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19 SUMMARY:
20 Demonstrated here is an efficient and cost-effective method to purify, culture, and differentiate
21  white matter stem cells from postnatal mouse cerebellum.
22
23  ABSTRACT:
24 Most cerebellar neurons arise from two embryonic stem niches: a rhombic lip niche, which
25  generates all the cerebellar excitatory glutamatergic neurons, and a ventricular zone niche,
26  which generates the inhibitory GABAergic Purkinje cells, which are neurons that constitute the
27  deep cerebellar nuclei and Bergman glia. Recently, a third stem cell niche has been described
28  that arises as a secondary germinal zone from the ventricular zone niche. The cells of this niche
29  are defined by the cell surface marker prominin-1 and are localized to the developing white
30  matter of the postnatal cerebellum. This niche accounts for the late born molecular layer
31  GABAergic interneurons along with postnatally generated cerebellar astrocytes. In addition to
32  their developmental role, this niche is gaining translational importance in regards to its
33  involvement in neurodegeneration and tumorigenesis. The biology of these cells has been
34 difficult to decipher because of a lack of efficient techniques for their purification.
35 Demonstrated here are efficient methods to purify, culture, and differentiate these postnatal
36  cerebellar stem cells.
37
38  INTRODUCTION:
39
40 The cerebellum has been long recognized as a major neuronal circuit coordinating voluntary
41  movement?. It receives input from the wide swathes of the neuroaxis, which includes
42  proprioceptive information from the periphery, fine tune motor output, and coordinate motion.
43  More recently, it has also been implicated in regulating cognition and emotions by potentially
44 using similar information processing networks?*.
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The adult cerebellum is composed of an outer cerebellar cortex and inner white matter.
Interspersed within these structures are deep intracerebellar nuclei. Similar to the rest of the
nervous system, the development of the cerebellum is driven by the proliferation of
multipotent progenitor cells (stem cells) that migrate and differentiate to yield this well-
organized structure. In early development (E10.5-E13.5), a ventricular stem niche around the
developing fourth ventricle generates GABAergic neurons (i.e., Purkinje cells, Lugaro cells, Golgi
cells) along with Bergmann glia®2.

Later in development (postnatal week one), a second stem cell niche in the rhombic lip
generates MATH1- and Nestin-expressing progenitors that give rise to excitatory granule
neurons®!2, Recently a third stem cell niche has been described'3. These cells express
prominin-1 (also known as CD133), a membrane-spanning glycoprotein that defines a subset of
stem cells in the intestine and hematopoietic systems4%6. In vivo fate mapping shows that
these stem cells generate key molecular layer interneurons (i.e., basket cells and stellate cells),
along with astrocytes, during the first three postnatal weeks. In the past, it has been difficult to
study these cells in vitro because prior methods have required costly and time-consuming
techniques (i.e., fluorescence-activated cell sorting [FACS]) that are dependent on prominin-1
staining!?1317, This protocol describes an immunomagnetic-based method for the isolation of
these stem cells that can then be readily culture and differentiated.

PROTOCOL:

All animal experiments were performed in compliance with the NIH’s Guide for the Care and
Use of Laboratory Animals (2011) and were viewed and approved by the Northwestern
University IACUC (Protocol 1S00011368).

1. Preparation of solutions

1.1. Prepare tissue dissociation solution by adding 100 U/mL papain, 0.2 mg/mL cysteine, and
250 U/mL DNase in 25 mL of sterile phenol red-containing Dulbecco’s phosphate-buffered
saline (DPBS).

1.2. To prepare DNase solution, 100 mg of the lyophilized powder of DNase | (one bottle) in 50
mL of H20. Mix well and filter the stock solution. Prepare 10 mL stock aliquots. Divide one stock
tube into 0.5 mL single use aliquots. Store these single use aliquots at -80 °C.

1.3. Prepare magnetic separation reagents by preparing magnetic column buffer X: 0.5% bovine
serum albumin (BSA) and 2 mM EDTA solution.

1.4. To prepare neurosphere media, use neurobasal medium containing penicillin/streptomycin
with L-glutamine and supplement with 2% B27, 20 ng/mL human recombinant epidermal
growth factor (EGF), and 20 ng/mL human recombinant basic fibroblast growth factor (bFGF).
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1.5. To prepare differentiation media, use neurobasal medium and supplement with 10 ng/mL
differentiated factor platelet-derived growth factor (PDGF-AA) or 10 ng/mL leukemia inhibitory
factor (LIF) and 2% B27.

