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ZNF667 alleviates the inflammatory damage in
intervertebral disc degeneration via inhibiting
NF-kB signaling pathway

ZHONG Hua', GUO Lebin', YANG Yan', TIAN Chenjun', LIU Fusheng’, ZHENG Bowen’

(1. Department of Spine Surgery, Yiyang Central Hospital Affiliated to Hunan University of Chinese Medicine,

Yiyang Hunan 413000, 2. Department of Spine Surgery, Second Xiangya Hospital, Central South University,

Changsha 410011, China)

ABSTRACT

Objective: With the aging population, the incidence of intervertebral disc degeneration
(IDD) is increasing every year. The pathogenesis of IDD is complex, and there are
currently no effective treatment options. This study aims to investigate the specific function
and underlying mechanism of zinc finger protein 667 (ZNF667) in the inflammatory
damage of nucleus pulposus cells in IDD.

Methods: Differential expression genes (DEG) associated with IDD were screened from
IDD-related datasets in the Gene Expression Omnibus (GEO) (GSE124272 and
GSE150408), and ZNF667, which is closely related to gene transcriptional regulation, was
selected and analyzed in several IDD-related datasets (GSE124272, GSE150408,
GSES56081, GSE147383, GSE23130). Nucleus pulposus tissues were collected from 3 IDD
patients and 3 trauma-induced vertebral fracture patients (serving as controls). Hematoxylin
and eosin (HE) staining was performed for pathological examination, and
immunohistochemistry (IHC) was used to assess ZNF667 expression in the nucleus
pulposus tissues. Gene set enrichment analysis (GSEA) was then employed to elucidate the
potential mechanisms of ZNF667. For in vitro validation, human primary nucleus pulposus
cells were treated with 10 ng/mL of interleukin-1B (IL-1P) to establish an IDD cell model,
and subsequently transfected with a ZNF667 overexpression plasmid. Flow cytometry was
used to evaluate cell apoptosis, enzyme-linked immunosorbent assay (ELISA) measured
the levels of inflammatory factors-cyclooxygenase-2 (COX-2), interleukin-6 (IL-6), and
tumor necrosis factor-a (TNF-a) in the cell culture supernatant, real-time polymerase chain
reaction (RT-PCR) quantified ZNF667 mRNA expression, and Western blotting assessed
protein expression levels of ZNF667, myeloid differentiation factor 88 (MyD88), P65, and
phosphorylated P65 (p-P65).

Results: Analysis of both the GEO datasets and clinical tissue samples revealed that
ZNF667 expression is reduced in IDD. In IDD patients, the extracellular matrix and nucleus
pulposus cells are significantly diminished, and the arrangement of fibrochondrocytes is
disordered. GSEA results showed that ZNF667 may be involved in biological processes
such as angiogenesis, epithelial-mesenchymal transition (EMT), oxidative phosphorylation,
peroxisome function, steroid biosynthesis, and the NF- xB-mediated TNF-a signaling
pathway. In vitro, ZNF667 was expressed at low levels in the IL-1B -induced IDD cell
model, and overexpression of ZNF667 reversed the IL-1B-induced increase in cell

apoptosis, the upregulation of inflammation factors (COX-2, IL-6, TNF-0), and the increased
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expression of NF-kB pathway-related proteins (MyD88 and the p-P65/P65 ratio) (all P<0.05).

Conclusion: ZNF667 can alleviate nucleus pulposus cell apoptosis and inflammatory

responses by inhibiting the NF-«kB signaling pathway, thereby exerting a protective effect

on intervertebral discs. This finding not only provides new insights into the pathogenesis of

IDD but also suggests a potential therapeutic target for its treatment.
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factor-«B signaling pathway

intervertebral disc degeneration; nucleus pulposus cells; zinc finger protein 667; nuclear
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RIGST IDD RIS

1 HR5FE

1.1 #F#
LL1IERA LA

4E 2021 4F 7 H 2 2022 4F 6 H 45 FHTE Hho0 EE B
FAESMRHICA 1 3 491 IDD £ #% (IDD 41) F1 3 #1415 5
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MyD88). #% 2 1t P65
(phosphorylation-P65, p-P65). P65, H ik -3- 1% i
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GAPDH)YUIAEIN H 52 [E Abcam 23 F] 5 SERT R A6k
SN ARSI, 4L S &K -6(interleukin-6, IL-6).
I8 SR FE A F a(tumor necrosis factor-o,, TNF-o)) & ¥
A A FfE-2(cyclooxygenase-2, COX-2) At Fo i it 16 £ J3
W B o Mt (enzyme-linked immuno sorbent assay,
ELISA) A M50 & 30 1 i SCBR VD o A M B A R
5l TRIzol G & . I3 A -HH 41 (hematoxylin and
eosin, HE)4e @ik #| & . W0k B R (bicinchoninic
acid, BCA)ZE [ o v B2 i i) & . i e e DL
% (radio immunoprecipitation assay, RIPA)ZL#R I
H EgE R RAEYHEARBRMGARAE; 509% 8 R A
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differentiation factor 88,

