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[ ZE)BEH:HETATIE M1 w40 R QA 500 28 S MY 6 0 240 W b 15 31 05 RS 1 6 B 4 B9 (nonalcoholic fatty
liver disease, NAFLD)AH 30k . 7755 B ARIK M F52 2257 NAFLD /N R AL, 12 H C57BL/6 /)N 3 BRI ML BT 22 1 43 il vk £
(normal diet, ND) 41 . =i A8 X £ (high fat diet, HFD ) ZH W57 24 J& K6 DU/ )N BRI L 1B S5 AR A, S2HT 2 i PCR IR/
LML 20 5 W 4 A 56 PR, HE 2 B P B B . 1 FH Percoll 4325 WA FBE 50 vk e I JUE Kupffer 210, 30 2 40 AU AG:
WS B AR ML AR 00 40 i 4 3 7 58« R ] FSC—A L SSC—A 43 B, 25 B JFF IR AR A9 21 41 i B2 2% 55 5 FITC CD45 (+)/PE—cy7
CD1Lc™ B AU 50T s APC CD115(+)/Percp cy5.5 CD11b" i e BAZ AL, 7 FH Ape—cy7 F4/80™"/PE Ly—6CH# 733k i M1 I
Hf) . R 5T WAREAAE I, 24 i HED /s R4S QR A7 W W ki AR BT 5[ (28.35 £ 1.71) g vs. (38.43+4.41) g, P<
0.001] JHMEH i [(1.03 £0.18) g vs. (1.85£0.41) g, P=0.003]. %5 I il ¥5[(7.07 £ 0.58) mmol/L vs. (10.23 £ 1.58) mmol/L, P<
0.001]JHE 5 Z£[(18.62 + 3.84) pg/mL vs. (28.84 + 8.3) pg/mL, P<0.001], Hil =HE[(2.97 + 0.67) mmol/L vs. (4.05 + 0.99) mmol/L,
P=0.01], & fiH & F5E[(0.23 £ 0.06) mmol/L vs. (0.55+0.17) mmol/L, P<0.001], 4% N #% % i} (alanine aminotransferase, ALT) 5.67
(3.16,9.23) U/L vs. 35.86(19.68,58.33) U/L, P=0.003]H1 % ¥ 5% % Jif§ (aspartate aminotransferase, AST)[53.14(38.18,64.40) U/L
vs. 155.10(113.60, 192.20) U/L, P<0.001], NAFLD /N B M1 74 B0 241 it 4% A4 B 5 38 1 [9.95% (3.10, 12.00) vs. 42.00% (26.50,
45.50), P=0.003], HFD %55 19/ BUFIE A 3 20\ 4084 % 1B (human interleukin—1 beta protein, TL-18) . 14 }g /i £ -6
(interleukin—6, 11.-6) . F4/80 F1 i Jad R HE. I 1 (tumor necrosis factor—o, TNF—a)mRNA 7K 5 T mr o 8538 A4l i A6 5
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[ Abstract]Objective : To investigate the flow cytometry cell sorting regimen for M1 macrophages and the association between M1 mac-
rophage polarization and nonalcoholic fatty liver disease (NAFLD ). Methods : High—fat diet (HFD) was used to establish a mouse
model of NAFLD. Twelve C57BL/6 mice were randomly divided into control group (normal diet) and HFD group using a random num-
ber table and were fed for 24 weeks. Metabolic markers including blood glucose and blood lipids were measured ; quantitative real—time
PCR was used to measure the factors associated with M1 macrophages in mice; HE staining was used to observe liver pathology. The

Percoll gradient centrifugation method was used to collect liver

EZENE 2 4, Email :657059855@qq.com, Kupffer cells, and flow cytometry was used to measure M1 macro-
BRI @ AR BTG R S5 6T phages in mouse liver (sorting regimen : FSC—A/SSC—A for grouping
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ELWH:BE A KXHAFLALFTIRA (%55 :81960078) ; #7 52 4 &
RABRAAMFALRABMFSFHZALTYAAD (% )
. . . L ’ ~} Percp cy5.5 CD11b"#" for the screening of monocytes; Apc—cy7 F4/
5 :2021D01E28) ; 4 4 35 5 F & & 4 A B 5 B34 B 2 by . yiess Apemey
FTE LR EFARA TR B (%5 SKL-HIDCA-
2001-2) B EFHBEMEAL EFAYAE (% 5. pared with the control group at week 24, the HFD group had signifi-

and removing red blood cells and impurities in the liver; FITC CD45
(+)/PE-cy7 CD11c"" for grouping leukocytes; APC CD115 (+)/

80""/PE Ly—6C"*" for separating M1 macrophages). Results: Com-
2022TSYCCX0103)., cant increases in the indicators of body weight [(28.35+ 1.71) g vs.