1.6. Use ultra-low attachment 12 well (3.5 cm?) and 6 well (9.6 cm?) culture plates.

2.1. Anesthetize mouse pups (P3-P7) with isoflurane and decapitate using surgical scissors.
2.2. Spray the separated head of the pups with 70% ethanol.
2.3. Transfer each head into an empty sterile 10 cm culture dish. Separate the skin using the

microdissection scissors, then remove the skull by running the scissors sagittal along the
midline.

2.4. Using #7 forceps, peel off the skull bones starting caudally from the brainstem. Carefully lift
the brain using a spatula, keeping the cerebellum intact, and transfer the brain to a fresh sterile
10.0 cm dish containing 15 mL of ice-cold HBSS solution.

NOTE: Each cerebellum should be placed in its own tube for further processing.
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3.5. Then incubate the slurry for an additional 10 min at 37 °C in the water bath, mixing by
inverting and straightening the tube.

3.7. Incubate the tissue at 37 °C for an additional 10 min, repeating the previous mixing steps.

NOTE: If small clumps are seen after the resuspension of pellet with 1.0 mL of column buffer X,
it should be removed carefully using a tip of the Pasteur pipette; otherwise, these clumps can
block the magnetic column during cell sorting.

NOTE: The magnetic separation from different genotype conditions (disease vs. control) must
be performed at same time, since any delay may affect the neurosphere morphology.
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NOTE: Prepare fresh magnetic column buffer X for each experiment; if not, then stem cell yield
will be low.

NOTE: Cerebellar neuronal/glial mixed culture enriched with cerebellar granular neurons can
serve as a useful byproduct of this purification step.

5.5. To enhance the purity of prominin-1 labeled cells, pass the eluted cells over a second
column following steps 5.1-5.4.

5.6. Count the cells with a hemocytometer. The typical yield is 107 cells per cerebellum. Plate
the cells onto ultra-low attachment plates (6 or 12 well, based on the density required for
downstream experiments).

6.1. Plate the prominin-1-labeled stem cells on ultra-low attachment 12 well plates in
neurosphere medium (5,000 cells/well).

6.2. After 7-10 days, the cells divide to yield ball shaped floating neurospheres (primary
neurospheres).

NOTE: In this experiment, secondary neurospheres that expand in numbers are generated for
further use. Primary neurosphere populations are not used for these experiments, since they
may contain contaminating cells that do not have stem cell properties and can clump together
with neurospheres.
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NOTE: These cultures can be passaged up to 8x with good efficiency, after which neurosphere
size tends to be smaller and suggestive of a decrease in proliferation.

REPRESENTATIVE RESULTS:

Prominin-1-positive postnatal cerebellar stem cells formed neurospheres in neurosphere
medium rich in growth factors (EGF and bFGF). These neurospheres were positive for prominin-
1-staining, the marker used for isolation, and also as a stain for other stem cell markers such as
Nestin and GFAP*3 (Figure 1). The stem cell marker expression was maintained throughout
culture and for up to at least eight passages®°. Upon withdrawal of growth factors and in the
presence of LIF and PDGF-AA (which are factors that support neuronal and glial
differentiation?%22), the neurospheres differentiated into neuronal and glial lineages (Figure 2).

FIGURE LEGENDS:

Figure 1: Isolation of prominin-1 stem cells from postnatal cerebellum. (A) Cerebellar stem
cells were isolated using immunomagnetic prominin-1 beads. Top panel: Purified stem cells
(column-bound) formed neurospheres with extensive proliferation and self-renewal properties.
The cells unbound to the column (flowthrough) were unable to form neurospheres; instead,
they became cerebellar neuronal/glial mixed cells (B-11l tubulin/GFAP). Bottom panel: the
neurospheres formed from prominin-1* cells expressing stem cell-specific markers: Nestin,
prominin-1, and GFAP. (B) Cells in the flowthrough stained negative for stem cell markers
prominin-1 and nestin and positive for neuronal marker B-11I tubulin.
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Figure 2: Differentiation of prominin-1 positive neurospheres. In the presence of
differentiation factors (PDGF-AA or LIF), prominin-1-positive neurospheres differentiated into
neurons (-1l tubulin), astrocytes (GFAP), and oligodendrocytes (04).

