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26 SUMMARY:
27  Here, we present a protocol for the reproducible generation of porcine testicular organoids with
28  testis specific tissue architecture using the commercially available microwell culture system.
29
30 ABSTRACT:
31 Organoids are three dimensional structures composed of multiple cell types that are capable of
32  recapitulating tissue architecture and functions of organs in vivo. Formation of organoids has
33  opened up different avenues of basic and translational research. In recent years, testicular
34  organoids have garnered interest in the field of male reproductive biology. Testicular organoids
35 allow for the study of cell-cell interactions, tissue development, and the germ cell niche
36 microenvironment and facilitate high throughput drug and toxicity screening. A method is
37 needed to reliably and reproducibly generate testicular organoids with testis specific tissue
38 architecture. The microwell culture system contains a dense array of pyramid-shaped microwells.
39 Testicular cells derived from pre-pubertal testes are centrifuged into these microwells and
40 cultured to generate testicular organoids with testis-specific tissue architecture and cell
41  associations. Thousands of homogeneous organoids can be generated via this process. The
42  protocol reported here will be of broad interest to researchers studying male reproduction.
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In recent years, there has been a resurgence of interest in three-dimensional (3D) organoids.
Different organs such as intestine!, stomach?, pancreas®*, liver>, and brain® have been
successfully derived into 3D organoid systems. These organoids have architectural and functional
similarities to the organs in vivo and are more biologically relevant for study of tissue
microenvironment than monolayer culture systems’. As a result, testicular organoids have
started to garner interest as well®12, The majority of methods reported so far are complex, non-
high throughput!® and require the addition of ECM proteins®1°, This complexity also leads to
issues with reproducibility. A simple and reproducible method is needed that allows for the
generation of testicular organoids with cell-associations that are like testis in vivo.

We have recently reported a system to address these requirements??. Using the pig as a model,
we employed a centrifugal forced aggregation approach in the microwell system. In the microwell
system, each well contains a large number of identical smaller microwells®3. This allows for the
generation of numerous spheroids of uniform size. The microwell system enabled generation of
large numbers of uniform organoids with a testis-specific architecture. The system is simple and
does not require addition of ECM proteins.

PROTOCOL:

NOTE: Testes from 1-week-old piglets were obtained from a commercial pig farm as by-product
from castration of commercial pigs. Sourcing of testes was approved by the Animal Care
Committee at the University of Calgary.

1. Preparation of enzyme solutions for tissue digestion

NOTE: Three different enzymatic solutions are needed, which include two different collagenase
IV solutions (solution A, B) and a deoxyribonuclease | (DNase I) solution.

1.1. To prepare solution A, dissolve 20 mg of collagenase IV S (Table of Materials) and 40 mg of
collagenase IV W (Table of Materials) in 25 mL of high glucose Dulbecco’s Modified Eagle’s
Medium (DMEM). Then filter sterilize with a 0.22 um filter. Add 0.4 mL of fetal bovine serum
(FBS) to solution A to inhibit trypsin activity.

1.2. To prepare solution B, dissolve 80 mg of collagenase IV W (Table of Materials) in 40 mL of
DMEM. Then filter sterilize with a 0.22 um filter.

1.3. To prepare DNase | solution (7 mg/mL), dissolve 70 mg of DNase | in 10 mL of DMEM. Then
filter sterilize with a 0.22 um filter.

NOTE: The enzyme concentration for collagenase IV solutions outlined here, varies from the
concentrations (2 mg/mL) stated in the original article!®. The current protocol yields cells with
slightly higher viability. However, cells isolated by both protocols produce organoids with
identical tissue architecture.
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2. Testis tissue enzymatic digestion

2.1. Collect the testes into a sterile beaker and wash with phosphate buffered saline (PBS)
containing 1% penicillin/streptomycin (P/S). After washing, transfer the testes to a 100 mm tissue
culture dish with PBS containing 1% P/S and remove the tunica vaginalis and epididymis using
autoclaved scissors and forceps. Transfer the isolated testes to a new 100 mm dish and wash
thoroughly with PBS containing 1% P/S.

