


		
TITLE:
A Simple Microaspiration Technique for Isolating Somatic Cells from Cryopreserved Equine Semen as Nuclear Donors for Cloning

AUTHORS AND AFFILIATIONS:
Boris Ramos Serrano1, Alejandro Ávalos Rodríguez2, Ana María Rosales Torres2, Michael Edward Kjelland3,4, José Ernesto Hernández Pichardo5*

1Doctorado en Ciencias Biológicas y de la Salud, Universidad Autónoma Metropolitana, Ciudad de México, México
2Departamento de Producción Agrícola y Animal. División de Ciencias Biológicas y de la Salud. Universidad Autónoma Metropolitana-Xochimilco. Calzada del Hueso 1100, Colonia Villa Quietud, Alcaldía Coyoacán, CP. 04960, México, CDMX
3Integrated Cell Culture & Bioimaging Laboratory, Division of Science, Mathematics & Agribusiness, Mayville State University, Mayville, ND 58257, USA
4Conservation, Genetics & Biotech, LLC, Valley City, North Dakota, USA
5Laboratorio de Manejo de la Reproducción Animal. Departamento de Producción Agrícola y Animal. División de Ciencias Biológicas y de la Salud. Universidad Autónoma Metropolitana-Xochimilco, Calzada del Hueso 1100, Colonia Villa Quietud, Alcaldía Coyoacán, CP. 04960, México, CDMX

Email addresses of the co-authors:
Boris Ramos Serrano			(2223801065@correo.xoc.uam.mx)
Alejandro Ávalos Rodríguez		(avalosr@correo.xoc.uam.mx)
Ana María Rosales Torres		(anamaria@correo.xoc.uam.mx)
Michael Edward Kjelland		(mkjelland@hotmail.com)

*Email address of the corresponding author:
José Ernesto Hernández Pichardo	(ehernan@correo.xoc.uam.mx)

KEYWORDS: 
Semen-derived epithelial cells, SCNT, horse semen

SUMMARY:
This protocol presents a simple microaspiration technique to isolate viable somatic cells (SCs) from cryopreserved equine semen. Unlike traditional approaches, this technique avoids long in vitro cultures and overcomes sperm contamination, enabling immediate use in somatic cell cloning.

ABSTRACT:
Semen is a complex fluid that, in addition to spermatozoa, contains other cell populations, including immune cells, immature male germ cells, epithelial cells, and fibroblasts. These cells share the diploid condition, making them suitable candidates as nuclear donors for somatic cell nuclear transfer (SCNT) cloning. The generation of viable embryos and offspring has been demonstrated using these cells. Effective methods for isolating them from semen include centrifugation and osmotic gradient techniques; however, prolonged in vitro culture periods are necessary to establish primary cultures from these isolated cells. Furthermore, the samples that were obtained contained a high load of spermatozoa, which interferes with the establishment and maintenance of in vitro cultures. To date, primary cultures have only been successfully established from fresh semen samples, while attempts using cryopreserved semen have consistently failed. This limitation significantly restricts the potential to generate clones from cryopreserved semen samples. The present study proposes a simple microaspiration-based methodology for isolating somatic cells from cryopreserved equine semen. This approach allows for the rapid retrieval of a sufficient number of cells for immediate use in SCNT cloning procedures. 

INTRODUCTION:
Somatic cell nuclear transfer cloning is an invaluable tool for the rescue and multiplication of individuals of zootechnical and scientific interest. Numerous cell lines have been used as nuclear donors, including cells derived from skin, muscle, granulosa, lymphocytes, and urine cells1–4. Interestingly, semen has emerged as a novel alternative for collecting somatic cells (SCs) to be used as nuclear donors for cloning5,6. This finding is particularly important for the rescue of individuals for whom only semen has been preserved. However, the establishment of primary cultures from SCs isolated from frozen semen has been unsuccessful and, to date, remains the main obstacle for obtaining cloned animals from this source7–9. These cells likely originate from glandular epithelia and the lining of tubules, from seminal secretions, and—importantly—from semen contamination with urine, the latter being a well-known source of somatic cells with high proliferative and undifferentiated potential3.

