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Abstract: [Objectives] This article aims to explore the adaptive mechanism of Tibetan Sheep Ovis arise
epididymis in high-altitude environments. [Methods] The epididymal tissue and semen samples were
collected from Tibetan Sheep in Haiyan County (at an altitude of approximately 3 500 m) and Xunhua County

(at an altitude of approximately 2 300 m) in Qinghai Province. Sperm extraction, paraffin embedding and
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tissue sectioning, fluorescence quantitative PCR, Western blotting, and immunohistochemistry were employed

to compare semen quality, epididymal histology, and expression and distribution of sperm maturation-

associated genes PRDX2, STAR, and GALNTLS. The 2 *ACt method was adopted to calculate the relative

mRNA level, and Western blot results were analyzed by Image J. The data were analyzed in SPSS 25.0.

Independent sample #-test was performed to compare gene and protein expression levels between two altitudes,

and one-way analysis of variance and multiple comparisons were performed among three different tissues.

The results are expressed as mean + SD. P < 0.05 indicates a significant difference. [Results] The semen

quality of high-altitude Tibetan Sheep slightly decreased, while meeting the fertilization criteria (Table 3).

High-altitude Tibetan Sheep had a smaller inner diameter of the lumen and thicker columnar epithelium at the

tail of the epididymis (Table 4). PRDX2 was mainly expressed in epididymal epithelial cells, and its

expression level was down-regulated in the epididymis of high-altitude Tibetan Sheep. STAR mainly existed

in the principal cells of the epididymal epithelium, with up-regulated expression in the epididymis of

high-altitude Tibetan Sheep. GALNTLS was mainly located in the main and basal cells of the epididymis, and

its expression level in the epididymis was up-regulated in high-altitude Tibetan Sheep (Figs. 2 - 4).

[Conclusion] The differences in histology of epididymal tissue and semen quality between Tibetan Sheep at

different altitudes are adaptive changes to high-altitude and low-oxygen environments. The down-regulated

expression of PRDX2 as an antioxidant for sperm in the epididymis of high-altitude Tibetan Sheep is

hypothesized to be due to the decrease in oxygen content in the epididymal environment under low-oxygen

conditions. The upregulated expression of STAR in the epididymis of high-altitude Tibetan Sheep indicates

that this protein promotes the synthesis of androgens to maintain the stability of the epididymal lumen

environment under high-altitude and low-oxygen conditions. GALNTLS as a starting enzyme for catalyzing

the synthesis of glycoproteins is upregulated in the epididymis of high-altitude Tibetan Sheep, indicating that

this protein promotes the synthesis of glycoproteins in the high-altitude and low-oxygen environment to

maintain sperm maturation in the epididymis.
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Table 1 Primer sequences

S BRI BAKIREE (°C) P
Gene Primer sequences (5’ - 3") Annealing temperature Product length (bp)
F: ACGCCATAATCACTGGACAAC
PRDX2 R: ACCCGCTGGACTTTACCTT 60 223
STAR F: GCCACACTCTACGAGGAGATGC 60 180
R: CTGCGAGAGGACCTGATTGATGATG
F: TGGCCCTCACTCCACAGTAT
GANNTLS R: ATCCTTGCTCGAATCAGCCC 60 145
fractin F: GCAGATGTGGATCAGCAAGC 60 133

R: TCTCGTTTTCTGCGCAAGTT
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Table 2 Body weights of Tibetan Sheep at two altitudes

SR 2E Ovis arise SERIME + BRUEZE
1 2 3 4 5 Mean + SD
i 2 High-altitude group (kg) 47 53 46 53 49 49.6 +2.94
{&HFH 4 Low-altitude group (kg) 53 54 49 48 48 59.4+2.58
R 3 PIEEBIRA R R
Table 3 Semen quality of Tibetan Sheep Ovis aries at two altitudes
bl ik =gan rERA (3500 m) R (2300 m) IR 5L

