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PRefaCe

IGP is located (from top to bottom) at the Rudbeck 
Laboratory, the Biomedical Centre and the Univer-
sity Hospital.

Preface 
Welcome to the Department of Immunology, Genetics and Pathology 
(IGP) at Uppsala University. We invite you to read about research and 
education carried out at the department. Our research groups present 
their important work on molecular technologies, basic biology, and 
specific diseases. Tight collaboration between experimentally and 
clinically active researchers bridges our experimental research to 
health care. 

IGP researchers have strong national and international networks. 
More than half our scientific publications have international co-au-
thorship. Researchers at IGP have excellent track records as recipients 
of external grants. Recruitment of young investigators with externally 
funded positions and young PIs already at IGP promise a future fac-
ulty with the capacity to further advance our successful work. 

We have an important mission to train the next generation of scient-
ists. Undergraduate education at IGP includes three Master’s pro-
grams with the highest score in a national evaluation. We also train 
more than 100 PhD students for future careers in academy, hospitals, 
industry or government.

IGP hosts eight service infrastructures and we played a central role 
in establishing SciLifeLab as a national resource in molecular bios-
ciences. Many researchers at IGP start companies and collaborate 
with partners in the business community. Several are also involved in 
clinical trials.

We are proud of our achievements. There are many ways to connect 
with IGP. The Rudbeck Seminar series is open to all, and doctoral 
dissertations are public events. On our web site you can find recent 
scientific publications, read about grants and awards, media coverage 
and the IGP Newsletter. Community building is key to our work at 
IGP.

Karin Forsberg Nilsson, 
Head of Department
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Forskningen är 
organiserad i 9 
forskningsprogram, 
med mer än 50 
forskargrupper.

IGP skapades med 
syfte att kombin-
era nya genetiska 
tekniker med 
kunskapen om 
sjukdomar. Den 
translationella 
inriktningen gynnas 
av anknytningen 
till flera kliniker på 
sjukhuset.

9
IGP was originally 
created with the 
aim to combine 
emerging techno-
logies in genetics 
with profound 
knowledge of 
disease biology. 
Translational efforts 
are promoted by 
the affiliation with 
hospital clinics.

Research is organ-
ised in 9 research  
programmes, with 
more than 5o re-
search groups.

The department successfully conducts and 
disseminates research with the aims to in-
crease biological understanding of develop-
ment and disease, and improve diagnostics 
and treatment. The overarching goal is 
translational medicine in disease areas such 
as cancer, autoimmunity, degenerative and 
other genetic diseases. The research carried 
out is linked to relevant clinical prob-
lems with a clear aim to shorten the delay 
between scientific discovery and health 
gain. Our work is strengthened by the five 
associated clinics. Integration with the 
University Hospital underpins IGP’s role 
in translational research. We see several 
fruitful examples of this, e.g. cross- 
collaborative cancer biobanking and trans-
ferring genomic methods to health care.

Education
The Department participates in teaching 
in several undergraduate programs and we 
have an extensive postgraduate teaching 
programme. We also host four interna-
tional master programs with strong links 
to ongoing research at the department, and 
also to society outside academia. 

succEssful fusions
IGP was originally created by the fusion of 
Medical Genetics and Pathology, aiming to 
promote translational efforts by combining 
emerging technologies in genetics with 
profound knowledge of disease biology at 
the Rudbeck Laboratory. In 2011, Clinical 
Immunology was incorporated into IGP, 
and most recently, Oncology, Medical Radi-
ation Sciences and Hospital Physics joined 

in 2015. These fusions have been very suc-
cessful and promoted dynamic interactions 
across research areas, and development of 
the current research programs. 

infrastructurE
IGP has played a central role in the estab-
lishment of SciLifeLab, a national resource 
and research environment in molecular 
biosciences. It has included the move to 
the Biomedical Centre (BMC) of two of 
our research programs, and their associ-
ated infrastructure facilities, to strengthen 
the SciLifeLab milieu. Currently we host 
seven SciLifeLab facilities. This illustrates 
the commitment of IGP to participate in 
building advanced infrastructure. 

intEraction with companiEs
Researchers at IGP are following the 
prominent Uppsala tradition of technology 
development for molecular analysis. They 
file numerous patents, start companies and 
license their technologies to world-leading 
companies. 

intErnational rElations
IGP is an international workplace with 
researchers and students from all over the 
world. We have a strong ambition to estab-
lish scientific and teaching contacts across 
borders because international collabora-
tion is often the most successful way of 
addressing the grand challenges to human 
health.

Institutionen bedriver framgångsrik 
forskning för att öka och sprida kunskap 
om biologiska processer och uppkomst av 
sjukdomar. Vid IGP utförs translationell 
forskning inom sjukdomsområden som 
cancer, autoimmunitet, degenerativa och 
andra genetiska sjukdomar. Forskningen 
är av stor klinisk relevans och har som 
mål att förkorta tiden mellan vetenskaplig 
upptäckt och ökad hälsa. Denna ambition 
gynnas av kopplingen till fem kliniker vid 
Akademiska sjukhuset och den täta sam-
verkan med sjukhuset förstärker IGP:s roll 
som ett nav för translationell forskning. Vi 
ser många goda exempel på detta t.ex. inom 
biobankning av cancervävnad och samarb-
eten som etablerar nya genomikmetoder i 
vården.

utbildning
Institutionen undervisar på många grundut-
bildningar vid Uppsala universitet och 
vi har en omfattande forskarutbildning. 
På avancerad nivå organiserar vi fyra 
internationella masterprogram. Dessa 
har starka band till aktuell forskning och 
metodutveckling vid IGP samt även till det 
omgivande samhället.

lyckadE sammanslagningar
IGP bildades ursprungligen vid en sam-
manslagning av medicinsk genetik och 
patologi. Syftet var att vid Rudbecklaborat-
oriet kombinera forskning om sjukdomar 
med nyutvecklade tekniker inom gen- och 
proteinanalys. 2011 anslöt klinisk immuno-
logi och i en sammanslagning 2015 tillkom 

onkologi, medicinsk strålningsvetenskap 
och sjukhusfysik. Dessa fusioner har varit 
mycket lyckosamma och stimulerat samarb-
ete över forskningsområden vilket bidragit 
till dagens nio forskningsprogram vid IGP.

infrastruktur
IGP har spelat en central roll för uppbygg-
naden av SciLifeLab, en nationell in-
frastruktur och forskningsmiljö i molekylär 
biovetenskap. Detta har innefattat att 
två av IGPs forskningsprogram och deras 
anknutna servicefaciliteter har flyttat till 
Biomedicinskt centrum (BMC) för att 
stärka SciLifeLab-miljön. I dagsläget är IGP 
värd för sju SciLifeLab-faciliteter. Allt detta 
illustrerar IGPs ambition att bygga avan-
cerad infrastruktur för forskning.

samvErkan mEd förEtag
Forskare vid IGP följer även den framgång-
srika Uppsalatraditionen att utveckla nya 
tekniker för molekylär analys. De ansöker 
om patent, startar egna företag och licensi-
erar sina tekniker till världsledande företag. 

intErnationElla kontaktEr
IGP är en internationell arbetsplats med 
forskare och studenter från ett stort antal 
länder världen över. Vi har en uttalad am-
bition att knyta internationella forsknings- 
och utbildningskontakter eftersom detta 
ofta är det mest framgångsrika sättet att ta 
sig an de stora hälsofrågorna.

Institutionen för  
immunologi, genetik och 
patologi

Department of  
Immunology, Genetics and 
Pathology

9

76



sammanfattning

"It's been very 
inspiring to have 
such commited and 
involved teachers."

eDUCatIon

IGP offers highly competitive under-
graduate education and Master pro-
grammes,  with courses in our fields of 
interest. We strive to attract ambitious and 
talented students, and to stimulate their 
academic development. 

The Department takes part in teaching 
in several undergraduate programmes and 
we give a large number of single subject 
courses. We organize three Master pro-
grammes; Forensic Science, Molecular 
Medicine and Medical Nuclide Tech-
niques. We are also one of the partners in 
the Ersmus+ programme International 
Master in Innovative Medicine (IMIM).

many intErnational studEnts
Several undergraduate courses and all mas-
ter programmes are available in English. 
As a result our Master’s programmes have 
students from more than 20 different coun-
tries. Our research-integrated programmes 
thereby educate Master’s students who are 
internationally competitive on a global job 
market, which can open possibilities for 
further international research collabora-
tions and networks

high quality scorE
IGP constantly evaluates and develops its 
educational programmes. An effect of our 
efforts to this end is the EIT Label that the 
IMIM programme recently received from 
the European Institute of Technology. 
A few years previously, the Swedish Higher 
Education Authority (UKÄ) evaluated 
fifteen educational programmes at the 
medical faculty at Uppsala University. 
Three out of the fifteen programmes re-

ceived the highest score, Very high quality. 
All these three programmes are Master’s 
programmes at IGP. 

strong link bEtwEEn  
Education and rEsEarch
Our Master programmes have a strong con-
nection to research and to society outside 
academia, which was also emphasised as a 
strength in the evaluation. The teaching is 
tightly linked to on-going research activit-
ies within IGP and SciLifeLab and stu-
dents learn about research quality through 
lectures about e.g. ethics, biostatistics, 
bioinformatics, research planning, and how 
to counteract scientific misconduct. 
Furthermore, students are performing 
graduation projects where they work 
within a research group to learn scientific 
strategies and project management. After 
completion of the project, the degree re-
port is often written as a scientific article. 

a mastEr programmE  
studEnt who likEs rEsEarch
Fredrik Lyngskog is presently doing his 
degree project in the Master programme 
Molecular Medicine. Before this he studied 
in the Biomedicine programme at Uppsala 
University.

“During my basic level studies in bio-
medicine I became interested in genomics 
and bioinformatics and I chose to continue 
my education in the Molecular Medicine 
programme”, he says.

Fredrik is very pleased with the pro-
gramme. He thinks that all courses have 
been relevant and he has enjoyed the 
atmosphere among the students.

“Around two thirds of the students have a 
basic level education from a foreign uni-
versity and we have had many interesting 
discussions comparing exams and ways 
of teaching in different countries. We 
have also had many social events such as a 
Christmas party with food from all parts 
of the world. 

After finishing his degree project 
Fredrik is interested in continuing with 
postgraduate studies and he thinks his 
education makes him well prepared for 
this.

“Both the course content and the teach-
ers have focused on research relevance. 
It’s been very inspiring to have such com-
mitted and involved teachers,” he says.

a broad Education  
in human biology
Amanda Lindberg is studying the fourth 
semester in the Biomedicine programme. 

“I really appreciate the programme,” 
she says. “The courses are interesting and 
fun, and the teachers are active research-
ers that are very familiar with their 
subjects. This means that we are often 
presented the very latest research find-

ings.”
One of Amanda’s favourite courses so 

far was Medical Genetics, given by IGP, 
where the students for instance had the 
opportunity to test how forensic analyses 
are done in real life. She also appreciated 
the bacteriology and metabolism courses.

“The programme is very broad, which I 
think is good. Sometimes I would like to 
learn more about a certain topic, but on 
the other hand I guess there is not time 
within the programme’s three years to 
both study many different subjects and 
focus more on some of them.”

However, before graduation Amanda 
will have the opportunity to further 
explore a specific area when she does her 
degree project. After this she will most 
likely apply for a Master programme.

“Our education provides a good basis 
for many Master programmes and most 
of my friends in the programme will 
continue with a Master. I have started 
looking at possible programmes here in 
Uppsala but I still have some time before 
I have to decide what to do next,” she 
concludes.

undErgraduatE 
programmEs
We are in charge 
of courses in the 
Medicine pro-
gramme, Biomedi-
cine programme, 
Biomedical Labor-
atory Science 
programme and 
Physiotherapy  
programme. 

4

mastEr  
programmEs
IGP organises the 
Master programmes 
Forensic Science, 
Molecular Medi-
cine and Medical 
Nuclide Techniques, 
and participate 
in the Ersmus+ 
programme Inter-
national Master in 
Innovative Medicine. 

Undergraduate education

4
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research presentation

facts
In the last few years 
(2102-2016) IGP has ad-
mitted around 16 graduate 
students per year. The 
average time to the PhD 
exam is 4 years and an 
average of 17 new PhD 
degrees are awarded each 
year from IGP.

"My studies here have 
given me the tools to 
develop as a researcher."

eDUCatIon

IGP has an extensive postgraduate education, with more 
than 100 enrolled students.

Our goal is to provide postgraduate 
training of the highest international 
standing, preparing the doctoral stu-
dents for future careers in academia, 
industry or government.

a blEnd of doctoral studEnts
The Department attracts postgraduate 
students from a variety of undergradu-
ate backgrounds. In the research pro-
grammes focussing on basic biological 
and medical research, many students 
have previously studied biology or bio-
medicine, or have a degree as engineers. 
Doctoral students in the translational 
and clinical research programmes are 
often qualified physicians or students in 
the medicine programme. 

This valuable mix of experiences 
is also enhanced by the international 
contribution to our postgraduate 
student community. Around one half 
of the students have an undergradu-
ate degree (Bachelor or Master) from 
a university outside Sweden. The 
combination of students with differ-
ent backgrounds, and likely different 
career goals, promotes a lively and pro-
ductive educational research environ-
ment both in the research groups and 
in the Department as a whole.

sciEntific work and coursEs
Postgraduate education at IGP is 
mainly performed as scientific work in 
a research group, under the guidance 
of a supervisor. This often includes 

experiments in the lab, data analyses 
and other hands-on investigations. In 
addition, our PhD students are required 
to attend postgraduate courses and the 
Department has allocated funds from 
which students can apply to participate 
in international courses, or to visit re-
search laboratories to learn techniques 
required for their research projects. 

The PhD student council at IGP 
annually arranges a conference where 
the PhD students present their work 
to their fellow students. This is a great 
opportunity for the students to learn 
about their colleagues’ work and to 
practise their presentation skills.

subsEquEnt profEssions
Doctoral students who get a PhD at 
IGP have very diverse subsequent 
careers. Many stay on in the academia, 
eventually establishing their own 
research groups. Others go on to work 
in national or international life science 
companies. Doctoral candidates with a 
medical background often continue to 
conduct research, in combination with 
work as physicians.

two phd studEnts aiming for 
rEsEarch carEErs
Verónica Rendo and Ross Smith are 
in the last year of their postgraduate 
education at IGP and they both have an 
international background.

“I grew up in Venezuela and did 
my undergraduate studies in biology 

provides great opportunities to do 
research. 

“There are so many competences 
gathered and it’s very easy to meet 
people to discuss your results or get 
advice on technologies, also if they 
are in another research field. Many 
are willing to share knowledge and 
I believe that my studies here have 
given me the tools to develop as a 
researcher,” Verónica says.

Ross agrees. “Sometimes I have 
felt like an imposter – like ‘What 
am I doing here?’ – but there is 
always someone to ask and I have 
been learning a lot. Now others even 
come to me for advice. It’s really an 
advantage to have experts in so many 
fields close by and there is a lot of 
cross communication and interac-
tions between the groups.”

“This is one thing that could be 
improved though,” Verónica says. 
“Since IGP’s research groups are 
located in different premises some 
interactions are more limited.”

Ross will likely defend his thesis 
by the end of the year and he wants 

there,” Verónica says. “My university 
had an exchange programme with 
Uppsala University so I did my last 
year of undergraduate education 
in Uppsala. When I did my degree 
project work here I got interested 
in cancer genetics and I got to know 
my present supervisor, which was 
an important reason for becoming a 
PhD student at IGP.”

Ross also has an undergraduate de-
gree in biology, in his case from the 
Unites States. However, he joined 
IGP when he started working as a 
technician.

“I wanted to move to Sweden to 
pursue my interest in orienteering 
and was recruited to IGP by my 
present supervisor. This was based on 
my experience in animal work and I 
spent the first year or so in the lab as 
an animal technician. But then I fell 
in love with science again and want-
ing to do more challenging work I 
decided to go for a PhD degree.”

They both enjoy the atmosphere 
at IGP and in their research groups 
and think that the department 

to stay both in science and in 
Sweden. When Verónica graduates 
she is interested in continuing with 
research and hopefully translate 
her findings into help solve clinical 
needs. 

“I would be great to see that 
people can benefit from what I do,” 
she says.

Postgraduate education

“I fell in love with 
science again”

11
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tRansLatIonaL ReseaRCH tRansLatIonaL ReseaRCH

“Since I’m interested 
in both research and 
helping patients this has 
been a great opportunity 
for me."

invEstigator-initiatEd  

clinical trials

IGP researchers are actively involved in clinical 

trials. these include:

•	 Phase I/IIa adCD40L Immunogene therapy 

for Patients With advanced Malignant Dis-

ease, nCt01455259 (recently concluded)

•	 CD19-targeting 3rd Generation CaR t 

Cells for Refractory B Cell Malignancy - a 

Phase I/IIa trial, nCt02132624 (on-going) 

•	 study of Recombinant adenovirus 

adVince in Patients With neuroendocrine 

tumors; safety and efficacy (RaDnet), 

nCt02749331 (on-going)

•	 CD19-targeting, 3rd Generation CaR t 

Cells for Refractory B Cells Malignancy, 

nCt03068416 (to be initiated shortly)

•	 RepoMeb: a phase 2a clinical study on the 

safety and efficacy of mebendazole in pa-

tients with advanced gastrointestinal cancer 

or cancer of unknown origin (in planning)

fivE hospital units 
arE affiliatEd with 
igp: 

•	 Clinical immunology 
and transfusion medi-
cine

•	 Clinical pathology

•	 Oncology 

•	 Clinical genetics

•	 Hospital physics

Research at IGP is linked to relevant clinical problems with 
a clear aim to shorten the delay between scientific  
discovery and health gain.

registered as PhD students in parallel 
with their medical education. 

 
viktor ljungström, who recently 
gained his PhD at IGP, has been part 
of  the Early Doctorate Programme.

“I was one of the first students that 
were accepted in the programme and 
started my PhD studies when I had 
two semesters left of the medicine 
programme. I then stayed on for four 
more years and received my PhD in 
2016. Now I have got the chance to 
continue with research when I do my 
internship training.”

Viktor thinks that it’s hard work 
to take on a PhD project and at the 
same time follow the curriculum of 
the medicine programme and the 
subsequent clinical training, but that 
it’s also been very valuable.

“Since I’m interested in both 
research and clinical work this has 
been a great opportunity for me. I 
can see how new research findings 
and advanced techniques such a 
next generation sequencing might 
be developed for clinical use. At the 
same time I have an understanding of 
clinical needs that could be addressed 
in the lab.”

The translational research setting 
at IGP has also been an advantage. 
The presence of both frontline re-
search and active clinicians creates a 
dynamic and inspiring environment.

“IGP has been great place to do my 

PhD. I have acquired a robust re-
search education where I’ve been part 
of exciting projects and I now hope 
to be able to bring ‘research thinking’ 
into the clinic,” Viktor finishes.

niklas dahl is a professor at IGP 
and senior physician in clinical 
genetics. He appreciates the transla-
tional approach at the Department. 

“It is a great privilege to work as a 
clinical geneticist in the environment 
in and around IGP,” he says. “Clinical 
genetics is a rapidly expanding dis-
cipline driven by novel technologies, 
not the least next generation sequen-
cing. We need to meet the increasing 
demands from the community and 
patients by being at the edge of clin-
ical research and by implementation 
of new findings in our health care 
system. This is a continuous process 
that requires factors such as estab-
lished infrastructures, innovative 
environments and interactions with 
scientists in adjacent fields in addi-
tion to a strong clinical anchoring.”

Niklas believes that IGP’s strong 
research groups, its well-developed 
infrastructure and tight alliance 
with the university hospital and the 
SciLifeLab, create an ideal environ-
ment for high quality translational 
research.

“My background is from a small 
town in mid Sweden and my ambi-
tion when moving to Uppsala was 

to return as a family doctor,” he 
explains. “However, the scientific 
environment attracted me and I was 
captured by genetics and its import-
ance for disease during my intern in 
pediatrics. For my thesis, I combined 
experimental work in a laboratory 
with on duty in the pediatric clinic 
during the weekends. This laid the 
foundation for my insights into 
translational research and its critical 
importance for improved care and 
treatment of patients.” 

