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Spermatozoa are formed in the testis but must transit through the epididymis
to acquire motility and the ability to fertilize. The epididymis is a single con-
voluted tubule comprising several anatomically and physiologically distinct re-
gions. The pseudostratified epithelium consists of multiple cell types, including
principal cells, clear cells, narrow cells, and apical cells, that line the lumen of
the epididymis. Basal cells are present at the base of the epithelium, and halo
cells, which includes macrophages/monocytes, mononuclear phagocytes, and
T lymphocytes, are also present in the epithelium. Several aspects of this com-
plex spermatozoan maturation process are well established, but a great deal
remains poorly understood. Given that dysfunction of the epididymis has been
associated with male infertility, in vitro tools to study epididymal function and
epididymal sperm maturation are required. Our lab and others have previously
developed human, rat, and mouse epithelial principal cell lines, which have
been used to address certain questions, such as about the regulation of junc-
tional proteins in the epididymis, as well as the toxicity of nonylphenols. Given
that the epididymal epithelium comprises multiple cell types, however, a 3D in
vitro model provides a more comprehensive and realistic tool that can be used to
study and elucidate the multiple aspects of epididymal function. The purpose of
this article is to provide detailed information regarding the preparation, mainte-
nance, passaging, and immunofluorescent staining of rat epididymal organoids
derived from adult basal cells, which we have demonstrated to be a type of
adult stem cell in the rat epididymis. © 2024 The Authors. Current Protocols
published by Wiley Periodicals LLC.
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INTRODUCTION

While spermatozoa are formed in the epithelium of the seminiferous tubules of the testis,
they lack motility and the ability to fertilize (Bedford et al., 1973; Orgebin-Crist, 1968;
Robaire et al., 2015; Turner, 2002 2008). These functions are acquired as spermatozoa
transit through the lumen of the epididymis via a process referred to as sperm maturation.
Although this process is complex and remains poorly understood, several aspects of the
maturation process are well established (Cornwall, 2009; Robaire et al., 2015; Turner,
1995, 2008). These include secretion of proteins by epididymal principal cells that bind
to maturing sperm; apocrine secretion of exosomes, known as epididymosomes, which
transport cargo to sperm; and variations in pH levels along the epididymis (Barrachina
et al., 2022; Breton & Brown, 2013; Breton et al., 1996; Sharma et al., 2016; Sullivan,
2015). The blood-epididymis barrier (BEB), created by tight junctional complexes be-
tween cells of the epididymal epithelium, plays a central role in creating the luminal en-
vironment that is necessary to promote sperm maturation (Agarwal & Hoffer, 1989; Cyr
et al., 2018; Dube & Cyr, 2012; Franca et al., 2012; Mital et al., 2011). It has been shown
that dysfunction of the epididymis is associated with infertility (Dube et al., 2008; Dube,
Dufresne, et al., 2010; Dube, Hermo, et al., 2010). Gene expression data have shown
altered gene expression in epididymides of infertile men with either non-obstructive or
obstructive azoospermia (Dube et al., 2008; Dube, Hermo, et al., 2010). Hence, the main-
tenance of a normal epididymal epithelium is requisite for sperm maturation.

The epididymis is composed of a single convoluted tubule that is divided into four major
regions in most species (Jelinsky et al., 2007; Robaire & Hermo, 1988; Robaire et al.,
2015). These include the initial segment, the caput, and the corpus and cauda regions
(Robaire & Hermo, 1988; Turner et al., 2003). Each of these regions is both anatomi-
cally and physiologically distinct. The epithelium is pseudostratified and is composed of
multiple cell types (Fig. 1) (Hermo et al., 1992; Sullivan et al., 2019; Sun & Flickinger,
1980). These include principal cells, clear cells, and apical cells that line the lumen of the

Figure 1 Schematic diagram of the rodent epididymis, illustrating the main cell types within the
epididymal epithelium. Figure was prepared using BioRender software.
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epididymis, as well as narrow cells that are present in the initial segment only (Adamali
& Hermo, 1996; Robaire et al., 2015). Basal cells are present at the base of the epithe-
lium, and halo cells, which include macrophages/monocytes, mononuclear phagocytes,
and T lymphocytes, are also present in the epithelium (Fig. 1) (Battistone et al., 2023;
Battistone et al., 2020; Breton et al., 2019; Robaire et al., 2015; Shum et al., 2013; Voisin
et al., 2020).

Our lab and others have developed human (Dube, Dufresne, et al., 2010; Dube, Hermo,
et al., 2010), rat (Dufresne et al., 2005), and mouse (Araki et al., 2002; Sipila et al.,
2004) epithelial principal cell lines, which have been used to address certain questions,
such as about the regulation of junctional proteins in the epididymis (Adam & Cyr, 2016;
Dufresne & Cyr, 2007; Gregory & Cyr, 2019), as well as the toxicity of nonylphenols
(Jones & Cyr, 2011). Given that the epididymal epithelium consists of multiple cell types,
however, a 3D in vitro model provides a more comprehensive and realistic tool that can
be used to study and elucidate the multiple aspects of epididymal function.

In order to fully understand the role and functions of basal cells within the epididymal
epithelium and their contributions to the maturation of spermatozoa, we have developed
protocols to isolate basal cells from the rat epididymis (Mandon et al., 2015). Using a
variety of cellular and molecular markers, we showed that we could isolate basal cells
from the rat epididymis using magnetic bead separation and anti-CD49f antibody. We
were able to consistently achieve >90% purity in our preparations (Mandon et al., 2015).
We subsequently developed an in vitro 3D organoid culture protocol for these isolated
basal cells, which could then be differentiated into other epididymal cell types (Pinel &
Cyr, 2021).

The development of basal cell–derived organoids represents a major advance in our un-
derstanding of epididymal function and provides a unique model to understand the regu-
lation of epididymal function (Cyr & Pinel, 2022). The following protocols describe the
isolation of rat epididymal basal cells (Basic Protocols 1 and 2) and the 3D cell culture
for the formation and differentiation of basal cell organoids (Basic Protocol 3), as well
as the passaging (Basic Protocol 4), freezing (Basic Protocol 5), and immunofluorescent
staining (Basic Protocol 6) of these organoids.

NOTE: All protocols involving animals must be reviewed and approved by the appropri-
ate Animal Care and Use Committee and must follow regulations for the care and use of
laboratory animals.

NOTE: All steps should be done under aseptic conditions, such as in a laminar flow hood,
unless indicated otherwise.

BASIC
PROTOCOL 1

ISOLATION OF EPIDIDYMAL CELLS

This protocol produces a cell suspension containing all epididymal cell types. Epi-
didymides from adult rats are harvested, cleaned, cut into fragments, and digested with
collagenase type I. The cells obtained after digestion are dissociated with trypsin, and
aggregates are removed with cell strainers. At the end of the protocol, we expect to ob-
tain a total of 10 to 25 million cells (per four adult rats) that contain mostly the prin-
cipal cells of the epididymis but also the basal cells, which can be isolated with Basic
Protocol 2.

