants. In exchange, they
enhance plant mineral uptake (mainly phosphate
and nitrate) from the soil. (Bonfante and Genre,
2010). They also provides protection against pests
and fungal pathogens (Bonfante & Genre, 2010;
Corradi & Bonfante,2012). AM fungi cannot be
cultured without their plant partner. They have no
observed sexual stage, and multiple nuclei share a
common cytoplasm in the spores. The combination
of phylogenetic isolation and life-cycle peculiarities
suggests that AM fungi might have an unusual
genomic architecture. (Young, J. P. W. ,2015). It
has been hypothesized that AMF maintain an
assembly
of
genetically
different
nuclei
(heterokaryosis)
and
transmit
them
from
generation to generation (Kuhn G, Hijri M, Sanders
IR ,2001. Hijri M, Sanders IR. 2005).
We aimed to find genetic differences between
siblings spores obtained from 9 different isolates
from the same parental line. Supported on a high
genetic difference between the isolated lines, and in
relation to the parental line. We took 9 single
spores cultures of Rhizophagus irregularis from one
parental line, each one with three replicates. For
DNA extraction we used the Dneasy® plant mini kit
(QIAGEN); RAD sequencing and subsequent
bioinformatics analysis was performed. However,
technical difficulties prevented us to obtain the high
throughput sequencing data from this experiment.
Therefore, we performed the same analysis on a
previous generated data set from a similar
experimental design.
The bioinformatics analysis was performed using
Popoolation2®. Fisher's Exact Test was used to
determine allele frequency differences. Preliminary
results showed no significant differences in allele
frequency between single-spore cultures and their
parental line; this suggests no detectable
segregation processes in the spores. Our results
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would not allow confirm the heterokaryosis
hypothesis in these organisms. To elucidate the
genetics of the fungus and state clearly about the
possible segregation process, further studies are
needed using wild fungal lines, as continuous in
vitro culture could affect the amount of
polymorphism in each isolate.
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Introduc.on'

Results'

!! Arbuscular mycorrhizal fungi (AMF) belong to
the phylum glomeromycota; a widely
distributed and ecologically important group of
fungi. (Ropars and Corradi, 2015). These
heterotrophic fungi take plant-assimilated
carbon through an obligate symbiosis with most
plants. In exchange, they enhance plant mineral
uptake (mainly phosphate and nitrate) from the
soil. (Bonfante and Genre, 2010). They also
provides protection against pests and fungal
pathogens (Bonfa<nte & Genre, 2010;
Corradi & Bonfante,2012). AM fungi cannot be
cultured without their plant partner. They have
no observed sexual stage, and multiple nuclei
share a common cytoplasm in the spores. The
combination of phylogenetic isolation and lifecycle peculiarities suggests that AM fungi might
have an unusual genomic architecture. (Young,
J. P. W. ,2015). It has been hypothesized that
AMF maintain an assembly of genetically
different nuclei (heterokaryosis) and transmit
them from generation to generation (Kuhn G,
Hijri M, Sanders IR ,2001. Hijri M, Sanders IR.
2005).

Posible nuclei segregation

The previous generated data set contains
information of 3 parental lines, each one with
different number of siblings

There’s no significant differences in allele frequency between
single-spore cultures and their parental line. The different
isolates contains the same information in the coding and no
coding regions

Materials'and'methods'
We took 9 single spores cultures of
Rhizophagus irregularis from one parental
line, each one with three replicates. For
DNA extraction we used the Dneasy®
plant mini kit (QIAGEN); RAD sequencing
and subsequent bioinformatics analysis was
performed. However, technical difficulties
prevented us to obtain the high
throughput sequencing data from this
experiment. Therefore, we performed the
same analysis on a previous generated
data set from a similar experimental
design.

The analysis showed no significant
differences in allele frequency between the
differents siblings an their parental line, as
well as between the siblings.

References'
Conclusions''
• Preliminary results showed no significant differences in allele frequency
between single-spore cultures and their parental line, this suggests no
detectable segregation processes in the spores.
• Our results would not allow confirm the heterokaryosis or the homokaryosis
hypothesis in these organisms.
• Further studies are needed using wild fungal lines, as continuous in vitro culture
could affect the amount of polymorphism in each isolate.
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The Methylation Status of AP2a Targets in Breast Cancer
Liza Darrous, Stéphanie Renaud, Jacqueline Masternak, Nicolas Mermod
Introduction
Worldwide, breast cancer (BC) is the leading type of
cancer in women, accounting for 25% of all cancer
cases. It is a heterogeneous disease, and the
molecular alterations causing it differ greatly from
patient to patient making this disease difficult to
accurately prognose and treat. The significance of
diagnosing BC at its earliest stage is seen when the
cancer is found small in size and still confined into the
duct and thus more easily treated if classified into the
4 molecular subtypes or hormonal receptor statuses
(Estrogen receptors, Progesterone receptors and
Human Epidermal Growth Factor Receptors) - Luminal
A, Luminal B, Triple Negative, and HER2 Type - which
will also help in therapy decision. As treatment failures
are not understood, it is commonly admitted that
molecular targets are needed to improve BC therapy
decisions. Thus, the Institute of Biotechnology started
a project in 2011 aiming to design new, cheap, easily
accessible and alternative methods to classify BC into
its subtypes and this was based on Protein Binding
Microarrays (PBM) technology. The protein of interest
in the experiment was the transcription factor AP2α –
oncogene/tumor suppressor protein, and the project
resulted in finding target genes belonging to each of
the four subtypes. Further analysis of these genes and
their expressions using RT-qPCR yielded unexpected
results, wherein the genes corresponding to their
respective subtypes were not expressed as predicted.
Research question and aim
Why is there an inconsistency in the results between
in vitro binding of the protein and in vivo expression in
RT-qPCR for the target genes? A possible reason is
AP2α target gene methylation. Since methylation of
mammalian cells occurs at CpG sites that are often
associated with the promoters of genes, methylation
of these islands will hinder the binding of the protein
and lead to gene inactivation. This hypothesis is
considered since the assay done in PBM had synthetic
DNA with no acetylation or methylation, and also
because the binding of AP2α is sensitive to
methylation.
The aim of the experiment thus is to confirm the
hyper-methylation of the CpG islands of the target
genes, and offer an explanation as to why the gene
expressions were not as expected.
Methods
DNAs were extracted from frozen breast cancer
biopsies of the 4 different subtypes (LA, LB, TN,
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HER2). Each subtype was characterized by a specific
gene signature defined with PBM. The DNA underwent
bisulfite modification, wherein all the un-methylated
Cytosine residues would be converted to Uracil
residues on both strands and methylated Cytosine in
CpG pairs would remain as is. For each subtype, 2
samples were chosen according to the relative
expression of their specific gene (the most and the
least expressed). These samples then underwent
Bisulfite-specific PCR with primers designed to amplify
CpG islands. After purification, the PCR products were
directly sequenced to obtain the methylation profile of
the CpG islands.
Results
Amplification of gene CXX1 for samples #2 and #4,
representing the TN subtype was successful. Similarly,
the amplification of gene RBM6 for samples #3 and
#8, representing the HER2 subtype was also
successful. After direct sequencing, we saw a partial
methylation of CG pairs comprised between positions 500 to +100 with respect to the starting point at +1 of
the CXX1 sequence in sample #2, but no methylation
in sample #4. For sample #3, no methylation of CG
between -250 to +125 with respect to the starting
point at +1 of the RBM6 sequence was found.
However for sample #8 numerous CG methylation
statuses were not readable after sequencing.
To go further, samples #2 and #4 were cloned into
pGEM-T vector (Promega), in order to refine the
methylation of CG within the island of CXX1.
Unfortunately, only the last 150 bp of the sequences
were readable after sequencing. However we were
able to find complete unmethylated sequences in the
case of #4 (5 sequences out of 8), but it was not the
case for sample #2 where methylated CGs were found
in all sequences. The methylation status of the
promoter of CXX1 was correlated with its expression in
RT-qPCR. When unmethylated, the CXX1 promoter
gives a good expression of its gene.
Conclusion and perspective
After analyzing the results of the direct sequencing for
the 4 samples, we can say that this technique allows
us to determine why there is discrepancy between the
PBM results and the RT-qPCR results. Further
investigations will be done to analyze more samples to
determine if methylation of promoters is always
correlated with the non-expression of genes that
belong to the PBM signature.

The Methylation Status of AP2 Targets in Breast Cancer
Le Statut de Méthylation des Cibles AP2 dans le Cancer du Sein
Der Methylierungsstatus von AP2 Zielen in Brustkrebs
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Introduction

Motivation

Breast Cancer (BC) is the leading type of cancer in women worldwide. It In 2011, the Institute of Biotechnology attempted a faster & easier way to
can be subtyped into 4 hormonal receptor statuses; Luminal A, Luminal subtype BC using Protein Binding Microarray (PBM) technology. With
B, Triple Negative, and HER2 Type. Classifying BC into one of these AP2 , a tumor suppressor protein as the protein of interest, the PBM
molecular subtypes makes early prognosis and treatment easier. Target was able to find target genes belonging to each of the 4 subtypes in vitro.
genes of these subtypes are being tested for the methylation of their When the expression of these genes was measured in vivo using RTpromoter regions which would inhibit the binding of the transcription qPCR, the results were not as expected. Thus the inconsistency of the
PBM results and the expression of the genes in vivo was investigated.
factor and alter the gene expression.
AIM: to confirm the hyper-methylation of the CpG islands of the target genes of AP2 as a reason for the inconsistency.

Methods & Scheme of the Experiment
1) Selection of BC samples and AP2 targets

Gene
Sample Fold change
Subtype
in gene
ID
#
expression
CXX1

TN

IGF2R

LA

RAP2B

LB

RBM6

HER2

2
4
1
7
5
6
3
8

For every subtype, one gene was chosen and two frozen biopsies of that subtype- the highest
and lowest expressed in RT-qPCR were cut and used for DNA extraction.

1.0
899.7
31.0
1.5
58.8
3.0
7.3
0.9

Collagen

(a)

(b)
Tumor cells

TILs *

(a) Breast cancer biopsy, sample #3 stained with HE.
(b) Breast cancer biopsy (invasive carcinoma), sample #4 stained with HE.

TILs *

Tumor cells

* Tumor Infiltrating Lymphocytes

2) DNA extraction and Bisulfite modification
mC
- - - ACTCCAGCG --- TCCATCGCT - - - Bisulfite treatment
- - - TGAGGTCGC --- AGGTAGCGA - - -

mC

- - - AUTUUAGUG --- TUUATCGUT - - - - - TGAGGTUGU --- AGGTAGCGA
--mC

mC

Treatment of DNA with bisulphite converts cytosine residues to uracil, but leaves 5-methylcytosine residues unaffected. Often used to
determine the methylation of cytosine residues in CpG islands.

3) Primer Design and PCR

#8

#3

#4

#2

Primers were designed to be strand-specific and bisulfite-specific
flanking the methylation site of interest. Gradient PCR was used
to optimally find the annealing temperature of the primers.

500 -

CXX1

4) Direct sequencing of PCR products
+1

-500

%CpG
methylated

+100

#4
#2

7

5) Cloning of PCR products and sequencing
-50

+100

#2

50

39

CXX1
-200

71
71

+1

-50

+125

#3

0

#8

0

#4

+100

was cloned
into pGEM-T
vectors for refined
sequencing.

100
57
79
0

RBM6
Methylated Cytosine

%CpG
methylated
79
DNA

14

Unmethylated Cytosine

Unknown Methylation

0
0

Conclusion

Result analyses of the sequencing for the 4 samples showed that this
technique allowed us to determine why there was a discrepancy between
the PBM results and the RT-qPCR results. Further investigations will be
done to determine if methylation of promoters is always correlated with
the non-expression of genes that belong to the PBM signature.

7

Methylated Cytosine
Unmethylated Cytosine
Unknown Methylation
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The effect of disassortative mating and colony-founding success in the
maintenance of a social polymorphism
Jelisaveta Djordjević, Amaury Avril, Sacha Zahnd, Amaranta Fontcuberta,
Michel Chapuisat
Insect societies vary greatly in social organisation
and reproductive strategies, but the mechanisms
maintaining this variation is still poorly understood.
Formica selysi, is a socially polymorphic ant
species, which mean that population consist of two
alternative social forms, monogynous- single queen
and polygynous-multiple queen colonies.
Alternative social form is associated with a genetic
polymorphism at a ‘social chromosome’ present in
two haplotypes, Sm and Sp (Purcell et al. 2014). A
mechanism which could explain the maintenance of
the social polymorphism is disassortative mating
favoring among social forms matings. This
mechanism is maintaining the polymorphism at the
supergene controlling plumage color in whitethroated sparrows (Zonotrichia albicollis) (Houtman
and Falls 1994).
Nevertheless, disassortative mating is expected to
be rare compared to assortative mating (Jiang et al.
2013). In this experiment we tested whether a
disassortative mating mechanism favor between
social forms in F. selysi, by experimentally eliciting
mating behavior of virgin sexual, collected from the
field.
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We also tested whether queens preferentially mate
with males that would ensure the quickest colony
growth, by evaluating the success of incipient
colony foundation according to the genotypes of the
queens and their mates.

	
  

According to our preliminary results, there is no
disassortative mating in F.selysi. Some other
mechanism maintains the polymorphism at the
supergene in this species. We also found that
between and within social forms crosses have
similar incipient colony founding success. However,
we found that queens originating from monogynous
colonies produce more eggs and larvae than queens
originating from polygynous colonies. In addition
male genotype didn’t influence reproductive
success. Further analyses are needed to detetct any
interactive effects on both disassortative mating
and incipient colony founding success.

The e ect of disassorta ve ma ng
and colony-founding success
in the maintenance of a social polymorphism
Jelisaveta

or evi , Amaury AvrilP Sacha ZahndP Amaranta FontcubertaP MIchel Chapuisat
Department of Ecology and EvolutionP University of Lausanne

Formica selysiP is a socially polymorphic ant speciesP with queen number varying from one 4monogynousN to multiple queens
4polygynousN per colony( Alternative colony structure is associated with a genetic polymorphism at a ‘social chromosome’( In
monogynous colonies all members bear the Sm haplotypeP while polygynous colonies contain a mix of heterozygotes and homozygotes
Sp)Sp femalesP and contains only Sp males(
matings.

matings.

How polymorphism at the social chromosome is maintained?
I) Disassortative mating ?

II) Di erences in colony- founding success ?

Mating choice experiment
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Maintenance of the polymorphism at the social chromosome is not explained by a disassortative mating between the two social
forms( Other mechanism ?
Number of eggs only in uenced by queen genotype( Further analyses needed to test whether this pattern is similar for all the
brood stages(

SUR 2015

21

Audrey-Ann Dumont

University of Sherbrooke,
Canada
Host Laboratory:
Andrea Volterra
Department of Fundamental
Neurosciences
Bugnon Campus
	
  
Characterization of the structural organization of astrocytes in the dentate
gyrus with IHC and new genetic tools
Audrey-Ann Dumont, Denise Becker, Andrea Volterra
The cells of the brain, especially neurons, need a
continuous supply of nutriment and oxygen to work
well. That is why continuous blood flow is important
for the brain, where a lot of highly branched blood
vessels can be found that secure the functioning of
the brain. Whereas there are few connections
between blood vessels and neurons; nearly all
astrocytes have interactions with blood vessels and
with neurons. They seem to have an important role
to play in the cerebrovascular regulation.
Here, we focus on characterizing the structural
connections between the blood vessels and the
astrocytes in a specific section of the hippocampus,
the dentate gyrus. The hippocampus is the section
of the brain allowing us to learn things and make
memories.

	
  

Basically, astrocytes are star-shaped and have up
to 10 main processes which can be visualized by
GFAP immuno-staining. The very tips of these
processes are called end-feet. With those
structures, the astrocytes are interacting with the
blood vessels. The end-feet that have contacts with
blood vessels can be identified by the expression of
aquaporin 4 (AQP4), a membrane water channel.
The aim of my project was to determine the
number of main processes per astrocyte on average
in the dentate gyrus, to count how often the
astrocytes interact with blood vessels and to find
out if we can conclude from the shape of the
astrocytes wherever they are in contact with blood
vessels. By employing brain slices from mice
expressing green fluorescent protein (EGFP) under
GFAP
promoter,
immunohistochemistry
and
confocal
microscopy,
we
characterized
the
morphology of the astrocyte – blood vessel
connection in the dentate gyrus in more detail.
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First of all, it seems that all of the astrocytes
analyzed were in contact with at least one blood
vessel and always contacted the nearest blood
vessel. The astrocytes in the molecular layer of the
dentate gyrus used in our analysis had on average
4.2 main processes and 2 of those main processes
had contacts with blood vessels. Generally, an
astrocyte had interaction with 1.5 blood vessels and
the mean diameter for the blood vessels was 5.6
µm. Also, there was on average 2 end-feet that had
a contact with a blood vessel. Furthermore, we
separated the results of astrocytes from the inner
and the outer molecular layer due to their different
axonal inputs.

	
  

Additionally, we measured the distance between
the soma of the astrocyte and the nearest surface
of the blood vessels and did a relation with those
results (actual/shortest distance). Interestingly, the
nearest blood vessel was not touched in the most
efficient (more direct) way, in contrast to blood
vessels that were further away. However, it was not
possible to find a certain morphology of the
astrocyte that would predict a contact to the blood
vessel.

