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CAMK4 EGR3 15 S 3137 5t R 1% B IK BR Th 88 AR 1iE K R iF 5 4
RIS Al

EHE R B, PR, RS
P KA E B LER, TR Bgil 226001

[ E] B RMEHDIRIE DI RE IR AE (congenital hypothyroidism , CH) K F i 55 Ca“/%ﬁ%lﬁﬁi?ﬁ@ﬁﬁi%ﬁﬁw
(Ca™/calmodulin-dependent protein kinase IV, CAMK4) K¢ U A= K S i £ 11 3 (early growth response protein 3, EGR3) {554l X i
ZIUWREB MM, FiE: L Hid 7 Hi¥ & 21 H i SD AR & CHBHY, 708 CH 4155 R4 . R4 St f%‘ q-PCR.
Western blot 737l # il CAMK4 5 EGR3 [ 35 15 0L , A0 M S R 58 A L oo A RAB O . G5 3R OX R4 ifg T 21 21
CAMK4 K EGR3 (£ [ 33K SN AL T, CH 2H (Y33 T b 2418 T X5 BRAH (P < 0.05) 5 @)ﬁﬁ/&f&ﬁﬂﬁmqﬂr&ﬁk CAMK4
Ji , EGR3 (1215 HH 7 FEALK, 7] B 1A T 4o 28 SO 2 - 38K B A5 ox Bk s s BOCH A Rl Hy pfr 2 WL AR 22 (3,5,3'-
triiodothyronine, T3) Jil3#J5 , CAMK4 E@EE%J&k%zNIWK*ﬁ&LﬂO it E?'Jkﬁ%{%ﬁ%ﬁkz E'Fﬁj( I T CAMK4 K2
EGR3 kA, NI M2 T 210 & & , W] CAMK4-EGR3 15 53l BE7E CH K B D2 R & S h R IR E1EM
(e8] SERPEHRAR I REWGRAE ; 1 s B 258 ; CAMK4 ; EGR3
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Effects of CAMK4-EGRS3 signaling axis on hippocampal neuronal dendrites in congenital

hypothyroidism rats
TANG Qingying,ZHAO Jie, LI Haiying, SHEN Feifei, WU Youjia’
Department of Pediatrics , Affiliated Hospital of Nantong University , Nantong 226001 ,China

[Abstract] Objective: This stndy aims to investigate the effect of CAMK4-EGR3 signaling axis on neuronal dendritic development
in the hippocampus of congenital hypothyroidism (CH) rats. Methods : The CH models were established in 1-day-old, 7-day-old and 21-
day-old SD rats, and were divided into CH group and control group. Transcriptome sequencing, q-PCR and Western blot were used to
detect the expression of CAMK4 and EGR3, and immunofluorescence was used to observe the growth of neuronal dendrites. Results: (D
The protein expressions of CAMK4 and EGR3 in the hippocampus of the control group increased in a time dependent manner, and the
expression of CH group was significantly lower than that of the control group (P < 0.05) ; @ After CAMK4 was knocked down in the
primary hippocampal neurons, the expression of Egr3 was decreased correspondently , and the mean length of dendrites of hippocampal
neurons was decreased compared with the control group; 3 After T3 stimulation on CH primary hippocampal neurons, the protein
expression level of CAMK4 increased in a time dependent manner. Conclusion: Thyroid hormone deficiency can decrease the
expression of CAMK4 and EGR3 in the hippocampus of rats, and inhibit the development of neuronal dendrites, suggesting that the
CAMK4-EGR3 signaling axis plays an important role in the neurodevelopmental abnormalities in the hippocampus of CH rats.
[Key words| congenital hypothyroidism ; hippocampus ; dendrites ; CAMK4; EGR3
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S KM HUIR B T BB J8R AE (congenital hypothy-
roidism, CH)J& Az JLH UL P 70 i , ok 9 %
9 1:4000~1:2 000", ARSRELII A AR SR YT 11
T BOK M & B BB , T8 B AR R T R dig
FAR B 38 3= (thyroid hormones, TH) 4% AR £ K& [,
I SIS AT RS PP oe ik BERIE L 58
Sl A% 326 M G 2Rt PO R A L 0 T 55 2R 2 R DG
TR TR, PR AT 35 1800 vl d i R AL R
wE TR ILE THK, S 2UR LR BB Z e
REA A Rk

