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SWE-RAYS 5th annual workshop
Perspectives in Radiation Protection

August 25-26th, Vivi Täckholm-salen, Stockholm University

Day 1: August 25th
9:30 – 10:00

Welcome reception with coffee

10:00 - 10:10

Welcome address – meeting opening and practical information

10:10 – 12:00

Session 1 – Radiation protection
Chair: Elina Staaf
The Chernobyl and Fukushima Daiichi nuclear
accidents – causes and consequences 30 and 5 years
later (35 min)

Andrzej Wojcik,
Stockholm University

Adaptive response in the normal breast epithelial cells Traimate Sangsuwan,
(MCF-10A) exposed to gamma radiation -the impact of Stockholm University
dose rates (20 min)
Transcriptome and proteome analysis for potential
biomarker discovery of long-term effects in rat thyroid
and blood tissue after 131I exposure (20 min)

Malin Larsson,
University of
Gothenburg

Radiological protection: past accidents and future
perspectives (35 min)

Jack Valentin,
IAEA, Karolinska
Institutet

12:00 - 13:15

Lunch

13:15 - 15:20

Session 2 – Radiobiology and DNA repair
Chair: Alice Sollazzo
A new model for DSB repair pathway choice in G0/G1
phase cells (45 min)

Penny Jeggo,
University of Sussex, UK

Thyroid irradiation and non-targeted effects: in-field
and out-of-field responses on the transcriptomic level
show tissue-specific similarity (20 min)

Britta Langen,
University of Gotheburg

The HSP90 inhibitor AT13387 potentiates radiotherapy
outcomes in squamous cell carcinomas (20 min)

Diana Spiegelberg,
Uppsala University

Structure and repair of clustered DNA damage after
heavy ion exposure (20 min)

Elina Staaf, Uppsala
University

DNA damage and repair in U2OS cells exposed to
mixed beams of alpha particles and X-rays (20 min)

Alice Sollazzo,
Stockholm University

15:20 - 15:50

Coffee break and poster session

15:50 – 17:05

Session 3 – Dosimetry
Chair: Beata Brzozowska
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Internal dosimetry in nuclear fuel fabrication (35 min) Edvin Hansson,
Linköping University,
Westinghouse Electric
Sweden AB
The influence of circadian
biodistribution of 131I (20 min)

rhythm

on

the Charlotte Andersson,
University of Gothenburg

The influence of biological sex on the biodistribution
of 131I in mice (20 min)

Mikael Elvborn,
University of Gothenburg

17:05 – 17:20

Information from Swedish societies: Svensk förening för radiobiologi (Lovisa
Lundholm), Svensk förening för radioekologi (Ulrik Kautsky)

18:00 - 22:00

Workshop Dinner – Fakultetsklubben

Posters will be shown after lunch until the end of the day.

Day 2: August 26th
8:45 – 9:50

Session 4 – Radioecology
Chair: Karolina Stark
From Chernobyl to Fukushima: environmental
impacts of nuclear accidents (45 min)

Jim Smith,
University of Portsmouth,
UK

Natural radioactivity in a former mining lake in
Central Sweden (20 min)

Rimon Thomas,
University of Gothenburg

9:50 - 10:20

Coffee break

10:20 – 11:55

Session 5 - Radiotherapy and medical physics
Chair: Katarzyna Zielinska-Chomej
Proton therapy at the Skandion Clinic (35 min)

Alexandru Dasu,
The Skandion Clinic in
Uppsala

Comparison of treatment plans for photon- or protonbeam based radiosurgery of liver metastases (20 min)

Gracinda Mondlane,
Stockholm University

Heterochromatin decondensation by histone
deacetylase inhibition enhances the sensitivity of lung
cancer tumor initiating cells to DNA damage (20 min)

Lovisa Lundholm,
Stockholm University

Proteomic analysis reveals spatial differences in
response of GOT1 tumors in vivo after
177Lu-octreotate therapy (20 min)

Johan Spetz, University
of Gothenburg

11:55 - 13:00

Lunch

13:00 - 14:00

SWE-RAYS annual meeting

14:00 - 14:30

Coffee break

14:30 - 15:40

Session 6 – Radionuclide therapy
Career advice and grant information
Chair: Lovisa Lundholm
Radionuclide targeting: towards individualised cancer
therapy (35 min)

Marika Nestor,
Uppsala University
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15:40 – 16:00
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Personal reflections on research and career in
academia (10 min)

Marika Nestor,
Uppsala University

Personal reflections on career in a company (10 min)

Ann-Sofie Gustafsson,
Forsmark

Grant application information (15 min)

Lars Emrén, Research
Support Office, Stockholm
University

Concluding remarks and awards
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Speaker information
Andrzej Wojcik	
  
Professor, Centre for Radiation Protection Research, Department of Molecular
Biosciences, The Wenner-Gren Institute, Stockholm University, Sweden

He obtained his PhD in zoology at the University of Vienna in 1990. The
practical work was carried out at the Austrian Nuclear Research Centre on
cellular effects of low dose ionising radiation. Thereafter he pursued his postdoc
at the Institute of Medical Radiation Biology, University Essen, Germany. Six
years later he moved to the Department of Radiobiology of the Institute of
Nuclear Chemistry and Technology in Warszawa, Poland. In 1999 he founded
the Department of Radiobiology and Immunology at the Jan Kochanowski
University in Kielce, Poland. After a sabbatical year 2006/2007 spent at the
High Flux Reactor of the EU JRC Institute of Energy in Petten, Netherlands, he
moved in 2008 to the Stockholm University to lead a radiobiology group and, in
2012, became the head of the Centre for Radiation Protection Research,
Department of Molecular Biosciences – the Wenner Gren Institute, Stockholm
University.
His research focuses on the biological effects of low radiation doses and mixed
beams of radiation of different LET, mechanisms of radiation-induced
chromosomal aberrations, biomarkers of radiation exposure and biological
dosimetry. In 2011-2012 he was the president of the European Radiation
Research Society and is currently a member of the scientific board of the
Swedish Radiation Safety Authority and a member of the Committee of
Radiation Protection Research of the Swedish Academy of Sciences. He is also
one of the three editors-in-chief of the journal Radiation and Environmental
Biophysics.

