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FIMM – Building a bridge from discovery to medicine

This is FIMM
FIMM was established in 2006 as a new kind of
EMBL-affiliated international research institute.
Our mission is to improve the precise diagnosis
and treatment of disease, and benefit public health.
The Institute for Molecular Medicine Finland (FIMM)
was founded in 2006, a few years after the launch of an
initiative to establish an international Molecular Medicine Research Centre in Finland. FIMM is hosted by the
University of Helsinki. The Hospital District of Helsinki
and Uusimaa (HUS) and the National Institute for Health
and Welfare (THL) were also involved in the establishment of the institute and we continue to maintain a
close partnership with them.
In the beginning of 2017 we joined the university’s new
life science research center, Helsinki Institute of Life
Science (HiLIFE), as a scientifically and financially independent operational unit. We are located at the Meilahti
medical campus in Helsinki – Finland’s leading hub of
academic medical research and medical care.
The mission of our institute is to improve the precise
diagnosis and treatment of disease, and benefit public
health. We are committed to promoting translational
research and the adoption of personalised medicine in
health care. To reach these goals, we have created a new
type of research institute where we integrate molecular medicine research with cutting-edge technology
platforms and a biobanking infrastructure under one
roof and focus strongly on a few scientific grand challenges. These Grand Challenge programmes provide an
opportunity to align our research on large and complex
issues and draw our researchers, technology experts and
clinical collaborators together to achieve a common goal
through collaboration.

FIMM is characterised first and foremost by our partnership with the flagship of European biosciences research,
the European Molecular Biology Laboratory (EMBL). As
part of the Nordic EMBL Partnership for Molecular
Medicine, we follow the EMBL operational model and
principles. This means aiming at scientific excellence and
establishing mechanisms for independent, regular scientific evaluation of research activities, scientific integrity
and good scientific practice, as well as commitment to
international recruitment and significant levels of staff
turnover.
Another important international network for us is EULIFE (European Life Sciences Institutes for Excellence),
comprising thirteen top biomedical research institutes
from Europe. FIMM has been a member of this network
since 2013.
During our first ten years we have demonstrated that
a Finnish research institute with state-of-the-art technology infrastructures can act on a high international
level, in terms of recruiting staff, obtaining external
funding, and, most importantly, the quality and impact
of science.
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Publication statistics
FIMM researchers publish close to 200 peerreviewed scientific articles per year. The graphs
show the publication and citation counts
during the 9 year period 2008-2016.
Source: Web of Science.
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The DHR pilot study is FIMM’s first next-generation health and wellness research project
and part of a national and multidisciplinary
Tekes-funded strategic opening. The study
combines deep and comprehensive molecular
health profiling, digital wellness monitoring
and personalised coaching in about 100 volunteers. The main aims are to facilitate preventive
health care and personalised wellness and to
devise and test strategies and technologies to
integrate P4 medicine into current health care
systems.

|

There is a major global shift towards predictive, preventive,
personalised, and participatory (P4) health care, anticipated
to promote healthy aging and constrain healthcare costs.
Our vision is to lead Finland into the era of P4 medicine by
coordinating the integration, analysis and translation of
genomic, molecular and health data in Finland and beyond.
Much of our research draws on the unique clinical and population-based samples collected from the Finnish founder
population and on the close partnerships we have with our
clinical and industrial collaborators. Through our high-quality science, we are uncovering the underlying causes and
drivers of disease and are translating medical molecular
findings into public and individual health outcomes.
As of January 2017, we have 18 research groups at FIMM.
Our research focuses on two main areas:

Digital Health Revolution
(DHR) Pilot Study
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Human Genomics and Preventive Healthcare (p. 12-13)
Systems Biomedicine and Precision Therapeutics (p. 14-15)

We believe that an important way to achieve the best scientific results is to focus strongly on a few grand challenges
in society, and for the institute to work together towards
these goals. Our three Grand Challenge programmes (p. 6-11)
provide an opportunity to align our research on large and
complex issues. In these projects, researchers, technology
experts and clinical collaborators from different FIMM research groups, Technology Centre units and other organisations are drawn together to achieve a common goal through
collaboration.
Being a truly international research institute is also one of
our major strengths. We have ongoing, fruitful research collaborations with many top international research institutes.
FIMM is a member of the Nordic EMBL Partnership in Molecular Medicine and EU-LIFE networks. We also have active
collaboration with the Broad Institute of MIT and Harvard,
SciLifeLab and Karolinska Institutet, through some of our
research directors having shared positions between FIMM
and these institutes.

FIMM – Building a bridge from discovery to medicine

The convergence of systems
biology and systems medicine,
the digital revolution and big
data as well as consumer-driven
healthcare and social networks,
is transforming medicine from
its current reactive mode to a
proactive P4 medicine mode.

Quotes from the latest
evaluation report by our
Scientific Advisory Board
“FIMM has continued its successful build up to become
a leading center worldwide in molecular medicine. – Most
importantly, FIMM has become a brand name internationally
and thus a flagship for the University of Helsinki.”
“FIMM has built up an amazingly efficient research infrastructure that provides the internal and external user
community with state-of-the-art technologies.”
“The SAB was impressed by the activities to update
the FIMM Doctoral Training Programme and to establish
a FIMMPOD postdoctoral research programme.”
“Another reflection of success is the capability of FIMM to
procure external funding from national and international
resources.”
“The SAB was immensely impressed by the quality of
the Senior Scientists. – This feature of having flexible and
knowledgeable staff scientists engaged in running institute
key functions is completely unique to FIMM. We have never
seen such an amazing organisational innovation anywhere
else.”
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Grand Challenge:
Finnish Genomes
Empowering Personalised
and Predictive Health
The rapidly increasing capacity to describe the complete genetic and molecular makeup
of an individual is changing the way we understand and treat disease. Finland has a
unique opportunity to be at the forefront of this developing field. To meet this grand
challenge, our strategy has been, and continues to be, to build and utilise a platform
that integrates genomic and health outcome data from Finnish national population
registries and biobanks into a globally unique and valuable “big data” repository. This
data repository can be utilised for basic research building tools for health care, implementation and public-private partnerships. This approach relies on a close collaboration between FIMM and THL (the National Institute for Health and Welfare), but also
on extensive multidisciplinary collaborations with other national stakeholders (e.g.
HUS, the Faculty of Medicine of the University of Helsinki, Tekes, Sitra, VTT, the University of Eastern Finland, the Health & Technology Center in Oulu, the Finnish Red Cross
Blood Services, the Finnish Medical Society Duodecim, the City of Helsinki and Kymenlaakso Social and Health Services), with industry and with inter-national cutting edge
institutions, such as the Broad Institute, the McDonnell Genome Institute at Washington University and UCLA.
We envision that data mining of such a massive health data resource will facilitate
predictive and preventive approaches, catalyse innovations in health care, as well
as empower individuals to reach out towards better health. In our vision, patients
and the general public are seen as active participants and drivers of a “health care
system 2.0”.
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Sequencing Initiative Suomi
(SISu) project