DISCUSSION:

Prominin-1-expressing cerebellar stem cells reside in the prospective white matter during the
first 3 weeks of postnatal life. Their proliferation is tightly controlled by the sonic hedgehog
pathway supported by Purkinje cells'’. These stem cells/progenitors contribute to later-born
GABAergic interneurons called basket cells and stellate cells. These interneurons reside in the
molecular layer, where they synapse onto Purkinje cells and sculpt PC topography and function
via GABAergic inhibition!31723, Besides forming interneurons, this stem cell population also
generates all postnatally derived cerebellar astrocytes'”?4,

This protocol describes an easy and cost-effective method to purify prominin-1/CD133 stem
cells from the postnatal mouse cerebellum. Stem cells must be cultured in ultra-low attachment
plates. Culturing these stem cells in normal plates may cause the neurospheres to attach the
surface and lead to low stem cell proliferation and differentiation. Here, the yield of 200—300
neurospheres per 5,000 cells corresponds to a stem cell yield of around 1 x 107 cells from a
single cerebellum. This is comparable to what has been described for an FACS-based strategy
that is 10x more expensive. Moreover, FACS equipment requires an expensive set-up and highly
trained personnel and is not readily available.

These stem cells are also gaining increasing translational significance in research on cancer as
well as neurodevelopmental and neurodegenerative disorders?>?’. Uncontrolled proliferation
of these stem cells in early life leads to medulloblastoma?®, while research from our own lab
suggests that their abnormal proliferation and differentiation can contribute to later cerebellar
degeneration in the genetic disease spinocerebellar ataxia type 1%2°. These new protocols will be
valuable for studying these cells and provide novel insight into their roles in health and disease.
These methods may also lead to advances in regenerative therapies after stroke or trauma and
other insults to the brain that warrant neuroregeneration. It is conceivable that these
techniques can be generalized to extract prominin-1-expressing stem cells from other tissues,
such as intestine and bone marrow, where they are also expressed!>?°.
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Differentiation of Prominin-1 positive neurospheres Click here to access/download;Figure;Figures 2.jpg %

Brlght fleid B-111 tubulin

ll- -"F & i [t

"--' i 'lr .,-'_ _'-r
g

b Rt T Tl e e
[ R 'H..g"“ s - ik e
JLI' 4"'-";".:"1' ] p .-'* .-_! s
WA N AR
---'llI P L VLR S LR S T s

[ = R w

AR £ty e TR R

I8 v e : 1

bl _‘ et sty ok
&l b **'-f’ **’r-.-n %
a " pi 4

ﬂ@:irf?' '-r "f.; 1!



https://www.editorialmanager.com/jove/download.aspx?id=1127264&guid=dd6e7762-f96d-452f-b535-31dc33466f77&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1127264&guid=dd6e7762-f96d-452f-b535-31dc33466f77&scheme=1

Table of Materials Click here to access/download;Table of
Materials;JoVE_Table_of_Materials_Edamakanti et.al_Revision.xlsx

Name of Material/Equipment Company Catalog Number Comments/Description
0.05%Trypsin Thermo Fisher Sc 25300054 0.05%
2% B27 Gibco; Thermo Fish 17504001
2mM EDTA solution Corning 46-034-Cl
Anti- Prominin-1 microbeads Miltenyi Biote 130-092-333
bovine serum albumin Sigma A9418
Column MultiStand Miltenyi Biotec ~ 130-042-303
culture plates ultra - low attachrr Corning 3473
cysteine Sigma C7880
DNase Sigma D4513-1VL 250 U/ml
Dulbecco’s Phosphate Buffer Saline Thermo Fisher Sciet 14040141
Hank's balanced salt solution-Ht Gibco 14025-092
Human recombinant Basic Fibroc Promega G507A 20 ng/ml
Human recombinant Epidermal  Promega G502A 20 ng/ml
Leukemia Inhibitory Factor Sigma L5158
[-glutamine Gibco 25030081
Microscopy Lieca TCS SP5 confocal microscopes
MiniMACS separator Miltenyi Biotec ~ 130-042-102
mouse anti-Prominin-1 Affymetrix eBiosci 14-1331 1in 100
Nestin Abcam ab27952 1in 200
Neurobasal medium Thermo Fisher 25030081
04 Millopore MAB345
Papain Worthington LS003126 (100 U/ml)
Platelet- Derived Growth Factor Sigma H8291 10 ng/ml
Poly-D-Lysine Sigma P6407
rabbit anti-tubulin, B-11I Sigma T2200 1in 500
Rabit anti-GFAP Dako Z0334 1in 500

Separation columns-MS column Miltenyi Biotec ~ 130-042-201
Sterile cell strainer Fisher Scientific 22363547 40um

L]
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Dear Dr. Bajaj,

We are pleased to submit our revised manuscript “Purification of Prominin-1* stem cells from
mouse postnatal cerebellum” (Manuscript number: JOVE60554).