156 B AR : hitps://link.cnki.net/urlid/50.1046.R.20250121.2133.004 (38.43 +4.41) g,P<0.001),liver weight [(1.03 + 0.18) g vs. (1.85 +
(2025-01-22) 0.41) g, P=0.003) , fasting blood glucose [(10.23 +1.58) mmol/L
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vs. (7.07 £0.58) mmol/L, P<0.001)], insulin [(18.62+3.84) pg/mL vs. (28.84 +8.3) pg/mL, P<0.001)], triglyceride [(2.97 =
0.67) mmol/L vs. (4.05 +0.99) mmol/L, P=0.01)], cholesterol[(0.23 + 0.06) mmol/L vs. (0.55 £ 0.17) mmol/L, P<0.001)], alanine
aminotransferase [5.67 (3.16,9.23) U/L vs. 35.86 (19.68, 58.33) U/L, P=0.003], and aspartate aminotransferase [53.14 (38.18,
64.40) U/L vs. 155.10 (113.60, 192.20) U/L, P<0.001], and there was a significant increase in M1 macrophage polarization in
NAFLD mice [42.00% (26.50,45.50) vs. 9.95%(3.1,12) , P=0.003]. There were significant increases in the mRNA levels of IL-3,

IL-6,F4/80,and TNF~-a in the liver of mice induced by HFD. Conclusion : The flow cytometry sorting regimen can be used to measure

M1 macrophages in the liver. Significant aggravation of inflammatory response is observed in NAFLD , and M1 macrophage polarization

is positively correlated with the onset of NAFLD.
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{14 % HE FE RGN, DA 2016 4F 114 2.436 612151144
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TP R e o INTRPE AR ORI &% K Cs BT
5 5 g 2R FE I T (tumor necrosis factor— o, TNF—
o)  E 4N H 40 B4 & -18 (human interleukin—1
beta protein, IL-18) Fl 1 4l ffi /i & —6 (interleukin—6,
1L-6) %5 25 i 4 5 PR 7 Fka Ak K7 19 38, I (L ik
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LR R S0 S e B 2 T St ifisil i (fe B it
5:20220308-139) .,
1.2 gk
12,1 sh¥ B e S A 3K 14 /0N BRI 7 PR 75 I B AL 2k
2 40, B2 6 X R D8l AR & (normal diet, ND) 4, SE55
2H M & S (high fat diet, HFD) 2H 2} 60% =5 1 7k, W%
BBAT N RS R & WS EE, IR A A A T
W24 JH S, X A /N BREA T AR A 12 h, WA if v AN E
EAEE22 0
122 JFREEA & s R 1 /N B 4A T R
SR, BRI M B M B DY TR RS, SRR T E T # K, 24 G R B
B2 T KOS R B ke T, TR IR DL 8 mL/min Y 8
1A D—Hanks ¥, BY BT T i ik , Ak 200 1 2 TS Sy 1 €6
TR WE T 1% DNase 1 () ProE (200 U/mL) .DMEM i /i
A JEEE T (200 U/mL) 15 mL, 2 BE$ R S5 S B3RS,
H I B T ER SR LA, R B D B9 R, FH 4 200 H Jé e ik
Wi E 15 mLE O
123 BERERREE B0 A BN S BT A 4 PR B
B30 (50 g,5 min, 4 °C) 2 WK, OB EIE T, FE000E 5 250 (500 g,
4°C,10 min) ; 3 3 , A0 DLHE R FH 25% ) Percoll i 6 mL
BVE, TEELEIEERINA 70% Percoll i 3 mL, B5.0> (800 g,
20 min, 20 °C, JIEE B : 6, W E - 0) 5, WOAE A E F R
4, 9 Fl PBS e3¢ )5 850> (500 g, 10 min, 4 °C) , 3 b3, ULIE
JH 1 mL £1 40 i 2 /98 (0.5~1.0 min) , PBS X |, 850> (363 g,
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5min,4 “C), A PBS E AT 451