1.2 FHik

AT CL AR £ FH T O R BE AR PR 2R 51 S HEE
L5 2020-015)FIFFEXS G0 Ja e ) 2
1.2.1 kit £ AR AR

19 I L (] 36 3K 25 & (gene expression omnibus,
GEO)#Hf %+ 2 4~ IDD AH 56 3L R 55 42 GSE 124272
(245 8 5 IDD £ 5 F1 8 {41l {2t Fe X B 25 11 B %) |
GSE150408(tu.4F 17 R 2331697 19 IDD % 1 17 4]
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(fold change, FC)>0.60, P<0.05]., 43#7 DEG 55k
DR 8 97 2 s S VAR S 1 ZNF R0 R il H b3
K. i3 IDD M HdE 45 (GSE124272 . GSE150408 .
GSE56081. GSE147383. GSE23130), 4 #7 H b5 3t
2R L
122 HE# &

¥ IDD 41 11 Control ZH 4% 41 41 & T 22 R H %
W T EE S, SE— TR A )R
GRbRE; SEHRAKE Y, FH A TR Y H
TR SR D), G AR NS REAL A 2
1.2.3 SR ms s K

WAy R s . KAk, SRS BT
WA ) it SR P BRI, DABH TN
VR o A W R 0 MR R R SR % o A R
(phosphate buffer saline, PBS) ¥t ¥ 5 , W% I ¥t
INF667Hifhk, T4 CE I ; HPBSUERE, T
PR VSR, FEEEE 10 ming M H0(1:200)
J5 T IR T 30 min. JH PBS PRI 1 0 2 9% W
F, HBROFHETSEULIEEE)E, RS
Yo, PBSIRIE, CEEMNIK, ZHIREMWLL, THERIE
B RS FUIEE ZNF667 A TSI, BHMEY Rl
B
1.2.4 AR 58E £ o7

K H Pearson #H % 1 4> #r X} GSE56081 FI
GSE147383 (¥ 4 ' 5 ZNF667 A1 5 it J& X #E 47 i
e, Il I A 4R 4 43 M7 (gene set enrichment
analysis, GSEA)XJfiik i i3 R T I RE & 4R 53 HT
1.2.5 2o fl3s 5 B AL 32

W N AR B 20 B 2 b B 15 7 L2 T 40 f 5
FH (5% CO,. 37 C)yh 3%, 4F2~3 d B 1 %5
B, WRUE A K G RES O, il K2
80%~90% Fill & I HEATARAR o S0 FH 4 i Ry 55 3 X4
flo f#H]10 ng/mL A/ FR-1R(interleukin-1B, IL-1p)
Ab B 40 i (TL-1PB 4H) #4) £ TDD 4i g B A9, 55 15 X ]
(Control)4H, AHEAEAEfTARRE,
1.2.6 tmfLdk

i 3 5 Gy ZNF667 1b 3¢ 3K iR 2 6 4% 4 A 55 30
ZNF667 iy 11t 335 (IL-1p+oe-ZNF667) 4 . H 4 Gene
BAEPEH ) ZNF667 FE NP 95 S, it AH 5|
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Table 1 Primer sequence

a7 5197 5(5'-3")

GAPDH 1E[H]: ACAGCCTCAAGATCATCAGC
J2 [7]: GGTCATGAGTCCTTCCACGAT
1EI7]: AATCAATGCAACAAATCTGGGC
J2I5: CACTCTTTCGTGTAGGAGCTTTT

GAPDH: il -3-BER M A B ; ZNF667: Hrts | A

667,

ZNF667

1.2.7 X 0 B AR A 4m B8 =

>R I Annexin VA7 1 T 2 20 A6 ASCRS: I 40 i 0
T WAE3X10° 4, FAPBS vhik, Jf-44 & FITC-
Annexin V i & 5 0925 BRI T Y A bnic . FR
AR AR ) AR T 4047 o
1.2.8 ELISA #il 4 ity % & B F & A