Characterization of the structural organization of astrocytes in the
dentate gyrus with IHC and new genetic tools
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Introduction
The cells of the brain, especially neurons, need a continuous supply of nutriment and oxygen to work well. That is why continuous blood flow is important for the brain, where a lot
of highly branched blood vessels can be found that secure the functioning of the brain. Whereas there are few connections between blood vessels and neurons; nearly all astrocytes
have interactions with blood vessels and with neurons. They seem to have an important role to play in the cerebrovascular regulation1. Here, we focus on characterizing the
structural connections between the blood vessels and the astrocytes in a specific section of the hippocampus, the dentate gyrus. The hippocampus is the section of the brain allowing
us to learn things and make memories.
Astrocytes are star-shaped and with up to 10 main processes which can be visualized by GFAP immuno-staining2. The very tips of these processes are called end-feet. With those
structures, the astrocytes are interacting with the blood vessels. The end-feet that have contacts with blood vessels can be identified by the expression of aquaporin 4 (AQP4), a
membrane water channel3. By employing brain slices from mice expressing green fluorescent protein (EGFP) under GFAP promoter, immunohistochemistry and confocal microscopy,
we characterized the morphology of the astrocyte – blood vessel connection in the dentate gyrus in more detail. In particular we were interested in the following questions:
1. How many main processes do astrocytes have on average?
2. How often do they interact with blood vessels?
3. Can we conclude from the shape of the astrocytes if they are in contact with blood vessels?

1. Hippocampus and
dentate gyrus

3. The counts of the number of main processes and blood vessels
in contact and the diameter of those blood vessels
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A) Example of an EGFP
expressing
astrocyte
(green)
with
immunostaining for aquaporin 4
(red) to identify blood
vessels. (z-projection, 39
images) B) The overlay of
the EGFP and the aquaporin
channel
(red)
was
determined with IMARIS
and is indicated in yellow.
This was counted as a
contact between blood
vessels and astrocytes. C)
GFAP
immuno-stained
astrocytes (blue) with the
indication of contact with a
blood vessel in yellow. D)
The number of main
processes in contact with
blood
vessels
are
enumerated for the IML
(grey) and OML (blue) and
the total for both is
indicated (black). E) The
average number of blood
vessels in contact with
each astrocyte are shown
for IML (black) and OML
(grey). F) The average
diameter of the connected
blood vessels to astrocyte
was measured in the IML
(black) and OML (grey) (DE, n = 13 astrocytes; F, n =
20 blood vessels).

5µm

AQP4

B

GFAP_EGFP

E

OML

IML

Granule
cells
30µm

A) Schematic of the hippocampus, the dentate gyrus
is indicated, outer and inner molecular layer are
labelled in red and green. B) Image of the dentate
gyrus of a EGFP-expressing mouse under GFAP
promoter with immuno-staining for Aquaporin-4, IML,
OML: inner/outer molecular layer, CA1,CA3: cornu
ammonis 1,3. As inner molecular layer we defined
the first third of the molecular layer (approx. 50µm)
from the granule cell layer and the rest as outer
molecular layer (z-projection, 16 images).
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2. Number of main processes
per astrocyte

4. Number of end-feet in contact with
a blood vessel
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A) Representative image of a EGFP positive astrocyte (green) with
immuno-staining for aquaporin 4 (red) (z-projection, 26 images). BC) The magnification of the contact between EGFP positive
astrocyte and the blood vessels on z projection of 2-3 images each.
B two end-feet to blood vessel, C 1 end-feet D) The number of endfeet in contact with blood vessels was counted in IML (black) and
OML (grey). The total of those two sections is also shown on the
graph (n = 20 blood vessels).

Conclusion

5. Efficiency of contact between the soma of the
astrocyte and the surface of the blood vessels

A

A

Astrocytes in the molecular
layer of the dentate gyrus
had on average:

B

Actual
distance

Shortest
distance
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• 4.2 processes.
• Contact with 2 processes
to 1-3 blood vessels (mean
diameter 4-5 µm).
• each process has 2 endfeet contacting the blood
vessel.
It was not possible to find a
certain morphology of the
astrocyte that would predict
a contact to the blood
vessel.

E

However,
all
of
the
astrocytes analyzed were in
contact with at least one
blood vessel and always
contacted the nearest blood
vessel.

**
*

A) Representative image of a EGFP expressing astrocyte in
higher magnification with GFAP (glial fibrillary acidic protein)
immuno-staining (egfp: green, gfap blue). GFAP immuno-staining
labels the main processes of the astrocytes.(z-projection, 26
images) B) The number of main processes was counted in IML
(blue) and OML (grey) on the right side of the graph the total
number of processes over all astrocytes (black) is shown (n = 13
astrocytes).

(figure from: Demetrius L. A. et al., 2015)

A) Example of an EGFP positive astrocyte (green) with a immuno-staining of aquaporin 4 (red) (Z-projection, 40 images ) 4. B) With the EGFP
channel, a spot in the center of the soma (green spot) was created in IMARIS software and the distance between the spot and the blood vessels
(red) was measured (arrow: nearest blood vessel, 12µm distance; dashed arrow: further blood vessel, 28µm). C) The relation (actual/shortest
distance) of the distance between astrocyte and the blood vessels was compared for the nearest (black n = 29 end-feet, grey n = 8 end-feet,
p=0.007, Mann-Whitney-Test). D) The shortest distance was compared for a nearest blood vessel to a further one. (the nearest blood vessel
black, n = 13 astrocytes, and the further blood vessels grey n = 7 astrocytes, p=0.0007, Mann-Whitney test) E) For each point, it represents the
shortest distance between center of soma and surface of blood vessels compared to it 1/efficiency (actual/shortest distance) in IML and OML
(red and black, n = 37 end-feet). The blue line is a fitted exponential curve over the total number of end-feet.

Interestingly, the nearest
blood
vessel
was
not
touched
in
the
most
efficient (= shortest) way, in
contrast to blood vessels
that were further away.

Materials and Methods
Slice preparation: Three brain of GFAP-EGFP mice were extracted and fixated in 4% PFA in a PB buffer overnight at 4°C. The brains were washed three time with PBS and cut with a vibratome into 50 µm thick horizontal brain slices.
IHC: The brains slices were blocked and permeabilized in a PBS solution with 10% NHS and 0.5% triton-X for 2 hours at room temperature. The brain slices were incubated in a solution of primary antibody for 24 hours at 4°C (PBS, NHS 5%, triton-X 0,1%)
: a polyclonal antibody against aquaporin 4 (rabbit ab2218, 1:1000) and monoclonal antibody against GFAP (mouse ab10062, 1:1000). After four washes in PBS solution, the slice were incubated in a solution of secondary antibody for 7 hours at room
temperature (PBS, NHS 5%, triton-X 0,1%) : Alexa 555 anti-rabbit (1:500) and Alexa 633 anti-mouse (1:500). The first wash included DAPI (1:5000) in PBS solution for 10 minutes and then the slices were washed with PBS solution. The slices were
mounted on glass slides in Prolong Gold antifade reagent (Molecular probes).
Confocal microscopy: The immunofluorescence was visualized using a Zeiss LSM 780 confocal microscope with a Argon 488 nm, a DPSS 561 nm and a He/Ne 633 nm laser. Images were acquired with Plan Apochromat 40x and Plan Apochromat 63x oil
immersion objectives using Zeiss Zen 2012 software. For image analysis the software Imaris 7.7.1 version was used and statistical analysis was done with GraphPad Prism 6.
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Changes in opsin genes as a result of different light conditions. Connecting
vision with the radiation of reef and freshwater fish
Kora Dvorski, Victor Rossier, Nicolas Salamin
The clownfish, along with damselfish, form the
exceptionally
ecologically
diverse
family
Pomacentridae. The rapid diversification of clownfish is
a result of adaptive radiation, by which a single
ancestral species diversifies into many descendants
adapted to exploit a wide range of different ecological
conditions. The two most studied adaptive radiations
of fish are clownfish in the Indo-Pacific and cichlids in
the African Great Lakes. For the fish, vision is a very
important property affecting behaviors such as
feeding, mating and avoiding predators. We consider
vision to be one of the potential factors driving the
adaptive radiation of these species. Visual opsins are
necessary to convert light into an electrochemical
signal, which is the first step of a cascade that enables
vision. They are light-sensitive proteins located in the
photoreceptor cells of the retina. There are two main
groups of vertebrate visual opsins - rod and cone
opsins. Four cone opsins are present in cone cells and
are responsible for color vision. Rhodopsin is present
in rod cells and detects light in dark environment.
Opsins contain 7 transmembrane helices bound
together, building a central pocket binding the retinal,
the light-absorbing compound. Through the evolution,
the substitutions of some amino acids modify the
absorbance of the receptors for different wavelengths
of light. This mechanism is called spectral tuning and
usually occurs in the retinal binding pocket site.
We compare the evolution of visual opsins between
adaptive radiations occurring in two completely
different aquatic environments, marine reefs and
freshwater lakes and rivers. In the water of marine
reefs, due to its clarity, a wide spectrum of light
penetrates the water column and most of the colors
are visible. With depth, the gradual loss of longer
wavelength colors (red, orange and yellow) occurs,
leaving the middle and short wavelength colors (blue
and green). In fresh waters, turbidity can be strong
and it decreases light penetration and narrows the
light spectrum. Because of the strong loss of
shortwave light, these waters are saturated with long
wavelength colors (red, orange, yellow). Therefore, as
a result of adaptation to various light conditions, we
expect differences between opsin genes in fish
inhabiting these two environments. We used genomic
data available for clownfish and cichlid fishes to test
for positive selection in each opsin gene and to test
this hypothesis.
Recent genomic data of the species Amphiprion
frenatus, A. ocellaris and Pomacentrus moluccensis,
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and RNA sequence of A. frenatus were used for the
clownfish. We identified opsin genes using known
orthologs from Oreochromis niloticus using the
software exonerate. For sequence alignments and
phylogenetic trees we used additional sequences of 11
species (see Fig2) from Ensembl and GenBank
database. We used Mafft for the alignment and PhyML
for the phylogenetic tree. We tested for positive
selection by estimating the likelihood of the Clade
model C in CodeML using Clade model C. The sites
were obtained from Bayes Empirical Bayes analysis.
To visually interpret results we used AliView for
visualization of sites and PyMOL to get a 3D structure
of rhodopsin.
Positive selection was found for the reef fishes clade in
rhodopsin (ω= 4,15831, p-value= 4,58x10-9) and
long
wave-sensitive
opsin
(ω=1,94422,
pvalue=2,25x10-6). The codons under positive
selection are at positions 162, 163 and 169 for RH1
and 63 for LWS based on the bovine reference
sequence. All of them are in the transmembrane
region. Moreover, the site 163 is located in the retinal
binding pocket site of the rhodopsin. The Ile162Thy
change in RH1 occurred on the branch leading to reef
fishes and it remained fixed in the whole clade. For
the positions 163 and 169, multiple substitutions
occurred in the clade of cichlids, but none were fixed.
The finding of positive selection on rhodopsin for the
reef fishes is probably related to the homogeneity of
their visual environment. This is not the case for the
cichlids, which inhabit more diverse freshwater
environments (e. g. shallow and deep lakes, rivers,
estuaries). Indeed, rhodopsin requires different tuning
in diverse light conditions due to its function of
detecting dim light. The detection of positive selection
in LWS opsin is also congruent with our hypothesis
because longer wavelength colors are the first to
disappear with depth and these wavelengths
constitute the majority of color saturation in turbid
waters. The proximity between the amino acids that
are under positive selection and the binding pocket
suggests that they are tuning sites responsible for
shifts in the maximum wavelength of absorption.
However, adaptation to diverse light environments
cannot be fully explained by the changes at the amino
acid level. It is also possible that the variations in
spectral sensitivity are a result of differences in gene
expression level rather than in specific mutations
occurring in opsin genes.

Changes in opsin genes as a result of different light conditions.
Connecting vision with the radiation of reef and freshwater fish.
Kora Dvorski, Victor Rossier, Nicolas Salamin
Department of Ecology and Evolution, University of Lausanne
contact: koradvor@gmail.com

The clownfish, along with damselfish, form the ecologically diverse family
Pomacentridae. The rapid diversification of clownfish is a result of adaptive radiation, by which
a single ancestral species diversifies into many descendants adapted to exploit different
ecological conditions (Litsios et al. 2012). Two most studied adaptive radiations of fish are
clownfish in the Indo-Pacific and cichlids in the African Great Lakes.
For the fish, vision is a very important property, affecting behaviors such as feeding, mating
and avoiding predators. We consider vision to be one of the potential factors driving the
adaptive radiation of these species.
Visual opsins are important proteins to convert light into an electrochemical signal,
which is the first step of a cascade that enables vision. They are light-sensitive and located in
the photoreceptor cells of the retina.
Two main groups are rod and cone opsins. Four cone opsins in cone cells are responsible for
color vision and rhodopsin in rod cells detects light in dark environment. Opsins contain 7
transmembrane helices building a central pocket binding the retinal, the light absorbing
compound. Through the evolution, the substitutions of some amino acids modify the
absorbance of the receptors for different wavelengths of light. This mechanism is called
spectral tuning and usually occurs in the retinal binding pocket site.

Transmission of light in coastal marine water
max. depth 20 m

Transmission of light in turbid fresh water
max. depth 6 m
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Fig1: Schematic view of the light conditions in reef marine water on the left and turbid
fresh water on the right. Their absorbance spectra are represented underneath.

We compared the evolution of visual opsins between adaptive radiations
occurring in two completely different aquatic environments, marine reefs and freshwater
lakes and rivers, which differ by their specific light conditions.
In the water of marine reefs, due to its clarity, a wide spectrum of light penetrates the water
column and most of the colors are visible. With depth, the gradual loss of longer wavelength
colors (red, orange and yellow) occurs, leaving the middle and short wavelength colors (blue
and green).
In fresh waters, turbidity can be strong and it decreases light penetration and narrows the
light spectrum. Because of the strong loss of shortwave light, these waters are saturated with
long wavelength colors (red, orange, yellow).

Methods
Recent genomic data of the species A. frenatus, A. ocellaris and P. moluccensis,
and RNA sequence of A. frenatus were used for the clownfish. We identified
opsin genes using known orthologs from O. niloticus using the software
exonerate. For sequence alignments and phylogenetic trees we used additional
sequences of 11 species (see Fig2) from Ensembl and GenBank database. We
used Mafft for the alignment and PhyML for the phylogenetic tree (Guindon et
al., 2010). We tested for positive selection by estimating the likelihood of the
Clade model C in CodeML using Clade model C (Yang, 2007). The sites were
obtained from Bayes Empirical Bayes analysis.

Our hypothesis:

As a result of adaptation to various light conditions, we expect
differences between opsin genes in fish inhabiting marine and freshwater environments.
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Fig2: Left: rhodopsin phylogenetic tree. The oval boxes show ancestral and present states in the sites found under positive selection (162,
163, 169). The mutations are highlighted in green at the time they appeared and in bold afterwards. Right: species phylogenetic tree.

Fig3: Three-dimensional view of the bovine rhodopsin
and its ligand: the retinal. The sites found under
positive selection (162, 163, 169) are colored in red
as well as the retinal.

Results
Positive selection was found for the reef fishes clade in rhodopsin ( =
4,15831, p-value= 4,58x10-9) and long wave-sensitive opsin ( =1,94422,
p-value=2,25x10-6).
The codons under positive selection were at position 162, 163 and 169 for
RH1 and 63 for LWS based on the bovine reference sequence . All of them
are in the transmembrane region. The site 163 is located in the retinal
binding pocket site of the rhodopsin (Hoffman et al. 2012).
The Ile162Thy change in RH1 occurred on the branch leading to reef fishes
and it remained fixed in the whole clade. For the positions 163 and 169,
multiple substitutions occurred in the clade of cichlids, but none were fixed.

Reference:

Discussion
The finding of positive selection on rhodopsin for the reef fishes is probably related to the
homogeneity of their visual environment. This is not the case for the cichlids, which
inhabit more diverse freshwater environments (e. g. shallow and deep lakes, rivers,
estuaries). Indeed, rhodopsin requires different tuning in diverse light conditions due to its
function of detecting dim light.
The detection of positive selection in LWS opsin is also congruent with our hypothesis
because longer wavelength colors are the first to disappear with depth and these
wavelengths constitute the majority of color saturation in turbid waters.
The proximity between the amino acids that are under positive selection and the binding
pocket suggests that they are tuning sites responsible for shifts in the maximum
wavelength of absorption.However, adaptation to diverse light environments cannot be
fully explained by the changes at the amino acid level. It is also possible that the
variations in spectral sensitivity are a result of differences in gene expression level rather
than in specific mutations occurring in opsin genes (Carleton and Kocher, 2001).
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Genetic study of a familial case of Intellectual Disability
Katalin Ferenc, Lucie Gueneau, Norine Voisin, Alexandre Reymond

Intellectual disability (ID) is a neurodevelopmental
disorder characterized by low IQ before the age of 18.
ID is one of the main disabilities that affects 1-3% of
the population and responsible for 5-10% of health
care costs. Despite its impact on our society,
unraveling the genetic causes of ID is challenging
because low IQ is usually accompanied by various
phenotypes and makes the diagnoses more difficult,
and the environment has high impact on it, too.
Although more than 500 genes and 30 genomic
variants were described as causative for ID, the
genetic background in 60% of the ID cases remains
unexplained. UNIGENE project is a scientific
collaboration between Swiss and Lithuanian research
groups aiming at identifying novel gene variants that
cause congenital neurodevelopmental diseases in
families affected by intellectual disability. In the
framework of UNIGENE Project, siblings’ suffering from
ID and their parents’ genome have been sequenced by
whole exome sequencing. The sequences were
analyzed with bioinformatic tools that resulted in a list
of candidate variants. ID can be caused by de novo
mutation,
homozygous
recessive
mutation
or
compound heterozygous mutation in the affected
individuals. The latter means the patient has two
heterozygous mutations in the same gene, differently
inherited from parents who are also heterozygous for
one mutation out of two.

