Supplementary Materials and M ethods

Cdlslinesand strains

The hamster lung fibroblast cell line, V79-4, wéasdained from Prof. K.J. Weber, Laboratory
of Molecular and Cellular Radiobiology, DepartmehRadiation Oncology and
Radiotherapy, Radiological University Clinic, Helioerg, Germany. These cells were
cultivated in RPMI1640 medium supplemented with 1f@tal bovine serum (FBS; Biochrom
AG, Berlin, Germany). The epithelial breast carwadt line, MCF7, was a generous gift from
Prof. H. Allgayer, Dept. of Experimental Surgeryilkrsitditsmedizin Mannheim, Germany,
and was grown in Dulbecco’s MEM supplemented wiiBtlFBS. Human umbilical vein
endothelial cells (HUVEC) were isolated from umtali cord obtained from the Maternity
Department, Frauenklinik, Universitatsmedizin Maainlm, Germany. The cells were
cultivated in Basal Endothelial medium (custorfeemulation; Promo-Cell, Heidelberg,
Germany) with growth factors (supplement pack, Rrddell, Heidelberg, Germany)
supplemented with 10% FBS. All cell types were gn@ag monolayer at 37°C in T25 flasks
(Falcon, BD Biosciences, Heidelberg, Germany) udderCQ .They were subcultivated 2-3
times weekly by mild trypsination using a 1-2 falohcentrated Trypsin/EDTA solution (1-
fold: 0.05% Trypsin (Biochrom AG, Berlin, Germarafd 0.02% EDTA in phosphate-
buffered saline, PBS). Cultures of the V79 and MCEIT lines were used a maximum of 20
passages after which they were discarded and aviaévom the frozen stock of cells was

thawed. HUVEC were used until passage 8.
Colony formation assay

Cellular radiosensitivity for inactivation of clogenic proliferation was determined by the
colony formation assay (CFA). Cells were seedddpticate in T25 flasks (Falcon, BD
Bioscience) and incubated for 5 h to allow spreguiiefore irradiation. Sham irradiated flasks
were treated as the irradiated flasks. After ilméidn, all flasks were incubated at 37°C with
an atmosphere of 5% G@or colony formation for 6 days (V79), 12 days (MO, or 10 days
(HUVEC). After incubation, the colonies were fixadd stained as described (1). Clones
containing at least 50 cells were scored as cadpmied the surviving fraction (SF) of colony-
forming cells was plotted versus absorbed dosesenailogarithmic diagram. A minimum of
three independent repeat experiments were perfofonegch condition. The dose-response
curves were fitted by the linear-quadratic modglSF(D)] = -@D+BD?). The RBE was
calculated as the ratio of the dose of 6 MV X-rflygs) and dose of 10 MeV electrons

(D1omev) producing the same effect (SF): RBE =tDD1owmev-



I mmunohistochemical detection of yH2AX foci

Exponentially growing cell cultures were seeded Bvwell chamber slides (Nunc Lab-
Tek™, Thermo Fischer Scientific, Langenselbold, Germanie cells were incubated for
one day at 37°C under 5% g®efore irradiation. After irradiation, they werturned to the
incubator for various post-irradiation times beféixation. The slides were washed once with
PBS and cells fixed with 3.7% formaldehyde in PB&R2% Triton X-100 in PBS) for

10 min, and blocked with 1% BSA in PBS/T for 10 nairroom temperature. The chamber
slides were incubated with mouse monoclonal gi#AX (anti-phospho-histone H2A. X
(Ser139)) antibody (Millipore GmbH, Schwalbach/Egrmany) diluted with PBS/T (1:500)
for 1 h at room temperature, then washec POmin with PBS/T and subsequently incubated
with secondary FITC-labeled anti-mouse-antibodygi@iton International Deutschland,
Hofheim, Germany) diluted with PBS/T (1:1000) foh In the dark at room temperature.
Cells were washed with PBS 10 times for 15 min,piastic chambers were removed and a
cover slip was applied using mounting medium cdimgjof 10% Mowiol 4-88 (Calbiochem,
Merck KgaA, Darmstadt, Germany), 2% 1,4-Diacabioy@,2,2)-octan (Fluka, Sigma-
Aldrich Chemie GmbH, Munich, Germany), 25% glycesoid 0.1 M Tris-HCI, pH 8.5
(Sigma, Sigma-Aldrich Chemie GmbH, Munich, Germaryje cells were photographed
under a fluorescence microscope (Leica TCS-SP2bXlca Microsystems GmbH, Wetzlar,
Germany) and images were acquired from randomécssd fields. Foci were scored in 50-
120 cells and the mean number of foci per cell @asulated. Three independent experiments

were performed.
Deter mination of halftimesfor cell recovery (SLD repair)

In order to analyse recovery kinetics (SLD repdhg early time interval between two equal
doses was varied from 5-40 min. The G-value for &vote doses, and D}, separated by a
time interval, t, can be calculated analyticallyr Rotal dose, D=B*D, and repair rate

constant) , the following expression has been derived (2):
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G is factored into the quadratic term of the L-Qdemloto account for SLD repair: -In(SF) =

aD+GPBD? Thus by rearrangement, G can be expressed as

_ -aD - In(SF)
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eq. (2)



Eliminating G from these two equations allows chdton of At. For two equal doses, B+

D, = D/2, the following expression for expf) is derived

= o= IN(SF) _2(a/B)
expEAt) =2 BD? 5 1 eq. (3)

