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Abstract

AlM

To investigate the effect of lipopolysaccharide
(LPS) on the proliferation, secretion and
ultrastructure of liver Kupffer cells (KCs)
under high glucose conditions.

METHODS

Murine liver KCs were cultured, amplified,
and then randomly divided into a high glucose
group [(HG), 25.0 mmol/L D-glucose], a
normal glucose group [(CON), 11.1 mmol/L
D-glucose], a LPS + high glucose group
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[(LPS-HG), 25.0 mmol/L D-glucose], and a
LPS + normal glucose group [(LPS-CON),
11.1 mmol/L D-glucose)]. The KCs in each
group were cultured for 24 h, and then LPS
was added for the LPS-HG and LPS-CON
groups. After 6 h of continuous cultivation, cell
proliferation and cell cycle were detected by
MTT colorimetric assay and flow cytometry,
respectively. Cell supernatants were collected
to determine the levels of tumor necrosis factor
alpha (TNF-a), interleukin (IL)-1B and IL-6 by
Luminex xMAP technique. The ultrastructure
of KCs was observed by transmission electron
microscopy (TEM).

RESULTS

MTT colorimetric assay showed that the
optical density (OD) of murine liver KCs
treated with LPS for 6 h under high glucose
conditions increased significantly, but the OD
values decreased significantly in the HG and
LPS-HG groups compared with those of the
CON and LPS-CON groups (P < 0.05). Flow
cytometry revealed that high glucose arrested
the cell cycle in GO/G1 phase; the percentage
of G0/G1 phase cells decreased and that of S +
G2/M phase cells increased significantly (P <
0.01) after KCs were treated with LPS for 6. The
Luminex xMAP assay showed that the levels of
TNF-q, IL-1B and IL-6 increased significantly
after murine liver KCs were treated with LPS
for 6 h under high glucose conditions, and
the changes in TNF-a and IL-1f3 were more
obvious. TEM revealed obvious ultrastructural
alterations of KCs treated with LPS for 6 h
under high glucose conditions. A large number
of autophagosomes were observed in the LPS-
HG group, and only few were noted in the
HG group. Only vacuolar degenerations were
visible in the CON and LPS-CON groups.

CONCLUSION

LPS can activate and enhance the proliferation
and secretion of murine liver Kupffer cells
under high glucose conditions. Both LPS and
hyperglycemia can induce ultrastructural
alterations of KCs including autophagy.

© The Author(s) 2017. Published by Baishideng
Publishing Group Inc. All rights reserved.
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a9

IR A8 % #(lipopolysaccharide, LPS)*T &4
R T I E4d & 4m fe(Kupffer cells, KCs)3%
74 v oy ik ) b R AR LB M 0 R o).

Fi%E

¥ RBARKCs3E 4 3 )5 AL A 440
Z¥E28[(high glucose, HG), 25.0 mmol/L
D-# # 4], £ A B L[(normal control,
CON), 11.1 mmol/L D-#) & #&], LPS+ & 454
[(LPS+high glucose, LPS-HG), 25.0 mmol/L
D-# # 4], LPS+iE% *F BB 48[(LPS normal+
control, LPS-CON), 11.1 mmol/L D-#] & #].
¥ 7724 hig, LPS-HGALPS-CONL% 3] An
ANFZLPS, % 4:325r6 h/a, v F A% Rk
& RN T e 5, AR AU da
AL 2, Luminex xMAPH A AW 21 i, L7
& P Y J& 2158 B F-o(tumor necrosis factor
alpha, TNF-o). @ 4~Z (interleukin, IL)-1B+
IL-67K-F, i 44 b L0 5K Cs 2m IAB 1 25 .