	
  

In case of the family UNI-039, two siblings have
intellectual disability although they have healthy
parents. Both of them have behavioral problems and
delayed psychomotor and language development. One
brother has leukoencephalopathy while the other
shows a hydrocephaly. Apart from these symptoms
the brothers have other problems like scoliosis,
strabismus, epilepsy and difficulties for walking.
According to exome sequencing results, three
candidate genes have been investigated. In IFI44
(Interferon-Induced Protein 44), one homozygous
insertion corresponds to a recessive mode of
inheritance. Two heterozygous missense mutations in
SYTL3 (Synaptotagmin-Like 3) indicate a compound
heterozygous model. Sanger sequencing confirmed
these three variants. Lastly, in GFI1 (Growth Factor
Independent 1 transcription repressor), two compound
heterozygous variants were detected: one missense,
confirmed by Sanger sequencing, and an insertion in a
repeated region still needed to be confirmed.

26

SUR 2015

Our aim was to confirm that patients have two
compound heterozygous variants in GFI1 gene; one
inherited from the father, the other inherited from the
mother. The latter mutation is an insertion of one (CT)
repetitive element at the end of a stretch of 18 CT
long repetitive region, located in an intron close to a
splice donor site. As the repetitive region is hard to
investigate using standard methods, our strategy
consisted in cloning in bacteria strains the fragment
containing the supposed variant, to amplify and
analyse both alleles separately.

	
  

Polymerase chain reaction of the GFI1 fragment was
performed in one of the affected brothers, his mother
and his father using a high fidelity taq polymerase.
Then, Zero Blunt ® TOPO ® cloning kit was used to
do the transformation in competent cells. DNAs were
extracted from clones and directly sequenced by
Sanger sequencing. Sequences were finally analyzed
using Sequencher v.5.3 program.

	
  

The resulting chromatograms showed at least three
different number of repeats (ranging from 16 to 21)
per individual. We could distinguish two more frequent
allele and one most likely artifactual. According to the
sequences, the mother has both 17 and 19 repetitions
of CT bases, the father has both 18 and 21 repetitions
and the investigated patient has 17 and 20
repetitions.

	
  

Furthermore five chromatograms out of twenty
showed
overlapping
sequences.
Overlapping
sequences are probably due to slippage of BigDye
Terminator ® enzyme. As the mother, father and the
patient are all heterozygous and present different
combinations of number of repeats, this variant in
GFI1 has not been confirmed, thus GFI1 gene is
rejected as a candidate gene in family UNI-039.
Meanwhile, IFI44 gene has also been excluded
because the frequency of the recessive splicing
mutation was 38% in Lithuanian population, whereas
not reported in other populations. Functional testing in
zebrafish will be performed for the only one remaining
candidate gene: SYTL3 encoding a protein expressed
in the brain that could explain the patients
phenotypes.

Genetic study of a familial
case of Intellectual Disability
Katalin Ferenc*, Lucie Gueneau1, Norine Voisin1, Alexandre Reymond1
*Eötvös Loránd University of Budapest
1University of Lausanne Centre for Integrative Genomics

Intellectual Disability (ID) is a neurodevelopmental disorder described as limitation in neurological functions that
manifests before the age of 18. It is one of the main disabling conditions in present day that affects 1-3% of
population. The majority of ID cases having genetic etiology, already 500 genes and 30 structural variants are
associated with ID. The possibilities of specific diagnosis and prevention are dependent on new founding. The
major difficulty in clinical recognition of the causative genes of ID is the overlapping phenotypic spectra and
heterogeneous etiology.
Our current study is in the framework of UNIGENE
Project, which is a Swiss-Lithuanian research
collaboration to identify novel genome variants that
cause intellectual disability in different Lithuanian
families.
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DNAs were extracted from patients’ and their parents’
blood . Whole exome sequencing was performed and
the sequences were analyzed with bioinformatic tools.
Four selected variants were validated by Sanger
sequencing using BigDye Terminator ® reaction before
my arrival. A fifth variant, in GFI1, required cloning.
I amplified GFI1 gene by PCR using Phusion5 ® High
Fidelity enzyme. I performed TOPO ® cloning reaction
and transformed OneShot Top10 ® competent cells.
DNA was extracted from 5 transformants per
individual using miniprep. Each allele was Sanger
sequenced and analyzed using Sequencher 5.3
program.

Results

gene

SYTL3

Methods

father patient ladder mother

Amplicons of GFI1 repeat
variants.

compound
heterozygous

Based on whole exome sequencing results, three
candidate genes were selected as potential causative
for ID in UNI - 039 family. IFI44 and STYL3 variants were
confirmed, but IFI44’s was excluded because of its high
frequency . One variant (red) affecting a repeat region
remained to be confirmed when I joined the project.

Chromatograms of three
different type of allele in
clones of patient 1.

First, in order to study GFI1
variant, we needed to set up the
PCR conditions using the Phusion
® enzyme to produce blunt end
amplicons.
The chromatograms obtained after
sequencing of clones showed
overlapping sequences in one allele
(bottom line of the figure).
Each individual had at least three
different number of repeats
(ranging from 16 to 21). We could
distinguish two more frequent
allele and one most likely
artifactual.

Conclusion and Perspectives
Based on whole exome sequencing, the father was predicted to be wild type homozygous (18 repeats) for this
variant, mother and the two patients were predicted to be heterozygous. As the mother, father and the patient are
all heterozygous and present different combinations of number of repeats, this variant in GFI1 has not been
confirmed, thus GFI1 gene is rejected as a candidate gene in family UNI-039. The overlapping observed on
chromatograms may be caused by the BigDye Terminator ® reaction that induced error in the number of repeats.
Functional testing in zebrafish will be performed for the one remaining candidate gene SYTL3.
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The Role of Neutrophils in Leishmania mexicana Infection of BALB/c Mice
Peter Gao, Benjamin Hurrell, Fabienne Tacchini-Cottier

Leishmania mexicana is a species of parasite known
to cause Leishmaniasis, a tropical disease which is
difficult to treat. It is characterized by the
development of non-healing lesions in mammals,
including humans. L. mexicana alternates between
two stages of its life cycle. In its promastigote form,
it can be transferred to a host via sandfly bite. The
parasite life cycle includes being internalized by
phagocytic neutrophils as well as macrophages,
where they transform into their amastigote form
and multiply. Most mouse strains are susceptible to
L. mexicana, but the worst lesion outcome is
observed in BALB/c mice. Previous studies have
found that upon infection, the depletion of
neutrophils in C57BL/6 mice reduced lesion size and
led to better resolution of the disease through an
increased Th1 response. BALB/c immune systems
however, favors TH2 responses and little is known
about
how
neutrophils
contribute
to
this
unprotective adaptive response to L. mexicana. The
aim of this study is to characterize the role of
neutrophils upon infection of L. mexicana in BALB/c
mice through neutrophil depletion experiments.
Mice were injected in the ear with 106 metacyclic
L.mexicana parasites expressing the fluorescent
protein DsRed. 24 hours post-infection, flow
cytometry analysis indicated that neutrophils were
massively recruited, with an infection rate of 30%
at the ear. Neutrophil activation was measured by
looking at myeloperoxidase activity, an enzyme
abundant in neutrophil granulocytes, at multiple
time points using luminol imaging. A peak in
neutrophil activity was found at 6 hours p.i., and
activity fell to pre-infected levels 30 hours later.
Neutrophil depletion in vivo experiments were
performed by intraperitoneal injection of 1A8
antibody. RR3-16 antibody was used for control. In
the neutrophil depleted group, a significant increase
in the recruitment of inflammatory monocytes and
monocyte-derived dendritic cells was seen in both
the ear and its draining lymph node 72 hours p.i.
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Lesion size of both neutrophil depleted and control
groups were measured over eight weeks. A lower
lesion score and better resolution of the lesion was
seen in the neutrophil depleted group. Cellularity
data showed that draining lymph nodes of the
neutrophil depleted group had less CD4 TH2 cells
expressing IL-4, but similar levels of CD4 T helper
cells expressing IFNg, 8 weeks p.i. Harvested
draining lymph node cells were also restimulated ex
vivo in the presence L.mexicana parasites. ELISA
data shows significantly decreased levels of IL-4
secretion in the neutrophil depleted group, but no
difference in levels of IFNg. A limiting dilution assay
was done on ear cells to estimate parasite
prevalence at the end of 8 weeks. On average,
neutrophil depleted mice were found to have 4
magnitudes of order less parasites compared to
control
Collectively, these results show that an early
transient depletion of neutrophils seems to
significantly change the cellular micro environment
at the site of infection and the nature of the
adaptive immune response in the long term. The
difference in expression and secretion of IL-4 but
unchanged levels of IFNg suggest that neutrophils
somehow favor the development of an unprotective
TH2 response in BALB/c mice. Conversely, the
removal of neutrophils in the early stages of
infection reverses this, so that lesion development,
parasite prevalence, and recruitment of other
immune cells improve.

The Role of Neutrophils in Leishmania mexicana Infection of BALB/c Mice
Peter Gao 1, Benjamin Hurrell 2, Fabienne Tacchini-Cottier 2
2
Immunology Research and Training Center

1 Department of Life Sciences, University of Toronto, Toronto, Canada
WHO Immunology Research and Training Center, Department of Biochemistry,
University of Lausanne, Epalinges, Switzerland

Leishmania mexicana and Neutrophils

Leishmania mexicana in Mice Models

• L. mexicana is a New World Leishmania species

• Neutrophil depletion affects
adaptive immune response and
long term lesion development in
BL/6 mice

L e s io n D e v e lo p m e n t: B A L B /c a n d B L /6

• Causes a disease called Leishmaniasis

6

• Presents non-healing lesions in mammals

Th2

L e s io n s c o r e

B A L B /c

• Life cycle: neutrophils are first cells recruited

C 5 7 B L /6

BALB/c mouse
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Th1

Leishmania promastigote

W e e k s P o s t In fe c t io n

Leishmania spp. life cycle

L. mexicana lesion

Question: What impact do neutrophils have on the immune response of BALB/c mice to Leishmania mexicana infection?

Methods Used

Parasite Injection and Neutrophil Depletion
Neutrophil Depleting Ab: 1A8

Control Ab: RR3-16

Flow Cytometry

Luminol Imaging

• Cell counting technique able to differentiate cells from
homogenate using fluorescent antibodies attached to cellular
markers

• Activated neutrophils release myeloperoxidase (MPO)
• Luminol detects MPO activity in vivo
• 200mg/kg i.p., photon detection for 10 minutes

Ab injections i.p.

Ab injections i.p.

Hypochlorous
acid (HOCl)

MPO

0h

-6h

Cell homogenate
Photon Emmision

Oxidative Burst

106 metacyclic L. mex DSRed ear injection i.d.

36h

Detector

Laser

+ luminol

Neutrophil Recruitment and Infection Rate 24h p.i.

Neutrophils are Rapidly Recruited and Activated
L.mexicana

A)

A)

B)

C)

RR3-16
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A) Neutrophil activity was visualized at the site of
infection through luminol imaging at multiple time
points over three days. (n=6) B) Quantitation of
photon flux. The peak of neutrophil MPO activity
was found to be 6 hours post infection, and is
mostly depleted after thirty hours. Control mice
(red) were injected with PBS.
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Neutrophils affect Recruitment of Other Immune Cells 72h p.i.

1A8

A) Representative flow cytometry data of ear cellularity 24 hours post infection. First gate
indicates neutrophils, and second gate shows cells containing L. mexicana. B) Neutrophils are
recruited to the site of infection after 24 hours, and as expected, almost no neutrophils are found
in mice injected with 1A8 antibody. C) On average, 30% of neutrophils in the ears of RR3-16 mice
were infected with L.mex DsRed. (n=4)

Long Term Lesion Development
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A) Representative flow cytometry data of inflammatory monocyte recruitment to the draining
lymph node and ears 3 days p.i (n=8) B) Quantitation of flow cytometry data, indicating more
recruitment with neutrophil depletion. C) Representative flow cytometry data of monocyte
derived dendritic cells (MoDCs) (n=8) D) Quantitation of flow cytometry data, displaying a similar
trend of increased recruitment in the absence of neutrophils

A) Lesion size of both neutrophil depleted and control groups were measured over eight weeks.
Data shows a better outcome of the lesion with early transient neutrophil depletion. B) Cellularity
data shows that draining lymph nodes of the 1A8 neutrophil depleted group contained less CD4 T
cells expressing IL-4 at the end of 8 weeks. No difference was found between groups for IFNg.
C) Harvested dLN cells were restimulated ex vivo in the presence of L. mexicana parasites for three
days. The results show decreased IL-4 levels in the 1A8 group compared to control, but no
difference in IFNg . D) Parasite Numbers were determined by limiting dilution assay. Neutrophil
depleted mice were found to have much fewer parasites than control. (n=9)

Conclusions
1) Neutrophils are rapidly recruited to
the site of L. mexicana infection,
peaking at 6 hours

2) Neutrophils block the migration of
inflammatory monocytes and MoDCs to
the ear three days post infection

3) Neutrophils negatively affect long term
outcome of the lesion and parasite specific
immune response
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Are GnRH neurons sensitive to lactate concentration variations ?
Cathy Gouelle, Sarah Geller, Luc Pellerin
The reproductive function is under the control of
hypothalamic neurons named GnRH neurons
(Gonadotropin Releasing Hormones). Reproduction
is influenced by energy balance, but the
mechanisms by which it acts on GnRH neurons
have not been fully elucidated. Levels of circulating
metabolites, such as glucose, regulate GnRH
release and may in part mediate the effects of a
negative energy balance on fertility. The group of
Professor Pellerin is interested by another energy
substrate, lactate. Lactate is transported by
Monocarboxylate Transporters (MCTs). Three MCT
isoforms have been described in the central nervous
system: MCT2 present on neurons, MCT4 an
astrocyte-specific transporter and MCT1 described
on astrocytes, endothelial cells and on some
hypothalamic neurons. Some studies suggest that
GnRH neurons are sensitive to lactate concentration
variations. The aim of my study is to determine
which MCT isoforms are expressed by GnRH
neurons and if these neurons are sensitive to
variations of lactate concentration.
In the literature, it has been accepted that GnRH
neurons express MCT2 (Shrestha and Briski, 2015).
Interestingly, some studies suggest that MCT1 is
expressed in some hypothalamic neurons, but its
expression in GnRH neurons is not yet established.
In GnRH-GFP (green fluorescent protein) mice, we
studied the distribution of MCT1 immunoreactivity
in frontal sections of the hypothalamus. After
confocal
analysis,
we
observed
MCT1
immunoreactive (IR) processes and cell bodies
(most likely endothelial cells) in close association
with GnRH-GFP neurons and GFAP-IR glial
processes. Semi-quantitative analysis allowed us to
conclude that 30% of GnRH-GFP cells are MCT1-IR.
Then, we used an in vitro model of GnRH neurons
named GnV3 cells lines. These cells can be
differentiated and made mature depending of the
culture medium composition. Indeed, we could
observe an increase of neuritogenesis after 2 days
and 4 days of differentiation and an increase of
neurite extension after 2 days and 4 days of
maturation. Moreover, by qPCR, we detected an
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increase of the mRNA expression for GnRH and for
the
glucose
transporters
Glut3
(neuronal
transporter) and Glut2 (transporter of glucosensing
cells) during their maturation. All these data
allowed us to validate this in vitro GnRH neuron
model. Then we studied the expression of MCT1
and MCT2 in this model at these different
developmental
stages
by
qPCR
and
immunocytochemistry. Our data showed that MCT1
mRNA expression is higher in differentiated cells.
However MCT2 mRNA expression increases during
neuronal maturation. An immunocytochemistry
study showed MCT1 and MCT2 immunoreactivity in
GnRH neurons but also an increase of the intensity
of these labeling during neuronal maturation.
Subsequently, we studied the impact of different
lactate concentrations on GnRH neuron activity (cfos expression) and on GnRH and MCT2 expression.
GnV3 differentiated cells and GnV3 mature cells
were treated with 3 concentrations of lactate (5
mM, 10 mM and 20 mM) during 30min or 4hours.
qPCR analyses have revealed an increase of c-fos
and MCT2 expression in differentiated cells and
mature cells after 30min of lactate stimulation at
10mM and 20mM. We have also detect an increase
of GnRH expression in differentiated cells and
mature cells after incubation with 20 mM Lactate
during 4h.
To conclude, our study has shown i) that GnRH
neurons express the lactate transporters MCT2 in
vitro and MCT1 in vivo and in vitro and ii) a
stimulating effect of lactate on cfos and GnRH
expression. All these data suggest a sensitivity of
these neurons to changes in lactate concentration
which can be mediated by MCT1 and/or MCT2.
However, we need to study the effect of lactate on
electrical activity (by patch clamp methods) and
pulsatile activity (by calcium imaging and
measurement of GnRH secretion) of GnRH neurons
to further characterize the mechanisms involved.