Jack Valentin
Consultant, Karolinska Institutet, Sweden
Jack Valentin obtained his PhD in genetics in 1973 at the University of
Stockholm. In 1983, he joined the Swedish Radiation Protection Authority,
rising to Deputy Director supervising nuclear installations. From 1997 until his
retirement in 2008, he was the Scientific Secretary of ICRP. A former IRPA
Executive Council member and an Honorary Fellow of the UK Society for
Radiological Protection, Jack has had many assignments for UNSCEAR, IAEA,
and OECD/NEA. He chaired the Programme Committee for the IRPA14 World
Congress in Cape Town 2016. He is now an independent radiological protection
consultant, with the Swedish Radiation Emergency Medicine Centre at
Karolinska as a major client. In his spare time, Jack likes to lie under his vintage
sports car, spanner in hand and hot engine oil dropping onto his nose.

Penny Jeggo
Professor, Genome Damage and Stability Centre, University of Sussex, UK
Penny Jeggo obtained her Ph.D. in Robin Holliday’s Laboratory (of Holliday
Junction fame) at the National Institute for Medical Research, London working
on polymerases in the smut-like fungus, Ustilago maydis. She subsequently
undertook a post-doctoral fellowship at the Imperial Cancer Research Fund
(now CRUK) on the response to alkylating agents in bacteria. Another post7
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doctoral fellowship in Brussels, saw the move to working with mammalian cells
but with a maintained interest in the DNA damage response. Subsequently, she
exploited her experience in genetics with lower organisms to seek radiosensitive
mammalian cell lines. These lines proved to have mutations in Ku, the first
identified component of DNA non-homologous end-joining. She has continued
to work on the process of DNA double strand break repair but have broadened
my interest to encompass the radiation-induced signalling response. She
identified human patients carrying mutations in DNA non-homologous endjoining and they have interfaced diagnostic screening for such patients with
basic research.

Edvin Hansson
PhD-student, Department of Medical and Health Sciences, Linköping
University Deputy Radiation Protection Manager, Westinghouse Electric
Sweden AB
Edvin Hansson holds a M.Sc. in medical radiation physics as well as radiation
protection from the Sahlgrenska Academy, University of Gothenburg. The
current work at the nuclear fuel fabrication plant run by Westinghouse Electric
Sweden AB in Västerås involves internal dosimetry from occupational exposure
to airborne uranium particles. This work soon evolved into a part-time research
cooperation with Linköping University. The research projects involve the
characterization of airborne uranium particles (morphology, elemental
composition, activity/size distributions and pulmonary solubility), as well as
excretion in urine and hair. The long-term goal is to add to the understanding of
airborne uranium by evaluating the internal dosimetry model for nuclear fuel
fabrication and further evaluate hair as a bio-indicator for inhaled material.

Jim Smith
Professor, University of Portsmouth, UK
Jim Smith is Professor of Environmental Science at Portsmouth University and
an expert in modelling radioactive pollution in terrestrial and aquatic
ecosystems. He has co-ordinated three multi-national EU-funded projects on
the environmental consequences of the Chernobyl accident and regularly works
in the Chernobyl 30-km Exclusion Zone. He is lead author of a major book on
the accident: Chernobyl: Catastrophe and Consequences and authored a key
opinion piece in Nature in the wake of the Fukushima accident. He is a former
member of the International Atomic Energy Agency (IAEA) Expert Group on
the Chernobyl Cooling Pond, and Chairman of the UK Coordinating Group on
Environmental Radioactivity. Jim and colleagues are currently researching the
effects of radiation on fish at Chernobyl through the Natural Environment
Research Council “Radioactivity and the Environment” programme.

Alexandru Dasu
Assoc. Professor in Medical Radiation Physics at Linköping University, Medical
Physicist at the Skandion Clinic in Uppsala, Sweden
Alexandru Dasu is Docent (Reader) in Medical Radiation Physics at Linköping
University and Medical Physicist at the Skandion Clinic in Uppsala, both in
Sweden. Obtained the PhD degree in 2001 from Umeå University, Sweden.
After working as university lecturer at Umeå University, he started working as
medical physicist at Umeå University Hospital and Linköping University
Hospital. In 2016 he joined the Skandion Clinic in Uppsala. His research
interests include advanced radiation therapy (proton radiation therapy,
8
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stereotactic radiation therapy and adaptive radiation therapy), functional
imaging for treatment planning and response monitoring, risk of secondary
cancers from radiation therapy and radiobiological modelling.

	
  

Marika Nestor
Assoc. Professor, Department of Immunology, Genetics and Pathology, Uppsala
University, Sweden
Marika Nestor leads a translational research group at the Department of
Immunology, Genetics and Pathology, Uppsala University. She obtained her
PhD in 2006, and became an Associate Professor in 2012. She holds research
grants from e.g. Vetenskapsrådet, Cancerfonden and SSM. In 2013 she was
awarded the Göran Gustafsson prize for young scientists, and in 2016 she was
awarded a Junior Investigator Award from Cancerfonden. Her research group
focuses on radionuclide targeting of cancer cells, aiming towards personalized
medicine.
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Abstracts of oral presentations
ż

Thursday August 25
The Chernobyl and Fukushima Daiichi nuclear accidents – causes and
consequences 30 and 5 years later
Andrzej Wojcik
Centre for Radiation Protection Research, MBW Department, Stockholm University