2.2. To maintain sterility, use another set of sterile scissors and forceps to peel the testicular
parenchyma out of the tunica albuginea. Cut the testes along the longitudinal axis directly under
the tunica. Then peel the testes out of the tunica using two forceps and place into a new 100 mm
dish containing of 1 mL DMEM with 1% P/S.

2.3. Mince the peeled testes with sterile scissors into 1-2 mm tissue pieces. After chopping, use
sterile forceps to remove white fragments of connective tissue.

2.4. Transfer the minced tissue pieces into solution A and top it up to 50 mL with DMEM to obtain
a concentration of 0.4 mg/mL for collagenase IV S (Table of Materials) and a concentration of 0.8
mg/mL for collagenase IV W (Table of Materials). Place solution A containing the tissue pieces
into a 37 °C water bath for 30 min, gently invert the tubes every 5 min and check visually for the
release of DNA.

2.4.1. Add 500 pL of DNase | if free floating DNA is observed. After 30 min, centrifuge the tube at
90 x g with brakes at 25 °C for 1.5 min and discard the supernatant.

NOTE: DNA would appear as a cloudy substance. When the tubes are shaken, the tissue pieces
settle down whereas the DNA would stay afloat.

2.5. Add solution B to the tube and top up to 50 mL with DMEM to obtain a concentration of 1.2
mg/mL of collagenase IV W (Table of Materials). Place the tube into 37 °C water bath for 30 min
and gently invert the tube every 5 min. Add 500 pL of DNase | if free floating DNA is observed.

2.6. After 30 min, centrifuge the tube at 90 x g with brakes at 25 °C for 1.5 min. After that discard
the supernatant and wash once with PBS with 1% P/S.

NOTE: The discarded supernatants from both solution A and B will primarily contain interstitial
cells.

2.7. Top up the tube with PBS up to 50 mL. Carefully collect the tubules from the top and place
into a new 50 mL tube.

NOTE: The big undigested tissue fragments quickly settle at the bottom, while digested

seminiferous tubules will remain in suspension. No big tissue fragments should be collected. This
procedure can be repeated several times until the solution in the original tube is almost clear and

Page 2 of 6



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

just undigested tissue fragments are remaining, which can be disposed.

2.8. Centrifuge the tubules at 90 x g with brakes at 25 °C for 1.5 min and discard the supernatant.
Add fresh PBS and centrifuge again. Repeat this wash step twice.

2.9. After the last PBS wash, remove the supernatant and resuspend the seminiferous tubules in
5 mL of PBS. Then add 15 mL of 0.25% trypsin-ethylenediaminetetraacetic acid (EDTA) to the
tubules. Place the tube in 37 °C water bath and gently invert every 2 min. If a lot of free-floating
DNA is observed, add 500 uL of DNase | with 5 mL of DMEM.

2.10. Evaluate the enzymatic digestion of tubules to single cells under the microscope (first after
5 min, then every 2 min). If mostly single cells can be detected, stop the reaction with 5 mL of
FBS and filter through a 70 um mesh and then through a 40 um mesh.

NOTE: Care should be taken that the caps on the 50 mL tubes used for digestions (Solution A, B
and 0.25% trypsin-EDTA) are tightened properly. If contamination in the water bath is a concern,
paraffin film may be wrapped around the cap to ensure sterility.

2.11. Centrifuge the single cells at 500 x g with brakes at 25 °C for 5 min, resuspend in the
enrichment medium (Dulbecco Modified Eagle Medium F/12 (DMEM/F12) containing 5% FBS and
1% P/S) and count the number of viable cells. This is the starting cell population. Fix 100 x 103
cells and perform immunocytochemistry for germ cell marker UCHL1 (Ubiquitin C-Terminal
Hydrolase L1) as described?? and determine the percentage of germ cells in this starting cell
population.

