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23 SUMMARY:
24 Clinical linear accelerators can be used to determine biologic effects of a wide range of dose rates
25  on cancer cells. We discuss how to set up a linear accelerator for cell-based assays and assays for
26  cancer stem-like cells grown as tumorspheres in suspension and cell lines grown as adherent
27  cultures.
28
29  ABSTRACT:
30 Radiation therapy remains one of the cornerstones of cancer management. For most cancers, it
31 is the most effective, nonsurgical therapy to debulk tumors. Here, we describe a method to
32  irradiate cancer cells with a linear accelerator. The advancement of linear accelerator technology
33  has improved the precision and efficiency of radiation therapy. The biological effects of a wide
34  range of radiation doses and dose rates continue to be an intense area of investigation. Use of
35 linear accelerators can facilitate these studies using clinically relevant doses and dose rates.
36
37 INTRODUCTION:
38 Radiotherapy is an effective treatment for many types of cancer'. Extra high dose rate
39 irradiation is relatively new in radiation therapy and is made possible by recent technological
40 advances in linear accelerators®. Clinical advantages of extra high dose irradiation over standard
41  dose rate radiation include shortened treatment time and improved patient experience. Linear
42  accelerators also provide a clinical setting for cell culture based radiation biology studies. The
43  biological and therapeutic implications of radiation dose and dose rates have been a focus of
44  interest of radiation oncologists and biologists for decades®®. But, the radiobiology of extra high
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dose rate irradiation and flash irradiation—an extremely high dose rate of radiation—has yet to
be thoroughly investigated.

Gamma ray irradiation is widely used in cell culture based radiation biology®!!. Radiation is
achieved by y-rays emitted from decaying radioactive isotope sources, typically Cesium-137. Use
of radioactive sources is highly regulated and often restricted. With source-based irradiation, it
is challenging to test a wide range of dose rates, limiting its utility in the analysis of the biologic
effects of clinical achievable dose rates!?.

There have been several studies that illustrate both dose and dose rate effects'?'’. In these
studies, both y-irradiation generated from radioactive isotopes or X-rays generated from linear
accelerators were used. A variety of cell lines representing lung cancer, cervical cancer,
glioblastoma, and melanoma were used. Radiation effects on cell survival, cell cycle arrest,
apoptosis and DNA damage were evaluated as readouts??’, Here, we describe a method to
define the biological effects of clinically relevant radiation dose and dose rates by delivering X-
ray based radiation using a linear accelerator. These studies should be performed with close
collaboration between the biologist, radiation oncologist and medical physicist.

PROTOCOL:
1. Cell preparation for suspension cell culture

1.1 Culture glioma stem-like cells in stem cell culture media at approximately 5 x 10° cell/10
cm plates in a cell culture incubator with 5% CO2, 95% relative humidity at 37 °C.

NOTE: The cell culture condition is the same throughout all the procedures. The media used in
the protocol are complete media.

1.2 Two days before scheduled irradiation, collect glioma stem-like cells from the culture
plate with a sterile 5 mL pipette into a 15 mL centrifuge tube in a culture hood.

1.3 Centrifuge the collected cells at 200 x g for 3 min in a countertop centrifuge.

1.4 Discard the supernatant and digest the cell pellet (about 1 x 107 cells) with 1 mL of trypsin-
EDTA at room temperature for 5 minutes to make a single cell suspension in trypsin-EDTA. Gently
shake the bottom of centrifuge tube every 2 minutes during digestion to make sure the cells are
digested thoroughly.

1.5 Add 3 mL of stem cell culture media (see the Table of Materials) to quench trypsin.
Centrifuge the collected cells at 200 x g for 3 min in a counter top centrifuge. Discard the
supernatant and save the cell pellet.

1.6 Resuspend the cells with 5 mL of cell culture media and count the cells with a
hemocytometer.
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1.7 Plate 5 x 10° cells in two 10 cm plates containing 10 mL of cell culture media.
1.8 Right before the scheduled irradiation, collect the cells and discard the supernatant after
centrifugation as described in step 1.3. Re-suspend the cell pellet with 5 mL of cell culture media.

Transfer 1 mL of cell suspension into a 35 mm plate containing 2 mL of cell culture media.

NOTE: The total volume of media is 3 mL in the 35 mm plate to make the liquid 1 cm in height in
the plate.