R

MTT & Fm 2 4R 27, KCsZLPSTM
6 hJ& "Rk & (absorbance, OD)M A 2 % 3,
HG#=LPS-HGZ ¢5OD M| {4 B BAK T A8 %) B
#CONZLALPS-CONZA(P<0.05). A X 288
A AW 25 R =, KCsZLPSF¥6 his
GO/G 147 4a fe A P 2. F &, SEI+G2/M A 2m
fe A A 2 5(P<0.01). HGALPS-HG4L
#GO/G1HA tm B oA 8% 3 T A% A9 CON
#2LPS-CON41, HGA=LPS-HG41 # SH+G2/M
29 9m g 5 An AR T AR AT BB 49 CONA=LPS-
CONZE(P<0.01); Luminex XMAPH R4 R 2
7, KCsZLPSF#6 h/&ETNF-a. IL-1p.
IL-67K ] 2 &, TNF-aA=1L-1B# TAL &
A BE. BEWNEKCsE R E T, HGATRL
B AT AR, CONZLA ) 2m i fa A AU
V2=, LPS-HGATIL KT T AR A%
R Rk, LPS-CONZE ¥ L= i &, f R L
B K.

21t
LPSHL# & F %10 S A5 2R 35 T AT K Cshd 38
e i i, AR ALP S T 5] ZAT

WA 5 0%
KCs# & & T I
RRCR=A N
LR B, &
. ZEIAT L
BAFEER, £
FFRE K g B &
PES U S h )
LRI S, R
B ALAR SR
SR g A2 d R
BELZHER. B
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E: NN P
TG W AR fm BB
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RPEGLPST S
Z B ETLRASF
1B B4 3| R AR
A4 FH KRR
B2 B FLPSA &
¥ BE FKCs3g
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B EPLAR
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Z i (Kupffer cells, KCs)#93% 7 Fo 55~k o 48,
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0 515

FFREAS 75 40 B (Kupffer cells, KCs) N E & T
PN TR 5 W 0 L, At Ak P A KT [ A I
Mo, AR, 2w, Rl 5T EE
R Y S AN SR i A N
TE AL, AE FEIE R B AA HG Atk 38 A7 J G AT okl vp
FEEBEER"Y. BT HER(Diabetes mellitus,
DM) & G TR N SRS R T 45
ERERER, DMEE RS G I & PG5
PRt LA SR 7R B, DMUR R
RGBT B T AEDMACEE, DM E BN
5| & I (pyogenic liver abscess, PLA)K
a2 —. SR, bR H AR ok AR
KCsTIREIRAFIDM & i EHPLARIHL I AN
BIHfG. AW EATK CsIR NG 77, B FLHG 2 Hi
(lipopolysaccharide, LPS)X =i i35 F K Cst
FE AN 53 W SRR R S5 iy sz, i3 — R DM
B 5y FEPLA B A B M 72995 (1) A AE ML

1 RS

1.1 #4t BALB/CRIFEHFKCs(F JE R A AL
AR AH]), RPMI 16408537 3£(Gibco BRL
Co.Ltd., United States), RPMI 16407TCHE 177
#£(Gibco BRL Co.Ltd., United States), Mouse
TNF-alpha Simplex i 7] & (eBioscience co. Ltd.,
United States), Mouse [/ % (interleukin, IL)-
1B Simplexiffl| & (eBioscience co. Ltd., United

States), Mouse IL-6 Simplex(eBioscience co.
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Ltd., United States), FACS CaliburZ i 2040 i
{%(BD, United States), 4= H 3lf#t51%(Bio-Rad
Laboratories Ltd., United States), LPS(Sigma
Industrial Co. Ltd., United States).

1.2 7%

1.2.1 S84 ZROGIRIGE, KKCskE
BLor R4, 53 5 BE4E [(high glucose, HG),
25.0 mmol/L D-% % 4], 1E% %20 [(normal
control, CON), 11.1 mmol/L D-#%j ##], LPS+=f#
ZH[(LPS+high glucose, LPS-HG), 25.0 mmol/L D-
Hi %], LPS+IE % X B ZH[(LPS normal+control,
LPS-CON), 11.1 mmol/L D-7 %j #4].

