
Supplemental Materials and methods 1 

Adult SC isolation 2 

Testicular capsule was removed, and then testis fragments were washed and incubated in 3 

collagenase type IV (1.5 mg/ml; Sigma) and DNAse I (0.04% (w/v); Sigma) in F12 medium at 4 

34°C for 15 min, shaking at 100 oscillations/min to obtain separate tubules. After washing 5 

tubules were incubated in trypsin with 1mM EDTA (0.125% (w/v); Gibco, Grand Island, NY, 6 

USA) and DNAse I (0.04%) in F12 medium at 34°C for 10 min, shaking at 100 oscillations/min, 7 

washed, dissociated by repeated pipetting and centrifuged at 50 g for 1 min to avoid undigested 8 

tubule fragments. Cells in the supernatant were collected and centrifuged again at 450 g for 10 9 

min. Then cell pellet was resuspended in alphaMEM/F12 medium containing 5% FBS 10 

(HyClone), sodium pyruvate, alanyl-L-glutamine, non-essential amino acids and 11 

penicillin/streptomycin (all from PanEco) and plated. 12 

 13 

Embedding cells into a collagen matrix 14 

Cells were centrifuged in a 0.5 ml microcentrifuge tubes (1.5-2×105 cells/tube) at 6,000 rpm 15 

(Eppendorf rotor FA-45-24-11) for 5 min. The supernatant was discarded, leaving about 20 µl 16 

medium in the tube. The pellet was detached from the tube by a pipette tip and slightly 17 

resuspended to obtained cell aggregates. Next, 50 µl of collagen I solution (pH 7.4) kept on ice 18 

was added to the tube and gently mixed up with cells. Then all the solution was transferred onto 19 

a Nuclepore filter (Sigma) which had been placed on the bottom of a plastic dish. After the 20 

collagen polymerized (for 30 min), MEM/F12 medium containing 10% KnockOut Serum 21 

Replacement (KSR; Gibco) was added. 22 

 23 

Pup testicular cells isolation and culture 24 

To obtain freshly isolated pup testicular cells used procedures described in (Zhang et al. 2014) 25 

with some modifications. Briefly, tunica albuginea was removed and testes were incubated in 26 



collagenase type IV (2.0 mg/ml) and hyaluronidase I-S (1.0 mg/ml, Sigma) for 1 h at 25°C, 27 

shaking at 100 oscillations/min. DNase I (0.04%) was added to the tubules, and then they are 28 

dissociated by repeated pipetting. Undigested tubule fragments were removed by centrifugation 29 

at 50 g for 1 min. Cells in the supernatant were collected, centrifuged at 450 g for 10 min and 30 

embedded into collagen matrix. 31 

To obtain pup SC culture three-step enzymatic digestion procedure was used. After removing 32 

tunica albuginea testes were incubated in collagenase type IV (2.0 mg/ml) and DNase I (0.04%) 33 

at 34°C for 15 min, shaking, to remove interstitial cells. Then tubules were washed and 34 

incubated in collagenase type IV (2.0 mg/ml), hyaluronidase I-S (1.5 mg/ml) and DNase I 35 

(0.04%) at 34°C for 25 min, shaking, to remove the most part of PMCs. After washing tubules 36 

were incubated in the same enzyme mixture for another 15 min and dissociated by repeated 37 

pipetting. After centrifugation cells were plated on culture dishes at a concentration of 5.0×104 38 

cells/cm2 and maintained at 34°C under 5% O2 atmosphere. For embedding into a collagen 39 

matrix pup SCs were cultured in alphaMEM/F12 medium with 15% KSR for 10 days passaged 40 

every 3–4 days.  41 

 42 

Immunofluorescence staining 43 

For immunohistochemistry, frozen sections (4 µm for ordinary fluorescence microscopy and 10 44 

µm for confocal microscopy) of testes were made. They were fixed with 4% paraformaldehyde 45 

and permeabilized with 0.1% Triton X-100. For immunocytochemistry, cells were fixed with 46 

methanol. Then samples were blocked by bovine serum albumin (BSA, Sigma) for 30 min at 47 

37°C, incubated with primary antibodies for 1 h at 37°C or overnight at 4°C and, after washing, 48 

with secondary antibodies for 1 h at room temperature. Primary antibodies used were from Santa 49 

Cruz: anti-Wt1 (rabbit polyclonal, sc-192, 1:200), anti-Dmrt1 (mouse monoclonal, sc-377167, 50 

1:50), anti-BrdU (mouse monoclonal, sc-32323, 1:50); from Abcam: anti-Gata4 (rabbit 51 

polyclonal, ab84593, 1:100), anti-a-actin (mouse monoclonal, ab7817, 1:200), anti-FOXL2 (goat 52 



polyclonal, ab5096, 1:250); and from Millipore: anti-vimentin (mouse monoclonal, MAB1681, 53 

1:4), anti-Sox9 (rabbit polyclonal, AB5535, 1:200), anti-PH3 (Ser10) (rabbit polyclonal, 06-570, 54 

1:500). Secondary antibodies used were Alexa Fluor-488, 555, 594 (Molecular Probes, Thermo 55 

Fisher Sci., Rockford, IL, USA) and Cy3 (Abcam, Cambridge, MA, USA) conjugated 56 

antibodies. Before BrdU staining, cells and sections were incubated in 2N hydrochloric acid at 57 

room temperature for 30 min and 2 h, correspondingly. Double-fluorescence immunostaining 58 

was performed by a sequential method. Cell nuclei were co-stained with DAPI or PI (all from 59 

Sigma).  60 

For whole-mount immunofluorescence staining, cell aggregates in a collagen matrix were fixed 61 

with methanol, then blocked by 3% BSA for 30 min at 37°C and incubated with primary 62 

antibodies overnight at 4°C. After washing samples were incubated with corresponding 63 

secondary antibodies for 1 h at 37°C. When double staining was performed, samples were 64 

incubated with second primary antibodies for 2 h at 37°C and, after washing, with second 65 

secondary antibodies for 1 h at 37°C. Nuclei were co-stained with TOTO3 (Thermo Fisher Sci.). 66 

Samples were examined and photographed under a confocal microscope. 67 

 68 

Live imaging of colony formation 69 

TZ cells on the culture dish were stained with the vital dye Hoechst 33342 (0.4 µg/ml; Sigma) on 70 

day 1 of culture, then a square of 1 cm×1 cm with two crossing perpendicular lines was drawn on 71 

the bottom of the dish and cells inside the outlined area were photographed under ultraviolet 72 

light and phase contrast using a Keyence microscope. Cells were imaged under phase contrast 73 

once a day for the subsequent six days, then cells were fixed on day 7, stained for WT1 and 74 

photographed. Photographs obtained were stitched together with ImageJ software to create 75 

composite images of the outlined area at each day. The crossing lines were used as positioning 76 

marks to superpose composite images at different days. This method allowed identifying and 77 

tracking individual cells over days. 78 