1.9 Transfer the plated cells in a secondary container, such as a plastic or foam box, to reduce
the risk of contamination and bring the cells in the container to the irradiation facility on the
utility cart.

1.10 Irradiate the cells as described in step 4.

2. Cell preparation for attached cell culture

2.1 One day before irradiation, in the cell culture hood, remove the DMEM media from the
cell culture plate of the attached cell line, such as HEK-293 cells. The media can be suctioned
using a Pasteur pipette connected to a vacuum.

2.2 Wash cells with 5 mL of sterile PBS to the culture dish to rinse off residual media.

2.3 Pipette 1 mL of trypsin-EDTA into the culture dish and gently tilt the culture plate to make
sure that the entire dish is covered with trypsin-EDTA.

2.4 Trypsinize cells at room temperature for 5 min. Quench the trypsin-EDTA reaction with 3
mL of DMEM media and collect cells with a 5 mL pipette into 15 mL centrifuge tube in the culture

hood.

2.5 Centrifuge the collected cells at 200 x g for 3 min in a counter top centrifuge. Discard the
supernatant and save the cell pellet.

2.6 Resuspend the cells with 5 mL of DMEM media and count the cells with a hemocytometer.

2.7 Plate 2 x 10° cells in a 35 mm plate using 3 mL of cell culture media to a height of 1 cm of
media.

2.8 After 24 h of cell culture in the incubator at 37 °C, transfer the plated cells in a secondary
container (i.e., an insulated foam box) to the irradiation facility on a utility cart.

2.9 Irradiate cells as described in step 4.
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3. Cell preparation for immunostaining following irradiation

3.1 Thaw commercial extracellular protein matrix on ice at 4 °C overnight. Pre-chill 200 uL
pipette tips and 1.5 mL centrifuge tubes at 4 °C overnight.

3.2 Aliquot extracellular protein matrix with pre-chilled pipette tips and 1.5 mL centrifuge
tubes at 200 pL per tube.

3.3 Dilute 200 uL of extracellular protein matrix in pre-chilled 20 mL of cell culture media to
make 1% extracellular protein matrix media.

3.4 Place a sterilized coverslip (22 mm x 22 mm) in a 35 mm plate. Place 400 uL of 1%
extracellular protein matrix media on the coverslip.

3.5 Place the 35 mm plate into the cell culture incubator at 37 °C for 1 h to allow the
extracellular protein matrix to polymerize on the coverslip.

3.6 When using suspension cell culture, make a single cell suspension as described in steps
1.1to 1.5.

3.7 Plate 5 x 10* cells on an extracellular protein matrix-coated coverslip placed in a 35 mm
plate. Return plated cells to the cell culture incubator overnight to ensure that cells are supported
by the protein matrix. The total volume of the media in the plate should be 3 mL to make the
height of media reach 1 cm in the culture dish.

3.9 Observe the cells under a bright field microscope with 10x magnification objective lens.
The cells should spread out on the coverslip instead of floating. Transfer the culture dish with
plated cells into a secondary container such as a foam box to the irradiation facility on a utility
cart and irradiate the cells as described in step 4.

3.10 When using attached cell cultures (for example, HEK-293 cells), digest cells as described
in steps 2.1 to 2.6. Place 5 x 10% cells on a sterile cover slip in a 35 mm plate one day prior to the
irradiation to make sure cells are fully attached to the coverslip surface by observing them under
a microscope as in step 3.9. Use 3 mL of DMEM media to make the liquid 1 cm in height in the
plate.

3.11 After growing cells on coverslips overnight or up to one day, transfer the culture dish with
plated cells in a secondary container to the irradiation facility. A utility cart may be used to reduce

the risk of spillage. Irradiate cells as described in step 4.

4, Irradiation with a linear accelerator (LINAC)
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4.1 Using the LINAC's console software, set the accelerator gantry and collimator to 0°, open
the X and Y jaws to a symmetrical 20 x 20 cm? field size and retract the multi-leaf collimators
(MLCs) if present.

NOTE: LINACs may have a flattening filter free (FFF) mode, allowing very high dose rates. As the
name suggests, this radiation is not uniform (flat), and the high dose rate is only achieved in the
center of the beam. In this case a 7 x 7 cm? field is used.

4.2 Place at least 5 cm of water equivalent material on the treatment couch. Place the cell
dish to be irradiated at 400 MU/min (standard dose rate) onto the water equivalent material and
center it at the LINAC crosshairs.