1.2.2 MTT & skl 52 KCs 2m AL 38 740 K50 414
FB Rl T-96FLAR, B FLEEFI20004 40 M, InA
BRI 5 4 2 B R PMI 164085 97 3 43 il 1%
7£24 h. LPS-CONMICONZH ] %) Fil vk JiF Sy i
RPMI 164035 773 [ 7 & B . HGHICON
A R B 72 4030, LPS-HGAILPS-CONZ4L
fEFHLPSE &N png/mLEEFRIEA. %54
JIINLPS Kt R JE 4k L85 776 h. BFLIIA
20 pL MTTH(5 mg/mL, B10.5%MTT), 37 'C
WEFEIFE 4 b5 /N0 LN B IR AL
150 pL— FZETEIR, BRRIK FAKIE IR 10 min,
4 Y7 . 154 B BB bR OO
(absorbance, OD)490 nmAb il & & FLATRL1E,
[ B 1 B AL kR AL

1.2.3 AR @A AR MK Cs B B0 K72
N M4 Fh T 6 FLAR, B ALBEFRS X 101> 41 i,
TN AN R BE 461 2 B R PMIL 164035 77 5
R 9524 hJg, HGHRICONZLfi i J5LkS 77 56 ik
LPS-HGHILPS-CONZH{ FHLPS & & 41 pg/mL
15 77 FE . 3% 43 AN L P S B Xt BB 5
ARBEREIR6 h. SR AR Y A A U BE 2
J T, SO A L. WA B 1) 4 PR A A
AHLT X 104N, N300 pLAS & Il i (1) 45 97 3%
R, RIGEBINAT00 nLTA K LEE, &
F--20 CUKA N E E48 hEA L, 1200 r/ming
5 min, 725 LB N2 mL A B IR 522
MR, PRIk, FHREOUTIEGA, /)
O B BEW, AR ULERE LK. INRN ARG
(100 pug/mL, stock solution)100 uL, 37 ‘CH;
FFNMEE 30 min, A5 UKI L EBEER, N
PI(50 pg/mL, stock solution)300 pL, 4 ‘C i)
Yett30 min, FACS Caliburift Q40 A AR I 40
Ji 24, ModFit B 73 K 4 it Jel 393 20 A1
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1.2+
1.0

mO.B*

~

506 a
0.4
0.2+

0.0

HG CON  LPS-HG LPS-CON

1 LR ARIBAFKCSHIEODIE. ‘P<0.05 vs CON;
P<0.05 vs LPS—CON. KCs: #i&54iifs; OD: GRS, HG:
S CON: IER A BZE; LPS—HG: 52 HH+ =4,
LPS—CON: Ig 24+ 1EH X HHEZE.

R 1 SCIOR4A/NERATKCsE—BTAERIREHAZSY (%)
248 GO/GIHA S+G2/MER
HG 71.783 +1.985° 28.217 +1.985°
CON 60.737 £1.275 39.263+1.275
LPS-HG 60.327 + 1.512* 39.673+1.512"
LPS—-CON 48.723 £ 1.445 51.277 + 1.445

®,<0.01 vs CON: %P<0.01 vs LPS—CON; P<0.01 vs HG.
KCs: i&84003; HG: S¥34H; CON: [EENWIRZAE; LPS-HG: g
ZHE+SHELE; LPS-CON: 5242+ [EENIRA.

1.2.4 Luminex xMAP# K&K Cs2m e A F
TNF-o IL-1B. IL-67KF: ¥4 2H 40 o 43
T965LH, FFLEEF2000 4100, IIA S ARIAE
WL # 164085 77 515 9724 h. LPS-CON
4. LPS-HGHMHHLPSE & N1 pg/mLIFE;
FRIEHI. F2 57 LI NLP S B ok R 0 i 4k 482 45
776 h, WA FiE. KO L 4 i HIE W
10000 r/min =g ¥4 25020 min, 77 2 P0IE. 78
96 LRI AR iC bR AEA FE AR IR AR, BEAL
200 pLZEM, #R%15 min. XFHEFRAEFLEE
Lhn25 pLbrdEsE =, FpllfL AN EEFLIN25 pL b
TEIAN25 pLERIE AL, E iR % §60 min,
ek, FEILIN2S pLbRic i B9340 B R 4R
EHoy7, SIRED I E 30 min, FFLIN25 pLiE
BRI R-FELLE N, W E30 min, YE, LM
150 uL#53, 72 %5 min, 1217 Luminex#:1E R 4.
1.2.5 & F BHEIEKCs2a oA M F
oy S BT 6 FLAR, NN B A [ R 7 4
BE 16405577 3L 55 9%24 hJ5, LPS-CONZH. LPS-
HGHEHLPS & N1 ng/mLA R 3 5300
F2 oy SN NLPS Bt IR 5 4k 8285 756 h, UEE
0N 4 %% I8 T[] 7 [ 72 48 hikgar.
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Br it A0TSR FHCHISS(2010)45 i1 #f5k
ITHHE T, Kol Flmean+SDE R, £MEA
10 B A R 5 22 43 A, 2RI 79 B s R I SNK
£, Llo = 0.05 A4 56 K HE.

