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Abstract: [Objectives] The Luopanshan Pig Sus scrofa domestica, an indigenous local breed of China, is
found mainly in the Tongnan region of Chongging. The population of purebred Luopanshan Pigs has
significantly declined due to the widespread impact of African swine fever and intense competition from other
breeds, putting them at risk of endangerment. To conserve this invaluable genetic resource, the establishment
of a somatic cell genetic resource bank is essential. [Methods] In this study, we successfully established a
fibroblast cell line from the ear margin of Luopanshan Pigs using the tissue block adhesion method.
Fluorescent staining was utilized to detect mycoplasma contamination and to identify the fibroblast marker
vimentin protein. Chromosomal karyotype analysis and G-banding were conducted to assess genetic stability.
In addition, flow cytometry was employed to evaluate key cell characteristics, including apoptosis rate, cell
cycle distribution, reactive oxygen species levels, and cellular senescence. Statistical analyses were performed
using GraphPad Prism software (version 9.5), with one-way ANOVA, two-way ANOVA and Student’s t-test
being used to determine significant differences. [Results] The study showed that primary fibroblasts migrated
from tissue blocks within 2 to 5 d, exhibited an elongated, spindle-shaped morphology (Fig. 1). After § to 12 d
of continued cultivation, the cell density reached 90%, allowing successful passaging. The first five
generations exhibited robust growth, forming a dense monolayer within 2 to 3 d post-passage. However, from
the sixth generation onwards, cell volume gradually increased, leading to an irregular morphology
characterized by enhanced lamellipodia and filopodia formation, alongside a significant decrease in growth
rate. Cell fusion was observed after approximately 4 to 5 d. (Fig. 2). To assess cell purity, fluorescent staining
for vimentin (a fibroblast marker) and nuclear DNA was performed, revealing a fibroblast purity exceeding
98% in the third passages (Fig. 3). Hoechst staining confirmed the absence of mycoplasma DNA, indicating
no contamination (Fig. 4). The Luopanshan Pig fibroblasts have a chromosome number of 2n = 38,
comprising 18 pairs of autosomes. Specifically, there are five pairs of submetacentric chromosomes
(chromosomes 1 - 5), two pairs of subtelocentric chromosomes (chromosomes 6 and 7), five pairs of
metacentric chromosomes (chromosomes 8 - 12), and six pairs of telocentric chromosomes (chromosomes 13
- 18). In additional, there is one pair of sex chromosomes, which are classified as metacentric chromosomes
(Fig. 5). The relative lengths of each chromosome are detailed in Table 2. The viability of the third-generation
cells before cryopreservation and after recovery exceeded 85%, with no significant differences observed. The
ninth generation showed a viability surpassing 80% before cryopreservation, the viability remained above
70% after recovery. Before cryopreservation and after recovery, the proliferation rate of third generation cells
showed a rapid increase, following a standard “S” shaped growth curve. In contrast, the growth curve of the
senescent cells of the ninth-generation cells showed a gradual increase in an “S” shape (Fig. 6). The results of
the flow cytometry analysis showed a significant increase in the proportion of cells in the gap 1 phase (G)
phase after the third generation, compared to the conditions before cryopreservation, there was a slight
decrease in the proportion of cells in the gap 2 phase (G,) and synthesis phase (S), but this difference was not
statistically significant. Although there was a slight increase in the rate of apoptosis after recovery, this did not
reach statistical significance. After the recovery of the ninth generation, there was a significant increase in the

proportion of cells in G, phases and a significant decrease in the percentage of cells in S phase. There was also
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a slight increase in the proportion of cells in G, phase, but this difference did not reach statistical significance.

Furthermore, a significant increase in the apoptosis rate was also observed (Fig. 7). Finally, compared to third

generation cells, significantly increased levels of reactive oxygen species (ROS) and senescence were

observed in ninth generation cells, with marked increases after recovery (Figs. 8, 9). [Conclusion] In this

study, we successfully established a cell line of marginal fibroblasts from the ear tissue of Lopangshan pigs.