IBUZ i 5% % % 500 pl, LA 6 000 r/min ¥ 75 B 0>
5~10 min 5, MU EIE W fdH] ELISA 50 @il b
WP COX-2, IL-6. TNF-a &, IR &t
WIS, R0 22 iR RERB AR DUIR , BEbRbUIA S
MPEAFEZ I TRE L hJE, INASEMR i AL
EEWERETFESE Lh, BMALILE®R. WE
450 nm AL WEEEME , SHIARERNE, AR PEFRAE
LA I ARFDUARE S PR DG A AR i R 1) 25
1.2.9 S0 R A4k RS

K TRIzol ¥E FEHUZH ZUE RNA, ol A% R I
Ok A RNA P20 | MR . e I M-MLV 3 % 5f
it 3 70 0156 A A58 B RNA 5% 50 ¢cDNA, 2 IE 5L
A 3R A5 il 5 10 7 e 3 7R 6 B S T ) 2 7 R R
HEATY WGV . GAPDH N IR, i 272 5
ZNF667 mRNA {2 157K
1.2.10 %& & J 97 it i 4] ZNF667. MyD88. p-P65 #)
Rk

I FH RIPA 24 fift i 2 ik 240 Jf0 , 442 BUZ0 b 8 1
D5E B R . B30 pg AL AR, dR T+ st
Tt PR 1 2R R A IR e B RS PEL DK, W02 LA 80 VL s HL Uk
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40 min, JEEETFHLEZE 120 V, HLPK 80 min; K5 A
J 2% BE IS 5 4% B Y PR A A ML, B B BT
HHW T, FIR TR 1 hy 2390 AL ZNF667 Hit
PRERBEEE 1:10 000), T MyDSSHTARFEERELL 1:10 000),
P p-P65 FUAR (B B HE 1:1 000) . BT P65 LK (7 B L
1:1 000)[ P4 X B8 A GAPDH(L A B L A 1:2 500)],
TE4 CTWER R VRS A SRR 1:5 000),
R FRERIEE L h, WUEERIN R R,
JH Imaged JPF R A5 11 BT 255 B9 I BE - 43 B 2 11 5
(AR XS Feib i

1.3 Zrit=4bE
fifi ] GraphPad Prism 7 #k {4F A7 8060, Bt

51 DEG
- Down
NS
Up
i
o
o
T
OF 1 1 1
<2 0 2
log, FC A
GSE150408 GSE124272
C

E 1 IDD H DEG HIffi%
Figure 1 Screening for DEG in IDD

PAYSBEhRE2ZE LR, R R 5 0017 2 4 IR i) b 3%
P<0.05 WZESAGIFE L.

2 2 R

2.1 IDD I DEG

GSE124272 4746 1 0194 EIASE, 7794 F
PHEE ;. GSE150408 HHA7AAE 1454~ BRI, 1054
T EEH (3 1og,|FC[>0.80, P<0.05; Kl 1A, 1B); £
1t 22 A Hr A 36 AR FiE A DEG, 191M4EE R
JHDEG(E 1C. 1D),

5L DEG
- Down
41 NS
Up
s 3}
2 g
T 2k 3
I ¥ OO
0'l 1 1 1 1

GSE150408 GSE124272

A-B: Volcano plots of DEG analyzed in the GSE124272 dataset (A) and GSE150408 dataset (B); C-D: Cross-screening microarrays
for genes jointly up-regulated (C) and down-regulated (D) in GSE124272 and GSE150408. DEG: Differential expression genes;
IDD: Intervertebral disc degeneration; FC: Fold change; NS: Not significance.

2.2 ZNF667 7E1DD BE BEtZ AR P{RFRIE

3R DEG " 4E 24> 5 Jk R 7 S el 4% D AH OC
() ZNF ZJFE b1, U ZNF157, ZNF439 il ZNF667,
HH ZNF667 1 IDD H i/ IR A7 23 . XJ IDD A
KA AT M i 45 R R . 7E GSE124272,
GSE150408, GSE56081 Fl1 GSE147383 /1, AH4 T A
IEHREZAIZY, ZNF667 1EiIR AR A1 8 IRk (1Y
P<0.001, [&2); £ GSE23130 1, [ 35 HE ] 4% 28

FINEE, ZNF667 3Rik L1 (P<0.001, [E2). HE3:
AR 7R . Control ZUHMER L LUE R 5EHE, BEK
S EE 37 R S8 I e e iU E ] 0E ) S i DN
SEREAZ AN, 1T IDD 41 REA% 2 220 Jf A1 3 5T RN A%
YRR Rk, ZF AR CE AN HES 2 AL (R 3A). THC
ZEH R . IDD 236K 2 41 ZNF667 223k (B ki ()
B &K Control 41 (/4] 3B).
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GSE124272-violin plot GSE150408-violin plot GSE150408-violin plot
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GSE147383-violin plot GSE23130-violin plot
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O ©
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9
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Control IDD Stage I I Stage III Stage [V_V
Groups Groups

B2 ZNF667 7 IDD X HIRE R HIRIE
Figure 2 ZNF667 expression in IDD-related datasets
*#%P<0.001. ZNF667: Zinc finger protein 667; IDD: Intervertebral disc degeneration.