Research Director
Aarno Palotie
Professor Aarno Palotie is the Research Director of the
Human Genomics Programme at FIMM. He is also a
faculty member at the Center for Human Genome
Research at the Massachusetts General Hospital in
Boston and at the Broad Institute of MIT and Harvard.
His own research is focused on the genetic mechanisms
underlying common neurological and neuropsychiatric
diseases. He leads the Sequencing Initiative Suomi project, the International Headache Genetics Consortium
and, most recently, public-private partnership projects
between the pharmaceutical industry and FIMM (IPHG).
He has significantly contributed to the Finnish Genome
Strategy and become a devoted spokesperson for the
value of the Finnish health registries and biobank samples in genetic research and drug development.

Due to Finland’s unique population history, the Finnish
gene pool is rather exceptional and thus a specific reference dataset of sequence variants in Finns is needed.
SISu is a FIMM-coordinated international collaboration
project aiming to build tools for genomic medicine by
compiling information about the Finnish genetic variation. The freely available SISu search engine provides
valuable summary data on variants from exomes of over
10,000 individuals sequenced in disease-specific and
population-wide genetic studies. More information:
www.sisuproject.fi

KardioKompassi
Current heart disease prediction methods based on environmental and life-style factors are insufficient, failing to
detect over half the high-risk individuals. KardioKompassi® was developed by researchers at FIMM to meet the
need for better and more accurate prediction tools. This
next-generation web-tool enables patients and doctors
to use genomic data to predict and prevent cardiovascular disease. It uniquely combines traditional medical
approaches with multiple recently discovered genetic
risk factors. KardioKompassi is currently being used in
the Finnish population-based GeneRISK-study, which
will recruit 10,000 participants.

The Finnish SUPER study
The Finnish SUPER study on genetic mechanisms of
psychotic disorders is part of the international Stanley
Global Neuropsychiatric Genomics Initiative. The objective of the study is to better understand the genetic and
biological background of psychotic disorders in order
to provide more accurate information for the development of new therapeutics. Finland is the European pilot
country and the aim is to collect a minimum of 10,000
genetic samples from Finnish psychosis patients. The
national study was launched in early 2016 and will
continue for three years. FIMM is leading the study in
collaboration with THL.
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Grand Challenge:
Individualised Systems
Medicine in Cancer
The most
important and
fundamental
aspect of the ISM
Grand Challenge
projects is to
investigate living
patient-derived
tumour cells to
predict efficacy
of emerging and
established cancer
drugs for individual
patients and
molecular
subgroups of
cancer.
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Hundreds of drugs have either been approved or are being developed for cancer
treatment, but understanding which patients respond to these drugs is a grand
challenge for the research community and the physicians treating the patients,
as well as for the pharmaceutical industry.
The Individualised Systems Medicine (ISM) Grand Challenge programme was
established in 2010 to meet these needs as a collaborative research effort initially between FIMM and the haematology department at the Helsinki University
Central Hospital Comprehensive Cancer Center. Later this effort has expanded to
other departments at HUS as well as to other hospitals in Finland and elsewhere.
The programme aims to improve treatment decisions and outcomes for cancer
patients through sensitivity and resistance testing of patients’ tumour cells against
525 different drugs, combined with deep molecular profiling of the samples.
Uniquely, the results for an individual patient are given to the treating physician
who can adjust the treatment based on this individualised profiling information.
The ISM project in acute myeloid leukaemia (AML) was initiated at the same
time as the foundations were being laid for the Finnish Hematology Register and
Biobank (FHRB). The initial focus was on AML but the scope has expanded to
include other haematological malignancies, such as multiple myeloma, and alsosolid tumors, such as urological, ovarian and lung cancer. Development of computational machine learning models to predict treatment responses is an essential
part of the programme.
The ISM projects have resulted in collaborations with many pharmaceutical
companies. By working together on patient-derived material, it will be possible
to reposition existing drugs to new indications, as well as to better prioritise new
pre-clinical leads for drug development. These types of collaborative studies with
the clinic have made FIMM an attractive partner for research and development
projects.The ISM projects attract international attention and promote FIMM and
Finland to the global forefront of precision medicine research.

FIMM – Building a bridge from discovery to medicine

Drug Sensitivity and
Resistance Testing platform
This unique platform developed at FIMM provides the
means for functional profiling of patient-derived cancer
cells in terms of drug responses to 525 approved and
emerging investigational oncology compounds in five
different concentrations covering a wide range of molecular targets. The platform is used in FIMM’s precision
medicine pipeline and is also applied for e.g. drug repurposing studies as well as defining optimal patient groups
for clinical trials.

Repositioning existing drugs to
new indications

Research Director
Olli Kallioniemi
Professor Olli Kallioniemi became the first director of
FIMM in 2007 and has overseen the rapid growth of
our institute to the well-known organisation it is today.
In July 2015 he was appointed as the director of the
Science for Life Laboratory in Stockholm, but he still
continues as a part-time Research Director at FIMM.
He received his M.D. and Ph.D. at the University of
Tampere, Finland, after which he continued his career
at UC San Francisco and the National Human Genome
Research Institute, at NIH, USA. Subsequently, he
founded and developed the Medical Biotechnology
group jointly at the University of Turku and the VTT
Technical Research Centre. His research spans cancer
biology and genomics, molecular pathology and translational research, high throughput technology development and data analysis.

We recently used FIMM’s Drug Sensitivity and Resistance
Testing Platform to successfully reposition the drug axitinib to target a specific drug-resistant mutant form of
the ABL1 kinase in chronic myelogeneous leukaemia and
acute lymphoblastic leukaemia. This study was a joint
international effort between the University of Helsinki
and the HUCS Comprehensive Cancer Center, in close
collaboration with researchers at Pfizer. This breakthrough observation, published in Nature in early 2015 by
Pemovska et al., opens new opportunities for leukaemia
treatment.