Materials

Sprague-Dawley rats, 48 days old (n = 4; Charles River Laboratories)
DMEM/Ham F12 supplemented with penicillin-streptomycin (50 U/ml and

50 μg/ml; MilliporeSigma, cat. no. D6421 and P0781), 37°C Dufresne et al.
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Digestion medium: DMEM/Ham F12 supplemented with penicillin-streptomycin
(50 U/ml and 50 μg/ml; MilliporeSigma, cat. no. D6421 and P0781) and
collagenase Type I (2 mg/ml; Gibco/Thermo Fisher Scientific/Life Technologies,
cat. no. 17100017; add collagenase fresh on day of experiment), 37°C

1× trypsin-EDTA (Gibco/Thermo Fisher Scientific, cat. no. 15400054)
DMEM/Ham F12 supplemented with penicillin-streptomycin (50 U/ml and

50 μg/ml) and 5% (v/v) fetal bovine serum (FBS; Corning, cat. no. 35-077-CV),
37°C

Trypan blue solution (Gibco/Thermo Fisher Scientific, cat. no. 15250061)

Surgical instruments (blunt-tip fine tweezers, small fine-point scissors, and
scalpel), sterile

50-ml conical tubes, sterile
100-mm Petri dishes, sterile
125-ml Erlenmeyer flasks, sterile
Aluminum foil
Parafilm
37°C shaking water bath
10-ml pipets, sterile
Refrigerated centrifuge, 4°C
100-, 70-, and 40-μm nylon mesh cell strainer filters, sterile (Falcon, cat. no.

C352360, C352350, and C352340)
Hemocytometer (Sigma-Aldrich, Z359629, or similar)
Tissue culture microscope

Additional reagents or equipment for rat euthanasia

1. Euthanize Sprague-Dawley rats as per institutionally approved protocols.

2. Perform initial dissection of the testis and attached epididymis using sterile surgical
instruments (blunt-tip fine tweezers, small fine-point scissors, and scalpel). Place
the tissues immediately into a 50-ml conical tube containing pre-warmed (37°C)
DMEM/Ham F12 supplemented with penicillin-streptomycin, until all of the ani-
mals have been dissected.

The initial dissection of both the testis and the attached epididymis from the body cavity
should be done under aseptic conditions in the animal facility. The epididymis is sur-
rounded by fatty tissue, so gently lifting the testis and epididymis from the body cavity
will permit visualization of the beginning and end of the epididymis (within the fat pad).

We usually place the testes and epididymides from two rats into one tube (i.e., four testes
and epididymides). The tubes containing the tissues can then be transported to the lami-
nar flow hood/lab for further dissection (step 3).

3. Under aseptic conditions in a laminar flow hood, transfer the tissue and a small vol-
ume of the pre-warmed (37°C) medium into a 100-mm Petri dish. Dissect the epi-
didymis away from the testis by first grasping the tissue, using blunt-tip fine tweez-
ers, at the junction between the testis and the epididymis and then cutting away the
epididymis from the testis using small fine-point scissors or a scalpel.

4. Trim the fatty tissue away from the epididymis using a sterile scalpel blade, care-
fully following the epididymis along its length until all of the surrounding fatty and
connective tissue has been cut away. Cut the tissue into small fragments (∼1 mm3).

5. Transfer the tissue fragments into a sterile 125-ml Erlenmeyer flask (tissue from two
animals per flask) containing 25 ml pre-warmed (37°C) digestion medium. Cover
with aluminum foil and Parafilm to keep sterile and incubate for 50 min at 37°C in a
shaking water bath. Then, remove from water bath and return to laminar flow hood.
Using a sterile 10-ml pipet, dissociate the tissue by mixing the solution up and downDufresne et al.

4 of 23

Current Protocols

 26911299, 2024, 1, D
ow

nloaded from
 https://currentprotocols.onlinelibrary.w

iley.com
/doi/10.1002/cpz1.975 by C

ochrane C
anada Provision, W

iley O
nline L

ibrary on [04/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5 to 6 times. Allow the tissue to sediment for 10 min, remove 10 ml medium using
a sterile 10-ml pipet, and add an equal volume (∼10 ml) of fresh digestion medium
with a new sterile 10-ml pipet. Once again, cover the flask with the Parafilm and
aluminum foil.

Tilting the flask to one side by placing one edge onto the edge of a Petri dish cover or
similar helps to sediment the tissue fragments to one side of the solution.

6. Return flasks to water bath and incubate an additional 50 min at 37°C with agitation.

7. Remove the flasks from the water bath and return to the laminar flow hood. Once
again (as in step 5), mix the cells by gently pipetting the cell solution up and down
using a sterile 10-ml pipet. Allow the cells to sediment at the bottom of the flask for
10 min.

8. Remove as much of the medium as possible (∼23 ml of 25 ml) without aspirating
the cells.

9. Add fresh digestion medium (10 to 15 ml), mix by swirling the flask gently, allow
the cells to sediment to the bottom of the flask for 10 min, and then remove excess
medium (only 2 to 3 ml medium should remain).

10. Add 10 ml of 1× trypsin-EDTA and incubate for 10 min at 37°C using a shaking
water bath. Dissociate the cells by gently pipetting up and down using a sterile 10-ml
pipet.

11. Add 10 ml pre-warmed (37°C) DMEM/Ham F12 supplemented with penicillin-
streptomycin and 5% FBS to inhibit the trypsin activity.

12. Transfer the cell suspension from each flask into a 50-ml conical tube and collect
the cells by centrifugation for 5 min at 100 × g, 4°C.

13. Return the tubes to the laminar flow hood. Carefully remove the supernatant using a
sterile 10-ml pipet and resuspend the cells in 10 ml pre-warmed (37°C) DMEM/Ham
F12 supplemented with penicillin-streptomycin and 5% FBS.

14. Filter the cells by successively passing them through 100-, 70-, and 40-μm nylon
mesh cell strainer filters and collect the cells each time in a 50-ml conical tube. Pool
the suspensions into one tube.

15. Remove a 10-μl aliquot of cells from the cell suspension and dilute 1:1 with trypan
blue solution. Count the cells using a hemocytometer and a tissue culture micro-
scope.

There should be a total of 10–25 × 106 cells (of all rat epididymal cell types) for four
adult rats.

BASIC
PROTOCOL 2

MAGNETIC ACTIVATED CELL SORTING AND ISOLATION OF BASAL
CELLS

This protocol uses the total cell suspension from the Basic Protocol 1 and yields two
cell suspensions: one containing primarily basal cells of the epididymis and the second
containing all other epididymal cell types. The isolation of basal cells is accomplished
by incubating the total cell suspension with a mouse anti-CD49f antibody, a basal cell
membrane marker, followed by incubation with anti-mouse IgG microbeads. The basal
cells are then isolated by magnetic cell sorting.

Materials

Total cell suspension from Basic Protocol 1
Magnetic activated cell sorting (MACS) buffer (see recipe), 4°C Dufresne et al.
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Anti-CD49f monoclonal antibody (Bio-Rad, cat. no. MCA2034; RRID
AB_2128298)

Anti-mouse IgG microbeads (Miltenyi Biotec; cat. no. 130-048-401 or
130-048-402)

Refrigerated centrifuge, 4°C
MACS Cell Separation MS Columns (Miltenyi Biotec, cat. no. 130-042-201)
Magnetic column stand (Miltenyi Biotec, cat. no. 130-042-303)
15-ml conical tubes, sterile

Additional reagents and equipment for cell counting (see Basic Protocol 1)

NOTE: All steps listed below should be done on ice unless indicated otherwise.

1. Centrifuge the total cell suspension from Basic Protocol 1 for 5 min at 300 × g, 4°C.

2. Following centrifugation, return the tube to the laminar flow hood and remove the
medium by partially inverting the tube to pour off the supernatant, being careful not
to dislodge the cell pellet.