One of the major aims at the De-
partment is to perform translational 
research, bridging basic experimental 
research and modern diagnostics and 
therapy. Translational research is pro-
moted by tight collaborations between 
experimentally and clinically active 
researchers and the relationship with 
our affiliated hospital clinics provides 
excellent conditions for success.

clinical immunology and 
transfusion mEdicinE
Research at the clinic focuses on 
diabetes and other autoimmune dis-
eases, immunological reactions after 
transplantations and development of 
immune therapy for cancer. 

clinical pathology
The hospital unit for clinical pathology 
has a dedicated research and develop-
ment group that provides services for 
internal and external clients. These in-
clude handling requests for withdrawal 
of patient samples and microscopic 
or molecular analyses. The unit has a 
well-functioning collaboration with 
IGP researchers and with the strategic 
research project U-CAN. 

oncology 
At the oncology clinic patients with 
cancer receive their treatment and 
many doctors at the clinic perform 
research on tumour diseases and cancer 
therapies. An important part of the 

clinic is the clinical research and devel-
opment unit that provides assistance 
and knowledge in clinical drug trials of 
and other clinical studies. 

clinical gEnEtics
The clinic conducts research and 
provides expertise on the genetic 
background for inherited diseases and 
cancer. Their goal is to clarify the func-
tion of genes and molecules in disease 
mechanisms and to use this knowledge 
in diagnostics and treatments. 

hospital physics
Researchers at the unit for hospital 
physics study the physical and tech-
nical aspects of using radiation in 
cancer therapy. 

bEing both  
rEsEarchEr and clinician
Our translational and clinical re-
search is conducted by scientists that 
are affiliated in different ways to the 
Department. Several group leaders 
are active physicians with positions at 
IGP. In addition, there are a number of 
researchers that are employed at the 
University Hospital and have adjunct 
positions at IGP as professors or senior 
lecturers. 

Furthermore, three new PhD students 
are annually enrolled in the Early Doc-
torate Programme for medical students 
instituted by the Faculty of Medicine. 
In this programme medical student are 

translational research

“The scientific envir-
onment attracted me 
and I was captured 
by genetics and 
its importance for 
disease.”

13



sammanfattning

Most of the sciLifeLab fa-
cilities hosted by IGP are 
located at Navet in BMC.

sCILIfeLaB anD seRVICe faCILItIes

facts
SciLifeLab includes 
42 facilities, organ-
ised in 8 platforms 
based on activities 
and areas of in-
terest. In addition, 
12 new facilities and 
projects have been 
established as pilot 
facilities at their 
host universities.  

Service facilities 

Uppsala Genome 
Center

Clinical Genomics 
Uppsala

PLA Proteomics

Single Cell  
Proteomics

SciLifeLab Data 
Office

Tissue Profiling 

Preclinical Cancer 
Treatment

BioVis 

8

SciLifeLab is a national infrastructure 
resource focusing on health and envir-
onmental research. It is a joint effort 
between four universities: Karolinska 
Institutet, KTH Royal Institute of Tech-
nology, Stockholm University and Uppsala 
University. The centre offers services 
and know-how to the Swedish research 
community but also to external users such 
as companies, healthcare institutions and 
governmental agencies.

SciLifeLab services are organised in 42 
facilities, located at several Swedish uni-
versities. There are also a number of pilot 
facilities that have been established with 
the aim to be included as national service 
facilities in the future. 

Seven SciLifeLab facilities are hosted by 
IGP, which means that they are managed 
and run by IGP staff. In addition, IGP 
hosts the BioVis core facility, funded by 
the Medical and Pharmaceutical Discip-
line.

scilifElab facilitiEs at igp
Uppsala Genome Center is one node of the 
National Genomics Infrastructure. The fa-
cility is open to academic research groups 
in Sweden on a non-profit basis. We 
provide tailor-made, cost-effective and ex-
pedient solutions for all types of genetic/
genomic projects using e.g. massively 
parallel sequencing technologies, Sanger 
sequencing and STR typing.

The facility Clinical Genomics Uppsala 
provides high-throughput genomic ser-
vices for late-stage, translational research 
projects and develops new genetic tests 

for clinical diagnostics within health-care. 
The focus is on developing genetic tests 
for various cancer forms and inherited 
diseases using state-of-the-art next-gener-
ation sequencing and bioinformatics.

The PLA Proteomics facility aims to serve 
the national and international scientific 
communities with advanced molecular 
techniques directly, or by making these 
available via other SciLifeLab facilities. We 
offer analyses of individual proteins, pro-
tein-protein interactions and post-transla-
tional modifications in single- and multi-
plex manners using technologies such as 
in situ PLA, solid-phase PLA, PLARCA, 
PLA via flow cytometry, PLA-WB, etc.

The Single Cell Proteomics facility offers 
access to approaches to study proteins at 
the single cell level. We develop validated 
and custom proximity affinity reagents for 
single cell protein analysis and protocols 
to enable multi-parameter single cell ana-
lysis (e.g. RNA-protein, protein-protein 
interactions).

The SciLifeLab Data Office is a newly 
established group to facilitate the commu-
nication between SciLifeLab platforms, 
their users, and the research community. 
The purpose is to maximize the scientific 
impact of SciLifeLab generated data by 
providing coordination of services for 
good data management, in particular 
storing, managing data access, sharing, 
archiving and re-using data. 

The Tissue Profiling Facility provides 
service and consultation for external 
research groups with focus on histopath-
ological analysis in tissue samples. Special 
emphasis is put on tissue microarray 
production, immunohistochemistry, anti-
body validation and digital slide scanning.

The Preclinical Cancer Treatment (PCT) 
facility is a SciLifeLab and Uppsala Uni-
versity sponsored pilot facility opening in 
2017. The PCT centre will provide service 
for preclinical and clinical researchers 
that are evaluating novel drugs in com-
bination with standard treatments in vivo 
or that conduct controlled studies for 
refining current cancer therapies in vivo.

biovis
The BioVis facility provides technology 
and know-how for multimodal biolo-
gical visualization at the tissue, cell, and 
sub-cellular levels, including supporting 
analytical and preparative technologies. 
Our technologies include light micro-
scopy, flow cytometry and image analysi.

”bioimaging provides the 
means to place genomic 
and proteomic information 
in a cellular or tissue con-
text.  at biovis we offer 
advice regarding methods 
and visualization-related 
problems as well as access 
to state-of-the-art instru-
ments.”

sciLifeLab and  
service facilities at IGP 
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U-Can

Material from 
U-CAN’s sample 
collection is avail-
able for researchers 
and companies, 
after the application 
has been approved 
by an ethics com-
mittee, the relevant 
biobank and by 
U-CAN’s diagnosis 
group.

facts
More than 12,000 
patients have been 
included in U-CAN. 
Samples are collec-
ted from patients 
with colorectal 
cancer, brain 
tumours, breast 
cancer, prostate 
cancer, haematolo-
gical malignancies 
and lymphomas, 
neuroendocrine 
tumours, gynaeco-
logical cancer and 
lung cancer.

U-CAN is a unique project, hosted by IGP, 
in which frozen tissue and blood samples 
are collected in a standardised way from 
cancer patients before, during and after 
treatment. Patient data and radiological 
images are also collected. 

The material is used in research pro-
jects with the ultimate goal to improve 
treatment and disease outcome for cancer 
patients. This includes developing methods 
to fine tune diagnoses and better character-
ise different tumours, and to improve the 
possibilities to choose an optimal therapy 
for the individual patient. 

morE than 12,000 cancEr patiEnts 
havE bEEn includEd
The project was initiated in 2010, after re-
ceiving governmental funding for strategic 
research projects. Since then samples and 
patient information have been collected 
from thousands of patients with nine differ-
ent cancer diagnoses. Patients are included 
by hospital staff at Uppsala University 
Hospital, Umeå University Hospital and 
at county hospitals in the wider Uppsala-
Örebro region. 

succEssful collaboration
The project is headed by Associate Professor 
Tobias Sjöblom at IGP. He believes that 
the success of the project stems from the 
fruitful collaboration between the involved 
organisations.

“Our mission was to propel today’s 
research by collecting large amounts of 
data and biobank samples, and to make 
them easily accessible. No single company 

or university, anywhere in the world, can 
do this alone. Our long-term, and I think 
unique, relationship between the parti-
cipating universities, university hospitals, 
county councils, biobanks, regional cancer 
and biobank centers, and Science for Life 
Laboratory has been the key to our suc-
cess“, he says.

high Evaluation rating
After the first five years the project was 
evaluated by the Swedish Research Council. 
In the evaluation summary of the interna-
tional panels’ assessment U-CAN received 
the highest rating in the evaluated categor-
ies: performance, strategy, added value and 
research output.

“This was of course very rewarding for all 
of us involved in U-CAN. Going forward 
we will continue patient inclusion but 
further increase the emphasis on clinical 
data. We will also increase support to high 
quality research projects based on materi-
als from U-CAN,“ says Tobias Sjöblom.

incrEasEd dEmand for rEsEarch 
projEcts
Since the start, more than 35 research 
projects have been approved, half of which 
were submitted only last year. This rapid 
increase in project applications reflects the 
research community’s need for systematic-
ally collected samples with readily available 
long-term follow-up data. It is also a con-
sequence of that most U-CAN collections 
are now reaching “research-maturity”.

U-Can

10
At least ten com-
panies have been 
founded by IGP 
researchers, based 
on innovations and 
patents from the 
Department.

Uppsala University 
has a strong tradi-
tion of world- 
leading technology 
development for 
molecular separa-
tion and analysis, 
which has often 
been conducted in 
close collaboration 
with industry. This 
tradition is very 
much alive at IGP, 
whose researchers 
have filed numerous 
patents and started 
several successful 
companies.

"new molecular techniques 
are important drivers of 
progress in medical re-
search and practice.  as an 
effect of this we are  
witnessing profound 
changes in healthcare. to 
contribute to this devel-
opment we need to form 
close interactions between 
academia and industry. "

Ulf Landegren

As a department with an overall focus on 
translational research, IGP recognizes the 
need to efficiently communicate, dissemin-
ate and apply scientific results in industry 
and healthcare. Many of the researchers 
at IGP forge strong links with partners in 
the business community to ensure efficient 
interactions. 

Appointments of adjunct lecturers and 
adjunct professors further strengthen con-
tacts with companies in the biotech and 
life science sector. During 2016, IGP had 
ten industry-sponsored postdocs involved 
in both collaborative projects and com-
missioned research. IGP has also been able 
to support new start-ups by offering lab 
premises on commercial terms for incub-
ating companies in association with their 
founding labs during initial stages.

companiEs foundEd by igp  
rEsEarchErs
A strong, long-term focus on developing en-
abling molecular technologies and resources 
has rendered IGP an important partner 
in the SciLifeLab organization. It has also 
resulted in filing of a large body of valuable 
patents for advanced analyses at levels of 
nucleic acids or proteins by the MolTools 
unit and other groups at the department. 

These innovations have formed the basis 
for several successful companies, often 
with graduate students and postdocs at the 
department in key roles as CEOs, COOs, 
CSOs, CROs, etc. The companies include 
ParAllele, Olink Bioscience, Olink Pro-
teomics, Halogenomics, Cray Innovation, 
ExScale Biospecimen Solutions, Q-Linea, 
Atlas Antibodies, Genagon Therapeutics, 
and Vanadis Diagnostics. 

companiEs licEnsing ip  
by igp rEsEarchErs
Several of the companies that have been 
built on work at IGP have gone on to suc-
cessful exits through acquisition by leading 
international biotech and diagnostic com-
panies, while others are in a growth phase, 
maintaining close association with mem-
bers of the department. In addition, tech-
nologies invented and developed at IGP 
have been licensed to many of the world’s 
leading life science companies, including 
Abbott, Affymetrix/Applied Biosystems/
ThermoFisher, Agilent, Pharmacia Bi-
otech/GE Healthcare, PerkinElmer, Leica, 
DuPont, and SigmaAldrich/Merck.

InDUstRy

Collaboration with  
industry
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aDMInIstRatIon

"our administration  
supports and facilitates the 
work of staff and students 
at igp."

  Camilla nilsson

facts
Annually the 
administration 
handles:
•	9000 supplier 

invoices
•	700 customer 

invoices
•	60 employment 

contracts
•	15-20 PhD theses 

defences
•	1200 student 

course registra-
tions

A team of 20 people 
take care of admin-
istrative matters 
concerning budgets 
and reporting, em-
ployment contracts 
and announcement 
of positions, student 
registration and 
examination, and 
the IGP web site.

20
IGP is an efficient, transparent and ser-
vice-minded organization. We have a well 
functioning administration that supports 
and facilitates the work of staff and stu-
dents at the Department. 

The administration deals with matters 
that concern human resources, finances, 
undergraduate and postgraduate education, 
and internal and external communication.

 
human rEsourcEs
Camilla Nilsson coordinates the human 
resources work. She and her team assist 
group leaders and other staff in matters 
concerning recruitments and employ-
ments.

“We handle announcements of positions, 
negotiations with the unions, employment 
contracts and similar matters,” she says. “In 
addition, we support the department’s per-
sonnel by assisting with issues regarding 
their employment such as parental leave, 
salary discussions and individual develop-
ment conferences.”

financEs
Several financial officers are handling the 
department’s finances.  

“In the financial administration we 
manage the finances for both the whole 
department and for individual research 
groups,” says Birgitta Gustafsson, financial 
coordinator at IGP. “This includes pursuing 
that grants from the university and from 
external grant agencies are used for the in-
tended purposes, and to report to the grant 
agencies within the time frame that they 
have defined.“

undErgraduatE Education  
administration
The undergraduate student administration 
organizes IGP’s courses, in collaboration 
with the Head of undergraduate education, 
course leaders and teachers involved in the 
courses. They take care of room reserva-
tions, prepare course schedules, up-date 
course web sites, register students and 
examination results, and administer exam 
papers. 

postgraduatE Education  
administration
The postgraduate education administrators 
handle matters that concern IGP’s more 
than 100 postgraduate students. They ad-
minister the admission of students, register 
their course work and take care of the 
administrative arrangements around the 
students’ thesis defense. 

communications
The communications officer at IGP is 
responsible for the IGP web, which is used 
for both internal and external communic-
ation. 

administration

PRIzes anD aWaRDs

Lena Claesson-
Welsh’s naming as 
Cancer Researcher 
of the Year includes 
a commitment to 
promote the work 
of the Swedish Can-
cer Society and to 
inform about cancer 
research in various 
media.

"to ReCeIVe tHe 

MaLIn anD LennaRt 

PHILIPson aWaRD 

Was a GReat Hon-

oUR. It aLLoWs Me to 

exPanD My ReseaRCH 

GRoUP anD GIVes Me 

tHe Best PossIBLe 

staRt foR My InDe-

PenDent ReseaRCH 

CaReeR. "

Maria Ulvmar,  
recipient of Malin 
and Lennart Philipson 
prize and award in 
2016

In the last few years many IGP researchers 
have been endowed various kinds of na-
tional and international prizes and awards. 
Some of these are for specific scientific or 
entrepreneurial achievements, others for 
long-term contributions to science. 

cancEr rEsEarchEr of thE yEar
Lena Claesson-Welsh (2017)

olof rudbEck prizE 
Bengt Glimelius (2016)
Lena Claesson-Welsh (2014)
Bengt Westermark (2012)
Per Westermark (2010)

gustaf adolf mEdal in gold
Lena Claesson-Welsh (2016)

lEfoulon-dElalandE grand prix
Elisabetta Dejana (2016)

Eric k fErnströms svEnska pris
Tobias Sjöblom (2016)
Taija Mäkinen (2015)
Helena Åkerud (2013)
Lars Feuk (2012)

Earl p. bEnditt award
Elisabetta Dejana (2016)

lEnnart philipson prizE
Maria Ulvmar (2016)

flormanska bElöningEn
Fredrik Johansson Swartling (2016)
Anna Dimberg (2013)

hEmatological thEsis of thE yEar
Panagiotis Baliakas (2016)

hilda and alfrEd Eriksson prizE 
Per Westermark (2015)

mariE curiE award
Hadis Honarvar (2015)

uppsala county council rEsEarch 
prizE
Bo Nilsson (2015)
Richard Rosenquist Brandell (2013)
Olle Korsgren (2012)

hwassEr prizE for bEst prE-clinical 
phd thEsis
Hannah Karlsson (2015)
Carl-Magnus Clausson (2014)

thE king’s mEdal of thE 8th sizE
Bengt Westermark (2014)

athEna prizE
Alex Karlsson-Parra (2014)

uppsala univErsity’s innovation 
prizE hjärnäpplEt
Ulf Landegren (2013)

Estro rEgaud-mEdalj
Bengt Glimelius (2013)

Prizes and awards
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clinics
Clinical genetics
Clinical pathology
Clinical immunology and 

transfusion medicine
Oncology
Hospital physics

sErvicE facilitiEs
Uppsala Genome Center
PLA platform
Tissue Profiling platform
Clinical Sequencing facility
Single Cell Proteomics Facility
Preclinical Cancer Treatment 
Center 
SciLifeLab Data Office
BioVis

rEsEarch programmEs
Clinical and Experimental 

Pathology
Clinical Immunology
Experimental and Clinical 

Oncology
Human Protein Atlas
Medical Genetics and Genomics
Medical Radiation Sciences
Molecular Tools
Neuro-oncology
Vascular Biology

igp managEmEnt
Head of Department  
Karin Forsberg Nilsson

Deputy Head of Department 
Ulf Landegren

Assisting Heads of Department
Bo Stenerlöw, responsible for  
recruitment matters
Claes Wadelius, responsible for 
postraduate education

Director of Studies, undergraduate 
education  
Nils-Erik Heldin

Financial coordinator  
Birgitta Gustafsson

Personnel coordinator  
Camilla Nilsson

groups with spEcific  
rEsponsibilitiEs
Equal opportunity group
Work environment group
Equipment group
Postgraduate education group
Rudbeck seminar group

IGP is located at the Rudbeck Laboratory, at the  
Biomedical Centre (BMC) and at the University Hospital. 

About us  

mastEr programmEs
Forensic Science 
Molecular Medicine 
Medical Nuclide Techniques
International Master in Innovative

Medicine

undErgraduatE Education 
programmEs
Medicine
Biomedicine 
Biomedical Laboratory Science 
Physiotherapy

figurEs
600 people affiliated to IGP
320 staff
34 professors
12 senior lecturers
51 research groups
105 postgraduate students
15-20 thesis defences annually

financial turnovEr 2016

External funding
Sweden, EU, USA

Research

Undergraduate 
education

Commissions

Total: 375 MSEK

Government 
funding

219 MSEK
128 MSEK

25 M
SEK

3 MSEK

aBoUt Us

lature. Circ Res. 2015, 116(10):1649-
54.  
Times cited : 25, IF = 12

Sutton LA, Rosenquist R. The 
complex interplay between cell-in-
trinsic and cell-extrinsic factors 
driving the evolution of chronic 
lymphocytic leukemia. Semin Can-
cer Biol. 2015, 34:22-35.   
Times cited : 10, IF = 10

Baliakas P et al. Leukemia. 2015, 
29(2):329-36.  
Times cited : 79, IF = 12
Mansouri L et al. Functional loss of 
IκBε leads to NF-κB deregulation 
in aggressive chronic lympho-
cytic leukemia. J Exp Med. 2015, 
212(6):833-43.  
Times cited : 20, IF = 11

Baliakas P, Hadzidimitriou A, 
Agathangelidis A, Rossi D, Sut-
ton LA, Kminkova J, Scarfo L, 
Pospisilova S, Gaidano G, Stama-
topoulos K, Ghia P, Rosenquist R. 
Prognostic relevance of MYD88 
mutations in CLL: the jury is still 
out. Blood. 2015, 126(8):1043-4. 
Times cited : 6, IF = 12

Baliakas P et al. Not all IGHV3-21 
chronic lymphocytic leukemias are 
equal: prognostic considerations. 
Blood. 2015, 125(5):856-9.  
Times cited : 14, IF = 11

Koos B, et al. Proximity-dependent 
initiation of hybridization chain 
reaction. Nat Commun. 2015, 
6:7294. 
Times cited : 10, IF = 12

Swedish Foundation for 
Strategic Research

Swedish Radiation Safety 
Authority

Swedish Research Council
Torsten Söderbergs Stiftelse
Uppsala University Hospital 

(ALF funding)
Vinnova
von Kantzow Foundation
World Wide Cancer Research
Åke Wibergs Stiftelse

somE high impact papErs 
(2015) 
(with IGP researchers as first/last 
author)
Uhlén M, et al.  Tissue-based map 
of the human proteome. Science. 
2015, 347(6220):1260419.  
Times cited : 646, IF = 34

Dumanski JP et al. Smoking is 
associated with mosaic loss of 
chromosome Y. Science. 2015, 
347(6217):81-3.  
Times cited : 21, IF = 34

Betsholtz C. Lipid transport and 
human brain development. Nat 
Genet. 2015 Jul;47(7):699-701. 
Times cited : 5, IF = 32

Glimelius B. Is the benefit of 
oxaliplatin in rectal cancer clinic-
ally relevant? Lancet Oncol. 2015 
Aug;16(8):883-5.  
Times cited : 2, IF = 27

Martinez-Corral I et al. Nonvenous 
origin of dermal lymphatic vascu-

somE prEstigEous grants
ERC Starting grants
Lars Feuk
Lars Forsberg
Fredrik Swartling

Consolidator grant
Taija Mäkinen

ERC Advanced grants
Christer Betsholtz
Ulf Landegren

Knut and Alice Wallenberg  
Foundation project grants
Bengt Westermark et al
Christer Betsholtz et al

Wallenberg academy fellow
Linda Holmfeldt

Wallenberg scholar
Christer Betsholtz
Lena Claesson-Welsh

Wallenberg clinical scholar
Richard Rosenquist Brandell

major funding agEnciEs
AFA Insurance
AstraZeneca
Beijer Foundation
Diabetes Wellness
EU, FP7 and Horizon2020
ERC
EU, IMI
FORTE
Göran Gustafsson Stiftelse
Juvenile Diabetes Research 

Foundation
Knut and Alice Wallenberg 

Foundation
Leducq Foundation
National Institutes of Health
NovoNordiskfonden
Olle Enqvist Byggmästare 

Foundation
Ragnar Söderbergs Stiftelse
SSMF
Stiftelsen Onkologiska klinikens i

Uppsala forskningsfond
Swedish Cancer Society
Swedish Childhood Cancer 
Foundation

Swedish Crime Victim Compensa-
tion and Support Authority

aBoUt Us
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the programme focuses on disease-related alterations in 
human tissues.

transcriptomic levels that are strongly 
associated with clinical outcome. A 
key effort of the group is to translate 
knowledge and established technology 
developed in research projects into 
routine diagnostics.