NOTE: Germ cell marker Promyelocytic leukemia zinc finger protein (PLZF)*® could also be used
as a suitable alternative for UCHLL. In the starting cell population, the expected cell yield is
around 700-800 x 10°/g of tissue. The percentage of germ cells in this cell population should be
4-5%.

2.12. Place around 20 x 10° of this starting cell population in two ultra low attachment 100 mm
Petri dishes (10 x 10° cells suspended in 10 mL of DMEM/F12 containing 1% P/S in each dish) for
2 days in a tissue culture incubator (37 °C, 5% CO2, 21% oxygen). Perform the germ cell
enrichment with the remaining cells.

NOTE: To ensure optimum viability and cell quality, while the germ cell enrichment and
subsequent quantification takes place, the starting cell population is placed in culture in ultra low
attachment tissue culture dishes for 2 days.

3. Germ cell enrichment

NOTE: The procedure described above yields primarily Sertoli cells and germ cells. Different

adhesion properties allow for the separation of Sertoli cells and germ cells via differential plating.
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3.1. Seed 20-25 x 10° cells of the starting cell population per 100 mm tissue culture dish in a total
volume of 8 mL of enrichment medium (DMEM/F12 with 5% FBS and 1% P/S) for differential
plating. Place the cells into an incubator (37 °C, 5% CO,, 21% 0;) and after 1.5 h, ensure that the
majority of Sertoli cells attach to the plate.

3.2. Collect and combine the supernatant (mainly containing germ cells) of 2 plates to one new
100 mm plate and place it back into the incubator. After 1 h, again combine the supernatant of 2
plates to a new 100 mm plate. Place the plates back into the incubator for overnight.

NOTE: The supernatants combined will primarily contain germ cells. The adhered cells that are
discarded along with the plates are primarily testicular somatic cells such as Sertoli and
peritubular myoid cells.

3.3. Collect the enriched germ cells in two fractions as follows.

NOTE: Enriched germ cells adhere differently, non adherent fraction and slightly adhered
fraction. Both these fractions together form the enriched germ cell population

3.3.1. Non adherent fraction: collect the supernatant.

3.3.2. Slightly adherent fraction: wash the plates gently with PBS, treat with 2 mL of 1:20 dilution
of 0.25% trypsin-EDTA for 5 min at room temperature, stop the reaction with 2 mL of enrichment
medium and collect in the same tube as non adherent fraction.

NOTE: 0.25% Trypsin-EDTA needs to be diluted with PBS to produce a 1:20 trypsin solution.

3.4. Count the total number of cells using a cell counter, fix 100 x 103 cells and perform
immunocytochemistry for germ cell marker UCHL1 as described'? and determine the percentage
of germ cells in this enriched cell population.

NOTE: The percentage of germ cells in this cell population should be at least 60-70%. Since the
immunocytochemistry for quantification would require 1 day, the enriched cells should be placed
in an ultra low attachment 100 mm Petri dish with DMEM/F12 supplemented with 1% P/S for the
duration to ensure optimum cell quality and viability.

4. Preparation of cells for seeding
4.1. To harvest the starting cell preparation, collect the supernatant in a 50 mL tube from the
ultra low attachment 100 mm dishes. Wash the plates vigorously with PBS to collect the adhered

cells. No enzymatic digestion is needed.

NOTE: Some of the testicular cells, primarily Sertoli cells, can slightly adhere to the ultra low
attachment plates.
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4.2. Combine the starting cell preparation and enriched germ cells to obtain a working cell
preparation containing 25% germ cells. Centrifuge at 500 x g with brakes at 25 °C for 5 min,
discard the supernatant and resuspend the cells in organoid formation medium (DMEM/F12
supplemented with insulin 10 pg/mL, transferrin 5.5 pug/mL, selenium 6.7 ng/mL, 20 ng/mL
epidermal growth factor, 1% P/S). Adjust the cell density to 2.4 x 10° per mL.