3. Resuspend the cell pellet in cold MACS buffer and place the tube on ice.

The MACS buffer volume depends on the number of cells. We estimate 25% of basal target
cells in the cell suspension. Add 500 μl cold MACS buffer for 1 × 106 target cells. We
usually add 2.0 ml cold MACS buffer.

4. Incubate the cells with anti-CD49f monoclonal antibody (1 μg/106 target cells) in
cold MACS buffer on ice for 20 min with gentle shaking every 5 min by tapping the
tube.

5. Wash the cells in 2 ml cold MACS buffer and centrifuge for 10 min at 300 × g, 4°C.
Carefully decant the supernatant.

6. Repeat the wash and centrifugation from step 5 twice more, for a total of three
washes and centrifugations.

7. Decant the supernatant and resuspend the cell pellet in 80 μl cold MACS buffer per
107 cells.

8. Add 20 μl anti-mouse IgG microbeads and mix gently by tapping the tube. Incubate
the cells for 15 min on ice, mixing gently by tapping the bottom of the tube every
5 min.

Do not vortex beads.

9. Wash cells in 2 ml cold MACS buffer and centrifuge for 10 min at 300 × g, 4°C.
Repeat twice more as in step 6.

10. After the third wash and centrifugation, resuspend the cell pellet in 1 ml cold MACS
buffer and place the tube on ice.

11. Place the MACS Cell Separation MS Columns in a magnetic column stand. Equi-
librate the columns by washing with 500 μl cold MACS buffer (this can be done
during the last centrifugation step in step 9).

12. Apply the cell suspension to a column. Collect the cells in a 15-ml conical tube.

Do not exceed 107 cells per column. If there are >107 cells, divide the cell suspension in
half and apply to two columns for the cell separation.

The cells that are eluted at this step are not bound to antibody and are considered to be
the negative fraction.

13. Rinse the column with 500 μl cold MACS buffer and discard the rinse buffer.Dufresne et al.
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14. Remove the column from the magnetic stand and place a fresh 15-ml conical tube
beneath the column. Apply 1 ml cold MACS buffer to the column and insert the
piston (of the column) into the column. Gently apply pressure for ∼20 s to elute the
cells.

These cells are bound to antibody and are considered as the positive fraction.

15. Place the cell suspension on a second equilibrated column and repeat step 14 to
purify the cell fraction a second time.

16. Following magnetic separation, count an aliquot of cells from both the positive and
negative fractions (as in Basic Protocol 1, step 15).

BASIC
PROTOCOL 3

PREPARATION AND CULTURE OF EPIDIDYMAL BASAL CELL
ORGANOIDS

This protocol describes the 3D culture of basal cells from Basic Protocol 2 in drops com-
posed of 1:1 Advanced DMEM/F12/Matrigel. The use of Matrigel favors 3D culture and
reproduces the extracellular matrix, and a specific medium composed of several growth
supplements promotes the formation and growth of organoids. Organoids appear after 3
to 4 days of culture, and their size and number can be used as a rapid means of monitoring
growth.

Materials

Cell suspensions (positive basal cell and negative non-basal cell fractions) from
Basic Protocol 2

Advanced DMEM/F12 (Gibco/Thermo Fisher, cat. no. 12634010), 4°C
Matrigel, growth factor reduced, phenol-red free (Corning, cat. no. 356231), 4°C
Complete basal cell organoid culture medium (Advanced DMEM/F12 containing

supplements; see recipe), 32°C

15-ml conical tubes, sterile
Refrigerated centrifuge, 4°C
Filtered pipet tips, sterile, 4°C
24-well plates or 8-chamber slides (Nunc Lab-Tek II, Corning, cat. no. 154534),

37°C
37°C, 5% CO2 and 32°C, 5% CO2 cell culture incubators
Light microscope and/or Cytation 5 Imaging Multi-Mode Reader (BioTek)

1. After determining the cell concentration in Basic Protocol 2, step 16, take the re-
quired volumes of the cell suspensions (positive basal cell and negative non-basal
cell fractions) from Basic Protocol 2 to prepare the desired numbers of drops. Trans-
fer the cells into 15-ml conical tubes.

We usually prepare 50-μl drops of 25,000 cells in 1:1 Advanced DMEM/F12/Matrigel
(see step 4).

2. Centrifuge the cell suspensions for 5 min at 300 × g, 4°C.

3. Carefully remove most of the supernatant without disturbing the cell pellets.

4. Resuspend the cells in cold Advanced DMEM/F12 (without any supplements) using
a volume of medium appropriate to achieve twice the desired concentration.

5. Add the equivalent volume of cold Matrigel to the medium using cold filtered pipet
tips. Keeping the tube on ice, mix by pipetting up and down several times.

6. From this ice-cold mixture, using cold filtered pipet tips, take 50-μl aliquots to form
a 50-μl drop in the center of the wells of either a pre-warmed (37°C) 24-well plate or Dufresne et al.
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Figure 2 Photographs of typical basal cell–derived organoids after 24 hr and 9 days of culture.
Magnification is 4×; typical organoids range from 40 to 80 μm but may grow to >150 μm. Upper
panels show a typical view of basal cell organoids from the positive (F+) fraction; lower panels
show the cells from the negative (F-) fraction. Scale bar is 100 μm.

8-chamber slide at room temperature. Repeat until the total number of drops desired
has been plated.

7. When all drops are done, wait until the drops have solidified (∼10 min), place the
lid or cover on the plate or chamber slide, and rapidly flip the plate or chamber slide
upside down.

Note that this must be done carefully but quickly to prevent the cells from sinking due to
gravity and sticking to the bottom of the plate or slide.

8. Incubate the inverted plate or slide for 30 min at 37°C, 5% CO2, in a cell culture
incubator.

9. Following this initial incubation, remove the plate or slide from the incubator and
add pre-warmed complete basal cell organoid culture medium (32°C), with 500 μl
per well for a 24-well plate and 250 μl per chamber for an 8-chamber slide.

Do not add the medium directly to the drop, but rather add to the corner of the well or
slide chamber, and avoid dispensing directly onto the cell drop.

10. Culture at 32°C and 5% CO2 in a cell culture incubator and monitor daily. After 2 to
3 days, remove half of the medium and replace with fresh complete medium. Repeat
this process every 2 to 3 days.

Add fresh medium dropwise to the corner or edge of the well or slide chamber and do not
add directly to the drop.

11. Assess the formation and number of organoids over time by microscopy using a light
microscope and/or Cytation 5 Imaging Multi-Mode Reader.

Using the latter microscopy system, defined coordinates of individual organoids are mon-
itored and tracked.

Figure 2 shows organoids from positive (F+; upper panels) and negative (F-; lower
panels) fractions after 24 hr and 9 days of culture.Dufresne et al.
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BASIC
PROTOCOL 4

PASSAGE OF EPIDIDYMAL BASAL CELL ORGANOIDS

The ability of basal cells to self-renew allows them to be passaged multiple times and to
preserve their ability to form new organoids over time. The passage of organoids requires
several steps, which are (1) the enzymatic removal of the Matrigel with Dispase; (2)
the enzymatic and mechanical dissociation of the organoids with trypsin and a syringe,
respectively; (3) the formation of new drops of Matrigel with dissociated cells; and (4)
the use of an adapted medium to promote the formation of new organoids.