Researchers in this programme study 
both morphological and molecular 
alterations in e.g. protein expression or 
at the levels of DNA or RNA. On-going 
projects include studies on tumours, 
inflammation, degeneration and amyl-
oidosis in various organs. 

nEuropathology
The group headed by Irina Alafuzoff fo-
cuses on various degenerative processes 
and diseases of the human brain. They 
use a range of techniques for studying 
tissues, for instance histology, immun-
ohistochemistry, in situ hybridization, 
morphometry and tissue microarray 
strategy. The research approach can 
be described as being overall systemic, 
incorporating all fields of medicine.

lymphomas
Rose-Marie Aminis group studies differ-
ent diagnostic, prognostic and predict-
ive markers in malignant lymphomas by 
investigating different genetic events, 
important for lymphoma initiation and 
progression. They focus on the aggress-
ive B-cell lymphomas and aggressive 
lymphomas affecting the central 
nervous system. 

lung cancEr
Two research groups focus on lung 
cancer. Johan Botling’s group studies 
the molecular pathology of non-small 
cell lung cancer. They have identified 
specific aberrations on genomic and 

Clinical and  
experimental pathology

ReseaRCH

Per Westermark

johan Botling Patrick Micke

Rose-Marie aminiIrina alafuzoff

"tHe BasIs foR oUR 

ReseaRCH Is tHe stRonG 

ConVICtIon tHat ReLIaBLe 

tRansLatIonaL CanCeR 

ReseaRCH Is DePenDent 

on CaRefULLy seLeCteD 

HUMan CanCeR tIssUes, 

stRInGentLy ReVIeWeD By 

PatHoLoGIsts."

The main objectives  of 
the research programme 
are to understand patho-
genesis, identify molecu-
lar correlates of disease, 
develop new diagnostics, 
and characterize po-
tential targets for new 
therapies.

in alzhEimEr's disEasE (ad) lesion as 
hyperphosphorylated τ (HPτ) and β-amyl-
oid (Aβ) are seen in the brain. Further 
alterations such as α-synuclein (αS) and 
transactive DNA binding protein 43 
(TDP43) are common. We have studied 
these alterations in cognitively unimpaired 
and in idiopathic normal pressure hydro-
cephalus (iNPH), both settings are unique. 
HPτ was observed in 98 % (age range of 
50-102 years) and the incidence of HPτ/Aβ 
(=ADRP) increased from 18 % (age 50-59) 
to 62 % (age 80-89). In more than 50 % only 
HPτ was observed, i.e., Primary Age Related 
Tauopathy (PART) and the Aging-Related 
Tau AstroGliopathy (ARTAG) was seen in 
57 % of unimpaired aged subjects (manu-
script under preparation). Other concom-
itant brain alteration also increased with 

aging, αS from 12 to 19 % and TDP43 from 
21 to 36 %. 

The causative mechanism for neuronal 
and glial degeneration is poorly under-
stood, whereas there are suggestions that 
systemic disorders might be of significance. 
We have studied the brain in parallel with 
peripheral organs displaying alterations 
related to various systemic disorders. 
Recently we reported that indeed diabetes 
is of interest, not for ADRP but for the ex-
tent of TDP43 that was shown to correlate 
with amylin observed in pancreas. 

Currently we are studying the effect of 
cardiovascular disease on kidneys, heart 
and the aging brain. Recently we also noted 
a severe cell loss even in the late stage of 
neuro degeneration whereas the inflamma-
tion decreased.

In unimpaired aged 
HPτ is seen in  
98 %, incidence of 
HPτ/Aβ increases 
with age, PART is 
more common than 
ADRP, ARTAG 
is seen in 57 %, 
TDP43 in 36 % 
and correlates with 
amylin in DM and 
αS is seen in 19 %. 

ReseaRCH

aging related neurodegeneration 
and systemic disorders

amyloid rEsEarch
Per Westermark’s group has a broad 
interest in the nature, pathogenesis and im-
pact of a number of amyloid diseases. The 
possible transmission of amyloid diseases 
by a prion-like mechanism is their of our 
main interests. They also perform amyloid 
diagnostic work in association with the 
University Hospital.

Patrick Micke and his team use human 
lung cancer tissue to perform molecular 
analyses based on the concert of different 
cell types in the in situ environment. In this 
integrative approach, they combine gen-
omic information with clinical parameters 
to identify molecular interactions that can 
be utilized as biomarkers or new treatment 
targets.

sEvEral clinal pathologists are also affiliated with the Department. their research 

projects aim to improve diagnostics to make it more informative and to identify potential targets 

to be used for the development of new treatment strategies. the research is mainly based on ana-

lyses of disease related alterations in tissues obtained from biopsies, surgical specimens or autopsy 

specimens. studied diseases include pituitary adenomas, prostate cancer and lung cancer.

irina alafuzoff



25

ReseaRCH

Diagnostic molecular  
tumour pathology

“oUR GoaL Is to 

PUsH anD tRans-

Late exPLoRatIVe 

ReseaRCH Into CUt-

tInG eDGe CanCeR 

DIaGnostICs foR 

PatIents tHRoUGH 

CLose CLInICaL 

ReseaRCH CoLLaBoR-

atIons”.

Johan Botling

compartments of lung cancer lesions.
A key priority is to translate knowledge 

and established technology into routine 
pathology diagnostics. Our group leads 
the Solid Tumour Work Package in the 
national Clinical Sequencing Platform, 
Science for Life Laboratory. In house 
development of targeted next generation 
sequencing for formalin-fixed tissues and 
adapted bioinformatic pipelines have led 
to the introduction of multiplex dia-
gnostic mutation assays for colon cancer, 
lung cancer, melanoma, GIST, and ovarian 
carcinoma. This year targeted sequencing 
diagnostics was launched for circulating 
tumour DNA in liquid biopsies. Ongoing 
work includes RNA-assays for fusion gene 
detection and global tumour profiling in 
prospective clinical trials.

knowlEdgE of thE landscapE of 
driving mutations in unselected real-life 
patient populations is crucial for the 
implementation of modern precision 
oncology. We have characterised muta-
tion patterns in tumour samples from a 
regional population-based lung cancer 
cohort, retrospectively in a large collection 
of surgical tissues, and prospectively in the 
U-CAN project with focus on advanced 
disease. 

Molecular data in combination with 
clinical follow-up and cancer registry 
parameters form the base for diagnostic 
and predictive biomarker research. 
Complex mutation patterns are studied 
further with novel in situ techniques, and 
in a recent project we explore the role of 
tumour-associated macrophages in tissue 

tumour-biological  
studies of malignant lymphomas
malignant lymphomas comprise 
a heterogeneous group of about one 
hundred different disease entities and 
the diagnosis is made on formalin-fixed 
paraffin-embedded tissue material (FFPE). 
Since the introduction of core needle 
biopsies in lymphoma diagnostics, mater-
ial available for research purposes is often 
insufficient and fresh frozen material 
is almost always lacking. Therefore, we 
need to develop the use of small amount 
of FFPE material to adapt to the new 
high-throughput molecular techniques. 

We use different techniques in addi-
tion to morphology like immunophen-
otyping both by flow cytometry and 
immunohistochemistry, FISH and in situ 
hybridisation in order to make sure of an 
adequate lymphoma classification. For the 

molecular studies we apply high-through-
put technologies such as next-generation 
sequencing, microarrays and targeted 
functional analysis. 

We study different diagnostic, pro-
gnostic and predictive markers in both 
aggressive B- and T-cell lymphomas and 
also indolent B-cell lymphomas by invest-
igating different genetic events, important 
for lymphoma initiation and progression.

Lately, new treatment modalities like 
targeting specific molecular pathways have 
been introduced in the lymphoma field 
and thus it is of importance to identify 
which genes are affected in each lymph-
oma category. In addition, new treatments 
targeting cells in the tumour stroma have 
been developed and we also study inflam-
matory cells in the stromal compartment.

We study different 
diagnostic, pro-
gnostic and predict-
ive markers in both 
aggressive B- and 
T-cell lymphomas 
and indolent B-cell 
lymphomas.

rosE-mariE amini

johan botling

ReseaRCH

Integrative Lung Cancer Pathology

(2) Prospectively, by analyzing patients 
treated with immunotherapy (anti-PD-L1, 
anti-PD-1 or CTLA4 inhibitors). 

Tumour tissue and blood samples 
are collected systematically within the 
U-CAN infrastructure and in parallel 
clinical information are reported into the 
central database. Available biopsies will be 
analyzed by targeted sequencing and im-
mune markers will be determined by mul-
tiplexed gene expression measurements 
(nCounter). PBMCs isolated from blood 
will be analyzed by multiplexed FACS. 

The aim is to systematically collect 
biomaterial and clinical data from patients 
treated with immunotherapy and by the 
combined analysis identify better predict-
ors for therapy response. 

thE introduction of checkpoint 
inhibitors has revolutionized lung cancer 
therapy and has demonstrated that the 
immune system can control cancer growth. 
Since long lasting responses are observed 
only in a subgroup of patients, a better 
understanding of the underlying mechan-
isms that regulate anti-tumour responses 
are warranted. 

Our research project integrates tissue 
pathology with data on different molecu-
lar levels and connects them with the 
individual patients’ outcome in two traits: 
(1) Retrospectively, by analyzing the 
immune profile of lung cancer patients 
(n=712), including analysis of global RNA 
expression (RNAseq), immune cell infilt-
rates and immune mediators. 

"tHe IMMUne PRofILe 

of eaCH PatIent May 

aLso sUGGest tHeR-

aPy oPtIons tHat 

May HeLP to oVeR-

CoMe ResIstanCe to 

CHeCkPoInt InHIB-

ItoR tHeRaPy."

            Patrick Micke

Suhr OB, Lundgren 
E, Westermark P: 
One mutation, two 
distinct disease 
variants: unravelling 
the impact of tran-
sthyretin amyloid 
fibril composition.  
J Intern Med 
281:337-47; 2017.

wE study thE naturE,  pathogenesis 
and possible transmission of the diseases as 
well as how amyloid deposits exert effects 
on cells. Both systemic forms, with amyloid 
deposited throughout the body, and local 
forms, limited to one organ or tissue are 
included.

Much of our work on systemic amyl-
oidoses is presently focused on the 
diseases caused by aggregation of trans-
thyretin (TTR). We have found that there 
is an interesting correlation between clin-
ical manifestations and the constituents 
of the amyloid aggregates among Swedish 
patients with a hereditary form of the dis-
ease. Two distinct phenotypic groups can 
be found, in which the amyloid consists of 
mainly full-length TTR molecules in one 
type, while the other type predominantly 

consists of C-terminal TTR fragments. We 
are trying to determine how cleavage of 
TTR occurs and how amyloid formation 
from full-length and cleaved TTR differs. 
Together with groups at Uppsala Uni-
versity Hospital, we are also involved in 
the development of new diagnostic tools 
in systemic amyloidosis. In addition, we 
collaborate with many research groups 
on prion-like transmission of amyloid 
diseases.

Our work on localized amyloidoses is 
mainly focused on amyloid in the human 
aorta. We study aortic medial amyloid de-
rived from the peptide medin, which we 
believe is important in the pathogenesis 
of aortic aneurysm, and with an, as yet not 
fully biochemically characterized form, 
that is associated with atherosclerosis.

amyloid in the  
pathogenesis of human diseases

patrick mickE

pEr wEstErmark
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the programme runs projects that span the complete im-
munological range from innate to adaptive immunity and the 
resulting effects on the host.

The Clinical Immunology research 
groups have a strong translational focus, 
supported by close interactions with 
Uppsala University Hospital.

immunothErapy of cancEr
Magnus Essand’s research mainly 
concerns advancements of translational 
cancer immunotherapy, focusing on 
development of oncolytic viruses, CAR 
T-cells and dendritic cell based vaccines. 

diabEtEs rEsEarch
Research in Olle Korsgren’s group 
focuses on the cause of diabetes and 
on possibilities to prevent and cure the 
disease. The research has a broad mul-
tidisciplinary translational approach.

immunostimulatory gEnE  
thErapy
Angelica Loskog and her team are 
inventing and evaluating novel cancer 
immunotherapies. The focus is on CAR 
T cells and adenovirus-mediated im-
munostimulatory gene therapy. 

vascular intEractions
Peetra Magnusson investigates possib-
ilities to protect the endothelium in 
disease and to improve organ transplant-
ation.

immuno-oncology
The projects in Sara Mangsbo’s group 
aim to develop and validate new 
immune therapies that aim to both 

Clinical immunology

ReseaRCH

"We DeVeLoP noVeL IMMUne 

anD CeLL tHeRaPIes as WeLL 

as DIaGnostIC oR PRo-

GnostIC MaRkeRs, WHICH 

aRe testeD In CLInICaL 

tRIaLs In CoLLaBoRatIon 

WItH UPPsaLa UnIVeRsIty 

HosPItaL, otHeR UnIVeR-

sItIes/UnIVeRsIty HosPIt-

aLs, IMMUne DIaGnostIC 

InDUstRy, anD WItH noR-

DIC anD eU netWoRks. "

The work aims to in-
crease the understanding 
about immunological 
mechanisms in patients 
with cancer or autoim-
mune disease, and to 
explain reactions that 
occur when immune cells 
or components come in 
contact with biomater-
ial, transplanted organs, 
cells or viruses used for 
therapy.

sara Mangsbo Bo nilsson 

johan Rönnelid

Magnus essand olle korsgren

angelica Loskog Peetra Magnusson
immunothErapy of cancEr has 
emerged as one of the most promising new 
developments in medicine. Checkpoint 
antibodies, which kill cancer cells through 
activation of anti-tumour cytotoxic T-cells 
have produced outstanding responses and 
cure of metastatic recurrent cancers. The 
same is true for patient-derived chimeric 
antigen receptor (CAR) T-cells when it 
comes to certain forms of blood cancer. 
However, we have only just begun to un-
derstand how immune regulatory mechan-
isms in cancer can be exploited for treat-
ment; there is clearly more to come.

Our research mainly concerns transla-
tional cancer immunotherapy, focusing 
on oncolytic cancer-killing viruses and 
CAR T-cells. Most work is preclinical and 
based on studies on patient samples and 

advanced mouse models but two onco-
lytic viruses developed in our laboratory 
are now being evaluated in clinical trials 
for neuroendocrine cancer and prostate 
cancer. A current preclinical focus of ours 
is to develop neurotropic viruses for treat-
ment of glioblastoma, the most aggressive 
form of brain cancer. 

We are also involved in a clinical trial 
with CAR T-cells for blood cancer and a 
new expansion protocol for CAR T-cells, 
developed in our laboratory, is about to be 
evaluated in an upcoming clinical trial. 
Another preclinical effort is to develop 
next generation CAR T-cells that can 
modulate the tumour microenvironment 
and generate bystander killing of tumour 
cells not targeted by CAR T-cells for fu-
ture treatment of solid tumours.

We have developed 
viruses and T-cells 
that are being evalu-
ated in first-in-man 
clinical trials.

ReseaRCH

Immunotherapy of cancer  
using engineered viruses and t-cells

improve and renew the effector cells in the 
body, and also revert the immunosuppress-
ive milieu. 

innatE immunE rEcognition
Bo Nilsson’s group studies the cascade sys-
tems of the blood, specifically the mechan-
isms behind thromboinflammation, which 
is triggered by the cascade systems.

rhEumatic disEasEs
Johan Rönnelid’s research focuses on func-
tional and prognostic impact of immune 
complexes and immune complex-associ-
ated autoantibodies in rheumatic diseases.

stromal cEll mEdiatEd immunE 
rEgulation 
Maria Ulvmar’s research group focuses on 
the specialized lymph node vasculature. 

Researchers in the programme are partners in the eU project dirEkt and in the Exodiab 

and stEmthErapy projects, funded by strategic grants from the swedish Research Council. 

the aim of the DIRekt project is to dampen the immune reactions and reduce side effects 

during treatment for patients with chronic kidney disease. 

In the stemtherapy project the overall objectives are to demonstrate that stem cell-based cell 

replacement therapy is effective and safe, to provide therapeutic candidates for stroke, diabetes 

and hematological diseases. 

the research initiative exoDIaB focuses on the development of new strategies and therapies for 

prevention and cure of diabetes. 

magnus Essand

Maria Ulvmar
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Immunotherapy; 
using the immune 
system to fight 
cancer.

our rEsEarch focusEs on cancEr
immunotherapy. This encompasses inven-
tion of novel strategies, mechanism-of-ac-
tion and proof-of-concept studies, product 
development and performing clinical trials. 
We work in close contact with small bi-
otech companies such as the Swedish based 
Lokon Pharma for product development. 

The aim of cancer immunotherapy is 
to modulate the immune system to make 
it target and kill cancer cells by the same 
mechanisms as when eliminating virally 
infected cells. There are many approaches 
being tested in clinical trials around the 
world with promising results and im-
munotherapy is becoming a cornerstone 
in cancer treatment. However, most new 
drugs are not yet available in Sweden and 
there are only few clinical trials with too 

few slots available to meet the demand.  
Our research group develops immun-

ostimulatory gene therapeutic strategies 
such as the next generation CAR T cells 
(ex vivo gene engineered cell therapy) and 
oncolytic viral vectors (in situ immune 
activating gene therapy). We have just 
completed the first academic trial using 
3rd generation CAR T cells to treat B cell 
malignancy, and a follow-up trial with an 
optimized treatment schedule will soon 
be started. We have also finished an im-
munostimulatory gene therapy trial using 
adenovirus encoding CD40L (AdCD40L) 
for malignant melanoma. The AdCD40L 
has been redesigned to enhance lympho-
cyte expansion (LOAd703) and a trial in 
pancreatic cancer is ongoing in partner-
ship with Lokon Pharma AB.

Immunostimulatory  
gene therapy for cancer

ReseaRCH

In Sweden, more 
than 2 children per 
day are diagnosed 
with type 1 diabetes, 
reaching more than 
800 patients every 
year.

type 1 Diabetes  

diabEtEs is a lifElong, incapacitating 
disease affecting multiple organs. Our 
research focuses on the cause of diabetes 
and on possibilities to prevent and cure 
the disease. The research has a broad 
multidisciplinary translational approach, 
which integrates genetics, bioinformatics, 
physiology, cell biology, clinical immun-
ology, diabetology and transplantation 
research.

Although type 2 diabetes accounts for 
most of the diabetes epidemic, type 1 dia-
betes (TID) is in Sweden one of the most 
common chronic disorders in children, 
with more than 800 new patients per year. 
In addition, an equal number of adult sub-
jects are annually diagnosed with T1D. For 
unknown reasons the incidence of T1D 
has doubled during the past twenty years. 

The aim of our research is to clarify the 
etiology of TID and to pave the way for 
development of new strategies for preven-
tion and cure of TID. The work is organ-
ised in five projects with the following 
objectives: 
a) Unravel the etiology of TID.
b) Halt or prevent TID in newly diagnosed 
patients by transplanation of autologous 
mesenchymal stem cells.
c) Islet Imaging: Antibody-based pro-
teomics for discovery and exploration of 
proteins expressed in pancreatic islets. 
d) Transplantation of isolated islets to 
cure patients with the most severe TID, 
experimental and clinical studies. 
e) Induction of immunological tolerance: 
Regulatory T cells for treatment of trans-
plantation induced immune reactions.

800

ollE korsgrEn

angElica loskog

disturbancEs in vascular function 
contribute to the development of several 
diseases and as a further consequence to 
human mortality. Diseases such as dia-
betes, heart failure, sepsis and ischemia 
reperfusion injury share many of the same 
risk factors and consequential endovascu-
lar complications. 

To answer specific questions about dis-
eases involving vascular inflammation and 
innate immunity we utilize innovative in 
vitro models with human cellular compon-
ents. They are unique in that they obtain 
relevant results regarding scientific ques-
tions in vascular disease models, creating a 
causal relationship between the conducted 
analyses and the final result. 