Ca™ /5 8 8 1 MO 85 1 P IV (Ca™/calmodu-
lin-dependent protein kinase IV, CAMK4) J&—Fh £ 1)
RE 1Y 22 R - 75 2= IR A 1 VR , X 20 ML PN Ca™ Y7221k
FHURR, AR AR P A (Ca™ ) NI BTG . CAMK4
Jig JA 31 1 5" % =750 1] =700 9 X 38K TH 2 T
fF, 5 AR R % = 2 K (thyroid hormone receptor,
TROWEM , IF 52 THH Y . 78R BN & B it fe
CAMK4 32 = filt R iR )i 20 R (triiodothyronine , T3)
DA TR] AR B2 1) 7 U FE P 28Tk S 1
FEPR R R A E BRI . TR OWA%SZ K 5
MR BL, o & A~F 6 41X, 43 AT RE
W, TRAATSIBM, i TRal ;TRB1 A TRB2 AT
G54 T3, YIRS . X 3R REMESZ AR S T3 1)
455 RERS R R CAMKA4 J5 30 TH 20 T 14 1Y 410 )
A NS5 CAMK4 SEH 123K

TERZETTH, CAMK4 & Ca™ 15 AL N I B A
B o BFFEERI Ca HUE RIS 2 F,
L P Ca™ U BE T 5 AT B0 S B 28 B 028 TR
G S P T AR L b 2 T A B R R B A
B B T, 7R AR X FNCACIE B R v, 2 il
HEAE RSN R H P RS R, IR 5B 25
X R R F B CEET . HIFSEN
HE R ] FICAZIG DI RE X, &5 A i 1Y 32 240 i
EHE LA B i A S pl 22 BRI L S CH SRS Ry
WEANE M2, 1 CHAZ M 5 & B 1 3L
il 1 AN W o AR R SE CAMK4 75 CH R L
FIR LA KRR Z IO S B I RE , LRI DR
T CH K RIS E 70 BT REALH

1 #EIAEE

1.1 ##

AR B (IR 220~250 ¢) H R 3 2 S5 3
Yy PR SIS AT A 3R RN I3 5 R K eF
S HEZ: S S (A it 5 : S20190316-201) . 2-

B3 - 1 - A 3 ik e (2-mercapto- 1 -methylimidazole,
MMI) (Sigma 23 7 , f52 ) , mirVana miRNA 53~ 25 155
£ (Ambion 2], 2 [E ) , RNA 4lifbEk (Ilumina 22 7],
[ ), TruSeq RNA SCE ] 517 £ v2 (Tllumina 23
], 2 ), TRIzol (Gibeo 23 7], JE [ ) , 1% SRl &
(Roche 2~ &), Fig ) , P CAMK4 L4 ( Proteintech 2y
Al SR ED s LR A K W 3 (early growth re-
sponse protein 3, EGE3) T & (Santa Cruz 2\ Al , 92
) PL GAPDHHUAKR(CST A F], 35 [ ), Neurobasal 1%
F#4:(Gibeo A H], 2 [H) , HBSS VLA R (Gibeo 24
A, 3 E ), B27 (Stemcell 22 A, &K, Jf 2R 113K
(Gibco A W], 2 ) , DMEM 5 1 25 1 15 77 3 (Sigma
o] PEED , siRNA B 3450 & (N B A= 1 22
), B MAP2 B /4 (Abcam 23w, 85 1) 5 BP0 L AL
exa488 (Proteintech 23 A , 3 [ ) , T3 (Sigma 2\ 7] , {
ESpS