124 FagnpEgee BUYBIANIE2x10° 4, 1 mL PBS
TERRTE BN 30 pLE g, 4 °C 20 min; LA 900 pl.
PBS 2 7%, 550 (4 189 g, 3 min, 4 °C) ; [0/ 48 A % B9 BT
14,30 min, ##, 4 °C B4 MA 1 mL PBS, B 4T5],
B0 (4189 g,2 min, 4 °C), 5 &, A8 TN A 300 wL PBS
AN, 22200 H Je e Wi i I B AL TR O ] FSC—
A SSC-A 4 #F , 2% B AR A 08 21 41 i J2 24 57 ; FITC CD45
(+)/PE-cy7 CD11c"™, ¥ FH 41 L 43 B ; APC CD115(+)/Percp
cy5.5 CD11b" fifi 1% 5 4% 40 By W H 5 Ape—cy7 F4/80/PE
Ly—-6CMe 4338 Hy M1 E EAI )

125 MFAHZURBLERI BUNEFIEA T, 49% 25
PSR E 48 h, A W, T D) R 4T HE 344 40 s, KR
rPPE B R dt P O S A SR .

1.2.6  MLE2ATEEIRARAI /N R PR R BRI, 25
A>(1 109 g,15 min, 25 °C) 73 B 1MLIE , bz H] ELISA J5 B il 1
I =8 (wiglyceride, TG) . &M H [ B (total cholesterol , TC) |
1 2 (insulin, INS) . & TN # % fif# (alanine aminotransferase,
ALT) KAy H5E 5§ (aspartate aminotransferase , AST)

1.2.7 52 B 9 )% & &= PCR (quantitative real-time PCR,
qPCROFMEE R Fik /N BUTF 20 ZURE A48 F Trizol 12050 42
B2 mRNA i Jl TaKaRa qPCR &5 &6 mRNA W% 5 A
¢DNA, Jif | TB Green Premix Ex Tap™ II #£4T RT-qPCR %
M, AR R AL A 010 WL TB Green, 6 pL K E K, T iF5]
Y14 0.8 WL A2 pl ¢DNA, qPCR S 251 : 95 °C 30 min,
95 °C 55,60 °C 34 s, JHFF 40 ¥ . mRNA (¥ N 2 5 W Ky
GAPDH, 2 [H ik Bk 24 g 18 . RN S 33T
G AR T AR TR R AR 588, 51T 5 W3 1,
13 %it#r %

N FH SPSS 26.0 # A i#E AT G2 112 43 M7, 1 ] GraphPad
prism 8 ALK . IER A0 T s RE, SR IIEL = bRt
22 (v =) FR R R AT o I TE 2550 A 5080 £ T o o
BT A2 B ) B M, (P, Pog) Fe7is , Fai ad e RS 30007 7
o KKk a=0.05,

2 & B

2.1 BIEARARH S NAFLD A RAEA 4 5

SR IR0 24 R R R 3%, 5 ND 4HAH L, (A T ==
[(28.35+1.71) g vs. (38.43 +4.41) g,1=6.45, P<0.001] . iF I
HAE[(1.03£0.18) gvs. (1.85+0.41) g,1=4.16,P=0.003] .55 i
IfBHE(7.07 £ 0.58) mmol/L vs. (10.23 + 1.58) mmol/L,=5.67,
P<0.001], JiE & 2 /K F[(18.62 = 3.84) pg/mL vs. (28.84 =
8.3) pg/mlL,:=3.38,P=0.004], WL 1,32,

Fz1 s5l9FE5
L 2R SIYFEI(5°—3")
GAPDH L5144  AGCCAAAAGGGTCATCATCT
TH5IH  GGGGCCATCAGTCTTCT
TNF-a U519 CGCTCTTCTGTCTACTGAACTTCGG
T4 GTGGTTTGTGAGTGTGAGGGTCTG
IL-18 U514 AAGGCTCCGATGAACAA
W14 AAGGCATTAGAAACAGTCC
IL-6 L5149 GGAAATCGTGGAAATGAG
TH51¥  GCTTAGGCATAACGCACT
F4/80 F#E54  CTTTGGCTATGGGCTTCCAGTC
N5 GCAAGGAGGACAGAGTTTATCGTG

®2 BREREMNRERSHHE(xs)

J A B (g) NDZH(n=10) HFD#(n=10) tfi Py
14 1904044  18.81+0.82 045 045
4 )5 2343+0.68 2452+1.10 002  0.02
8 i 23.98+0.77 2842+ 1.66 7.66  <0.001
12 2532+0.65 3490276  10.67 <0.001
16 & 26.63+0.89  34.59+4.36 565 <0.001
20 )4 26.99+0.57  37.75+4.29 7.85  <0.001
24 ) 2835+ 1.71 3843 +4.41 6.74  <0.001
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2 NDFAHFD/NRKIBFAEHE S8