10:10, 25 th of
August,
Radiation
protection

2016 marks the 30 year anniversary of the Chernobyl accident and the 5 year
anniversary of the Fukushima Daiichi accident. Although the immediate causes of the
accidents were different, they can be both reduced to human errors and lack of safety
culture. The environmental and health consequences of the accidents are incompatible.
The Chernobyl accident lead to the release of ca 1900 PBq of isotopes. The recorded
health consequences include 34 deaths among the emergency workers due to radiation
injury and ca 5000 thyroid cancer cases among evacuees and residents who were
exposed as children. The enhanced incidence of thyroid cancer prevails and it is not
known how it will continue. A weak increase in leukaemia was also detected among
some groups of recovery operation workers. No other cancer consequences were
observed until today, but it is possible that some effects will be detected in the future.
Severe psychological effects were reported among the exposed and potentially exposed
people and there is a general agreement that this is the most serious health
consequence of the accident.
The Fukushima Daiichi accident lead to the release of ca 150 PBq of isotopes. Nobody
died due to the radiation exposure and the recently reported increase of thyroid cancer
incidence is due to a wide screening activity. Based on the doses absorbed by the
population it cannot be expected that an increased cancer incidence will ever be
detected. Similarly as after Chernobyl, the accident evoked strong psychological effects.
Adaptive response in the normal breast epithelial cells (MCF-10A) exposed
to gamma radiation -the impact of dose rates
Traimate Sangsuwan
Centre for Radiation Protection Research, Department of Molecular Biosciences, the
Wenner-Gren Institute, Stockholm University, Sweden

10:45, 25 th of
August,
Radiation
protection

Adaptive response (AR) is the enhanced ability of cells to tolerate high radiation doses
after a prior exposure to a small dose. Gamma radiation is a low linear energy transfer
(LET) ionizing radiation that generates reactive oxygen species, which are toxic for the
living organisms or cells. It has previously been shown to induce the AR, but the
mechanisms and exact conditions under which AR is expressed are not clearly known.
AR diminishes with time, indicating that the dose rate of the adapting dose may be an
important factor. In the present project, AR was studied using normal human breast
epithelial cells (MCF-10A) irradiated with low-dose and low-dose rates of gamma
radiation. The 50 mGy of adapting dose was delivered chronically at 1.4 as well as 4.1
mGy/h and acutely at 24 Gy/h. After 4 hours incubation, the MCF-10A cells were
challenged with an acute dose of 1 – 5 Gy. Clonogenic cell survival and HPRT mutation
assays were used as endpoints. We observed a reduction of HPRT mutations when cells
were exposed to 50 mGy at 1.4 mGy/h and then challenged by 1 Gy (24 Gy/h). These
results suggest that low-dose and low-dose rate of gamma radiation at 1.4 mGy/h
induces AR at the level of mutation but not at the level of cell survival. We suggest that
the low dose of 50 mGy may activate the antioxidant via the NF-κB pathway.
Furthermore, to understand the molecular mechanisms, the NF-κB signaling pathway
has been known to involve in the oxidative stress response. However, this needs to be
investigated further.
Keywords: Adaptive response, gamma radiation, low-dose, low-dose rate
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Transcriptome and proteome analysis for potential biomarker discovery of
long-term effects in rat thyroid and blood tissue after 131I exposure
Malin Larsson1, Nils Rudqvist1, Johan Spetz1 , Toshima Z Parris2, Britta Langen1,
Khalil Helou2, Eva Forssell-Aronsson1
Departments of 1Radiation Physics and 2Oncology, Institute of Clinical Sciences,
Sahlgrenska Cancer Center, Sahlgrenska Academy, University of Gothenburg, SE-413
45 Gothenburg, Sweden
Corresponding author: Malin Larsson
malin.larsson@gu.se
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11:05, 25th of
August,
Radiation
protection

After the Chernobyl accident, an increased incidence of thyroid cancer was seen in
children due to exposure from 131I fallout. The aim of this study was to identify
biomarkers for long-term effects in vivo related to carcinogenesis and thyroid function.
Young male Sprague Dawley rats (7w) were i.v. injected with 0, 0.50, 5, 50, or 500 kBq
131I
(Dthyroid = 0 ̶ 10 Gy), and adult rats (15w) were i.v. injected with 0 and 50 kBq 131I
(Dthyroid = 0 ̶ 1 Gy). Thyroid and blood samples were collected after termination at three,
six, or nine months after injection. Gene expression analysis was performed on total
RNA extracted from thyroids using the Agilent microarray platform. Differentially
regulated transcripts were identified using Nexus Expression 3.0. LC-MS/MS was
performed to analyze protein expression in thyroid and blood. Gene and protein
expression in response to 131I differed with time and age-at-exposure. Interesting dosedependent transcripts were identified, for instance, after nine months (young rats).
The number of proteins with altered level was 3111 in thyroid and 1213 in blood. For
example, the CLIP2 (biomarker candidate for thyroid cancer) level in blood differed
between young and old rats. At six months the level was increased for young and
decreased for old rats, but opposite pattern was seen after nine months. For the threemonth-groups, the level was increased for young and old rats. In conclusion, potential
biomarker candidates for 131I exposure were found in rat thyroid and blood and will be
further studied.

Radiological protection: past accidents and future perspectives
Jack Valentin FInstP HonFSRP
SREMC – Swedish Radiation Emergency Medicine Centre, Karolinska Institute,
Stockholm

11:25, 25 th of
August,
Radiation
Protection

121 years ago, W K Röntgen discovered x rays. Their value in diagnostic imaging was
immediately realised, and soon ionising radiation was also utilised in radiotherapy.
Unfortunately, there was also quite a number of radiation casualties among medical
staff, initially due to ignorance and negligence rather than genuine accidents.
Workplace accidents are now less frequent but do happen, and are probably underreported. With nuclear technology, exposure of members of the public came into focus.
Individual doses were not necessarily higher than earlier, but the number of exposed
persons was much bigger. The linear, no-threshold dose-response relationship meant
that even the lowest doses became a concern. So far, there have been three accidents at
nuclear installations with radiological consequences for members of the public
(Windscale, Chernobyl, Fukushima). Several accidents affecting members of the public
have also occurred with medical and industrial sources of radiation. For most of the
exposed persons, the doses were small enough that the concomitant individual risk was
negligible, while still quite significant at the population level due to the large exposed
cohorts. This has led to difficult ethical and practical dilemmas. The probability of
future accidents must be kept very low (but will never be zero), and the consequences
of accidents that do happen must be minimised – but this may mean that we
sometimes tolerate slightly higher radiological risks in order to avoid other deleterious
consequences.
A new model for DSB repair pathway choice in G0/G1 phase cells
Penny Jeggo, Atsushi Shibata and Markus Lobrich
Genome Damage and Stability Centre, School of Life Sciences, University of Sussex,
UK.