Materials

Dispase II (Gibco/Thermo Fisher, cat. no. 17105041)
Epididymal basal cell organoids (see Basic Protocol 3)
1× trypsin-EDTA (Gibco/Thermo Fisher Scientific, cat. no. 15400054)
DMEM/Ham F12 medium supplemented with 5% (v/v) FBS (Corning, cat. no.

35-077-CV), 37°C
Trypan blue solution (Gibco/Thermo Fisher Scientific, cat. no. 15250061)
Complete basal cell organoid culture medium (see recipe) supplemented with

cholera toxin, Noggin, R-spondin1, and Y-27632 dihydrochloride (see recipes;
added at 1 μl per 1 ml complete medium)

22-μm filter and syringe
37°C incubator and/or water bath
Filtered pipet tips, sterile
15-ml conical tubes, sterile
Standard tabletop centrifuge
1.5-ml tubes, sterile
1-ml syringe with 27-G needle
Light microscope
Hemocytometer

Additional reagents or equipment for organoid culture (see Basic Protocol 3,
steps 4 to 10)

1. Prepare 1 mg/ml Dispase II solution, sterilize by filtration using a 22-μm filter and
syringe, and pre-warm at 37°C in an incubator or water bath.

2. Remove the culture medium from the epididymal basal cell organoids and incubate
organoids at 37°C with 1 ml of 1 mg/ml Dispase II until complete dissociation of
the Matrigel, ∼1 hr. After this time, if the drops are not liquified, use a 1000-μl pipet
with a sterile filtered pipet tip and dissociate the Matrigel by pipetting up and down
and then incubating at 37°C for 15 min.

3. Once the Matrigel is completely digested, pipet up and down again and collect the
suspension in 15-ml conical tubes, with one tube per well or chamber. Rinse the wells
or chambers with 1 ml of 1 mg/ml Dispase II to collect any remaining organoids.
Pool into the same tube used for that well or chamber previously.

4. Collect the organoids by centrifugation for 7 min at 300 × g at room temperature in
the 15-ml conical tubes. Remove supernatant carefully.

5. Resuspend the organoids in 250 μl of 1× trypsin-EDTA and transfer the cells into
a 1.5-ml tube. Add an additional 250 μl trypsin-EDTA to the 15-ml conical tube to
collect any cells left and add to the 1.5-ml tube. Incubate for 10 min at 37°C.

6. Stop trypsin activity with the addition of 500 μl pre-warmed DMEM/Ham F12
medium supplemented with 5% FBS.

Dufresne et al.
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7. Collect cells and organoid fragments by centrifugation for 7 min at 300 × g at room
temperature. Resuspend them in 1 ml DMEM/Ham F12 medium supplemented with
5% FBS.

8. Take the resuspended cell solution and pass it through a 1 ml syringe with a 27-G
needle. Repeat up to five times, until a single-cell suspension is obtained. Verify the
preparation to ensure that all of the cells are dispersed into single cells by examining
a drop of the suspension under a light microscope.

9. Remove a 10-μl aliquot of cells and mix 1:1 with trypan blue solution. Incubate at
room temperature for 1 to 2 min and then transfer the mixture to a hemocytometer
slide and count the cells under a light microscope.

There should be very few or no dead (blue) cells present at this stage.

10. Resuspend the cells in an appropriate volume of cell culture medium plus Matrigel
at the desired concentration and dispense accordingly into fresh wells or cham-
ber slides as described in Basic Protocol 3, steps 4 to 10, and maintain in com-
plete basal cell organoid culture medium supplemented with cholera toxin, Noggin,
R-spondin1, and Y-27632 dihydrochloride.

Organoids are passaged every 8 to 10 days.

BASIC
PROTOCOL 5

FREEZING AND THAWING OF EPIDIDYMAL BASAL CELL ORGANOIDS

This protocol describes the method for freezing dissociated cells following the passage
of organoids (Basic Protocol 4), as well as the method of thawing of these cells for sub-
sequent 3D culture and formation of new organoids (Basic Protocol 3).

Materials

Dissociated cells (see Basic Protocol 4)
CryoStor® CS10 Cell Freezing Medium (Stem Cell Technologies, cat. no. 07930),

4°C
70% (v/v) ethanol
DMEM/Ham F12 with 1% (w/v) bovine serum albumin (BSA; low endotoxin; Bio

Basic, cat. no. AR2442) (filtered, sterile), 37°C
Advanced DMEM/F12 (Gibco/Thermo Fisher, cat. no. 12634010), 37°C

Standard tabletop centrifuge
2-ml cryotubes, sterile
Cooler (CoolCell freezing system, Corning, cat. no. 432000)
−150°C freezer or liquid nitrogen storage tank
37°C water bath
15-ml conical tubes, sterile

Additional reagents and equipment for cell counting (see Basic Protocol 4, step 9)
and organoid culture (see Basic Protocol 4, step 10)

1. After counting (see Basic Protocol 4, step 9), centrifuge the dissociated cells for
7 min at 300 × g at room temperature.

2. Under aseptic conditions, remove the supernatant carefully and add cold CryoStor®
CS10 Cell Freezing Medium to obtain the adequate concentration.

We usually freeze 1 × 106 cells per ml.

3. Transfer the solution into sterile 2-ml cryotubes under aseptic conditions.

4. Place the tubes in a cooler at −80°C for a few days at most.Dufresne et al.
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5. Transfer to −150°C freezer or preferably the vapor phase of liquid nitrogen for long-
term storage.

6. To thaw cells to use to form new organoids, thaw a cryotube in a 37°C water bath
for ∼2 min or until the solution is almost totally thawed.

7. Spray and wipe the exterior of the cryotube with 70% ethanol and transfer to laminar
flow hood.

All subsequent steps must be done using aseptic technique.

8. Add 1 ml pre-warmed DMEM/Ham F12 with 1% BSA to the cryotube.

9. Transfer the entire contents of the tube (∼2 ml) to a 15-ml conical tube containing
2 ml pre-warmed DMEM/Ham F12 with 1% BSA.

10. Centrifuge 7 min at 300 × g at room temperature.

11. Resuspend the pellet in Advanced DMEM/F12 and do a cell count, as described
previously (see Basic Protocol 4, step 9).

12. Resuspend the cells in an appropriate volume of cold Advanced DMEM/F12
medium plus Matrigel at the desired concentration, dispense accordingly into fresh
wells or chamber slides, and maintain in complete basal cell organoid culture
medium with supplements (see Basic Protocol 4, step 10).

BASIC
PROTOCOL 6

IMMUNOFLUORESCENT STAINING OF EPIDIDYMAL BASAL CELL
ORGANOIDS

Organoid staining can be performed directly in chamber slides but can also be performed
by transferring the organoids into paraffin or cryo-blocks. We describe here a protocol in
which we fix organoids in a chamber slide using methanol to preserve the Matrigel drop
and the 3D structure of the organoids. This permits visualization of the entire organoid by
creating z-stacks of images using a confocal microscope. The washing steps and antibody
incubation times are longer than in the standard immunofluorescent staining protocol in
order to allow the solutions to pass through the Matrigel. The main steps of this protocol
are fixation with methanol, permeabilization with Triton, blocking with BSA ± serum,
primary and secondary antibody incubation, and mounting.