By comparing the growth characteristics of third- and ninth-generation fibroblasts before cryopreservation and

after recovery, we found that low-generation fibroblasts exhibited greater stability in terms of growth after

recovery. Therefore, low-generation fibroblasts are more suitable for long-term ultra-low temperature

preservation and provide stable and excellent materials for subsequent genetic studies compared to high

generation fibroblasts.

Key words: Luopanshan Pig; Fibroblasts; Cell freezing; Apoptosis; Karyotype
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Tablel Identification and age distribution statistics

of Luopanshan Pigs Sus scrofa domestica

DR E G S R ()
Identification number Age (years)
28 13
186 13
30 13
190 7
52 7
164 6
141 5
16 3
65 3
67 2
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Fig.1 Themorphology of primary cells from ear margin fibroblasts of L uopanshan Pigs Sus scrofa domestica

a. bl c il 186 5. 52 AN 16 5 D4 L% JEACR AT 4E 40 -

a, b and c represent the morphology of primary cells from Luopanshan Pig number 186, 52 and 16.



2 34 JATEESS : URAEXS B L BT AR B W)~ s PR B +253 -

¢ lv;AEm\_ : “ 109pm
B2 FHIUEBSRAHEERARTESE

Fig. 2 Themorphology of passaged ear margin fibroblasts of L uopanshan Pigs Sus scrofa domestica
a~ i KIREAE 1R (P £ R (PO BRI H G Y.

a - i illustrate the morphology of Luopanshan Pig ear margin fibroblasts from the first generation (P1) to the ninth generation (P9).

WIEE H Vimentin DAPI 43 Merge

B3 ML E O R A DNA SOt 4R

Fig. 3 Thefluorescent staining images of vimentin and nuclear DNA in fibroblasts

av b. FEFHEANAR AR B A0 B B TR R V202]- A JEFRIC AR € cv d. 4HA#Z DNA I DAPI FRid Wit el £ EA ST
Image] & 3F. DAPL 4/, 6- - JpFE-2- FEFE 5| Wk

a, b. The vimentin protein in fibroblasts is labeled green using the vimentin antibody [RV202]-Cytoskeleton Marker; ¢, d. Cellular nuclear DNA is
labeled blue with DAPI; e, f. The images are merged using ImageJ. DAPI. 4',6-diamidino-2-phenylindole dihydrochloride
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B4 AR5 s0R A DNA SOt 3R

Fig.4 Thefluorescent staining images of nuclear and mycoplasma DNA

a MRMEBE T (10x) 5 b, FfEFBI T (100 x) . a. At low magnification (10 x); b. At high magnification (100 x).
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Fig.5 Thekaryotypeanalysisof thethird-generation ear margin fibroblasts of L uopanshan Pigs Sus scrofa domestica
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Table2 Thechromosome classification and relative length in third-generation ear margin

fibroblasts of L uopanshan Pigs Sus scrofa domestica

Yefn kg JLRE AR S K AR S /SN IS P
Chromosome number Relz’;i;’leolfrclﬁig rzf);};?n ihOl‘t Relative length of the long Full length of Type of morphology
arm of chromosome chromosome (pm)
1 62.33£14.84 121.33 £25.32 12.54+2.74 sm
2 33.33+4.62 68.33 £16.26 6.78 £ 1.69 sm
3 32.33+£9.07 61.66 +12.34 6.41 +1.44 sm
4 30.00 £ 9.00 59.33 £ 1.69 6.10+1.34 sm
5 24.00 + 3.46 52.00+9.17 5.18 +0.85 sm
6 2533+ 1.53 83.67+17.62 744 £1.25 st
7 24.33+0.58 69.00 £ 15.87 6.39+1.11 st
X 35.33+£8.02 50.00 + 7.94 6.52+0.74 m
8 40.33 + 8.62 55.67+16.26 6.55+1.66 m
9 33.33+7.77 44.00 +9.54 5.28+1.10 m
10 34.00 = 4.58 43.00 +9.54 5.26 £9.60 m
11 2733 +4.62 32.33+10.12 4.07 £0.90 m
12 21.33 +3.51 28.33 £ 6.66 3.39 +0.69 m
13 13.33£1.53 130.00 + 43.49 9.78 +2.86 t
14 833+ 1.15 98.33 £24.68 7.28 +£1.63 t
15 9.33£0.58 88.33 £21.50 6.46 + 1.48 t
16 7.33+£1.53 61.33 £14.01 4.69£1.02 t
17 6.33 £0.58 48.00 = 11.36 3.72 +0.80 t
18 5.67+1.53 45.00 +2.00 3.32+£0.66 t

m. FELRIG O, sm. ITHE LGOI, st A R Rk, o SR ROk, BRI IE £ dRfEEROR.