Are GnRH neurons sensitive to lactate concentration variations ?
Cathy Gouelle1, Sarah Geller2, Luc Pellerin2
(1) University of Rouen (2) Physiology Department, UNIL

Background
The reproductive function is under the control of hypothalamic neurons named GnRH neurons (Gonadotropin Releasing
Hormones). Reproduction is influenced by energy balance, but how it might alter the fonction of GnRH neurons has not
been fully elucidated. Levels of circulating metabolites, such as glucose, regulate GnRH release and may in part mediate the
effects of negative energy balance on fertility. The group of Professor Pellerin is interested by another important energy
substrate, lactate. Lactate is transported by the MCTs (Monocarboxylate Transporters). Three MCT isoforms have been
described in the central nervous system : MCT2 (present on neurons), MCT4 (an astrocyte-specific transporter) and MCT1
(described on astrocytes, on endothelial cells and on some types of hypothalamic neurons). Some studies suggest that GnRH
neurons are sensitive to lactate concentration variations. The aim of my study is to determine which MCTs are expressed by
GnRH neurons and if these neurons are sensitive to variations of lactate concentration.

1. MCT1 immunoreactivity in GnRH-GFP mice
GnRH-GFP MCT1B)GFAP Hoechst
B)

A)
A)

100 µm

40 µm
40 µm

100 µm

Microphotographs showing an immunolabelling of MCT1 (red) and GFAP (Glial Fibrillary Acid Protein labelling astrocytes in white) on sections of GnRH-GFP mice (labelling of GnRH-GFP cells in green) . (A) Immunofluorescence showing
MCT1 positive processes and cell bodies. Some cells, most likely endothelial cells, are in close association with GnRH-GFP neurons and GFAP+ glial processes. In the right panels, an orthogonal projection showing a GnRH cell body labelled for
MCT1. (B) Microphotographs showing MCT1 immunolabeling distribution in the preoptic area. Arrows show GnRH-GFP cell bodies labeled for MCT1; Arrowhead shows a GnRH-GFP cell body negative for MCT1.

2. A model of differentiation and maturation of GnRH neurons in vitro : The GnV3 cell line
A)

B)

Proliferation

Differentiated cells (2 days and 4 days)

Mature cells (MCA at 2 days and 4 days)

(+ DOX)

(- DOX)

(- DOX, + CELL CONDITIONED MEDIA)

Differentiated cells at 2 days

Proliferation

Differentiated cells at 4 days

C)

Glut2

GnRH

Mature cells at 4 days

Mature cells at 2 days

Glut3

(A) Schematic representation of
the two lentiviral constructs used
to infect adult hypothalamic
neurons of rat. In the first vector,
the 2-kb rat GnRH promoter is
cloned in front of the tetracycline
trans-activator. In presence of
doxycycline (DOX), tetracycline
binds on the tetracycline-responsive element (TRE) of the second vector. In the second vector the TRE is cloned in front of v-myc (which allows cellular proliferation) followed by the minigene encoding resistance to puromycin. IRES, Internal
ribosome entry site. (B) DIC (differential interference contrast) microphotographs showing morphology of GnV3 cells at different stages of development (X10 and X40 objectives). We observed an increase of neuritogenesis, after 2 days and 4
days of differentiation, and an increase of neurite extension after 2 days and 4 days of maturation. (C) Histograms showing the variation of expression of GnRH and glucose transporters Glut3 (neuronal transporter) and Glut2 (transporter of
glucosensing cells) in GnV3 cells at different stage of development (n=3, statistical analysis was performed using ANOVA and Sidak’s multiple comparison test, different letters correspond at significative differences).

3. MCT1 and MCT2 expression in cultured GnRH neurons at different development stages
MCT1

proliferation

B)

(A) Histograms showing the variation
of MCT1 and MCT2 mRNA expression
in GnRH neurons at different stages of
development.
These
data
suggest that MCT1 expression is
highest in differentiated cells.
However MCT2 expression increases
during neuronal maturation (n=3,
statistical analysis was performed
using ANOVA and Sidak’s multiple
comparison test, different letters
correspond
at
significative
differences). (B) Microphotographs
showing immunolabeling of MCT1 and
MCT2 in GnRH neurons at different
developmental stages. We observed
an increase of the intensity of MCT1
and MCT2 immunolabelling during
neuronal maturation (n=2).
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4. Impact of different lactate concentrations and exposure times on GnRH neurons activity (c-fos expression) and on GnRH expression
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Histograms showing the effect of 30
minutes and 4 hours of lactate
stimulation (at 5 mM, 10 mM and 20
mM) on the expression of c-fos, GnRH,
and MCT2 in GnV3 differentiated cells
(A) or GnV3 mature cells (B). We can
observe after 30min of lactate
stimulation (10mM and 20mM) an
increase of c-fos and MCT2 expression
in differentiated cells and mature cells.
We also detect an increase of GnRH
expression in differentiated cells
(significant increase) and mature cells
(tendency) after stimulation with 20
mM of Lactate during 4 hours (n=3,
statistical analysis was performed using
ANOVA
and
Sidak’s
multiple
comparison test, different letters
correspond at significative differences).

Conclusions
Our study shows that GnRH neurons express MCT2 in vitro and also MCT1 in vivo and in vitro. Lactate stimulation (during 4 hours at 20 mM) causes an increase of GnRH expression
(significant in differentiated cells and a tendancy in mature cells). These preliminary results suggest that GnRH neurons can respond to lactate. However we need to study the effect
of lactate on electrical activity (by patch clamp methods) and pulsatile activity (by calcium imaging and dosage of GnRH secretion) of GnRH neurons to further characterize the
mechanisms involved.
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Mapping Impulsivity in the brain
Daniela Guillen, Sandra Martin, Borja Rodriguez, Renaud Marquis,
Bogdan Draganski
Aim and background
Impulsivity is defined as behavior without adequate
thought. More precisely, impulsivity is the tendency
to act with less forethought than do most
individuals of equal ability and knowledge,
characterized by unplanned reactions to internal or
external stimuli without regard to the consequences
of these actions. Current studies provide strong
evidence for the involvement of striatum and prefrontal cortex in impulsivity traits in healthy
individuals.
Main aim of this study is to investigate the impact
of impulsivity traits on reward-induced risk-taking
behavior in healthy individuals. The secondary goal
is to find the brain anatomy correlates of
impulsivity and risk-taking behavior using magnetic
resonance imaging (MRI) data. We hypothesize a
differential involvement of motivational (limbic) and
executive (motor) circuits in regulation of risktaking and impulsive behavior.

	
  

Materials and methods
We acquired behavioral and neuroimaging data in
21 healthy volunteers (age range 19-32y; 14
females). The behavioral test battery consisted of a
standardized impulsivity questionnaire (Barrat
Impulsiveness scale) and an in-house developed
monetary incentive-driven anticipatory cue task
(traffic light task). Based on the ecological stimulus
of traffic lights, subjects were rewarded according
to the speed of their reaction time pressing a
button after appearance of the green light.
Anticipatory
responses
were
considered
if
distributed 200msec before (punished by retraction
of monetary gain) or after (rewarded with high
monetary gain) the onset of the green light.
Responses surpassing the threshold of 200msec
were considered as conventional non-anticipatory
trials.
We acquired quantitative maps of MRI parameters
that are indicative for brain tissue properties (R1
(R1=1/T1), R2* and PD) – myelin, iron and brain
tissue water, additionally to estimates of grey
matter volume. The whole-brain estimates of brain
tissue properties and grey matter volume entered a
regression analysis with the subject-specific

32

SUR 2015

behavioral scores and demographic data (age,
gender). We applied mass-univariate statistical
analysis using the General Linear Model in the
framework of the brain imaging analysis software
Statistical Parametric Mapping (SPM12). We
present uncorrected for multiple comparisons
results and interpret these as statistical trends.

	
  

Results
In our study we observed the expected bimodal
distribution of reward-related responses divided in
risk-associated
anticipatory
trials
and
nonanticipatory low-risk trials. There was no correlation
between our assessment of risk-taking behavior
(ratio between subject-specific anticipatory vs. nonanticipatory trials) and the impulsivity score (Barrat
scale). We demonstrate significant negative
correlation between the volume of striatum and
thalamus and inter-individual variance in risktaking behavior. Additionally, we report negative
correlation between the proness to anticipation and
myelin/iron content in the motor system – the
motor cortex and corresponding cortico-spinal tract
bilaterally.

	
  

Conclusions
Our findings involving correlation between risktaking behavior and clearly defined structures of
both limbic and motor system of the brain provide
new insights in the morphological underpinnings of
reward-associated behavior in humans.
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Role of Oxidative Stress in MEMO Conditional-Knockout Mice
Daniel Harwood, Matthias B. Moor, Olivier Bonny

Background:
MEMO is an enzyme found in mice that is involved
in cell motility and reduction-oxidation pathways
[McDonald G, Sci Signaling, 2014]. It was
discovered in an oncology lab that was researching
which genes are activated during metastasis. Not
much is known regarding the exact function of
MEMO, but it has been shown to be active in the
Fibroblast Growth Factor signaling pathway in vitro
[Haenzi B, FASEB J, 2014] and in vivo [Bonny lab,
unpublished]. When MEMO is conditionally deleted
in mice, the p-38 signaling pathway is activated
[Bonny lab, unpublished], which is a sign of
oxidative stress. Furthermore, the mice display
hypercalcemia, accelerated aging and death, weight
loss, smaller size, and a heightened insulin
sensitivity [Haenzi B, FASEB J, 2014]. This
phenotype may be caused, in whole or in part, by
the oxidative stress that results from absent MEMO.
The aim of this project was to test this hypothesis
by performing a phenotype rescue experiment of
these mice by treating them with 1% N-acetylcysteine, an anti-oxidant.
Methods:
The test group included 27 conditional MEMO KO
mice and 25 littermate wild-type mice (WT). Memo
deletion in conditional Knockout mice (cKO) can be
induced with Tamoxifen injections in mice that are
transgenic for both loxP sites and Cre. The
Tamoxifen activates a fusion protein of a modified
estrogen receptor with a Cre recombinase (CreER)
which enters the nucleus and excises exon 2 of the
MEMO1 gene, which is flanked by loxP sites [Haenzi
B, FASEB J, 2014]. The 27 cKO and the WT mice
received 3 Tamoxifen injections. Both groups were
then randomized for N-acetyl-cysteine treatment or
vehicle, creating 4 experimental groups: WT
vehicles, WT treatment, cKO vehicles, and cKO
treatment. The treatment was administered via 1%
N-acetyl-cysteine drinking water, and the vehicle
groups received tap water.
The disease-free survival of the mice was monitored
until the age of 9 weeks, and the weights of the
mice were monitored for the last 5 weeks
(beginning with the week of Tamoxifen injections).
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The following symptoms were defined as onset of
phenotype or disease requiring euthanasia: loss of
>15% body weight compared to control/wildtype animals on the same experimental conditions,
loss of >10% body weight on 2 consecutive days,
visible trouble eating or moving; inactivity, finding
the animal dead. Additionally, tissue and organ
samples were taken from mice for genotyping and
to determine the presence or absence of oxidative
stress.
Results:
At the age of 9 weeks, all but 3 cKO mice had died,
with no significant difference in the survival rates of
cKO vehicles and cKO treatment mice. In addition,
it was determined through Western Blotting of
protein
extracted
from
liver samples
that
Phosphorylated-p38 (P-p38) was present at
approximately equal levels in the livers of cKO mice
of vehicle and treatment group. Likewise, there was
no decrease in P-p38 in the livers of the WT mice
that were on 1% N-acetyl-cysteine treatment
compared to the WT mice that were not receiving
treatment.
Discussion:
Based on the results of this survival study, we can
conclude that treatment with 1% N-acetyl-cysteine
has no effect on the survival of MEMO cKO mice
and fails to rescue them from the observed
phenotype. The presence of P-p38 in the livers of
the cKO treatment mice suggests oxidative stress in
these mice, illustrating that the anti-oxidant
treatment failed to rescue these mice from the
oxidative stress caused by the absence of MEMO.
However, the level of oxidative stress by P-38 in
the livers of littermate control mice was also
unchanged by treatment with 1% N-acetylcysteine. A higher dose of N-acetyl-cysteine could
be tested in a future experiment. A goal of further
experiments would be to learn more about the
specific role of MEMO in oxidative pathways inside
cells. This could be achieved through mechanistic
studies performed in primary culture of cells taken
from the mouse model used for this experiment.

Role of Oxidative Stress in MEMO Conditional-Knockout
Mice
Daniel Harwood1, Matthias B. Moor2, Olivier Bonny2,3
1Brown

University, Rhode Island, USA

2Department of Pharmacology and Toxicology, University of Lausanne
3Service

of Nephrology, Lausanne University Hospital

1. Introduction
In cell culture, MEMO has
been shown to play a role in
reduction-oxidation pathways [McDonald G., Sci
Signaling, 2014]. Loss of
MEMO in conditional-KO
mice leads to activation of
the p38 pathway [Fig 1],
which is a sign of oxidative
stress.

cKO

WT
P-p38

- 43 kDa

p38

- 43 kDa
- 43 kDa

actin

Fig. 1
Liver p38 MAPK
phosphorylation
(Bonny lab, unpublished)

These conditional-KO (cKO) mice also
exhibit an unusual phenotype, including
issues with calcium balance (high
calcium levels), accelerated ageing,
smaller size, weight loss, and increased
sensitivity to insulin. This phenotype may Fig. 2
be caused, in whole or in part, by the
WT and KO MEMO Mice
aforementioned oxidative stress.
(Haenzi B, FASEB J,
2014)

2. Hypothesis
Treatment with an anti-oxidative agent may rescue MEMO
conditional-KO from this unusual phenotype.

3. Aims
1. Perform survival study of MEMO conditional-KOs with and
without anti-oxidant treatment.
2. Dissect and analyze these mice for signs of oxidative stress.

4. Methods

Fig. 3
1% N-acetyl-cysteine (1%Nac) water was used as antioxidant treatment.
Tamoxifen injections were administered to induce conditional knockout
status. Cre was amplified using PCR for genotyping wild-type and cKO
mice. Phosphorylated-p38 (P-p38) and total (p38) antibody was used to
identify oxidative stress in the liver, while actin served as loading control.

Weaning mice at
age 3 weeks,
randomization and
treatment starts

3 intraperitoneal
injections of
Tamoxifen at 3.5
weeks

Survival study/organ
collection (for qPCR,
Western Blot)

5. Results
Vehicle

P-p38

p38
actin

Fig. 6
Genotyping results
from tails of mice
used in Western Blot
in Fig. 4. Cre =
lower band

- 43 kDa

- 43 kDa

250

- 43 kDa

Fig. 4
p38 phosphorylation in liver of MEMO cKOs
Western Blot of cKO treatment, control treatment, cKO vehicle, and
control vehicle mice to determine p38 phosphorylation in liver.
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Fig. 5
Disease-free survival of MEMO cKO mice. Initial n of cKO mice at
risk: 10 vehicle, 16 Nac 1%. p=0.1868 (Log Rank Mantel-Cox test)

6. Conclusions/Perspectives
• No significant difference between the survival rates of
MEMO cKO vehicles and MEMO cKO mice on anti-oxidant
treatment.
• Replication of previously observed increase in p38
phosphorylation in cKO mice, but no effect of 1%Nac
treatment on p38 phosphorylation.

Fig. 7
Weight of female and male
mice by week
Top: females
Bottom: males
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• Possible Future Experiments:
• Assess redox status in cKO mice with different
experimental setting.
• Perform mechanistic studies in primary culture of cells
from these mice to determine the specific role of
MEMO in oxidative pathways.
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YY males are viable in Mercurialis annua
Yi Huang, Guillaume Cossard, Paris Veltsos, John Pannell

YY individuals are inviable in most animals
and many plants because Y chromosomes
degenerate as they age. But what about
species where the sex chromosomes are not
differentiated?
We investigate the fitness consequences of
lacking a X chromosome in the dioecious
plant
Mercurialis
annua
by
crossing
hormonally feminised XY individuals with
their brothers.
The sex ratio of the offspring (201 males to
75 females) is not significantly different to
the expected ratio 75:25 ratio if YY progeny
were viable. In addition, no phenotypic
differences in leaf morphology could be
detected between the sexes.
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The results suggest minimal Y degeneration
in M. annua. Phenotypic measures have
been taken from all the plants and include
height, branch length, flower health, leaf
health
and
dry
biomass
of
flowers,
peduncles and above ground vegetative
body .
Future
work
will
involve
designing
a
molecular assay to distinguish the YY from
XY males to allow investigation of potential
subtle
phenotypic
differences
between
them, which would be compatible with early
Y degeneration.
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• Has#the#Y#degenerated?#
• Are#YY#males#viable?#

Two"interesting"questions

IllustraIon#of#sex#chromosome#recombinaIon#suppression#
and#degeneraIon#with#the#passing#of#evoluIonary#Ime.