Furthermore, there is a need of exper-
imental models to gain knowledge of 

biopharmaceutical delivery into the blood 
stream, knowledge that will lead to bene-
fit for the treated patients. 

Most biopharmaceuticals are directed 
against proteins and cells of human origin. 
Utilization of our human whole blood 
models provides a possibility to investigate 
the inflammation and thrombus forma-
tion elicited by biopharmaceuticals that 
occur between the protein drug and cells, 
both in the fluid phase and at the cell 
surface.

The overall aim of our research is to 
further develop available in vitro models 
creating proof of concept and establish 
therapeutic strategies that will correctly 
mimic the early events of human innate 
immunity and vascular interactions. 

Vascular interactions  
and human innate immunity 

ReseaRCH

Delicate in vitro 
whole blood models 
with innovative 
capacity selected in 
2016 as one of the 
top projects suppor-
ted by UU Innova-
tion.

"oUR aIM Is to 

IDentIfy tHeRaPIes 

tHat Can Be UseD 

effeCtIVeLy anD 

safeLy In an eaRLy 

DIsease staGe to 

fURtHeR aDVanCe 

CanCeR PatIent 

HeaLtHCaRe.“

           Sara Mangsbo

Immuno-oncology group

in the form of first-infusion reactions 
related to interactions with immune 
cells and cascade systems, as well as recall 
responses using our novel peptide-conjug-
ates, incorporating known T cell epitopes, 
and the mode-of-action behind our pep-
tide-conjugate delivery system.

In addition, we have focused our re-
search on tumour-localized immunother-
apy and we study this in an experimental 
bladder cancer model. Our aim is to locally 
enhance immune activation in the tumour 
micro-environment and tumour-draining 
lymph node, while sparing unnecessary 
systemic activation, thereby avoiding 
induction of auto-immune symptoms.

our  work is focusEd on the develop-
ment and evaluation of novel biologics and 
combinations thereof, where activation of 
tumour-specific T cells is key. These studies 
involve novel antibody-based therapies 
that specifically targets immune cells, and 
combinations thereof, to elucidate how 
these therapies can be used to target loc-
alized and metastatic cancer. In addition, 
we develop innovative therapeutic cancer 
vaccines in the form of peptide conjugates, 
as a means to prime T cells against tumor 
antigens. 

Our research also tackles off-target 
effects related to these therapies, such as 
interactions with Fc receptors and how 
findings in murine models are translatable 
into human model systems. In human 
whole blood we study both adverse events 

pEEtra  
magnusson

sara mangsbo
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ReseaRCH

“We Want to 

BRoaDen tHe foCUs 

on stRoMaL CeLLs 

In CanCeR to aLso 

InCLUDe eaRLy Meta-

statIC sItes, I.e. tHe 

tUMoUR DRaInInG 

LyMPH noDes. "

Maria Ulvmar

wE arE a nEw group  at IGP that with 
funding from Lennart Philipson and the 
Swedish Research Council is starting up 
our work in the spring of 2017. The group 
will work at the cross-road of tumour 
immunology and vascular biology. 

Our focus is on understanding the 
impact the highly specialized lymph node 
vasculature has on the structure and func-
tion of the lymph node in the regulation 
adaptive immune responses, particularly 
the immune response in cancer disease. 

Recent data from our own research 
and others’ have shown that the lymph-
atic endothelium in the lymph nodes 
have unique functions and expression of 
immune-modulatory genes that cannot 
be found in the lymphatic vessels of other 
organs. Our data supports that growing 

peripheral tumours and metastatic tumour 
cells can affect the molecular patterning 
of the lymph node stroma, including the 
vasculature, thereby affecting immune 
regulation in cancer. 

We use advanced experimental mod-
els for genetic evaluation of specific 
endothelial gene functions and in vivo 
imaging of metastasis alongside studies of 
stromal changes in human tumour drain-
ing lymph nodes. Our emphasis is on the 
translational relevance of our research. 

Our lab is specialized in advanced flow 
cytometry and cell sorting for stromal cell 
analysis, allowing us to sort rare subsets 
of endothelial cells for RNAseq with high 
precision. This is complemented by ima-
ging to understand interactions between 
vessels, immune cells and tumour cells.

stromal cell mediated immune  
regulation in the lymph node

The blood cascade 
system within the 
innate immunity 
system is critical for 
host defence and 
tissue repair, but is 
also a driving force 
in thromboinflam-
matory damage in 
disease and ther-
apies.

thE intravascular immunE systEm  
recognizes altered and foreign biosurfaces, 
which includes the cell membranes and 
biomaterials. The recognition surfaces 
trigger thromboinflammatory reactions 
when they come in direct contact with 
blood, plasma or other body fluids. This 
mechanism leads to adverse reactions in a 
number of common diseases/conditions/
medical treatments. 
In translational projects we are:
1. Performing basic mechanistic studies 

of thromboinflammation, e.g. newly 
identified activation mechanisms of the 
lectin pathway and non-proteolytical C3 
activation on platelets and other phos-
pholipid membranes.

2. Creating biocompatible biosurfaces 
(biomaterials or cell membranes) 

employing nano-profiling, PEGylation 
techniques, and phospholipid coatings 
conjugated with regulators of innate 
immunity for protection against throm-
botic and complement attack. The 
studies are performed in vitro in whole 
blood models or in large animal models 
of allogeneic kidney transplantation. 

3. Investigating thromboinflammatory 
reactions in patients with cardiac in-
farction, multiple sclerosis and during 
hemodialysis. We use novel immunoas-
says assessing complement, coagulation, 
and contact system parameters. 

These projects open up possibilities to 
identify new therapeutic interventions in 
transplantation of cells and whole organs, 
thrombotic diseases and treatments with 
biomaterials/scaffolds.

Innate immune recognition  
leading to thromboinflammation 

Recent publications:

Manivel VA et al. 
Eur J Immunol 
2016;46:2822.

Manivel VA et al. 
Ann Rheum Dis 
2017 (Epub ahead 
of print)

wE dEvElop nEw techniques to measure 
function of immune complexes (IC) and 
content of autoantibodies and autoantigens 
in IC in rheumatic diseases like rheumatoid 
arthritis (RA) and systemic lupus erythem-
atosus (SLE). Three examples:

I. We have defined a new RA-phenotype 
associated with TLR4-mediated produc-
tion of chemokines driven by IC contain-
ing autoantibodies against collagen type 
II early after RA diagnosis. These patients 
have acute onset RA but good prognosis, 
and represent the opposite to patients 
with anti-citrullinated peptide antibodies 
(ACPA) both concerning clinical phen-
otype, association to HLA alleles and to 
smoking. Ongoing studies focus on cellu-
lar investigations of anti-CII IC function, 
associated risk SNPs, and clinical epidemi-

ological studies to define the clinical role 
of anti-CII in care of RA patients.

II. We develop new techniques to 
quantify autoantibodies in circulating IC. 
These are evaluated in clinical studies, 
e.g. of belimumab (anti-BAFF)-treated 
SLE patients and in RA patients treated 
with intra-articular steroids. Preliminary 
evaluation show that anti-DNA content in 
IC, but not anti-DNA content in serum, is 
associated with clinical response to belim-
umab in SLE, and that number of specific 
anti-citrullinated peptide antibodies 
(ACPA) found in IC in RA synovial fluids, 
but not general ACPA levels, associate 
with length of remission in RA. 

III. Comparative clinical and immunolo-
gical studies between RA and SLE in Sudan 
and Sweden.

functional studies of immune  
complexes in rheumatic diseases

ReseaRCH

bo nilsson

johan rönnElid
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son studies how cancer patients feel 
during and after therapy, and how 
they have experienced the therapy 
and care.  Another aim is to find 
ways to improve treatment results 
and improve patients’ quality of life. 

cancEr in thE  
airways or kidnEys
Magnus Lindskog’s research aims to 
contribute to improved and indi-
vidualised therapies for cancer that is 
diagnosed in a late stage.

improvEd cancEr thErapy
Peter Nygren and his team focus 
on improving the efficacy of cancer 
treatment by providing information 
allowing for optimal drug selection 
for the individual patient. They also 
want to identify new compounds 
with enhanced efficacy against 
tumour types for which effective 
therapies are lacking.

chronic  
lymphocytic lEukEmia
Richard Rosenquist Brandell’s efforts 
aim to increase the understanding 
of mechanisms behind development 
of chronic lymphocytic leukemia, to 
improve and optimize the diagnostic 
and prognostic information and to 
reveal new strategies for therapy.

cancEr causing mutations
Tobias Sjöblom uses genetic  

approaches in human cancer cells to 
study mutations that cause common 
cancer. The findings may aid in de-
velopment of methods for early tu-
mour detection, improved diagnosis, 
and targeted cancer chemotherapy.

translational  
immunothErapy
Gustav Ullenhag has recently 
finished a study with AdCD40L 
injections in melanoma patients 
and a new study in pancreatic and 
colorectal cancer patients is planned.

ReseaRCHReseaRCH

In experimental projects, the research-
ers use modern molecular and cellular 
methods to study patient derived tu-
mour cells and relevant models for the 
tumour in vitro and in vivo. The aim is 
to identify essential pathways that may 
cause cancer or that will affect disease 
progression. Another objective is to find 
novel biomarkers that can be used for 
improved diagnostics and prognostica-
tion, or that may function as targets for 
new treatment strategies.

The clinical research programme 
includes thorough evaluation of the 
effect of different treatment strategies, 
to find ways to determine which ther-
apy is most efficient for the individual 
patients. New treatment modalities, 
including immunotherapy, are also 
studied. With the aim to improve 
immediate patient care, the researchers 
also study the effects of interventions 
to diminish treatment toxicity and 
improve health related quality of life. 

tumour biology and  
clinical studiEs of lymphomas
The overall aim of Gunilla Enblad’s 
research is to increase the knowledge 
about the biology behind different 
types of lymphomas and to contribute 
to the development of new, improved 
treatment strategies.

colorEctal cancEr
Colorectal cancer is the third most 
common cancer in Sweden. Bengt 

Glimelius' group focuses on clinically 
relevant aspects of the disease, from 
diagnosis and staging of primary dis-
ease, to care of the patients close to the 
end of life. 

rEgulators of  
blood vEssEl formation
Mats Hellström’s research focuses on 
finding signalling components that are 
specific for the cells that line the inner 
walls of blood vessels. He has identified 
paladin as a possible candidate and he 
is studying in detail the role of paladin 
in blood vessel formation.

acutE lEukEmia
Linda Holmfeldt’s research on acute 
leukemia aims to increase the under-
standing of why many patients do not 
respond to treatment or suffer from a 
relapse of the disease. They also want 
to identify changes in the tumour cells 
that can be used to develop more effi-
cient treatment alternatives.

multiplE myEloma
The goal of Helena Jernberg Wiklund’s 
projects is to identify targets essential 
for tumour cell survival and explore in 
models of multiple myeloma if their 
function can be blocked in parallel 
survival pathways.  

caring sciEncEs  
in oncology carE
The group headed by Birgitta Johans-

The programme has 
successfully implemented 
clinically relevant tumor 
model systems for func-
tional studies in vitro and 
in vivo, high-throughput 
capabilities for compound 
library screens, large-scale 
genomic and epigenomic 
profiling, and combined 
this with bioinformatic 
and clinical expertise.

Our overall goals are 
to gain insight into the 
complex molecular 
mechanisms underlying 
tumour evolution, and to 
identify novel prognostic 
and/or predictive mark-
ers and treatment targets. 
We also investigate the 
consequences of the 
disease and treatment for 
the patients’ wellbeing.

the research programme includes both experimental pro-
jects, performed in the laboratory, and projects with a clear 
clinical focus.

experimental  
and clinical oncology

clinical  rEsEarch and  

dEvElopmEnt unit

several researchers in the programme are 

associated with the Clinical Research and 

Development Unit at Uppsala University 

Hospital. the unit is involved in clinical 

pharmaceutical trials, radiation therapy studies 

and studies based on sample collections 

such as U-Can. More than 100 clinical trials, 

both phase I, II and III, have been performed. 

around one half of these have been initiated 

by clinical researchers and the other half by 

companies. approximately ten per cent of 

the patients at the oncology Clinic take part 

in a clinical study. Diagnoses that have been 

studied include both the common cancer 

forms gastrointestinal cancer, breast cancer 

and prostate cancer, and more rare types such 

as lymphoma, esophagus cancer and sarcoma.

Richard Rosenquist  
Brandell

tobias sjöblom

Gunilla enblad Bengt Glimelius Mats Hellström Linda Holmfeldt

Helena jernberg Wiklund Birgitta johansson Magnus Lindskog Peter nygren

Gustav Ullenhag
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incrEasEd undErstanding of how 
the formation of new blood vessels is 
regulated may lead to the development of 
new or improved therapies.

In recent years the importance of new 
blood vessels formation (angiogenesis) in 
various diseases has been established. An-
giogenesis blocking drugs have been estab-
lished in management of eye diseases and 
oncology. Despite this fact, there is still a 
lack of understanding about the signaling 
pathways that regulate blood vessel form-
ation and only a few blood vessel-specific 
drugs have been developed.

Our research focuses on finding sig-
naling components that are specific for 
endothelial cells, the cells that line the 
inner walls of blood vessels. We have 
identified several possible candidates and 

one of these, called paladin, we are ana-
lyzing in more detail. We have shown that 
paladin is an endothelial enriched novel 
lipid phosphatase regulating signaling 
down stream of multiple growth factor 
pathways, including vascular endothelial 
growth factor (VEGF), and that lack 
of paladin leads to altered blood vessel 
growth and function.

 Paladin is the first endothelial selective 
lipid phosphatase that is described. We 
hope that our results will contribute to 
an increased understanding of the funda-
mental signaling processes governing an-
giogenesis in general, and in the long run 
contribute to development of better drugs 
modulating angiogenesis in patients. 

Characterization of novel  
regulators of blood vessel formation

tumour biology and  
clinical studies of lymphomas
thE rEsEarch projEcts focus on 
three types of lymphomas; Diffuse large 
B-cell lymphoma (DLBCL), Hodgkin 
lymphoma (HL) and mantle cell lymph-
oma (MCL)

In large population-based materials 
we perform comprehensive characteriza-
tion of the patients and tumour samples 
with special focus on the inflammatory 
microenvironment and immune escape 
mechanisms in relation to clinical out-
come. Serum and plasma biomarkers are 
studied before, during and after treat-
ment in order to find early prediction 
of response and toxicity. Furthermore, 
we perform next generation sequencing 
on clinically relevant subgroups as e.g. 
patients with an autoimmune disease and 
lymphoma. We also aim to further elucid-

ate age and gender differences in survival 
of the lymphomas.

We also perform clinical studies on 
lymphomas by participating in national 
and international networks and have 
studies for primary treatment and salvage 
therapy for HL and MCL and salvage 
therapy for DLBCL as well as proton beam 
radiotherapy of HL. 

We have, as the first centre in Europe 
performed a study of genetically modified 
T cells, CAR T cells targeting CD19 for 
patients with lymphomas and leukemias. 
Fifteen patients could be safely treated 
with six patients achieving a complete 
remission. The next study will be started 
spring 2017. 

Our goal is to 
increase the know-
ledge about the 
biology behind the 
diseases, how pa-
tients can be treated 
in the best way and 
development of a 
new immuno- 
therapy;  genetically 
modified T cells 
(CAR T cells). 

Colorectal cancer 
is the third most 
common cancer in 
Sweden. Substantial 
improvements have 
been seen due to 
a multidisciplin-
ary approach, but 
approximately 40 % 
of the patients still 
die.

40
our rEsEarch addrEssEs the ques-
tions: Can the risk of recurrence and the 
need for adjuvant therapy be predicted in 
primary colon cancer? Can high-risk pa-
tients be identified already before surgery 
using imaging or blood analyses? What 
drugs can eradicate potential remaining tu-
mour cells? Can the probability of response 
to radiotherapy or chemoradiotheray be 
predicted in primary rectal cancer? What 
is the risk of systemic disease? Can the 
response in metastatic disease to particular 
drugs be predicted? Can response or pro-
gression to a given treatment be detected 
earlier than changes in tumour size indic-
ate?

The analyses are done on paraffin- 
embedded formalin-fixed material, frozen 
tissues and serum and plasma taken at 

baseline and during follow-up. We use 
immunohistochemistry, plasma proteom-
ics and mutation analyses, and we perform 
functional studies on MR images.

All patients diagnosed with colorectal 
cancer since 2010 from Uppsala and 
Dalarna (rectal cancer only) have been 
identified. All clinical and diagnostic 
investigations are characterized and the 
-omics analyses are ongoing.

The high quality of cancer care in 
Sweden, together with the possibilities 
to analyse unselected populations and 
the prospective high quality collection 
of biologic material in U-CAN, create 
unique possibilities to provide clinically 
meaningful answers to important research 
questions benefitting many patients.

Colorectal cancer –  
clinical and translational studies

ReseaRCH

gunilla Enblad

bEngt glimElius

Reference:
Dll4 signalling 
through Notch1 
regulates formation 
of tip cells dur-
ing angiogenesis. 
Hellström M, et al. 
Nature. 2007

The goal with our 
studies is to pave 
the way for novel 
treatment altern-
atives, improved 
and less invasive 
diagnostics, and 
improved risk strati-
fication for patients 
suffering from acute 
leukemia.

our rEsEarch focuses on acute leuk-
emia – a cancer of the bone marrow that 
can be of either myeloid (AML) or lymph-
oid (ALL) origin. Despite the best available 
treatment, after initial recovery, most pa-
tients experience a relapse that most often 
is lethal. Due to toxicity, the survival rate 
cannot be improved by intensified treat-
ment with the drugs available today, and 
new therapeutic options are direly needed.

To get a better understanding of the 
underlying causes of progression of AML, 
we perform a molecular characterization 
of primary leukemic cells. We utilize a 
combination of high resolution analysis 
methods to get as complete a picture as 
possible of the alterations present in the 
genome, transcriptome, epigenome and 
proteome of the cells. These analyses, in 

turn, serve as the basis of a functional 
evaluation to investigate the association 
between identified alterations and the 
onset of relapse and treatment resistance.

In an ongoing functional evaluation 
of mutations we identified in a genomic 
analysis of pediatric ALL, we investigate 
the impact of mutations that affect the 
function of so called epigenetic regulators. 
These are factors that control the activity 
of our genes by changing the chromosome 
structure. Our studies are expected to 
render information about effects these 
mutated epigenetic regulators have on 
specific gene activities.

Knowledge gathered from our studies 
will likely make way for improved treat-
ment strategies of these high risk cancer 
types.

Molecular characterization  
of acute leukemia

ReseaRCH

mats hEllström

linda holmfEldt
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aiming to EvaluatE possible links 
between exogenous survival factors, 
genetic alterations and the epigenome 
of multiple myeloma (MM), we initially 
undertook an integrative genomics ap-
proach on dissecting the differences in 
gene expression between non-malignant 
and malignant plasma cells. As a result we 
generated proof-of-principle that the IGF-
1R is an attractive target for intervention 
in MM, and that this survival circuit acts 
via epigenetic gene silencing. 

We have now generated the first global 
epigenomic map in MM and normal 
plasma cells, showing that MM-unique 
Polycomb targets are significantly en-
riched in advanced stages of the disease 
and in patients with poor survival. Phar-
macological intervention by selective 

inhibitors of clinical relevance induced re-
activation of silenced genes, among which 
we have identified novel miRNAs target-
ing MM oncogenes. Functional studies of 
targets of Polycomb, and consequences of 
gene reactivation in vitro and in vivo are 
currently the focus of our investigations. 

We are now embarking on the intrinsic 
network of interactions between epigen-
etic modifiers that mitigate the response 
to inhibitors of Polycomb and maintain 
persisting gene silencing in MM. We are 
also examining the complex interaction 
between epigenetics and metabolism in 
MM by generating metabolomic profiles 
on the response induced by drug treat-
ment, as well as investigating basal differ-
ences between different entities of MM. 

Dissecting the epigenomic  
network in multiple myeloma

Our current focus 
is to decipher the 
underlying mech-
anisms leading to 
aberrant epigen-
etic silencing and 
to functionally 
validate the role of 
repressed genes in 
multiple myeloma in 
vitro and in vivo.

ReseaRCH

our rEsEarch focusEs  on can-
cer patients’ wellbeing during and after 
treatment and we are aiming to find ways 
to reduce treatment toxicity, psychosocial 
distress and improve quality of life (QoL). 

One randomised controlled trial (RCT), 
included in the Uppsala University 
Psychosocial Care Programme, evaluates 
the effects of internet based stepped care 
for patients with self-reported anxiety 
and depression, on anxiety, depression 
and QoL, compared to standard care. Also, 
the cost-effectiveness of the intervention 
will be evaluated. This study includes over 
900 patients of whom 245 were included 
in the RCT due to anxiety and depression 
symptoms. Main results will be available 
in the beginning of 2018. 