Computational systems
medicine approaches
Many FIMM group leaders and researches are developing
mathematical and computational tools to predict drug
targets and treatment responses as well as effective drug
combinations. Our researches, along with their collaborators at Helsinki Institute for Information Technology
HIIT, have excelled in several international crowd-sourcing competitions for highly demanding scientific problems, including response prediction in cancer cells and
patients. Winning models have been published in Nature
Biotechnology in 2014 and Lancet Oncology in 2016.
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Grand Challenge:
Digital Molecular Medicine
Digital
Molecular
Medicine as
one of FIMM’s
Grand Challenge
programmes
combines
researchers
within the fields
of image
informatics,
computer vision
and digital
microscopy.
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The analysis of tissue and cells by microscopy is undergoing a transition from an
analog to a digital technology. This, together with advancements in assay technologies, now allows an increasing number of molecular readouts through multiplexed immunoassays. The paradigm shift from human expert based interpretations to computerised readouts has vast implications for both clinical medicine and
biomedical research. In the future, pathology will change from a mainly descriptive
into a more quantitative science and an expert’s decisions will be supported by an
array of readouts performed by computer vision algorithms.
The tailored high-content image analysis methods are important for the precision
medicine projects and allow us to study tumour biomarker expression and heterogeneity at a cell and tissue level. The Tekes FiDiPro Fellow project “Next generation
image analysis solutions - towards image-based diagnostics” focuses on finding
computational solutions for phenotyping diseases and drug responses at a single
cell level. We utilise this approach to follow the responses of patient-derived cancer
cells towards specific drugs, especially in precision medicine of solid tumours.
The digital imaging and readout technologies also create novel solutions for the
pharmaceutical industry for early phase drug development within oncology and
for novel point-of-care diagnostics. Algorithms that have been developed at FIMM
during the past few years include analysis of multiple antigens in the same tissue section (multiplexed immunohistochemistry), analysis of the tumour microenvironment, detection of cell subtypes (especially immune cells), cancer tissue
viability classifiers and a series of protein expression readout methods. In the IMI
funded PREDECT project (2011-2016) on preclinical evaluation of drug efficacy in
common solid tumours, tens of thousands of samples were handled, profiled, and
analysed at FIMM. The expertise gained within this grand challenge is also offered
as a service at the FIMM Technology Centre (p. 20).

FIMM – Building a bridge from discovery to medicine

Multiplexed
immunohistochemistry
Multiplexed immunohistochemistry provides a powerful approach in combination with digital image analysis,
allowing robust segmentation of specific subpopulations of cells and compartments of tissue. Currently, our
system can detect up to six different protein markers
and nuclei in a single tissue section. Methods for multiplexed analysis of cell-level protein expression patterns
have been utilised in joint projects with pharmaceutical
companies.

Mobile microscope
can come to the patient

Research Director
Johan Lundin

FIMM researchers have developed a small, low-cost
mobile microscope device that can attain laboratorylevel microscopic definition. The project has recently
received significant funding to support further development of the device and the remote diagnostics process.
Clinical studies on the use of mobile microscopy for
point-of-care diagnostics were started in 2016 in collaboration with Helsinki Innovation Services and Karolinska
Institutet. The device is being tested both in field conditions in Tanzania and in some Finnish hospitals.

Johan Lundin, M.D., Ph.D., was appointed as Research
Director at FIMM in 2011. He is also a Guest Professor in
Medical Technology at Karolinska Institutet and holds
a docentship in Biomedical Informatics at the University
of Helsinki. Johan Lundin received his M.D. in 1990 and
his Ph.D. in 1996 at the University of Helsinki. His overall research aim is to fully utilise developments within
information and communication technologies for the
improvement of diagnostics and care of the individual
patient. Dr. Lundin coordinates the activities of the
Digital Molecular Medicine Grand Challenge programme.

Spinoff company Fimmic
Some of the novel digital microscopy technologies developed at FIMM have been transferred to a spinoff company Fimmic Oy. The company, founded in 2013, commercialises information management systems for digital
microscopy. Fimmic’s WebMicroscope® Platform has
thousands of end-users and it is used in several different
applications, such as cancer research, drug development and medical education. Fimmic’s next generation
WebMicroscope with Deep Learning Analytics brings fast
and accurate diagnostics support to medical microscopy,
replacing the previous slow, manual and inconsistent
workflow. The company was recently listed among the
hottest startups in Finland.

| 11

FIMM – Building a bridge from discovery to medicine

Human Genomics and
Preventive Health Care
The Human Genomics Programme at FIMM builds on a long Finnish tradition of highimpact genetic research. Finland was one of the first countries to embrace advances of
molecular genetics already in the 1990s, leading to the identification of mutations causing the “Finnish disease heritage”. More recently, FIMM researchers have importantly
contributed to discoveries of novel genes and gene loci that underlie common diseases
with tens of publications in top medical journals, e.g. Science, Nature, Nature Genetics and the Lancet. The new exome sequencing technology has allowed the concept of
Finnish disease heritage to be revisited and our researchers have identified new founder
mutations enriched in Finland. FIMM researches have also provided interesting new
information about the fine-scale genetic structure in Finland.
The disease areas of interest for the Human Genomics research groups cover both
common and rare forms of cardiovascular disease, type II diabetes, immune disorders,
neurological diseases, neuropsychiatric diseases, pre-eclampsia and addictions. Some
of the group leaders are specialised in developing statistical genetic tools and methodologies. Our newest focus area is genetic epidemiology. Some of our groups investigate
genetic and environmental determinants as well as behavioural risk factors of common
traits, such as obesity, utilising the valuable Finnish Twin Cohorts.

12
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All of the Human Genomics research
groups significantly contribute to
the “Finnish Genomes Empowering
Personalised and Predictive Health”
Grand Challenge (see p. 6-7).

Groups

Genomics of Neurological and
Neuropsychiatric Disorders
Aarno Palotie, Research Director
Palotie’s group studies the genetic mechanisms underlying several neurological, neurodevelopmental and
neuropsychiatric traits, such as migraine and schizophrenia. Their work draws on the unique clinical and population-based samples collected from the Finnish founder
population.

Genomics of type 2 diabetes and related disorders
Leif Groop, Finland Distinguished Professor
The overall goal of this group is to halt the type 2 diabetes epidemic by finding a cure for this disease. To achieve
this ambitious goal, the group investigates the genetic
and non-genetic causes of type 2 diabetes. A key resource
in these attempts is the Botnia Study.