4.3 Place the cells to be irradiated at a depth of maximum dose in a 6 MV X-ray beam, around
1.5 cm. Place an additional 1 cm of water equivalent material on top of the dish. Combined with
the 1 cm of medium throughout which the cells are suspended, this places the cells at an average
depth of 1.5 cm.

4.4 Affix the front pointer to the head of the LINAC. Extend the front pointer until it contacts
the surface of the buildup material and note the distance. Adjust the table height until the
distance from the source to the buildup surface is 100 cm.

NOTE: The distance can be confirmed with the optical distance indicator. Alternatively, the
optical distance indicator may be used in lieu of the front pointer to set the source to buildup
surface to 100 cm.

4.5 Calculate the appropriate number of monitor units (MU) to deliver the desired dose of
radiation to the cells and program the accelerator to deliver at 400 MU/min.

NOTE: For the source to surface distance (SSD) setup on a LINAC calibrated to deliver 1 cGy/MU
at the depth of maximum dose, the required number of monitor units is calculated using MU =
Dose(cGy) / (1 cGy/MU) / OF(20x20), where OF stands for output factor. This calculation will have
to be altered for LINACs using alternate calibration setups.

4.6 Leave the treatment vault and verify that all other individuals have exited. Vrify that there
are no other cells in the room, or they will receive low doses of radiation. Close the vault door.

4.7 Confirm the field size, MU and MU/min at the console and then enable the beam.
4.8 Repeat steps 4.3-4.8 for the cells to be irradiated at higher or lower dose rates.
4.8.1. To achieve higher dose rates (e.g., 2100 MU/min or greater) with the accelerator, decrease

the SSD in order to increase the effective dose rate to the cells according to the inverse square
law: DoseRateEffective = Doserate * (100 cm / SSD_New)?.
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4.8.2. For low dose rates (e.g., 20 MU/min), increase the source to surface distance (SSD_New)
to decrease the dose rate. For example, the cell culture dish may be placed on the floor of the
treatment room.

4.8.3. Recalculate the monitor unit setting on the accelerator if this setup is necessary, using MU
= Dose(cGy) / (1 cGy/MU) / OF(20x20)/ (100 cm / SSD_New)?. For additional information on MU
calculations, refer to reference by McDermott and Orton?8,

4.9 Determine dose rate in Gy/minute by DoseRate(Gy/Min) = Dose(Gy)*(MU/min)/MU. e.g.,
4 Gy delivered at 400 MU/min requires 380 MU, so 4*400/380 = 4.2 Gy/min. See Table 1.

[Place Figure 1 here.]
5. Biological assays after irradiation

5.1. After irradiation, return the cells to the cell culture incubator in the same manner as
described above (step 1.9, 2.8 and 3.11).

5.2. As needed, tailor a variety of biological assays to fit into the research project.

NOTE: Here, we show a representative cell cycle analysis'® as an example of a biological assay
following irradiation.

REPRESENTATIVE RESULTS:

To investigate the cell cycle effect of standard dose rate and extra high dose rate irradiation by a
linear accelerator, three samples of glioma stem-like cells were prepared using this protocol and
collected 24 h after irradiation?’: one control sample that was not irradiated (Figure 2A), one
sample irradiated with 400 MU/min (monitor unit, 4.2 Gy/min standard dose rate, Figure 2B) to
4 Gy, and another sample irradiated with 2100 MU/min (21.2 Gy/min extra high dose rate, Figure
2C) to 4 Gy. Cell cycle profiles are shown with the percentages of cells in different phases of the
cell cycle.

[Place Figure 2 here.]
FIGURE AND TABLE LEGENDS:

Figure 1: Set-up of the cell culture dish on linear accelerator. (A) A clinical linear accelerator is
shown. (B) 5 cm of water equivalent material is placed on the treatment couch. (C) A cell culture
dish is placed on the surface of the material. (D) The dish is centered using the accelerator
crosshairs in the treatment field shown by the square light field. (E) 1 cm water equivalent
material is placed on top of the cell culture dish. The source to surface distance (SSD) is checked
using an optical distance indicator (F, G) or a front pointer (H, I).
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Figure 2: Example of cell cycle analysis after 4 Gy irradiation of linear accelerator. G; cell cycle
arrest was observed after irradiation of glioma stem cells with either a standard dose rate (400
MU/min) (B) or an extra high dose rate (2100 MU/min) (C) compared with non-irradiated control
cells (A).

