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Characteristics and localization of HSP70 expression in skeletal muscle
of Yaks at different altitudes
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Abstract: [Objectives] This study aims to clarify the expression patterns and distribution characteristics of
heat shock protein 70 (HSP70), a key inducible protein in the heat shock response, in the skeletal muscle of
Yaks (Bos grunniens) across three altitude gradients. [Methods] Skeletal muscle tissues of Yaks were
collected from three altitude groups: Hualong Hui Autonomous County (1 900 m, low-altitude group), Haiyan
County (3 200 m, mid-altitude group), and Banma County (4 200 m, high-altitude group) in Qinghai Province,
China. Quantitative real-time PCR was employed to detect HSP70 mRNA expression in skeletal muscle, while
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Western blotting and immunohistochemistry were utilized to analyze the expression levels and spatial
distribution characteristics of HSP70 protein across three altitude gradients. [Results] The mid-altitude group
exhibited minimal HSP70 expression and a complete absence of nuclear immunoreactivity in myofibers. In
contrast, both the low- and high-altitude groups showed significantly increased HSP70 expression in Yak
skeletal muscle. Immunohistochemistry further revealed that HSP70 was present in both the cytoplasm and
the nucleus of muscle fibers, with notable enrichment in the nuclear compartment (Fig. 1). The quantitative
real-time PCR and Western blotting revealed that with increasing altitude, both HSP70 mRNA and protein
showed a trend of first decreasing and then increasing, indicating an altitude-specific expression threshold
(Figs. 4, 5). [Conclusion] These findings demonstrate that HSP70 expression in Yak skeletal muscle follows
an altitude-dependent pattern. Furthermore, the observed pattern suggests a threshold effect that may optimize
energy allocation. This study elucidates a potential molecular mechanism by which Yaks adapt to the plateau’s
hypoxic environment, highlighting the critical role of HSP70 in this process. Additionally, our findings
establish a framework for future research into the molecular regulatory network underlying adaptive evolution
in plateau-native animals.
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Table 1 Sequence of primers for HSP70 and TUBB genes in Bos grunniens skeletal muscle

JEB Gene Gk =ity A (53" PR/ (bp) B (°C)
- Primer type Sequence (5'-3") Product size Annealing temperature
3514 Forward GACTCCGCTCATCAAAAGG
HSP70 80 57
7514 Reverse TGCTCTGGTTGTCTGAGTATG
U514 Forward CCCTCGTGCTATCTTGGT
TUBB 155 52
FiE51 4 Reverse GCTCGGCTCCCTCTGTAT
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g AR K M E 2 20 ulo [ R : 42 °C 15 min,
95 °C 3 s, 4 °C o, IZHREFAFE[TS
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Fig. 1 Positive expression of HSP70 in Yak (Bos grunniens) skeletal muscle (400 x )

a. MR b PG o MR BRIREOEBL HSPT0 BITERL, G 9NN .

a. Low-altitude; b. Mid-altitude; c. High-altitude. Brown color stands for positive HSP70 expression in skeletal muscle; blue shows muscle cell

nucleus.
0.08 —

0.06 |- a

0.04

0.02

HSP7042411£10D
HSP70 immunohistochemistry IOD

b

Fig.2 Integral optical density (I0OD) values of HSP70 in Yak (Bos grunniens) skeletal muscle
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Different letters mean that the difference is significant (P < 0.05), the same letter means that the difference is not significant (P > 0.05).

High-altitude Yak
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B3 HSP70 #[F PCR ¥ HEER
Fig.3 Results of common PCR amplification of
HSP70 gene
M. DL 2 000 DNA 43 FEbrif; 1~3 40 mafk. . mifEkiesd:
HSP70 JE[Aff) PCR 5 #4774, TUBB NNZHEH .
M. DL 2 000 DNA marker; 1 ~ 3 show the PCR amplification

products of the HSP70 gene in Yaks at low-, mid-, and high-altitudes,

while TUBB was used as a reference gene.
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Fig. 4 Relative expression of HSP70 mRNA in Yak
(Bos grunniens) skeletal muscle
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Different letters mean that the difference is significant (P < 0.05) and

the same letter means that the difference is not significant (P > 0.05).

AR EER (Fyp=3083, P<
0.05). ZHILEERY, kL RIEKF

(0.632 +0.218) L FLTRHFRFES (1.028 +
0.137, 95% CI: 0.290 ~0.600, P <0.05) FlfE
HREES (0990 + 0.158, 95% CI: —0.556 ~
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0.110, P>0.05),
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N = N 1 SN 3 e SR O E S B 2 1 S N /-7
HSP70 & /R AL AR B ) R 4k R5 b 15 1k
fEH (Cui et al. 2022). HSP70 7EMR A S5 R 7E
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W45 (Srivastava et al. 2024) . F5 AL i 7
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et al. 2023),
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Fig.5 Western blot results (a) and relative expression (b) of HSP70 in Yak (Bos grunniens) skeletal muscle

AEFERREZEREE (P<0.05), HAFZHREEZRFARE (P >0.05).

Different letters mean that the difference is significant (P < 0.05), the same letter means that the difference is not significant (P > 0.05).

AL Z —, PEERAE S%AIRE T o] LUfE
Ii5 5 h B B & oA R, 3 H Al LAZE 18 min
115 A BE T AEE  (Park et al. 2017). #RFE R
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