NOTE: Each well in the microwell plates used*? in this protocol contained 1,200 microwells.
4.3. Use the formula below to calculate the number of cells per well as described below.

Number of cells per well = number of microwells x number of cells to be clustered for each
organoid.

4.4. To generate organoids from 1, 000 cells each, seed each with (1,200 x 1,000 cells each=) 1.2
x 10° cells. Adjust the cell density in the cell suspension in a way that the cells are seeded in a
volume of 0.5 mL of medium. For organoids formed from 1,000 cells each, use a density of 2.4 x
106 cells per mL (1.2 x 10° cells in 0.5 mL).

5. Preparation of microwells to receive cells

NOTE: To ensure that the cells do not adhere to the microwell surface, treat with a surfactant
rinsing solution that is available for purchase by the manufacturer.

5.1. Add 0.5 mL of rinsing solution to each well. Ensure that no air bubbles are trapped in the
well. To remove air bubbles, if any, centrifuge the plate at 2,000 x g with brakes at 25 °C for 2
min.

5.2. Observe the plate under a low-magnification inverted microscope, to verify that the bubbles
have been removed from the microwells. If trapped bubbles are observed, centrifuge again at
2,000 x g with brakes at 25 °C for 2 min to remove any remaining bubbles.

5.3. Cover the plate with the lid and incubate for 30 min at room temperature. After the
treatment is complete, remove the rinsing solution and immediately wash the plate with sterile
water or PBS. Ensure that the plate do not dry out after the treatment with the rinsing solution.

6. Generation of testicular organoids

6.1. Add 0.5 mL of organoid formation medium (without any cells) to each well and centrifuge at
2,000 x g with brakes at 25 °C for 2 min to remove any trapped air bubbles. Observe the well
under a low-magnification inverted microscope to verify that the air bubbles have been removed.
If trapped bubbles are observed, centrifuge again at 2,000 x g with brakes at 25 °C for 2 min to
remove any remaining bubbles.

6.2. Add 0.5 mL of the working cell suspension and gently mix by pipetting up and down.
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Centrifuge at 500 x g with brakes at 25 °C for 5 min. Use an inverted microscope to verify that
the cells have clustered within the microwells.

6.3. Transfer the plate into a cell culture incubator and culture for 5 days. Change half of the
medium every other day.

6.3.1. To change medium without losing any organoids, touch the pipette tip to the wall of the
well and lower gently to touch the meniscus and slowly draw the medium. Make sure to follow
the meniscus as it drops down. To add fresh medium, touch the pipette tip to the wall of the well
on the same side as the medium withdrawal and add fresh medium gently against the well wall,
allowing it to slowly flow down the wall.

6.4. To recover the organoids, gently pipette the medium up and down using a wide mouth
pipette. This would allow the organoids to come out of the microwells.

6.5. Collect the organoids, wash with PBS, fix and perform immunocytochemistry for germ cell
marker (UCH-L1), Sertoli cell marker (GATA Binding Protein 4-GATA4), peritubular myoid cell
marker (a-Smooth Muscle Actin-aSMA) and Leydig cell marker (Cytochrome P450-CYP450) as
described!? and visualize under a confocal microscope.

REPRESENTATIVE RESULTS:

Isolated cells from 1-week old porcine testes that were cultured in the microwells self-organized
into spheroids (Figure 1A, Figure 2), with delineated and distinct exterior (seminiferous
epithelium) and interior compartments (interstitium) (Figure 1B, Figure 2). The two
compartments were separated by a collagen IV basement membrane. UCH-L1*'¢ germ cells
and GATA4*¢ Sertoli cells were in the exterior compartment on the basement membrane
(Figure 1B, Figure 2). a-SMA*'¢ peritubular myoid cells were localized along the inside of the
basement membrane while Cytochrome P450*'¢Leydig cells were in the center of the interstitium
(Figure 1B, Figure 2). This structure (Figure 2) is similar to in situ conditions (Figure 1C), where
Leydig cells, peritubular myoid cells are located in the interstitium in the interstitial
compartment; and germ cells, Sertoli cells are located at the seminiferous epithelium.

