EBRBREZM (R
Vol43 No.6 Jun. 2023 JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE) | 689

B3 - ZEAT R

MR RUARR Stat3 B E SRR D R MEREE

REER, BIFRE, BKER, R, MEW, A #
bigER R R UARER DRSS RGN, Bl OEEYE, EROEEY L,
ER BRI REE A s bl BT R E sk e s, Bl DEE ST, L 200125

[{ZE] HH - T Cre-Loxp R G E /N BT AN Star3 F R 2L/ B I0IE R BR AR . 7%k - B Cx3er™™ 7 5
Stat3"" IR AN ZMRALTE T, HERS LB ER N Star3™; Cx3erI™ P H BN, BP& R /N L (conditional
knockout, CKO); [[]%5 Star3 M FERBI/NE, BIXS BE/NEL (wild type, WT). /N AL SR DNA & 18 i 28 45 5 25
N (polymerase chain reaction, PCR), Z5&455ME5 445 5P 14 i 245 Sk J e/ B L DS . 7 CKO S WT /N 6 Jif] i st 3
T R A S TS S/ M BT AN v Srar3 SRR R s 2 S, BENLIEECCKO /N (n=4) Je WT /N (n=4), FIFI#E
BRriEEE (magnetic activated cell sorting, MACS) 33 H /N5 A i )5 38 32 52 i) 9% % %€ & PCR (real-time PCR, RT-PCR)
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[Abstract] Objective:To construct mice with conditional knockout of Stat3 gene in microglia based on the Cre-Loxp system and
validate their knockout efficiency. Methods- Cx3crI®™ ™ and Stat3"" genotypic mice were bred for conditional knockout mice
(CKO) and Wild Type mice (WT). The mouse genotypes were determined by extracting DNA from mouse tissues through
Polymerase Chain Reaction (PCR) combined with the amplification results of cre and flox primers. Stat3 knockdown was induced
by intraperitoneal injection of tamoxifen in the CKO and WT mice at 6 weeks of age. The CKO mice (n=4) and WT mice (n=4)
were randomly selected for the detection. After two weeks of observation, microglia cells were sorted out by Magnetic Activated
Cell Sorting (MACS). Real-time PCR (RT-PCR) was used to detect gene knockout efficiency at the gene level. The expression of
STAT3 in microglia was observed by brain immunofluorescence staining. The expression rate of STAT3 in microglia was detected
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by flow cytometry. The expression rate of STAT3 in macrophages of the spleen was detected by flow cytometry. The condition of
neuronal cells was examined by Nissl staining. The condition of the microglia in the cortex and hippocampus was observed by brain
immunofluorescence staining. The phenotype of the microglia was detected by flow cytometry. Results: The CKO mice and WT
mice were successfully bred. MACS boosted the proportion of microglia in brain cells from 10% to 85%. RT-PCR results showed
that mRNA levels of Stat3 were down-regulated in microglia of CKO mice, compared with the WT mice (P=0.001). The relative
mRNA expression of Stat3 in microglia of the CKO mice was 0.331 7+0.041 4. Immunofluorescence staining of brain tissues
showed that the fluorescence intensity of STAT3 in microglia of the CKO mice was weaker than that of the WT mice. Flow
cytometry of brain tissues showed that the STAT3-positive cells in microglia of the WT mice was (85.30+5.69)% and the CKO mice
was (39.70+3.88)%. STAT3 expression was decreased in microglia of the CKO mice (P=0.001). Flow cytometry of spleen tissues
showed that there was no statistical difference in the percentage of STAT3-positive cells in splenic macrophages between the CKO
and WT mice (P>0.05). Nissl staining showed that there were no significant differences between the neuronal cells of the CKO mice
and WT mice. Immunofluorescencestaining of brain tissues showed that there was no significant difference in the shape of microglia
between the CKO mice and WT mice. Flow cytometry showed that the phenotype of microglia in the CKO mice was not remarkably
different from that of the WT mice. Conclusion*We successfully construct the STAT3 gene conditional knockout mice from

microglia, which provides the foundation for subsequent related studies.
[Key words] microglia; signal transducer and activator of transcription 3 (STAT3); tamoxifen; mice; Cre recombinase
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Cre-loxP 413 (1 H 2 FR GEAE 2 — i K 14 5 A
HTH, SR TRRB0h " Cre HAH MY
SRR loxP AL gL, FFARAE 24> loxP 5 sAH XY E 1Y)
ASTR], o] HAY 5 B DNA P A BN . ER . 5
£ " T Cre-loxP Z G000 W e MR AR S0,
SO ZHTRRITHOSE, 175 54 Cre-loxP R 58
A AT A B[] A3 ) b R R AT g . 15 5 A Cre-
loxP Z G e R} Cre BEATHGE M AL, HA A T4 )
MBS THHE AR, Cre A REdEAMEZ N T A
. B IFA TR Cre RG0E HFTN RS 21
P Cre 11,