13:15, 25th of
August,
Radiobiology
and DNA repair
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p.a.jeggo@sussex.ac.uk
Two pathways of DNA double strand break (DSB) repair in mammalian cells are DNA
non-homologous end-joining (NHEJ) and homologous recombination (HR).
Alternative-NHEJ (Alt-NHEJ) represents another pathway, but it has only a minor role
in human cells. In G2 human cells, NHEJ represents the first choice pathway with HR
progressing at a subset of DSBs. A proposed model is that if NHEJ not rapidly ensue,
then resection is initiated by CtIP/MRE11 endonuclease √and elongated by MRE11
exonuclease and EXO1. Commitment to HR occurs not by the initiation of resection
but following the elongation step. In G0/G1, most DSBs are repaired with fast kinetics
by a process involving core NHEJ proteins. However, 15 % of DSBs are repaired with
slow kinetics by a process involving the nuclease, Artemis. I will present genetic
evidence that this process also requires CtIP and nucleases. I will also discuss
additional evidence involving the analysis of I-Sce1 and alpha particle induced DSBs to
support the existence of a resection-mediated pathway in G0/G1 cells involving similar
factors to the slow DSB repair process. This process is distinct to Alt-NHEJ but
represents resection-mediated NHEJ involving core NHEJ proteins and Artemis. Thus,
as in G2 phase, we propose that the rejoining of DSBs is initially attempted by core
NHEJ without end-resection. However, if rapid rejoining does not ensue, then
resection can arise promoting resection-mediated NHEJ. I will discuss how resection
in G1 phase is regulated distinctly to the process in G2.

Thyroid irradiation and non-targeted effects: in-field and out-of-field
responses on the transcriptomic level show tissue-specific similarity
Britta Langen1, Nils Rudqvist1, Johan Spetz1, John Swanpalmer1,3, Khalil Helou2,
Eva Forssell-Aronsson1,3
Departments of Radiation Physics1 and Oncology2, Institute of Clinical Sciences,
Sahlgrenska Cancer Center, Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden
3Department of Medical Physics and Biomedical Engineering, Sahlgrenska
University Hospital, Gothenburg, Sweden

14:00, 25th of
August,
Radiobiology
and DNA repair

Background: Radiation exposure can result in non-targeted effects that strongly
influence cellular responses in non-irradiated tissues. However, radiotherapy planning
does not consider out-of-field effects in current risk assessment, because knowledge of
these effects is still scarce. Non-targeted effects from the thyroid are of particular
concern, since it is a major regulatory gland and often subject to exposure during
irradiation of e.g. head and neck, lung and breast tumors. The aim of this study was to
characterize in-field and out-of-field responses on the transcriptomic level in vivo after
thyroid irradiation. Methods: Anaesthetized female BALB/c nude mice were
irradiated with 2 Gy from 4 MV photon beams in a partial body irradiation setup: the
thyroid region, the thorax and abdomen, or all three regions combined (n=3/group).
Control mice (n=5) were anaesthetized but not irradiated. Mice were killed after 24h
and the kidneys, liver, lungs, spleen, and thyroid were sampled. Expression microarray
analysis was performed on total RNA extracted from tissue samples. Results: Thyroid
irradiation induced complex gene regulation responses in kidney medulla and liver
that were highly similar to direct exposure of these tissues. In contrast, kidney cortex
showed a lesser degree of similarity between setups, while lungs and spleen exhibited
only marginal out-of-field responses. Interestingly, non-targeted effects and in-field
responses did not appear to show simple additive behavior. Conclusions: Thyroid
exposure can induce significant responses in other tissues similar to direct irradiation,
but these non-targeted effects show tissue-specificity. The underlying mechanisms may
yield molecular targets for minimizing systemic side-effects in radiotherapy.

DNA damage and repair in U2OS cells exposed to mixed beams of alpha
particles and X-rays
Alice Sollazzo1, Beata Brzozowska1,2, Lei Cheng1, Lovisa Lundholm1, Claudia Lukas3,
Andrzej Wojcik1,4,

14:20, 25th of
August,
Radiobiology
and DNA repair
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for Radiation Protection Research, Department of Molecular Biosciences, the
Wenner-Gren Institute, Stockholm University, Sweden
2Institute of Physics, Warsaw University, Warszawa, Poland
3The Novo Nordisk Foundation Centre for Protein Research, University of
Copenhagen, Faculty of Health and Medical Sciences, Copenhagen, Denmark.
4Institute of Biology, Jan Kochanowski University, Kielce, Poland

Mixed fields of radiation of different qualities, can be encountered in space, in
airplanes, and during certain forms of radiotherapy. Despite the several studies, there
is a lack of consensus about whether different radiation qualities act in an additive or
synergistic way. We investigated DNA damage response after exposure to mixed
radiation fields of alpha particles and X-rays. Detection of 53BP1 nuclear foci, which
co-localize with DNA double strand breaks, was estimated as measure of DSB
induction, while enhanced phosphorylation of DNA-PK, ATM and p53 was used as
measure of activation of the DNA damage response pathways. Our results indicate that
the induction and repair of DSB induced by exposure to a mixed radiation fields cannot
be simply described by additivity between the effects of the two radiation qualities.
However, although the robust phosphorylation observed in DNA-PK, ATM and p53, no
significant difference could be detected between the effects of different radiation
qualities.