Another RCT (n=148), which will be 

reported within this year, is investigating 
if an internet based education can im-
prove satisfaction with care and the image 
quality of a PET/CT examination, com-
pared to standard care. An additional RCT 
(n=180) concern the effects of dietary 
advice on self-reported acute and late (24 
months) gastrointestinal toxicity among 
men undergoing radiotherapy for prostate 
cancer. Analyses are ongoing and the main 
publication will be submitted during 2017. 

We are also a member in the manage-
ment team of the first project worldwide 
including all adult patients treated at 
a proton beam therapy (PBT) facility 
(The Skandion Clinic) aiming to evalu-
ate patient reported outcomes and the 
cost-effectiveness of PBT in comparison 
to conventional radiotherapy.

Caring sciences in oncology care

Cancer and cancer 
treatment affect all 
dimensions of life 
and a holistic view 
of people who are 
struck by cancer is 
of greatest import-
ance for the indi-
vidual, the health-
care sector and the 
society.

hElEna  
jErnbErg wiklund

birgitta  
johansson

"oUR GoaL Is Con-

tRIBUte to IMPRoVeD 

anD InDIVIDUaL-

IseD tHeRaPIes foR 

CanCeR tHat Is DIa-

GnoseD In a Late 

staGe."

in our rEEarch wE study patiEnts 
with cancer in the airways, i.e. lungs or 
head and neck region, and kidney cancer. 
Our goal is contribute to improved and 
individualised therapies for cancer that 
is diagnosed in a late stage. This includes 
finding methods to identify patients with 
limited metastasis (to lymph nodes and 
oligometastasis) that can benefit from 
combinatorial therapies.

The rapid clinical development of new 
drugs that modulate the body’s immune 
reaction against the cancer (check point 
inhibitors), or treatments that target 
blood vessel formation in the tumour 
(tyrosine kinase inhibitors), is promising 
but also imposes new challenges: How 
do we identify the patients that are most 
likely to benefit from the new drugs? For 

patients with metastasised, advanced can-
cer and short expected survival, symptom 
controlled therapy and palliative care 
might be a better choice. These patients 
also have to be identified, to receive indi-
vidualised care at the right time point.

The group is involved in several subpro-
jects focusing on identifying prognostic 
and therapy predictive factors:
•	 Predictive factors in immune modu-

lating and anti-angiogenesis cancer 
therapy.

•	 Optimised treatment of oligometastas-
ised kidney and lung cancer.

•	 Rational radiation therapy in locally ad-
vanced lung and head and neck cancer.

•	 Therapies for cancer patients at the end 
of life.

Prognostic and predictive factors  
in cancer in the airways or kidneys

Reference: 
Nygren P and 
Larsson R. Drug 
repositioning from 
bench to bedside: 
tumour remission 
by the antihelmintic 
drug mebendazole 
in refractory meta-
static colon cancer. 
Acta Oncol 2013.

nEw stratEgiEs for cancEr drug
discovery are needed. One such strategy is 
drug repositioning, i.e. the finding of a new 
indication for an already existing drug. In 
this approach, on/off-patent drugs in use 
for other indications, drugs discontinued 
or withdrawn but with yet with unre-
cognized cancer activity can be rapidly 
advanced into clinical trials for this new 
indication since the required document-
ation to support clinical trials is already 
available. 

Examples of successful repositioning 
in medicine are aspirin as an antiplatelet 
agent, and, in cancer, thalidomide for 
treatment of myeloma. A simple and prag-
matic, yet potentially very fruitful, type 
of repositioning is to try to identify, in 
clinically relevant cancer models, activity 

against new cancer diagnoses among old 
and new cancer drugs already in use for a 
few limited indications. 

With this background, our overall aims 
are to identify and clinically explore drugs 
suitable for repositioning for cancer treat-
ment with special focus on colorectal can-
cer. In brief, old and new drugs that can do 
useful tricks in this cancer diagnosis are to 
be identified and explored. 

One drug already identified by us for 
this purpose is mebendazole, soon to be 
investigated in a clinical phase 2 trial at 
Uppsala University Hospital. Another is 
nitazoxanide with specific activity against 
quiescent starving tumour cells and a 
third is ivermectin, observed in a screen 
in tumour cells from patients to be active 
against colorectal cancer. 

Improved cancer therapy  
based on drug repositioning

ReseaRCH

pEtEr nygrEn

magnus lindskog
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chronic lymphocytic lEukEmia
(CLL) is the most common leukemia 
among adults worldwide and represents a 
highly heterogeneous disease entity regard-
ing biological and clinical parameters. CLL 
remains an incurable disease and accurate 
stratification of patients is challenging, 
highlighting the need for novel biomarkers 
and treatment strategies. 

Our research centers on comprehensive 
characterization of the CLL genome, tran-
scriptome, and methylome in well-defined 
patient subgroups, thus gaining detailed 
insight into the spectrum of molecular 
events occurring in patients belonging to 
clinically aggressive subgroups. 

In detail, using well-established se-
quencing techniques in conjunction with 
novel technologies we aim to decipher the 

biological heterogeneity of the disease and 
improve prognostication in tandem with 
identifying novel molecular markers that 
may be exploited as therapeutic targets. 
International multicenter collaborations 
and membership in the European Re-
search Initiative on CLL (ERIC) afford our 
group the possibility to investigate large 
number of patient samples from clinically 
and biologically relevant CLL subgroups. 

Our sequencing expertise, coupled 
with the Clinical Genomics Facility at 
SciLifeLab, enables us to work towards 
rapid incorporation of novel findings into 
clinical practice.

Molecular characterisation  
of chronic lymphocytic leukemia

ReseaRCH

finding and understanding  
cancer-causing mutations
mutations that causE normal cells to 
lose control over cell division and main-
tenance can be inherited or acquired dur-
ing a person’s lifetime and are important 
contributors to cancer development. With 
a focus on colorectal cancer, our research 
is centred around four main topics:  
a) identification of cancer-causing muta-
tions, b) investigation of how specific 
mutations contribute to tumour develop-
ment or metastasis, c) strategies to utilize 
the specific genetic properties of cancer 
cells for targeted treatment, and d) devel-
opment of methods and procedures to aid 
or improve diagnosis.

Ongoing research covers development 
of methods for faster and more accurate 
identification of cancer cell mutations 
in clinical sequencing, identification of 

mutated genes in colorectal cancer patient 
materials, knock-in and knock-out studies 
of candidate cancer genes in human cell 
lines, and development of a novel class of 
anti-cancer drugs. Several of these themes 
are exemplified in a recent publication by 
Mathot et al. Our research on methods for 
extraction of DNA and RNA from tissue 
specimens has also resulted in a spin-out 
company, ExScale Biospecimen Solutions, 
and has been brought to the market as a 
CE/IVD compliant diagnostic kit.

Translational cancer research is de-
pendent on high-quality patient materials 
and Tobias Sjöblom is Director of the 
U-CAN project, where clinical samples 
and information are collected from cancer 
patients for the purpose of supporting 
high quality research.

Recently we pub-
lished studies in-
vestigating somatic 
mutations in novel 
genes of interest 
in CLL including 
mutations in RPS15, 
NFKBIE, and 
EGR2.

Reference:
Somatic Ephrin 
Receptor Mutations 
Are Associated 
with Metastasis in 
Primary Colorectal 
Cancer. Mathot 
L, et al. Cancer 
Research. 2017; 
77(7):1730-1740. 

richard rosEnquist 
brandEll

tobias sjöblom
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Loskog A et al, 
British Journal of 
Cancer, 2016, April; 
114: 872-80.

Schiza A et al. 
Journal of Trans-
lational Medicine, 
2017, April; 15: 79.

thE rEsEarch is translational with 
main focus to conduct immunotherapy 
studies in cancer patients. We collaborate 
closely with the research group of Angel-
ica Loskog but also with Sara Mangsbo 
and a project is planned with Anna Dim-
berg. 

CD40 is an important costimulatory 
molecule. We have recently finished a 
study with AdCD40L intratumoural in-
jections in metastatic melanoma patients 
(n=24). AdCD40L was given alone or in 
combination with low dose cyclophosph-
amide +/- radiation therapy. 

We plan to develop the CD40L concept 
further and will this autumn launch a 
study assessing intratumoural injections 
with an oncolytic virus in pancreatic and 
colorectal cancer patients with advanced 

disease. 
The introduction of PD1 inhibitors in 

malignant melanoma patients makes it 
likely that earlier detection of relapse 
with scans is of benefit. A national 
randomized phase 3 study (TRIM) with 
Uppsala as the primary site opened in 
April. The study compares overall survival 
disease-free survival, economic cost effect-
iveness, and quality of life in patients with 
two different schedules for follow-up after 
radical surgery for high-risk malignant 
melanoma. 

In another project, potential predictive 
markers for renal cell cancer (RCC) are as-
sessed. Immunohistochemistry is applied 
on tumour tissue from a cohort of patients 
with advanced RCC (n=139)who have been 
treated with tyrosine kinase inhibitors. 

Cancer studies with focus  
on translational immunotherapy 

gustav ullEnhag
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by 2018, twenty per cent of all swedish cancer  
patients should be included in clinical trials.

swedish Cancer society



One important 
component of the 
programme is the 
democratic mandate 
of the preschool, 
with an emphasis 
on issues of social 
justice and respect 
for diversity. Stu-
dents are also given 
tools to encourage 
and sup

The course conTenT in the Preschool 
Teacher Education Programme is based 
on the professional activities of preschool 
teachers. Courses are in subjects such as 
child development and living conditions, 
and how preschool teachers assess and eval-
uate children’s learning and development. 
The leadership course emphasises conflict 
management and working with social 
relationships. One important component 
of the programme is the democratic man-
date of the preschool, with an emphasis 
on issues of social justice and respect for 
diversity. Students are also given tools to 
encourage and support children based on 
their 
iarious needs. Knowleccvcvsdge of art, 
drama, mathematics, music, science, move-
ment, language and technology is essential 

Ehenimalit aut ur soluptisa 
sido ciliquae aut henimalit

to making daily life meaningful for young 
children. The programme gives students 
the opportunity to connect several of these 
subjects through different themes. 
Site-based education at a preschool lasts a 
total of 20 weeks.

The programme aims to provide pro-
spective preschool teachers with the skills, 
tools and knowledge required to encourage 
children’s curiosity and desire  
to learn. d living conditions, and how 
preschool teachers assess and evaluate 
children’s learning and development. The 
leadership course emphasises conflict man-
agement and working with social relation-
ships. One important 
Comp fessional activities of preschool 
teachers. Courses are in subjects such as 
child development and living conditions, 
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database (TCGA) and data have been 
generated for 20,000 genes in more than 
8,000 patients representing 17 major forms 
of cancer. The un-biased analysis revealed 
a large number of prognostic genes, both 
favorable (high expression = good pro-
gnosis) and unfavorable (high expression 
= poor prognosis) genes in the different 
types of cancer. A Pathology Atlas has 
been created to display the cancer data.

A third area of research aims to utilize 
and translate basic knowledge obtained 
through the above efforts into clinical 
utility within the cancer pathology field. 
Main cancer forms with well-defined pa-
tient cohorts include colorectal (U-CAN), 
lung, breast and gynecologic cancer.

tissue-based  
gene expression profiling

The Swedish Human Protein Atlas project 
was set up to allow for a systematic explor-
ation of the human proteome. The overall 
aim is to determine the spatial distribution 
of all human proteins on tissue, cellular 
and subcellular level using antibody-based 
proteomics.  

antibodiEs against  
all human protEins
The strategy to meet this aim is large-scale, 
high-throughput generation and valida-
tion of antibodies against all human pro-
tein-coding genes. The antibodies are used 
for immunohistochemistry for distribution 
of the protein expression in normal and 
cancer tissues, and for immunofluorescence 
on cell lines for determination of spatial dis-
tribution at a subcellular level. The analysis 
is combined with mRNA expression data 
derived from deep RNA sequencing (RNA-
seq).

The Human Protein Atlas project was 
initiated in 2003 and is funded by the Knut 
and Alice Wallenberg foundation. It is 
run in as a collaboration between IGP, the 

KTH Royal Institute of Technology and 
SciLifeLab. 

thE human protEin atlas wEbsitE
All data generated by the Human Protein 
Atlas project is publically available on the 
website www.proteinatlas.org, updated on a 
yearly basis. The database is developed in a 
gene-centric manner, and contains millions 
of high-resolution images, released together 
with application-specific antibody valid-
ation. Each gene has a separate summary 
page, providing a detailed overview on RNA 
and protein expression levels across human 
tissues and cells. From the summary page, 
one is able to browse deeper into cell-type 
specific expression patterns, and navigate 
among the primary images as if one was 
looking through a microscope. 

In addition to internally generated RNA-
seq data, the webpage comprehensively 
summarizes expression data from other 
sources, including the GTEx consortium 
and the FANTOM5 consortium.

pathology atlas
Cecilia Lindskog Bergström is site director 
at the HPA site in Uppsala, which is part 
of IGP.

“In 2015, we generated a first draft of a 
complete tissue-based atlas, followed by a 
cell atlas in 2016,” she says. “It's fantastic to 
see the increasing number of researchers 
from all over the world visiting and using 
our webpage, and the atlas will continue to 
evolve in the next years. In the next version, 
we will release a pathology atlas, with focus 
on clinical outcome of all human genes.”

Human Protein atlas

The Human Pro-
tein Atlas maps the 
expression in 44 
different normal 
tissues, 20 types 
of cancer and 56 
different cell lines.
The latest version 
of the Atlas (ver-
sion 16) contains 
more than 25,000 
antibodies corres-
ponding to 17,000 
human proteins.
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"it's fantastic to see the 
increasing number of re-
searchers from all over the 
world visiting and using our 
webpage, and the atlas will 
continue to evolve in the 
next years"

frEdrik pontEn

thE dEvElopmEnt of technologies 
for gene sequencing and availability of 
antibodies has created an unprecedented 
possibility for combining quantitative and 
spatial analyses of gene expression pat-
terns in both healthy and diseased tissues. 
Well-defined tissues from the Pathology 
Biobank have been used for both mRNA 
sequencing (quantitative data) and im-
munohistochemistry (spatial data).

Validation of antibodies is crucial for 
antibody-dependent applications and 
consequently an important project is to 
validate antibodies towards unknown 
proteins. The analysis of specific tran-
scripts and corresponding proteins is vital 
for antibody validation, but also generates 
new knowledge regarding tissue-specific 
proteins. 

To analyze gene expression levels in 
cancer and correlation to patient survival, 
we have used the Cancer Genome Atlas 

Our research aims 
to create a know-
ledge resource of 
gene expression 
patterns in tissues 
and to utilize this 
resource for trans-
lational research; 
to develop clinical 
research and create 
the tools for dia-
gnostic pathology 
required for preci-
sion medicine.
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gEnomics, EpidEmiology and 
translational mEdicinE
Research in the Gyllensten lab covers 
several fields, from human genomics 
and molecular epidemiology to more 
applied projects in gynaecological 
cancer and translational medicine.

hiddEn hEritability
The aim of Åsa Johansson’s research 
is to determine how genetic and 
epigenetic factors influence human 
phenotypes, clinical variables and 
risk of disease. She also studies how 
environmental factors introduce epi-
genetic alterations, with subsequent 
long-term health related effects

adEnovirusEs
Ulf Pettersson’s research includes 
a detailed characterization of the 
transcriptome of the adenovirus and 
that of the infected cell, using state-
of-the-art cDNA sequencing techno-
logies.

gEnE rEgulation  
and human disEasE
Claes Wadelius has performed screens 
for variation in gene regulatory sig-
nals. He has identified large number 
of regulatory variants that likely 
explain association to common meta-
bolic diseases and cancer.

rEproductivE mEdicinE
Helan Åkerud’s group studies mo-
lecular mechanisms that regulate 
the development of a fertilized egg 
into an embryo, implantation of the 
embryo in the uterus and develop-
ment of the placenta. The main goal 

is o be able to help more involuntarily 
childless couples to have a baby.

Research in this programme aims to clarify functions of the 
human genome and to identify genetic mechanisms import-
ant for development and in diseases.

ReseaRCHReseaRCH

“a MajoR aIM of oUR WoRk 

Is to UnDeRstanD tHe 

fUnCtIon of oUR GenoMe 

anD to IDentIfy GenetIC 

MeCHanIsMs InVoLVeD In 

DeVeLoPMent, CanCeR, 

MetaBoLIC DIsease, anD 

DIsoRDeRs of tHe CentRaL 

neRVoUs systeM.”

The programme spans 
fundamental mechanisms 
in genetics, genomics and 
epigenetics, as well as 
applied medical ques-
tions related to genetic 
epidemiology, clinical 
genetics, cancer genetics 
and forensic medicine.

zEbrafish modEl
The aim of Marcel den Hoed’s research 
is to identify and characterise causal 
genes for cardiovascular and metabolic 
disorders. The work will increase the 
understanding of the underlying causes 
of human disease, and could result in 
completely new ways to prevent and 
treat such diseases.

molcular oncology
Analysis of post-zygotic or somatic 
genetic variation is the overall theme of 
research in Jan Dumanski’s group. They 
work with translational disease- 
related projects and with basic ques-
tions addressing somatic variation in 
normal human cells.

nEurodEvElopmEntal  
disordErs
Lars Feuk uses high throughput se-
quencing combined with bioinformatic 
analyses to study genetic variation and 
expression. The research ranges from 
basic studies of genetic variation and 
transcription to specific analyses of 
neurodevelopmental disorders.

loss of chromosomE y
Lars Forsberg’s group has discovered 
that men with mosaic loss of chromo-
some Y (LOY) in peripheral blood cells 
have a shorter survival and increased 
risk for cancer. Their work focuses on 
determining what happens in cells after 
they have lost the Y chromosome. 

A common theme of the research 
groups in the programme is the iden-
tification of different types of genetic 
variation and how these variants 
influence human health and disease.  
Genetic variation is correlated to gene 
expression and phenotypic variation in 
humans as well as in different estab-
lished model systems. 

forEnsic dna idEntification
The general objective of Marie Allen’s 
research is to develop highly sensitive 
and discriminating assays for forensic 
DNA analysis of challenging samples. 
New identification assays will allow 
smaller amounts and also degraded 
DNA to be analysed.

gEnomic mEdicinE
Marie-Louise Bondeson’s research aims 
to increase the understanding of the 
genetic causes and molecular processes 
behind developmental disorders. Such 
knowledge is important for diagnosis, 
prognosis, treatment and risk for recur-
rence. 

druggablE disEasE mEchanisms
Niklas Dahl’s group is identifying novel 
genetic variants causing Mendelian 
traits and to model these phenotypes in 
different biological systems. The long-
term objectives are to discover pathways 
and targets suitable for therapeutic 
interventions in such disorders. 

Medical genetics  
and genomics

Marie allen Marie-Louise Bondeson niklas Dahl Marcel den Hoed

jan Dumanski Lars feuk Lars forsberg Ulf Gyllensten

the establishment and application of 

next-generation sequencing (nGs) technolo-

gies, including whole genome sequencing for 

high-resolution analysis of complex genomes 

have boosted our ability to solve scientific 

problems. 

Researchers in the Medical Genetics and 

Genomics program have been instrumental 

in this process. they have also contributed to 

bringing nGs technologies into healthcare for 

diagnostics, and into forensic genetics to assist 

law enforcement.

Claes Wadelius Helena Åkerud Åsa johansson Ulf Pettersson
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Recent publications 
from the group: 
Bondeson ML, et 
al. Clin Genet. 2017 
Mar 14.
Gudmundsson S, 
et al. Hum Mol 
Genet. 2017 Mar 
15;26(6):1070-1077.

wE arE now EntEring a nEw Era  
in genomic medicine, which will use the 
information contained in our genomes to 
develop personalized diagnosis, prognosis 
and/or treatment of disease. 

Our research interest is focused on 
genomic medicine, specifically discovery 
of genes associated with embryogenesis 
and fundamental developmental processes. 
Currently we are using Next-Generation 
Sequencing (NGS) to discover genes asso-
ciated with unresolved cases of intrauter-
ine fetal death (IUFD) and neurodevelop-
mental disorders (NDD). The pathogenic 
relevance of genetic variations in these 
genes are investigated and translated into 
patient management. 

The process for translating new discov-
eries includes 1) development of bioin-

formatics pipelines that combine CNV 
and sequencing data from WES/WGS 
data, 2) exploration of functional con-
sequences of likely pathogenic variants 
using experimental methods e.g. gene ex-
pression analysis in cell-based systems and 
zebrafish models, 3) defining the effects 
of mutations on clinical outcomes and 4) 
assessing the impact of diagnostic testing 
of patient management. 

This work is closely integrated with 
activities at the Science for Life Laborat-
ory, Clinical Genetics at Uppsala Univer-
sity Hospital and the Clinical Genomics 
facility, Uppsala. 

nGs for exploratory research  
and clinical implementation

“tHe CaLenDaRIUM 

PLays an UnexPeCteD 

anD CRItICaL RoLe In 

tHe aRtICLe By BoG-

DanoWICz et aL.” 

