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a b s t r a c t 

Sertoli cells (SeC) isolated from porcine testes have shown 

direct effects on muscle precursor cells sustaining C2C12 

myoblasts proliferation and inhibiting oxidative stress and 

apoptosis in the early phase of the differentiation process, 

and stimulating myoblast fusion into myotubes and the ex- 

pression of markers of myogenic differentiation in the late 

phase. This suggested that the cocktail of factors secreted 

by SeC stimulates proliferation in myoblasts without weak- 

ening their myogenic potential resulting in the formation of 

the critical myoblast amount necessary to rebuild the re- 
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quired muscle mass upon a damage. Here, we show that 

co-culturing C2C12 myoblasts with high doses of SeC mi- 

croencapsulated in clinical grade alginate-based microcap- 

sules (MC-SeC) for three days in differentiation medium 

(DM) translates into increased cell numbers and almost ab- 

sence of myotube formation. However, after removal of MC- 

SeC, an intense fusion activity into myotubes was observed 

culminating in a fusion index similar to that of control after 

additional three days of culture in DM. These data definitely 

demonstrate that SeC-derived factors preserve the myo- 

genic potential while sustaining cell proliferation in C2C12 

myoblasts. 

© 2021 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND 

license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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pecifications Table 

Subject Biological Sciences 

Specific subject area Cell Biology 

Type of data Image 

Graph 

Figure 

How data were acquired Peristaltic pump (Gilson) 

Inverted phase contrast microscope (Olympus IX51) 

Bight-field microscope (Olympus BX51) 

Epifluorescence microscope (Olympus BX41) 

Data format Raw 

Parameters for data collection C2C12 myoblasts were cultured in the absence or presence of high doses of 

microencapsulated porcine SeC (equivalent amount, 8.0 × 10 5 SeC/ml). 

Description of data collection Evaluation of myogenic indexes, total nuclei/field, and numbers of 

nuclei/myotubes were performed by three independent operators blinded to 

treatments. 

Data source location Institution: University of Perugia 

City/Town/Region: Perugia 

Country: Italy 

Data accessibility https://data.mendeley.com/datasets/2gvbndvtnp/3 

Related research article L. Salvadori, S. Chiappalupi, I. Arato, F. Mancuso, M. Calvitti, M.C. Marchetti, F. 

Riuzzi, R. Calafiore, G. Luca, G. Sorci. Sertoli cells improve myogenic 

differentiation, reduce fibrogenic markers, and induce utrophin expression in 

human DMD myoblasts. Biomolecules 2021 Oct 12; 11(10):1504. 

doi: 10.3390/biom11101504 . 

alue of the Data 

• Our data demonstrate that microencapsulated Sertoli cells (MC-SeC) release factors [1–4] that

exert direct effects on muscle precursor cells, stimulating myoblast proliferation (Salvadori,

2021) without affecting the myogenic potential, even at high doses. 

• In addition to reported potential applications [2,6,7] , our data suggest that SeC might be

beneficial (i) in muscle regeneration, when myoblasts have to proliferate to reach the critical

density needed to replace damaged muscle mass [8] ; (ii) in muscle atrophy conditions, sus-

taining myoblast proliferation and differentiation [9] ; and (iii) in muscular dystrophy, where

continuous cycles of muscle degeneration/regeneration occur leading to depletion of muscle

precursor cells [10] . 

• The effects induced on myoblasts by MC-SeC are the final result of a cocktail of factors the

exact composition of which remains to be determined [1–4] . Starting from our data, acellular

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3390/biom11101504
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SeC derivatives (e.g., SeC-conditioned media or SeC-derived extracellular vesicles) should be

evaluated for their effects in muscle regeneration, muscle atrophy, and muscular dystrophies.

• Together with experimental results obtained in human DMD myoblasts with different muta-

tions [5] , these data support the potential application of MC-SeC as a universal treatment to

DMD patients. 

• In a translational perspective, the concentration of SeC to be applied in a certain muscle

pathology or atrophying condition has to be carefully evaluated in order to allow myoblasts

to differentiate after the early proliferation phase. 