FIGURE AND TABLE LEGENDS:

Figure 1: Microwell-derived testicular organoids exhibit testis-specific tissue architecture with
an inverted topography. (A) Porcine testicular cells at 0, 3, and 5 days of microwell culture. (B)
Immunofluorescence images of testicular organoids identifying specific cell types: Sertoli cells
(GATAA4), basement membrane (Collagen 1V); germ cells (UCH-L1); peritubular myoid cells (a-
SMA); Leydig cells (CYP450). (C) Histological appearance (H&E) and schematic representation of
1-week-old pig testis. Specific cell types are indicated with corresponding arrows. Scale bars = 50
um. This figure has been modified from Sakib et al.*2.

Figure 2: Schematic representation of organoid formation. Isolated single testicular cells are

seeded and cultured in the microwells for 5 days to produce testicular organoids. This figure has
been modified from Sakib et al.*2.
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DISCUSSION:

We have established a simple method that allows the consistent, repeatable generation of large
numbers of testicular organoids with tissue architecture that is similar to testis in vivo'2. While
the approach was developed using porcine testis cells, it is more broadly applicable also to
mouse, non-human primate and human testis'>. A number of different methods have been
reported for producing testicular organoids®!!. Baert et al. generated human testicular organoids
from adult and pre-pubertal samples by culturing testicular cells with extra cellular matrix (ECM)
obtained by decellularization of adult human testes®!. Although this model did not have distinct
testicular morphology, organoids could secrete testosterone and cytokines!!. Another human
organoid model was reported by Pendergraft et al. using a hanging drop culture method that
utilized solubilized testicular ECM proteins and organoids could produce testosterone®. Alves-
Lopes et al. used a unique three-layer basement membrane matrix (e.g., Matrigel) gradient
system to generate testicular organoids from rats®. The cells in this system generated tubular
structures that had a blood testes barrier. The germ cells in these tubule-like structures were also
responsive to retinoic acid stimulation®. All these methods are somewhat complex and
challenging to use for high throughput assays. In contrast, the microwell system is simple,
reproducible, can generate organotypic testicular organoids and can be used for high throughput
drug and toxicity assays.

Although in the method outlined here we have used a cell density 1,000 cells/microwell (1,000
cells/organoid), this method can be used to generate organoids with as little as 125
cells/microwell?, This can be of particular use when experimenting with limited samples.

If the plate is not correctly balanced during centrifugation, uneven distribution of the cells may
cause generation of organoids with variable size and shape. Care should be taken to balance the
microwell plate properly. Once the cells have been seeded, attention should be paid to handling
the plate during media changes. Shaking the plate too much when taking it out of the incubator
or creating turbulence during media changes can cause some of the organoids to come out of
the microwells and fuse with others?3,

The mammalian germ cell niche is complex and multicellular. The different cells in the testis such
as Sertoli cells, peritubular myoid cells, Leydig cells all contribute to germ cell maintenance and
fate!®!’, Our organoid system can be used to manipulate different signaling pathways in specific
cell types. A gene of interest can be up or downregulated in germ cells or other testicular somatic
cells such as peritubular myoid cells, Sertoli cells. These modified cells can be then be combined
with other testicular cells to generate modified testicular organoids, which can then be used to
study the effects of the editing on ECM deposition, morphogenesis, cell-cell signaling, and
spermatogenesis. Such modifications can also be performed to generate specific disease
phenotypes for drug screenings. Compared to other methods for generation of spheroidal
organoids such as culture in hanging drops or ultra low attachment U-bottom plates?, using the
microwell system has allowed for a testicular organoid model that is more accessible and allows
for modifications. For example, germ cells may be genetically modified or treated with
experimental factors and placed on a premade wild type organoid by simple centrifugation and
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observed for downstream effects.
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Table of Materials