H 1 78 48 i o & T STAT3 HL | A9 BIF 58 K £ %
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Cx3er] ™ MM /N BT 1 3 38 2 Sl R 24 B JE
AR EG , SEP/NRUE 50k CSTBL6., AT S
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1.4 /PEIEPIR %@

/INER 3 JE Y B R P B AR, K BT B AL T
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BHY KRR, BT PCRIMALT, FFIE MY
BERRTY, 25 oRUR BCE 2% BT MR i L vk o R 1R
ASUBLAZ 5 H 5 SR A

&1 PCR3I#FF]
Tab 1 Primer sequence for PCR

Primer Sequence (5—3") Primer Type
Cx3crl AAGACTCACGTGGACCTGCT Common forward
CGGTTATTCAACTTGCACCA Mutant reverse
AGGATGTTGACTTCCGAGTTG Wild type reverse
Stat3 TTGACCTGTGCTCCTACAAAA Forward A
CCCTAGATTAGGCCAGCACA Reverse A
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RIS, BT 4 CCIREAER .
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2y, G Z5d, 2 )G BEPLIER 4 H WT /MR
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1.6.1 ALY st /N RLK bR s U B
T 4% Z W (PFA), 4 °C[EE 48 h, 20% F130%
FERRRBE K, PKYRU) 385 (OCT) Al fa il &
KU R, BEIRER 2% v (PBS) ¥ Yk Jm H M1,
STAT3 Il P85k 1 (IBA1) —HidL[F] 4 °CHf
HdW, PBSIEULIA, 37 cCHbLIFF BRI &k
fifi bR ic 09 —PL 30 min, PBSIEVLIE, WiNs 4, 6-—
JREE-2- R FEm [ (DAPL) 19 6Bl Vs Kt R 79 i
R, 26 EE FHIR.

1.6.2  TRPEREER LT (magnetic activated cell sorting,

MACS) $EBUNEFAIE LW S B BYRE, T8
fbJE it 70 B, 4 °CES.LJiE H 30% percoll EEEDLIE,

LB bJRBENE & 2R, PBSIEVEANMTTIE, H]
100 pL R4 17 (FBS) EEMANZH S AN ER . W
e T 40M T4, B 1074l FE 2T 90 WL FBS, Jin
10 pL CD11b G, 4 °CESEHFE 15 min, PBSIEUES
TEAE, A5 B0 20

1.6.3 LA & PCR & Il B CKO. WT /b i
MACS J5 2, R B0 UL RNA 8 i
A TR A 1K TSI 52 RNA VR B, Takara [ 7% 55230 71
B M cDNA, KA 10 pL WK &, il A SYBR
SuL, ETFUi5I ¥4 05 ul, cDNA g 1 pL,
ddH,0 3 wL, EAFEM 3 ANEIL, SREELIRY,
A Z IR 5 1 PCRAVHF A 2%, 45 ) ok
GraphPad Prism 9.0 %25 B AT 4347

1.6.4  Jiadi M ARSI B2 E IR E T R /N,
il B ik 240 P v B T 2 B, 100 L PBS HE A 10°
AT T, A PerCP Cy5.5-CD11b il APC
Cy7-CD45 i AT bR IC /N T4 i s A APC Cy7-
CD45 Fll APC-F4/80 Jit P AR bn iC I EL W 4 i, 4 °C
WEGHEE 30 min, PBSTHWE; MBS, A PE-
Stat3 i 0 HL A A I STAT3 Y £ ik, 4 CROLME
30 min, PBSIHPE, UixC4HMEAR I STAT3 KA
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4 °CHFHE I, PBSTHUEIG ., 37 °CEEIF & MR T A
ALY BERIC Y 30 30 min, PBSTHUERT ., TlN7& DAPI
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APC Cy7-CD45 jii Pt iR bric /N L 4i L, 4 °Cikt
% F 30 min, PBSIHUE, W EMAEE, A APC-
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CD86 i A Hr ikl M1 B /N T 40 i, A PE Cy7-
CD206 Ji o H ARSI M2 /N5 5 48 JifL, 4 °C ke G 0%
H 30 min, PBSVEVE, b,

1.8 Hil“#oabr

FH GraphPad Prism 9.0 ¥4 #4171t 0 b . 5%
B BOHE ] xbs o, AL HEBCR ) e K 50, P<0.05 3%
REFAGIEE L