1. Data Description 

Sertoli cells (SeC) isolated and purified from testes of Large White piglets ( Fig. 1 , Step 1) were

characterized for the expression of anti-Müllerian hormone (AMH), insulin-like3 (INSL3), alpha-

smooth muscle actin (ASMA), and protein gene product 9.5 (PGP9.5) as markers of prepubertal

SeC, Leydig cells, peritubular cells, and gonocyte and spermatogonial cells, respectively ( Fig. 1 ,

Step 2). SeC preparations with very high purity were obtained, as demonstrated by the high per-

centages of AMH-positive cells (96.7 ±2.8%) and the negligible contamination by INSL3-positive

(0.9 ±0.5%), ASMA-positive (2.0 ±0.3%), and PGP9.5-positive (0.4 ±0.1%) cells ( Fig. 1 , Step 3). Pu-

rified SeC were counted and encapsulated into clinical grade alginate microcapsules (MC-SeC)

through a dedicated air-jet apparatus ( Fig. 1 , Step 4A). SeC viability remained high (95.7 ±1.3%

viable cells) in freshly-prepared MC-SeC as evaluated after ethidium bromide/fluorescein diac-

etate staining ( Fig. 1 , Step 4C). Empty microcapsules (E-MC) were prepared following the same

procedure in the absence of SeC ( Fig. 1 , Step 4B) and were used as control. 

C2C12 myoblasts were cultured in low-serum DMEM (differentiation medium, DM) in the

absence or presence of high doses of MC-SeC (equivalent amount, 8.0 × 10 5 SeC/ml) with the

use of cell culture inserts ( Fig. 2 A). After 72 h, increased cell numbers and almost absence of

myotube formation were seen in myoblasts co-cultured with MC-SeC in comparison with my-

oblasts cultivated in the presence of E-MC ( Fig. 2 B). Indeed, C2C12 cells co-cultured with MC-

SeC showed a fusion index of only 7.4 ±4.8% in comparison with the 68.8 ±3.4% fusion index of

E-MC-treated myoblasts ( Fig. 2 C), and an average nuclei/myotube ratio of 5.3 versus 21.1 nu-

clei/myotube observed in E-MC-treated myoblasts ( Fig. 2 D), suggesting that high concentrations

of SeC-derived factors sustain an intense proliferative activity inhibiting the myogenic differen-

tiation. 

After 72 h of co-culture, MC-SeC and E-MC were removed or not removed and my-

oblasts/myotubes were cultivated for additional 72 h without renewing the culture medium.

Myoblasts cultured in the presence of E-MC for the entire duration of the experiment showed

a fusion index of 59.1% and a nuclei/myotube ratio of 12.9 ( Fig. 2 E–G). Instead, myoblasts cul-

tured constantly in the presence of MC-SeC showed very low values of fusion index (11.9%) and

nuclei/myotube ratio (7.7) ( Fig. 2 E–G), supporting an inhibitory role of SeC in the myogenic pro-

cess. 

Myoblasts/myotubes cultivated after the removal of E-MC showed similar values of fusion

indexes (62.8%) and nuclei/myotube ratios (13.3) ( Fig. 2 H–J) to those of myoblasts/myotubes in

which E-MC were maintained in the culture inserts ( Fig. 2 E–G), as expected. In contrast, when

myoblasts cultivated with MC-SeC were cultured for additional 72 h in the absence of MC-

SeC, an extensive myotube formation could be seen ( Fig. 2 H) reaching fusion indexes (61.1%)

( Fig. 2 I) similar to those of myoblasts cultured in the presence of E-MC for the first 72 h

( Fig. 2 I) or for the entire duration of the experiment ( Fig. 2 F). Interestingly, the evaluation of

nuclei/myotube ratios showed even higher values for myoblasts previously treated with MC-

SeC (15.5 nuclei/myotubes) ( Fig. 2 J) in comparison with myoblasts previously cultured (13.3 nu-

clei/myotubes) ( Fig. 2 J) or constantly cultured (12.9 nuclei/myotubes) ( Fig. 2 G) with E-MC. 

Altogether, these results were strongly indicative of preservation of the myogenic potential

by myoblasts treated with (high-dose) SeC. 
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Fig. 1. Experimental steps of the procedure used to obtain MC-SeC. (1) Isolation step. Chopping phase in which the 

testes decorticated by the tunica albuginea (A) are finely minced (B). (2) Purification step. Phase contrast photomicro- 

graphs showing SeC culture after enzymatic digestion with trypsin and DNase I (A), followed by treatment with col- 

lagenase P (B). (C,D) Fluorescence photomicrographs of SeC after double staining with ethidium bromide (EB; orange ) 

and fluorescein diacetate (FDA; green ) to assess cell viability before (C) and after (D) plating. Scale bars, 100 μm (A-C) 

and 50 μm (D). (3) Characterization step. Isolated SeC were characterized for the expression of anti-Müllerian hormone 

(AMH) (A), insulin-like 3 (INSL3) (B), alpha-smooth muscle actin (ASMA) (C) or protein gene product 9.5 (PGP9.5) (D) by 

immunofluorescence staining ( green ). Nuclei were counterstained with DAPI ( blue ). Reported are representative images 

with the percentages (means ±SEM) of positive cells in three different purifications. Scale bars, 20 μm. (4) Encapsulation 

step. (A) Schematics of the air-jet system used for SeC microencapsulation, consisting in a peristaltic pump, an air-jet 

generator of microdroplets, and a flow meter. ALG, sodium alginate. Reported are representative phase contrast images 

and fluorescence images after double staining with EB/FDA of empty microcapsules (E-MC) (B and B’, respectively) and 