Computational Genomics
Matti Pirinen, Academy Research Fellow
This interdisciplinary group develops multivariate statistical modelling methods and tools to be able to answer
biologically and medically important questions. They are
especially interested in genome-wide analyses of quantitative and disease traits, and population genetics.

Translational Neuropsychiatric Genomics
William Hennah, Academy Research Fellow
Hennah’s group aims to further our understanding of
psychiatric diseases through studying the relationships
between genetic variants and psychiatric diagnosis.
They use alternative, quantitative measures as a means
to initiate the translation of such observations.

Statistical and Translational Genetics
Samuli Ripatti, Professor
Ripatti’s group studies genome-wide variation and its
relation to complex traits and diseases, with a particular
focus on cardiovascular diseases and metabolism. One
of their aims is to develop ways to translate the findings
into potential intervention targets and risk assessments.

Genetic Epidemiology
Jaakko Kaprio, Academy Professor
This large group investigates genetic and environmental
determinants of common, complex diseases and their
behavioural risk factors with modern omics approaches.
The group’s main focus is in traits with a high relevance
for public health, such as addictions and substance use,
obesity, mental health, physical activity, sleep and cognition. The group’s work is based on the valuable Finnish
Twin Cohorts.

Human Immune Disorders
Janna Saarela, Research Director
The group studies the genetic and biological mechanisms behind both common and rare immune diseases,
especially multiple sclerosis and primary immune deficiencies, utilising the large-scale genome-wide analysis
of large international cohorts and exome sequencing
techniques.

Epigenetics of Complex Diseases & Traits
Miina Ollikainen, Academy Research Fellow
The group assesses the contribution of the genome and
epigenome to obesity and other complex diseases and
traits using study designs suitable for twin and population-based cohorts. Their goal is to develop epigenetic
biomarkers for disease risk prediction and potential
intervention targets.

Genes Influencing Puberty and
their Impact on Adult Health
Elisabeth Widén, Group Leader
The group seeks to uncover novel mutations and genes
underlying inherited cardiac disorders, and to elucidate
the genetic and developmental framework underlying
puberty. Both exome sequencing of patients and
genome-wide association analyses of unique longitudinal population cohorts are used.
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Systems Biomedicine and
Precision Therapeutics
The Systems Biomedicine Programme at FIMM focuses on gaining fundamental, novel
understanding on cancers. The cancer types studied include both haematological
malignancies and solid tumours, such as lung, ovarian, prostate, renal and pancreatic
cancers. The overall objective of the programme is not only to investigate molecular
mechanisms of cancer but also to discover novel personalised therapeutic strategies.
Researchers in this area develop high throughput screening technologies and bioinformatics tools for system-level data analysis. Three of the groups are specialised in
developing biostatistical and machine learning models and applying these to biomedical questions. Two groups focus on developing automated image analysis technologies
and image based diagnostics. These tools enable the combination of data produced
by screening with similar system-level information from other resources to discover
disease mechanisms.

14
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All of the Systems Biomedicine research
groups significantly contribute to
FIMM’s Grand Challenges, especially
to the “Individualised Systems Medicine
in Cancer” (see p. 8-9) and “Digital
Molecular Medicine” (see p. 10-11)
Grand Challenges.

Individualised Systems Medicine
Olli Kallioniemi, Research Director
The group has developed an individualised systems
medicine strategy, which combines genomic and deep
molecular profiling with ex vivo drug efficacy testing
of patient-derived cancer cells. The strategy is applied
for leukaemias, myeloma and solid tumours at FIMM,
recently in collaborations with Karolinska Institutet and
SciLifeLab.

Groups

Clinical Informatics and Image-based Diagnostics
Johan Lundin, Research Director
This interdisciplinary group studies and develops methods for personalised prediction of disease outcome and
image based diagnostics. Their goal is to promote implementation of new decision-support technology, as well
as improve the flow of information from basic research
to the clinic.

Computational Systems Medicine
Tero Aittokallio, Professor
The group utilises network-centric and machine learning-based approaches to model and predict complex
relationships between genetic dependencies and medical phenotypes such as susceptibility to diseases and
responses to treatments.
Biostatistics and Bioinformatics for
Molecular Medicine
Simon Anders, FIMM-EMBL Group Leader
Anders’ group focuses on developing novel approaches
to mine multi-omics data from large-scale molecularbiology studies. They aim to build computational tools
that clinical researchers can utilise to find needles of
biological and medical insight in big haystacks of data.
Translational Research and Personalised Medicine
Caroline Heckman, Group Leader
This group investigates haematological cancers with a
particular emphasis on understanding disease development and drug resistance mechanisms, but also works
closely with the clinics to immediately translate findings
for patient care, and with pharmaceutical companies for
the development of novel, effective therapeutics.
BIOMAG (Biological Image Analysis and
Machine Learning Group)
Peter Horvath, FiDiPro Fellow
The group is dedicated to finding computational solutions to biological problems by using microscopic imaging and image analysis. Their research focuses on the
intersection of biology and computer science, and combines wet-lab and light microscopy with image analysis
and machine learning methods.

Computational Systems Pharmacology
Jing Tang, Group Leader (ERC Starting Grant)
This group integrates molecular biology and pharmacology data with mathematical modelling and machine
learning and aims to develop new ways to identify
personalised drug combinations with increased efficacy
against cancer and other complex diseases.
Lung Cancer Model Systems
Emmy Verschuren, FIMM-EMBL Group Leader
The group studies the biological properties of key lung
cancer drivers in their physiological complex microenvironment, and integrates this knowledge to build better
cancer models. The long-term aim is to investigate new
strategies for prevention and intervention in lung cancer
progression.
Cancer Chemical Systems Biology
Krister Wennerberg, FIMM-EMBL Group Leader
The group studies drug responses of cancer cells to
functionally and therapeutically stratify cancers and to
identify the underlying signals that drive the cancers.
They also study how effective personalised drug combinations can be predicted and established.
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Research Training and Education
Outstanding research requires skilled, talented and motivated scientists and FIMM is dedicated to recruiting, training and enriching and developing the careers of researchers. Our
research and technology groups, team-oriented approaches, and state-of-the-art technologies provide a unique and rich research experience in molecular and translational medicine.
Together, we host approximately 65 doctoral students, 30 postdoctoral researchers and 25
senior researchers. The goals of research training and education at FIMM are to:
n

Recruit outstanding doctoral students and provide excellent doctoral training
and research supervision and mentorship

Doctoral students are recruited through our institute-level recruitment and training
programme, as well as directly to research groups via the FIMM Doctoral Training
Committee and group leaders. Doctoral training is completed within the programmes
of the Doctoral School in Health Sciences at the University of Helsinki.
n

Provide opportunities for the professional development of postdoctoral and
senior researchers

The FIMMPOD programme aims to meet the diverse needs of postdoctoral and senior
researchers through a holistic approach including mentoring, career development activities and workshops and social and scientific networking. FIMMPOD also directly supports
research groups through institute-level postdoctoral recruitment.
n

Support innovative undergraduate education

Future scientists need strong and innovative education to be prepared for new insights in
molecular medicine, and FIMM provides expertise in undergraduate teaching and mentoring, and in the development of Master’s programmes.

