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[Abstract] Objectives: To investigate the role of endoplasmic reticulum(ER) stress played in acid—induced
injury of nucleus pulposus cells. Methods: Normal human nucleus pulposus cells(NPCs) were cultured in vit-
ro, pH 7.4 was used as the control, pH 7.0 and 6.5 were used to simulate the normal and degenerative in-
tervertebral disc acidic environment. All cells were cultured for 12-72h, acid-induced damage model of NPCs
was established. CCK8 was used to detect the proliferation of NPCs and transmission electron microscopy
(TEM) was used to detect the stress activation of endoplasmic reticulum in NPCs. Immunofluorescence assay
was performed to detect the expressions of glycoregulin 78 (78 kDa glucose—regulated protein, GRP78) and
C/EBP homologous protein (CHOP), the stress specific markers of endoplasmic reticulum. Apoptosis and cell
cycle were detected by flow cytometry after 4-PBA (endoplasmic reticulum stress blocker) was used to block
endoplasmic reticulum stress. SA——gal staining kit was used to observe aging cells. Acidity—induced changes
in autophagy—, aging— and apoptosis—related markers were studied by using Western blotting analysis, includ-
ing LC3, GATA4, p53, p21, pl6, Bax, Bcl-2 and Caspase3. Results: Compared with the control group, the

overall proliferation capacity of myeloid nucleus cells under acid stimulation (pH6.5 group) was significantly
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lower than that of the control group. Under TEM, the endoplasmic reticulum expanded significantly, the mem-
brane surface area increased, and the mitochondrial membrane structure of the endoplasmic reticulum was

formed, accompanied by mitochondrial swelling. Immunofluorescence detection of cells indicated that GRP78
and CHOP expression increased significantly(P<0.05). After 4-PBA was applied, the apoptosis rate of cells in-
creased, and the acid induced Gl stagnate and transglutaminase positive staining rate significantly increased
(P<0.05). Western blot assay showed that the expressions of LC3, GATA4, p53, p21, pl6, Bax and Caspase3
After applying 4-PBA,

LC3 ratio and bcl-2 expression level decreased, and GATA4, p53, p21, pl6, Bax and Caspase3 significantly

increased under acid stimulation(P<0.05), while Bcl-2 expression decreased (P<0.05).

increased(P<0.05). Conclusions: Acidic microenvironment can activate endoplasmic reticulum stress and play a

protective role in acute injury of human medullary nucleus cells induced by acid.
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& 1 Western Blotting ICC #i{&
Table 1 Western Blotting and the antibody of ICC

/NS UNCIIATE o S
Antibody Company, product number, dosage

GRP78(BIP) Abcam, ab21685(1:200)
CHOP(DDIT3) Abcam, ab10444(1:200)
LC3A/B CST, 12741(1:1000)

GATA4 Abcam, ah134057(1:1000)
p62 Abcam, ab91526 (1:500)
ps3 Abcam, ab1431(1:500)
p21 Abcam, ab109199(1:1000)
pl6 Abcam, ab51243 (1:1000)
Bax Abcam, ah32503(1:1000)
Bel-2 Abcam, ab32124(1:1000)

Cleaved caspase3

Abcam, ah2302(1:1000)

B-actin Abcam, ab8227(1:5000)
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Figure 1 Acid induced-ER stress was observed under transmission electron microscope(spEndoplasmic reticulum, <dri-

bosome, % mitochondria) a, b rough endoplasmic reticulum integrity was smooth with lots of ribosome attached ¢, d Acid

treatment triggered dilation of rough endoplasmic reticulum and mitochondria swelling
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755 CHOP A3 5 | JF B G 70 20 MU N 15 4% J]

Figure 2 Immunofluorescence staining of GRP78(GRP78 showed green while nucleus counter stained with DAPI showed
blue) a-c In pH 7.4 condition, the level of GRP78 was very low d—f Acid treatment significantly increased level of
GRP78 in human NPCs Figure 3 Immunofluorescence staining of CHOP. CHOP showed red while nucleus counter
stained with DAPI turned blue a—c¢ In pH 7.4 condition, CHOP distributed in cytoplasm and the level was very low d—e

Acid treatment significantly increased level of CHOP whichlocated in or around the nucleus
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T8 ZH (6a) A1 Lt , 1L 4-PBA 4b 3 (6b) 7~ 3 i B 2 FL B 1 M BH 1 40 g Lb 49 5 i
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Ll

@ Figure 4 Cell proliferation in acidic environment was evaluated using CCK8

assay[Compared with control group, mild acid stimulus(pH 7.0) with no reduction in the cell viability. Severe acid stimu-
lus significantly lowered the cell viability. 4-PBA significantly decreased cell viability in acid stimulus] Figure 5 Cell
cycle was analyzed using flow cytometry: Compared with control group(5a), appling 4—-PBA(Sb) did not increase the stag-
nation of Gl phase; while pH6.5 group(5¢) and applied 4-PBA(5d) significantly increased the stagnation of G1 phase
Figure 6 Senescence—associated B-galactosidase staining of NPCs: Compared with control group(6a), appling 4-PBA(6b)
did not increase the number of B-galactosidase positive cells; while pH6.5 group(6¢) and applied 4-PBA(6d) significantly

increased the number of B—galactosidase positive cells
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5 NPCs 17> B9 Western blot il i T-4H J¢ 2 111 1k
Figure 7 Western blot analysis of ageing— and autophagy-related proteins Figure 8 Flow cytometry analysis of NPCs
Inhibition of ER stress increased apoptosis of NPCs induced by acid

Figure 9 Western blot analysis of

apoptosis—related proteins
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