m. Metacentric chromosome; sm. Submetacentric chromosome; st. Acrocentric chromosome. t. Telocentric chromosome. Data are

presented as mean + SD.
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27 MRS RE T
HEmAMARLE R (B 7D, 5%
LG, BIREIE 3 AL 4egn A i Gy
FALL I B 43.36% £ 1.29%MEINE 51.57% =+
2.94%, RT3 (t=3.521,df =12, P<0.05);
G, MLl 27.63% + 4.19%/> % 23.26% +
2.05%, ZFAAEE (t=1875, df=12, P>
0.05) ; S HILLBIH 24.97% + 4.03%E/> &
21.53% + 0.75%, ZErARZE (t=1474, df=
12, P>0.05) ; M40 T- 2 H 4.16% + 1.38%
BMA 5.47% + 0.45%, ZRAEE (t=1.566,

df=4, P>0.05) .

HGAERTLEL, EIREHE 9 AL 4Ea
Mo HA Gy JHELBIH 65.1% + 2.62%ME N4
73.30% =+ 5.34%, ZpRE (t=2.540, df =12,
P<0.05) ; Gy LB 5.20% £ 1.33%I %
5.53% + 4.35%, Z R A EE (t=0.102, df = 12,
P>0.05) ; SHALLHIH 28.77% + 2.08% 8> &
17.67% + 5.78%, ZIEH W3 (1=3.439, df
=12, P<0.01); M T3 H 10.93% + 1.04%
BENA 29.15% + 3.28%, Z= R & (t=9.161,
df=4, P<0.0001) .
2.8 HHEEMEEOKE

N T R FCHMAEALACIA R Z I3 id 2 b 4|
A REEOK AR AL, R A B R T 5
3 ARFIES 9 ARG MLAE VR AE RIS B I35 IS PR
AKF (B 8) o fEAMMRAFRT, 28 3 A4
FHRHE KR, B A AR )3
9 RN A SIS A AT B3 BT, 55
3 RN T 82.96%, ERFEFE (t =
31.190, df=2, P<0.000 1) . 5 3 R4
5205 5 A S 1 S K380 T 23.88%, (HS
AR ZE R AEE (t=26.11, df=2, P>
0.05) o % 9 AL E I35 X E MK
WY 47.40%, S5URAFRIAH L BA RS2 1 %=
S (t=10.67, df=2, P<0.0001) .
2.9 HHFEZKFH

N T VAL AR AEAL AN R TR A2 v )
RGN, AR R RN AT 5 B 5
Ja [PEE 3 ARRNEE 9 Ram s kAT Thnid, JF
B GAAGI (B 9) o TEHRAFRT, 26 3
AR L [P AE XS P35 32 22 AP IUIG, BB AR ARIX
BN, 559 AU M AHRE 35 3 K1 3
T 74.42%, ZFREE (1=19.330, df=2,
P <0.000 1) . ELHGFHE)GE, B3
AR AR P 3 2K T 8.8%, (HE R
AT E R E 257 (t=3.451, df=2, P>
0.05) o T 9 ARYHM AR XS P35 3 E /K- 1
v 13.3%, S@ERHILAEREZENZESR
=3.988, df=2, P<0.0001) .
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Fig. 7 Flow cytometric analysis of cell cycle and apoptosisin third- and ninth-generation fibr oblasts before