MC-SeC (C and C’, respectively). The percentage of viable cells (means ± SEM) of three different encapsulation proce- 

dures is indicated (C’). Scale bars, 200 μm. 
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Fig. 2. (A–D) C2C12 myoblasts cultivated in GM in 6-multiwells plates were switched to differentiation medium (DM) for 

72 h in the presence of empty microcapsules (E-MC) or microencapsulated SeC (MC-SeC; equivalent amount, 8.0 × 10 5 

SeC/ml) by the use of cell culture inserts. (E–G) Myoblasts were cultured for additional 72 h in the same conditions 

without removing the culture inserts and without replacing the culture medium. (H–J) In parallel, the inserts with E-MC 

or MC-SeC were removed and myoblasts were cultivated for additional 72 h without replacing the medium. (A) Reported 

is a schematic illustration of the culture conditions. (B,E,H) Representative images of myoblast cultures as viewed with 

an inverted phase contrast microscope or after May-Grünwald/Giemsa staining. The fusion indexes (C,F,I) and the average 

numbers of nuclei/myotube (D,G,J) are reported. Results are means ( ±SD) of three independent experiments. ∗ , ∗∗ and 
∗∗∗ , significantly different from control (E-MC) (P < 0.05, P < 0.01 and P < 0.001, respectively). Scale bars, 200 μm. 



6 S. Chiappalupi, L. Salvadori and F. Mancuso et al. / Data in Brief 40 (2022) 107744 

2

2

 

U  

g  

a  

fi  

2  

w  

E

2

 

i  

o  

b  

D  

i  

c  

P  

i  

s  

u  

I  

S  

c  

(  

i  

L  

g  

i

2

 

c  

0  

b  

r  

h  

p  

t  

T  

a  

s

. Experimental Design, Materials and Methods 

.1. C2C12 culture 

Murine C2C12 myoblasts obtained from the American Type Culture Collection (Manassas, VA,

SA) were cultured in growth medium (GM) composed of high-glucose Dulbecco’s modified Ea-

le’s medium (HG-DMEM) supplemented with 20% foetal bovine serum (FBS; Invitrogen, USA),

nd 100 U/ml penicillin and 100 mg/ml streptomycin (P/S). Cells were maintained in a humidi-

ed atmosphere containing 5% CO 2 at 37 °C. Cells were seeded 2.9 × 10 4 cells/cm 

2 , cultured for

4 h in GM, and then shifted to differentiation medium (DM) made of HG-DMEM supplemented

ith 2% horse serum (HS, Invitrogen) and P/S. Co-culture of C2C12 myoblasts with MC-SeC or

-MC was obtained by the use of 0.4 μm cell culture inserts (BD Falcon). 

.2. Sertoli cell isolation and characterization 

SeC were isolated from Large White neonatal pigs, according to established methods modified

n our laboratory [11–13] . After removal of the fibrous capsules the testes were finely chopped to

btain a homogeneous dense tissue that underwent sequential enzymatic digestion with Hanks’

alanced salt solution (HBSS; Sigma-Aldrich, USA) containing 2 mg/ml trypsin and 50 ug/ml

Nase I (both from Sigma-Aldrich, USA) for 15 min at 37 °C. The digestion continued until phys-

cal separation of the seminiferous tubules was achieved. After washing twice with HBSS and

entrifuging at 118 g for 3 min, the tissue suspension was incubated with 2 mg/ml collagenase

 (Roche Diagnostics, Italy) solution in HBSS for 30 min at 37 °C. The pellet was washed twice

n HBSS and centrifuged at 118 g for 3 min. The pellet was passed through a 500-μm stainless

teel mesh and resuspended in 1 M glycine, 1 mM EDTA buffer, pH 7.2 to eliminate any resid-

al Leydig and peritubular cells [14] . The resulting SeC were cultured in HAM’S F12 (Euroclone,

taly) supplemented with 0.166 nM retinoic acid (Sigma-Aldrich, USA) and 1% Insulin-Transferrin-

elenium (ITS) + Premix (Corning, USA; Cat. 354352) in 95% air/5% CO2 at 37 °C. After 3 days of

ulture, SeC were incubated with 10 mM TRIS [tris(hydroxymethyl)aminomethane] buffer, pH 7.4

Sigma-Aldrich, USA) to eliminate any residual germ cells [15] . To characterize the isolated cells,

mmunofluorescence staining for markers of prepubertal SeC [anti-Müllerian hormone (AMH)],

eydig cells [insulin-like 3 (INSL3)], peritubular cells [alpha-smooth muscle actin (ASMA)], and

onocyte and spermatogonial cells [protein gene product 9.5 (PGP9.5)] were performed accord-

ng to previously established methods [11 , 13] with minor changes (see Immunofluorescence ). 