2.2 NAFLD /s § fo i o Ji§ Fo BT 35 58 04 % v

5 ND 4 A o, NAFLD /) B il 7E /Y Hal = BR[(2.97 «
0.67) mmol/L vs. (4.05+0.99) mmol/L, (=2.77, P=0.01] . &
A [ B [(0.23 £0.06) mmol/L vs. (0.55+0.17) mmol/L, 1=
4.81,P<0.001]. ALT[5.67 (3.16,9.23) U/L vs. 35.86(19.68,
58.33) U/L, Z=3.72, P=0.003] 1 AST[53.14(38.18,64.40) U/L
vs. 155.10(113.60, 192.20) U/L, Z=5.14, P<0.001], HFD £ /)»
FRAS IO I B T i T o (181 3) 6

6= 0.8 = c
a —_—
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S L —
1 T S
E £ 04+
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= 2 = T
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200 = e
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= < 100+
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C. 24045 NG S WK D. 2 FEEE S K

WEa, 5 NDA HH, P<0.055b, 5 ND 4 F S, P<0.01;c, 5 ND 4 H
&, P<0.001
B3 SiEk &S ME /R A mAS BT ThaEk F

2.3 NAFLD /s SR 2048 X % B F 69 % v
S AE R BN, 5 ND 4UAH e, NAFLD T4 2 IL-B

mRNA B 5 7155 1.58 + 0.31 vs. 4.13 +0.54,1=8.89, P<0.001,
NAFLD JIF JJF 41 29 1 (3.25 + 0.48 vs. 1.82 +0.35, 1=4.02, P=
0.004) \F4/80(2.97 + 0.42 vs. 1.75 + 0.29,1=4.08 , P=0.004 ) £
TNF-a(5.62 +0.71 vs. 2.38 + 0.46,1=6.44, P<0.001) [t ND 41
mRNAZKCE- B8] 75, WL 4,

511 5 L
a

B 4 i; 44
5 )
5 3 R 3+
" =
= =
= junng
= 24 x5
= T < T
= 14 = 1

O 1 O 1

NDZH  HFDZH ND4] HFDZ]
A. 24H1L-6 mRNAZEK - B.24HIL-1 8 mRNAZX/KF
2.5 4 b
a
B 2,04 B
% % 34
M5 #
ﬁ : ®
= = 21
£ 104 E
2 I 3
< | -
T 054 =171 L
=
0.0 I 0 .
NDZ{ HFDZ NDZ HFDZ

C. 24 F4/80 mRNAZEIEIKF- D. 24 TNF- o mRNAZRIKF-

T a, 5 ND 4 A P<0.01;b, 5 ND 4H HL A, P<0.001
B4 qPCR il BT ff 48 27 F 48 X R AEHEFRA mRNA B Rk

2.4 AKX R m o ik

I Percoll 73 15 WA 2 5.0 2 AR T IE Kupffer 402,
AR A M A, FEM NAFLD %+ FFAEZH 214 M1 LS g4
MR R o ASHIE 9T 2 B A Al R i 45 SR R L 5 ND A
L, HED 20 F WE (% M1 #Y 5 g 40 A 5 B B &2 T 751 (9.95%
(3.10,12.00) vs. 42.00%(26.50,45.50) , Z=3.12, P=0.003], L.
K5,
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NAFLD & A 43Kk i AL 2 b i i DL A 18
PEFFRIE 2l 5 A G I RE A O, b e
JHE S NAFLD % A Rt Je i) 8 22 7 S B PR & i
BMI 4548 i — > B A7, NAFLD 55 XU 55k 52 70 AR
S A TE AR AEAHIESE R R /N B
55 4 JE T U P o i B A3 /N BRI, ND 4
) JHF I £ B HFD 21 B S B AR, 2 BRUBE R (type
2 diabetes mellitus, T2DM ) & NAFLD A% 5 22 15 [
% ,NAFLD 7E T2DM f8 35 1 9 SR AR =, HIEJHE
FEE B ZEHEHT , 2338 0 JHF 27 4 Ak F e 1) i %8, 3 30
JFE AL CHCC A/aFE T, ARS8 25 5 i ND 41/