16
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FIMM-EMBL
International PhD Training
in Molecular Medicine and
Bioinformatics

FIMMPOD – FIMM
Postdoctoral & Senior
Researcher Professional
Development Programme

The FIMM-EMBL international PhD training programme
has the primary aim of recruiting outstanding international and Finnish PhD students and providing them
with diverse research training early in their academic
careers. The FIMM-EMBL system is student-centred; PhD
students are recruited to the institute and then select a
research group after a rotational period. Since the rotational period naturally lends itself to building collaborations and sparking interests that cross over research
group boundaries, in the EMBL spirit, FIMM-EMBL PhD
students often become involved in collaborative projects.

FIMMPOD organises and provides opportunities for the
community of postdoctoral and senior researchers and
coordinators at FIMM, supporting this community as
well as the group leaders and scientific advancement at
the institute. The first concrete programme of its kind
in Finland, FIMMPOD is composed of five components
into which all of the activities are organised. In addition,
FIMMPOD encourages the formation of similar professional development programmes in other units as well as
the exploration of potential collaborations among new
and existing programmes.

Recruitment

FIMMPOD goals and programme
components

n

n

Highly selective, international recruitment
at the institute level
Joint call of the Nordic EMBL Partnership

Training
n

n

n

Development of deep and diverse scientific
knowledge, in the FIMM scope, through
research rotations in the first year
Early-career training with feedback in scientific
communication
Strong connections within the institute,
broadening the scope of any one group

n
n

n

n
n

Recruiting outstanding postdoctoral researchers
Advising on science and careers through
a personal mentor
Broadening career prospects through the
development of professional skills and networks
Connecting with colleagues
Promoting mental health awareness and well-being

Undergraduate education
Future scientists need strong and innovative education to be prepared for new insights
in molecular medicine – to understand and advance bioinformatics, ‘omics technologies,
genetics and precision medicine. Towards this aim, FIMM researchers, together with
different faculties, have actively participated in the planning of new international
Master’s programmes at the University of Helsinki, such as the TRANSMED Master’s
degree programme and the Master’s degree programme study track “Analytical and
molecular health biosciences”. FIMM participates in undergraduate education by
mentoring summer students and undergraduate students’ thesis works, partnering
in a multidisciplinary innovation course with Aalto University, organising courses and
student excursions to FIMM and Meilahti Biobank facilities, as well as piloting new types
of courses, such as courses in Personalised Medicine and Big Data in Medicine, organised
in collaboration with Sitra and the Faculty of Medicine.
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The mission of FIMM
technology platforms is
to operate a world-class
infrastructure to enable
outstanding science and
early introduction of the
state-of-the-art technologies in translational
research and clinical
operations.

World-class Infrastructure and
State-of-the-Art
Core Facilities
The FIMM Technology Centre and Biobank Infrastructures provide
professional research services to researchers locally, nationally
and internationally. We are constantly upgrading our infrastructures and services by further investing in the equipment and by
developing and implementing novel methods in collaboration with
research groups.
The Technology Centre operates in close collaboration with four
Biocenter Finland infrastructure networks and is a key national
core unit involved in several European ESFRI Infrastructures. Our
technology platforms have been evaluated internationally, both
by the FIMM Scientific Advisory Board and as part of the Biocenter
Finland evaluation. The new HiLIFE infrastructure programme will
allow us to further develop FIMM’s technology platforms.
In addition to the services described on p. 20, we provide translational sequencing and drug sensitivity testing services to hospitals.
To be able to serve the clinical community even better, the foundations of a new era in cooperation with HUSLAB have been laid,
with the aim of setting up a joint clinical genome sequencing unit.
During the past few years, the demand for our research infrastructure services has increased significantly, which has been evident in
the number of projects, sample amounts and total revenue, which
in 2016 exceeded 4 M€. Almost 50 technology experts from diverse
educational backgrounds are involved in the operations.

Research Director
Janna Saarela
Janna Saarela, M.D., Ph.D., has been the Head of the FIMM Technology Centre since 2009. She received her Ph.D. in 1998 at the University of Oulu. Her past experience includes a post-doctoral period at
UCLA, serving as a Senior Researcher and Head of the biotechnology unit at the National Public Health Institute and setting up the
Biomedicum Biochip Center core unit. She holds a docentship at
the University of Helsinki in Medical Molecular Genetics. She serves
as a scientific expert in EU-LIFE and the International MS Genetics
consortium (IMSGC) and is involved in European expert groups for
clinical next-generation sequencing. Her own research interests
are focused on primary immune deficiencies and autoimmune
diseases.
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Biobanking can bridge basic,
translational, and clinical
research and the life-science
industry, and help in the
assessment of health care
outcomes and efficiency.