1.2 7&*

121 CHXRABER w95

N T 1755 SD R B e KA IR IR D RE8UER , A
28 BT IR A 9 KA (K9, BIIE#: Hh 38 H 1128 £0) 3|
FREUR AR 5 55 21 R (P21) , 7E42 R AR FH /K ek
%57 0.02% 1 MMI. X BR (9 22 BL45 70 1 O
IK o SRR G G 3 ik I S SRR 2 17 R 1Y)
ZR M AR S 1.7 F121 K (PL.PT FTP21) A B
5 THKF
122 KRB LHFENFEANIZLFHH

MR8 A= 7 7 0 4 /E 48 ™ , FH mirVana miRNA 43
BTN & NP1 P R P21 AT B P S U 5 B RNA
SRJF 8 RNA Sl ARGt 18 , I 647 SRR RN i
L5380 A TruSeq RNA SCJE il #1057 £ v2
F S, 31 Mllumina HiSeq 20003 J¥ 50 /4> J&1 3 ,
i 3 Mumina Ji 1 GEARRAF T TR 90 0 b . 5%
FEALA HE L 22 53 23K A9 mRNA #48 E  K T 5/
T2 AR AARIE . S B NCBIEURE 40k AGRIS $dix
JES (https : //agris-knowledgebase.org/ ) DA E (ERERERS]
107, FH Blastx RSN B9 TR . X FrAy JAT, A
#B 238 7 Jensen-Shannon 7L RIS My . Fi|H IPA &
1A 25 S5 22 R R R A Al A — A A Y TR
W2, ARIESE B AT 4 i s A AR i D g o
123 ZZ % REB%R M (q-PCR)

FH TRIzol il # ¥ o 2l i 22 TCAY L RNA , 330 53
R G A T 55, 78 20 pL SOWAR R P 407 2 g
BLRNA, 0.2 U/pL ¥ 5% 5 i , 0.5 mmol/L NTP B &
1,1 pmol/L Oligo-dT 514 . 7E q-PCR Kl 71 , ¢



41558
202148 A

JEE, B, 2RI, 25 CAMK4-EGR3 {5 54l 5o Rt R IR S BE VR A K FUE S phize
JUM SR IEZ [ ], me s BE R R ik (B SR BF2# /) ,2021,41(08) : 1115-1120

<1117

cDNA DL 1:4F05 8. 1 Generay A /] T RIG L T
¥ 5 4 S PS8 . CAMK4, 1E [0 51 4 5" - TGGAG-
CAGTTGTTCT-3" #1715 4 5'-CCTCGAATCTCAG-
GTGC-3' ; EGE3, 1E [n] 5] 4 5' - CTCAGATGGCTA-
CAGAGAATGTG -3’ #1 J 9] 51 1 5 - ACCAGTTG-
GAAGGAGAGTCG-3" o JZ I i 4] B 7% 1 J& 399
94 °C 5 min, ZRJGHK N 94 °C 30 5,60 °C 305,72 C
30 s, 45 MER . TR IR JOPBRPIL IO,
FIR PCRIZITHS NG , RS0 H shortgicdis , 15 219
B, KX e LR Y Ak 0 — 1k S TR P
GAPDH [ ¢cDNA.

1.2.4 &G i %.9% ¥7 i (Western blot)

FA& 7 1% SDS . 100 mmol/L Tris-HCI . 1 mmol/L
PMSF 4 24 i i A 28 015 55 W) 5l i 5 v S B0 1
Jio HIBCA B E BAFR A 1 88 R EE , DLRAPAH
[ B . B BRI TE 95 CHVEYE 5 min,
£ 10% SDS-PAGE | HLIK 73 1 , %% #% %I PVDF Ji&
o BE5 1:1000 TBSTFBRIHAUA T 4 °C T,
HUGR ) 1:1 000 ik P i 2 he RIH
VeI L ECLAL 2= AOGIR AR
125 JRARE LAY 2% 035 - F siRNA 4 3

HUEL7 /9 SD Jift BRI 25 S5 Qg E pl 2850, T S 7
HBSS V-l £6 7 W P i 25, B 28 LRl R M G R 0 A
37 CT,0.125%Be 8 A REHF AL 20 min, SR J5 A 248
PRB B 5 IR 2F 1T 10 i A 7R 345 1 T Ak, 4T
1 000 r/min £5.0> 4 min, 2B BIEWG 141 5
T LI B IR 0T ARG 57 A 5 0 2
RN TE B 2R D- 2R 1/ NF B B 6 FLAR N L 2
Ji 2% 3k 1x10* 4N em?, 37 CHAIMIIE 724555 4 h )5
55 B27 ) neurobasal 15 353k . 18 a5 A= 77 R B HRAE