Structure and repair of clustered DNA damage after heavy ion exposure
Elina Staaf1, Alisa Kobayashi2, Andris Abramenkovs1, Yoshiya Furusawa2, Teruaki
Konishi2, Bo Stenerlöw1
1: Department of Immunology, Genetics and Pathology, Uppsala University, Sweden
2: Department of Basic Medical Sciences for Radiation Damages, National Institutes
for Quantum and Radiological Science and Technology, National Institute of
Radiological Sciences, Chiba, Japan

14:40, 25th of
August,
Radiobiology
and DNA repair

Aims: Study the organization of damage and the process of DNA repair after heavy ion
exposure, by high-resolution microscopy. Background: Heavy ion radiotherapy is
increasing worldwide. As a treatment it is more efficient and precise than photon
radiotherapy, but the need for an accelerator has so far limited the number of sites.
Detailed studies of DNA damage and repair after heavy ions are essential for
radioprotection and identification of potential improvements for treatment. GammaH2AX and pKu70 nanoscale localization after heavy ions were recently observed by
electron microscopy [1], but to our knowledge, no studies on DNA repair deficient cells
have been carried out. Methods: Normal and XRCC4 knockout versions of HCT116
colon carcinoma cell lines were irradiated at the Heavy Ion Medical Accelerator in
Chiba, Japan (HIMAC). The cells were exposed to 0.5 or 6 Gy 500 MeV/u Fe ions with
a LET of 300 keV/µm. Cells were fixed 0.5, 4 and 24 h after exposure and DNA repair
marker 53BP1 studied with confocal microscopy, structured illumination microscopy
(SIM) and transmission electron microscopy. Results: Less than one particle track per
cell was observed by confocal microscopy after 0.5 Gy Fe ions, with individual smaller
foci after 0.5 h and fewer and larger foci at later time points. XRCC4 knockout cells
displayed significantly more foci at 24 h after exposure. SIM microscopy revealed that
each individual foci visible at confocal resolution consists of several sub-clusters of
53BP1 proteins. The foci were located in euchromatic regions, but in contact with
heterochromatin, as if tethered there. For electron microscopy, conditions for
embedding and staining of the cells were optimized, but no particle tracks were
observed after 6 Gy Fe ions. Conclusions: XRCC4 knockout cells displayed impaired
rejoining capacity. With SIM, we observed that 53BP1 foci localized in euchromatin in
contact with heterochromatic regions. Foci sub-structures could also be observed at a
resolution below the diffraction limit.
[1] Lorat et al. DNA repair 28, 92-106, 2015
[2] Torikoshi et al. J Radiat Res 48 SupplA:A15-25, 2007
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The HSP90 inhibitor AT13387 potentiates radiotherapy outcomes in
squamous cell carcinomas
Diana Spiegelberg1, Anja C Mortensen1, Ram K Selvaraju2, Andris Abramenkovs1, Marika
Nestor1, Bo Stenerlöw1
1Department of Radiology, Oncology and Radiation Sciences, Uppsala University,
Uppsala, Sweden
2Preclinical PET Platform (PPP), Department of Medicinal Chemistry, Uppsala
University Uppsala, Sweden.
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15:00, 25 th of
August,
Radiobiology
and DNA repair

Aim: The molecular chaperone Heat shock protein 90 (HSP90) is essential for the
activation and stabilisation of numerous oncogenic client proteins. HSP90
overexpression is associated with increased tumour cell survival and tumour growth,
and several drug candidates exploit this mechanism today. AT13387 is a novel HSP90
inhibitor currently in clinical trials, promoting degradation of oncogenic signaling
proteins upon binding, and may also act as a radio-sensitizer.
The aim of this study was to assess the response to AT13387 treatment in combination
with radiotherapy in 2D and 3D cell assays as well as in mouse xenograft studies.
Methods: Flow cytometry, Western blot and radio-immunoassays were first used to
evaluate the effect of AT13387 on target antigen expression in vitro. Inhibitor effects
on antigen expression and tumor size were then assessed in vivo in mice xenografts
with varying target antigen expression.
Results: We show both in vitro and in vivo that AT13387 effectively downregulates
HSP90 client proteins. AT13387 treatment alone and in combination with radiation
reduced migration rate and increased apoptosis. Further cells accumulated in the more
radio-sensitive G2/M phase of the cell cycle. Mouse xenograft studies showed reduced
tumor growth in the combination group compared to the single treatment groups.
Conclusion: Our results demonstrate that AT13387 is a potent new cancer drug.
AT13387 is an effective radiosensitizer together with external beam gamma radiation.
We speculate that the depletion and downregulation of Hsp90 client proteins involved
in cell signalling and repair is the cause. This inhibitor has the potential to improve
radiotherapy and radio-immunotherapy outcomes and restore treatment efficacy in
cancers that are resistant to initial treatments.

Internal dosimetry in nuclear fuel fabrication
Edvin Hansson1,2,*, Håkan Pettersson1, Mats Eriksson1,3
1 Department of Medical and Health Sciences, Linköping University
2Westinghouse Electrics Sweden AB
3Swedish Radiation Safety Authority
*Corresponding author, e-mail address: hanssoea@westinghouse.com

15:50, 25th of
August,
Dosimetry

In the fabrication of nuclear fuel for light-water reactors, the risk of internal
contamination of workers must be assessed. Acute and/or chronic inhalation exposure
from dispersed, airborne uranium particles must be assessed with respect to
radiological hazard. Evaluation of the annual committed effective dose (internal dose)
can be carried out using the Human Respiratory Tract Model provided by the
International Commission on Radiological Protection. However, accurate evaluations
demand in-depth knowledge of the airborne materials.
The present work is a case-study at a nuclear fuel fabrication plant. Uranium aerosols
were sampled in the breathing zone of operators in different workshops using cascade
impactors. The aerosols were evaluated using scanning electron microscopy and
energy-dispersive X-ray spectroscopy, and the Activity Median Aerodynamic Diameter
was determined by measuring the total amount of activity at the different impaction
stages. Imaging revealed significant variations in aerosol morphology at the different
process steps, and a presence of very large particles (up to ~100 x 50 µm2) could be
verified. The latter supports the finding of large AMADs. X-ray spectroscopy showed
varying uranium mass fractions of aerosols, and that nitrogen, fluorine and iron
frequently were present. The findings suggest a very complex aerosol source term for
the evaluation of internal exposure.
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The influence of circadian rhythm on the biodistribution of 131I
Charlotte Andersson, Mikael Elvborn, Johan Spetz, Britta Langen, Eva ForssellAronsson
Dept of Radiation Physics, Inst of Clinical Sciences, Sahlgrenska Academy at the
University of Gothenburg, Gothenburg, Sweden
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16:25, 25th of
August,
Dosimetry