Biobanks consisting of human biological samples with
associated medical data represent a vital resource in
unravelling the etiology of diseases, in the identification
and validation of new diagnostic methods as well as in
advancing personalised medicine. Due to our progressive legislation, national health registers and the high
degree of public trust in research, Finland is a forerunner
in biobanking.
Biobanking is not only about collecting and storing
samples. It is also about building a comprehensive and
systematic approach to managing samples, sample donor data and data generated by deep molecular profiling.
This has created a need for professional sample storage
services that allow rapid access to high-quality samples
and associated data. Meilahti Integrated Biobank Infrastructure (MIBI), a joint facility of FIMM and THL, offers
a wide selection of biobanking services and consultation.
MIBI stores samples from nearly 200 000 sample
donors. The most important customers are the THL
Biobank, the Helsinki Biobank and the Finnish Hematology Registry and Biobank (FHRB). In addition to being
a service provider, FIMM is one of the owners of FHRB
and is closely involved in the operations of the Helsinki
Biobank. During 2012-2015, we coordinated the Helsinki
Urological Biobank sample collection, which is now part
of the Helsinki Biobank.
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FIMM Technology Platforms
Genomics & genome informatics
Our wide variety of genomic profiling services enables
both the detection of novel genetic variants and the
analysis of known genetic variants. Both high throughput and targeted genotyping and sequencing services
are available. Our services rely on expert staff and
market-leading systems. For next generation sequencing (NGS) services we utilise Illumina’s HiSeq and MiSeq
platforms. These combined with the Illumina iScan and
Agena MassArray genotyping platforms cover the full
range of genome and transcriptome profiling experiments on a flexible scale. We also provide epigenomics
(methylation), mouse speed congenics genotyping and
cell line authentication services. To help our customers handle and interpret genomic and next-generation
sequencing data, we can also provide data management
and analysis services.
High-throughput biomedicine
We provide expertise in robotics, automation and the
development of cell-based and biochemical assays. The
facility is staffed by a team of highly trained scientists
with extensive experience in automated assays and high
throughput screening, and we have the state-of-the-art
instrumentation, liquid handling systems, and siRNA/
compound libraries necessary for screening. Our drug
sensitivity and resistance testing assay platform allows
the testing of clinically relevant and targeted bioactive
compounds in a dose response series against patientderived primary cancer cells or cell lines.
IT and scientific programming
Many of the technologies and services offered by FIMM
produce a considerable amount of data. FIMM’s computing infrastructure has been designed for scalability and
flexibility utilising the latest information technologies,
to enable us to meet the rapidly increasing storage and
performance requirements of data driven research. Computational services and resources currently available at
FIMM include, for example, disk space, analysis cluster,
local mirrors of public databases and database servers.
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Metabolomics/Lipidomics/Fluxomics
We offer high throughput mass spectrometry based
services in various types of organisms and samples utilising Waters’ triple quadrupole, Agilent’s QToF and Sciex
QTRAP systems. We provide both targeted quantification of hundreds of metabolites and global untargeted
metabolomics services. With our Lipidyzer platform we
can target and quantify 1000 lipid molecular species.
Our chemometrics services include metabolomics data
analyses and the integration of different omics data
using advanced statistical and bioinformatics methods.
Fluxomics services will also be available soon.
Digital imaging
We provide fast, high-quality and cost-efficient high
throughput whole-slide scanning services for bright field
and fluorescence wide-field microscope imaging. The
recently upgraded instrumentation allows both highquality 5-channel fluorescence imaging and macro-slide
scanning. We are currently developing automated image
analysis services and aim to launch them in the near
future.
High-content imaging and analysis
Our newest platform provides high-content widefield and confocal microscopes, as well as expertise in
high-content imaging and image analysis. Our specific
development focus is in advanced 2D and 3D -phenotypic
image analysis solutions and cloud computing & cloudbased storage systems.
Single cell analytics
We offer services in high throughput single cell expression measurements. The current main workflow is built
on the 10x Genomics Chromium system enabling single
cell RNA sequencing of up to 6000 cells.
Extracellular vesicles
We are participating in the recently established extracellular vesicle (EV) core facility, where researchers from
three organisational units of the University of Helsinki
are collaboratively providing EV infrastructure and
state-of-the-art services. FIMM is specialised in electron
microscopy based EV-methods and nucleic acid analysis.

FIMM – Building a bridge from discovery to medicine
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Societal Impact
We are
the forerunners
in implementing
the National
Genome
Strategy.

While third mission activities are becoming more and
more important for universities, societal impact objectives and knowledge transfer have always been a key
part of FIMM’s activities. The topics of our Grand Challenge programmes (see p. 6-11), encompassing predictive
and preventive health, personalised cancer treatment
and digital medicine, are directed towards societal
challenges and are highly aligned with key current
focus areas at the national decision-making level.
In 2015, the Ministry of Social Affairs and Health together
with the Finnish Innovation Fund Sitra announced
the proposal for a genome strategy for Finland. The proposal was drafted by a working group consisting of the
leading experts in health care and health care legislation
in Finland, including our Research Director Aarno Palotie.
Our researchers have also participated in the preparation of the Health Sector Growth Strategy for Research
and Innovation Activities and the Health Capital Helsinki
strategy.
The genome strategy comprises seven main goals, four
of which have to do with enabling the use of genome
information and three with utilisation of the information
for the benefit of the individual, Finnish health care, and
society. In many ways, FIMM is already implementing
the strategy and is at the forefront of utilising genome
information both in predictive health care research and
in company collaborations aiming to foster the development of new drugs. Our researchers have also recognised
the ever increasing need of educating future health
care professionals and developed courses directed to
advanced medical students. In line with the goals of the
genome strategy, the Government of Finland recently
made a decision to establish a National Genome Centre
during the next few years.
In addition to the national policies, we also contribute
to the science policies on the European level through
the EU-LIFE network. Furthermore, we are committed
to promoting open sharing of data, Sequencing Initiative
Suomi being a great example of such an initiative.
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Science Outreach
FIMM is committed to contributing to society through
public engagement. During the past few years, we have
been gradually increasing the amount of our outreach
and communication activities. With the ever-increasing
public interest in personal health and genomics, we
feel that these activities have become more and more
important.
Each year, we have hundreds of national and international visitors representing academia, industry and
policy makers and host approximately ten school group
visits per year. In addition, during the yearly Meilahti
Campus Day event, nearly 200 high school students visit
our facilities. Our researchers give presentations to these
visitors but also speak at many other events targeted
towards the general public. Through these activities,
we aim to communicate the meaning and importance
of the research conducted at FIMM.
We also work with the national and international media
to provide journalists with accurate information about
our research topics. We invite media representatives
to visit our facilities and participate in our events and
encourage our researches to give interviews.
In the past few years, FIMM has focused significant
efforts on building a strong online presence through
our website and social media channels. Our website
has an average of 54,000 unique visitors and almost
250,000 page views per year. Our Facebook page has
nearly 1000 followers and we have recently expanded
our social media portfolio by joining Twitter and launching our own FIMMsights blog.
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Company Collaborations
for Mutual Benefit
Thanks to our long-term efforts and relationship building, the magnitude of industrial collaboration projects and their impact on FIMM funding have been steadily
growing. The income from the company collaborations in our 2017 budget is estimated to be close to 3 M€.
Our main motivation for establishing collaborative research projects with industry
stems from the fact that together we are stronger. Both industry, academic researchers and patients benefit from a successful public-private partnership. We at
FIMM, with our key collaborators, are able to quickly provide answers to many problems that industry is currently not equipped to answer alone and thus can accelerate
the product development process. At best, this can mean getting a new medication
or a diagnostic test to the market faster for the benefit of the patients.
The collaborative projects advance FIMM’s strategic research programmes at multiple levels. They tackle the same key questions as our Grand Challenge programmes
and have resulted in high-quality publications. Our doctoral students and other
researchers who work on industry-funded projects gain valuable experience and
contacts, which in the future can facilitate a possible career transition from academia to industry.
As an example of our efforts to build collaborations, in the autumn of 2016 we organised the first FIMM meets Pharma event and invited both local and international
representatives of the pharmaceutical industry to FIMM to learn about our existing
collaborations and to establish new ones.