[bookmark: _Hlk209987690]Various methods for isolating SCs from semen have been implemented, including centrifugation5, osmotic gradients7,8,10, and flow cytometry11. However, somatic cells, once isolated by these methods, still require optimized conditions for attachment, growth, and proliferation8. The specific requirements of these cells make in vitro culture more complex, as prolonged incubation periods are needed for the establishment of primary cell cultures9. Moreover, the high concentration of spermatozoa present in the samples interferes with both the initiation and maintenance of these cultures5.

[bookmark: _Hlk209991045]In contrast to previously described approaches, this microaspiration technique offers several clear advantages. It permits the selection of SCs based on size and morphology12 and allows the recovery of nuclei from both viable and nonviable cells, a strategy successfully demonstrated with frozen tissue without cryoprotectants13 and freeze-dried reproductive cells14–16. Importantly, SCs can be used immediately after semen thawing, thus reducing the risk of ploidy errors typically associated with extended in vitro culture of primary somatic cells used for animal cloning17,18. Specifically, the technique focuses on cryopreserved equine semen, allowing the collection of a sufficient number of SCs to be used immediately for SCNT12.

The fabrication of micropipettes and the development of microaspiration techniques have significantly progressed in recent decades. The use of these tools enables precise manipulation of gametes, embryos, and their cytostructures, creating new possibilities in the field of reproductive biotechnology. Micromanipulation techniques enable the evaluation of cellular mechanical properties and provide valuable insights into their physiological condition19,20, yet this field is still relatively unexplored.

To date, no research has detailed an effective technique for isolating SCs from semen using any variant of micromanipulation procedures. Given the limitations of conventional isolation methods, this study proposes a practical microaspiration-based protocol to isolate SCs from cryopreserved equine semen, enabling their immediate use in somatic cloning procedures following collection.

PROTOCOL:
Cryopreserved semen samples, preserved for over 19 years in liquid nitrogen, were obtained from commercial distributors authorized by the relevant veterinary authorities in Mexico, in compliance with the Mexican Official Standard NOM-027-ZOO-1995, which governs the zoosanitary process of semen from domestic animals. All semen samples, whether used or unsuitable for analysis, were inactivated and disposed of following institutional biosafety protocols and applicable regulations, including NOM-087-ECOL-SSA1-2002 for the management of biological-infectious waste in Mexico. Residual hydrofluoric acid (HF) was safely neutralized under a fume hood by slowly transferring it into a plastic container and gradually adding small portions of CaCO₃ or Ca(OH)₂ until effervescence ceased, forming insoluble CaF₂. The pH of the neutralized suspension was confirmed to be between 6 and 8 before it was managed as inorganic chemical waste according to local regulations. The reagents and the equipment used are listed in the Table of Materials.

1. Micropipette needle fabrication for somatic cell isolation

1.1. Select borosilicate glass capillaries (1.0 mm O.D. × 0.78 mm I.D. × 100 mm).

1.2. Use a micropipette puller to produce fine-tipped capillaries. Adjust the cutting point to vary the tip diameter.

1.3. Insert the capillary into the puller and lock it firmly.

1.4. Remove the micropipette carefully after pulling and place it horizontally on the microforge.

1.5. Align the heater and micropipette within the microscope’s field of view.

1.6. Locate the cutting point using the eyepiece reticle (Figure 1 A,B).

1.7. Bring the micropipette tip into contact with the glass bead (on the heater filament).

1.8. Gradually increase the heat until the tip melts into the bead.

1.8.1. Turn off the heater.

1.8.2. Allow the tip to adhere to the bead and separate. 

NOTE: It is not necessary to bend the micropipette; it can be used in its straight form. However, if preferred by the operator, an angle may be formed (Figure 1C).

1.9. Do not smooth the tip, as this step is unnecessary for the procedure.

1.10. Clean the pipette tips by immersing each tip for ~10 s sequentially in:

1.10.1. 20% hydrofluoric acid (HF). 

CAUTION: Hydrofluoric acid is highly toxic and corrosive. Use the personal protective equipment indicated by the supplier. Emphasize the use of eye/face protection, gloves, and a laboratory coat, and always work in a fume Hood.

1.10.2. Sterile double-distilled water.

1.10.3. Absolute ethanol. 

NOTE: To facilitate pipette tip washing, prepare the above-mentioned solutions in 15-mL sterile Corning tubes.