2 R

2.1 /NBUBERL I 4l

CKO/NRAIZEHFWME 1 iR, FOAR Star3" 5
Cx3crl " HE R R /INR 2428, TR A5 5L K L
Stat3™; Cx3crl “ I F14C, F1 B2, Mhikig e
B FE R Star3™™, Cx3erl NP F24E, GUkLE S
Stat3"" 3L, Fe 2] ) A s FRAS EC AR AT 1) Star3™;
Cx3erl 2 (CKO) . Star3™ (WT) S,

A B
e ™
FO Cx3cr Jo<ERT2 Stat3n
~ T 4 loxp loxp
( ™\
F1 Stat3"*; Cx3crITHR™ loxp loxp
) ! ) D
/F2 Stat3""'; Cx3crl R Star3™ )
b b x b g - -
l loxp
i Stat3™M"; Cx3crlR" Stat3™M" B
F3
~ 4

Note: A. Schematic diagram of mice breeding. B. Schematic diagram of Stat3 gene knockdown.

E1 MRERHETRE
Fig1 Schematic diagram of the construction of mice
2.2 /DBITAE PIRY 3 58

FEHUIN R DNA ST BRI , BE g5 T,
R S | P i R YK I R BT R K  S T /NN R 2.
it B 2A. BRI, 1. 2, 4. 5, 6 LAY
Stat3"*; Cx3erl ™2, NFILKR; 455K 2C. D
A, 2. 5. 11 FEEAR Star3™; Cx3erl 7, R F2
REm R 256 K2E. FaJHl, F3f2. 555 CKO
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B, 1. 3. 4. 6. 7. 85 HWT/M.
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Tab 2 Location of genotype-specific primer bands

Primer Genotype Location
Cx3crl WT 695 bp
Cx3crl™*"™ 300 bp; 695 bp
Stat3 Stat3"" 146 bp; 187 bp
Stat3"" 187 bp
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Note: A/B. Cx3crl ™™™ and Stat3"" genotype identification results of F1 generation mice, respectively. C/D. Cx3crl “*™™ and Stat3"" genotype identification

results of F2 generation mice, respectively. E/F. Cx3crl “**™ and Stat3"" genotype identification results of F3 generation mice, respectively.

E2 NREEARLEER

Fig2 Genotype identification of mice

2.3 {5 2FE SR /IR AN STAT3 A8 fE 15 5t
2.3.1  CKO /) B/ B ot 248 MY Star3 mRNA 3 ik 748
b WT 5 CKO 4l /)y B fis i S b 2 95 I, Al
FH MACS 2 B/ e 52 40 86, A 3t =X 40 i AR 6z
PRAf B R, 8k CD45S™CD11b+ AR 18 /N 5 5 41 i
gERLANE 3 TR, MACS $2 4l i /N 5 HE 1) 2 4
10% , & 210 J5 /)N e 0T 40 B 1L 91 29 8 85% . i i) RT-

PCR 6 1 Star3 55 P mRNA 3515 00, 45 %40 & 4
fir s, CKO /N B /N BE 5T 4 1l v 9 Star3 mRNA ¢
WT /N R A % 26 35 54 0.331 7+0.041 4, CKO /)
FRL 7N B 5T 40 0 o 1Y) Stat3 mRNA /K5 WT /) BRAH
22 % A8 G2 X (P=0.001) . %25 3 Ui B 7
CKO /Iy B BE R K b AT DL S g/ J68 J5 40 . Star3
4 i B o

PerCP Cy5.5-CD11b

ey T T T

APC Cy7-CD45

Note: A.Microglia proportion before MACS. B.Microglia proportion after MACS.

3 RAMEEAREI MACS B/ RAM R a1

Fig3 Detection of microglial purity changes after MACS by flow cytometry
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WT CKO

Relative expression of mRNA

Note: “P=0.001, compared with the WT mice.

B4 NEFRLBAE Star3 mRNA FKIAER

Fig 4 Stat3 mRNA expression in microglia

2.3.2  CKO/)NEU/INBE BT 40 Ml STAT3 5 1 K572 1k
WT 5 CKO /N R IN ) i e ge o, S (5t

DAPI IBA1

WT

0 pm 100

CKO
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IBA1ARCHY/ME R ANME, 21626 AbRiCH) STAT3,
WA N DAPLARIC I A . 45 o, WA s,
5 WT 414 Lt CKO 4111 /1N [ 200 il STAT3 2% 5k i
55, BB CKO 41/ BRU/INEE 53 20 Jif P9 STAT3 & 14
IR o A AR W B IR TR A 3 IR S
CKO /N FU/INBE 5 41 H ) STAT3 Fak BEAIK, n] SEH
STAT3 £ [ J2 M 1 #5538 2t 3t =2 48 R % CKO A1l
WT /)y BRL/INJBE S5 448 L e ) e o PRI F- STAT3 #6475 43 #r o
SR BoRE 6, WT /NI 5 41 it i STAT3 FHA4: 41
5 ol (85.30+5.69) %, CKO 4/ K i 41 i rh
STAT3 BHPE4EIE 5 el (39.70+3.88) %, 2=HFHAE
Giite#E X (P=0.001), PLIAZE CKO /NREE K
S AT DASE I/ INGE T 241 AfL STAT3 (1 5 o

STAT3 Merge

0 pm 100

Note: DAPI staining (blue) and STAT3 staining (red) in microglia represented by IBA1 (green). White arrows indicate microglia. Scale bar=100 pm.