25 i K R W HFD 4L R R . #dRR
NAFLD A & I T2DM By KUF o 35738 28/ B T
TR R B S FAIG, SO T 24 3 NAFLD /IR
(4 TP JOE AT A SE 451405 . 76 NAFLD #8805 , AP IE
HE (0 m] LUE 2], HED /s BUFIE 52 B8R /AR — 1)
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JF AR Ay — o S 1 P L A0 B B R A R
DA B 200 B I 2R 0, T ARG i A £ SR
AR = A BT, 4 AT LA A Z2 Fh 4 i
PR Sk 355 800 A6 2 Rt 403 v ) ) FHFJE
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PR AN , A0 F5 PR 4N Kupffer 4008 . A SR 5%
i 2 M . SR 25 05 T 4 i T 96k T4 40 i A H 220k 41
JHIP I 28 R AN A SR G P JFF e 1 2 R S vh
G AR, I ELE R PR S 1) & A RN R e
e 2 B AR 2 Kupffer 41 FIAE B 141
Jii 2 NAFLD &9 Ll A 8RBl R 2, 76 NASH /)N LS
IR AR REREA v, C-C #afk IR T 3244 2 76 B A%
21 A R A 412 9% I W A b e e 5k, 9 L S A
A NAFLD ™ 8 P2 B 52 IEAH OGP, 7E NAFLD %
o 1) J v I I 200 i 3 e R T I R A R RE J2
AR, 78 90 W 2 A 1] bk 5 0 240 g 33 i)
SR E I, O 5 ) R A P,

W 200 e 1 2 TR 2 3 TR A 2 IR B A A B I
77 A ) A0 L PR RS A R 0 43 24
A, XA MR M2, M1 I A0 2 £ R e 46
) 3 A0 A A R A o B 22 W TR R 1
SR AR A A0 TR AL T, W0 TNF - TL-
1.IL-6 Fif 3 Al—E AL A A . AR5 &k
P55 ND ZHAH EE , HFD /N B M 7R 05 441 B A 5 X7
IL-B . IL-6 . F1 TNF-a mRNA 7KFE2 0] B Th i . X
S A ) E A R SE AN A o BE R IR 4 i S A%
Yt A= W), B0 A I 3 Ao A FH k20 AR R i
AH R, M2 [ I 400 Jf 527 3] TL—4 F1 TL-13 f8 i) 38, 3 A
307 S AR K B0 412 28 40 i DX AR s 7K P 1) TL-
10M . g 4 R ARG A 1) — A B T 2 4 L 3 T
Y FR M AE . M1 E AN 23k CD80.CD86
1 CD16/32, BE M 43 WA i 4 41 B K 754, A5 Bif 9% %
B, K HFD AT % S KCs i M1 B AL 38 i, 942 1F
TNF-a [ 3R35 , V-7 M1 F1 M2 KCs /9 A 43 L o] DA
B NAFLD (%) & A=, S5 JFFIE M1 7Y 5 44 if ) fi
B 5 H 7E NAFLD 30 J p i B 2R H

SR, A3 SCHRHRTE 14 7 O 28 40 i o g el Ak B R
2 AR, A AR A i T A7 ML ARG At 51 o e i g T A
SR FHAS [R] A8 Jise R i 6 32 R0 AN [A] ) Percoll %5 i 456
NGl Ak G P R B 43 50, F4/80 F ik 7 /N L AR
R AHMLRE P A SRR TR]  BEH 40 e T 48 e DR 2 % X
FAY FEC 58 200 6L i 9l 15 g 240 e R A 22 3 ML 5 R 240
it ) e ik Al H AR BN AR ZEY, F4/80 470 i3l H FA/E B
Wk 210 B AR AR A ) Ly6C 2 — Tl B A2 240 it /1 s 4
Mo AR, & T oAk 2 MR 4 i (Ly6Ce) il
LMY (Ly6C™) o HUAAR 35 AT B8 DL 35 4
el A5 JHF U 592 200 B 1 2B A R 0 22, S Se A 5 2
BU0 B AN T 53 BN M F AR, 717 T 1 5 i A

TR TR, A5 R i RN Ak I 98 40 i X 1
YR BT M L 5 T J ask R v ) JHE DA B 388 I
FEREE . N T UEAC N ARk, HERR A 75 G
MIEHEREZE LT EM . Percoll & —Fh 3z i FH
W ERA R O, A A RS T
GBS AR S A A AR 5% R H Percoll %% B B
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