1.11. Dry micropipettes in an oven at 50 °C.

1.12. Store micropipettes in a sterile container.

2. Microaspiration setup

2.1. Check that the microaspiration system is in proper working condition, with the microaspiration joystick centered on the control panel.

2.2. For systems using oil, ensure there are no air bubbles inside the system, as these may affect movement precision.

2.3. Insert the somatic cell aspiration micropipette into the holding manipulator on the operator's dominant hand side. 

NOTE: Replace the micropipette with a new one if the tip becomes clogged during somatic cell collection.

3. Thawing and dilution of cryopreserved equine semen

3.1. Remove straws from liquid nitrogen, expose to air for 10 s, and thaw at 37 °C for 30 s.

3.2. First semen dilution: Take a sample from the thawed semen (250 µL) and dilute with 1.0 mL of DMEM/F12 medium supplemented with 10% fetal bovine serum, 0.1 mg/mL bovine serum albumin, 12.5 µM β-mercaptoethanol, and 1% antibiotic-antimycotic.

3.2.1. Incubate the mixture at 37 °C for 30 min.

3.3. Second semen dilution: Take 25 µL from the first dilution, dilute it in 975 µL of 1x DPBS supplemented with 0.1 mg/mL poly(vinyl alcohol) (PVA) or polyvinylpyrrolidone (PVP) deposit it into a 1.5 mL microcentrifuge tube, and mix gently.

3.3.1. Maintain this mixture at 37 °C throughout the cell collection process.

4. Preparation of dishes for SCs collection

4.1. Collect the SCs using two lids from 35 mm diameter culture dishes.

4.2. Prepare the first lid as follows (lid #1, Figure 2A).

4.2.1. Take 100 µL of the second semen dilution and deposit it in the center of the lid (see Figure 2A).

4.2.2. Make a second microdrop (10 µL) of 1x DPBS supplemented with 0.1 mg/mL PVA or PVP on top of the first drop (see Figure 2A).

4.2.3. Cover both microdrops completely with paraffin oil to prevent evaporation and to maintain temperature stability during SCs aspiration.

4.3. Prepare the second lid to remove cellular debris and accompanying spermatozoa (lid #2, Figure 2B).

4.3.1. Place three 30–50 µL drops of 1x DPBS supplemented with 0.1 mg/mL PVA or PVP in the center of the lid; do not cover them with mineral oil. 

NOTE: Prepare this culture dish only after all somatic cells have been selected to prevent changes in the physicochemical properties of the DPBS solution due to air exposure.

4.4. Perform all microaspiration steps under an inverted microscope at room temperature. Avoid sudden temperature changes.

5. Microaspiration procedure for isolating SCs from cryopreserved equine semen

5.1. Place the first lid (lid #1, Figure 2A) on the microscope stage, ready for collecting the SCs.

5.2. Select a micropipette with the proper diameter to collect the SCs and connect it to the mechanical aspiration system.

5.3. Carefully insert the micropipette into the microdrop and align it with the bottom of the dish lid. Once the pipette has aspirated culture medium, begin the individual capture of SCs.

5.4. At the bottom of the dish, various cell morphologies should be visible (Figure 3).

5.5. Position the micropipette tip adjacent to each SC and aspirate them under negative pressure. Aspirate all round and elongated cells regardless of their size. The aspiration volume varies between captures of SCs.

5.6. After capturing 10 cells, deposit them into the microdrop located on top (10µL) (Figure 2A). Repeat this step until the required number of SCs for the cloning experiment is obtained.

5.7. Hold all captured somatic cells within this microdrop throughout the collection process.

5.8. Once the required number of SCs for cloning is obtained, perform a simple washing procedure using microdrops to remove accompanying spermatozoa, cellular debris, and microbial contaminants.

5.9. Take the second dish lid and perform a sequential three-step washing of the SCs (lid #2, Figure 2B):

5.9.1.  Capture the somatic cells with a micropipette and carefully deposit them onto the surface of the first drop. Allow them to settle for 3–5 min (Figure 2B; Drop #1).