B A X DA P 22 T AT siIRNA FE 4 76 15 pl
[ 20 wmol/L siRNA i f£3 1IN A 120 wL(1x)ribo-
FECT™ CP 2% #h i, SR J5 A 12 wL riboFECT™ CP
Al EER MRBEIRGITEE 15 min J5 , F G
A YIMAEFRT neurobasal 35 F55E (Z4AKFH 2 mLL)
HIRHZEITH , siRNA By 2R FE R 150 nmol/L, FF7E
37 CHNMIEE F2 4655 5% 24 h J5 I 5 AH W 19 siRNA 5%
1.2.6 20l Sz kA

PBS ¥ 35 57 7 AT i 28 50 1 /N B 3% 3 vk
3, ETERIRT 4% 2 R B [E 2 30 min, J57E
PBS H1 % 3 1K, 5 min/IK , T %% 0.1% TritonX-100
5% A 1L 2E 135 A1 5% 5 1355 /9 PBS H 37 CK IR
EREFPA 1 b, K —BUAE PBS B INAEBE A B 7E

4 CTE 16 h)&, FHPBS PRI, MA BT, 764 CT
5 16 h, PBS VR E 544
1.3 %itFFik

%511 43 A H GraphPad Prism 8 4. >k H
Levene £ 56 X 0 86 UE A7 1E PR KL 50 F 7 22 4397 o
AN RV ) AR M ST AR AS ¢ A 3 L BRI 28 5 2547
Mt K Bonferroni K 55 o 45 K4k LA B R 1 2 (3
+$)RR. P<0.05 WERBAGIHHE XL,

2 # R

2.1 ERMTARME AR T AL A R R 2R
AR R T

7R CHAE R BRI D &k & i R e, 4
A PL.P7 FI P21 X CH 2H K X BR 2 41 B i 25 21 21
BT SR AL . A 3] S5 gk — 2 B I 48
5 CH &5 B SZ A AR S B AR 2
RRACH O TIREFE N . S XTHRZHAH LL , i 2L
PRI e 20 2 RIS B A AR Ak, Ani R R 1A
FiR (F1A) . AT B CH B 6 D 2o K
B2 ML, 380 TPA R4 3 T — >3 PR R 25, 1
CAMKA 2] 1y FHBR B0 2R o 20 19 2 L0 84 1A 5 ([
). $20 , CAMK4 AT RE &5 CH PRI 5 5%
AR ERT
2.2 CAMK4 & £k

i1 Western blot 4T CAMK4 25 [ i /K - 563E
(F2). mTLL& B CAMK4 [ 85 1 35 #5107
g S — 30, X FEZH K B R CAMKA 2838 52 Asf (B4 i
PEFH i, P7 I RIAT A S)IE(A , P7 5 P21 ) CAMK4 3%
IR TCHH I 22 5 5 1 CH K ERUAY CAMK4 283535 i I T
XTHRA KA o BT B R AR FKF- B0 Tk i 45 SR AT LA
KI, CAMK4 1 35K P75 CH R B H 4 B AT
AH I P[] 0 FRZH R B, #8278 CAMK4 5 TH /KRB
F A, nTRESZ TH Y .
23 AR 22 T siRNA 3% CAMK4 49 &k 24
AP 22 TSR 4 %00

P AR b 22 0 P aE i 5 G siRNA 1877 it
K CAMK4 3Rk , i — 2D WF9Y CAMKA X #2801
MR, 5, I YR T 29 50% 19 CAMK4
FERFERKF (K 3A) , Ak 8535 5 D205 d
J FE 5 A I 2 ' [ WS4 28 T 58 TR A8 A2 1k (&
3C), AT LIS S RRE CAMKA B[R 238 5 480
RGP I s/, i AR IE R S AR 20T
2.4 T3 RARELAYZ AR ABF R