Comparison#of#chromosomes#of#M."
annua"(le_)#and#Silene"la+folia"(right)

No#morphological#
diﬀerence#between#X#&#Y.#

Y"chromosome:"probably"young"

In#many#animals#with#an#XY#sex#
determinaIon#system,#YY#individuals#are#
inviable#because#of#Y#chromosome#
degeneraIon.

"

As#in#mammals,#males#are#XY#and#females#
are#XX."

M.*annua:"a"dioecious"plant"with"an"XY"
sex"determina@on"system
Dioecy:#separate#males#and#females.#

Introduc@on

XY

XY

NOTE

XY

XY

Methods

209
183

E1
E2

Are#they#YY?#

No#signiﬁcant##
diﬀerence#
between#males#
and#females.#

E2:#If#YY#are#not#viable,#the#progeny#
would#be#66%#male(XY)#and#34%#female.
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ChiHsquare"test"of"oﬀspring"sex"ra@o
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Female pbvalue

#####################The#following#traits#
were#phenotyped#to#compare#
the#ﬁtness#of#XY#and#XX#males.#

YY"

The#expected#male#oﬀspring## A#qPCR#assay#can#
raIo,#if#the#YY#individuals#are# idenIfy#YY#
individuals.#
#viable,#is#75%.#

Results"&"Discussion
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E1:#If#YY#individuals#are#viable,#the#
progeny#would#be#75%#male#(50%XY
+25%YY)#and#25%#female.#
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Males#were#feminised#by#applicaIon#
of#a#hormone#and#were#crossed#with#
their#brothers.#
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Future"work
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chromosomes.#
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Deletion of a Candida albicans gene using the CRISPR/Cas9 system
Mihaela Roxana Huhu, Sara Amorim-Vaz, Dominique Sanglard
Introduction
Candida albicans is usually a human commensal
fungus residing on the skin and mucosae of the
healthy individuals and it occupies a wide range of
niches within a host (epidermis, gastrointestinal
tract, genital tract). However, it can also act like an
opportunistic pathogen. The transition between
colonization and infection is triggered by several
factors such as the use of broad spectrum
antibiotics or immunosuppression. Even though the
majority of the Candida infections are mild and
superficial, they can also cause life-threatening
systemic infections. Candida are the fourth most
common
cause
of
nosocomial
bloodstream
infections, being fatal in 50% of the cases, despite
available antifungal treatments. Therefore, better
treatments are needed. The Sanglard lab worked
with in vivo (mice and insect) models of C. albicans
infection. This made possible the analysis by
transcriptomic studies of the genes that were up- or
down-regulated in vivo compared to in vitro. Ten
percent of these genes are still uncharacterized.
The orf19.7455 was the most up-regulated gene in
vivo compared to in vitro (2000-fold) which brings
up the hypothesis that it might play an important
role for the in vivo survival and pathogenicity of the
fungus. Its discovery could lead to the development
of new targets for novel treatments against invasive
infections with C. albicans.
Aim
The aim of the project is to create a mutant by
deletion of the orf19.7455 and characterize its
phenotype, technique called reverse genetics.
Material and methods
In order to create the mutant, we used the
CRISPR/Cas9 system. This system consists of a
nuclease (Cas9) which is directed to the gene of
interest by a 20 bp guide RNA (sgRNA)
complementary to this gene. The nuclease then
cleaves the DNA at the NGG sequence (the
protospacer adjacent motif or PAM). A plasmid
containing the Cas9 enzyme and the sgRNA for
orf19.7455 was co-transformed into wild type C.
albicans along with a repair template. The repair
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template recombines with the extremities of the
ORF, resulting in the deletion of the gene and
eliminating the PAM sequence. The SAT1 gene,
conferring resistance to nourseothricin, was used as
a selective marker. As an alternative plan, we used
the SAT1-flipper technique, one of the classical
methods for Candida albicans genetic engineering.
Results and discussion
Comparing the two techniques, the CRISPR/Cas 9
technique has more advantages overall. It is a new
technique and has only recently been adapted for
C. albicans. The SAT1 flipper deletes only one allele
at a time while the CRISPR/Cas9 hits both alleles at
the same time. Thus, CRISPR/Cas9 is faster,
requiring only one transformation. As C. albicans is
diploid, lacks meiosis and has no plasmid system,
genetic manipulation of the fungus represents a
challenge. The implementation of the CRISPR/Cas 9
system for C. albicans represents an important
asset. It has been used only for point mutations in
C. albicans.
In order to further develop the
technique, we attempted to delete an entire open
reading frame. For now, we have obtained a
heterozygous mutant orf.7455/ORF19.7455 with
the SAT1-flipper technique. We did not obtain the
mutant with the CRISPR/Cas9. It may be a matter
of adjusting the plasmid: repair template
proportions.
Future perspectives
Further investigation of the phenotype will be
performed in vitro (tests for filamentation, growth
under different conditions: pH, nutrients,
temperature) as well as in vivo (on mice and insect
models – Galleria mellonela). Considering the fact
that it is the most up-regulated gene in vivo
compared to in vitro, the discovery of its role could
lead to the discovery of new targets for novel
treatments against invasive infections with C.
albicans.

Deletion of a Candida albicans gene
using the CRISPR/Cas9 system
Mihaela Roxana Huhu1, Sara Amorim-Vaz2, Dominique Sanglard2
1Carol

Davila University of Medicine and Pharmacy, Bucharest, Romania
of Microbiology, University of Lausanne and University Hospital Center, Lausanne, Switzerland

2Institute

1. Background
•  Candida albicans is an usual human commensal but can
also act like an opportunistic pathogen.
•  It  is  the  fourth most common cause of nosocomial
bloodstream infection (50% fatal despite the available
antifungal treatments) better treatments are needed

3. Materials and methods
•  We  used  the  CRISPR/Cas9 system. It consists of
– a nuclease (Cas9)
– a 20 bp guide RNA (sgRNA) which directs the nuclease
to the target gene, being complementary to it.
the nuclease will cleave the DNA at the NGG sequence
(the protospacer adjacent motif or PAM)

•  Sanglard lab worked with in vivo (mice and insectsGalleria mellonella) models of C. albicans infection
analyzing its genome by transcriptomic studies.
•  The  genes  that  were  up-regulated in vivo compared to
in vitro were analyzed 10% still uncharacterized genes Orf19.7455 = the most (2000-fold) up-regulated gene in
vivo relative to in vitro
Does it play an important role for the in vivo survival
and pathogenicity of the fungus?

Potential new targets for novel treatments against
invasive infections with C. albicans.

2. Aim
Create an orf19.7455 mutant and characterize its
phenotype.

4. Results and discussion
• SAT1 flipper – deletes one allele at a time
• CRISPR/ Cas9
– new technique, recently adapted for C. albicans
– deletes both alleles at the same time
– it has been used only for point mutations in C.
albicans;
In order to further develop it, we are trying to delete an
open reading frame.
•  We have obtained a heterozygous mutant
orf19.7455/ORF19.7455 with the SAT1-flipper
•  We have not obtained the mutant with the
CRISPR/Cas9 yet. It may be a matter of plasmid: repair
template proportions.
•  In spite of several trials to adjust the proportions we
did not obtain the mutant.
hypothesis: orf19.7455 might be an essential gene

Picture 1. Adapted from: https://www.thebestgene.com/CRISPRInfoPage.do
We co-transformed pSV11 (containing the Cas9, the sgRNA and the repair templates) into
wild-type C.albicans. The repair templates are mutant for the PAM sequence, contain the
flanking regions of the ORF, and recombine with the extremities of the ORF, deleting the
gene.

•  As  an  alternative  plan,  we  used  the  SAT1-flipper
technique, one of the classical methods for C. albicans
genetic engineering.

5. Future perspectives
•    Optimize the CRISPR/Cas9 technique by adjusting the
proportions plasmid:repaire templates)
•    Further investigation of the phenotype will be
performed
- in vitro: tests for filamentation, growth under different
conditions (pH, nutrients, temperature)
- in vivo: on mice and insect models – Galleria mellonela

6. References
1. Amorim-Vaz S, Delarze E, Ischer F, Dominique S, Coste AT. Examining the virulence of Candida albicans transcription factor mutants
usingGalleria mellonella and mouse infection models. Front Microbiol. 2015; 6: 367
2. Vyas VK, Barrasa MI, Fink GR. A Candida albicans CRISPR system permits genetic engineering of essential genes and gene families.
Sci Adv. 2015;1(3): e1500248
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Localisation of NMDA receptors in RGL stem cells of the adult hippocampal
neurogenic niche
Pablo Iruzubieta, Florian Pernin, Jonathan Moss, Nicolas Toni
Adult neurogenesis is the birth of new neurons in
the adult brain. Until 1965, it was believed that no
new neurons were born in the mammalian adult
brain, but then Altman and Das found neurogenesis
in adult mice. In 1998, Eriksson et al. described the
same process in human post-mortem tissue,
confirming that adult neurogenesis could occur in
adult humans. Adult neurogenesis primarily occurs
in two specific brain regions: the subventricular
zone (SVZ), which provides new neurons to the
olfactory bulb and the subgranular zone (SGZ) of
the hippocampal dentate gyrus. The stem cells in
the dentate gyrus are the radial glia-like (RGL)
stem cells, which generate newborn granule
neurons that integrate into the hippocampal
network (Toni et al. 2007, 2008). Neurogenesis in
the SGZ plays an important role in functions such
as
memory
and
learning,
and
some
neurodegenerative diseases or neuronal disorders
such as depression.
RGL stem cells physically contact all the
components of the neurogenic niche (its local
environment),
through
thin
processes.
The
neurogenic niche is also composed of mature
granule neurons, blood vessels, glial cells and
interneurons. Axonal inputs to this region form
synapses with dendrites of granule neurons or
interneurons. Most of these axon terminals release
glutamate
and
putatively
glutamatergic
(asymmetrical) synapses have been shown to be
wrapped by the fine processes of RGL stem cells
(Moss et al., submitted).
Although no glutamatergic synapses are made with
RGL stem cells in the dentate gyrus, glutamate is
regularly spilled over from synapses and RGL stem
cell processes are in a position to detect this
spillover, Functional ionotropic glutamate NMDA
receptors (NMDAR) have been detected in RGL
stem cells (personal communication) and levels of
adult neurogenesis are decreased by their
activation or increased by NMDAR antagonists
(Cameron et al. 1995). The aim of this project was
to establish the localisation of NR1 (the
fundamental subunit of the NMDAR) in the inner
molecular layer of the dentate gyrus, especially in
the processes of the RGL stem cell.
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To do this, we used a transgenic Nestin-green
fluorescent protein (GFP) mouse model. Nestin is a
filament protein characteristic of RGL stem cells and
the expression GFP in allowed us to visualise the
stem cells. We performed two different types of
immunolabelling: immunogold labelling with an
anti-NR1 antibody and immunoperoxidase labelling
with an anti-GFP antibody to label the RGL stem
cells. We were then able to study the colocalisation
of both sets of labelling at the light microscopy (LM)
and electron microscopy (EM) levels. Stem cell
processes were 3D-reconsctructed from serial EM
sections and subsequently analysed using Fiji
ImageJ software.
NR1 immunogold labelling was predominantly found
in structures known to contain NMDAR, suggesting
the specificity of the antibody. Structures in the
inner molecular layer of the dentate gyrus were 3D
reconstructed and a quantification of the NR1
immunogold labelling was performed, showing
different densities of gold labelling in different
structures. High levels were seen in endothelial
cells and dendrites, meanwhile lower levels were
seen in RGL stem cell processes and pericytes (a
blood vessel-associated cell type). Notably, NR1
immunogold labelling was seen in the perisynaptic
processes of the RGL stem cell. This finding could
explain the glutamatergic responses described in
the RGL stem cells, if glutamate is spilled over from
these particular synapses.
However, more RGL stem cells will be analysed to
establish if this is the case and further experiments
will be performed in order to confirm these results.

Localisation of NMDA receptors in RGL stem cells of the adult hippocampal neurogenic niche
Pablo Iruzubieta1,2, Florian Pernin2, Jonathan Moss2 and Nicolas Toni2
1
University of Zaragoza, Zaragoza, Spain
Department of Fundamental Neurosciences, University of Lausanne, Switzerland

2

MATERIALS AND METHODS

INTRODUCTION
Adult neurogenesis is the birth of new neurons in the adult brain. It primarily occurs in two specific brain regions:
the subventricular zone (SVZ), which provides new neurons to the olfactory bulb and the subgranular zone (SGZ)
of the hippocampal dentate gyrus. The stem cells in the dentate gyrus are the radial glia-like (RGL) stem cells, which
generate newborn granule neurons that integrate into the hippocampal network (see Fig.1, Toni et al. 2007, 2008).
Neurogenesis in the SGZ plays an important role in functions such as memory and learning, and some neurodegenerative diseases or neuronal disorders such as depression.

Nestin-GFP transgenic mouse

Electron microscopy/image capture

Electron microscopy (EM) processing

Although no glutamatergic synapses are made with RGL stem cells in the dentate gyrus, glutamate is regularly spilled
over from synapses and RGL stem cell processes are in a position to detect this spillover, Functional ionotropic glutamate NMDA receptors (NMDAR) have been detected in RGL stem cells (personal communication) and levels of adult
neurogenesis are decreased by their activation or increased by NMDAR antagonists (Cameron et al. 1995). The aim of
this project was to establish the localisation of NR1 (the fundamental subunit of the NMDAR) in the inner molecular
layer of the dentate gyrus, especially in the processes of the RGL stem cell.

METHODS DETAIL
Nestin is a filament protein characteristic of stem cells and their
expression of GFP allowed us to
visualise them with immunoperoxidase. The anti-NR1 immunogold antibodies only penetrated
into the first 15 μm of the 50 μm
section, and this was confirmed
by the density of gold labelling
in the tissue. The deeper into the
serial section, the less gold particles there were in each structure
(see Fig. 3). The image processing and analysis was performed
using Fiji ImageJ software.

Fig. 2.

Schematic representation of an RGL stem cell and
its interactions with the local neuronal, vascular
and glial components of the adult hippocampal
neurogenic niche.
1: hourglass-shaped RGL stem cell body (blue) between two mature granule cells (green).
2: RGL stem cell body (blue) in the SGZ.
3: RGL stem cell primary process (blue) with mitochondria (black) branching through the granule
cell layer (GCL).
4: RGL stem cell processes (blue) competing with
an astrocyte process (yellow) for the wrapping of
an inner molecular layer (ML) blood vessel (red).
5 and 6: RGL stem cell processes (blue) wrapping
asymmetrical synapses composed of the axon terminal (red), with synaptic vesicles (yellow), and the
granule cell dendritic spine (green).

Anti-NR1 immunogold

Anti-GFP immunoperoxidase

NMDAR and RGL stem cell labelled

RGL stem cells physically contact all the components of the neurogenic niche (its local environment), through thin
processes (see Fig.2) . The neurogenic niche is also composed of mature granule neurons, blood vessels, glial cells and
interneurons. Axonal inputs to this region form synapses with dendrites of granule neurons or interneurons. Most of
these axon terminals release glutamate and putatively glutamatergic (asymmetrical) synapses have been shown to be
wrapped by the fine processes of RGL stem cells (Moss et al., submitted).

Fig 1.Adult neurogenesis from RGL stem cells generates mature granule cells in the hippocampus

Fixation and cut (50 μm)

NMDAR labelled

3D reconstruction

Fig. 3.

Gold particles in each structure per 70 nm serial EM section. The endothelial cells (pink, positive control) contained many gold particles as expected, but these
numbers decreased particularly after 20 serial sections and drastically after 50 serial sections, after which analysis of other structures ceased. The negative control,
the lumen of the blood vessel (red), which should not be labelled, contained no gold particles in any of the 50 serial sections. The processes of the RGL stem cell
(blue) contained low levels of gold particles in all serial sections as did the blood vessel-associated pericyte (orange).

RESULTS
OVERVIEW OF RESULTS
Higher levels of NR1 immunogold were
seen in the inner molecular layer (Fig.
4). Double labelling was performed and
a candidate RGL stem cell selected (Fig.
5). Serial sections were analysed in the
electron microscope (Figs. 6, 7 and 9)
showing immunogold labelling in endothelial cells, dendrites, pericytes and
RGL stem cell processes (Figs. 7, 9 and
10). 3D reconstructions of the serial sections showed a complex morphology of
the RGL stem cell processes and allowed
us to calculate their volumes (Fig. 8).
Analysis was performed to evaluate the
density and distribution of immunogold
labelling. Higher levels were found in
endothelial cells and lower levels in pericytes and stem cell processes (Fig. 10).
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Fig. 4.

B

A) NR1 single labelling in
the dentate gyrus. A darker
band of labelling is seen in
the inner molecular layer.

C

h
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4

Fig. 6.
Correlation between light microscope and electron microscope images.
A) Tissue block-face image of the
selected candidate RGL stem cell.
B) Electron microscope image of 70
nm serial sections. Arrows point the
blood vessel in the inner molecular
layer and the RGL stem cell body. C)
Magnification of 5C showing detail
of the blood vessel. D) Correlative
image at the electron microscope
level (see Fig. 7 for serial sections).