5.9.2.  Repeat step 1.8.1, and deposit them into the second drop (Figure 2B; Drop #2).

5.9.3.  Repeat step 1.8.1, and deposit the somatic cells into the third drop (Figure 2B; Drop #3).

5.10. As a final step, deposit the isolated somatic cells into a final microdrop prepared for subsequent use in somatic cell nuclear transfer procedures (Figure 4D).

NOTE: Aspirate SCs in the smallest possible medium volume during each recapture to minimize sperm, debris, and microbial contaminants.

REPRESENTATIVE RESULTS:
Table 1 shows that the microaspiration technique efficiently recovers somatic cells from cryopreserved equine semen, with capture rates ranging from 317.7 ± 9.60 to 424.7 ± 33.65 cells/hour across three stallions. Stallion #03 had the highest yield, demonstrating the effectiveness of the method even with long-term stored samples. The data indicate that the technique consistently and effectively isolates somatic cells from semen, and the mean capture rates and standard deviations provide quantitative measures of efficiency and consistency, thereby supporting its application in somatic cell nuclear transfer.

The isolation of each somatic cell did not require a significant aspiration force, although some cells tended to adhere to the tip of the micropipette during the process. A distinctive characteristic observed during manipulation was the rigidity and low deformability of the isolated cells.

[bookmark: _Hlk204451803]The use of sodium borosilicate glass provides a durable micropipette with sufficient transparency to monitor all movements during cell aspiration. In our experimental conditions, it was possible to collect all identified SCs using micropipettes with diameters ranging from 25–30 µm. Interestingly, five distinct somatic cell types were identified based on size and morphology (Figure 3 and Figure 4). It is hypothesized that, for cloning purposes, the large round cells (15.97 ± 1.75 µm) and the epithelial-like cells (15.78 ± 3.04 µm) are the most suitable candidates (Table 2).

FIGURE AND TABLE LEGENDS:

Figure 1: Preparation of micropipettes for SCs collection from semen. (A,B) Micropipettes cut to different diameters. (C) Utilizing the micropipettes with angled tips to improve somatic cell collection.

Figura 2: Microdroplet arrangement for SCs isolation and washing. (A) Lid #1 with semen-medium and manipulation medium drops under mineral oil for cell isolation. (B) Lid #2 with three manipulation medium drops without mineral oil for stepwise washing of isolated SCs.

Figure 3: Representative morphologies of SCs observed in cryopreserved equine semen. (A) Small and large round cells. (B) Individual squamous cells. (C) Clustered epithelial-like cells. (D) Elongated somatic cell. Cells were visualized using Trypan Blue staining and observed under a light microscope at 20× and 40× magnifications.   Cells were maintained in suspension to preserve their native morphology. Black arrows indicate the respective cell types.

Figure 4: Washing procedure to remove spermatozoa and cellular debris during the isolation of somatic cells from cryopreserved equine semen. (A) Somatic cells in suspension, immediately after collection from semen, exhibit significant contamination with sperm and cellular debris. (B) First washing step of the somatic cells. (C) During the second washing step, a reduction of undesired cellular elements (such as sperm and cellular debris) is observed. (D) By the third wash, undesired cellular elements are reduced to negligible levels, and somatic cells are ready for nuclear transfer. Images A, B, and C show somatic cells stained with Trypan Blue for illustrative purposes to demonstrate that the collected cells are nucleated and, therefore, not viable for cloning. Image D shows somatic cells ready for cloning, which have not been exposed to Trypan Blue (20× and 40× magnification).

Table 1: Number of somatic cells recovered from cryopreserved equine semen via microaspiration.

Table 2: Cytomorphological pattern of somatic cells observed in frozen-thawed equine semen.

DISCUSSION:
Micromanipulation of cells and gametes has made it possible to simplify complex assisted reproductive techniques. Examples of these include somatic cloning by Hand Made Cloning21, assisted hatching22, intracytoplasmic sperm injection (ICSI)23, and pronuclear microinjection in zygotes24, among others.