FEPRARKE TR0 CH I 2o il A T3 BB 5
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Figure 2 Expression of Camk4 in the hippocampus of CH

rats by Western blot

CAMK4 [ P 2 3K I %] 1 By #if 28 70 0 B4 28 7™ A= 5%
Wi, A3 SIIER | K5I, 78 CH R 5
MZIEHAIA 5 nmol/L T3 & , CAMK4 Y RNA K #&
A R R E BT (E4A B) . Rl R
A T3 J5 24 h J2 48 h 2o 2 A8 Ak, 45 SR /s
B T3 J5 28 oM 58 - B BE 34 n, L 48 h & W]
B (E4C.D),
2.5 EGR3# kXK

TE R B T 4l 2000 PP 2 S vp |, i At TPA J R )
4% B & B CAMKA-EGR3AEAEA G . IR, 78 JFAR

AABRO7024441.1

S1635d3 Ecl8
Zip113

Fpha?

MyoSc Klf4

Hinges2

A:P1.P7HIP21 K BRI T2 U007 (K PR PR AR ], I2H 45 IRFE] 3 2T 52 3 UK B P P A A 1 (1) T ZH R PR 2
1 N"SCHAXRBEMETRENXBREARSH

Figure 1 Analysis of key factors in mediating aberrant hippocampal neurons of CH rats

1§ I B 28 J6 CAMK4 119 siRNA §% YL S0 56 v | 7
CAMK4 KR 29 50% 89 55 F 7, PCR K EGR3
FRRH I 23R 55 0, T L & PRIRE % CAMK4 198635 F
K%, EGR3 f 35 K 7K -t i 35 A (I SA) B0 E T
CAMK4 7] LA EGR3 W3Rk . FEARK, il i
Western blot ¥ ll EGR3 1Y 25 H 2% 151 & , 40 /1
CAMK4 [ 3235 a3 EGR3 S I AR f P3G fin , CH
K EUE P7 K P21 340 A T I8 K RU(E 5B) .
3 4t i
3.1 TR ARRBAT AR E F 00

TERBAL A T 5T 2SR UE T CH KRR
PR R R TH X2 RGN % B I RE 1Y
oy R BTG LI AL R IR R A
JRESTEE NN & E S, BT i,
YRR L= HE AR AR, s IR 1 CH LY
FERMFUIEEREIE S E K EHIREMA BTIRE
R 7RSSR B CH K R AR AS & & 5
IEH KR RE S, RER KIS, 500 - CH K
REEICEZE BB &, Higshilgg, 5ikKE
A —2K
3.2 WARBR ) bR AR B CAMKAY 6998

TER Y CH K RURBEAL b | FF k4 174 T3 7K
FRTIERA, T3 5 TR By aEM:Z 4K (TRal . TRB1
FITRB2) &5 A8/, 1iixX 3 Fh I REYEZ AR T3 4k
A REE iR B CAMKA4 ) 8 F TH KR TG A4 (84 ai R
A, FITE CH R B I T3 /K- AT 530 CAMK4 &
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A 15- B g0- c si-CAMK4
i E stk
~ sokok —
) — 260+
"'Rﬂ 1.0 1 .]i_p(
A
;Lf 40 ]
0.5 )
= z
= oA 0-
NC si-CAMK4 NC si-CAMK4

A: JHIPCR J7 I 7E siRNA SERZH TR X CAMK4 18 T-H0803 s B R S-SR BE I GET 4047 5 C - AR B S A i 28 oA 9872 £ (x200)
NC: %5 FUEE YL 5 si-CAMK4 : CAMK4 B2 . LA, P < 0.001," P < 0.000 1,
3 CAMK4GRZ 3G D42 TR SRR 2 0m
Figure 3 The effect of CAMK4 deficiency on hippocampal neuronal dendrites

