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The ability of embryonic germinal cells (EG) to differentiate into primordial germinal cells (PGCs) and later into gametes during early developmental
stages is a perfect model to address our hypothesis about cancer and infertility. This protocol shows how to isolate primordial germinal cells

from developing gonads in 10.5-11.5 days post coitum (dpc) mouse embryos. Developing gonadal ridges from mouse embryos (C57BL6J) were
dissociated by mechanical disruption with collagenase, then plated in a mouse embryo fibroblast feeder layer (MEF-CF1) that was previously
mitotically inactivated with mitomycin C in the presence of knockout media and supplemented with Leukemia Inhibitor Factor (LIF), basic Fibroblast
Growth Factor (bFGF), and Stem Cell Factor (SCF). Using these optimized methods for PCG identification, isolation, and establishment of culture
conditions permits long term cultures of EG cells for more than 40 days. The embryonic germinal cell lines showed embryonic phenotype and
expression of common used markers of the pluripotent state. Isolation and derivation of germinal cells in culture provide a tool to understand their
development in vitro and offer the opportunity to monitor cumulative damage at genetic and epigenetic levels after exposure to oxidative stress.

Video Link

The video component of this article can be found at https://www.jove.com/video/1635/

Protocol

Part 1: Pregnant Mouse Laparotomy

Using cervical dislocation, euthanize a pregnant C57BL6J female mouse at 10.5-11.5 dpc.

Clean the abdomen with antimicrobial soap, and then, shave it.

After shaving, wash the abdomen with a saline solution.

Then, dry the abdomen with a sterile gauze.

Cover the mouse with a new sterile field.

Make a ventral incision using forceps and dissection scissors.

Identify and remove the entire uterus from the abdominal cavity. Mouse embryos will be visible inside the uterus.
Transfer the uterus into a petri dish filled with D-PBS, and keep it on ice.

. Using a sterile scalpel and forceps, remove the placenta and extra embryonic tissues of each embryo.

0. Transfer embryos into a fresh petri dish filled with D-PBS.

1. Measure the length of the mouse embryos. We found that the sizes differed according to the embryo’s age. For example 8.5 dpc measured at
an average of 6mm, 10.5 dpc measured at an average of 11mm, and 12.5 dpc measured at an average of 16 mm.
12. Then, remove their tails for DNA extraction.
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Part 2: Gonadal Ridge Dissection

Under stereomicroscope and Light source Schott Fostec

1. Place a filter paper in a Petri dish. Then, place the mouse embryo on top of the filter paper to dry the embryo and immobilize for dissection.

2. Using a sterile scalpel, make a transverse cut of the mouse embryo above the origin of the umbilical cord.

3. Under a stereomicroscope, using sterile fine forceps and a sterile fine teasing needle, remove the intestines and liver so that the urinary
system is visible.
The kidneys are located laterally in the abdominal cavity, and the bladder is located medial and caudal in comparison to the kidneys. The
embryo can be identified as male because the gonadal ridges are located on either side of the bladder. In the female, the gonadal ridges are
firmly attached to the caudal lateral end of the kidneys.

4. Peel the gonadal ridge out by sliding a needle behind it. The gonadal ridge is removed by cutting away the tissues that support it.

5. Transfer the gonadal ridges to a new petri dish filled with fresh D-PBS.
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Microscopically, the male gonadal ridge should be stripped, large and oval in shape. In contrast, the female gonadal ridge should be spotted,
have elongated shape and be smaller in comparison to the male gonadal ridge.

Part 3: Gonadal Ridge Digestion

Under stereomicroscope:

1. Mesonephros Dissection: Separate the gonad from the mesonephros and ridge using a fine and sharp needle.
« Itis important to remove the mesonephros from the gonadal ridge because it is a somatic tissue that will overgrow in the PGC
derivation process.

2. Gonadal Ridge Digestion: Collect clean gonadal ridges in a 0.5ul drop of fresh D-PBS. Add 20 ml of Collagenase/Dispase Solution (Final
concentration at 1mg/ml).
« Embryos should be processed individually. Each embryo should have its own separate and labeled petri dish.

3. Gonadal Ridge Mincing: Cut the gonadal ridge into small pieces using a sterile needle and sterile fine forceps No. 4.
4. Incubation: Petri dishes are transferred to an incubator at 37°C for 15 minutes.
« The incubation time could vary between tissues.