Light microscope images of NR1 immunogold and RGL stem cell immunoperoxidase double labelling. A) Low magnification overview of one hemisphere
of the mouse brain. B) Magnification of
5A showing the dentate gyrus. C) Magnification of 5B showing the candidate
RGL stem cell and its processes in the inner molecular layer.
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Fig. 5.
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h, hilus; GCL, granule cell
layer; IML, inner molecular layer; MML, middle
molecular layer.
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B) Magnification of image 4A. The different parts
of the dentate gyrus are
shown in more detail.
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Fig. 7.

Serial sections (140 nm apart) of the blood vessel in the inner molecular layer wrapped by RGL stem cell processes. Gold particles (black arrowheads in 5) can be seen in endothelial cells (pink), pericytes (orange), extrasynaptic location on dendrites (d) and RGL stem cell processes (blue, see also Fig. 9). Tracing the different structures in the inner molecular layer with different colours allowed us to create 3D reconstructions (see Fig. 9) and calculate (using Fiji ImageJ software)
their volumes and hence their density of immunogold labelling. Higher levels were found in endothelial cells and dendrites than in pericytes and RGL stem cell processes (see Fig. 10). Other structures coloured: green, basal lamina of the blood vessel; yellow, astrocytic process.

A

B

3
7

5 1

5

E

D

F

4
4

2

Charts showing the total amount and density of immunogold labelling in each structure.
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CONCLUSIONS
•
•
•

3D reconstruction from serial EM sections of the
stem cell processes wrapping the blood vessel and
extending into the moleuclar layer. Reconstruction
allowed us to measure volumes for analysis. A) Light
microscope image of the processes and blood vessel.
B) Corresponding 3D reconstruction (RGL processes
in blue and blood vessel in red, bv). C-F) The different
processes are split to better distinguish its morphology. The different views of the same structure from
different perspectives show the complexity of RGL
stem cell processes and its contacts with the blood
vessel and the extension into the molecular layer.
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NR1 immunogold labelling was able to label
structures known to contain NMDA receptors.
High levels of labelling were seen in endothelial
cells and dendrites.
Lower levels were seen in pericytes and RGL
stem cell processes.

•
•
•

B

A) Total amount of gold per structure. Higher levels of gold particles were found in endothelial cells.
Lower levels were found in RGL stem cell processes
and in pericytes. No gold particles were found on
the lumen of the blood vessel.

Fig. 9.
Electron microscope serial section images (70 nm apart) of an asymmetrical
(likely glutamatergic) synapse wrapped
by RGL stem cell processes with NR1
immunolabelling. a: axon; s: dendritic
spine; black arrowhead: gold labelling; p:
RGL stem cell processes.

B) Gold denstity per structure. Volumes were calculated using 3D reconstructions (see Fig. 8). Dividing the total number of gold particles (see Fig.
10A) by the volume of each structure, the gold density per μm3 was calculated. The highest density was
found in endothelial cells meanwhile RGL stem cell
processes and pericytes showed lower levels. This
analysis suggests that NR1 is present in the endothelial cell (at high levels), pericytes, and RGL stem
cell processes (at lower levels).
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Characterizing the vascular morphology of the wound mimic fou2
Matthew Johnston, Aurore Lenglet, Ted Farmer

Plants are shaped by their interaction with animals,
investing heavily in defences when under attack.
This leads to many changes, including the
production of noxious compounds, signalling to
predators of the feeding herbivore, and increased
defence structures. Some of these changes are not
yet clearly understood. To study these effects a
screen was carried out for plants with increased
oxylipin levels, a precursor to the wound hormone:
jasmonate. This screen found fou2 a gain-offunction mutation in the Two Pore Channel 1 (TPC1)
channel. In addition to increased oxylipin levels, the
plant displays a severe wound mimic phenotype at
4 weeks old, including: shortened petioles,
anthocyanin accumulation and epinastic leaves; as
well as a potassium starvation phenotype. Recently,
it was found that fou2 also had dramatically
thickened cell walls in the vasculature, especially a
large increase of esterified pectin.

	
  

The TPC1 channel, well-studied in animals, is a
vacuolar cation channel controlled by both cytosolic
and vacuolar calcium levels. The fou2 point
mutation, D454N, is in the luminal calcium sensor
of the channel and renders it less sensitive to
calcium increase in the vacuole. This led to the
reverse genetics approach of crossing fou2 with
cax1-3, a mutant for the main vacuolar calcium
exchanger, so as to prevent the assumed calcium
accumulation in the vacuole due to fou2. Indeed,
the cax1-3/fou2 double mutant appears almost
wild-type. Another method of reverting the fou2
phenotype is to cross fou2 into a line which cannot
produce jasmonate: aos. The aos/fou2 double
mutant also reverts a majority of the fou2
phenotype.

	
  

The main aim of the project was to quantify the
differences in vascular morphology between wildtype plants and fou2, and secondarily to test if the
defence phenotype was also reverted in the double
mutants. To accomplish this we harvested petioles
from 5 week old plants, grown in short day
conditions (10 h light), and embedded them in
resin. The samples were sectioned at 3 µm and
stained for general acidic amino acids for the cell
wall (2 % toluidine blue) and for esterified pectin
(0.02 % ruthenium red) for three minutes.
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The sections were imaged at X400 for subsequent
analysis. An automated macro in ImageJ was made
for quantification of cell area, cell density and
amount of stain in the phloem and xylem
parenchyma.

	
  

Analysis of ten biological replicates per phenotype
showed that fou2 plants had a smaller cell area on
average than wild-type (62.5 µm and 73.6 µm,
respectively in phloem parenchyma) and a 2-fold
increase in esterified pectin (38.6 % in xylem
parenchyma), yet had the same cell density. This
strongly suggested that fou2 cells shrunk due to
the creation of a secondary cell wall, not due to a
proliferation of smaller cells, which would also have
had an increased quantity of stain.

	
  

Both mutant lines, aos and cax1-3, also reverted
the phenotype of fou2 in the vasculature, which
indicated that the thickening of cell walls was both
calcium- and jasmonate-dependant. It is especially
interesting that aos reverts the vasculature
phenotype, as the calcium imbalance likely still
exists. This can refute one hypothesis that
esterified pectin was created by the plant to
sequester the calcium.

	
  

To demonstrate that fou2 was a true wound mimic
an experiment was carried out where wild-type
plants and myc2-322B, a novel mutant which
exaggerates
wounding-phenotypes,
were
repetitively wounded. These plants were examined,
and preliminary data suggests that the same effect,
enlarged cell walls, occurs; however to a lesser
extent. Additionally, the cells show two distinct cell
wall types with differing electron density, adding
weight to the idea of secondary wall creation.
However, more biochemical analysis is required.
These data imply that wild-type plants attempt to
defend their vasculature, which is a vital structure
for the plant and a rich source of nutrients for
herbivores, by thickening their cell walls as
observed in fou2.

Characterizing the vascular morphology of the wound mimic fou2
Matthew Johnston, University of Cambridge (mgj27@cam.ac.uk)
Mentor: Aurore Lenglet in Groupe Farmer, DBMV
Introduction
Plants are shaped by their interaction with animals, investing heavily in defences when under
attack. This leads to many changes, including the production of noxious compounds,
signalling to predators of the feeding herbivore, and increased defence structures. To study
these changes a gain-of-function mutation in the Two Pore Channel 1 (TPC1) channel was
discovered that created a wound-mimic phenotype named fou2. fou2 has increased basal
jasmonate levels (a wound hormone) and has a severe phenotype (Fig. 1). Here we show with
the help of a jasmonate mutant, aos, and a vacuolar calcium mutant, cax1-3, that fou2 has
invested heavily in vasculature cell wall fortification in a jasmonate- and calcium-dependent
fashion.

Figure 1: WT and fou2 plants. 4 weeks
old. Scale bar = 1 cm.

Results

Figure 2: Vascular cell phenotype, orientated with xylem parenchyma at the top. 3 μm thick sections
stained for esterified pectin with 0.2% ruthenium red. Images taken at X 400. Scale bar indicates 50 μm.

Methodology

∑

Average cell size (μm2):
Amount of stained area (%): S
Cell density (μm-2):

Area measured (AM)
Number of cells (N)
Area of each cell (AC)
Area stained (S)

Is fou2 a true wound mimic?
Preliminary data suggests
that when a WT plant is
repeatedly challenged with
wounding it develops a
fou2-like phenotype, with
thickened cell walls
confirming that it is a true
wound-mimic behaviour.
This could be to protect the
plants most precious
resources from herbivores.

Figure 3: Quantification of phloem parenchyma characteristics. A, Cell Size B, Amount of Stain C,
Cell Density. Letters show Tukey HSD groups (α=0.05). The number of cells/petioles analysed is
shown on each box at the height of the mean.

Figure 4: Left, Repetitively wounded plant
Right, Unwounded plant. Scale bar = 1 cm.

fou2 has a clear phenotype of having smaller phloemassociated cells and a larger amount of esterified pectin,
while maintaining cell density. This is also true for the
xylem parenchyma (data not shown). This phenotype is
reverted by both the aos and cax1-3 mutants.
This indicates that the fou2 parenchymal cell deposit a
secondary cell wall, making the cell smaller but better
protected. Additional EM data shows two distinct wall
types with differing electron density.

Figure 5: Phloem and xylem parenchyma cell wall
thickness in repetitively wounded or unwounded
WT. n=5

Conclusions
I would like to thank Prof. Farmer for allowing me to
work in his lab for the summer, Aurore Lenglet for
being a fantastic mentor, the SUR programme for
giving me this opportunity, and the lab for making me
feel so welcome and for the many coffees after lunch.

• fou2 vasculature parenchymal cells have thickened cell walls (2-fold)
leading to smaller cells
• The fou2 phenotype is dependent on both calcium and jasmonate
signalling
• The phenotype is likely a true wound-mimic and can be replicated in WT
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Thymoma’s incredible talent to stay local
Elif Kocak, Tiphaine Arlabosse, Yann Barrandon

The thymus is a primary lymphoid organ which is
necessary for the development of the adaptive
immune system and has a complex 3D structure
composed of developing lymphocytes and thymic
epithelial cells (TECs). Normally it involutes with
aging, but in rare cases TECs proliferate
uncontrollably and form tumors: thymomas, thymic
carcinomas or teratomas. There is very limited
information about the mechanisms involved in
thymic tumor formation because of the rarity of
cases and difficulty in maintaining and expanding
thymoma cells in vitro. We observed that these
cells can be cultured and expanded on irradiated
mouse
embryonic
fibroblasts
(3T3s).
When
thymoma cells are observed in culture, some cells
show a mesenchymal phenotype as they are
elongated and have less contact with the other
cells. This suggests a possible Epithelial to
Mesenchymal Transition (EMT), a process by which
epithelial cells acquire mesenchymal characteristics.
During this dynamic process cell-cell adhesions are
lost, cell mobility is increased, and drastic changes
in protein expression happen in the different cell
compartments. EMT is a key program for embryonic
development,
wound
formation
and
cancer
metastasis. Interestingly, thymomas are not
invasive and do not form metastasis. For these
reasons, we wanted to investigate the presence of
EMT markers in thymoma cells in vitro by analyzing
and comparing the protein expression patterns of
TECs,
thymoma
epithelial
cells
and
skin
keratinocytes.
Thymic epithelial cells, skin keratinocytes, and a
type B thymoma epithelial cells were grown in
culture for five weeks to compare their protein
expression patterns. Cells were grown on irradiated
3T3s and fed with cFAD medium every four days.
Cells were split into 100 mm petri dishes to
investigate their growth capabilities, 60 mm petri
dishes for amplification, RNA extraction and qPCR
analysis, and on glass coverslips to perform
immunofluorescence.
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TECs, skin keratinocytes, and thymoma epithelial
cells could be expanded for more than five weeks.
By immunofluorescence analysis performed on
cultured cells, we showed that thymoma epithelial
cells expressed EMT markers such as Vimentin,
ZEB-1, B-Catenin, and SLUG. Stratified cells were
strongly positive for epithelial cell markers such as
E-Cadherin, ZO-1, CD49f, and panK. Cells that
expressed only mesenchymal markers did not
stratify and were not in contact with each other. By
qPCR analysis, we quantified RNA levels of EMT
markers relatively with normal TECs as a reference
sample. We tested E-cadherin, EpCAM, vimentin,
ZEB-1, SNAIL1, and SLUG expression levels. The
different thymoma subtypes had very different
gene expression levels when compared to each
other. Some thymoma epithelial cells shared very
similar expression patterns with thymic epithelial
cells and skin keratinocytes, whereas some had
strikingly different patterns.
Thymoma epithelial cells in culture express
epithelial, mesenchymal, and EMT markers as
shown by immunofluorescence and qPCR analysis.
We
have
tested
these
markers
with
immunofluorescence only on one sample (Type B
thymoma), but this is a proof of principle that using
this system allows the investigation of EMT markers
in thymoma epithelial cells. Since the thymoma is
very heterogeneous, the same experiments will be
done on samples from different patients. Also, the
ability of cultured thymoma cells to form tumors in
vivo will be tested. Finally, this study is one of the
first steps to elucidate whether thymoma undergo
EMT in vitro, and might help to understand how
thymomas do not acquire invasiveness in vivo.

Thymoma’s incredible talent
to stay local
L’incroyable talent des thymomes à rester local
Wie thymomas lokal bleiben
Elif Kocak, Tiphaine Arlabosse and Yann Barrandon
Laboratory of Stem Cell Dynamics, Ecole Polytechnique Fédérale de Lausanne and CHUV, Lausanne. Koc University, Istanbul.

Background
Thymus is a primary lymphoid organ which is necessary for the development of an immune system. Thymus has a complex 3D structure composed of developing lymphocytes and thymic epithelial
cells (TECs). Normally, it involutes with aging, but in rare cases TECs proliferate uncontrollably and form tumors: thymomas, thymic carcinomas or teratomas. There is very limited information about the
mechanisms involved in thymic tumor formation because of the rarity of the cases and difficulty in maintaining and expanding thymoma cells in vitro. We observed that these cells can be cultured and expanded on a feeder layer (3T3-J2). When thymoma cells are observed in culture, some cells show more elongated morphology and start to lose contact with other cells, which could suggest a mesenchymal-like phenotype. The program which is responsible for transforming epithelial cells into mesenchymal cells is called Epithelial-Mesenchymal Transition (EMT). EMT is a dynamic process during which
cell-cell adhesions are lost, cell mobility is increased, and drastic changes in protein expression happen in the different cell compartments. EMT is a key program for embryonic development, wound formation and cancer metastasis. Interestingly, thymomas are not invasive and do not form metastasis. For these reasons, we wanted to investigate the presence of EMT markers in thymoma cells in vitro by analyzing and comparing the protein expression patterns of TECs, thymoma epithelial cells and skin keratinocytes.
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5. Normal TECs, skin keratinocytes, and thymoma epithelial
cells can be cultured for more than 5 weeks.
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epithelial.
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Fig.6| A thymoma colony observed by immunofluorescence analysis. A.All cells are stained positive for
panK,whereas some cells are positive for both Vimentin and panK.Cells that are on the borders of the colony
are more elongated in morphology and not in contact with other cells. B. 40x magnification of the same
colony.
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Fig.8| Thy26, TT07, and YF29 colonies observed by immunofluorescence analysis. A1. All the cells are positive for panK and vimentin. A2. Some cells are positive for vimentin. Stratified cells are negative for vimentin,
while cells in monolayer are vimentin positive. A3. Most cells only express panK. B1, B2. E-cadherin is
expressed on the membrane of stratified cells. Cells in monolayer are positive for vimentin. B3. Cells only express
E-cadherin on the membrane. C1. Cells have ZEB-1 expression in the nuclei, and CD49f expression on the membrane. These cells are negative for EpCAM. C2. Cells are weakly positive for ZEB-1 in the nuclei, and positive for
CD49f and EpCAM on the membrane. C3. Cells are positive for ZEB-1 in the cytoplasm, while they strongly
express CD49f and have a weak expression for EpCAM. D1, D2. ZO-1 is expressed in stratified cells. Vimentin
positive cells are in monolayer. D3. Cells are ZO-1 single positive. E1. All cells are positive for B-catenin on the
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9. Normal TECs, thymoma epithelial cells, and skin keratinocytes express different RNA levels of EMT markers.
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Fig.3| Dissociated thymoma epithelial cells are cultured for several weeks in 3T3-J2 feeder system to
analyze cellular processes.
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Fig.4| TECs, skin keratinocytees, and thymoma epithelial cells were cultured for 5 weeks to calculate
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Fig.7| Thymoma colonies observed by immunofluorescence analysis. A. 63x magnification of this colony
50 um
shows that the cells are positive for ZEB-1 and CD49f. B. All stratified cells are positive for ZO-1. Cells in monolayer are negative for ZO-1 and positive for vimentin. C. B-Catenin expression was only observed in the cytoplasm and on the membrane. No nuclear staining was observed for B-Catenin. Subpopulation of cells are EpCAM
positive. D. Stratified cells are positive for E-Cadherin and vimentin, and cells in monolayer are only vimentin positive. E. All cells in this colony are positive for p63 and SLUG, but with different expression levels.
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Fig.9| Relative quantification of EMT genes with normal TECs as a reference sample. For TECs, skin
keratinocytes, AB thymoma and thymic hyperplasia one sample was analyzed. For type A and B thymomas,
three samples of each were analyzed.