Background: 131I is well-established in nuclear medicine. The thyroid is a target organ
when treating thyroid cancer with unbound 131I, but also a risk organ in 131I-based
radionuclide therapy. Accurate knowledge of 131I biodistribution is essential to correctly
estimate the absorbed dose to organs and determine potential risks from exposure.
Many biological functions follow a circadian rhythm. Nevertheless, circadian rhythm
remains an unknown factor in radionuclide biodistribution. Aim: The purpose of this
study was to investigate if circadian rhythm affects 131I biodistribution in mice and
hence absorbed dose to mouse tissues. Methods: The radioactivity concentration in
various tissues was studied at different time points after administration of 131I and
absorbed doses were calculated according to the MIRD formalism. The effect of
circadian rhythm was studied by varying the time of administration. Male C57BL/6N
mice were i.v. injected with 131I at 8 am, 12 pm or 4 pm and killed after 1h to 7d.
Results: Statistically significant difference in activity concentration and absorbed
dose between the three injection series was observed for at least one time point after
injection for many tissues. Highest activity concentration and absorbed dose were
found in the thyroid, and the time-point for maximal activity concentration depended
of time of administration. Conclusion: The results demonstrated that the
biodistribution of 131I in mice is influenced by the time of day of administration to a
certain extent. These findings advocate that circadian rhythm should be considered in
biodistribution studies and dose calculations.

The influence of biological sex on the biodistribution of 131I in mice
Mikael Elvborn, Britta Langen, Johan Spetz, Eva Forssell-Aronsson
Dept of Radiation Physics, Inst of Clinical Sciences, Sahlgrenska Academy at the
University of Gothenburg, Gothenburg, Sweden

16:45, 25 th of
August,
Dosimetry

Background: The thyroid is both a risk and target organ in radionuclide therapy. The
gland takes up iodine to synthesize thyroidal hormones which are important for
various cellular mechanisms throughout the body. 131I is used in nuclear medicine, but
hazard exposure can also occur from fallout of nuclear accidents. Physiological
differences between the sexes constitute intrinsic variables that are thought to impact
the biodistribution of 131I. Aim: The purpose of this study was to assess potential
difference between the sexes concerning 131I biodistribution in mice. Methods: In
total, 70 C57BL/6N mice (35 males and 35 females) were used in the experiments
(n=5/group). Mice were injected intravenously (at 8 am) with 165−175 kBq 131I,
prepared in physiological saline, and killed after 1h to 7d following injection. Various
tissue samples were collected, weighed, and subjected to gamma counter measurement
to determine 131I activity concentration. Results: The results demonstrated clear
differences in 131I biodistribution between male and female mice, notably in the kidneys
and salivary glands. Statistically significant differences were found for the majority of
tissues and time points. Although maximum uptake in the thyroid was similar for both
sexes, the decrease of activity concentration after 18h was distinctly slower in females
showing statistical significance. Conclusion: Experiments demonstrated that 131I
biodistribution differs between the sexes, which would translate to differences in
absorbed dose. The extent of difference is tissue-dependent, with markedly different
biodistribution in certain tissues. The results advocate that sex should be considered as
a variable in biodistribution studies and dose calculations.
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Friday August 26
From Chernobyl to Fukushima: environmental impacts of nuclear accidents
Jim Smith
Portsmouth University, UK

08:45, 26th of
August,
Radioecology

Nuclear power is seen by some as providing a secure source of energy with low
greenhouse gas emissions. By others it is seen as dangerous, polluting and expensive.
Based on his extensive experience of working on the aftermath of the Chernobyl
accident, Jim will discuss his research on wildlife population in the Chernobyl
Exclusion Zone and the controversies surrounding the environmental impacts of
ionising radiation.
Natural radioactivity in a former mining lake in Central Sweden
R. Thomas1, J. Mantero1, M. Isaksson1, C. Rääf2, E. Forssell-Aronsson1, E. Holm1
1Department of Radiation Physics. Institute of Clinical Sciences. Sahlgrenska Academy
at University of Gothenburg, Gothenburg
2Medicinsk strålningsfysik, Institutionen för Translationell Medicin, Lunds universitet,
Malmö
Corresponding author: rimon.thomas@gu.se

09:30, 26th of
August,
Radioecology

Historically Sweden (the major metal mining country in the European Union), with
more than 2700 mines, gathers around 30000 sites that have been minor mines
and/or quarries (according to the database of Geological Survey of Sweden, SGU). This
huge activity has implied enormous quantities of generated mining wastes, considered,
in some cases NORM (Naturally Ocurring Radioactive Material).
In this work, one former mine lake nearby Kolsva (in Västmanland) was
radiometrically characterized. Water samples from the pit lake, sediment and soil/rock
samples were measured via alpha (for 238U, 234U, 232Th and 230Th isotopes) and via
gamma spectrometry (for radionuclides belonging to both 238U and 232Th natural
series). Also measurement of elementary composition in water (via ICP-MS) and in
sediments (via XRF) was carried out.
Regarding 238U isotopes, for instance, 100 to 600 mBq/kg were found in water
samples. Having into account that an average value of this isotope in non-affecting
environmental waters is around 20-30 mBq/kg it is quite clear that this site has
enhanced U levels in superficial waters. These moderated levels in natural
radionuclides were also confirmed in some rocks from this site with values above 1Bq/g
in natural radionuclides from 238U series. The found activity concentration values will
contribute to increase the external doses received by people visiting these sites for
recreation (swimming, fishing, diving) purposes.
Keywords: Natural radionuclides, environmental samples, mining lakes

Proton therapy at the Skandion Clinic
Alexandru Dasu
The Skandion Clinic, Uppsala, Sweden
Proton therapy offers potential advantages over photon therapy with respect to dose
conformation to the target due to the finite range of these particles and the steep dose
falloff at the distal part of their. An increasing number of clinical centres employing
protons for the treatment of cancer is in operation worldwide and several more are
currently being constructed. One of these centres is the Skandion Clinic, the national
proton centre operated by the seven university hospitals in Sweden. The Skandion
Clinic is the first, and so far the only clinical proton therapy facility in Scandinavia and
it is the result of an approximate investment of about 100 million Euros. Clinical
operation has started in August 2015 and more than 100 patients have been treated
this far. This presentation will provide an overview of the general aspects of proton
therapy and the organisation at the Skandion Clinic.