5 REBTSLRM/NL RN STAT3 BRI K

Fig5 Detection of changes in STAT3 expression in microglia by immunofluorescence

A

89.46%

SSC

100 -
34.42%

80

60 [

20

STATS3 positive cells in microglia/%

WT CKO

PE-STAT3

Note: A. Detection of STAT3-positive cells in microglia of the WT mice by flow cytometry. B. Detection of STAT3-positive cells in microglia of the CKO

mice by flow cytometry. C. Statistics on the percentage of STAT3-positive cells in microglia. ©P=0.001, compared with the WT mice.

6 LR B AR IR/ B A H STAT3 254k

Fig 6 Detection of STAT3 changes in mice microglia by flow cytometry
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2.3.3 WA 4RI CKO /NI E A A2 6.01) %, 2HZEF TSI FE L, FIREGERIER,
b S AR X 2 4/ BB E R B A MY R/ 4 M STAT3 (19748 4k, [ W4 il STAT3
Kl STAT3 #4740 #, anl&l 7, WT 4108 E w4 ff rh F AL ANIH B, H CKO 5 WT /N 4 G . 5 22
STAT3 BHYE4H M 5tk (54.75+3.87) %, CKO 41 S, /NELAT T STAT3 ML Y E— 25058 .

Ji6 B 40 A STAT3 BH P 40 M 5 ek (40.76+

A B C
A

2 601
)
? T
= 0]
o
-
Q
g 40
k=

A 2

2 3
[}
Z 20F
'z
o
on
E
=

» . wn 0
WT CKO

PE-STAT3

Note: A. Detection of STAT3-positive cells in splenic macrophage of the WT mice by flow cytometry. B. Detection of STAT3-positive cells in splenic
macrophage of the CKO mice by flow cytometry. C. Statistics on the percentage of STAT3-positive cells in splenic macrophage. ©p=0.098, compared with the
WT mice.

7 AR AR/ R AR E R A AT B STAT3 2L

Fig7 Detection of STAT3 changes in mice splenic macrophage by flow cytometry

2.4 i DI e R i 5 AN ER) 1 CKO 215 WT 41/ Bl J2 Finifg o [X a2 (245 5 oK I
2.41 JRIRYL KM 2 TN MBS R 2 B W25 5, BB CKO /) By #4882 31 i 3%
MO XMoo B A EAk, SRWAS, AN

Cortex

.

Note: Scale bar=200 pm.
8 ERRFELNHMETHETL

Fig 8 Detection of the changes in neurons by Nissl staining
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242 /NRFEAMEATEN WTS CKO 41/ BUR K
YIR e e, L0056 0 IBA ARSI/ R4,
W 290 DAPTARIC I A A% . 25 R o, Wik 9,
H5WT4IME, CKO4LIBAL bric/MiE R 40 Mo 7E
JE R S XA UL B 25 5, TR ST AN, 10RH
CKO 20 /)N B /N s Jo 40 1t JG IR 3 e A% o an &1 10 Ji o

DAPI

WT cortex

CKO cortex

WT hippocampus

CKO hippocampus
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3 3 9 3 40 A AR X CKO AT W /I BN B S5 240 it F )
ML ¥ CD86 (MI17%) FICD206 (M2%Y) #4743
Bro A 11, CKO/NEL M1 EI/M2 51 7)8 58 f5 248 i L 451
5WT/NaAH, 2ZRT% 8 X 3 CKO /b
FR5 W /AN B/ 52 I 4 %) 22 78 1 B 48 2 331

Note: DAPI staining (blue) and microglia represented by IBA1 (green). Scale bar=100 wm.

B9 SREVSLRN/NG REMENL

Fig 9 Detection of the changes of microglia by immunofluorescence

A B

Count

53.90% 53.80%

Count

8.36% 8.39%

CD86

CD206

Note: A. Detection of the CD86-positive cells of microglia in the WT mice by flow cytometry. B. Detection of the CD86-positive cells of microglia in the
CKO mice by flow cytometry. C. Detection of the CD206-positive cells of microglia in the WT mice by flow cytometry. D. Detection of the CD206-positive

cells of microglia in the CKO mice by flow cytometry.
El10 SRR TN R RN
Fig 10 Detection of the type in mice microglia by flow cytometry
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