Preclinical testing of patient samples as
a means of accelerating drug development
Together with HUS and the Finnish Hematology Registry and Biobank (FHRB),
FIMM carries out collaborations with international pharmaceutical industry partners, assessing the efficacy of clinical and preclinical compounds on ex vivo patient
samples to identify promising therapies and responding patient groups. Furthermore, we seek to identify new indications and to better understand the mechanisms
of action of these molecules. We can tailor the drug testing readouts to optimally
match the purpose by using the state-of-the-art high throughput technologies
available at FIMM. These include plate-based assays for cell viability and toxicity,
high content imaging, flow cytometry and multiplexed immunohistochemistry.
We have also developed assays for monitoring the effects of immuno-oncological
compounds. Our researchers have established project agreements with Pfizer,
Oncos Therapeutics and Targovax, framework agreements with Celgene and
Bayer and FIMM initiated master agreements between the University of Helsinki
and both Orion Pharma and Novartis.
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Celgene

Large-scale genetic analysis
of Finnish tissue sample
collections for drug target
development
Technological advances allow drug developers to make
use of the existing genetic variations in the human population to identify specific causes of disease which could
result in the faster and more predictable development of
new drugs. In Finland, we have exceptional possibilities
to lead the way in this development. The unique combination of large-scale genome variant data and national
health register data make FIMM together with the Finnish biobanks attractive partners for the pharmaceutical
industry (see the IPHG case example).

Advancing new technologies
We are actively collaborating in technology development (see the Labcyte case example). Our collaboration
with UPM Biochemicals explores the applicability of
their cellulose-based gel material for cancer research
purposes. Our recent collaboration with IntelliCyt has
facilitated the development of high throughput flow
cytometry (iQue) based assays for drug testing and precision medicine efforts.

Case examples

The collaboration initiated in 2013 with the US company
Celgene originally started as a feasibility study in multiple myeloma led by FIMM Group Leader Caroline Heckman, but during 2015 expanded to an extensive preclinical project using our Individualised Systems Medicine
framework. The collaboration has resulted in unique
data resources being shared by FIMM and company
researchers to make new discoveries and for the development of improved, novel therapies. The collaboration has
benefited FIMM research efforts, and long-term gains to
healthcare in Finland are also possible in the form of new
phase I/II clinical studies. In addition, the hospitals are
utilising results from the project to make more informed
treatment decisions on costly drugs and to avoid toxic,
ineffective treatments.

IPHG (Industry Partnership for
Human Genetics)
In 2015, a large-scale international genetic research
collaboration between FIMM, the National Institute for
Health and Welfare (THL), the Broad Institute, as well
as four international biopharmaceutical companies,
Biogen, Eisai, MSD and Pfizer, was launched in Finland.
This unique pre-competitive collaborative endeavour,
devised and executed by FIMM’s Research Director Aarno
Palotie, piloted the capabilities of the Finnish research
community to extract information from the valuable
Finnish sample collections that may be used to develop
new therapeutics. In 2016, FIMM established a similar
project with AstraZeneca. FIMM, together with all national biobanks, is building to expand these projects to a
nationwide initiative.

Labcyte
The collaboration between the biotechnology company
Labcyte and FIMM led by FIMM-EMBL Group Leader
Krister Wennerberg began in 2013. Labcyte manufactures
acoustic liquid handling systems that use sound energy
for precise transfer of liquids, such as pharmaceutical
compounds. This is a key enabling technology for FIMM’s
high throughput drug sensitivity and resistance testing.
FIMM is further testing Labcyte’s instruments in single
cell analytics, as well as genomic and proteomic applications downstream of drug testing.
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Leadership and Funding
Academy Professor Jaakko Kaprio has been the Director of FIMM since October
2015. The Director leads and monitors the operations of the institute and is
responsible for general institute operations, personnel administration and its
implementation, as well as for the financial affairs of the institute. In the beginning of 2017 FIMM joined the University of Helsinki’s new life science research
center, Helsinki Institute of Life Science HiLIFE, as a scientifically and financially
independent operational unit.
FIMM has a Steering Group comprising research directors, research group leaders and other expert members. The Steering Group supports the Director in the
strategic management of the institute and participates in the planning and
development of operations, finances and services.
FIMM is committed to continuous international evaluation. This is done by our
Scientific Advisory Board (SAB), which currently consists of five internationally
recognised experts. The chair of the SAB is Professor Kai Simons from the MaxPlanck-Institute of Molecular Cell Biology and Genetics. Members of the SAB
visit FIMM every other year with the purpose to evaluate individual group leaders and to provide advice on the overall scientific progress of the institute.

Director of FIMM
Jaakko Kaprio
Academy Professor, M.D. Ph.D. Jaakko Kaprio is an internationally recognised and distinguished researcher who
has played a key role both in collecting several Finnish
twin cohorts for the University of Helsinki and in planning the long-term follow-up studies of the twins. Since
2001 he has served as a Professor of Genetic Epidemiology in the Department of Public Health, University of
Helsinki, and as a Research Professor at the National
Institute for Health and Welfare. He has worked as
a Visiting Scientist in the USA in several universities.
During 2007-2011 he was the Director of the Academy
of Finland Centre of Excellence in Complex Disease
Genetics. Since 2013, Kaprio has held a Professorship
of the Academy of Finland.
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Finances
The total yearly income of FIMM has steadily increased to the current,
approximately 19 M€. In 2016, the basic funding from the University of
Helsinki was around 2.8 M€ and the additional infrastructure and strategic
funding 1.7 M€. The vast majority of our funding thus arises from competitive
external funding sources, mainly grants, external service income and industrial collaboration.
As compared to the University of Helsinki in general, FIMM receives a very
high fraction of external funding from Tekes, the EU and through industrial
collaborations. In the beginning of 2017, there were 13 ongoing EU projects
at FIMM, including three research projects from FP7 and five from H2020
programmes, as well as Innovative Medicines Initiative 2, infrastructure and
Marie Curie projects.