Commentary in  
PNAS about the  

Copernicus  
grave mystery 

forEnsic samplEs from crimE scenes 
often contain small amounts and highly 
degraded DNA. We are developing new 
assays to analyse these challenging samples 
with higher success. The optimised tech-
niques for forensic DNA analysis are based 
on Sanger sequencing of mtDNA and 
next generation sequencing (NGS). Our 
custom NGS panel allows simultaneous 
analysis of the entire mtDNA genome and 
over 900 autosomal markers. 

The target enrichment is achieved using 
the probe-based Haloplex system. The 
uniform amplification obtained with this 
protocol, a short target design and inclu-
sion of mtDNA will facilitate degraded 
DNA analysis. Some of the SNPs can 
predict externally visible traits to be used 
as investigative leads and narrow the num-

ber of possible perpetrators in crime cases 
without a suspect. Several phenotypes as 
curliness of hair, freckles, eye, hair and 
skin colour can be predicted. 

Our sensitive assays have allowed 
successful DNA analysis of the putative 
remains of Hermann Göring's wife Carin, 
Saint Birgitta as well as Nicolaus Coper-
nicus. As reference material for Coperni-
cus, hairs from the astronomer’s calendar 
(Calendarium Romanum) stored in the 
Uppsala University Museum, Gustavi-
anum, were collected. We are also using 
the improved assays for casework analysis 
requested by the law enforcement and the 
national forensic laboratory. Moreover, our 
methods have proven valuable to identify 
the origin of cell lines used in medical 
cancer research recently.

sensitive methods for improved 
forensic Dna identification

ReseaRCH

mariE allEn

mariE-louisE 
bondEson

An astrocyte 
(green) differenti-
ated from induced 
pluripotent stem 
(iPS) cells. The iPS 
cells are generated 
from a patient with 
Down syndrome to 
model brain devel-
opment.

dEcoding of thE human gEnomE is a 
major challenge. Our research focuses on 
i) identification of gene variants associated 
with abnormal development and disease 
ii) clarifying novel disease mechanisms at 
different resolutions and iii) identification 
of druggable and disease associated targets 
of the central nervous system (CNS). 

A major effort is on neurodevelop-
mental and neurodegenerative disorders 
that comprise a heterogeneous group for 
which progress has been slow. Limiting 
factors have been the access to biological 
material and model systems to faithfully 
recapitulate human pathophysiology. 
Induced pluripotent stem cell (iPSC) 
technology provides the potential to 
overcome this problem. To this end, we 
generate iPSC and neuronal derivatives 

from healthy individuals as well as from 
patients with various disorders of the CNS 
(e.g. Epilepsy, Down syndrome, Alzheimer 
disease). 

The disorders are caused by specific gene 
variants that are also introduced in control 
iPSCs using CRISPR/Cas9 editing to gen-
erate isogenic control/disease cell lines. 
Established protocols are used to obtain 
various neuronal subpopulations validated 
by imaging, FACS and IHC. Functional 
analysis (patch clamp, growth, synaptic 
formation) and high throughput molecu-
lar technologies (RNAseq, MS) are applied 
on bulk and single cells in order to unravel 
disease associated molecular pathways and 
factors. Several disease-associated path-
ways/factors are currently being validated 
for future screening purposes. 

Druggable disease mechanisms  
in nervous system disorders

ReseaRCH

Metabolically chal-
lenging zebrafish 
larvae for five days 
is sufficient to 
induce early-stage 
atherosclerosis 
and insulin resist-
ance, which can 
be prevented with 
lipid-lowering or 
diabetes medica-
tion.
      

rEsults from largE-scalE  
genome-wide association studies (GWAS) 
have identified hundreds of loci that are 
robustly associated with the risk of car-
diovascular and metabolic diseases. How-
ever, the causal variants and genes remain 
unknown for most loci. Before we can use 
results from GWAS as biomarkers or novel 
drug targets, we need to identify causal 
genes, and ideally also the tissues, cell types 
and pathways through which these variants 
and genes exert their effects.

My group takes findings from GWAS or 
sequencing efforts as a starting point, and 
uses bioinformatics approaches to predict 
which variants and genes are causal. We 
subsequently use zebrafish model systems 
for further in vivo characterisation.

Zebrafish develop quickly post- 

fertilisation, and are transparent during 
the earliest stages of development. Thanks 
to advances in fluorescence imaging using 
labelled transgenes, automated position-
ing of non-embedded zebrafish larvae, 
objective image quantification opportun-
ities, and multiplex mutagenesis using 
CRISPR-Cas9, it has now become possible 
to perform high-throughput, largely  
image-based genetic screens using 
zebrafish model systems. My group has de-
veloped and validated such model systems 
and is currently characterising hundreds 
of genes that are predicted to play a role in 
cardiovascular and metabolic diseases. Our 
results will increase our understanding of 
the underlying causes of disease, and, in 
the long term, lead to new or improved 
ways to treat or prevent them.

zebrafish model  
systems for human disease

niklas dahl

marcEl dEn hoEd
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We have developed 
several alternative 
strategies to analyse 
RNA from human 
brain tissue. Using 
RNA sequencing 
of human brain 
tissue we showed 
that splicing in vivo 
is primarily co-tran-
scriptional.

sequence based analysis of 
neurodevelopmental disorders

ReseaRCH

in our rEsEarch wE usE high 
throughput technologies to study genetic 
variation and expression. 

We do this in two research areas. First, 
in terms of disease studies we work on in-
tellectual disability and schizophrenia. We 
have a long-standing collaboration with 
the Unit of Clinical Genetics at Uppsala 
University Hospital where we recruit 
patients who have gone through standard 
genetic testing without receiving a molecu-
lar diagnosis. We then use state-of-the-art 
sequence based methods to screen the 
patients to provide molecular diagnoses 
and to discover new causative variants. This 
collaboration has led to identification of 
several new genes implicated in intellectual 
disability. 

In schizophrenia, our research is based on 
a large collection of brain tissue samples 
from patients and controls where we use 
sequencing to study gene expression and 
genetic variation. 

In a parallel line of research we use 
brain RNA sequencing data to investigate 
basic questions in RNA biology. Here we 
have developed novel methods that we 
have used successfully to study co-tran-
scriptional splicing and subcellular RNA 
localization. Our current interest in this 
area is to develop methods for accurate 
quantification and visualization of circular 
RNA, which we will use to investigate the 
role of circular RNA in disease. 

Dumanski et al., 
Am J Hum Genet 
98, 1208-1219 
(2016)

Forsberg et al., Gen-
ome Research 25, 
1521-1535 (2015)

Dumanski et al., 
Science 347, 81-83 
(2015).

Forsberg et al, 
Nature Genetics 46, 
624-628 (2014).

analysis of post-zygotic  variation 
(or acquired during lifetime or somatic 
genetic variation or genetic mosaicism) 
in human cells is the overall theme of 
research in the group. We work with 
translational disease-related projects and 
with basic questions addressing somatic 
variation in normal human cells. An em-
phasis is on structural genetic variation, 
which has emerged over the past 10 years 
as a dominating type of human inter-in-
dividual genetic differences and is also a 
dominating type in post-zygotic variation.
Our specific projects are:
•	Mosaic Loss Of chromosome Y (LOY) 

in blood cells is associated with smoking 
as well as shorter survival and higher 
risk of cancer risk for Alzheimer´s 
disease in aging males. We study the 

functional impact of LOY on human 
cells and develop LOY as a clinically 
useful biomarker.

•	Post-zygotic genetic variation: studies 
of normal human aging/longevity from 
genetic standpoint and age-associated 
genetic aberrations.

•	Novel bio-markers for breast cancer; 
disease prediction and progression. 
We study acquired genetic variation in 
normal breast cells from healthy women 
and from women affected with breast 
cancer in order to identify very early 
changes, which predispose to the devel-
opment of breast cancer.

Molecular oncology  
and genetics of human aging

jan dumanski

lars fEuk

Enroth S, Enroth 
SB, Johansson Å, 
Gyllensten U. Sci 
Rep. 2015, 5:17282. 

Enroth S, Johans-
son A, Enroth SB, 
Gyllensten U. Nat 
Commun. 2014, 
5:4684. 
 

thE gyllEnstEn lab conducts research 
in several fields, from human genomics and 
molecular epidemiology to more applied 
projects in gynaecological cancer and trans-
lational medicine. 

Among the recent project highlight 
in genomics are the establishment of a 
database of human genetic variability in 
Sweden, based on whole human genome 
sequences of 1,000 individuals (SweGen), 
the generation of local reference genomes 
for the Swedish population based on de 
novo assembly of long-read DNA sequen-
cing technology. 

In molecular epidemiology our lab is 
using a systems biology approach to study 
human physiology and determine how ge-
netic, epigenetic and lifestyle factors, such 
as medical history, diet, occupation affects 

the proteome, glycome and lipidome. 
We have recently shown that protein 
biomarker levels are strongly affected by 
non-disease causing variation such as ge-
netic polymorphisms and lifestyle factors 
(see side column). The translational 
medicine project aims at developing a 
protein biomarker test for early diagnosis 
of gynaecological cancer (cervical, endo-
metrial and ovarian cancer) that can be 
used both to improve the diagnosis and in 
population screening. 

Our lab is also pioneering the use of 
self-collection of vaginal fluid in cervical 
cancer screening, and are studying the use 
of repeated HPV typing to improve the 
organised cervical cancer screening.    

from genomics and epidemiology  
to translational medicine

ReseaRCH

Forsberg et al. 
Nature Genet-
ics, 2014 PMID: 
24777449
Dumanski et al. Sci-
ence 2015, PMID: 
25477213
Dumanski et 
al. AJHG 2016, 
PMID:27231129
Forsberg et al. 
Nature Reviews Ge-
netics 2017 PMID: 
27941868

mEn livE shortEr livEs compared 
to women. LOY in blood cells could, as 
a male-specific genetic risk factor, help 
explain this sex difference. The blood of 
men affected with LOY consists of a mix-
ture of cells with or without the Y chro-
mosome and current methods can readily 
detect when >10 % of the blood cells lack 
chromosome Y. LOY is the most common 
during life acquired human mutation and 
affects at least 20 % of old men. 

Our discoveries show that LOY in blood 
is associated with increased risk for patho-
logy and death in aging men. For example, 
we have found that men with LOY in 
blood have an increased risk for all-cause 
mortality, non-hematological cancer and 
Alzheimer’s disease. We have also shown 
that LOY is induced by smoking.

It is still unknown how LOY in blood cells 
can be associated with disease in other 
organs. One hypothesis is that immune 
system functions could be compromised 
in affected cells. The functional aspects of 
LOY are central in the ongoing research. 

Identification of men with LOY could 
help serve earlier diagnosis of disease, 
which could lead to better treatment 
options and higher survival in aging men. 
We are now developing new methods for 
detection of LOY in blood samples with 
better sensitivity and specificity, com-
pared to available methods. Focus is on 
applications for flow cytometry, which is 
available in most hospitals. The goal is to 
establish LOY as a new and predictive bio-
marker for risk of disease in middle-aged 
and aging men.

Loss of chromosome y (Loy)  
in human health and disease

lars forsbErg

ulf gyllEnstEn
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adEnovirusEs have been widely used to 
study the molecular events that take place 
in infected cells. Our studies have shown 
that an infection with adenovirus type 2 
can be divided into four periods. 

The first period occurs before the ad-
enoviral gene expression has commenced. 
During this time, changes in cellular gene 
expression are triggered by the virus entry 
process, and its intracellular transport 
along microtubules. 

During the second period, there is a large 
increase in the number of differentially ex-
pressed cellular genes primarily those that 
are involved in cell cycle regulation, cell 
proliferation and antiviral response. 

During the third period the virus has 
gained control of the cellular metabolic 
machinery, resulting in an efficient replica-

tion of the viral genome. 
During the fourth and last period, when 

the cytopathic effect becomes apparent, 
the number of down-regulated genes 
increases. However, some are up regu-
lated and these are involved in protein 
translation, in the generation of precursor 
metabolites and energy, as well as oxidation 
reduction. 

An unexpected finding was that for 
some genes he correlation between protein 
and RNA expression was very low implying 
that translational control plays an import-
ant role in the infectious cycle.

How an infecting virus kidnaps  
the synthetic machinery of its host

Viruses are major 
human kollers. 
Therefore molecu-
lar studies of their 
replication have a 
high priority.

ReseaRCH

“eVeRy HUMan BeInG 

Is UnIqUe WItH an 

InDIVIDUaL RIsk of 

DeVeLoPInG DIsease. 

VaRIatIon BetWeen 

HUMans Can Be 

attRIBUteD to DIf-

feRenCes In tHe Dna 

seqUenCe oR In tHe 

enVIRonMent tHat 

We aRe exPoseD to.”

during thE last dEcadE, thousands 
of genetic variants have been identified to 
influence the variation in human pheno-
types or the risk for of developing diseases 
like obesity, asthma, myocardial infarc-
tion, hyperlipidaemia or hypertension. 
However, the genetic variants that have 
been identified only explain a small part 
of the heritability of human phenotypes, 
and a substantial part of the heritability, 
commonly referred to as the hidden herit-
ability, is still unknown. 

Our hypothesis is that the hidden herit-
ability is attributed to a combination of: 
a) rare genetic variants that have not been 
assessed in previous studies, b) common 
variants with small effects that have not 
been detectable in the studies performed 
so far, and c) interactions between genes 

and environment, or between pairs of 
genes.

Our research is interdisciplinary and 
brings together the fields of genomics, 
epigenomics, proteomics and epidemi-
ology with three specific aims: Firstly, to 
give a precise description of how genetic 
variation influences the amount and 
function of the proteins that are expressed 
by our genes and secondly, to identify 
downstream disease related effects caused 
by alterations in specific proteins. The 
third aim is to identify how genes interact 
with each other and with our lifestyle to 
influence risk of disease. We are working 
with population-based cohorts, using state 
of the art methods for whole-genome 
sequencing and the most recent technolo-
gies for measuring proteins at a large scale. 

the mystery of the  
hidden heritability of human traits

åsa johansson

ulf pEttErsson
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Proteins detected in 
a human embryo

Reproductive Medicine

thE rEsEarch group studies the 
reasons behind infertility, with the main 
goal to be able to help more involuntarily 
childless couples to have a baby

Our research focuses on reproductive 
medicine, i.e. diagnosis and treatment of 
infertility. We are interested in molecular 
mechanisms that regulate the develop-
ment of a fertilized egg into an embryo, 
implantation of the embryo in the uterus 
and development of the placenta. The 
clinical outcomes when these processes 
are not regulated properly are infertility, 
repeated miscarriages and complications 
during pregnancy, such as intrauterine 
growth retardation and preeclampsia.

Our research is translational and we 
have close collaborations with different 
clinics in Sweden and abroad working 

with women´s health. Within these net-
works, patients with diagnoses of interest 
are included and embryos, blood or tissue 
samples (mainly uterus and placenta), are 
collected in biobanks.

By performing basal research on this 
material we aim to get new insights about 
the different diagnoses studied. Increased 
understanding of important molecular 
mechanisms will hopefully provide us 
with the possibilities to develop new 
diagnostic tools and therapies within the 
field of assisted reproduction.  

Genetic differences 
in the FADS1 gene 
are associated 
with more than 30 
human diseases and 
traits.
Reference:
Pan G, et al. Nuc-
leic Acids Res. 2017, 
45(5):2408-2422.

mEtabolic disEasEs incrEasE in 
prevalence in Sweden and the rest of the 
world. Many environmental factors and 
hundreds of genes contribute to morbidity.
We investigate the genetic components by 
identifying positions in the genome where 
the environment induces a response that 
differs between individuals and how that 
contributes to disease. We have screened 
for variation in gene regulatory signals in 
liver and other cells using our established 
pipeline and detected tens of thousands of 
genetic variants with variable response to 
the environment and hundreds that likely 
contribute to disease. 

We use several strategies to link them to 
the gene they control. We prioritize gene 
variants of the highest medical import-
ance and have made detailed studies of 

several to show which pathways, environ-
mental factors and transcription factors 
that control their activity. 

The results are integrated with a parallel 
project in which we analyse metabolites, 
RNA expression and protein levels in all 
key metabolic tissues in normal controls, 
people with prediabetes and type 2 dia-
betes. This links variable gene regulatory 
signals to metabolic consequences and 
identifies new options for therapeutic 
intervention for this rapidly growing 
ailment. Some mutations in cancer disturb 
gene regulation by changing the binding 
of transcription factors or structural pro-
teins and this contributes to malignancy. 
We screen for such events using the same 
principles as for the inherited variants 
described above. 

Gene regulation and human disease claEs wadElius

hElEna åkErud
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"In seVeRaL PRojeCts We 

CoLLaBoRate WItH tHe 

CLInICs foR nUCLeaR 

MeDICIne, onCoLoGy anD 

MeDICaL PHysICs at tHe 

UPPsaLa UnIVeRsIty Hos-

PItaL, as WeLL as WItH Many 

ReseaRCHes In sWeDen anD 

aBRoaD."

The programme includes 
research in basic radi-
ation biology to under-
stand how living cells 
respond to radiation, 
optimal methods for 
radiation treatments, 
applied dosimetry, and 
development of phen-
otype-specific delivery 
of diagnostic and thera-
peutic radionuclides to 
malignant tumour cells.

Research in the programme aims to expand the knowledge 
base for the use of radiation in medicine and basic biology.

ReseaRCH

group applies a multiscale approach to 
improve methods and find strategies 
to widen the therapeutic window 
between cure and side effects. 

radionuclidE tumour  
targEting
Marika Nestor and her group aim to 
find an efficient method for diagnosis 
and therapy of head and neck cancer. 
They focus on developing the use of 
radioactive nuclides for localising and 
treating metastasised tumours, with 
the aim to improve the survival of this 
group of patients.

Ionizing radiation is widely used in 
medicine for diagnostics and therapy 
of different diseases. Radionuclide 
imaging facilitates detection of  
disease-associated molecular pheno-
types of tissue, and selection of op-
timal therapy. 

External beam radiation therapy is an 
efficient way to treat localized cancer 
by a concentrated dose to the tumour, 
while targeted delivery of cytotoxic 
radionuclides may be efficient for era-
diation of disseminated cancer. The use 
of radioactive tracers in vitro and in vivo 
can also elucidate many aspects of nor-
mal biology and pathogenic alterations 
in biochemistry.

mEdical radiation physics
Successful radiation therapy is a 
compromise trying to maximize the 
probability for tumour control while 
keeping risks for severe side effects 
acceptable low. Anders Ahnesjö’s 

Medical radiation sciences

Vladimir tolmachevBo stenerlöw                          

Marika nestoranders ahnesjö

ReseaRCH

Monte Carlo 
simulations of the 
propagation and 
interactions of ion-
izing particles is an 
import research tool  
in medical physics. 
The differences in 
texture pattern of 
ionizations make 
tracks from pro-
tons or carbon ions 
more effective than 
X-rays.

wE invEstigatE routEs to improvE 
radiotherapy for increased cure rates and/
or reduced side effects. In a multi-scalar 
approach, we investigate clustering tex-
tures of ionization locations in a nano-
meter scale, and also different techniques 
for patient/tumor position management 
during radiation at mm scale. 

Different types of radiations used for ra-
diotherapy have different cell sterilization 
ability, and we investigate this variation 
by studying the spatial distribution of 
ionization sites in nanometer resolution 
through radiation transport simulations 
with Monte Carlo methods, for the ul-
timate goal of quantitative modelling to 
support treatment dose optimization. 

At the macroscopic level we are, in 
collaboration with the national proton 

therapy facility Skandion, developing a 
Geant4-based simulation framework to 
study the patient motion interplay effects 
with the scanned proton beams used to 
target tumor volumes. We also investigate 
use of real time patient surface imaging 
as an indicator for positional adjustments 
during treatment.

The use of functional images from MRI 
and PET as basis for “dose painting” is 
explored aiming for patient individual-
ized prescription of spatially varying dose 
levels.  Higher dose to the most viable 
parts of the tumor can potentially increase 
tumor control probability without increas-
ing the risks for normal tissues complic-
ation, but requires changes in clinical 
delivery to ensure dose delivery safety. 
 

Medical radiation physics

tumour targEting using Engin-
EErEd scaffold protEins
Radionuclide imaging is non-invasive and 
provides important information about 
proteins in tumours. The main goal of Vl-
admir Tolmachev’s research is to develop 
the methodology for using radionuclides 
in diagnostics and therapy of malignant 
tumours. 

radiation biology and dna  
rEpair
Research in Bo Stenerlöw’s group focuses 
on cellular and molecular effects of ion-
izing radiation. They study cells’ defence 
signalling and DNA repair mechanisms, 
with the goal that their findnings should 
lead to more efficient tumour therapy and 
fewer adverse effects.

somE quEstions that wE want to answEr:

How do different Dna repair pathways interact?

