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Downregulation of Dixdc1 expression suppresses astrocyte polarization following
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[Abstract] Objective: To investigate the effects of DIX domain-containing protein 1(Dixdcl) on the proliferation, migration, and
polarization of astrocytes following traumatic brain injury (TBD) in mice. Methods: A mouse TBI model was established using the
controlled cortical impact (CCD device. Western blot was used to examine the expression of Dixdel, glial fibrillary acidic protein
(GFAP), the neurotoxic astrocyte marker complement 3(C3) , and the neuroprotective astrocyte marker S100 calcium-binding protein
A10 (S100A10) before and after injury. Immunohistochemical staining was performed to observe the expression and distribution of

Dixdcl and GFAP, and immunofluorescence staining was used to observe the colocalization of Dixdc1 with GFAP. Short hairpin RNA
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(shRNA)was used to knock down Dixdcl levels in mouse astrocytes C8-D1A. Lipopolysaccharide (LPS) stimulation was then applied
to mimic the activated state of astrocytes in vitro. Western blot was performed to detect expression changes of Dixdel, GFAP, C3,
S100A10, as well as cell proliferation and migration - related proteins. Flow cytometry was performed to analyze the cell cycle,
accompanied by Western blot detection of S-phase-related proteins. RT-PCR was used to detect the expression of astrocyte polarization
markers. Cellular immunofluorescence was employed to detect the fluorescence intensity of C3 and SI00A10. Additionally, Western
blot was performed to assess the phosphorylation levels of signal transducer and activator of transcription 3 (STAT3). Results:
Compared with the Sham group, the protein expression levels of Dixdc1 and GFAP were upregulated in the cerebral cortex of TBI mice.
Dixdc1 was expressed in astrocytes within the peri-lesional cortical regions. Following LPS stimulation, the protein expression levels of
both Dixdel and GFAP were upregulated in C8-D1A cells. Scratch assay and EAU assay demonstrated that knockdown of Dixdel
suppressed LPS - induced astrocyte proliferation and migration, downregulated the expression of associated proteins, reduced the
proportion of cells in the S phase of the cell cycle, and decreased CyclinA and CDK2 protein levels. C3 showed elevated expression
levels during the acute phase but declined thereafter, whereas SI00A10 demonstrated an inverse temporal pattern. Dixde1 knockdown
may inhibit LPS-induced Al-type astrocyte polarization by reducing STAT3 phosphorylation levels, which concurrently downregulated
C3 protein expression and upregulated S1I00A10 protein expression. Conclusion: Following TBI, Dixdel protein expression was

upregulated in astrocytes. Knockdown of Dixdel significantly suppressed LPS-induced proliferation, migration, cell cycle and STAT3

phosphorylation of Al-type astrocytes.

[Key words] traumatic brain injury; astrocytes; proliferation; migration; polarization; Dixdc1

G145 V£ #5144 (traumatic brain injury, TBD /& H
AR HILARG 3 B0 [X 38 1) &5 7 A T e 78 B 52
W, Rt ERR R RS E R G RR
18 B R IR RS G2 B R K2 D Re bR, R
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delow S5 VR I 1B T B o 200 MV 2R (R A7 A, RS T
Hi % # Qipopolysaccharide, LPS) 75 5 /)N Jist 5t 441 ffd 43
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B 2 (cyclin-dependent kinase 2, CDK2) {5 5 #¢ 5 Al
B S BE A - 3(signal transducer and activator of tran-
scription 3, STAT3) $i /& (Proteintech 2~ 7] , 32 [H ) ;
Dixdc1 $if4 (Santa Cruz 22 7], 3 D 5 J) )5t 45 4 12 14
5 [ (glial fibrillary acidic protein, GFAP) . 34 4 4]
i L )i Cproliferating cell nuclear antigen, PCNA)
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(Gibeo 23 7], & H ) 5 fifi 7 1ML 35§ (_E 3 LONSERA 22
] ) s DMEM/F12 85 77 3 | fifi 7 375  Ji§ 2 #f - TRIzol
(Sigma A w], 36 [ ; JFUKL# 2 1475 (Omega BioTek,
EED ; Wi 3R_ 7] (Takara Bio A 5], HA) ; DAB £
MF ¥ Genetech 74 7] ) ; PI/RNase 4% (5,22 1
(BD Biosciences A ], £ [E ) ; SYBR Green qPCR Mix
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R(EBWE S REMBEARAFD 4%% KRG
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VIR H PR 2 7] 5
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M E, R E SR IERE 4.0 m/s, BILIRE
42.0 mm, {5 54 B 18] 200 ms) , {5 48 7 FF 22 i 16 BT
BRI, 45 T /N BR 1 IR R B i . BRANHEAT
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122 g 5 Alik