The vast majority
of our income arises
from competitive
external grants
and industrial
collaboration.

During the last two years, our researchers have succeeded exceptionally well
in establishing industrial collaborations (p. 24-25) and in receiving international public funding. We have five ongoing US National Institutes of Health (NIH)
funded projects and are coordinating the SUPER project which has received
significant funding from the Stanley Center for Psychiatric Research at the
Broad Institute.
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People at FIMM

230
29

employees

nationalities

33%

international

52%

women

Over 230 researchers, coordinators and laboratory and IT experts work
together at FIMM to advance our scientific goals. Most of our staff members work in scientific roles. Our research is delivered by these talented
scientists, ranging from research directors and group leaders (introduced
elsewhere in this brochure), through senior researchers, postdoctoral
researchers, doctoral students and research assistants.
Both our researchers and external customers rely on the support and
expertise provided by our research support personnel, many of whom are
also Ph.D.-level scientists. From the approximately 70 research support
staff members, 40 work in the laboratory and many others are specialised
in bioinformatics or IT systems. In addition, our whole staff is supported by
a dedicated administration team.
Our working environment is both multidisciplinary and international.
Our staff members hold expertise in many different scientific disciplines,
the majority having a biology, biochemistry, bioinformatics or medical
background. They also come from all over the world: In December 2016
33% of our personnel (including the visiting researchers) were international, representing 29 different nationalities.

Austria 1 | Bangladesh 1 | Belarus 1 | China 4 | Estonia 3 | Finland 165 |
France 1 | Germany 3 | Great Britain 5 | Greece 1 | Hungary 1 | India 19 |
Italy 2 | Kazhakstan 1 | Malaysia 1 | Mexico 1 | Nepal 4 | Netherlands 2 |
Pakistan 6 | Poland 1 | Portugal 1 | Russia 7 | Spain 3 | Sweden 3 |
Switzerland 1 | Taiwan 1 | Uganda 1 | Ukraine 1 | USA 7 |
28
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Visiting Professors

Senior Researchers

FIMM has been very successful in applying for FiDiPro –
Finland Distinguished Professor Programme – funding,
which has enabled distinguished researchers to work in
Finland and team up with Finnish academic researchers.
Over recent years, FIMM has consistently had groups
led by either FiDiPro Professors or Fellows, the current
FiDiPros being Professor Leif Groop and Dr. Peter Horvath.
Professor Jonathan Knowles, who held a FiDiPro Professorship in Personalised Medicine at FIMM in 2010-2014,
currently continues as a part-time visiting professor at
FIMM. Professor Knowles has 25 years of experience in
top executive positions of international pharmaceutical
companies and science advisory boards.

The special research environment created by FIMM’s
Grand Challenge programmes requires a new type of
multi-talented researcher to carry out implementation.
Compared to academic organisations in general, we
have an exceptionally high number of senior researchers among our staff. FIMM senior researchers operate
our technology platforms, manage and coordinate
multi-centre, industrial and international collaborative
projects, work as team leaders and coordinators, apply
for funding, mentor and teach. At the same time, they
are highly skilled experts in their own fields. This feature
of having flexible and knowledgeable senior researchers
engaged in running key institute functions is one of the
core features of FIMM.

In addition to FiDiPros, Dr. Harry Holthöfer and Dr. Mark
Daly act as visiting professors at FIMM. Harry Holthöfer,
an internationally recognised expert in nephrology, is coordinating an Innovative Medicines Initiative project for
precision medicine in diabetic kidney disease. Mark Daly,
Associate Professor at the Massachusetts General Hospital/Harvard Medical School and an Associate Member of
the Broad Institute of Harvard and MIT, is a global leader
and one of the world’s most often cited scientists in human genetics. He was recently appointed to an Erkko
Visiting Professor at the University of Helsinki.
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The FIMM Community
For us at FIMM, a vibrant work atmosphere, positive attitude and strong
support within a local community are essential. We understand the importance of wellbeing and work to foster it through approaches such as peer
mentoring, soft skills training and group retreats. We value an open and
transparent management culture in which all employees are encouraged
to voice their opinions. The aim of our annual retreats and regular informal
institute meetings is to keep our staff well-informed about future developments and to give everyone a chance to participate in the dialogue.

Our sense
of community
makes us strong.

The FIMMPOD programme (p. 17) has proven to be a great way to support
our postdocs, coordinators and senior researches and to build team spirit
within this community. FIMM’s group leaders also have the opportunity
to share common concerns and to learn from one another in active group
peer mentoring sessions, gathering approximately four times a year.
Other examples of our community-building initiatives include:

FIMM student and postdoc council
Started in 2012, the FIMM Student and Postdoc Council is an institutelevel body that provides the PhD students and postdoc community of
FIMM with an umbrella structure under which to plan and coordinate
events, a strong collective voice at the institute, and greater visibility.
The council activities include, for example, Scientific Coffee Breaks, the
THINK DIFFERENT Seminar Series, the annual FIMM poster session, the
Science Basement communication club, and peer mentoring in soft skills.

Doctoral Student Peer mentoring:
learning together about soft skills
A few dedicated doctoral students have designed and brought to life
creative peer mentoring sessions on various soft skills. Topics such as
motivation, time and project management, (mis)communication and
saying no and asking for help have been discussed.
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Under one roof – FIMM in Brief
Biobank
Infrastructure

Molecular
Medicine
Research

Technology
Platforms

.

.

. National
population
biobanks
. Disease-specific
biobank projects

Grand Challenges:
. Finnish genomes
empowering
personalised
and predictive
health
. Individualised
systems medicine in cancer
. Digital molecular
medicine

. Genomics
. High-throughput
biomedicine
. IT & scientific
programming
. Metabolomics
. Digital imaging
. High-content
imaging
. Single cell
analytics
. Extracellular
vesicles
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