cryopreservation and after recovery

a. WAARAKE 3 K55 9 AR 440 AL S A7 3T 5 5755 40 8 814345 b, A AnnexinV-FITC/PI I 3@ i it 2040 Mg AR 55
3MREH 9 M AR AZ T 5 205 VSR (A « FEIARE TR (B) « IRAME T 54 RE (O S4mis (D) .
c. SN IR E PO R 2 3 A2 9 RURET Y- RAE R AATT 5 =I5 5 AR A et B ; d. S an i TR B o B AR 3
G5 9 R HEA R TERAF AT 5 Z 5 R AN T2 G I8 Go IRo= 4N 2 i I B 4 A . Gy 7 DNA ST S %7 DNA
G G, %8 DNA AAUEH. CV KRR RE, IEHWHER/NT 10, 8] Graphpad Prism 9.5 %R0 5 17 one-way ANOVA
EMEAHT, ns. P>0.05; *P<0.05; **P<0.01; **P<0.001; ****P<0.000 1.

a. Flow cytometry was employed to assess the cell cycle distribution of the third and ninth generation fibroblasts before cryopreservation and after
recovery; b. The live cell rate (A), early apoptosis rate (B), late apoptosis and dead cell rate (C), and cell debris (D) of the third and ninth
generation fibroblasts before cryopreservation and after recovery were evaluated using Annexin V-FITC/PI through flow cytometry. c. The bar
chart illustrates the statistical distribution of the cell cycle for the third and ninth generation fibroblasts before cryopreservation and after recovery,
corresponding to the cell cycle flow cytometry data; d. The bar chart represents the statistical analysis of the apoptosis rates for the third and ninth
generation fibroblasts before cryopreservation and after recovery, corresponding to the apoptosis flow cytometry results. Go. Cells temporarily exit
the cell cycle; G;. DNA synthesis preparation phase; S. DNA synthesis phase; G,. Post-DNA synthesis phase; CV. Coefficient of Variation,

normal range < 10. One-way ANOVA was performed using GraphPad Prism 9.5 for significance analysis. Statistical significance is reported as ns.

P>0.05; * P<0.05; ** P<0.01; *** P <0.001; **** P <0.000 1.
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Fig. 8 Flow cytometric analysis of reactive oxygen specieslevelsin third and ninth generation fibroblasts before

cryopreservation and after recovery

a. B FARAE AR E 348, 55 9 AR g M 7E A7 1T 5 52755 AT TR SE/KT s b, 408 FITC P35 4i i, @i Graphpad
Prism 9.5 AT XUH )5 225047 (11T DCF (075 #A0 FITC e AR, (4 FITC (K240 Bt DCF) .

a. Detection of reactive oxygen species levels in the third and ninth generation fibroblasts before cryopreservation and after thawing, utilizing flow
cytometry; b. Statistical chart illustrating the mean fluorescence intensity of FITC in the cells, with data analyzed using two-way ANOVA in

GraphPad Prism 9.5. Notably, due to the similarity between the fluorescence spectra of DCF and FITC, parameters set for FITC were employed to
detect DCF.
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Fig. 9 Flow cytometric analysisof cellular senescence levelsin third and ninth generation fibroblasts before

cryopreservation and after recovery

a. JEE AL ARRT IS 348, 55 9 AREF RN MR A7 1T 5 3R R E KT b, g FITC P9 esR Gttt I8, $dfii@id Graphpad
Prism 9.5 #EAT B 2 77 2200l TAZR 4 DA - FUBE TP R SO IR, 96 5 A M 2 2 /KT BRIEAH DR

a. Detection of senescence levels in the third and ninth generation fibroblasts before cryopreservation and after thawing, utilizing flow cytometry.
b. Statistical chart illustrating the mean fluorescence intensity of FITC in the cells, with data analyzed using two-way ANOVA in GraphPad Prism
9.5. Notably, this probe employs a B-galactosidase fluorescent substrate, resulting in a positive correlation between fluorescence intensity and

cellular senescence levels.
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3 Wi
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HeAM R, 5 RRAT T IZMERE A L E B,
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(Basso et al. 2018) . [At, it 2 3§ 3 WAk
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HE T M TE AR A (Len et al. 2019) .
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etal. 2013) o BLAk, & BRET 4R AT LI IR
ANFEFREZRTHM, XA %N
AT ] I Ath 2 AU 40 W 19 7 77 (Lagutina et al.
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