/B C8-DIA 41 i FH 52 4= 55 77 2k (DMEM S fi
B IR 10% 004 M35 1% T H R -#HE R, MR
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A 1MIE 1% 5 2 -FE R 1), 37 COKBE I FHEM T
A TR, BT 37 CIEIRIEFRAE (% 5% CO.) .
20 i A A B A R RE I, 20 9 1 pug/mL LPS
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TR T 40 ™
123 ZFA I mInIg A AR R B

B 2 LA B PR A BB IR L =,
12 R AR 40 WL F 2 mL AR 775, TR E) I
TN A JE TR E IR 3 TR A I E o 24 h )5 08T
B 1) 56 ARG TR AR B35 97 . 72 h 5 RO A L%
TRTE IR, IINIE 249K B A 3 R IR AR e e e

(I o
124 HE#&

4% 2 5 W R VRE T 1 /) SRR, 228 1R s T
K HEAT OCT A3 H-315 e bR T4 i 2H 2371 A% 10 pum
FIP A, IS T B b RIR& T LT Gkl 58 iR
HE Je{f: TR R P 10 min, HRKMFEE, 2005
.30 s, LG 1 min, K IKIZ N 70% - 80% « 90%
100% L BEIEAT I /K, — F 207 BH 5 FH A s 38
IEETA G M-
125 Smasisie

HE4E DAB Al 12751 156 BH 45 X0 i 26 23 9] Fr gk AT
o B H AL 2 et . VKR V)R 37 CHLAR ot B
1 h, PBS 3% i I A 350 o 41 47 i BEL 7 77 =5
I8N E 2 h, 285 H Dixdel HL4K (1:50) F1 GFAP
Puia(1:20004 CHEE I . K HY 4 PBS Pk
Ja M U E IR E 2 h, DAB B, i /K 5 o v
NedFr, B N S5 .
126 BT FZERAEE

VKRV 48 H PBS I Bt 5, 5 1 (PBS+10%
FBS+ 0.3% TritonX-100) % i & 412 h, #:5 H —
UM B (PBS+1% FBS+0.3% TritonX-100) 7 Bt
&, Dixdel F14K (1:50) A1 GFAP Fi 44 (1:200)F 4 «C
5% E 16 h, PBS 3% J5 IMAAR R 2 s — B, = 07
B 2 h, PBS ¥ J5 Hoechest 44 % 10 min. FHE F 7]
B 5 WA g .
1.2.7 @@z mtEe

YT A LA B A 24 FLAR L, 2EAN[R) S B Ab EE
JEAEREFREL, PBS YRS FHHEE 4 CE5E 15 min. &
PR R 3 2 h S B — M B BE i, i C3
PUAA (12500 F1 S100A10 LAk (1:50) F 4 CHEH
16 h, PBS BE 3% JG I AE B[ 5808 — 90, iR &
2 h, PBS ¥ i Hoechest %4 & 10 min. F & 7 514}
[ J5 2 fle T g .
1.2.8  Western blot #2

{5 FH RIPA 2RV 78 0 2R 2 AL S , 4 °Crsy
A0 20 min f5 B BB T EPE T . BCA AR
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M GRS RNA T B S A cDNA . SEIN 580 58
PCRAXY #4 H HIFE ], BAB-Actin AN Z. K151
CtEAZ IR 27 HEATTHE . 514 b v st R A L
Bnm GRS SR 1

#&1 Real-time PCR3|41F %

Table 1 Primer sequences used in real-time PCR

Gene Primer sequence(5'—3")
Forward: AACTTGGACCAGGACGCAG
Reverse: GAGAAGGCTCTATCCCCAGC

Serpingl

H2.D1 Forward: AAGACCTGAAAACGTGGACGG
Reverse: TAATGCTCTGCAGCACCACTCT

Gbp2 Forward: AGCTGCACTATGTGACGGAG
Reverse: AGCCCACAAAGTTAGCGGAA

Srgn Forward: TGTTCAGGAACCCAACTCGC
Reverse: GTCACATAGCCACGGTAGGAG

S100A10 Forward: TCTTCGGCACTAGCCTCATC
Reverse: AAGAGTCTGTCGAAACCTGGG

Clefl Forward: CCTCCGAGCAGGGGACT
Reverse: TGTGCGATTAAGAGCTGGCA

Empl Forward: CCCTCACTGTGGTTGCAAATC
Reverse: GAGAATTCTGGAGTATCCAGTGAGA

B-Actin Forward: TGGAATCCTGTGGCATCCATGAAA
Reverse: TAAAACGCAGCTCAGTAACAGTCC

1.2.10 mpbx|JE 5 5%

SR FH 41 A ) S 56 A 0 40 LT RS RE T . A
MR T 6 FLAR 1, #5458 A W BE S5, FH 10 plL A6
SLAE 6 FLAR N I 3 25 B2k, FH PBS BE R RIIR AL 2 R 1
YA, OB T B 4R, TG I3 4 PR s 7R L 4k Ak
FFR24 hG, KELIMOT B B .