[bookmark: _Hlk209996563]The development of effective methods for isolating somatic cells from semen is an invaluable tool for modern animal reproduction techniques. However, many biological aspects remain unknown, and various technical factors continue to limit the use of these cells in biotechnologies such as somatic cell cloning. Unlike previously reported isolation methods based on centrifugation5 or osmotic gradients7,8, which depend on extended in vitro culture and only yield primary cell lines with limited efficiency after several weeks9. This approach allows the immediate recovery of somatic cells from cryopreserved equine semen in numbers adequate for a routine cloning session12. Earlier studies in ovine8, bovine9, and equine11 species consistently failed to establish primary cultures from cryopreserved semen, with successful establishment reported only in buffalo10,25,26, pointing to potential species-specific limitations. The generation of cloned embryos using somatic cells isolated post-thaw from equine semen has not been evaluated, a situation attributed to the difficulty of obtaining primary cultures suitable as nuclear donors11. We believe that establishing primary cultures is not strictly necessary to use these somatic cells as nuclear donors, and that somatic cells isolated immediately post-thaw from semen have the potential to produce embryos9,12, representing the most practical approach to date. Preliminary results from our laboratory support the potential of the developed method12. However, under the current conditions, technological improvements are still needed to enhance the efficiency of each step in somatic cell cloning.

In practical terms, this method allows for the collection of approximately 300 to 400 somatic cells per hour. However, when the presence of these cells in the semen is low, this number may decrease, or additional time will be required to reach the same cell count. We consider that the number of somatic cells collected in this experiment is sufficient to perform a somatic cell cloning cycle (n = 150–200 micromanipulated oocytes per person per cycle).

It is important to highlight that the isolated somatic cells observed have rigid membranes that do not deform during microaspiration, although it is known that the fluidity and flexibility of cell membranes vary; for example, neutrophils and red blood cells are soft, while endothelial cells and chondrocytes are rigid20. Additionally, it was observed that some cells are very sticky. Micropipettes can be passivated to reduce adhesion to the glass. To this end, coating substances such as bovine serum albumin or polyethylene glycol can be used27.

A key limitation of this approach is that, through microscopic observation, we cannot determine the specific portion of the reproductive tract from which the somatic cells originate, nor can we assess their DNA integrity or metabolic status. However, even if these cells are not viable, they can still be used as nuclear donors for cloning28–30.

These results show that there is a heterogeneous population of somatic cells in cryopreserved equine semen, which vary in size and shape (Figure 3 and Figure 4). It is considered that the isolated somatic cell population may include immunological cells, desquamated epithelial cells, and immature spermatogenic cells. Under normal conditions, the semen of an apparently healthy animal contains minimal numbers of leukocytes and immature sperm cells, which are likely of less interest for cloning purposes. Several authors have demonstrated that SCs isolated from semen are of epithelial and fibroblast origin5,8,9, likely derived from desquamated epithelia and accessory glands that contribute their secretions to semen formation. Another important source of SCs may be urine, which can contaminate the semen during ejaculation31. It has been demonstrated in several species that these cells are competent for animal cloning3,32,33. In general, if these cells possess a diploid genome, they can be considered suitable candidates for nuclear transfer in cloning procedures.

The current data demonstrate the presence of SCs in cryopreserved equine semen, exhibiting a round morphology with an average diameter equal to or greater than 15 µm, a birefringent appearance, and visible nuclei, features consistent with somatic cells found in semen34,35 and urine samples from other species3,33,36. Isolating these cells using the proposed method is a technically uncomplicated procedure. Micropipettes with 25–30 µm tip diameters allow for efficient retrieval of SCs from thawed semen. Finally, serial washing of SCs in multiple microdroplets facilitates the removal of sperm cells, cellular debris, and microbial contaminants. Considering the principles of cell sedimentation37, epithelial or fibroblast cells sediment faster than spermatozoa due to their larger size, reducing the presence of these contaminants in each washing droplet (Figure 4).

In horses, a reliable technique for isolating somatic cells from cryopreserved semen would provide access to 100% of the genetic information preserved over decades from exceptional individuals38,39. Equally important is the application of this approach to the rescue of wild species that are endangered or already extinct, for which only epididymal-collected semen is available40,41. In such cases, combining somatic cells isolated from semen with interspecies cloning may represent the only viable option in the upcoming years42.

The microaspiration technique described here provides an effective and straightforward method for isolating somatic cells from cryopreserved equine semen, supporting further research into their potential use as nuclear donors for somatic cloning.
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