We appreciate the comments of the reviewers, who have found our results novel and of interest.
We have performed additional experiments and rewritten the manuscript to accommodate the
referees’ concerns. We respond to each point below with each referee’s comments quoted in
italics for ease of reference. We have also marked all the changes in the manuscript with yellow
highlights making them easier to spot.

Reviewer #1:

We are pleased that reviewer #1 “found our manuscript to be “carefully executed and clearly
presented” with no major concerns. The reviewer raised a few points that we address below:

1. Authors need to provide information on the manufacturer and catalog numbers for the
reagents: 1) Cysteine (0.2mg/ml); 2) DPBS (Dulbecco's Phosphate Buffer Saline; 3)
Magnetic column buffer X.

We have provided this information in table of materials (see Line: 78, Line: 79 and Line
83-84)

Reviewer #2:

This reviewer agrees that “this protocol would potentially be of use to researchers interested in
neuronal development and the development of hindbrain tumors such as medulloblastoma”. The
reviewer has a few comments that are addressed below:

1. The first are several related comments.

More prominin-1 staining of cells isolated via this protocol (vs those that are present in the flow
through) needs to be included. If we do not see an absence of prominin-1 in the flow through
cells, how does one know that the purification is efficiently selecting all positive cells? Typically,
validation of such strategies would include staining for multiple markers on both the selected
and non-selected populations by analytical flow cytometry or high throughput immunostaining,
to confirm purity of the resulting desired population and selectivity for all possible positive cells.

As suggested, we have performed immunostaining for Prominin-1 and Nestin on the cells
that have not bound the magnetic column (the flow through). In a revised Figure 1B, we
have confirmed that there are indeed no stem cells defined by these markers in the flow
through. This is a substantive improvement to the manuscript and thank the reviewer for
this suggestion.

*
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Furthermore, is Prominin-1 expression maintained during culture?

Yes, Prominin-1 expression is indeed maintained during culture and up to at least eight
passages (this has been added to Line: 203-204) with a reference to our previous
publication where this finding was first described (J Clin Invest. 2018 Jun 1;128(6):2252-
2265)

Are these cells able to become cerebellar cells after differentiation? The current markers shown
do not distinguish cerebellar cells specifically; only glial / neuronal identity.

The goal of this study was not to differentiate these precursors into regional specific
neuronal and glial subtypes; rather our goal was to demonstrate that these prominin-1
positive cells have indeed stem cell properties in vitro. Differentiation of these stem cells
into cerebellar GABAergic interneuron and glial cells has been shown by others in vivo
(by fate mapping or stem cell transplantation); (Nat Neurosci. 2005 Jun;8(6):723-9; Nat
Neurosci. 2013 Dec;16(12):1737-44)) (Line: 64-66).

2. More broadly, the authors assert multiple times that this protocol is more cost effective and
less time consuming than FACS, but provide no calculations or numbers to back this up. Given
that this approach requires consumable kits from the manufacturer, it's not immediately
apparent to this reviewer that it would be less expensive or faster than FACS executed in a lab
with low-cost flow cytometer access.

We have now addressed these concerns. In Line 211-212, we mention that our protocol
generates approximately 107 cells per cerebellum, typically yield 250-300 neurospheres
per 5000 sorted cells. This is comparable to FACS based strategies (J Clin Invest. 2018
Jun 1;128(6):2252-2265; Nat Neurosci. 2005 Jun;8(6):723-9). This is a significant
appeal given that FACS sorting is approximately 10 times more expensive costing an
average of 150% - 200$ per run compared to 15% per run on a magnetic column ($300 for
25 magnetic columns). Moreover, the FACS equipment is expensive, requires trained
personnel, and is not readily available (described in Lines: 214- 217).

3. As described, this is essentially an implementation of a commercial kit in tissue from a brain
subregion where it has not been used previously. If the protocol is not systematically compared
to prior approaches, or to the use of this kit in other regions where it has been published (e.g.
postnatal stem cell niches of the forebrain, or prenatal stem cells), it's not clear that this is a
resource that will be broadly useful to the field.

The value of our protocol lies precisely in our ability to exclusively purify the cerebellar
stem cell niche away from other progenitor populations in the nervous system. Thus, it is
not meant to be generalized to other CNS stem cell populations. It is however possible
that our techniques could be generalized to extract prominin-1 expressing stem cells from
other tissues (for instance, the intestine, etc) (stated in line: 224-226).
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Specific items:

1. Line 14 - rather than "neuronal” stem cells it would be more appropriate to say "neural™ stem
cells - progeny are not exclusively neurons

We have made this change (Line: 14).