1.2.11  EdU % 38 54 4 0]

151 HI EAU 2 ffa 38 5 X 70) b D0 40 B b 4 .
SHMLFEFNT 6 FLAR 1, 40 M2 it S0 AL BR S , 4 40 A
5% 10 pmol/L EAU 577 % — & FE 2 h J5, H
Azide 555 ¥ (4L €2 Fl Hoechst (i €8 X6 201 g 35 47
et TECEIMEBE T MR,

1.2.12  #mpa B Aa4&

WAL EUCEE T 15 mL B L&, BLF bk
T J5 P PBS ¥ e 4 M e , TR SO 3 RIS
75% L E MR . B H G, B0 3 L
T PBS 1 e vk 2 10 B« FESHBRITTE R I
500 wl P Yoy 2, =IRBEEIEE 15 min J5 4 A
A B BT A AT
13 %itgrik

Fir A = AL 238 1T GraphPad Prism #H17 4011
TN TP R EE DA B AR 2 (£ RN, A

[) P25 R FH 0 SE R A o A6 56, 22 201 1) bR 35 % A B[R
B EMT. P<0.05 NESHSGH¥E L.

2 % B

2.1 Dixdel & & £TBI G KA % ik EiR
TS/ R TBLJG AN [F B[] (1 i 41 200 64T
HE B8, 25 FL 8 /N BROK A e BR95493 , I Bl 45 452
A5 BsF ) 0 ZE K, 453493 358 1) i 2L 4 485 A i % ot frk
B L, F2E GH BK I IR BE £ 9RE 4H iR
1A . JeHi B 78 K B Dixdel REf8 {2 3 TBI J5
BB sEt . PE i, @it Western blot £ ]
TBI J& Dixdcl & H )R 1%, 45 B &7~ 5 Sham 20 A
b, 451493 5 Dixdel W8 I REHE 0, H T3 h )G
IRV (B 1B C)s GFAP S A RIA a5 1.3 d
B8 (B 1B D) . Xt Sham 2H % TBI 3 h 41/ &,
() A0 L 200 BEAT S e AL Uk 24 e, 55 Sham ZHAH
Lt , Dixde 1 75453477 & [l At 5z Jo DX 455 %) B 145 5 386 T
(B TE K, 45477 J Bl B2 Jo3 X2 T2 Jie Jota 4 i A7 7 B
B 16 HD o $&7R Dixdel 75 /)N B 45345 157 )it
R H R TR 5 40 B B SRS Ak
22 Dixdel &4 5 2ZH KA mib Bk 24z
Rt — R K Dixdel & [ 7E TBI J5 1 & 74
1k, 48 FH X B 9% 5% e Bt Sham 2H & TBI 3 h 2H ()
NERIGH LAY R it AT et . 55 Sham 4LAH LE, TBI Ji5
Dixdc1.GFAP FHYEAS 5334, H Dixdel 5 GFAP )
FHEAS S A E S E AL (K 2AB) , W Dixdel AT g2
25 TBlJG R 2 s AL Ve 1o BRETE
2 J55i 4 B A, 4600 2% B Dixde 1 5 708 B 5 4 B br 5 4
Thal fH1£5 J0 R EW NeuN BHMEAS 5 AAFLE RS X (H
2C\D). $E7R Dixdel 752 TR B 4m i Hh ke S RIS,
DAL 36 28 S TR IR IR A X — N B SR B A T 5 51256
2.3 LPS Rl 3t 2 B fm e F Dixdel & & & X
{5 FH LPS %1138 C8-D 1 A 41 f Sk A4 AR A2 TR i
Y1 5 A AL R Western blot £ Il 27 5 1 wg/mlL
LPS #ill 84 5 % 53 20 0 )i Dixdel.GFAPLPCNA {2
HREH M 3), H T35 24 h Dixdel 1 GFAP
BAREBE IO, BIER 1 wg/mlL LPS #i
PN 24 W BT G 4R 5200 . (EARVE R, LPS i
BUE Dixdel RIELAEH 5 GFAP RIEL HA —
FOME, PR EHED Dixde 1 X5 2 T 5 40 B 3 16 B A 1A
EAEA .
2.4 &K Dixdel 44 LPS % F 69 2 Ik i 4m e 38
78 i F5
N TR IT Dixdel 72 75 W 45 52 7 JR 5 40 il 1) 14
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and GFAP(D) at lesion sites post-TBI by Western blot(B). E-H: The expression and distribution of Dixdc1(E) and GFAP(G) within the ipsilateral ce-
rebral cortex in sham group or TBI 3 h group by immunohistochemical staining. Quantitative analyses of protein density for Dixde1(F) and GFAP (H)

indicate significant alterations compared with the sham group. “P < 0.01 and “"P < 0.001(n=3).
El1 Dixdel EATE TBIE K RA ik LiF