Materials

Phosphate-buffered saline (PBS)
Methanol (store in small bottle in −20°C freezer), −20°C
PBS-glycine: 0.75% (w/v) glycine (Bio Basic, cat. no. GB0235) in PBS, 37°C
0.03% (v/v) Triton X-100 in PBS (Fisher BioReagents, cat. no. BP151100)
Blocking solution: 5% (w/v) BSA (Bio Basic, cat. no. AD0023) in PBS-glycine,

5% (v/v) normal serum (species of host secondary antibody), or combination of
5% (v/v) normal serum plus 3% to 5% (w/v) BSA (Bio Basic, cat. no. AD0023)
in PBS-glycine

Primary antibody
Fluorescent-labeled secondary antibody
5 μg/ml Hoechst 33342 dye (Biotium, cat. no. 40046)
Mounting medium (e.g., Fluoromount-G, SouthernBiotech, cat. no. 0100-01)

Parafilm
Coverslip
Blotting paper
Confocal microscope

Dufresne et al.
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1. Grow organoids, as described in Basic Protocols 3 and 4, in Nunc Lab-Tek II cham-
ber slides (with 8 chambers).

2. Carefully remove the medium and rinse organoid culture drops with 300 to 400 μl
PBS.

Note that all solutions in this protocol must be gently removed or added using a 1000-μl
pipet. Moreover, all additions should be dropwise in the corner of each chamber. For all
steps, except addition of primary antibody (step 8), a volume of ~400 μl is suggested.

3. Add ice-cold methanol (pre-cooled to −20°C) slowly, drop by drop, into a corner of
each chamber until the organoid culture drop is covered. Fix for 20 min at −20°C.

Fixation can also be performed with 4% paraformaldehyde for 15 min at room tempera-
ture.

4. Remove methanol and rinse three times in warm PBS-glycine for 10 min each at
room temperature.

5. Following the PBS-glycine washes, permeabilize the organoids in 0.03% Triton
X-100 in PBS for 15 min at room temperature.

6. Wash twice with PBS-glycine for 5 min each.

7. Block with blocking solution for 90 min at room temperature.

For example, if the secondary antibody is donkey anti-rabbit AF488, then one would use
donkey serum, either alone or in conjunction with the BSA in PBS-glycine.

8. Gently remove the blocking solution and replace with 200 μl of a solution of primary
antibody diluted with blocking solution to the appropriate concentration. Wrap the
chambered slide plus slide cover in Parafilm. Perform primary antibody incubation
overnight (∼18 hr) at 4°C.

For easier handling, it is helpful to use the cover of a cell culture plate as a support for
the chambered slide(s).

9. Following primary antibody incubation, place the chambered slide at room temper-
ature for 30 min to solidify the Matrigel. Then, gently remove the primary antibody
solution with a pipet (using a fresh tip for each chamber of the slide). Proceed im-
mediately to next step to ensure that each chamber containing organoids does not
dry out.

10. Wash three times in PBS-glycine, added dropwise, for 10 min each.

11. Incubate with the appropriate fluorescent-labeled secondary antibody diluted in
blocking solution containing Hoechst 33342 dye (5 μg/ml solution diluted 1:2000,
v/v) for 90 to 120 min in the dark at room temperature.

12. Wash three times in PBS-glycine for 10 min each.

13. Carefully remove any excess PBS-glycine from each chamber. Gently remove the
chamber divisions from the slide, taking care to avoid touching or disrupting the
organoids.

14. Add mounting medium such as Fluoromount-G by adding a small drop (∼25 μl) to
each chamber and then cover the entire slide with a coverslip. Blot excess mounting
medium using blotting paper.

15. Assess the organoids by immunofluorescence using a confocal microscope (Fig. 3).

Organoids incubated without primary antiserum or with excess immunization peptide
can be used as a negative control.Dufresne et al.
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Figure 3 Images of immunofluorescent staining of basal cell–derived organoids after 14 days
of culture, demonstrating growth and differentiation of organoids by day 14. All nuclei are stained
blue with Hoechst. (A) Aquaporin 9 staining (green), along the apical edges of the cells, indicating
that some cells within the organoid have differentiated into principal cells. (B) GJA1 (Connexin 43;
green) staining along the membranes of basal cells. (C) Nuclear staining (green) of TP63, a basal
cell marker, within cells of the organoid. (D) Negative control: organoid stained with Hoechst (blue)
for nuclei and secondary antibody (green) only, with no primary antibody. Scale bar is 20 μm.

REAGENTS AND SOLUTIONS

A8301, 100 μM

Dissolve 5 mg A8301 (MilliporeSigma, cat. no. SML0788) in 11.86 ml dimethyl
sulfoxide (DMSO) (1 mM stock solution I). Add 100 μl of this stock solution to
900 μl DMSO in a sterile 1.5-ml tube and mix by vortexing (100 μM stock solution
II). Dispense stock solution I into aliquots of 1 ml and stock solution II into aliquots
of 50 μl in sterile 1.5-ml tubes and store ≤3 months at −20°C.

Perform all steps under aseptic conditions.

Cholera toxin, 1 mg/ml

Dissolve 0.5 mg cholera toxin (MilliporeSigma, cat. no. C8052) in 0.5 ml sterile
ddH2O. Spin the tube before opening. Dispense into aliquots of 10 μl in sterile
1.5-ml tubes and store ≤ 3 months at 4°C. Use 0.1 μl per 1 ml complete medium.

CAUTION: Note that cholera toxin is considered as a biological safety level 2 (BSL2) item
and should be handled in accordance with institutional biosecurity protocols and regulations.
We normally prepare aliquots of the stock solution and store them at 4°C in a separate BSL2
refrigerator in the cell culture room.

Perform all steps under aseptic conditions.

Complete basal cell organoid culture medium

Combine all of the components listed in Table 1 in a sterile 50-ml conical tube. Filter
through a 0.2-μm filter and store ≤1 month at 4°C.

All of the components can be conserved for 3 months under the conditions indicated in their
preparation.

Cyclic adenosine monophosphate (cAMP), 100 μg/ml

Dissolve 1 mg cAMP (MilliporeSigma, cat. no. A9501) in 1.0 ml sterile ddH2O in
a sterile 1.5-ml tube by vortexing (1 mg/ml stock solution I). Add 100 μl of this
stock solution to 900 μl sterile ddH2O in a sterile 1.5-ml tube and mix by vortexing
(100 μg/ml stock solution II). Dispense stock solution I into aliquots of 100 μl
and stock solution II into aliquots of 10 or 20 μl in sterile 1.5-ml tubes and store
≤3 months at −20°C.

Dihydrotestosterone (DHT), 100 μM

Dissolve 29.04 mg DHT (MilliporeSigma, cat. no. A8280) in 1.0 ml anhydrous
ethanol in a sterile glass vial by vortexing (100 mM stock solution I). Add 100 μl of
this stock solution to 900 μl of anhydrous ethanol in a sterile glass vial (Fisherbrand, Dufresne et al.
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cat. no. FS60940D1 or FS60940HD12) and mix by vortexing (10 mM stock solution
II). Add 100 μl of this stock solution to 900 μl anhydrous ethanol in a sterile glass
vial and mix by vortexing (1 mM stock solution III). Again, add 100 μl of this stock
solution to 900 μl of anhydrous ethanol in a sterile glass vial and mix by vortexing
(100 μM stock solution IV). Use Parafilm to tighten the caps of the vials and avoid
any evaporation of the solutions. Store solutions I to IV ≤3 months at −20°C.