Table 1: Setup for dose rates used in experiments, assuming 4 Gy dose. MU can be scaled
linearly for other required doses. *These are example MU for the LINAC we used. The MU should
be calculated for the user’s specific LINAC using the equation above.

DISCUSSION:

Radiotherapy is an integral part of cancer management. Ongoing efforts seek to improve the
efficacy and efficiency of radiation treatment. Advancements in linear accelerator technology
have provided the opportunity to treat patients with unprecedented accuracy and safety.
Because most patients are treated with high energy X-rays from linear accelerators, studies
examining the biologic effects of a large range of dose rates performed on linear accelerators
may be readily applied to patients. There have been several reports applying linear accelerators
to radiation biology research, but results are mixed and additional studies are needed®3-16:1%,

Linear accelerators are relatively safe in the sense that after the prescribed dose is delivered
there will be no X-rays produced. This is in contrast to radioisotopes where radiation is constantly
emitted. Moreover, use of linear accelerators to deliver radiation permits the use of sophisticated
beam arrangements to control the shape of the target volume with a large range of doses and
dose rates. The disadvantage of this method is that the availability of the linear accelerator may
be limited due to patient use and therefore requires advanced planning with clinicians and
medical physicists.

In our protocol we describe the basic procedure for irradiation of cells. This method can be
tailored to meet other research needs. For example, it can be combined with drug treatment to
investigate the effect of combined chemotherapy and radiotherapy. When applying this method
to a specific cell line or assay following the radiation, some modifications should be expected. For
example, in order to investigate early changes in biomarkers after irradiation, cells may be
collected soon after the irradiation.

Because the dose delivered is dependent on beam energy and the deposited dose varies as a
function of depth of penetration, the amount of media and water-equivalent bolus needed to
achieve the desired dose is critical. In the method described above, we use 6 MV photons in a
single anterior-posterior beam and ensure that the cell media is at 1 cm in height in the culture
dish. We use an additional 1 cm of water-equivalent material on top of the cell culture dish to
build up dose to the cells. To achieve very high dose rates, we raise the couch on which the cells
are placed. Because the field size gets smaller as the couch is raised, we use a 35 mm culture dish
and ensure that the entire dish is within the irradiation field, as demarcated by the light field. To
achieve low dose rates, we lower the treatment couch or place cell culture dish on the floor of
the room to increase the source to surface distance. Design of treatment fields for animals, which
is more complex, is beyond the scope of this article. The techniques described here will aid
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researchers in understanding how to use a linear accelerator for biologic assays with cell lines
grown in suspension or attached to dishes. Close collaboration between biologists, clinicians and
medical physicists will ensure successful execution of the radiation studies.

ACKNOWLEDGMENTS:

We thank the Cleveland Clinic Department of Radiation Oncology for use of the linear
accelerators. We thank Dr. Jeremy Rich for his generous gift of glioma stem-like cells. This
research was supported by the Cleveland Clinic.

DISCLOSURES:
The authors have nothing to disclose.

REFERENCES:

1. Stupp, R. et al. Radiotherapy plus concomitant and adjuvant temozolomide for
glioblastoma. The New England Journal of Medicine. 352 (10), 987-996 (2005).

2. Stupp, R. et al. Effects of radiotherapy with concomitant and adjuvant temozolomide
versus radiotherapy alone on survival in glioblastoma in a randomised phase Il study: 5-year
analysis of the EORTC-NCIC trial. The Lancet Oncology. 10 (5), 459—-466 (2009).

3. Tao, R. et al. Hypoxia imaging in upper gastrointestinal tumors and application to
radiation therapy. Journal of Gastrointestinal Oncology. 9(6), 1044-1053 (2018).
4, Gajiwala, S., Torgeson, A., Garrido-Laguna, |l., Kinsey, C., Lloyd, S. Combination

immunotherapy and radiation therapy strategies for pancreatic cancer-targeting multiple steps
in the cancer immunity cycle. Journal of Gastrointestinal Oncology. 9 (6), 1014-1026 (2018).

5. Liney, G.P., Whelan, B., Oborn, B., Barton, M., Keall, P. MRI-Linear
accelerator radiotherapy systems. Clinical Oncology Journal | The Royal College of
Radiologists. 30 (11), 686-691 (2018)

6. Hall, E.J. Radiation dose-rate: a factor of importance in radiobiology and radiotherapy.
The British Journal of Radiology. 45 (530), 81-97 (1972).