A B NN C
" X@:,} X@,&b R ﬁ 1004 x
% v oY O < Pl i 80 v
A 70 kDa— 2 = 2 —
® — . w— CAMK4 4z 1.0 604 =
55 kDa— = W L
1 a— Lo .
ol A0KDI™ ey e e CAPDH L 407 24
2 35 kDa— < 0.5 1 g
= o K 204
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S = &
© gl L 11 e L
\<\ b‘\\ W . D«\\ ,’lb‘\\ &%\\ bfb\\
S Q\"z\x‘@ OV o
NN Q .
D CH-24 h CH+T3-24 h CH-48 h CH+T3-48 h

A~B:5 nmol/L T3 43 JIALFE E17 i CH G BUIAF Sh 00 250 24 h M2 48 h J5§ CAMK4 193635 7K - 5 C R 98- MK B B9 8811434 5 D < 0 ik s o
K e 22 O 2828k (x200) o 4L ELERE,"P < 0.05,7 P < 0.000 1,
B4 T3 RFILM Camkd RIER I ED WA THMRKE

Figure 4 T3 increased the expression of Camk4 and the length of dendrites in hippocampal neurons
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- D e = 4
40 kDa— EGR3 % 0.8 4 stk
40 kDa— Py = .
T ——— ———w% (APDH 'HJR-(O-G . B
35 kDa— o sk
4 0.4 4
o
502 A

NC si-CAMK4 = 0 D ﬂ
C D C D C D
Pl P7 P21
A PCR G J55 AR 7 4 i 25 98 CAMKA4 %% % il [ J EGR3 AU 2635 5 B P1.P7 A1 P21 A+ §LIE 5 EGR3 A Western blot 7)Mo MH4H HLAL, P <
0.01,™P <0.001,""P <0.000 1, C:X%JM841;D:CHZ,
E5 CHXRIESEGR3MKIL
Figure 5 Expression of EGR3 in the hippocampus of CH rats
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IR T A, 78 CH KRR ACHE B 2200
B SR AR A T3 138, CAMK4 (1% 2% 3k Bt s ] B 5
Tt AR T HUIR B ECER TR 4R CAMK4 (1)
Rk, TET3HIFS , CH R BURACHE S0 2850 R
GV VK B AN AR I B I, AR E TR 2R ST AR R AR
K, A siRNA # % CAMK4 3635 5 1 S 28T iy
PG B I 2 AR . 255 b 7E CH A R HR
PR R E s CAMK4 B R HEM A T RAERKER
FAH DA TR 3

3.3 EGR3 %5 CAMK4 &iA #4851
B As) FL 1 R (immediate early genes, IEGs ) J&

—ZROT AP B T s oy R R U SR

VFZ TEGs Gt i i P-4 T i F 2 A, 30 S O

HATREN S T BN EM A Y s B EA &

F6 & fl v SR FCAZIE B o U AR KR N B

(early growth response protein, EGR) & IEGs 2 i %)

SR o EGR AT UG PRI 5% 1 B A6 R K

il R 301 A28 A, DT 52 i 22 o0 1) Al B8 o AR

e S IR, EGR3 1T LAY K& R Ui A, 38 5 el

745 5% fi >F v 7 R A5 R, DA K 2 5 il R R AR 5 1Y

KA WL, A e R 2 ] 8 A

EGR3 AT BE 1 | S LA (A . ALY T

CAMK4 1] fgJil#5 EGR3 iy 335 , I 52 M 13 Ey bfi 4500

BB AR AT, MR CH KB DA F S 20t

AIREALE . AH 3 R AE R BUA 7K IS 45T CH K

LT3 B ACI6Y7 )R CAMKA-EGR3 {5 52510751k,

TEIG S S R AR SETRABIESE
Se R FAR B D) g iR 25 T BOK Ui S

H CAMK4 & EGR3 (935 1 RA /K- P34 1 2 T 1%, A

2T S TE IR IN s 45 T T3 RIS |, 1 S 2o

(9 CAMKA4 1) 2R 35 TH i, B 9 K B Bl 2 3 m ; Horp

EGR3 5 CAMK4 K ik /KB B AH K , I 52 CAMKA4

P . L R 25 R R T CAMK4-EGR3 {5 5%

TE CH R B M4 L F 5 h R SR

(&% rmk]
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