Control

= P m R .ﬂ?&ﬁ «é 4 entllite t‘
E3 c(mtrolzﬂﬂ: IDD 48 8B4 A LYK IR B B A1 ZNF667 TE B A R R RIXIE IR
Figure 3 Pathological changes and expression of ZNF667 in the nucleus pulposus tissues of the Control and IDD groups

A: HE staining to observe the histopathological changes; B: IHC to observe the expression of ZNF667. IDD: Intervertebral disc
degeneration; ZNF667: Zinc finger protein 667; HE: Hematoxylin and eosin; ITHC: Immunohistochemistry technique.
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2.3 ZNF667 i) GSEA &R

Pearson AH P70 M 45 3Rl 7 . 7E GSES6081 H1,
£ 640 I 5 ZNF667 FRIA 2 W E IEA G, 6601~
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0.01), #RIE KT COX-2(=18.050, P<0.01), IL-6(=
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T (EI7C, D). HEEBENEEG R R
5 IL-1p+oe-NC 41 Ml It , IL-1B+0e-ZNF667 41 NF-«xB
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Figure 4 Functional enrichment analysis of ZNF667 in
GSES56081 dataset

ZNF667: Zinc finger protein 667; TNF- a: Tumor necrosis
factor-o; NF-kB: Nuclear factor-kB.
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Figure 5 Functional enrichment analysis of ZNF667 in
GSE147383 dataset

ZNF667: Zinc finger protein 667; KEGG: Kyoto Encyclopedia

of Genes and Genomes.
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Figure 6 In the IDD cell model induced by IL-1B, the apoptosis rate increases, the expression of inflammatory factors is
upregulated, the expression of ZNF667 is downregulated, and the NF-kB signaling pathway is activated

A: Apoptosis levels detected by flow cytometry; B: Levels of inflammatory factors COX-2, 1L-6, and TNF-a detected by ELISA; C
and D: mRNA expression (C) and protein expression (D) of ZNF667 detected by real-time PCR and Western blotting, respectively;
E: Protein expression of MyD88, P65, and p-P65 detected by Western blotting. Data are expressed as mean+tstandard deviation, n=3.
*P<0.05, **P<0.01 vs the Control group. IL-1f: Interleukin-1f; IDD: Intervertebral disc degeneration; ZNF667: Zinc finger protein
667; NF-«xB: Nuclear factor-kB; PE: Phycoerythrin; FITC: Fluorescein isothiocyanate; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase; ELISA: Enzyme-linked immunosorbent assay; COX-2: Cyclooxygenase-2; IL-6: Interleukin-6; TNF- o: Tumor
necrosis factor-o; MyD88: Myeloid differentiation factor 88; p-P65: Phosphorylation-P65.
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Figure 7 Effects of ZNF667 overexpression on IL-1p induced inflammatory injury and NF-kB signaling pathway in IDD cell

model

A and B: mRNA expression (A) and protein expression (B) of ZNF667 detected by real-time PCR and Western blotting,
respectively; C: Apoptosis levels detected by flow cytometry; D: Levels of inflammatory factors COX-2, IL-6, and TNF-a detected

by ELISA; E: Protein expression of MyD88, P65, and p-P65 detected by Western blotting. Data are expressed as mean+standard
deviation, n=3. *P<0.05, **P<0.01 vs the IL-1P+0e-NC group. ZNF667: Zinc finger protein 667; IL-1B: Interleukin-1f3; IDD:
Intervertebral disc degeneration; NF- kB: Nuclear factor- kB; PE: Phycoerythrin; FITC: Fluorescein isothiocyanate; GAPDH:

Glyceraldehyde-3-phosphate dehydrogenase; ELISA: Enzyme-linked immunosorbent assay; COX-2: Cyclooxygenase-2; IL-6:

Interleukin-6; TNF-a: Tumor necrosis factor-a; MyD88: Myeloid differentiation factor 88; p-P65: Phosphorylation-P65.
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