7. Steel, G.G. et al. The dose-rate effect in human tumour cells. Radiotherapy & Oncology.
9(4), 299-310 (1987).

8. Ling, C.C., Gerweck, L.E., Zaider, M., Yorke, E. Dose-rate effects in external
beam radiotherapy redux. Radiotherapy & Oncology. 95 (3), 261-268 (2010).

9. Castro, G. et al. Amotosalen/UVA treatment inactivates T cells more effectively than the

recommended gammadose for prevention of transfusion-associated graft-versus-host disease.
Transfusion. 58 (6), 1506-1515 (2018)

10. Gaddini, L. et al. Exposing primary rat retina cell cultures to y-rays: An in vitro model for
evaluating radiation responses. Experimental Eye Research. 166, 21-28 (2018).
11. Simara, P. et al. DNA double-strand breaks in human induced pluripotent

stem cell reprogramming and long-term in vitro culturing. Stem Cell Research & Therapy. 8 (1),
73 (2017).

12. Wang, Z. et al. A comparison of the biological effects of 125 seeds continuous low-dose-
rate radiation and 60Co high-dose-rate gamma radiation on non-small cell lung cancer cells. PLoS
One. 10 (8), e0133728 (2015).


https://www.ncbi.nlm.nih.gov/pubmed/30603123
https://www.ncbi.nlm.nih.gov/pubmed/30603123
https://www.ncbi.nlm.nih.gov/pubmed/30603120
https://www.ncbi.nlm.nih.gov/pubmed/30603120
https://www.ncbi.nlm.nih.gov/pubmed/30603120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liney%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=30195605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whelan%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30195605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oborn%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30195605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barton%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30195605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keall%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30195605
https://www.ncbi.nlm.nih.gov/pubmed/30195605
https://www.ncbi.nlm.nih.gov/pubmed/30195605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hall%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=4622835
https://www.ncbi.nlm.nih.gov/pubmed/4622835
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steel%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=3317524
https://www.ncbi.nlm.nih.gov/pubmed/3317524
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ling%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=20363041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerweck%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=20363041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zaider%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20363041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yorke%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20363041
https://www.ncbi.nlm.nih.gov/pubmed/20363041
https://www.ncbi.nlm.nih.gov/pubmed/29607502
https://www.ncbi.nlm.nih.gov/pubmed/29607502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaddini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28958589
https://www.ncbi.nlm.nih.gov/pubmed/28958589
https://www.ncbi.nlm.nih.gov/pubmed/28958589
https://www.ncbi.nlm.nih.gov/pubmed/28327192
https://www.ncbi.nlm.nih.gov/pubmed/28327192

349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365

13. Lasio, G., Guerrero, M., Goetz, W., Lima, F., Baulch, J.E. Effect of varying dose-per-pulse
and average dose rate in X-ray beam irradiation on cultured cell survival. Radiation and
Environmental Biophysics. 53 (4), 671-676 (2014).

14. Karan, T. et al. Radiobiological effects of altering dose rate in filter-free photon beams.
Physics in Medicine and Biology. 58 (4), 1075-1082 (2013).

15. Sarojini, S. et al. A combination of high dose rate (10X FFF/2400 MU/min/10 MV X-rays)
and total low dose (0.5 Gy) induces a higher rate of apoptosis in melanoma cells in vitro and
superior preservation of normal melanocytes. Melanoma Research. 25 (5), 376—389 (2015).

16. Hao, J. et al.The effects of extra high dose rate irradiation on glioma stem-like cells. PLoS
One. 13 (8), €0202533 (2018)
17. Liu, J. et al. Radiation-induced G2/M arrest rarely occurred in glioblastoma stem-like cells.

International Journal of Radiation Biology. 94 (4), 394-402 (2018).