10:30, 26th of
August,
Radiotherapy
and medical
physics
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Comparison of treatment plans for photon- or proton-beam based
radiosurgery of liver metastases
Gracinda Mondlane MSc1,2, Michael Gubanski MD PhD3, Pehr A. Lind3,4, Thomas Henry
MSc1, Ana Ureba PhD1, Albert Siegbahn PhD1
1Department of Physics – Medical Radiation Physics, Stockholm University, Stockholm,
Sweden,
2Department of Physics, Universidade Eduardo Mondlane, Maputo, Mozambique,
3Department of Oncology and Pathology, Karolinska Institute, Stockholm, Sweden,
4Centre for Clinical Research Sörmland, Uppsala University, Sweden.
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Purpose: The aim of this study was to investigate potential advantages, in terms of
sparing of the organs at risk (OARs), of performing radiosurgery of liver metastases
with intensity modulated proton therapy (IMPT), compared to photon-beam based
SBRT. Methods and materials: Ten patients previously treated for liver metastases
with photon-beam SBRT have been retrospectively planned for radiosurgery with
IMPT. The IMPT plans were prepared with the objective of obtaining a similar targetdose coverage as with the corresponding photon plans. Treatment plan comparisons
were performed by dosimetric and biological-model based evaluations. Dosimetric
evaluations of the dose-volume values for the OARs in the SBRT and IMPT plans were
performed. The radiobiological model-based evaluation was carried out by determining
the NTCP, the TCP and the risks of radiation-induced secondary cancers. The NTCP
was calculated with the LKB model and the high fraction doses were converted to
equivalent 2-Gy per-fraction doses using either the LQ or the USC models. The TCP
was assessed with an equation based on the LQ-model of cell kill and on Poisson
statistics. The risks of radiation-induced secondary malignancies were estimated using
models proposed by either Dasu et al. or by Schneider et al. Results: Reductions of
the doses given to the OARs were possible with proton beams. In the biological
evaluation, for similar values of TCP, lower NTCPs and risks of radiation-induced
cancers were obtained with IMPT. Conclusion: Proton-beam based radiosurgery of
liver metastases provided a better sparing of the OARs and reduced risks of secondary
cancers compared to what is achievable with photon-beam based SBRT.

Heterochromatin decondensation by histone deacetylase inhibition
enhances the sensitivity of lung cancer tumor initiating cells to DNA
damage
Lundholm L1, Hååg P2, Eriksson M1, Brzozowska B1, Lewensohn R2, Wojcik A1,
Viktorsson K2
1Department of Molecular Biosciences, The Wenner-Gren Institute, Stockholm
University, SE-106 91 Stockholm, Sweden
2Department of Oncology-Pathology, Karolinska Institutet, SE-171 76 Stockholm,
Sweden

11:15, 26th of
August,
Radiotherapy
and medical
physics

Tumors are suggested to be highly responsive to epigenetic alterations such as histone
modifications and DNA methylation. We previously reported a therapy-resistant
phenotype of sphere-forming non-small cell lung cancer (NSCLC) tumor initiating cells
(TICs) with an impaired activation of DNA-damage response proteins. A
heterochromatic structure has been postulated to constitute a barrier to DNA damage
and repair and here we set out to analyze if chromatin compactness in TICs would
explain their refractoriness to DNA damaging treatment. We show that NSCLC TICs
have elevated levels of the heterochromatin markers heterochromatin protein 1γ
(HP1γ) and trimethylated lysine 9 of histone 3 (H3K9me3). Accordingly, some
chromatin modulators were tested and histone deacetylase inhibitors (HDACi)
vorinostat, panobinostat and trichostatin A reduced the cell viability of NSCLC TICs.
The euchromatin marker acetylated lysine 8 of histone H4 (H4K8ac) was indeed
increased after addition of HDACi in H1299 and H23 TICs, demonstrating an opened
chromatin. Importantly, pretreatment of NSCLC TICs with vorinostat or trichostatin A
increased the phosphorylation of the DNA damage response proteins ATM and DNAPKcs upon irradiation suggesting an elevated induction of DNA damage. Consequently,
HDACi pretreatment sensitized NSCLC TICs to ionizing irradiation at the level of
clonogenic survival indicating a long term effect of this combination. In conclusion, we
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demonstrate that NSCLC TICs display a heterochromatic structure and that HDACi
sensitize such cells to DNA damage inflicted by radiation.
Proteomic analysis reveals spatial differences in response of GOT1 tumors
in vivo after 177Lu-octreotate therapy
1
Johan Spetz , Mikael Montelius1, Maria Ljungberg1, Khalil Helou2, Eva ForssellAronsson1
1
Departments of Radiation Physics and 2Oncology, Institute of Clinical Sciences,
Sahlgrenska Cancer Center, Sahlgrenska Academy at University of Gothenburg,
Sahlgrenska University Hospital, SE 413 45 Gothenburg, Sweden.
Corresponding author: Johan Spetz, johan.spetz@gu.se

11:35, 26th of
August,
Radiotherapy
and medical
physics

Background: 177Lu-octreotate can be used for therapy of somatostatin receptor
expressing neuroendocrine tumors (NET). Nude mice xenografted with the human
small intestine NET cell line GOT1 have been shown to respond well to 177Lu-octreotate
treatment. However, clinical studies have to date only demonstrated low cure rates.
Solid tumors often develop a necrotic core as they grow; a result of e.g. insufficient
vascularization. This may account for the different uptake kinetics and varying
therapeutic success seen after 177Lu-octreotate treatment. It is therefore important to
characterize the cellular effects of 177Lu-octreotate to identify biomarkers for treatment
response assessment. Aim: To detect differences in protein profiles from peripheral
and central samples of GOT1 tumors after 177Lu-octreotate therapy. Methods: GOT1
bearing BALB/c nude mice were i.v. injected with 15 MBq 177Lu-octreotate
(corresponding to 4 Gy tumor absorbed dose) and killed after 13 days. Total cellular
proteins were extracted from peripheral and central parts of surgically excised tumor
samples, and analyzed using liquid chromatography tandem-mass spectrometry (LCMS/MS), followed by database-based protein identification and relative quantification.
Functional annotation of proteins was performed using the DAVID bioinformatics
resource tool. Results: The LC-MS/MS analysis revealed several differentially
expressed proteins (p<0.05, Fold Change>1.2) between the peripheral and central
parts of tumor samples. Among them were proteins associated with blood
vessel/vasculature development, regulation of cell cycle and apoptosis, and cellular
integrity. Conclusions: These findings indicate potential venues for prognostic
evaluation of NET therapy using 177Lu-octreotate. However, further studies are needed
to determine whether these effects are time- and/or dose-dependent.
Radionuclide targeting: towards individualised cancer therapy
Marika Nestor
Department of Immunology, Genetics and Pathology, Uppsala University