GlutaMAX, 100×
Store GlutaMAX (Gibco/Thermo Fisher, cat. no. 35050061) ≤3 months at room tem-
perature. It can be aliquoted into sterile 15-ml conical tubes for convenience.

Heparin, 500 μg/ml

Prepare a stock solution by dissolving 5 mg heparin (MilliporeSigma, cat. no. H3149)
in 10 ml ddH2O. Filter-sterilize by passing through 0.22-μm syringe filter into a
sterile 15-ml conical tube. Store ≤3 months at 4°C.

HEPES, 1 M

Prepare a stock solution by dissolving 23.83 g HEPES (Gibco/Thermo Fisher, cat.
no. 15630080) in 100 ml ddH2O. Adjust the pH to 7.4. Filter-sterilize by passing
through 0.22-μm syringe filter and aliquot into 10 sterile 15-ml conical tubes. Store
≤3 months at −20°C and keep an aliquot at 4°C.

Human basic fibroblast growth factor (bFGF), 10 μg/ml

Take up 0.5 ml sterile ddH2O into a 1-ml syringe and inject into a vial of lyophilized
bFGF (50 μg; Sino Biological, cat. no. 10014-HNAE). Swirl to dissolve and remove
entire solution with syringe. Transfer to a sterile 15-ml conical tube. Rinse the vial
with an additional 0.5 ml sterile ddH2O and add to the 15-ml tube. Complete volume
to 5 ml with sterile ddH2O. Prepare aliquots (100 or 200 μl) in sterile 1.5-ml tubes
and store ≤3 months at −20°C.

Perform all steps under aseptic conditions.

Table 1 Complete Basal Cell Organoid Culture Medium Components

Component
Stock
concentration

Final
concentration

For 50 ml
medium

Advanced DMEM/F12 (Gibco/Thermo
Fisher, cat. no. 12634010)

- - 47.501 ml

A8301 (see recipe) 100 μM 250 nM 125 μl

cAMP (see recipe) 100 μg/ml 10 ng/ml 20 μl

DHT (see recipe) 100 μM 10 nM 5 μl

GlutaMAX (see recipe) 100× 1× 500 μl

Heparin (see recipe) 500 μg/ml 4 μg/ml 400 μl

HEPES (see recipe) 1 M 100 mM 500 μl

EGF (see recipe) 10 μg/ml 10 ng/ml 50 μl

bFGF (see recipe) 10 μg/ml 10 ng/ml 50 μl

Hydrocortisone (see recipe) 1 mg/ml 80 ng/ml 4 μl

NAC (see recipe) 500 mM 1.25 mM 125 μl

Vitamin E (see recipe) 20 μg/ml 200 ng/ml 500 μl
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Human epidermal growth factor (EGF), 10 μg/ml

Take up 2 ml sterile PBS into a 3-ml syringe and inject into a vial of lyophilized EGF
(100 μg; Gibco/Thermo Fisher, cat. no. PHG0311). Swirl to dissolve and remove
entire solution with syringe. Transfer to a sterile 15-ml conical tube. Rinse the vial
with an additional 2 ml sterile PBS and add to the 15-ml tube. Complete volume to
10 ml with sterile PBS. Prepare aliquots (100 or 200 μl) in sterile 1.5-ml tubes and
store ≤3 months at −20°C.

Perform all steps under aseptic conditions.

Hydrocortisone, 1 mg/ml

Dissolve 1 mg hydrocortisone (MilliporeSigma, cat. no. H0888) in 1 ml anhydrous
ethanol. Vortex and dispense into aliquots (50 μl) in sterile 1.5-ml tubes. Store
≤3 months at −20°C.

Perform all steps under aseptic conditions.

Magnetic activated cell sorting (MACS) buffer

2 mM EDTA
0.5% (w/v) BSA (Bio Basic, cat. no. AD0023)
PBS
Adjust to pH 7.2
Filtered through 0.2-μm filter
Prepare 1 day before use and store at 4°C

N-acetyl cysteine (NAC), 500 mM

Dissolve 0.408 g NAC (MilliporeSigma, cat. no. A9165) in 5 ml sterile ddH2O. Vor-
tex well and dispense into aliquots (100 or 200 μl) in sterile 1.5-ml tubes. Store
≤3 months at −20°C.

Perform all steps under aseptic conditions.

Noggin, 100 μg/ml

Centrifuge the vial of Noggin (PeproTech, cat. no. 120-10C) before opening. Add
200 μl filtered sterilized 1× PBS containing 0.1% (w/v) BSA (Bio Basic, cat. no.
AR2442) to 20 μg Noggin. Mix by pipetting up and down. Do not vortex. Dispense
into aliquots of 50 μl in sterile 1.5-ml tubes and store ≤ 3 months at −20°C. Use
1 μl per 1 ml complete medium.

Perform all steps under aseptic conditions.

R-spondin1, 500 μg/ml

Centrifuge the vial of R-spondin1 (PeproTech, cat. no. 120-38) before opening. Add
200 μl filtered sterilized 1× PBS containing 0.1% (w/v) BSA (Bio Basic, cat. no.
AR2442) to 100 μg R-spondin1. Mix by pipetting up and down. Do not vortex. Dis-
pense into aliquots of 50 μl in sterile 1.5-ml tubes and store ≤ 3 months at −20°C.
Use 1 μl per 1 ml complete medium.

Perform all steps under aseptic conditions.

Vitamin E (tocopherol), 20 μg/ml

Dissolve 21 μl vitamin E (MilliporeSigma, cat. no. T1539) in 1.0 ml anhydrous
ethanol in a sterile 1.5-ml tube by vortexing (20 mg/ml stock solution I). Add
10 μl of this stock solution to 9.99 ml anhydrous ethanol in a sterile 15-ml coni-
cal tube and mix well by vortexing (20 μg/ml stock solution II). Dispense the stock
solution II into aliquots (1 ml) in sterile 1.5-ml tubes. Use Parafilm to tighten the

Dufresne et al.
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caps of the 1.5-ml tubes to avoid any evaporation of the solutions. Store the stock
solutions I and II ≤3 months at −20°C.

Y-27632 dihydrochloride, 100 mM

Add 300 μl of filtered sterilized PBS 1× to 10 mg of Y-27632 dihydrochloride (Bio-
Gems, cat. no. 1293823). Mix by pipetting up and down. Do not vortex. Dispense
into aliquots of 5 μl in sterile 1.5-ml tubes and store ≤ 3 months at −20°C. Use
0.1 μl per 1 ml complete medium.

Perform all steps under aseptic conditions.

COMMENTARY

Background Information
Given that the epididymal epithelium pri-

marily comprises principal cells and that basal
cells account for only 10% to 15% of the total
number of epithelial cells in the epididymis,
many of the studies on the epididymis have fo-
cused on principal cells. The role of basal cells
in the epididymis has been a source of contro-
versy. Although initial studies suggested that
these cells were epididymal stem cells, stud-
ies in aging rodents suggested that the lim-
ited proliferation of epididymal cells was not
conducive to the presence of stem cells (Cler-
mont & Flannery, 1970). However, these stud-
ies were done in aging animals, in which the
epididymal epithelium is known to have a par-
ticularly low rate of cell proliferation (Pinel
et al., 2019). Furthermore, studies identified
quiescent stem cells in other tissues where
there existed a low rate of proliferation, such
as liver, kidney, and trachea (Huch et al., 2013;
Kim et al., 2012; Li & Clevers, 2010). These
stem cells, referred to as adult, or mesenchy-
mal, stem cells, lay dormant until activated
by tissue damage or cell death (Barriga et al.,
2017; Bartfeld & Clevers, 2017; Sangiorgi &
Capecchi, 2008; Yan et al., 2012). A charac-
teristic of quiescent stem cells is that they ex-
press a number of proteins and enzymes impli-
cated in the metabolism of free radicals, which
is necessary to favor the long-term survival of
these cells. It is therefore perhaps not surpris-
ing that among the first markers of epididymal
basal cells were superoxide dismutase, various
glutathione reductases, and metallothionein,
which all play a role in the reduction of ox-
idative stress (Cheung et al., 2005; Cyr et al.,
2001; Papp et al., 1995; Veri et al., 1993).