2. Line 68 - Papain is used for tissue dissociation. Have the authors tested to confirm that this
does not cleave any of the surface epitopes they are using for prospective isolation? Has papain
been compared versus other enzymes?

We have benefited from prior work (Nat Neurosci. 2005 Jun;8(6):723-9; Nat

Neurosci. 2013 Dec;16(12):1737-44), where we already know that papain is in fact the
best enzyme to preserve prominin-1 surface expression (trypsin on the other hand cleaves
cell surface antigens) (Stem Cells. 2007 Jun;25(6):1560-70; Nat Neurosci. 2005
Jun;8(6):723-9). We have mentioned this in line: 114-115.

3. Line 67 - 0.05% trypsin is listed as a possible method to dissociate neurospheres derived from
sorted cells, as is the papain-based dissociation solution. Can the authors comment on whether
one of these is preferable, and why they are used versus Accutase, which is often used in
neurospheres cultured from other brain regions?

Both trypsin and papain work equally well and that is why we mentioned both (Line:
181-182). We did not test accutase.

4. Line 101 - "peel off" not "peel of"
We have made this change (Line: 101).

5. Line 116 - Is the incubation at 37 degrees in an incubator? A water bath? Can this be done on
a nutating mixer rather than inverting by hand?

Corrected to “37 degrees in a water bath”. (line: 116)
Yes, it can be done either on nutating mixer or by hand (see revised line 117).

6. Line 118 - Please give more information on what constitutes "wide" and "narrow" diameter
Pasteur pipettes - diameters in microns? Are these beveled or fire polished? These pipettes were
also not listed in the Materials section.

For trituration for a “wide” pipette orifice, we used regular Pasteur pipette. To “narrow”
the orifice diameter, we polished the glass over a Bunsen burner flame (fire polished).
We have added this information to the manuscript (Line: 118-119). This is an established
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procedure for generating narrow bore tips and the diameter is not typically measured (Nat
Protoc. 2012 Sep;7(9):1741-54.).

7. Line 120 - says to add DNase to the sample. Is this in addition to the DNase that is already in
the dissociation solution?

Yes, DNAse is added at this step-in addition to the DNAse added in the dissociation step.

8. Line 134 - What is the rationale for using "ice-cold" solutions versus 37 degrees Celsius? Was
this tested?

Miltenyi Biotec—the company that produces the Prominin-1 magnetic beads (#130-092-
333) recommends that the temperature of the solutions be ice-cold. We therefore used
their instructions (we did not test binding at 37 degrees).

9. Line 156 - What is the expected fraction of cells in the sample that will flow through vs. bind?
We did not specifically test for this. But a previous publication (Nat Neurosci. 2005
Jun;8(6):723-9) reported 0.1- 0.3% of cells extracted from the cerebellum will be
Prominin-1 positive.

10. Line 157 - How long does each wash take?

It takes around 2-4 min for each wash (Mentioned in Line: 158)

11. 3. In lines 165-167, the authors seem to indicate that they plate and grow the isolated cells
along with the beads used to isolate them, does this impact how the cells grow?

We did not test whether the beads impact cell growth. However, since cells are typically
grown even in the presence of beads we did not try to isolate them away.

12. Line 166 - Open parentheses.
Closed the parenthesis (Line: 168).

13. Line 177 - Demonstrating self-renewal capacity is an assertion here; either explain how this
is quantitatively assessed or remove.

We have removed this assertion (Line:177).
14. Line 181 - See comments above (item 3) regarding dissociation questions.
Addressed above

15. Line 215 - "proliferation” typo
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Changed (Line: 220).
16. Line 253 - "From" not "form"
Changed (Line: 264)

17. Line 266 and Figure 2 generally - What is the duration of exposure to PDGF-AA or LIF?
References for why these factors are used?

We differentiate the neurospheres in presence of either PDGF-AA or LIF for 7 days as
has been described before (Nat Neurosci. 2005 Jun;8(6):723-9; Nat Neurosci. 2013
Dec;16(12):194-195) (Line: 207-208).

Also, please confirm that the "B27" used here in the media is the same as the "B2" mentioned in
the procedures section of the authors' preceding JCI paper using this approach.

Yes, Both B27 or B2 are the same. This was an error on our part.