14:30, 26th of
August,
Radionuclide
therapy

The aim of our research is to develop novel tumour targeting tracers and
radiosensitization strategies for improved personalized cancer management.
Radiolabelled tumour targeting agents can be clinically applied to non-invasively
characterize tumours regarding biomarkers for patient stratification, as well as to
detect occult disease, metastasis and recurrence, monitor treatment response and to
assess pharmacokinetics and biodistribution of the tracer for potential therapeutic
applications. Radiosensitization strategies may be applied to improve outcomes of
radiation therapy, using novel radiosensitizing drugs combined with suitable
radiotracers or external radiation.
Ultimately, we hope to significantly improve treatment outcomes, quality of life and
prolong cancer patient survival.
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Need for Revising Patient Dose Protocols in PET Medical Imaging Based
on Technology Improvements
Julie Haglund1, Vojislav Antic2
1medical physicist, Göteborg, Sweden
2University Clinical Centre of Serbia, Belgrade, Serbia
Time-of-flight (TOF) implementation in positron emision tomography (PET) brings
additional information, coincidence timing resolution, to the imaging process.
Compared with non-TOF imaging, coincidence timing resolution results in a reduction
in uncertainty that permits images to be created using fewer iterations and containing
better signal-to-noise-ratio (SNR). Ten years ago, new scintillator detectors based on
lutecium were introduced, combining high light output and short decay time. These
scintillators brought the needed timing resolution for standard whole-body TOF PET
using F-18.
Better robustness (in the sense that images are less sensitive to errors in data
collection) and lesion detectability (in combination with point-spread-function (PSF)
correction), enables optimization in clinical practice. The traditional dilemma is
whether to speed up the scan or to reduce the patient dose, and it depends mostly
whether a facility has a medical cyclotron or not.
Investing in technological
improvements such as TOF and lutecium-based detectors, in addition to applying
advanced reconstruction techniques can enhance radiation protection in clinical
practice.
Compared to non-TOF technology, clinical studies have shown that patient dose
reduction up to 30% is possible. Combined with PSF information and current orderedsubset-maximum-likelihood (OSEM) algorithms, image quality for overweight patients
can be significantly improved by applying TOF. The traditional dose model based on
patient weight should perhaps be repaced or combined with a system based on bodymass-index (BMI) in order to reduce dose and enable stronger patient-based dose
optimisation. Radiation protection is clinically improved by reducing patient dose and
staff exposure resulting from technological improvements.

Monte Carlo simulations of DNA damage and repair after exposure of cell
to ionizing radiation of different qualities
B.Brzozowska1,2, L. Cheng1, L. Lundholm1, A. Sollazzo1, W. Friedland3, A. Wojcik1
1Stockholm University, Centre for Radiation Protection Research. Department of
Molecular Bioscience. The Wenner-Gren Institute, Stockholm, Sweden.
2University of Warsaw, Faculty of Physics. Department of Biomedical Physics,
Warsaw, Poland.
3Helmholtz Zentrum München, Department of Radiation Sciences, Oberschleissheim,
Germany.
Understanding the effects of environment-gene interactions at the cellular and subcellular scale remains a challenging task. DNA damage induction can be measured by
biochemical or microscopic methods. However, it is not possible to visualize events at
the level of single atoms. Ionising radiation is a unique tool for studying DNA damage
mechanism because the ionisation events (hits) in a cell nucleus during a certain time
period can be calculated with great precision. Due to large number of interactions
Monte Carlo (MC) methods are used for data processing. We have established
PARTRAC MC codes that allow simulating hits induced by the direct action of
radiation and by reactive oxygen species which are a product of water radiolysis. We
use the codes to simulate the distribution of hits in cells exposed to radiations of
different qualities, where the ionization patterns strongly vary. The results help to
understand how radiation induces DNA damage.
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DNA damage and repair after a combined exposure to alpha particles and
X-rays
Lei Cheng, Alice Sollazzo, Lovisa Lundholm, Beata Brzozowska, Siamak Haghdoost,
Andrzej Wojcik
Centre for Radiation Protection Research, Department of Molecular Biosciences - The
Wenner-Gren Institute, Stockholm University, Sweden
Under many situations, people are exposed to mixed beams of high LET and low LET
ionizing radiation (IR). To estimate the biological effect induced by combined IR is
important for human radiation protection. Previous studies showed both additive and
synergistic effect and the outcome seemed to be dependent on the experiment setup.
The purpose of the present investigation was to analyze the effect of combined action of
alpha particles and X-rays on DNA damage and repair in human peripheral blood
lymphocytes (hPBL).
Experiments were done with hPBL, where we previously saw synergism at the level of
cytogenetic damage. Initial level of DNA damage and the kinetics of DNA repair were
analyzed at the level of individual cells with alkaline comet assay. The activation of
proteins involved in the DNA repair were tested by western blot.
The dose response curves indicated that mixed beams (alpha particles: X-rays 1:1)
induced a synergistic result at the initial level of DNA damage. The analysis of DNA
repair kinetics revealed that the area under the curve (AUC) of mixed beams and alpha
particles were higher than X-rays (p values were around 0.06), it also indicated a
synergistic effect. Mixed beam caused the highest expression of pATM (S1981) and
phosphorylated p53 (S15) compared to X-rays and alpha particles significantly.
As the result suggests a synergistic effect of mixed beam, the cancer risk of exposure to
mixed beams in radiation oncology may thus be higher than expected based on the
additive action of the individual dose components.
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