Parameter

High-altitude group

Low-altitude group t-test

F& 1% /1 Sperm viability (%) 76.6 +0.42
I 3% Respiratory intensity (min) 4.12£0.32
K5 F 1 47 2 Percentage of live sperms (%) 70.34 +8.51
Wi J % Malformation rate (%) 1558 +£3.38
TR 5EHE 2 Acrosome integrity rate (%) 73.80 +£2.28

78.6+0.44 t=-201,df=28, P<0.05
422 +0.46 t=-3.87,df=28,P>0.05
72.76 + 8.25 t=-158,df=28,P>0.05
1423 +3.28 t=321,df=28,P>0.05

74.10 +2.01 t=-234,df=28,P>0.05
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Fig.1 Epididymal slices of Tibetan Sheep Ovis aries at two altitudes
BC. #41fl: CA. £FE€: MC. F4llig; SZ. ¥&T: V. i

BC. Basal cell; CA. Cilia; MC. Principal cells; SZ. Spermatozoa; V. Vessels
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Table 4 Comparison of histological parameters of epididymis between Tibetan sheep Ovis aries at two altitudes

filZna
Part

DGE TR

Parameter

FERAL (3500 m) fRAERZL (2300 m) K56
Low-altitude group t-test

High-altitude group

i 2 3k
Caput
epididymis
(nm)

s 942 Internal diameter of lumen

4% External diameter of lumen
KRR b {7 JERE Thickness of columnar epithelium
FEKJ¥ Cilia length

119.73 £13.31
226.85+13.93
60.97+£5.12

6.46 +1.32

142.28 £16.36
248.36 £ 27.67
59.03+541

9.67+1.44

t=34.89, df =398, P<0.05
t'=-9.81,df =394, P<0.05
t=1.07,df=398, P>0.05

t=-23.15,df=398, P<0.05

i 2 ¢
Corpus
epididymis
(nm)

I 942 Internal diameter of lumen

47 External diameter of lumen
FEIR b {7 JERE Thickness of columnar epithelium
FEKJ¥ Cilia length

121.86 £ 12.96
213.75+£22.69
48.83 £4.22

6.08 + 1.44

167.70 £ 13.29
234.82 £ 1741
56.54+532

6.59 £0.97

t'=-15.12,df'=382, P<0.05
t'=0.53,df'=373, P<0.05
t'=-16.05,df'=379, P<0.05

t'=-431,df =347,P<0.05

iE
Cauda
epididymis
(nm)

I 942 Internal diameter of lumen

47 External diameter of lumen
FEIR | {7 JERE Thickness of columnar epithelium
FEKJ¥ Cilia length

271.08 £+ 20.80
318.76 +20.54
23.59+£2.65

3.47+0.83

34520+ 35.84
385.86 +39.09
18.37+£5.40

4.44 £ 0.66

t'=-4.31,df =347, P<0.05
t'=-21.49,df =301, P<0.05
t'=12.26, df'=290, P <0.05

'=18.25,df'=379, P<0.05

BARLCPIE + brHEZERIR . (M df sy IR ¢ ke 25 R % B .

Data are expressed as mean + SD. ¢" and df' indicate ¢ value and degree of freedom, respectively, in the approximate ¢ test.
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Fig.2 Relative mRNA levels of genes in the epididymal tissue of Tibetan Sheep Ovis aries at two altitudes

a~c. PRDX2 3£ fl) mRNA #%3ik; d ~f. STAR mRNA [1ik; g~i. GALNTL5 mRNA [#iE, ** 4l 2 FHE¥, P<0.01; * 4l

FEZF, P<0.05; ns. HAIERAEE, P>0.05

a - c. Relative mRNA level of PRDX2; d - f. Relative mRNA level of STAR; g - i. Relative mRNA level of GALNTLS. **: P < 0.01 between

groups; *: P <0.05 between groups; ns: P> 0.05 between groups

an i, SRR, SIREIRA L, miERGER
AEMEREE UG ER T AR I
T2 T e BE MG A R B o A0 02 Al
FEVR T B R AR, TEN TR FE kg
TG I B R RS T2 AT ARG e
F1 ORIV FEAHREE 2022). Y62k 585 F H IR