SF was plotted as function of the split-dose tim&erval in Figure 4.3.14a,b, ardd was
calculated from eq. (3). The SLD repair rate comste may then be determined as the slope

of a plot ofAt as function of t.
Irradiation

10 MeV electrons from a linear accelerator weredusesimulate IORT with electrons.
Adherent cells were irradiated in T25 flasks at S$@0 cm with 2 mm of medium.
Additional buildup of 5 mm RW3 (Go6ttingen White Véat Physikalisch-Technische
Werkstatten, PTW, Freiburg, Germany) and 10 mm PM{délymethylmethacrylate, 1.2
g/cnt density) was used to simulate 20 mm water-equitalepth. The doses in the setting
for cell irradiation were measured by GafChromimfdosimetry and yielded 33% of
nominal dose at 20 mm equivalent depth (erroreatienated standard deviations (3). 6 MV
X-rays were used as reference radiation with 15water-equivalent material for maximum
dose buildup (100%). Linear accelerators in théothdrapy department were used (Siemens
Mevatron in early experiments, Elekta Synergy Irsabsequent experiments) at a dose rate
of 4-6 Gy/min. Dosimetry was performed by the déapant medical physicists as part of the

daily quality check.
Data analysis, statistics.

Linear-quadratic curve fitting of survival curvesasvperformed by non-linear least-squares
regression. For determination of RBE and the L-&fftcents,a andf3, data from individual
experiments were fitted using the JMP statistiofivgare package version 11 (SAS Institute
Inc., Cary, NC). RBE values at different survivavéls were determined in each experiment
and statistical significance was tested using #ieed t-test. The 1-tailed t-test was used
because RBE<1 with increasing electron energy (neeangy of secondary electrons from 6
MV X-rays << 6 MeV), and the test was performedagyarithmic values of the doses
(because RBE=/Dies; i.€. l0g(RBE)=log([s)-log(Diesy). For graphical presentation, a
second-order polynomial was fitted to mean valudds(&F) versus dose using the regression
wizard tool of the SigmaPlot scientific graphic$ta@re Version 8.0 (SPSS Inc., Chicago,

IL). Distributions ofyH2AX foci numbers per cell were analysed by JMReBponential and



hyperbolic fitting ofyH2AX foci decay was performed by SigmaPlot versi@b (Systat

Software Inc., Erkrath, Germany). P-values <0.0%vg®nsidered significant.

Supplementary data

Irradiation of V79 cells with 0-11.4 Gy of 10 Me\eetrons or 0-12 Gy of 6MV X-rays
suggested an RBE value slightly less than unith@highest dose (Supplementary Figure
S1A. In order to validate this and to test if thBERmight decrease further at higher doses,
further experiments were performed at 15-18 Gy y6rd 4.3-17.1 Gy electrons). This
confirmed the trend yielding RBE=0.94+0.2 (P=0.845F=0.0003. MFC7 cells showed no
significant difference in the initial series forgls up to 8.6 Gy (Supplementary Figure S1B)
which was confirmed when the dose range was extetwd#l.4 Gy (electrons) (shown in
Figure 1A). A slightly reduced RBE was suggestedH0VEC in the dose range 5-6 Gy
(Supplementary Figure S1C) which became signifiesdrgn the dose range was extended to
8.6 Gy (shown in Figure 1B).

Irradiation with low-to-moderate doses inducesddprmation ofyH2AX foci with a
maximum at approximately 30 min followed by decalater times (Supplementary Figure
S2A). A sub-linear increase in the numbegd2AX foci at doses higher than 2-3 Gy (see
main section) might conceivably result from ovepimg foci imposing an upper limit for
detection of individual foci due overlap of focitagh density. However, the distribution of
the number of foci per cell would be expected tskawved towards high numbers as the
number of foci approached the maximum number wharhbe resolved which clearly was
not the case for V79 and MCF7 cells (Supplemerfggyre S2B-E). Furthermore, the change
in slope would be predicted to be observed at @icenumber of foci per cells. Thus after
repair, this number should be the same and theatoshich it is reached should be higher
than at maximum induction (30 min). In fact, deigatfrom linearity ofyH2AX foci versus
dose occurred at a much lower mean number of faicabapproximately the same dose in
V79 (shown in Figure 2A), and in MCF7 and HUVECs§8lementary Figure S3A,B).

In V79 cells, the fraction of radiation-inducg@d2AX foci remaining at 240 min after
irradiation increased significantly in the dosegai®.95-5.7 Gy (Supplementary Figure S3C).
A further change in the high-dose region (5.7-13y) was not significant, which was also
confirmed in MCF7 and HUVECSs at 360 and 480 mirpeesively. In the high-dose region,
the decay kinetics could be fit by a biexponerftiakction (Supplementary Figure S4A-F)



consistent with the fast and slow components of D&&ning detected by physical methods
after high doses (4, 5). However, because this hwakefour free parameters the uncertainty
on the estimates was large. A hyperbolic fit repnéimg reciprocal kinetics as proposed by
Fowler (6) has only two parameters and gives maobbest fit parameters at the expense of a
slightly poorer fit. The fraction of induced fo@maining was used as a surrogate for the
composite decay up to 6-8h and showed no signifidéierence in the rate of repair between
the two doses although a constant decay in termambers of foci independent of dose

could not be excluded.

Split-dose recovery was demonstrated for V79 and=Fi€ells (Supplementary Figure
S5A,B). SLD repair kinetics was determined for diesion of V79 with 6Gy+6Gy and MCF7
cells with 4Gy +4Gy with split-dose intervals up40 min. Assuming that only the fast
component was important, early halftimes were deitegd (see Supplementary materials and

methods and Supplementary Figure S5C-F).
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