Name of Material/Equipment
100 mm ultra low attachment tissue culture dish
100 mm tissue culture dish
Aggrwell 400
Anti-Adherence Rinsing Solution
Collagenase type IV from Clostridium histolyticum
Collagenase type IV Worthington
Deoxyribonuclease | from bovine pancreas
Dulbecco’s Modified Eagle’s Medium/F12

Dulbecco’s Modified Eagle’s Medium - high glucose
Dulbecco’s Phosphate Buffered Saline

Epidermal Growth Factor

Falcon Cell Strainers 70 um

Falcon Cell Strainers 40 um

Fetal Bovine Serum

Insulin-Transferrin-Selenium
Penicillin-Streptomycin

Porcine testicular tissue

Steriflip-GP Sterile Centrifuge Tube Top Filter Unit
Trypsin-EDTA
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Generation of porcine testicular organoids with testis specific
architecture using microwell culture

Author(s):

Sadman Sakib, Yang Yu, Anna Voigt, Mark Ungrin, Ina Dobrinski

ltem 1: The Author elects to have the Materials be made available (as described at

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

Standard Access

Item 2: Please select one of the following items:

D Open Access

The 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 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; “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, incorporating 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 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 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 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

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 JoOVE 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 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.
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 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.

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 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
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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
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 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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
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.

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 received.

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 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 is required per submission.

CORRESPONDING AUTHOR
Name:
Ina Dobrinski
Department:
Comparative Biology and Experimental Medicine
Institution: Faculty of Veterinary Medicine, University of Clagary
Title:
Professor
Signature: C\/m Dsbronafe Date: 5-30-2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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q.

Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please retain the same.

Response: The formatting was not changed.

2. Please address specific comments marked in the manuscript.

Response: All comments have been addressed. Responses to specific comments are included in the
manuscript.
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Permissions

Author Reuse and Self-
Archiving

Enter your email address
Author Reuse and Self-Archiving

As an author of an Oxford University Press title, published by our Academic, Trade,

Sign Up for Email

Reference, Science and/or Medical books groups, there are certain rights granted to you in Connect with OUP

the area of Reuse and Self Archiving. This policy sets out the way in which you, as authors

of these titles, may reuse pre and post publication versions of your work for your own —_
se titles, m: e and p | r you )

teaching, publishing and self-archiving purposes, without the need to obtain written Y

permission from OUP.

Scope of the policy
The specific parameters set out in this policy relate to the following Global Academic
Business (GAB) book publishing groups in the UK, US, India and Canada ONLY:
Academic
Trade
Science
Medical
Reference
This does not cover authors of titles published by the following GAB publishing groups:
Higher Education
Law
Education - Schools/K-12 (Canada), or
ELT (Canada)

Requests from these areas will continue to be handled on a case-by-case basis by the
book'’s editor.

If you are unsure about which division or publishing group is responsible for publishing
your title, please contact your Commissioning/Acquiring Editor.

Authors wishing to reuse work that they have published with English Language Teaching
(ELT) or Oxford Educational (OE) divisions must contact the respective rights teams
directly in order to request permission.

ELT
OXED

Our Journals publishing group has its own author reuse guidelines which may be found on
the homepage of each journal.

Rights Granted

Prior to publication

Prior to publication, you retain the right to make a maximum of one chapter (or article
where appropriate) of the original pre-copyedited version of your work available on the
following, where necessary:

your personal website
the website of your employer and/or

in pre-print servers (i.e. free public servers of original version articles or other content in
your subject area)

This is permitted provided that you acknowledge that the content has been accepted for
publication by including an acknowledgement as follows:

https://global.oup.com/academic/rights/permissions/autperm/?cc=ca&lang=en& 1/3
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This is a draft of a chapter/article that has been accepted for publication by Oxford
University Press in the forthcoming book [title] by/edited by (Author/editor) due for
publication in [year].