How can we integrate targeted imaging and therapy of cancer using scaffold 
proteins?

Can we further improve tumor targeting with scaffold proteins using optimal 
molecular design?

Can radiotherapy be more effective with dose levels prescribed from functional 
imaging?

Can scanned proton beams be safely applied to lung tumors? 

Can we improve cancer diagnostics though more specific detection methods?

How can we radiosensitize cancer cells and potentate radiotherapy?

Confocal 
microscope 
image of a 
tumour-target-
ing molecule 
(red) binding 
to squamous 
carcinoma cells 
(cell nuclei in 
blue)

andErs ahnEsjö

“External beam ra-
diation therapy is an 
efficient way to treat 
localized cancer by a 
concentrated dose to the 
tumour.”
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Image of a cell 
nucleus (blue) 
irradiated with 
two high-LET ions 
(illustrated by the 
arrows). The ions 
induce clustering of 
DSBs (red) along 
their tracks.

thE rEpair of dna damagE is funda-
mental for the survival of a cell and an 
increased knowledge about DNA repair 
mechanisms might have future clinical 
implications. The complex network of 
repair and regulatory proteins represent a 
rich set of potential targets to exploit in 
the development of more effective chemo- 
and radiotherapeutic strategies in cancer 
therapy. 

The last decades, research on DNA 
repair has led to novel insights in cellular 
repair but several important aspects of 
radiation-induced DNA double-strand 
breaks (DSB) are still unresolved. Al-
though the major protein complexes in-
volved in DSB repair have been identified, 
it is still not fully understood how, when 
and where the major protein complexes 

come together and repair DSB. 
We are currently investigating how 

repair proteins interact and how they may 
regulate other repair pathways and cel-
lular processes. Further, it is evident that 
complex and clustered lesions, induced by 
high LET radiation (e.g. heavy ions) are 
much more difficult to restore, but there 
is no information about failure in specific 
steps in the repair process. 

Our research is focused on DNA dam-
age localization within chromatin and the 
mechanisms involved in DNA damage 
recognition at clustered damaged sites. In 
parallel with the basic research on DNA 
damage response, we study novel drugs 
and inhibitors that have the potential to 
make tumours more sensitive to radiation. 

thE aim of our rEsEarch is to utilize 
radionuclide tumor targeting for diagnosis 
and therapy of cancer, with a special focus 
on head and neck cancer. This is done by 
improving targeted diagnostics through 
new promising radiotracers, and by 
improving radiation therapy using novel 
radiosensitizing drugs. 

Molecular targeting of tumours us-
ing radioactively labelled molecules is a 
promising method to selectively target 
cancer cells. By targeting a structure 
that is abundant in tumor cells, but rare 
in healthy tissues, a targeting molecule 
can mediate the delivery of radioactivity 
specifically to tumour cells in the body. 
Radiolabelled tumour targeting agents can 
be clinically applied for tumour detection 
and characterization, patient stratifica-

tion, to monitor treatment response and 
to assess pharmacokinetics of the tracer 
for potential therapeutic applications.

Radiotherapy (external beam radiation 
as well as radionuclide therapy) is cur-
rently one of the most effective tools in 
cancer therapy. However, side effects can 
be severe and lead to lower quality of life 
for the patient. Combining radiother-
apy with radiosensitizing drugs may be 
a way to lower adverse effects, overcome 
resistance and can ultimately potentiate 
treatment efficacy. Thus, the aim of this 
preclinical project is to improve outcomes 
of radiotherapy by using novel radio-
sensitizing drugs. Two major strategies 
are currently assessed with very promising 
results, p53 therapy and HSP90 inhibition. 

“oUR GoaL Is to 

DeVeLoP noVeL 

RaDIoLaBeLLeD 

tUMoR taRGetInG 

aGents anD RaDI-

osensItIzatIon 

stRateGIes foR 

IMPRoVeD PeRsonaL-

IzeD CanCeR Man-

aGeMent of HeaD & 

neCk CanCeR”

Marika Nestor

Radiation biology and Dna repair

Radionuclide tumour targeting marika nEstor

bo stEnErlöw

ReseaRCH

Imaging of HER3 
expression in 
tumour using AD-
APT6 (unpublished 
data).

wE dEvElop a nEw typE of cancer- 
targeting agents, engineered scaffold 
proteins (ESP). ESP can be selected to 
bind specifically to cancer cells expressing 
particular cell-surface proteins. ESP are 
smaller than antibodies, which provides 
their better extravasation and penetration 
in the tumours. Production of ESP might 
be done in prokaryotes and is much more 
efficient than production of antibodies. It 
is easy to design and produce multimeric 
and multispecific ESP-based constructs. 

Affibody molecules were the first 
class of ESP, which we tested for in vivo 
radionuclide imaging. We have developed 
affibody-based agents for imaging HER2, 
EGFR, HER3, PDGFRβ and IGF-1R. In 
vivo imaging of these receptors would en-
able personalized selection of anti-cancer 

therapy. Radiolabelled affibody molecules 
provided unparalleled contrast and spe-
cificity in visualization of molecular tar-
gets in tumour xenografts in mice. Clin-
ical data have confirmed that anti-HER2 
affibody is an excellent imaging agent. 
We have demonstrated feasibility of the 
use of a novel ESP, ADAPT, as a probe for 
radionuclide imaging of cancer-associated 
molecular targets. Now, we are taken the 
next step, proceeding to ESP-based cancer 
therapy. We have shown that the use of 
affibody-based radionuclide pretargeting 
is a promising approach for radionuclide 
therapy. 

We are grateful to Swedish Cancer 
Society (Cancerfonden) and Swedish Re-
search Council (Vetenskapsrådet) for their 
economic support.    

tumour targeting using  
engineered scaffold proteins

vladimir tolmachEv
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the research programme invents, develops and applies  
radically new molecular approaches to detect and analyse 
Dna, Rna, proteins and cells.

Research groups in the 
programme actively dis-
seminate their techniques 
in collaborations, through 
service at two SciLifeLab 
facilities, and via numer-
ous spin-out companies 
and licensees. Technolo-
gies underway will enable 
detection of extremely 
rare molecular events and 
provide new tools for the 
point of care.

ReseaRCH

advancEd molEcular tools 
for protEomE analysEs and 
diagnostics
Masood Kamali-Moghaddam focuses 
on developing and applying the prox-
imity ligation assays (PLAs) for protein 
analyses. The PLA is used for screening 
of proteins for prognostics or early 
diagnostics of different diseases, with 
a primary focus on neurodegenerative 
diseases and cancer.

molEcular tools for 
thE futurE of diagnostics
The molecular probes developed in Ulf 
Landegren’s group typically include 
elements participating in affinity 
reaction to proteins or nucleic acids, 
and others susceptible to enzyme cata-
lyzed reactions that serve to enhance 
specificity of detection or sensitivity 
of readout. These very general detec-
tion procedures permit highly specific 
detection of DNA and protein.

Molecular tools for molecular medicine 
are in rapid development. Radically 
improved methods can offer entirely 
new biological insights, reveal disease 
processes at potentially curable stages, 
and serve to evaluate new drugs and 
monitor responses to therapy.

The techniques developed in the 
Molcular Tools programme are widely 
used and include padlock probes, prox-
imity ligation, and other approaches 
for high-multiplex, high-performance 
analysis of DNA, RNA, or protein in 
solution or at cellular resolution in situ. 
The efforts are focused both on the 
development of new methods and on 
applying the established techniques in 
biomedical investigations.

The techniques are suitable to meas-
ure levels of individual molecules or in-
teracting complexes of molecules, or to 
visualize these in cells and tissues. They 
are employed in basic molecular and cell 
biological research, and for a number 
of medical applications, for instance in 
genetics, tumour biology and in cardi-
ovascular disease, taking advantage of 
samples from biobanks.

Recent research directions in the 
programme include development of 
procedures for evaluating experimental 
and clinical drugs, for single cell ana-
lyses, and in a longer perspective for 
rapid molecular diagnostics at the point 
of care. The latter techniques may prove 
valuable in routine health care and in 
Third World countries.

Molecular tools

Ulf LandegrenMasood kamali- 
Moghaddam

Padlock probe

Selector probe

Proximity liga�on assay

In situ proximity liga�on assay

sRCA

ReseaRCH 

spin-out companies 
are commercialising 
the techniques de-
veloped in the lab. 

8
progrEss in molEcular mEdicinE 
provides a basis for new, efficient dia-
gnostics to curtail disease and optimize 
therapy, which will profoundly alter 
healthcare. 

Our lab focuses on inventing molecular 
tools for this future diagnostics. Building 
on a few simple premises, such as design-
ing assays that depend on specific detec-
tion via fixed pairs of affinity reagents 
even in high multiplex, we have developed 
powerful tools for DNA and protein 
detection.

Our oligonucleotide-, padlock- and 
proximity-ligation assays are now in use in 
thousands of labs worldwide, and diverse 
applications of the probes have been 
commercialized by eight companies spun 
out from our lab so far, or through licenses 

to twelve leading international biotech 
companies. Several of our tools are also 
provided as services to Swedish scientists 
via four facilities of the SciLifeLab organ-
ization, offering early access to these new 
research techniques. 

Some newer molecular techniques, 
currently in development in our lab, 
promise further enhanced detection or 
visualization of even very rare nucleic 
acid sequence variants or single protein 
molecules for e.g. single cell studies or 
high-throughput screening of tissue 
sections. Increasingly in focus in our lab 
is the development of high-performance 
molecular assays for the point of care, 
offering great convenience, speed, and 
sensitivity in multimodality, multiplex 
formats.

Molecular tools for  
the future of diagnostics

ExoPLA is used for 
specific and sensit-
ive detection of in-
dividual exosomes.

Solid Support 

Vesicle

our rEsEarch focusEs on develop-
ment of advanced molecular tools and 
implementation of those technologies 
in biology and medicine. The aim is to 
detect and measure single- and complex 
molecules with high sensitivity, specificity 
and accuracy beyond the capacity of the 
current state-of-the-art technologies. 

We apply our technologies to screen 
proteins for prognostics or early dia-
gnostics of different diseases. We also 
analyse proteins, their modifications and 
interactions, to better understand the 
emergence of these diseases. The technolo-
gies are used very broadly but our primary 
research is focused on neurodegenerative 
diseases such as Alzheimer’s disease, and 
on cancer diseases, for instance prostate 
cancer. 

Among the recent activities, we have 
characterized a large number of extra-
cellular microvesicles and exosomes to 
reveal their proteomic signatures, which 
allowed us to trace these vesicles to their 
originating cells and tissues. We have 
developed a PCR-based proximity liga-
tion assay (4PLA) allowing detection of 
a prostate-specific extracellular vesicle 
in plasma as a promising biomarker for 
prostate cancer. 

A flow cytometry-based and multicolour 
method (ExoPLA) was developed to detect 
specific exosomes on single molecule level. 
Finally, another flow cytometry-based 
PLA technology was developed for sens-
itive detection of fusion proteins, which 
allowed us to detect BCR-ABL1 on protein 
level in chronic myeloid leukemia.  

advanced molecular tools for  
proteome analyses and diagnostics

masood kamali- 
moghaddam

ulf landEgrEn
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the programme focuses on Cns tumours, balancing the 
investigation of basic disease mechanisms with new  
approaches to drug development.

factors MYC and MYCN in childhood 
brain tumours. The objective is to 
identify cells of brain tumour origin 
and to understand signalling pathways 
involved in tumour initiation and 
tumour progression.

The programme includes rapidly 
expanding projects on glioblastoma 
and medulloblastoma that combine 
hypothesis-driven functional biology 
approaches with large-scale, data-driven 
approaches. 

mast cElls in brain tumours
Elena Chugunova’s research aims at 
gaining more insight into the involve-
ment of mast cells in the development 
of the brain tumour glioma. By in-
creasing the understanding of brain 
cancer biology she hopes that new 
treatment strategies can be developed.

brain tumour dEvElopmEnt 
and invasion
Karin Forsberg Nilsson’s research 
group incorporates experience of 
neural stem cells with glioma biology. 
They focus on the tumour microen-
vironment and examining the invasive 
niche they aim to find new candidate 
drugs that prevent invasion.

systEms biology 
The group headed by Sven Nelander 
develops new, systems biology based 
strategies to chart the molecular net-
works that cause cancer. Their main 
aim is to understand the importance of 
regulatory changes in cancer cells.

childhood brain cancEr
Fredrik Swartling and his group are 
exploring the role for transcription 

neuro-oncology

ReseaRCH

Lene Uhrbom

sven nelander fredrik swartling

karin forsberg nilssonelena Chugunova

"oUR PRoGRaMMe Is WeLL 

estaBLIsHeD InteRnatIon-

aLLy, anD Has seVeRaL 

aCaDeMIC anD InDUstRIaL 

PaRtneRs."

By integrating the 
research with patient 
data from neurosurgery 
and neuro-oncology, the 
programme has a strong, 
if not unique, infrastruc-
ture for patient-specific 
functional disease mod-
elling that will play a key 
role in coming years.

Bengt Westermark

ReseaRCH

human malignant glioma
Glioblastoma is the most common form of 
malignant brain tumours in adults. Bengt 
Westermark’s goal is to understand the 
molecular mechanisms of glioblastoma de-
velopment. This knowledge may increase 
the possibilities of developing novel treat-
ment modalities.

a cEll of origin-basEd stratEgy
Lene Uhrbom’s research is focused on 
understanding how the cell of origin in 
combination with various genetic altera-
tions affects tumour development, pro-
gression and response to treatment. The 
goal is to uncover genes, pathways and 
targets to which directed therapies can be 
developed.

thE human glioma cEll culturE (hgcc) rEpository 

is a public IGP-based resource of 176 patient-derived cell cultures that enables 

cell-based modeling of glioblastoma. each culture is annotated by de-identified 

clinical data and the majority has undergone genomic characterization on mul-

tiple platforms. all molecular subtypes are represented making HGCC a valu-

able tool for precision medicine including systematic drug screening, biomarker 

discovery and hypothesis-driven studies of disease mechanisms. HGCC is an 

open resource and our cells have been distributed to >60 research projects 

worldwide.

”shared intelli-
gence: a patient- 
derived, deeply 
characterized 
glioblastoma cell 
line resource”

Villa and Mischel, 
EBioMedicine,

2015

our long-term goal is to introduce new 
treatments that improve the outcome for 
patients with brain tumours.
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There is a need 
to target the mi-
croenvironment 
of brain tumours, 
to prevent cancer 
cells from spreading 
across the healthy 
brain. The uncon-
trolled invasion is a 
main reason these 
tumours remain 
deadly diseases.

our rEsEarch aims to improvE
treatment of malignant brain tumours, 
specifically glioblastoma (GBM), which is 
molecularly heterogeneous and invariably 
fatal. We focus on the tumour microen-
vironment in disease progression. During 
tumour evolution, GBM progresses from 
an initial, hypoxic environment to an 
infiltrative disease sustained within an 
invasive niche. We examine this niche, 
in vivo and in vitro, to find new candidate 
drugs that prevent invasion. Due to a 
unique composition of the brain extra-
cellular matrix, where proteoglycans are 
prevalent, our analysis of these mo¬lec-
ules informs about disease mechanisms, 
and suggests therapeutic targets. The 
neurogenic and tumorigenic niches are 
similar and we incorporate our experience 

of neural stem cells with GBM biology, 
leveraging the close relationship between 
these two fields. 

Furthermore, we explore novel reg-
ulators of GBM and medulloblastoma. 
Our candidate genes are identified either 
as highly regulated in neural stem cell 
dif-ferentiation, or alternatively, in a 
GWAS of dog glioma. 

Subpopulations of cells with stem cell-
like properties, called cancer stem cells 
(CSCs) are likely responsible for relapse. 
Within the Neuro-Oncology programme 
we have established a clinically annotated 
biobank of >100 patient-derived GBM 
CSCs, retaining the characteristics of 
the original tumour and can now model 
a large part of the GBM heterogeneity in 
vitro and in mouse models.

Regulation of brain  
tumour development and invasion

wE havE ExpandEd our understanding 
of the role of inflammation in gliomas 
by demonstrating that mast cells (MCs) 
infiltrate mouse and human glioma, with a 
positive correlation for malignancy grade. 
Our preliminary data also demonstrated 
the abundant accumulation of MCs in 
human brain metastases, originating from 
different primary tumours.

The given research proposal aims to in-
vestigate the role of MCs in glioma-associ-
ated inflammation, and the role of MCs in 
brain metastases. 

In this proposal the functional studies 
are performed by using in vivo models, 
including MC-deficient mice (M5-CreR-
DTA). All mechanisms of interactions 
between MCs and corresponding tumour 
cells, interactions with other immune 

cells and functional plasticity of MCs are 
explored by implementing human in vitro 
studies, and will also include analysis of 
patient material and TMAs.

The present study will generate new 
knowledge about the interrelation 
between MCs and particular tumour cells, 
and also explore the interplay with other 
immune cells. We believe that the findings 
in this proposal will provide a new insight 
into the role of MCs in glioma and the 
connection between immunoregulation, 
tumor microenvironment and metastasis. 
This will contribute to improved treat-
ments of cancer and eventually prolong 
patients’ lives.

Mast cells as immune regulators  
in glioma and brain metastases

Mast cells modu-
late proliferation, 
migration and 
stemness of glioma 
cells through the 
GSK3β/STAT3 axis. 
Mast cells regulate 
the microenviron-
ment and metastatic 
potential in human 
brain metastases.

ReseaRCH

ElEna chugunova

karin forsbErg
nilsson

Starting in 2017, 
my team will head a 
multicentre (SWE, 
US, AUS) project 
to develop Big Data 
methods for preci-
sion cancer therapy.  
The Strategic  
Research Founda-
tion will support 
the project by  
30 MSEK.

our primary rEsEarch goals  
 are directed towards understanding 
the complex regulation in cancer cells, 
ultimately aiming at new therapeutic 
strategies. Combining mathematical and 
experimental methods, my lab focuses on 
cancers of the nervous system. This is a 
challenging but important area of invest-
igation, where IGP has an excellent unit 
with complementary expertise. 

In one line of work, my team is devel-
oping patient-derived cancer stem cell 
cultures as a system for precision medi-
cine of the brain cancer glioblastoma. For 
instance, we are analysing such cells using 
several orthogonal genomic assays and 
drug screening to obtain new predictive 
models of drug response. 

In a second line of work, we work on 
model-based data integration strategies 
for cancer stratification and target discov-
ery. My lab has 12 members and receives 
funding from several organisations, most 
recently a 5-year grant from the Swedish 
Strategic Research Foundation (SSF, 
March 2017) and the Swedish Cancer 
Society’s Senior Investigator Award (April 
2017). 

Taken together, our work will result in 
an improved understanding of the vulner-
abilities of brain cancers, concrete thera-
peutic improvements and more powerful 
tools for brain tumour biology and bey-
ond.

systems biology of neural cancers

We study tumour 
relapse in our new 
preclinical cancer 
treatment (PCT) 
centre, a national 
facility for advanced 
image-guided irra-
diation that mimics 
the advanced radi-
ation therapy done 
on cancer patients.

thE aim of our rEsEarch is to im-
prove survival of medulloblastoma, the 
most common malignant pediatric brain 
tumour. MYC proteins are mis-regulated 
in more than half of all types of human 
cancer. Medulloblastoma with elevated 
MYC levels correlates with very poor 
prognosis. About three out of four children 
with medulloblastoma survive but often 
experience long-term side effects from 
standard treatment including radiation and 
chemotherapy. 

We have developed various MYC-driven 
transgenic tumour models and culture 
cells from patients as patient-derived 
xenografts (PDXs). We further study clin-
ically relevant cancer drivers in normal or 
iPSC-derived brain stem cells in order to 
model medulloblastoma development. We 

also developed a forward genetics screen to 
identify novel drivers of brain tumors and 
use sequencing and methylation arrays 
together with advanced bioinformatics to 
study tumour cell mechanisms.

Recently, we showed that the stem cell 
factor SOX9 is promoting metastasis and 
we are now studying how rare SOX9-pos-
itive cells give rise to brain tumour 
relapse. We want to understand what 
drives tumour recurrence and how these 
cells develop therapy resistance. We screen 
for drugs that can target these rare cells 
and can be used together with standard 
radiotherapy. These studies are performed 
in our PCT-centre, a new preclinical 
facility that we started to study advanced 
image-guided radiation therapy in models.

Modelling childhood brain  
cancer and tumour recurrence

ReseaRCH

MYC-DRIVEN
MEDULLOBLASTOMA

IMAGE-GUIDED 
RADIOTHERAPY

RARE SOX9+ CELLS OF
TUMOR RELAPSE

frEdrik  
swartling

svEn nElandEr
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Glioblastoma is 
the most common 
form of malignant 
brain tumors in 
adults. Patients with 
glioblastoma have a 
very poor prognosis; 
the median survival 
is only around 15 
months after dia-
gnosis.