Figure 1 Dixdcl protein expression is upregulated in the cortex after TBI
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A, B: Inmunofluorescence staining of Dixdc1(green) and GFAP (ved) within the ipsilateral cerebral cortex in sham group or TBI 3 h group. C, D:
Immunofluorescence staining of Dixdc1 (red) and Ibal/NeuN (green) within the 1p%11ateral cerebral cortex in sham group or TBI 3 h group. The lesion
core region was delineated using a white dashed line and annotated as “Lesion core”.
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Figure 2 Dixdcl protein co-localizes with astrocytes
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A: Western blot detection of protein levels of Dixdc1, GFAP and PCNA in an activated astrocyte model. B=D: Quantitative analysis of Dixdc1(B),
GAFP(C) and PCNA (D) protein expressions. ‘P < 0.05, P < 0.01,and "P < 0.001(n=3).
El3  LPSHIB{EHE M FLMET Dixdcl ERFIE

Figure 3 LPS stimulation promotes Dixdc1 protein expression in astrocytes
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A, B: Scratch assay to assess astrocyte migration (X40). C, D: EdU assay to measure astrocyte proliferation (x200). E-J: Western blot analysis (E)
of Dixdel (F), E-Cadherin (G) , N-Cadherin (H) , Vimentin (1), and PCNA (]) reveals significant changes after LPS (1 wg/mL, 24 h) treatment. ‘P <
0.05,"P <0.01,and P < 0.001(n=3).
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Figure 4 Knockdown of Dixdc1 inhibits LPS-induced proliferation and migration of astrocytes
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A, B: Cell cycle analysis of astrocytes by flow cytometry. C—E: Western blot detection(C) of CDK2(D)and Cyclin A(E) in astrocytes after LPS(1 pg/mL,

24 h) treatment. “P < 0.01 and "'P < 0.001(n=3).
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Figure 5 Knockdown of Dixdc1 inhibits LPS-induced cell cycle in astrocytes



546 5552 1

¢ 210 Mo B R K E R 202642 A
A B C
TBI 0.7 stk 1.5 7 s
Sham 3h 1d 3d 7d 14d —_— =
£0.6 2 sk
C3 I I I l l HSkDa E 210 ——
= '
=
S100A10 !m‘. 11 kDa £ 051 2
- =~ = 0.5 1
© 0.4 S
a-Tubulin |_ - e e -| 55 kDa ﬁ [g’l = |-°<E]
0.3 T T T T T T 0 T T T T T T
Sham 3h 1d 3d 7d 14d Sham 3h 1d 3d 7d 14d
TBI TBI
D E F # *
PBS LPS 2.0 PBS 107 = PBS
NC Dixdel-sh NC Dixdel-sh B} L L L WS 05 I I LPS
= 1.51 e o
GFAD | a—— s i. 50 kDa E o I £ o I +
= 40 = Y07
. 3 , 5 1.0+ I =
< T [<a}
' |- i - a
_ ‘ ‘ 01— — 0= —
o-Tubulin | — g— — 55 D L NS L B L N
Q0 X Q& X
G * I PBS LPS
207 PBS NC Dixdcl-sh NC Dixde1-sh
= =e LPS
= 1.5
= ISe)
= y &)
$04 F =
S .
= i [
S 0.5
7 =
ol —— — g
N z
X Y
H PBS LPS J PBS LPS K PBS
A NC Dixdcl-sh NC Dixdcl-sh LPS
86 kDa 1.0 ek R
5s 1)-STAT3‘= x - ”79 kDa o T
Serping 1 2.0 R I
Serping 1 s STAT3 |- - TS # 79kDa = 6]
9] n Y. T
E| H2.DIA 10 & o
g = 0.4
- Ghp2 £0.21
Srgn A 0 T T T T
L S
| 10010 X &
£ A\ ¥
E,_ Clefl
4
-

A-C: Expression levels of C3(B) and SI00A10(C) were detected by Western blot(A). D-G: Expression levels of GFAP(E), C3(F), and SI00A10

(G) were detected by Western blot(D) in astrocytes. H: mRNA expression levels of A1 and A2 phenotype-related genes by RT-PCR. I: Expression levels

of C3 and S100A 10 in astrocytes were stained with immunofluorescence (C3: red/Hoechst: blue and S100A10: red/Hoechst: blue; X200). J, K: Expression

levels of STAT3 were detected by Western blot after LPS(1 pg/mL, 24 h) treatment. P < 0.05, "P < 0.01 and P < 0.001(n=3).
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Figure 6 Knockdown of Dixdc1 inhibits LPS-induced A1 astrocyte polarization
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