After publication Oxford would also ask that you update this record to ensure that the
details are accurate, and if possible include links to the OUP catalogue and webpage.

After publication

After publication you may reuse the following portions of your content without obtaining
formal permission for the activities expressly listed below:

one chapter or up to 10% of the total of your single author or co-authored book,

a maximum of one chapter/article from your contribution to an edited book or collection
(e.g. Oxford Handbooks),

a maximum of one chapter/article of your contribution to an online only, or digital
original publication, or

three figures/illustrations/tables of your own original work
OUP is pleased to grant this permission for the following uses:

posting on your own personal website or in an institutional or subject based repository
after a 12 month period for Science and Medical titles and a 24 month period for
Academic, Trade and Reference titles;

inclusion in scholarly, not-for-profit derivative reuses, (these can include the extension of
your contribution to a book-length work, or inclusion in an edited collection of your own
work, or any work of which you are an author or editor);

reproduction within coursepacks or e-coursepacks for your own teaching purposes, (with
the proviso that the coursepacks are not sold for more than the cost of reproduction);

inclusion within your thesis or dissertation.
Permission for these reuses is granted on the following conditions:

that the material you wish to reuse is your own work and has already been published by
OuP;

that the intended reuse is for scholarly purposes, for publication by a not-for-profit
publisher;

that full acknowledgement is made of the original publication stating the specific material
reused [pages, figure numbers, etc.], [Title] by/edited by [Author/editor], [year of
publication], reproduced by permission of Oxford University Press [link to OUP catalogue
if available, or OUP website];

In the case of joint-authored works, it is the responsibility of the authors to obtain
permission from co-authors for the work to be reuse/republished.

that reuse on personal websites and institutional or subject based repositories includes a
link to the work as published in an OUP online product (e.g. Oxford Scholarship Online),
and/or or to the OUP online catalogue entry; and that the material is not distributed
under any kind of Open Access style licences (e.g. Creative Commons) which may affect
the Licence between yourself and OUP.

This policy does not cover my intended reuse

If this policy does not cover your intended reuse, either because your material is not
published by the subject groups listed above, or falls outside the specific parameters set
out here, this does not automatically mean that you will be unable to obtain permission.
For all uses not described here, permission may be sought by contacting your
Commissioning/Acquiring Editor or by submitting a request via www.plsclear.com—further
details can be found here.

We will aim to process your request within 7-10 working days.

FAQ for authors:
Why do I need permission to reuse my own writing?

Our publishing agreement with you enables OUP to make many investments in your work,
including editorial review, copyediting, typesetting, design, printing, coding for electronic

publication, marketing, distribution, and securing copyright against piracy and plagiarism.
Reuse permission protects these investments.

Because I am using less than 10% of my chapter or book, I do not need formal
written permission. How should I word the credit?

https://global.oup.com/academic/rights/permissions/autperm/?cc=ca&lang=en&
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We ask that you include this wording: "This material was originally published in [Title] by /
edited by [Author / Editor], and has been reproduced by permission of Oxford University

Press [link to book within an OUP online product and/or http://global.oup.com/academic].
For permission to reuse this material, please visit http://global.oup.com/academic/rights."

I am planning to use a portion of my OUP publication in my thesis or dissertation.
Will I be given permission to do so?

Yes. We would appreciate you letting your OUP editor know.

I am planning to use a portion of my OUP publication in a future book. Will I be
given permission to do so?

Generally speaking, yes, permission will be granted without charge. We ask that you
request formal permission via www.plsclear.com—further details can be found here.

I retained the copyright to my work when I negotiated my contract with OUP. Do
I still need to request permission to reuse my content outside of the conditions
set forth above?

Your contract grants OUP the exclusive rights to publish your work. This is independent of
who holds copyright and so permission to reuse material may be required regardless of
whether you retained copyright.

May I have a .pdf of my book or my chapter?

As a means of protecting against piracy, it is not OUP's policy to send out .pdfs of books or
chapters except in extraordinary circumstances.
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