Conclusions

Thymoma epithelial cells in culture express epithelial and mesenchymal markers as shown by immunofluorescence and qPCR analysis. Immunofluorescence (data not shown) and qPCR results suggest that all different subtypes of thymoma have different gene expression patterns and that they can express epithelial and mesenchymal markers at the same time. This is suggestive of EMT. I
have tested these markers with immunofluorescence only on one sample (Type B thymoma), but this is a proof of principle that using this system allows the investigation of EMT in thymoma epithelial
cells. Since thymoma is very heterogeneous, the same experiments will be done on many samples. Also, the ability of cultured thymoma cells to form tumors in vivo will be tested. Finally, this study
is one of the first steps to elucidate whether thymoma undergo EMT in vitro, and might provide a useful answer for the question “How thymoma in vivo stays local?”
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Satellite cells in neuropathic pain, characterisation of CX3CR1 positive
satellite cells in the DRG
Elena Konnova, Marie Pertin, Isabelle Decosterd
Neuropathic pain is defined as chronic pain caused
by damage or disease affecting the somatosensory
nervous system. One of the neuroinflammatory
mechanisms in neuropathic pain involves the
satellite cells in the dorsal root ganglion (DRG)
where fractalkine can specifically bind to CX3CR1
receptors. The activation of these cells is thought to
maintain neuroinflammation and contribute to
neuropathic pain.

	
  

As a first step towards understanding if there is a
crosstalk between satellite cells and nociceptive
neurons in the DRG after nerve injury, we have
characterised the CX3CR1 positive satellite cells in
the L3, L4 and L5 DRG after spared nerve injury
(SNI) in mice.

	
  

The
animal
model
for
neuroinflammatory
neuropathic pain involves CX3CR1-eGFP transgenic
mice which have undergone SNI surgery, where the
common peroneal and tibial branches of the sciatic
nerve were ligated and cut, while the sural branch
was left intact. The sciatic nerve’s cell bodies are
located in the L3, L4 and L5 DRG.

	
  

Using
immunohistochemistry
and
confocal
microscopy, we imaged the Iba1, GFAP, F4/80 and
ATF3 along with DAPI and the CX3CR1-eGFP
expression in the L3, L4 and L5 DRG in mice 2, 4
and 7 days after SNI, and Sham (n=4 in each
group). We looked at colocalisation and we
quantified the number of CX3CR1-eGFP satellite
cells per mm. in L3 DRG in Sham and SNI 2, 4 and
7 days, giving a time course. Furthermore we did a
Western blot on L3, L4 and L5 DRG comparing
Sham and SNI 7 days (n=5 in each group) for the
GFP, Iba1, GFAP and F4/80 normalised to tubulin
signal.

	
  

Results showed an increase in CX3CR1-eGFP
satellite cells number in the time course with linear
regression indicating R2= 0.9754 for the goodness
of fit. The CX3CR1-eGFP satellite cells express Iba1
and F4/80 seen on the confocal images. Those are
known marker for microglia and haematogenous
macrophage, respectively, which could be an
indication of similar origin and may play similar
immune function.
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The Western blot of GFP and Iba1 showed similar
increase in expression in the DRG after SNI:
80.53%
(p<0.001)
and
81.67%
(p<0.05),
respectively. The confocal images confirmed with
the colocalisation of signals that 98.5% of CX3CR1eGFP satellite cells were Iba1 positive.

	
  

However the Western blot did not show any
statistically significant changes in F4/80 signal after
SNI. This could be explained if there are CX3CR1positive/Iba1-positive/F4/80-negative satellite cells
that are the ones responding to SNI. Another
hypothesis could be that if all CX3CR1 satellite cells
are also F4/80 positive, then there may be a
decrease in F4/80 expression in each cell after SNI.
The confocal images confirm that there are several
types of satellite cells: some that are CX3CR1-eGFP
and Iba1 positive, others that are GFAP positive
and perhaps others. Because GFAP positive cells
also wrap closely around neurons, they can come in
between CX3CR1-eGFP satellite and neurons. The
Western blot also showed an increase in GFAP
signal by 59.28% (p<0.05) meaning that GFAP
positive satellite cells may also respond to SNI. It is
important to keep in mind when further
investigating
CX3CR1
satellite
cells-neuron
crosstalk in the DRG that other satellite cell which
are CX3CR1 negative could affect the crosstalk.

Elena Konnova¹, Marie Pertin 2, Isabelle Decosterd2
¹ Faculty of Life Sciences, University of Manchester, UK, ² Pain Center, University Hospital Center (CHUV), and Lausanne University, Lausanne, Switzerland

Satellite cells in neuropathic pain
Characterisation of CX3CR1 positive satellite cells in the DRG
Methods

Immunohistochemistry

Animal model

Introduction
One of the neuroinflammatory mechanism in
neuropathic pain involves the satellite cells of the
dorsal root ganglia (DRG) where fractalkine can
specifically bind to CX3CR1 receptors. The activation
of
these
cells
is
thought
to
maintain
neuroinflammation and contribute to neuropathic
pain.
As a first step towards understanding if there is a
crosstalk between satellite cells and nociceptive
neurons in the DRG after nerve injury, we have
characterised the CX3CR1 positive satellite cells in the
L3, L4 and L5 DRG after spared nerve injury (SNI) in
mice.

CX3CR1-eGFP transgenic mice were
used in these experiments and have
undergone Spared nerve injury (SNI).
Common peroneal and tibial branches
of the sciatic nerve were ligated and
cut, while the sural branch was left
intact. Sham mice were operated the
same way but the nerves were left
intact.

The sections (96µm apart, 4 sections per animal and 4 animals per group) were imaged
using confocal microscopy with lasers at 405nm, 488nm and 561nm in 25X
magnification. The surface area of the L3 DRG of Sham and SNI 2, 4, and 7 days was
measured and the DAPI positive eGFP cells were counted within that area. The number
of counted cells per mm² was calculated. Furthermore DAPI positive eGFP cells were
counted for the presence or absence of Iba1 signal.
Western Blot

Results
Western blot antibodies signal:
Sham vs SNI 7days

Increase in CX3CR1 satellite cells after SNI

• GFP: increased by 80.53% (p<0.001)

GFP

• Iba1: increased by 81.67% (p<0.05)
25 kDa

• GFAP: increased by 59.28% (p<0.05)
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and microglia marker
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Iba1 expression is colocalised in CX3CR1 satellite cells
Bright field, DAPI

• F4/80: no change (p>0.05)

S

Linear regression of counted
CX3CR1 satellite cells per mm²
Best fit line Y = 36.95X + 222.4
R²= 0.9754
n=4 in each group

GFP

F 4 /8 0 s ig n a l

SNI

Sham

N u m b e r o f G F P - t a g g e d c e lls p e r m m

2

Bright field, DAPI, GFP

In order to get the SNI surgery time course, mice were perfused with PAF 4% 2, 4 or 7
days after surgery in addition to Sham mice (n=4 in each group). Ipsilateral L3, L4 and L5
DRG were dissected and cryosectionned (12µm). To characterise the CX3CR1-eGFP
positive satellite cells, we performed coimmunodetection of eGFP and DAPI with
markers:
• ionized calcium binding adapter molecule 1 antibody (Iba1; 1/500) marker for
microglia,
• glial fibrillic acid protein antibody (GFAP; 1/1000) marker for astrocytes,
• adhesion G protein-coupled receptor E1 antibody (F4/80; 1/200) marker for
haematogenous macrophages,
All were revealed by appropriate Cy3-conjugated secondary antibodies (1/400) using
standard fluorescent IHC techniques.

n=5 in each group

Ipsilateral L3, L4 andL5 DRG of Sham and SNI 7
days (n=5 in each group) were dissected and
lysed. The three DRG were pooled together and
its proteins extracts were separated on 12%
SDS-Page gel, then transferred on PVDF
membrane. Membranes were incubated with:
• GFP antibody (1/1000),
• Iba1 antibody (1/1000),
• GFAP antibody (1/5000),
• F4/80 antibody (1/1000),
• Tubulin antibody (1/1000) as loading control,
and appropriate HRP conjugated antibody.
The signal was detected by Enhanced
Chemiluminescence's Solution.
The difference in band intensity was measured
and the results were normalised for tubulin.
The means, standard deviation and p-value of
student’s t-test were calculated. Moreover the
percentage change between Sham and SNI was
calculated for data with statistically significant
difference (p<0.05).

GFAP expression is not present in CX3CR1 satellite cells

Diagram of satellite cell populations

• GFAP expression is increased after SNI but not colocalised with CX3CR1 cells.
Bright field, DAPI

Merged

GFP

Satellite cells

GFAP

Sham

CX3CR1

GFP

GFAP

Iba1
Iba1

SNI

For presentation convinience only SNI sections are shown.

F4/80

F4/80 expression is present in CX3CR1 satellite cells
Bright field, DAPI

Merged

• F4/80 is a haematogenous
macrophage marker
• F4/80 seems highly
correlated with CX3CR1
satellite cells
• but we haven’t yet
performed the counting and
analysis
GFP

Iba1

For presentation convinience only SNI sections are shown.
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Conclusions:
We have demonstrated:
• CX3CR1 satellite cells are increased after SNI.
• CX3CR1 satellite cells express Iba1 and F4/80 which are known marker for microglia and
haematogenous macrophage, respectively. This could be an indication of similar origin and may
play similar immune function.
• Questions remain about F4/80 expression. The lack of F4/80 signal change from WB can be
explain if - there are CX3CR-positive/Iba1-positive/F4/80-negative satellite cells that are the
ones responding to SNI, or if - all CX3CR1 satellite cells are also F4/80 positive, then there may
be a decrease in F4/80 expression in each cell after SNI.
• There are different types of satellite cells: GFAP cells that are not CX3CR1 positive. They
also wrap closely around neurons, they can come in between CX3CR1-eGFP satellite and
neurons and possibly affect the satellite cells-neuron crosstalk in the DRG.

SUR 2015

47

Miguel Marin Vermelho

University College London (UCL),
UK
Host Laboratory:
Vladimir Katanaev
Department of Pharmacology and
Toxicology
Bugnon Campus
	
  
Generation of a stably transfected HeLa reporter cell line expressing
inducible Fzd7 for high throughput screening
Miguel Marin Vermelho, Alexey Koval, Vladimir Katanaev
Wnts are a group morphogen lipoglycoproteins that
interact with a G-protein coupled receptor Frizzled
(FZD). In humans, 19 Wnt and 10 FZD homologues
have been identified to date. The Wnt-FZD pathways
are a group of conserved developmental pathways
that are mostly silent in the adult. There are 3 main
Wnt/FZD-initiated cascades that operate at three
different temporal levels. Considered as “noncanonical” are the two first (and faster) levels: the
Ca2+ pathway and the planar cell polarity (PCP)
pathway. The former includes a series of fast
(seconds/minutes) Ca2+-mediated events which exact
physiological roles are not very well understood as of
yet. The PCP pathway is at an intermediate level
(minutes/hours) and facilitates cell polarization. The
last and slowest level (hours/days) of signalling is the
“canonical” Wnt-β-catenin pathway responsible for
stimulating cell proliferation.
Clinically being the most important, the β-catenin
pathway, is also the most widely studied level of
Wnt/Fzd interaction. It is initiated by Wnt binding to
FZD and to the LRP5/6 co-receptor. This disrupts the
protein degradation complex mainly formed by Axin,
casein kinase I and glycogen synthase kinase 3β. In
the absence of Wnt, this cytoplasmic complex binds
and phosphorylates the cytoplasmic pool of β-catenin
targeting it for proteosomal degradation. Hence, its
inactivation results in the accumulation of β-catenin
followed by its nuclear translocation where it binds to
transcription co-factors such as TCF/LEF and possibly
others (p300, CREB). This drives transcription of
various target genes (e.g. c-myc). Aberrant activation
of this pathway has been linked to cancer progression
and in some cases leads to tumorigenesis. For
example, some subtypes of colon, breast and liver
cancers are Wnt dependent. Various modulators of this
pathway have been found to date but none of them
has passed clinical trials due to their high toxicity.
Current screening systems are more prone to
identifying
compounds
targeting
downstream
components of this pathway. However, it is more
advantageous to target upstream components as this
enables higher specificity. Despite this fact, there is a
scarce number of molecules targeting these.
Triple negative breast cancer (TNBC) is a subtype of
breast cancer where cell growth is independent of
estrogen, progesterone or HER2 receptors. Human
FZD homologue 7 (FZD7) has been shown to play a
key role in cell proliferation in TNBC which currently
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has no targeted therapies. The ultimate aim of the
project is to establish a novel high throughput
screening system with a luciferase-based reporter
which will allow search for molecules targeting FZD7
specifically. As the basis for reporter cell line we used
a specific lineage of HeLa cells which does not elicit
any Wnt-mediated response through its native FZDs,
and requires an overexpression of FZD protein for this
end. Application of this cell line will therefore allow us
to achieve a “bottlenecking effect”, i.e. the whole
response is guided through a single receptor
homologue thus increasing likelihood of detecting
compounds targeting it. To generate such cell line, we
attempted to resolve two specific aims:
1) As the preliminary data showed that constitutive
expression of the receptor was toxic for the cells we
created and validated the DNA vector to express FZD7
in an inducible manner using the Tet-ON system.
2) In order to increase the rate of our assay system
and exclude any downstream components from the
readout we attempted to create a β-catenin-Luciferase
fusion reporter which will be co-transfected into the
above cell line. This way the readout is positioned at
the level of β-catenin stabilization in contrast to
conventional TOPFlash system where the readout is
based on Wnt-induced transcription. This eliminates
the possibility of undesirable hit compounds targeting
downstream levels of the pathway. The specificity for
the upstream levels should theoretically diminish the
side-effects and toxicity of such compounds.

	
  

The FZD7-GFP inducible vector was successfully
created and sequenced; no mutations were identified.
The new inducible vector was characterized with a
dual-luciferase assay in HeLa and HEK293 cells and
also by Western Blot and fluorescent microscopy. The
FZD7-GFP levels expressed upon induction were
significantly lower than those produced using
constitutive promoter albeit sufficient for analysis of
receptor activity. Unfortunately, we were unable to
create the proposed β-catenin-Luciferase fusion vector
and due to this were unable to validate the complete
screening system itself. Logically, these will be the
next steps to follow in this project. Upon validation,
this will allow this high throughput screening system
to be used to identify novel human Fzd7 antagonists
as potential anti-TNBC drugs.

Generation of a stably transfected HeLa reporter cell line
expressing inducible Fzd7 for high throughput screening
Génération d'une lignée cellulaire HeLa transfectée de façon stable exprimant Fzd7 inductible pour criblage à haut débit
Etablierung einer stabil transfizierten HeLa Reporterzelllinie, mit induzierbarem Fzd7 für Hochdurchsatz –Screening
.

Miguel Marin Vermelho1, Alexey Koval2, Vladimir Katanaev2
of Life Sciences, University College London;

2 Department

of Pharmacology and Toxicology, University of Lausanne

Background:

AIM of the project:

The Wnt family of morphogen lipoglycoproteins interacts with a G proteincoupled receptor Frizzled (Fzd). Pathways resulting from Wnt/Fzd interaction
operate at three different temporal levels1. The most clinically relevant
pathway is the β-catenin “canonical” pathway responsible for promoting cell
proliferation. Key during development, this pathway is mostly silent in
adulthood. However, aberrant overactivation of this cascade has been linked
to carcinogenesis2.

• Generate a stably transfected HeLa reporter cell line expressing Fzd7-GFP in
inducible manner.
• Co-transfect a β-catenin-luciferase short fusion vector to increase the rate of the
assay system by placing the readout at the level of β-catenin.
• Validate a novel high-throughput screening system.

Various Wnt pathway modulators have been discovered being discarded due
to their high toxicity. This is mainly because these agents are inhibiting
downstream components of the pathway. Targeting the upper levels of the
Wnt pathway allows more specificity yet only a scarce number of molecules
acting at upstream levels have been found1.

• Using a “special” lineage of HeLa cells which has no native Fzds solely
responding to Wnt stimulation upon receptor overexpression.
• 3:1:4 ratio of TopFlash: pRL_CMV (Renilla) : variable plasmid (24ng/µL).
• pcDNA 3.1. was used as a control vector.
• Wnt3a added to stimulate pathway activity.

Fzd7 Inducible

+

-

CTRL

-

Fzd7-CE

-

250kDa
150kDa

Renilla Reniformis

100kDa
70kDa

α-tub

4. Dual luciferase-reporter (TopFlash/Renilla)
assay: functional assay of activity.

[1]

[2]

[3]

[4]

Figure [B] shows
expression of our
inducible protein in
the cells at a level
high
enough
to
transduce responses.

Figure [B] – Fzd7 ≈ 90kDa; CE= constitutively expressed;
+ indicates added doxycycline (1µg/mL). [1]: 30min
exposure; [2]; [3] & [4]: 30s exposure.

Principle: activity of two luciferase enzymes with non-overlapping luminescence spectra is measured
sequentially in a single sample.
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Western Blot:

Relative Wnt Response, Fold to Basal

3. Transfection of pAC1-V16-Fzd7-GFP Tet-ON vector
into HeLa cells:

Graph 1 – HeLa functional assay of activity (mean ± SD):
CE: constitutively expressed; 1:1 is a ratio of TopFlash/Renilla
(3:1) reporter mix : Fzd7. pcDNA3.1 was used as an empty
vector to create a higher dilution of inducible vector (1:2:2) ; D+
indicates added doxycycline (1µg/ml). Statistics: * P < 0.05
compared to pcDNA3.1.; others were non-significant.