15
glioblastoma is charactErizEd by 
an extensive heterogeneity, both between 
and within individual tumours, which 
severely complicates the development of 
effective treatment. 

We have established multiple clones 
from patient samples and found extensive 
molecular and phenotypic variability, with 
a wide range of responses to radiation 
and drugs. This variability was linked to a 
proneural-mesenchymal shift in the tran-
scriptome. Drug resistance was associated 
with an altered DNA methylation profile 
at promoter regions of mesenchymal mas-
ter regulators and enhancers. Currently 
we are searching methods to reprogram 
the epigenome of resistant cells, to make 
them vulnerable to treatment. 

In addition to focusing on the aberrations 
in glioblastoma cell signalling, we try to 
harness remnants of normal growth regu-
latory pathways to treat glioblastoma. In a 
study of the response to the growth inhib-
itory effect of bone morphogenetic pro-
tein 4 (BMP4), we found a wide range of 
responsiveness. BMP4 response was posit-
ively correlated with a proneural mRNA 
expression profile, and high expression of 
the stem cell factor SOX2. SOX2 was con-
sistently down regulated in BMP4-treated 
cells. Forced expression of SOX2 attenu-
ated the BMP4 response, implying a causal 
relationship between SOX2 down regula-
tion and responsiveness. The BMP4-SOX2 
axis is an interesting target for therapy, 
which we are currently investigating. 

Human malignant glioma – from  
oncogenic mechanisms to treatment

Uhrbom group key 
publications:
•	Jiang et al. Cell 

Rep 2017 
•	Sreedharan et al. 

Cancer Res 2017
•	Xie et al. EBio-

Medicine 2015 
•	Lindberg et al.  

J Neurosci 2014 
•	Lindberg et al. 

Oncogene 2009

glioblastoma  (GBM)  is an aggress-
ive, highly heterogeneous and currently 
incurable primary brain tumour. The 
median survival is 15 months from dia-
gnosis despite maximal surgical resection, 
chemotherapy and radiotherapy. 

Our goal is to uncover new mechanisms, 
pathways and targets that are important 
in GBM by investigating how the cell of 
origin for GBM shapes the phenotype of 
GBM cells and the outcome of therapy. 
We have had a longstanding interest in 
the cell of origin for GBM and the present 
investigation builds directly on previ-
ously published results from the group 
(see key publications), that form a unique 
experimental platform of validated mouse 
models, patient-derived GBM cells and 
tissues, and cell of origin-based knowledge 

and candidate genes. 
The specific aims of our research is to 

investigate:  
1) The mechanisms behind the cell of ori-
gin-dependent treatment response. 
2) The role of the cell of origin-specific 
gene LGR5 in GBM.  
3) The molecular basis for GBM initiation 
and progression from an oligodendrocyte 
precursor cell in vivo. 
4) New cell of origin-defined mouse GBM 
models to be able to study more of human 
GBM diversity. 

The cell of origin for GBM in unknown 
and has been an understudied area of re-
search. We believe that such knowledge is 
required for a more complete understand-
ing of the underpinnings of GBM.

a cell of origin-based  
strategy to decipher glioblastoma

ReseaRCH

lEnE uhrbom

bEngt  
wEstErmark
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vascular targeting can be used to 
improve treatment response, with a 
special emphasis on promoting im-
mune cell recruitment during cancer 
immunotherapy.

blood vEssEls and fibrosis
Marie Jeansson's research focuses on 
how Angiopoietin-1 and its receptor 
Tie2 regulate blood vessel function, 
especially in kidney fibrosis. The 
group also studies tumor growth and 
tumor metastasis.

lymphangiogEnEsis - cEllu-
lar and molEcular dynamics
To form a patterned lymphatic vas-
cular network, progenitors undergo 
vast cellular expansion, fate switch 
and dynamic rearrangements. Kaska 
Koltowska studies how these changes 
occur in vivo in real time by visu-
alisation of lymphangiogenesis in 
zebrafish embryos.

“We exploit advanced 
imaging and image ana-
lysis, (single cell) RNA 
sequencing, computer 
modeling, state-of-the-art 
genetic in vivo models 
for studying vascular 
development and homeo-
stasis, genetic diseases, 
cancer and retinopathies 
in a concerted effort to 
reach deep understanding 
of vascular function in 
health and disease.”

By combining wet lab in 
vitro analyses with com-
putational simulations 
in a reiterative fashion, 
we can untangle complex 
molecular crosstalk con-
trolling endothelial cell 
adaptation to different 
in vivo conditions in the 
developing embryo or in 
disease.

rEgulation of lymphatic  
vasculaturE
Lymphatic vasculature is an integral 
part of the circulatory system with 
essential functions in tissue fluid 
homeostasis and immune surveil-
lance. Taija Mäkinen and her group 
aim to understand the mechanisms 
that regulate lymphatic vascular 
growth in development and disease.

the blood and lymphatic vasculatures are 

interconnected and interdependent in the 

regulation of fluid and metabolic homeostasis. 

In diseases such as ischemic stroke, chronic 

inflammation and cancer, de-regulated (lymph)

angiogenesis and compromised vessel function 

with leakiness and/or defective lymphatic 

drainage lead to tissue edema, inflammation 

and thereby disease progression and impaired 

organ function. our understanding of the mo-

lecular and cellular mechanisms regulating the 

many aspects of blood and lymphatic vessel 

development and function are still very limited, 

and therapies directly targeting specific vessel 

malfunctions such as excess vessel leakiness, 

are missing. the Vascular Biology programme 

groups work in a concerted manner to fill this 

knowledge void and to begin translating basic 

findings into new clinical therapies.

The formation of new blood vessels 
– angiogenesis - is an important and 
strictly controlled process that under 
normal circumstances takes place dur-
ing embryonic development, in wound 
healing, and in the female menstrual 
cycle. However, several diseases, includ-
ing cancer, are accompanied by exagger-
ated angiogenesis that leads to a disor-
ganized and dysfunctional vasculature 
that may propagate the disease. 

The programme Vascular Biology 
studies how angiogenesis is regulated, 
both during embryo development, in 
adults and in diseases, using human 
tissue samples, mouse and zebrafish 
models. We are particularly interested 
in how growth factors and other reg-
ulating proteins stimulate or inhibit 
angiogenesis during development, and 
how vessel permeability to molecules 
and cells is regulated in the CNS and 
in peripheral organs. We also study the 
mechanisms underlying the formation 
of functional lymphatic vessels and the 
development of fibrosis.

cEllular adaptivE bEhaviour
Katie Bentley’s interdisciplinary 
research group exploits the predictive 
power of computer simulations to un-
cover new mechanisms in angiogenesis. 
They integrate in silico, in vitro and in 
vivo approaches to develop a dynamic, 
single to collective cell understanding 
of how blood vessels are able to grow 
well-adapted networks.

dEvElopmEntal gEnEtics
Christer Betsholtz’ group studies 
cellular and molecular mechanisms of 
angiogenesis, vascular permeability and 
other vascular functions in embryonic 
development, adult homeostasis and 
disease. A particular focus is placed on 
the microvascular pericyte.

vascular biology
A main focus in Lena Claesson-Welsh' 
group is on the important growth factor 
VEGF and its signalling regulating 
blood and lymphatic vessel formation 
and function. A particular interest is in 
vessel permeability and its role in cancer 
and retinopathies.

vascular pErmEability  
and vEssEl malformations
The disease Cerebral Cavernous Mal-
formations (CCM) is a genetic, familial 
or sporadic, disease characterized by 
vascular malformations in the central 
nervous system. Elisabetta Dejana’s 
research efforts are directed towards 
developing strategies to treat the disease 
by reducing size and fragility of the 
malformations.

thE vasculaturE as a   
targEt for cancEr thErapy
The focus of Anna Dimberg´s research 
is to understand how the vasculature 
affects cancer progression through 
regulation of the tumour microenvir-
onment. The group also studies how 

the programme studies the development and disease  
implication of the blood and lymphatic vasculature.

Vascular biology

ReseaRCHReseaRCH

anna Dimberg Marie jeansson

kaska koltowska

katie Bentley Christer Betsholtz

Lena Claesson-Welsh elisabetta Dejana

taija Mäkinen

“blood and lymphatic 
vessel functions are  
coordinated and inter-
dependent”
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“tIssUe ConDItIons 

Can LoCaLLy aDaPt 

tHe tIMInG of CoL-

LeCtIVe CeLL BeHa-

VIoURs/DeCIsIons 

to GRoW DIffeRent 

VasCULaR netWoRk 

aRCHIteCtURes"

From Bentley et al. 
Phil. Trans.  

R. Soc. B (2017)

thE cEllular adaptivE bEhaviour 
(CAB) Lab is interdisciplinary, integrating 
in silico, in vitro and in vivo approaches to 
develop a dynamic, single to collective cell 
understanding of how blood vessels are able 
to grow well-adapted networks in healthy 
tissue yet form maladapted networks in 
diseases such as retinopathy and cancer.

We primarily exploit the predictive 
power of computer simulations to uncover 
new mechanisms in angiogenesis. Our 
simulations draw on concepts and ap-
proaches from the Adaptive Systems/Evol-
utionary Robotics fields, with a focus on 
hybrid agent-based models alongside other 
spatiotemporal modelling approaches. 
These help us to untangle the complex cell 
signalling, shape and movement dynamics 
as cells coordinate and compete during 

vascular morphogenesis.
Our integrated modelling approach 

previously revealed that Notch negative 
feedback interplays with positive feedback 
pathways to generate different collective 
endothelial cell movement during blood 
vessel growth under normal and disease 
conditions. We recently validated model 
predictions in vivo uncovering the first 
elements of a differential adhesion based 
mechanism during blood vessel growth. 

We are now investigating whether 
abnormal cell movement, junctional 
adhesion and temporal dynamics of “cell 
decisions” may cause vascular malforma-
tions and how these may be targeted by 
new therapeutics.

Cross-disciplinary study  
of cellular adaptive behaviour

“UsInG sInGLe-CeLL 

Rna seqUenCInG 

We aRe GeneRatInG 

a Gene exPRessIon 

atLas of tHe VasCU-

LatURe, DefInInG Its 

CeLL tyPes anD tHeIR 

fUnCtIons DURInG 

DeVeLoPMent anD 

DIsease”

Christer Betsholtz

our rEsEarch tEam invEstigatEs 
the composition and function of blood 
vessels and some of its associated struc-
tures and cell types. In particular, we 
study molecular and cellular mechanisms 
of angiogenesis and vascular permeability 
during embryonic development, as well as 
in adult homeostasis and disease.

Vessels throughout the body consist of 
the same principal cell types – endothelial 
cells and mural cells, but these are spe-
cialized in organ-specific ways, and there 
are even sub-specializations within the 
organs. We have a special interest in the 
pericytes, the capillary-associated mural 
cell, whose functions are still very poorly 
understood. We also focus on the vascu-
lature in the central nervous system, par-
ticularly the brain and the retina, where 

we study vascular development and the 
development and function of the blood-
brain and blood-retinal barriers. A recent 
addition to our methodologies is single-
cell RNA sequencing, by which we charac-
terize and compare vascular cells within 
and between organs, developmental stages, 
vascular mutants, and diseases. 

Beyond vascular biology, we also study 
platelet-derived growth factors (PDGFs) 
and their role during organogenesis 
and disease. Among the target cells for 
PDGFs are vascular cells, fibroblasts, and 
neuroglial cells, which makes PDGF a 
crucial and versatile growth factor in 
development. We study the role of PDGF 
signalling during alveolarization in the 
developing lung and during pathological 
processes in the brain.

Developmental genetics

ReseaRCH

christEr  
bEtsholtz

lEna  
claEsson-wElsh

Several transcrip-
tional factors con-
tribute to induction 
of the specialized 
characteristics of 
the Blood Brain 
Barrier (BBB) such 
as canonical Wnt 
or Sox17 and their 
inactivation will af-
fect the architecture 
and functions of the 
BBB.

thE control of vascular permeab-
ility is a major clinical problem in different 
diseases such as ischemic stroke, peripheral 
edema, inflammation and tumours.
Endothelial cells, that constitute the in-
ternal vascular layer in contact with blood, 
play a key role in controlling the passage 
of solutes and inflammatory cells from the 
blood to the underlying tissues. 

Endothelial cells grow in monolayers 
and are connected one to another by 
junctional proteins. The dynamic opening 
and closure of these structures allow the 
controlled passage of fluids and cells in 
the surrounding tissues. However in sev-
eral pathological situations junctions are 
dismantled and permeability is increased. 

Our group described the molecular and 
functional organization of endothelial 

cell-to-cell junctions and the mechanisms 
that regulate their assembly and disas-
sembly at intercellular contacts. We stud-
ied the highly specialized vasculature of 
the brain that protects the central nervous 
system from blood derived noxious agents 
and, at the same time, promotes the pas-
sage of nutrients by a complex system of 
transporters. 

We focused our work on a genetic 
disease called Cerebral Cavernous Mal-
formations characterized by large vascu-
lar malformations localized in the brain 
microcirculation. In these malformations, 
endothelial junctions are altered and the 
vessels are fragile and bleed frequently. 
Our efforts are directed to develop specific 
pharmacologic inhibitors to reduce size 
and fragility of the malformations. 

Regulation of vascular permeability 
and vessel malformations

vEssEls sErvE to kEEp the homeostasis 
of the healthy vasculature. On the other 
hand, many diseases are accompanied by a 
poorly functioning vasculature that aggrav-
ates the disease process. 

The family of vascular endothelial 
growth factors (VEGFs) and their recept-
ors, VEGFR1, - 2 and -3, are main regulator 
of vascular function in health and disease. 
We are particularly interested in how 
these factors/receptor induce vascular per-
meability and how excess vessel leakage 
in disease impairs the condition of the 
afflicted tissue. 

We have identified the signalling 
pathway activated by VEGFA/VEGFR2 
that engages the cytoplasmic tyrosine 
kinase c-Src, leading to dismantling of 
endothelial adherens junctions. Mice 

carrying a mutation of a single tyrosine 
residue in VEGFR2, Y949, cannot activate 
c-Src and vessels are therefore sealed to 
leakage of large molecules. We see reduced 
edema and suppressed metastatic spread 
in cancer-challenged mice, better survival 
after myocardial infarction, and reduced 
pathological development in retinopathy. 

We are now studying vascular leakage 
live in different mouse models to pinpoint 
the contribution of the different VEGF 
receptors. We ask how blood vessel leakage 
and the resulting edema affect lymph-
atic vessel function. We are moreover 
screening small mw compound libraries to 
develop a drug to specifically suppress  
VEGFR2-induced Src signalling while 
sparing other VEGF-regulated endothelial 
biology. 

Vascular biology

ReseaRCH

Suppression of 
VEGF-induced vas-
cular leakage leads 
to improved vessel 
function, reduced 
metastatic spread 
and efficient deliv-
ery of chemothera-
peutics in cancer.
Li et al. Nat Com-
mun. 2016

ElisabEtta  
dEjana

katiE bEntlEy
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the role of angiopoietin-1/tie2  
signalling in kidney fibrosis
our ovErall aim  is to study the role 
of Angiopoietin-1 and its tyrosine kinase 
receptor, Tie2, in kidney fibrosis, to define 
mechanisms and to identify new thera-
peutic targets. Fibrosis is a pathological 
wound repair process that fails to cease, 
even when the initial insult has been 
removed. Fibrosis, with resultant loss of 
organ function, is the endpoint of many 
diseases. Despite this, no effective an-
ti-fibrotic therapies exist. 

Angiopoietins are proteins that bind 
the tyrosine kinase receptor Tie2, ex-
pressed on the endothelium of blood 
vessels. Angiopoietin-1 binding to Tie2 
results in stabilization and quiescence of 
the vessel. In kidney, presence of renal 
tubulointerstitial fibrosis is predictive of 
progressive decline in kidney function. 

Fibrosis is characterized by an increase in 
myofibroblasts which deposits extracellu-
lar matrix. Although the key cell driving 
fibrosis its origin remains controversial. 
Identification of factors that regulate 
fibrotic responses is important to find 
new targets for the treatment of kidney 
diseases.

Preliminary data suggest that loss of 
Angiopoietin-1 or Tie2 increases fibrosis 
in experimental models of kidney fibrosis. 
Ongoing studies are design to elucidate 
the mechanisms, which could include im-
paired blood vessel function and increased 
endothelial-to-mesenchymal transition.

Other interests in the lab include the 
role of Angiopoietin-1 in tumour growth 
and metastasis as well as the role of Angi-
opoietin-1 in other kidney diseases.

Increasing know-
ledge of blood ves-
sels and how they 
work in both health 
and disease enables 
an understanding 
of the underlying 
mechanisms of a 
range of conditions

 “By ManIPULatInG 

VasCULaR fUnCtIon, 

We Can enHanCe 

tHe effICaCy of 

CanCeR tHeRaPy anD 

IMPRoVe PatIent  

PRoGnosIs.”

Anna Dimberg

tumours are pathological ecosystems 
where the characteristics of tumour cells 
and normal cells in the tumour microenvir-
onment dictate net tumour growth. This 
occurs through reciprocal stimulation or 
inhibition. Blood vessels are central players 
in establishing the tumour microenvir-
onment through regulating blood flow, 
vascular permeability and extravasation of 
inflammatory cells from the blood stream 
into the tissue. Hereby, blood vessels also 
significantly affect the response to therapy. 

Tumour vessels are morphologically and 
functionally distinct from normal vessels 
as a consequence of ongoing angiogenesis 
and extensive growth factor stimulation. 
The aim of our research is to understand 
how the abnormal tumour vasculature 
affects cancer progression and treatment 

response. To this end, we are combining 
molecular characterization of human tu-
mour vessels with functional studies using 
in vitro and in vivo models of angiogenesis 
and cancer. 

A current focus in the group is to 
identify molecules that alter vascular 
function in malignant brain tumours, and 
to understand how abnormal blood vessels 
affect tumour growth and response to 
therapy. Our goal is to identify factors and 
pathways that can be targeted to alter vas-
cular function in tumours, reduce tumour 
growth and enhance the response to can-
cer therapy. We are also investigating how 
tumour vessel phenotype can be modified 
to enhance infiltration of immune cells 
and thereby improve the efficacy of cancer 
immunotherapy. 

the vasculature as a  
target for cancer therapy
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organ formation rEquirEs coordin-
ation of molecular, cellular and physics 
processes in a spatiotemporal manner. 
Zebrafish is a unique model organism 
that allows studying how these processes 
happen in real time in an embryo. Using 
elegant genetic models, we can dissect the 
molecular factors that drive organogenesis. 

My group studies lymphatic organ 
formation in zebrafish, as a main model 
system. Lymphatic vessels are predomin-
ately derived from defined venous vascular 
network, posing an intruding question of 
how cells know to form one vasculature 
from another. 

The overarching goal of my lab is to 
broaden our understanding of how lymph-
atic vessels form and establish function, 
and apply this knowledge to development 

of new therapeutics. To achieve this my 
lab will focus on two major areas: 
1. Defining heterogeneity in lymphatic 

progenitor populations at the molecular 
and cell behavioural levels.

2. Dissecting factors regulating cell cycle 
rates and cell growth to control tissue 
morphogenesis and fate decision in the 
developing vasculature. 

We are a young lab that is currently 
supported by Swedish Research Council 
Starting grand. 

Lymphangiogenesis -  
cellular and molecular dynamics
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“My group studies 
lymphatic organ 
formation in 
zebrafish, as a main 
model system.”

thE kEy aim of our rEsEarch  
is to understand how endothelial cells 
lining blood and lymphatic vessels com-
municate with each other and the tissue 
environment to co-ordinate vascular 
morphogenesis. Most of our research has 
focused on the lymphatic vasculature 
that was traditionally considered a passive 
drainage system responsible for removal of 
fluid, molecules and cells from tissues. 

However, emerging evidence in the last 
few years shows active roles of lymphatic 
vessels in inflammation, immunity, lipid 
metabolism and metastasis, and con-
sequent involvement in common diseases 
such as obesity, autoimmune diseases, 
atherosclerosis and cancer. This exciting 
development suggests a high degree of 
functional specialisation of endothelial 

cells of specific vascular beds. 
Our second major aim is therefore to 

understand organ-specific regulation of 
lymphatic vessel formation and function. 
We utilise and develop advanced mouse 
genetic tools to spatially and temporally 
control expression of genes in specific cell 
types of interest. 

By identifying and functionally char-
acterising genes causative of lymphatic 
diseases we additionally aim to uncover 
mechanisms of vascular development that 
are directly relevant to human pathology.

Regulation of lymphatic vasculature 
in development and disease

kaska 
kolkowska

Key research areas:
•	Organ-specific 

mechanisms of 
lymphatic vasc-
ular development

•	Mechanisms 
underlying lymph-
oedema and vasc-
ular malforma-
tions

•	Impact of lymph-
atic vessels on 
disease processes
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