18. Mcdermott, P. et al. The Physics and Technology of Radiation Therapy. Medical Physics
Pub Corp. Madison WI (2010).

19. Lohse, I. et al. Effect of high dose per pulse flattening filter-free beams on cancer cell
survival. Radiotherapy & Oncology. 101 (1), 226-232 (2011).


https://www.ncbi.nlm.nih.gov/pubmed/30118510
https://www.ncbi.nlm.nih.gov/pubmed/30118510

i i ;Fi ;Figure 1.pdf 2
Figure 1 Click here to access/download;Figure;Fig
tisure 1



https://www.editorialmanager.com/jove/download.aspx?id=980064&guid=14f621bb-2bb5-4c06-9bfa-7c5c9613311c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=980064&guid=14f621bb-2bb5-4c06-9bfa-7c5c9613311c&scheme=1

Figure 2
Figure 2
A
Control
Ly -
: [ S-Phase
S
I~ §__
5
: ]
g
)
’ _O 20 40 0 80 100 20 140
GREEN 610-A
Go/G]_: 67%
G,/M: 9.55%

S-phase: 23.45%

Click here to access/download;Figure;Figure 2-new.pdf =

C
4 Gy, 400 MU/min 4 Gy, 2100 MU/min
2o 8
(=] hase :
§
]
{E
&
=
20 40 60 80 100 120 40 ° _Q 2 e 60 80 100 120
GREENB10-A GREEN 810-A
Go/G1: 52.82% Go/G1: 57.90%
G,/M: 40.74% G2/M: 35.42%
S-phase: 6.44% S-phase: 6.68%



https://www.editorialmanager.com/jove/download.aspx?id=980065&guid=7034419b-2a21-4865-85dc-fe320639ca1c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=980065&guid=7034419b-2a21-4865-85dc-fe320639ca1c&scheme=1

F“;Ze/ﬁt; ssp (cM)|energy  |Mu
20 250 6X 2380
400 100 6X 390
2100 80 6FFF  |260*

Click here to access/download;Table;Table 1.xIsx 2


https://www.editorialmanager.com/jove/download.aspx?id=980066&guid=c0be21f5-2052-40cf-9e2b-8f1b87bbdbaf&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=980066&guid=c0be21f5-2052-40cf-9e2b-8f1b87bbdbaf&scheme=1

Table of Materials

Name of Reagent/ Equipment
Material
glioma stem-like cell 4121
293 cells

neuron stem cell culture media
DMEM

Fetal Bovine Serum
Penicillin/Streptomycin
Recombinant Human EGF Protein
Recombinant Human FGF basic
B-27™ Supplement

Sodium Pyruvate

L-Glutamine

Tripsin-EDTA

extracellular proten matrix
Ethanol

Equipment

10 cm cell culture dish
3.5 cm cell culture dish
22x22mm glass cover slip
15 ml centrifuge tube
50 ml centrifuge tube
5 ml Pipette

pipet aid

Vortex mixer
Centrifuge

Linear Accelerator

water equivalent material

Reagent preparation

Click here to access/download;Table of Materials;JoVE Materials Sheet revised

v2.xlsx

Company

ATCC

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
R&D Systems

R&D Systems

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher

Corning
Fisher chemical

Denville

USA Scientific Inc.

electron microscopy sciences
Thomas Scientific

Thomas Scientific

Fisher Scientific

Fisher Scientific

Fisher Scientific

Eppendorf

Varian

Sun Nuclear corporation

Catalog Number

CRL-1573

21103049
10569044
16000044
15140-122
236-EG-01IM
4114-TC-01M
17504044
11360070
25030164
25200056

354277
A4094

T1110
CC7682-3340
72210-10
1159M36
1158R10
14-955-233
13-681-06
02-215-414
5810R

n/a
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DMEM media

stem cell culture media

10% fetal bovine serum (FBS), 2 mM L-
glutamine, 100 units/mL penicillin G, 100
ug/mL streptomycin in 500 ml DMEM
media

10 ml B27 supplement, 20 ug hFGF, 20 pg
hEGF, 2 mM L-glutamine, 100 units/mL
penicillin G, 100 pug/mL streptomycin in
500 ml Neurobasal media
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Item 2 (check one box):

’EThe Author is NOT a United States government employee.

D The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

l:l The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Partles”
means the Author and JOVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JOVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3, Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JOVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in ali forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JOVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JOVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JOVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author {or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JOVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein, The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JOVE, or publication in
JOVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JOVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JOVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

Name: | j:élf"\‘:@"f \{ M

Department: l Qﬂéh&t’hm Or\ co loaf\/‘
Institution: ‘ C(p. vé(waq Ol e £ c
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| /C_': oy KJ'L»N‘ el ead GL[!J e At Cancos coell \(M__(‘
N — 7/(
Signature: - |Date: ‘ l 7 (/Q

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
2) Faxthe document to +1.866.381.2236;
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter
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comment.docx

Comment Al: | have edited the protocol slightly to meet JoVe's style requirements.