300

A

pAC1-V16-Fzd7-GFP: inducible vector we created.
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d7

Long linker = unstable; making
a short fusion vector.
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400
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2. Cloning of Luciferase fragment into β-catenin
plasmid exploiting an NheI site introduced by sitedirected mutagenesis.

1.5

1:
1

1.5. Restriction-Digestion
testing and sequencing of
final product

• Gene expression activated by
adding Doxycyclin (Dox), a
tetracyclin analogue.

Fz
d7

1.4. Purification +
Colony PCR

CE

1.3 Ligation + bacterial
transformation

1:
1

• 2 main components:
1. Reverse Tetracyclin transactivator
fusion protein (rtTA).
2. Tetracyclin response element
(TRE).

Graph 1 depicts the relative Wnt response in HeLa cells, a
response which is per se quite low. However, two-fold
Figure [A] – Restriction-digestion of
enhancement in signal upon Fzd7 overexpression following
pAC1-V16-Fzd7-GFP.
Dox addition was observed. This confirms that our inducible
vector is effectively functional.
An independent confirmation was obtained
from data from a HEK cell line which
HeLa cells
expresses native Fzds (Graph 2). Why Fzd7
overexpression decreases the Wnt response
2.5
is not clear but this reduction can still be
*
used as a readout of vector functionality.
2.0

Fz
d7

• Allows control of gene expression.

Functional assay of activity: it works!
1.2. Digestion of pAC1-V16GFP and insert with
AgeI/BsrGI and
Kpn2I/Bsp1407I respectively

3.
1.

Tet-ON system:

Unfortunately, we were unable to create β-cateninluciferase fusion due to poor cloning efficiency.

1:
1

1.1. PCR
amplification of Fzd7
insert

Figure [A] shows the successful restriction-digestion of
pAC1-V16-Fzd7-GFP with PstI. Expected size of
fragments: 2800bp, 2000bp, 1700bp, 1600bp, 170bp and
150bp. Sequencing revealed no mutations.

Fz
d7

1. Cloning of Fzd7 fragment into pAC1-V16GFP Tet-ON inducible vector (obtained
from Department of Clinical Neurosciences at
CHUV).

Upstream levels of Wnt-β-catenin pathway
(simplified): Wnt interacts with Fzd and coreceptor LRP5/6 inhibiting the β-catenin
degradation complex (GSK-3β + Axin). This
leads to cytoplasmic β-catenin accumulation
and subsequent translocation to the nucleus
where it binds to specific transcription factors.

Relative Wnt Response, Fold to Basal

Methods:

Cloning:

A

Triple negative breast cancer (TNBC) is a subtype of breast cancer which
currently has no targeted therapies. Cell proliferation in TNBC has been
shown to be specifically mediated by Fzd homologue 7 (Fzd7)3. The agents
aiming Fzd7 specifically will likely become safe and efficient anti-TNBC
drugs.

Results:

D+

1 Department

Graph 2 – HEK functional assay of activity (mean ±
SD): CE: constitutively expressed; 1:1 is a ratio of
TopFlash/Renilla (3:1) reporter mix : Fzd7. pcDNA3.1
was used as an empty vector to create a higher dilution of
inducible vector (1:2:2) ; D+ indicates added doxycycline
(1µg/ml). Statistics: ns – non-significant compared to
pcDNA 3.1. (P > 0.05); others had P<0.01.

Fluorescence Microscopy:
In Wnt-sensitive cells Fzd7 is retained in
the perinuclear region, in the endoplasmic
reticulum (Figure [C]).

GFP

Merge

Renilla luciferase was used as an internal control. Gives an estimate of transfection efficiency and cell well being.
5. Microscopy:

• pAC1-V16-Fzd7-GFP vector was created, sequenced
characterized. Proposed stable cell line was generated.

and

• Unsuccessful cloning of β-catenin-luciferase fusion resulted in
lack of time to validate screening system.
What now?
• Logical continuation is to finish the project ultimately creating a
stable expandable co-transfected cell line (carrying both plasmids)
and validating the screening system.

• Cells were observed under fluorescent
microscope to characterize Fzd7
localization pattern.
6. Western Blot:
• Primary antibody (1:1000): anti-GFP (rabbit)
• Secondary antibody (1:20000): Rabbit HRP.

pAC1-V16-Fzd7-GFP

Conclusion & Perspectives:

Fz7-CE

• TopFlash → firefly luciferase reporter that contains copies of TCF binding region.
• β-catenin activates transcription of Wnt target genes by binding to TCF upon nuclear translocation.
Hence, TopFlash measures Wnt cascade activation.

Figure [C] – Pattern of Fzd7 localization. Above: constitutively expressed Fzd7 (CE); Below: inducible Fzd7.

Upon validation, this transferrable system can be used to
identify novel human Fzd7 antagonists and hence potential anticancer drugs. Specificity for the upstream levels should
diminish the side-effects and toxicity of such compounds.
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Inhibiton of TGF-β signaling pathway to prevent downregulaton of Prox1
in lymph node-isolated lymphatic endothelial cells
Kruti Vora, Esther Bovay, Amélie Sabine, Tatiana Petrova
The lymphatic system plays a crucial role in the circulatory
system to help transport white blood cell-rich lymph,
helping the immune system and clearing waste from the
body. The lymphatic system primarily consists of lymphatic
vessels interconnected by lymph nodes. Failure of these
systems can cause a host of lymphatic diseases such as
lymphedema and metastatic cancer (Schulte-Merker et al.,
2011).
The lymphatic system develops during embryogenesis with
the spontaneous upregulation of the Prox1 transcription
factor in blood endothelial cells, pushing them to become
lymphatic endothelial cells (LECs) (Schulte-Merker et al.,
2011). Without Prox1, lymphatic endothelial cells do not
form, leaving the organism without any lymphatic
vasculature (Wigle et al., 1999). However, not much is
known about the role of Prox1 in the lymphatic system
other than that it is necessary for proper lymphatic
vasculature development.
We isolated our LECs from Prox1-mOrange2 mice, a Prox1
reporter strain, to detect orange fluorescence in the
isolated Prox1-expressing LECs. Intensity of the orange
fluorescence reflects the activity of Prox1 promoter and is
therefore readout of Prox1 expression. We found that the
Prox1 expression in cultured mouse lymph nodes LECs
(LnLECs) decreases over the course of a few days,
preventing the cells from proliferating and surviving for
longer periods of time. To further study the lymphatic
system and the role of Prox1, it would be very useful to be
able to grow proliferating LnLECs in culture for longer
periods of time.
The transforming growth factor beta (TGF-β) signaling
pathway has been shown to inhibit the expression of Prox1
(Oka et al, 2008). Therefore, we tried to maintain PROX1
levels in our LECs through the inhibition of the TGF- β
signaling pathway, which would in turn prevent the
downregulation of Prox1 (Oka et al, 2008).
There are three main types of TGF-β superfamily ligands
and signaling pathways: TGF-β (1, 2, and 3), bone
morphogenetic proteins (BMPs) and activin (A, B, and AB).
Each of these ligands binds to a type II serine/threonine
kinase receptor to phosphorylate type I receptors, which
will create a complex of receptor-regulated R-SMADs and
co-SMADs that can act as transcription factors, in our case
that inhibit PROX1 expression (Coso et al., 2014,
Moustakas et al., 2001, Vogt et al., 2011).
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There are many kinds of inhibitors that affect the TGF-β
signaling pathway, but we focused primarily on small
molecule inhibitors. SB-431542 inhibits the type I
receptors of both the TGF-β signaling pathway and the
activin signaling pathway (i.e. ALK5 and ALK4/7). LY364947 inhibits the type I receptor of the TGF-β signaling
pathway (i.e. ALK5) at low concentrations. DMH1 inhibits
the type I receptor of the BMP pathway (i.e. ALK2) (Vogt
et al, 2011).
After isolation, we treated LnLECs with SB-431542, LY364947, DMH1, or a combination of these three inhibitors.
We also tested addition of hydrocortisone and bFGF to the
complete medium to promote cell proliferation. By
measuring the Prox1 expression in terms of percentage of
fluorescent cells and intensity of fluorescence, we found
that the SB-431542 compound seems to enhance the
downregulation of Prox1 whether applied at lower or
higher concentrations. DMH1 treatment somewhat slowed
the loss of Prox1 expression, especially shown in terms of
fluorescence intensity. However when treated with a
combination of DMH1 and SB-431542, LECs rapidly lost
Prox1 expression. The LY-364947 showed promise, with
clusters of Prox1 fluorescent cells still surviving nine days
after isolation.

	
  

As an alternative treatment to TGF-β signaling inhibitors,
re-seeding LECs on mouse stromal OP9 cells has also been
shown to favor LEC maintenance (Kono et al., 2006; Lee
et al., 2015). OP9 cells secrete certain compounds (e.g.
VEGF-C, Ang1, etc.) in their medium and in their
extracellular matrix that could promote LEC maintenance
and growth. We found that re-seeding the LECs on OP9
cells helps maintain bright orange fluorescence over many
days after isolation, but that LEC clusters did not really
proliferate on top of the OP9 cells.
For future perspectives, it would be interesting to study
TGF-β pathway inhibition using LY- 364947 and TGF-β trap
antibody. Adding VEGF-C to induce cell proliferation would
allow LECs to proliferate to obtain bigger cultures. Reseeding the LECs on OP9 cells that are at a lower density
might also favor LEC growth. While we have uncovered
some clues towards what is preventing the expression of
Prox1 in lymph node-isolated LECs, it is still necessary to
further analyze the signals provided by OP9 cells to
maintain Prox1 expression, and to try and link the
conditions of co-culture with OP9 cells and TGF-β signaling.
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Discussion/Perspectives
TGF-β inhibitor LY-364947 best
maintains Prox1 expression in lymph
node-isolated LECs over the
SB-431542 and DMH1 inhibitors
Re-seeding LnLECs on OP9 cells
helps maintain Prox1 intensity
Various compounds such as bFGF
and hydrocortisone also aid cell
survival and proliferation
Future treatments:
• Optimize LY-364947
conditions
• Try alternate inhibitors,
hypoxia conditions, etc.
• Link survival on OP9 cells
with inhibition of TGF-β
pathways
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9 days after LnLEC isolation:
Prox1+ cell clusters still visible in
LY-364947 treated LnLECs
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Results – OP9 Feeder Cells
LnLEC cluster re-seeded on OP9 cells over
Day 3
Day 4
Day 5
time

Control LnLEC cluster over time
Day 3
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Prox1 is a transcription factor crucial for
lymphatic endothelial cell (LEC) survival
and growth
Prox1 expression decreases in LECs
isolated from mouse lymph nodes (LnLEC)
We studied how inhibition of the TGF-β
signaling pathway affects Prox1 levels
using small molecule inhibitors
(SB-431542, DMH1, and LY-364947)
We also studied co-culture of LnLECs on
OP9 feeder stromal cells
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Intensity of Prox1 fluorescence in LnLECs co-cultured
with OP9 cells

LnLEC-OP9 co-culture
Control (LnLECs without OP9 cells)

Days after isolation

OP9 cells help maintain fluorescence
intensity over time
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Impact of short chain fatty acids on innate immune responses, infection
and sepsis
Xiaoyue Zhang, Eleonora Ciarlo, Thierry Roger
Short chain fatty acids (SCFAs) are a subset of fatty
acids produced by the gut microbiota during the
fermentation
of
partially
and
nondigestible
polysaccharides. The main representatives are
acetate, propionate, butyrate and valproate. SCFAs
have a metabolic function but they also work as
signaling
molecules
through
two
major
mechanisms: inhibition of histone deacetylases
(HDACs) and activation of G-protein-coupled
receptors (GPCRs). The inhibition of HDACs has a
negative impact on nuclear factor-kappa B (NF-κB)
which controls transcription of genes involved in
mounting and regulating the immune response.
GPCRs, particularly GPR43, GPR41, and GPR109A,
have been identified as receptors for SCFAs and
induce activation of diverse intracellular events that
can directly impact on NF-κB signaling pathway. In
line with that, SCFAs have been shown to have
anti-inflammatory,
antitumorigenic,
and
antimicrobial effects. Innate immunity protects the
host from pathogens through multiple mechanisms.
Innate immune cells sense pathogen through
pattern recognition receptors (PRRs) that detect
conserved structure on pathogens collectively called
microbial associated molecular pattern (MAMPs).
When MAMPs are recognized by PPRs specific
signaling pathways are activated that lead to the
nuclear translocation of transcription factors like
NF-κB and to the production of proinflammatory
and regulatory mediators.
While there is evidence for a regulatory role of
SCFAs in sterile inflammation, the impact on innate
immune responses to infection remains unclear. So,
in my project I assessed the impact of propionate
on immune responses both in vitro and in vivo.
My project was mainly twofold. In vitro, bone
marrow was collect from BALB/c mice and bone
marrow derived macrophages (BMDMs) and
dendritic cells (BMDCs) were differentiated.
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BMDMs and BMDCs were treated for 1h with
propionate (ranging from 0.031mM to 8mM) prior
to stimulation with 10 ng/ml LPS, 10 ng/ml
Pam3CSK4, 5*10^6 E. coli and 5*10^7 S. aureus
for 8 hours. Cytokines were measured in the
supernatants (SN). Cell survival was assessed using
the MTT assay. In vivo, mice were treated with or
without propionate (200 mM in drinking water for
25 days) before challenge with
S. aureus
(2.2*10^7 CFU). The blood was collected and serial
dilutions were plated onto blood agar plates to
enumerate bacterial load.
The in vitro experiment showed that propionate
dose dependently inhibits IL-6 production and to a
less extent TNF by BMDMs stimulated with LPS,
Pam3CSK4, E. coli and S. aureus. A modest impact
of propionate was observed on cytokine production
by BMDCs. The in vivo experiment displayed no
significant difference between the control group and
mice treated with propionate neither in CFU counts
nor in survival.
Overall the results obtained demonstrated an antiinflammatory effect on innate immune responses of
propionate in vitro, but not in an in vivo model of
sepsis. This discrepancy might be explained by a
default in the absorption of propionate. Also the
default level of propionate in healthy mice should
be considered. To this regard we are currently
developing sepsis model where mice are infected
after depletion of endogenous SCFAs. A more
detailed analysis of the signaling pathways involved
will be also necessary.

Impact of short chain fatty acids on innate immune responses, infection
and sepsis
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2Sun
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BACKGROUND.Short chain fatty acids (SCFAs) are a subset of

OBJECTIVE.To get insights into the impact of propionate on innate

fatty acids that are produced by the gut microbiota during the fermentation of

immune responses in vitro and in a model of sepsis.

partially and nondigestible polysaccharides. The highest levels of SCFAs are

.

found in the proximal colon, where they are used as nutrients locally by

METHODS. Bone marrow derived macrophages (BMDMs) and dendritic

enterocytes or transported across the gut epithelium into the bloodstream.

cells (BMDCs) were treated with propionate (0.031 to 8 mM) and stimulated

Interestingly SCFAs work also as signaling molecules and two main

with 10 ng/ml LPS, 10 ng/ml Pam3CSK4, 1 µM CpG, 5*10^6 E. coli and 5*10^7

mechanisms have been identified, inhibition of histone deacetylases (HDACs)

S. aureus. TNF and IL-6 concentration in the supernatants were measured by

and activation of G-protein-coupled receptors (GPCRs). There is evidence for

ELISA. Mice were treated with or without propionate (200 mM in drinking water

anti-inflammatory, antitumorigenic and antimicrobial function of SCFAs, but to

for 25 days) before challenge with S.aureus. Weight and survival were

which extent SCFAs, especially propionate, impact on innate immune
responses to infection and sepsis remains undocumented.

recorded daily. Blood was collected after 48 hours from the infection to
measure CFU burden.

RESULTS
1. Propionate dose dependently inhibits IL-6 and to
a less extent TNF production by BMDMs
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3. Propionate inhibits IL-6 production in LPSstimulated BMDMs with IC50 0.2-0.3 mM

4. Propionate does not impact on survival of septic
mice
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2. Propionate modestly impacts on TNF and IL-6
production by BMDCs
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CONCLUSIONS.Propionate inhibits IL-6 and to a less extent TNF production by BMDMs stimulated
with LPS, Pam3CSK4, E. coli, S. aureus in vitro, but it does not have an obvious impact on CFU counts and
mortality rate in a model of S. aureus sepsis.
Contact: xiao_1025.nv_94@qq.com
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What the students say!
Thank you very much for everything! Your organization and
energy invested in us is amazing and it really helped us feel good
and safe all the time in Switzerland.

Thanks a lot for your enthusiam and your help during our two
months’ stay. See you soon (I hope).
Cathy Gouelle

I really wanted to say how grateful I am for this great experience you give to
students! I'm so happy a country cares about helping international students! It was
a dream for me! Thanks again
Everything was great and well organized
…
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The students at work!
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EPFL/UNIL hiking excursion to Col de la Croix,
lake Chavonnes and lake Bretaye

56

SUR 2015

EPFL/UNIL BBQ, chez Herr
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EPFL/UNIL Closing Research Symposium
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