Epididymal basal cells are characterized by
having thin long projections that can reach
the lumen of the epididymis (Martan et al.,
1964; Shum et al., 2008). Interestingly, these
projections are prominent in the initial seg-
ment of the murine epididymis, but in the rat
and human, these projections are more promi-

nent in the corpus and cauda epididymidis
(Mandon & Cyr, 2015). It has been suggested
that the apical region of these projections may
play a role as sensors of luminal pH (Shum
et al., 2008; Shum et al., 2013; Shum et al.,
2011). Furthermore, these basal cell projec-
tions express the tight junction protein claudin
1 (Cldn1) and appear to cross the BEB (Gre-
gory et al., 2001; Shum et al., 2008).

There were no commercially available epi-
didymal basal cell lines, so in order to fully
understand the role(s) of basal cells, we de-
veloped a protocol to isolate basal cells from
the rat epididymis using magnetic bead sep-
aration and anti-CD49f antibody. We were
able to consistently achieve >90% purity in
our preparations (Mandon et al., 2015). Using
transcriptomic analyses, we showed that basal
cells shared common properties with adult
stem cells. Furthermore, we showed that in
2D culture, basal cells could differentiate into
cells that expressed markers similar to those of
epididymal principal cells. Subsequent studies
by Mou et al. (2016) showed that cell grafts
of KRT5+ murine basal cells implanted un-
der the skin could differentiate into spheroid
structures containing both basal cells and clear
cells, indicating that these cells were in fact
stem cells. Further studies showed that basal
cells are derived from columnar cells, a stem
cell population present in the epididymis at
birth (Dufresne et al., 2022).

Adult stem cells are characterized by hav-
ing the ability to form organoids, to self-renew,
and to differentiate in vitro. Our lab showed
that isolated basal cells could form organoids
in vitro using a 3D cell culture approach and
that cells from these organoids had the abil-
ity to self-renew (Pinel & Cyr, 2021). In fact,
the cells could be maintained in culture for
>2 months without any obvious decrease in
ability to self-renew (Pinel & Cyr, 2021). Fi-
nally, we also showed that basal cells from
these organoids could differentiate into prin-
cipal cells, regardless of the region along theDufresne et al.
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epididymis from which the basal cells had
been isolated. The principal cells that were
differentiated from basal cell organoids not
only were morphologically similar to principal
cells from tissue but also appeared to secrete
clusterin, a protein that is secreted by princi-
pal cells that binds to developing sperm in the
epididymis (Pinel & Cyr, 2021). This demon-
strated that these differentiated principal cells
were functional.

The rat 3D epididymal basal cell organoid
model offers a novel tool for studies regarding
effects of a substance on this region of the male
reproductive tract. Although it is not a com-
plete system as in whole-animal in vivo stud-
ies, it does provide an opportunity to examine
specific effects (of a substance) on the epi-
didymal epithelium. Furthermore, it permits
evaluation of any potential impacts on growth
and epithelial cell differentiation and a better
understanding of mechanism(s) of action of a
substance, thereby providing insight regard-
ing more accurate therapeutics, for example.
Finally, it allows for a significant reduction in
the use of whole animals and the associated
costs.

A significant advantage is the fact that
cell-cell interactions in a 3D environment are
achieved in an organoid system, via the de-
velopment and differentiation of stem cells
into various types of mature epithelial cells.
This represents an important advancement
in the current limited understanding of epi-
didymal cellular differentiation, which is a
lengthy process in the epididymis, as well
as understanding of epithelial regeneration
and the factors that regulate both differenti-
ation and regeneration. As such, having an
in vitro model represents an important sys-
tem that can be exploited to tease out the fac-
tors involved in the differentiation of basal
cells. The fact that these cells can be genet-
ically manipulated allows for future studies
to examine which signaling pathways play
a role in cell proliferation and differentia-
tion. All of these can be subsequently vali-
dated using transgenic approaches. With re-
spect to toxicology, in vitro models offer high-
throughput approaches to understand mecha-
nisms of toxicity and to predict effects. This
3D system does provide a unique opportunity
to test a substance, either as a toxicant or as a
therapeutic agent, in a relatively rapid, more
uniform, and controlled system and offers the
possibility of addressing more specific mech-
anistic or molecular aspects of toxicology or
biomedical studies.

Although there are numerous advantages
to organoid models, there are limitations that
have yet to be overcome. The process of gen-
erating rat 3D epididymal basal cell organoids
is time consuming, fairly complex, and some-
what costly. These factors apply to other
organoid models as well. In addition to the
aforementioned time and cost aspects, sim-
ilar to nearly all in vitro systems, there is
no vascular, nervous, or immune system as
in the whole organism. Hence, the influence
of these systems and their interactions with
the model cells are lacking. Furthermore, be-
cause organoids are derived from single stem
cells, their interactions with the immune, vas-
cular, and nervous systems are lacking. The
immune and vascular systems may be particu-
larly important in the epididymis, where there
is increasing evidence that these may influ-
ence cellular differentiation. Changes in re-
gional function along the epididymis and dif-
ferences in the composition of luminal factors
versus blood and their contributions to epi-
didymal physiology also need to be consid-
ered. Some of these aspects are being devel-
oped in other labs with other tissue organoid
systems but have yet to be well established.
Consequently, these limitations must be con-
sidered when interpreting experimental obser-
vations and data.

In addition to the rat organoid model,
studies have also established organoids and
spheroid models using cells from both the
mouse and human epididymides (Kristensen
et al., 2010; Leir et al., 2020; Mou et al., 2016).
These have been discussed in detail in a recent
review (Cyr & Pinel, 2022).

There are currently no other published
protocols for generation of rat epididymal
organoids. The development of rat epididy-
mal organoids, particularly those derived from
basal cells, as described here, represents a sig-
nificant advancement in tools and techniques
for studying epididymal function, for eluci-
dating the role(s) of basal cells within the
epididymis, and for performing toxicological
studies on the epididymis.

Critical Parameters
We chose to use 48-day-old rats for these

protocols because at this age, the epididymis
is fully differentiated, but the spermatozoa are
not yet present in the tubule, minimizing the
chances of contamination with sperm during
the tissue digestion. However, the addition of
DNase with the collagenase (type I) can pre-
vent this if older animals are used.