5. Pipetting: After 15 minutes, the tissue can be dissociated by pipetting. Using pulled glass capillary pipettes with diameters between 40 -100
mm Break up the pieces by pipetting up and down. This will form small clumps. Transfer the clumps to 0.5ml of a pre warmed D-PBS drop for
a final wash.
6. After washing, transfer the clumps to eppendorf tubes.
« Do not over expose the tissue to collagenase.
» Do not make a single cell suspension. This is important for colony formation. If it is a single cell suspension, PGCs tend to differentiate
and migrate.
*  This process should not be longer than 20 minutes, or your cells will lose viability.

7. Centrifuge at 2000 rpm for 5 minutes at room temperature.
8. After centrifuging, remove the supernatant, and resuspend the pellet in 0.5 ml of supplemented knock out media (Pre-warmed at 37°C).

Part 4: Primordial Germinal Cells Culture

"You should perform the next steps quickly to preserve the viability of PGCs for isolation and derivation.

1. 24 hours before this process you should prepare a mitotically inactivated MEF-CF1 feeder layer following the protocol from Zhang J. et al
2008.
* Prepare 20 dishes for one pregnant female mouse (6-8 embryos).
* MEFs lose the ability to be a feeder layer (promote growth and prevent differentiation) after 5-6 passages.
* Do not use MEFs older than 48 hours.

2. Immediately before plating PGCs, the MEF medium must be slowly removed from the MEF feeder layer.
3. Then, add 0.5 ml/well of pre-warmed supplemented knockout medium onto the MEF feeder layer.
* MEF media contains fetal bovine serum that induces differentiation of PGCs.
»  Knockout medium must be supplemented with specie specific growth factors immediately before use to ensure the activity of the grow
factor.

4. Using symmetrical distribution, plate PGCs over the MEF feeder layer.
« If these pieces are too close, they tend to aggregate and make dense colonies that attach poorly or begin differentiating.
¢ Culture dishes must be labeled with Embryonic Germinal cell line name, passage number, and date.

Carefully, transfer the culture dishes into an incubator at 37°C and 5% CO.,.

Monitor the cells every 24 hours.

After 48 hours, remove 250 ml of media from the very top of the culture to avoid disturbing the colony's attachment. Then, add 250 ml of fresh
supplemented knock-out media (pre-warmed at 37°C).

8. After step 7, wait another 48 hours, and then, completely remove all media and replace it with fresh supplemented knock-out media (pre-
warmed at 37°C). Do this every 2 days for 8-10 days until PGC colonies form.
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Part 5: Embryonic Germinal Cells

1. After 10 days of PGC isolation, embryonic germinal cell colonies are formed.
2. Embryonic germinal cell lines are kept alive by manual passages every 8-10 days. They continue to present an undifferentiated morphology
and express pluripotency markers such as alkalyne phosphatase, Oct-4, SSEA-1, and SOX-2

Notes

» Sterile/aseptic conditions are essential in the culture room.
* For derivation and culture, PGCs are processed in a Purifier Class Il Bio safety Cabinet.
* Incubations are in a humidified 37°C and 5% CO, incubator.
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All media and reagents are filtered prior to use in a 0.2 um filter, stored at 4°C, and pre-warmed at 37°C before use.
During the dissection steps, all embryos and tissues must be kept on ice.

All reagent flasks are decontaminated with ethanol before placing in a cabinet.

Use of gloves, lab coat, and nurse caps are mandatory.

Conclusion

We have provided a video that shows you how to isolate, derive, and culture embryonic germinal cells from gonadal ridges of 10.5-11.5 dpc
mouse embryos. The reproducible isolation and long term culture of Embryonic germinal cell lines provides a critical foundation for study of early
embryonic development, genetic and epigenetic germinal patterns, gonad formation, environmental effects of surrounding organs during the
developmental process of gametogenesis in the male and female embryos, and determination of pathways that leads to cancer and infertility.
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Figure 1. Morphology of Mouse Embryonic Gemminal Cells. Characteristic growth and
morphology of undifferentiated embryonic germinal cell colony, which grow condensed in a
multilayer pattern (Left). Boxed region shows higher magnification image (right) in a three
dimensional view of the multilayer colony and displays the morphology typical of germinal cells,
high nucleus/cytoplasm ratio (arrows), on the top layer of the colony. (Phase contrast
photomicrographs with magnification 20X-left and 60X-right).

This research was conducted after review and Institutional Animal Care and Use Committee (IACUC) approval of our mouse protocol #08030

(The Role of Reactive Oxygen Species -ROS in germ line development and tumor formation: Holding and breeding protocol) at Mississippi State
University.
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