Reviewer #3:

We are pleased that reviewer 3 finds that “The article is well presented, with appropriate details,
and should be useful to many. Also the basic tips should be applicable to other protocols”.

The reviewer only has a few minor comments that we address below:

1) Could it be possible to write a troubleshooting section and to identify crucial steps? For
example, is mycoplasma contamination a common problem and can it be easily monitored or
prevented?

We have added a troubleshooting section — Line: 228-239

2) Is it possible to freeze and store the cells at some point?

In general, stem cells are typically not passed through cycles of freeze-thawing.
Therefore, we avoided storing cells.
Minor Concerns:

- Abstract typo: "marker" not "maker"

Changed (Line: 23)
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- Line 80: it might be better to give the diameters of the wells, if some want to use different
plates.

Added the diameters of the plate wells (Line: 88)

- Line 100:" lambda to bregma" is an expression which will be cryptic to many readers. This
would require either a picture, a reference or an explanation.

We have removed the expression “lambda to bregma” from the sentence (Line 101); we
instead now write that one should “remove the skull by running the scissors sagitally
along the midline”.
- Line 116 and later. "°C" is the usual abbreviation for Celsius degrees.
We have made this change throughout the manuscript
- Line 158: the flowthrough fraction probably contains an heterogenous cell population, not only
granule cells. Do the authors know whether it is better than a whole cerebellum suspension to
prepare a primary culture of granule cells?
We agree that it was a mistake to mention only granule neurons. The flow through
contains a mixed culture, mostly enriched with granular neurons and glial population. We
have corrected the text accordingly (Line 159-160).

- Line 183: is it required/useful to monitor cell dissociation under the microscope?

It is not required to monitor the cell dissociation under a microscope since even a few
residual clumps of cells do not interfere with the overall protocol.

- Line 185: one can conveniently buy disposable plastic transfer pipettes. Do the authors know
whether these can replace the modified glass pipettes?

Yes, for this step we can also use plastic transfer pipettes. This has been added Line: 184
- Line 192: does it make a visible difference to use different passages?

No, we don’t see any visible difference with passage number.

Reviewer #4:
We are pleased that this reviewer finds that “The work is very clearly written and concise. The
introduction very clearly explains why PROM1+ cells are of interest, and provides a good



rationale for using this method to purify them. The methods are clearly described. The figures
are excellent and helpful. I strongly feel that the work should be published”.

The reviewer has only one concern addressed below:

1. I note that there is no step to inactivate the papain after dissociation, or even to spin down to
remove the papain by dilution. Many protocols that use papain to dissociate brain cells call for
inactivation of papain with ovomucoid inhibitor, serum, or dilution. Is this an omission, or is no
inactivation removal of papain needed? With this question addressed, the work is ready for
publication and will be of interest to the readers of JOVE.

Thank you very much for recognizing this oversight. We have now mentioned the
washing step where we describe that the tissue is washed three times with 5ml of HBSS
solution. Remove last HBSS wash, and add 5ml of DPBS solution containing 250ul of
DNase to the tissue (Line: 120-1123).

Minor Concerns:
on line 91, O4 antibody is missing a source and catalog #

Thanks for correction. Added in table of materials.
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Title of Article:
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Author{s}:
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ltem 1: The Author elects to have the Materials be made available ({(as described at

http://www.jove.com/publish} via:

B‘Standard Access

[tem 2: Please select one of the following items:

DOpen Access

IE?he Author is NOT a United States government employee.

DThe 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,

DThe 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 VIDEQO 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
assaciated 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 Materiais 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
upan 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; "Parties” 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, incarporating all or any portion

of the Article, and in which the Author may or may not
appear.

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 loVE
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 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 Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Colective 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 faregoing 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 [tem 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, Retenticn 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 alt or part of the Article for the non-
commercial purpose of giving fectures, 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. Alt 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
Secetion 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has heen 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
capyrights, 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 alt 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 alt 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

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such 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. Protection of the Work, The Author(s) authorize
JoVE to take steps in the Author(s} name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author's Article
and/or Video.

9. Likeness, Privacy, Personality. The Author herehy
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,
10. 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 authars 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 rutes, 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.

11. 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 JoVvE
empioyees, agents or independent contractors is in
accordance with the refevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoOVE may, in its sole
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discretion, eiect not take any action with respect to the
Article until such time asit 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
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,

12, 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 violatien 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 Authar shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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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 expense. All indemnifications provided herein
shallinclude 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.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of 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 recejved.

14. 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 shalt 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 defivery of an original signed copy
of this Agreement.
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