.3. Sertoli cell microencapsulation 

After isolation, and upon 3 days of culture, SeC underwent envelopment in alginate micro-

apsules according to established method [11] . Confluent monolayers of SeC were collected with

.05% trypsin-ethylene-diamine tetra-acetic acid (EDTA; Gibco, USA) (2 min), washed, counted

y hemocytometer, and assayed for viability by ethidium bromide (EB; Sigma-Aldrich) and fluo-

escein diacetate (FDA; Sigma-Aldrich) staining. SeC were suspended in 1.6% aqueous solution of

ighly purified, clinical grade sodium alginate (ALG) (Stern Italia, Italy) [16] . The ALG-SeC sus-

ension was continuously aspirated by a peristaltic pump at a flow rate of 12-14 ml/min and

hen extruded through a microdroplet generator (air flow rate: 4 l/min) under sterile conditions.

he microdroplets were collected on a barium chloride (BaCl2, 1.2%, w/v) bath, which immedi-

tely turned them into gel microbeads. The obtained MC-SeC were washed twice in saline and

uspended in HAM’S F12 in 95% air/5% CO2 at 37 °C. 
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2.4. Immunofluorescence 

SeC monolayers grown on glass chamber slides (Thermo Fisher, USA) were fixed in 4%

paraformaldehyde (PFA) for 30 min and permeabilized with 0.2% Triton X-100 in phosphate-

buffered saline (PBS) for 10 min at room temperature (RT). Cells were blocked with 0.5% bovine

serum albumin (BSA, Sigma-Aldrich) in PBS for 1 h prior to exposure to the primary antibody

overnight at 4 °C. The following antibodies were used: polyclonal goat anti-AMH (cat. C-20; Santa

Cruz Biotechnology, USA) diluted 1:100; polyclonal rabbit anti-INSL-3 (cat. NBP1-18706; Novus

Biologicals, USA) diluted 1:200; polyclonal rabbit anti-ASMA (cat. ab5694; Abcam, USA) diluted

1:200; monoclonal rabbit anti-PGP9.5 (cat. ab108986; Abcam, USA) diluted 1:200. The cells were

washed three times in PBS for 5 min before exposure to the secondary antibody. The following

antibodies were used diluted 1:500: Alexa 488-conjugated donkey anti-goat antibody (Molec-

ular Probes); Alexa 488-conjugated donkey anti-rabbit antibody (Molecular Probes). The cells

were treated with RNAse (10 mg/ml; Sigma-Aldrich) and counterstained with 4 ′ ,6-diamidino-

2-phenylindole (DAPI) (Sigma-Aldrich) for 1 min at R.T. Negative controls were obtained by

omitting the primary antibody. Stained cells were mounted on slides with ProLong Gold anti-

fade reagent (Molecular Probes), and the percentages of cells positive for AMH, INSL3, ASMA or

PGP9.5 were determined using an epifluorescence microscope (Olympus BX-41) equipped with a

digital camera (F-viewer, Olympus). Images were processed with Cell F imaging software (Olym-

pus), and ten different preparations containing at least 500 cells were counted by independent

investigators blind to the treatments. 

2.5. May-Grünwald/Giemsa staining and fusion index evaluation 

C2C12 cells were fixed in cold absolute methanol for 8 min and stained with May-Grünwald

(Sigma-Aldrich, USA) for 3 min. Then, the cells were added with Sorensen’s phosphate buffer

(0.067 M, pH 6.8) for 4 min, May-Grünwald was removed and replaced with filtered Giemsa

solution diluted in Sorensen’s phosphate buffer 1:10 for 12 min. Giemsa solution was refreshed

every 2 min for six times. Giemsa was removed and the cells were dried and observed with

an Olympus BX51 microscope. Fusion indexes, total nuclei and nuclei/myotube ratios were de-

termined after May-Grünwald/Giemsa staining at 10X magnification in five randomly selected

fields/well of three different experiments using Image J software by independent investigators

blind to the treatments. The fusion indexes were calculated as the percentages of nuclei inside

myotubes (i.e., syncytia containing at least three nuclei) versus the total number of nuclei. 

Ethics Statement 

For primary culture of porcine prepubertal SeC, three Large White neonatal pigs (15 to 20

days old) were used as SeC donors. Animals were treated in agreement with the guidelines

adopted by the Italian Approved Animal Welfare Assurance (A-3143-01) and the European Com-

munities Council Directive of November 1986 (86/609/EEC). The experimental protocols were

approved by the University of Perugia. 
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