Dufresne et al.
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Table 2 Troubleshooting Guide for Basic Protocols 1 and 2

Problem Possible cause(s) Potential solution(s)

Low cell yield Improper dissection Ensure that epididymis has not been damaged during
dissection; trim off all surrounding tissue

Poor cell separation technique Save all supernatants; repeat cell counts for all
supernatants

Incorrect cell count Count more than one aliquot; verify counting method

These protocols are lengthy and time con-
suming, so careful advance planning and
preparation of materials are requisite. Experi-
ence with aseptic technique and cell culture is
critical for successful execution of these pro-
tocols. Careful manipulation with respect to
pipetting and changing medium is necessary
in order to preserve the integrity of the cells
and organoids and to prevent damage and cell
death. Regular and careful observation and
proper maintenance of the cell and organoid
cultures are also essential. As such, experience
with microscopy and with immunofluorescent
staining techniques is also important. These
attributes are required for correct identifica-
tion and validation of basal cells and of other
cell types that develop subsequently within the
organoids.

Familiarity with male rat anatomy and pre-
cise dissection is also necessary. Careful dis-
section within a short time period improves
chances of success. The testis and epididymis
can be removed together in the animal facility
under aseptic conditions, placed in warm cul-
ture medium, and then transported to the lab-
oratory/laminar flow hood for subsequent dis-
section and manipulation. Alternatively, if one
is sufficiently experienced and can readily dis-
sect out the epididymis from the animal as an
initial step, this may improve chances of suc-
cess. However, because time is of the essence
and the epididymis is surrounded by a consid-
erable amount of fatty tissue in the adult, we
recommend initial dissection of the testis and
epididymis together, followed by a second step
of dissection under the laminar flow hood. In
this second step, the epididymis can be freed
of the surrounding fatty and connective tissue,
as well as the testis (which can be frozen or
fixed for other purposes if desired).

The use of Matrigel is a critical parameter
for obtaining a 3D culture. Matrigel should be
aliquoted in undiluted form into small quan-
tities and should not be frozen after thaw-
ing (the remainder of thawed aliquots can be
stored at 4°C for up to 4 weeks). Matrigel
should always be handled on ice and pipetted

with cold tips, as it solidifies with increasing
temperature.

Troubleshooting
Tables 2, 3, and 4 list common problems,

their causes, and potential solutions for the
protocols.

Understanding Results

Isolation of basal cells
The protocol to isolate basal cells from rat

epididymal cells (Basic Protocol 2) was de-
veloped in the lab in 2015 and has since been
used numerous times by several students and
research personnel. A thorough analysis of the
basal cell fraction and a comparison with the
non-basal-cell fraction was conducted to con-
firm the efficiency of this protocol. This pro-
tocol should yield a basal cell fraction with
purity ≥90% and viability >80%. Purity can
be evaluated easily by taking an aliquot of
cells after the basal cell isolation and prepar-
ing a smear on a glass slide that will be stained
with another basal cell marker (e.g., cytoker-
atin 5). Low purity or viability of the basal
cell fraction at this stage could indicate that
a problem occurred during sorting and should
prompt further investigation of the protocol,
as well as hesitation to proceed to any further
steps or analyses.

Organoid culture
The organoid culture protocol (Basic Pro-

tocol 3) should result in the formation of
organoids after 3 to 4 days of culture of the
basal cell (positive) fraction in the appropriate
medium. Monitoring of the basal cells should
be done regularly, and several parameters, in-
cluding size and number, can be easily de-
termined (Fig. 2). Because our protocol was
one of the first to demonstrate the ability of
these cells to form organoids, we also added
the monitoring of specific cells to demonstrate
their ability to proliferate to form organoids
and not simply cell aggregates (Pinel & Cyr,
2021). We believe this specific monitoring
should be done at least one or two times during
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Table 3 Troubleshooting Guide for Basic Protocols 3 and 4

Problem Possible cause(s) Potential solution(s)

Contamination Poor aseptic technique Sterility and aseptic technique must be
maintained during all steps

Poor or low
growth

Incorrect dilution of cells Verify calculations and modify dilutions
accordingly

Insufficient number of cells seeded per
well or chamber

Ensure that all medium components are
sufficiently fresh (see Reagents and Solutions
for storage conditions and times)

Matrigel drop
will not hold

The 1:1 ratio has not been maintained,
and there is more medium than Matrigel

Be sure to remove as much medium as possible
in step 3 of Basic Protocol 3

The plate was turned over too early in
step 7 of Basic Protocol 3

Wait ≥10 min for the Matrigel to start
solidifying and re-turn the plate quickly

Organoid growth
in F- (negative)
fraction

Improper or inadequate cell separation
(Basic Protocol 2)

Ensure that all centrifugation steps and removal
of supernatant are done carefully; check cell
counts for all supernatants and fractions

Organoids do not
grow after
passaging

The supplements in the medium are not
optimal

Ensure that supplements are <6 months old;
make sure to add Y-27632, cholera toxin,
R-spondin1, and Noggin to the medium after
passaging

Table 4 Troubleshooting Guide for Basic Protocol 5

Problem Possible cause(s) Potential solution(s)

Matrigel drop
will not hold

The methanol was added too quickly
during the fixation step of
immunofluorescence staining

Add the methanol drop by drop using a small
pipet tip

The addition of solution was done to
quickly or not in the corner of the
chamber slides

Add the solution slowly and make sure to not
touch the drop with the pipet

Poor immunoflu-
orescence
results

Washing away of or damage to organoids
during staining protocol

Add and remove any solutions gently by
placing pipet tip along edge of side of each
chamber of 8-chamber slide); change tips for
each step and each chamber

the first few experiments to confirm the origin
of organoids. After about 12 to 13 days of cul-
ture, we observed the first signs of degradation
of the organoids, probably due to the deterio-
ration of the Matrigel, thus justifying the need
to passage them every 10 days.

The medium was optimized to favor the
proliferation of basal cells during the first
week of culture and the differentiation of the
cells few days later, when the principal cell
marker Aquaporin 9 appeared at 11 days (Fig.
3). It is, however, important to mention that
all organoids will not display the same degree
of differentiation at the same time. Hence, we
think it is important to include quantitative
data with RNA analysis or protein analy-
sis, in addition to fluorescence staining, to
determine differentiation. Other markers of

principal cells or other epididymal cell types
can also be used to evaluate the composition
of organoids at various time points. It is also
important to note that not all basal cells will
develop into organoids, but these cells are still
present in the Matrigel drop and will therefore
be included in RNA or protein extraction.

We were able to passage basal cell
organoids (Basic Protocol 4) for more than
10 generations, confirming the ability of basal
cells to self-renew (Pinel & Cyr, 2021). Even
though we did not observe any difference
in the number or morphology of organoids
between passages, we did not obtain any
data regarding their genetic or chromosomal
stability. As is usually done with cell lines, we
recommend freezing a stock of cells (Basic
Protocol 6) with a low passage number. Dufresne et al.
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Time Considerations
Rats are normally acclimated to the animal

holding facility for 5 to 7 days prior to use in
these protocols. Basic Protocols 1 through 3
take ∼12 hr for two people to complete and
must be done sequentially on the same day.
There are really not any steps at which these
protocols can be paused for any length of time.
Basic Protocols 4 and 5 (passaging, freezing,
and thawing of organoids) take approximately
1 to 2 hr. Basic Protocol 6 (immunofluorescent
staining) takes approximately 7 to 8 hr in to-
tal, but this may be divided into three parts:
(i) 3 to 3.5 hr up to the primary antibody step,
(ii) overnight incubation with the primary an-
tibody (18 hr), and (iii) incubation with the
secondary antibody and mounting. The entire
protocol can be performed within 1 day, with
primary antibody incubation of 2 to 3 hr, but
we recommend performing overnight incuba-
tion at 4°C.
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