BIRERIPLE (Capra aegagrus) J&MwEEARS)
WA RAR BRI ] B RS eAS iE  f
SRS 2001 A TTINAS mrEA R AT = b 22
KT MR TR R 4R - UL = R
BREMHIRETIE . W i
FF8OE SRR A 3. WK TR



°592 -

PRDX24 [T AH R #5445

STARZE AR ikt

Relative protein level of STAR  Relative protein level of PRDX2

GALNTLS S AR #5445
Relative protein level of GALNTLS

a~c. PRDX2 B HMKIE; d~f STAR BHAMKIZA; g~i GALNTLS EHAMRIE; j. HARKEKW:

Y%A &E Chinese Journal of Zoology 60 %
a4 High altitude group {41 Low altitude group mm R4 High-altitude group
= ¢ mmm {RIFE4] Low-altitude group
251 o 3r = 3r ok
b ok
ok
20 — — . .
— 2+ —_ 2L ok
bar [
10 L
0 1+ 1k
0.5
0 L ! L 0 1 L 1
3k
0.4 *x 03 - w 04 -
,— — —
03} M —
ok 02 -
1
02 F —_
—_ 0.1
0.1 F
0 ' . : 0 I
0.8 - ok 0.5 h
ok
0.4
06 % —
03 L * ok
0.4 +
02F
2+
0 0.1F
0 L .
@%«)ﬁ RO @ & ®%«@\¢ﬂ@ 'W? S @
0‘ ° 6‘5 \)‘ ®°
e Co(? C&’ e Co(Q
1 2 3 1 2 3
GAPDH

e W

B3 mRls e 2 ANERRE

Fig. 3 Expression of proteins in the epididymal tissue in Tibetan Sheep Ovis aries at two altitudes

LoMbs2sks 2. BERMA; 3. SRR,

a - c. Relative protein level of PRDX2; d - f. Relative protein level of STAR; g - L. Relative protein level of GALNTLS; j. Protein expression bands:

1. Caput epididymidis; 2. Corpus epididymidis; 3. Cauda epididymidis.
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Fig. 4 Localization of RDDX2, STAR, and GALNTLS in the epididymic tissue of

Tibetan Sheep Ovis aries at two altitudes

a~ c. PRDX2 fE il AGBAR TS I0FIE; d ~ £ PRDX2 TEAIRHHAGERAR N 82 P AIIE: g ~ i STAR £ RifEHA AR I 52 P aRILs j~1
STAR FE AR AR TS T 2IE; m~ 0. GALNTLS 7EmfERRAR E T2 f0RIE; p~r. GALNTLS 7E i heian - i 22 P ik as
dv gv j» m. p. FHEK; by es by ke n. q BEEEIR; ol £L i L oo. n BTEERE. BC. RE4HIE; CA. £FE; MC. T4 Sz Kiv; V. Ime
a - c. Expression of PRDX2 in the epididymis of Tibetan Sheep at the high altitude; d - f. Expression of PRDX2 in the epididymis of Tibetan
Sheep at the low altitude; g - i. Expression of STAR in the epididymis of Tibetan Sheep at the high altitude; j - 1. Expression of STAR in the
epididymis of Tibetan Sheep at the low altitude; m - o. Expression of GALNTLS in the epididymis of Tibetan Sheep at the high altitude; p - r.
Expression of GALNTLS in the epididymis of Tibetan Sheep at the low altitude. a, d, g, j, m, p. Caput epididymidis; b, e, h, k, n, q. Corpus
epididymidis; c, f, i, 1, o, r. Cauda epididymidis. BC. Basal cells; CA. Cilia; MC. Principal cells; SZ. Spermatozoa; V. Vessels
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R — 51, LEShP BRI Ae R A AR
H (Kierszenbaum et al. 2003). PP-GalNac-T &
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T14 WV TR T UG 2 I caspase8 15558
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FAERUNR D, KRR R AR S 5 6
PL I (Takasaki etal. 2014)). [EIR &H0, BREG
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DA $25 i) B I it T e 1 T R R 45 RS 1 IR TS
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