2 BR

2.1 MTTH & XM % 40 fe3g s LU % 41K Cs
LS 3724 h, HFLLPSTFU N IR E 956 hiF,
HGZ O Dl & B RAK T CON4 (P<0.05); LPS-
HGZAODMNIE B BAK T LPS-CON4L(P<0.05);
SEIG A5 R E I 2R, LPS-HGZHAILPS-CONZH.
(JODIAE 73 51l B i = T HGZH ACONZH ().
2.2 AR B R MM K Cs2m 68 27 45 L5
R, SE % HK CsAllRE 7524 h, FEALPSTT
KRR FE6 his, HGZLAIGO/G 1AL i 5 A7
B E = T CONZL, HGHLIISHI+G2/M 141 iy
I3 A W BAK T CON4L; LPS-HGALIG0/G13Y]
Y5> A W 2 5 T LPS-CONZH, LPS-HG4L
SHA+G2/M B4 73 A1 B AKX T-LPS-CONZH,
LPS-HGZGO/G 140 i 4 4 B AL FHG
2, LPS-HGZL 1S H1+G2/M 141 Jfa 43 A W S i
THGH, %411 % 5 8 3#P<0.01, F2, &1).
2.3 Luminex XMAP# A4 M TNF-a,» IL-1B.
IL-67K-F 5256 % ZHK CsZN fa 55 7724 h, & LPS
T e 5t HER5 956 hJm, HGALRI MR SR 3E A 1
-o(tumor necrosis factor alpha, TNF-o.)7K
BT CONZL(P<0.05), LPS-HGAL [ TNF-a7K
PR FLPS-CONZL(P<0.05); HGALMIIL-
187K F- 1 AKX T CONZH (P<0.05), LPS-HG4L[H]
IL-1p/KF &% = TLPS-CON4L(P<0.01); HG
HIITL-67KF & #K T CONZL(P<0.01), LPS-
HGALMIL-13/K-F R K TLPS-CON4
(P<0.05). TS INLPSHZH Y TNF-an IL-1B+ IL-6
BB EARGRIMLP S AL TNF-au. IL-1B
IL-67K 1 55 25 48 = (P 3).

2.4 W F ALK Cstm e 25 # HGYL
A DL AR TR S, A i) 4 5 A AL
CONZHAN 5l 4t e e Jo 7y O/ 290, oK AL P I
H g R; LPS-HGZH AT LK & 25 e | Wi
%, LPS-CONZH w] W K& 2 %, A& WL 2
ELRIN(EIY

3 11
AL, FIEKCsHIREE . Wbl K
oAl B Fh T B — R AT 25 OB i S U, 4R

WA # A E
BB — =ik % 3
28 LR AR A R F
FH e, KCs
bR E, @
A~# (interleukin,
IL)-1BA=IL-6 5
B9 R F-o
4 4k R AR BB
A 3t M Y B AE R
KA. KCs
ESBAREF L
B ATRBRF 0
P AEACE S E N
—a -4 3
LPSe94E R, % 4%
a8 g, B F 49 R 7]
SRR AL E
LA R 8-
T 3R LA,
DM & & %5 5wk
KA PEPLAA
E—maymae A
B9
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Wi2REE

A IR FTLPS A
2 MR T AT R
KCs4m §tL 3% 3 Fo
ik B AR
w4 Hwm, K dt—
¥ iNiADM 4 3
PLA®W AR
FabLh) Bl IR By
B PR SR VE.
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g