Thank you for the help.

Comment A2: Collect from where? In a brief step, please mention how cells were cultured and
handled. Please add a step before this to briefly describe how the cells were cultured and
maintained. Mention culture conditions and media used. What is the cell density and how were
the cells counted?

An additional step is added to clarify the cell culture procedure (1.1 Glioma stem-like cells are
cultured in stem cell culture media at approximately 5x10° cell/10 cm plates in a cell culture
incubator).

Cells are counted with a hemocytometer, which is discussed in step 1.6.

A note is added after the step to clarify the cell culture condition and media used in the protocol
(Note: The cell culture condition is the same throughout all the procedures. The media used in
the protocol are complete media.).

Comment A3: In which medium are the cells?

Cells are in trypsin-EDTA during the digestion. (1.4 ...to make a single cell suspension in trypsin-
EDTA...)

Comment A 4: Table of materials says trypsin-EDTA. Please update.

Trypsin in the manuscript was updated as trysin-EDTA.

Comment A 5: | added this for clarity, please verify that it is correct.

To be consistent with the material sheet, | changed it to stem cell culture media

Comment A 6: 1.2?

It is 1.3 as shown in the manuscript (1.8 Right before the scheduled irradiation, collect the cells
and discard the supernatant after centrifuge as described in step 1.3. Re-suspend the cell pellet
with 5 ml cell culture media. Transfer 1 ml cell suspension into a 35 mm plate containing 2 ml cell
culture media. )

Comment A 7: Is this DMEM complete? The naming is a bit confusing currently.

As mentioned in the note after step 1.1 all the media in the protocol are complete media.

Comment A 8: Please add a step before this to briefly describe how the cells were cultured and
maintained. Mention culture conditions and media used.

L]
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Please refer to the note after step 1.1

Comment A 9: Trypsin-EDTA?

Corrected

Comment A 10: DMEM complete?

As mentioned in the note after step 1.1 all the media in the protocol are complete media.
Comment A 11: Mention tip size as too small a tip will damage the cells.

5 ml pipette is used in this step.

Comment A 12: DMEM complete? Ensure non-ambiguous naming here and the table of
materials.

As mentioned in the note after step 1.1 all the media in the protocol are complete media.
Comment A 13: Mention incubation conditions e.g. temperature, CO2 %, humidity etc.

As mentioned in the note after step 1.1, culture condition is unchanged throughout the protocol
Comment A 14: What kind of container?

The container used can be varies lab-wise. We used an insulated foam container as mentioned
in the manuscript.

Comment A 15: This section is a bit confusing because the immunostaining was not described
later in this protocol. Please add a few steps later on to describe immunostaining. List antibodies
in the table of materials and include concentrations etc.

We have this section in the protocol is to provide special illustration for immunostaining
procedure that may follow the irradiation. Our point is that the cells have to be seeded in a special
way in order to comply with further immunostaining requirements. Since we only provide a
protocol for irradiation we do not want to make the protocol filled with procedures that not
directly related to the irradiation part. Our protocol ends at the irradiation. The necessity of
immunostaining procedures are for the readers to decide according to their own projects.

Comment A 16: Mention temperature and environmental conditions
They are defined in the note after step 1.1

Comment A 17: Magnification?



It is mentioned in the manuscript. (with 10X magnification objective lens)
Comment A 18: You mean transfer the coverslip, correct?

As corrected in the manuscript, transfer the culture dish with plated cells
Comment A 19: Mention incubation conditions.

They are defined in the note after step 1.1

Comment A 20: How? As in 3.9?

It is clarified. (To make sure cells are fully attached to the coverslip surface, observe them under
a microscope as in 3.9.)

Comment A 21: You mean transfer the coverslip, correct?

As corrected in the manuscript, transfer the culture dish with plated cells.
Comment A 22: Mention incubation environmental conditions

They are defined in the note after step 1.1

Comment A 23: Mention step numbers

| mentioned step 1.9, 2.8 and 3.11

Comment A 24: Please provide a reference for the analysis. Mention antibodies used if any and
add them to the table of materials.

We cited reference 16 for the cell cycle analysis. Antibodies are not used in this procedure.