Number
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o
o
o
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Number

g

2 XWEA/NRIFKCSMBARD M. A: S, B:
IEHRHIEA,; C: FE 2 M+ = hEA; D: fE 220+ 1L IR
KCs: fli & 4mff.

MAE S AR, KA S0 4R B8
1B IR S IR NIT, B el I 52 i Bl K Css,
T P AR R R AR E R E A R A R T, IX
Tl S 1) 98 PR SO AN B e e 17, i ik
SN T R WE A BRAR ALY Hewett&5 ! 7R
TE19934EMF FUUE 52, P BEIRAS T 41 B8 4 g A
P L ILP ST R K Cs, 18 He /W sh e Fuidk,
T B R = A K A H B2 . TNF-a%%—
RHNRYENTR, 5] A HFAER E PS5, X!
Bt B FAESE, LPSA T TLRA(E 512 0%
KCs, ¥i% 5 K Cs/r W s R 3E A 7. A4
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A 500
450 -
400 |
-
2350
3300

-

HG CON

LPS-HG LPS-CON

IL-1B(pg/mL)

HG CON  LPS-HG LPS-CON

(2}

N

=)
1

15+

IL-6(pg/mL)
b

(6,
T

o [
oL

HG CON

LPS-HG LPS-CON

B 3 SCIGRYBATKCSIET24 hETNF-alA). IL-1BB). IL-
6(CIK 2K (pg/mL). *P<0.05, "P<0.01 vs CON; ‘P<0.05,
4P<0.01 vs LPS—CON; KCs: f 540l HG: =##2H; CON:
IEHATRZE; LPS—HG: I5 & Hi+54l4H; LPS—CON: g%
B+ TR

IO R T Re ) .

LPS H1 5 22 IR 1 TR A0 T2 5 T A 4 i B 2R
fif FITRE . LP SAV T4 b 40 B BE f de o — 2
T AT YN EE IR L. SRR AN L PSHI A
VIEPESEAAE R, i #vEeoE, PR eSS, AR R
RAERA—, AI5LENR R, WAIEIRRERG |
RIS, PG ILPSHI T iZ G TLR4S, #EA
iM% N SDNAZ &, R THER . RIER 1
WITNF-o. IL-1B. IL-6%5[1J3RIL, 5IEEHLAIE
R S 1 A S R,

BEEDMIT Z AT RIDMEEPLAKR
M BT, EOEER B K Csid B 52 e A
JIX U S DM IEFE T ZPL A BT AL
AR ] B AR R A A AT T IR, e b R
NKCsifi P52 2 B R A, M58 K 53 i Dy e BH
2R AT A, SRR K Cs 4l S
MR RE DM E G KN A G BPLAK)
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4 BETMA/NEAFKCSBIESH. A: HG; B: CON; C: LPS—HG; D: LPS—CON. A, C, DHUKERL: 10 kg BROKSS
H: 20 kx. KCs: #7540, HG: Siki4H; CON: [ IRZH; LPS—HG: 5 &4+ = 02, LPS—CON: I5 25+ F 5t BRZH.

HEREZ—.

TE TR 72 (0 Bt b, ARS8 v FHLP S
TR A BT AR ) BRUITK CsHEAT T 9. WF F¢ R B,
L P SAEEE H s Av s PR 5% b IEK C s 3 5
Mo Ihee. 45 R BN, BATKCSTE =R IR
5 SZAM R B BL R, LPSYER6 hER B2
FEFFKCsHIODIE, F1EGO/G 1A L 1] B,
SHI+G2/M 4t i e ) E 7t TR, TNF-a IL-
IBFIIL-67KF B BTt iRt e i R 5 Sk
HOBEP AL Yee S RWei 5P LN
K CsHid A2 5 At 5 1 OCsE, HAEPLAK
o3 2 VA 3ok R e A e T A 4 [R] BN 5] K 9% 0
WS BE, B PP 2H 4R 2 RE 7 A 99RE I N B
FH BT . YangZ P07 & 8L, LPS/D-
RIS 5 00 S U /N BRK C s i
AU IR R BE K] F--au(transmembrane form tumor
necrosis factor alpha, tmTNF-o0)7/K ¥ i 2 Ft &,
5 1375 2 S i 1 S IR ARG, tm TNF-oufE /4t
R F IR IR A M T SORE S ORI A
153 DA B 401 A/ 368 I A i B 3 0o R R R R
BAER. &30k irilh, FFE— B2 3
AU SRS SEE BU, K C s el i,
IL-1BFAIL-6-5 TN F-ou 55 [7 B i JORE T80k 1M
P IFIVE B R FE 208, K CsTE Bl R 32 3
B R A RIS ek 1, — Bk —b 2 3
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