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Effects of lactoferrin on the expression of TLR4 signaling pathway-associated

membrane molecule in LPS-activated U937 macrophages
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[ Abstract JObjective ; To investigate the effects of recombinant human lactoferrin (thLF) on the expression of toll-like receptors 4
(TLR4) signaling pathway—-associated membrane molecule (TLR4,CD14 and MD2) in lipopolysaccharide (LPS)—activated U937
macrophages. Methods : U937 was induced to maturation by phorbol 12—myristate 13 -acetate (PMA) and then divided into six
groups ; control group, LPS group(100 ng/ml LPS) ,LPS+50 pg/ml rhLF group, LPS+100 pg/ml rhLEFgroup, LPS+200 pg/ml rhLF group
and LPS+500 pg/ml rhLF group. The mRNA and protein expressions of TLR4,CD14 and MD2 were determined by RT-PCR and
Western blot. The concentration of tumor necrosis factor—a(TNF-a) was detected by ELISA. Results: The mRNA and protein expres—
sion of TLR4,CD14 and MD2 increased significantly in LPS group than in control group(P<0.05). The mRNA and protein expression
of TLR4,CD14 and MD2 had no significant change in LPS+50 wg/ml rhLF group(P>0.05),but reduced significantly in LPS+100 pg/ml
thLF group,LPS+200 pg/ml rhLF group and LPS+500 pg/ml rhLF group than in LPS group(P<0.05). The concentration of TNF-a
increased significantly in the LPS group than in the control group(P<0.05). The levels of TNF-a reduced significantly in LPS+50 pg/ml
rhLF group, LPS+100 wg/ml rhLF group, LPS+200 pg/ml thLF group and LPS+500 pg/ml thLF group than in LPS group(P<0.05).
Conclusion .thLF might have a potential protective effect on LPS induced sepsis through suppressing TLR4 transmembrane signal
transduction pathway and reducing the secretion of TNF-a.
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etate, PMA) \LPS (E.coli 055:B5) } rhLF ¥4 H 325 Sigma
8l e RNA $EPGAG & 39042580 & . DL1000 DNA Marker
Jg TaKaRa %% 77 & ,TLR4 .CD14 MD2 % 3% B 0K [
Santa Cruz 2 A , HUR BEARiC LU 2EH0 R IgGﬁVQ HIb R 24
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MIBEHL M 6 2H . (1)XFHEZH 5 (2)LPS 40 : 45 F 100 ng/ml LPS;
(3)LPS+50 pg/ml rhLF 41 . 457 100 ng/ml LPS J5 30 min 45T
50 wg/ml thLF; (4)LPS+100 pg/ml rhLF 40 : 45 100 ng/ml
LPS J5 30 min Z5F 100 pg/ml rthLF; (5)LPS+200 g/ml thLF
20 . 457 100 ng/ml LPS J&5 30 min £33 200 pg/ml rhLF; (6)
LPS+500 pg/ml thLF 41 453 100 ng/ml LPS J& 30 min 25T
500 pg/ml thLF, #5588 2H1% 3 =1L,
1.3 RT-PCR # TLR4 .CD14 MD2 mRNA #j ik

JIA thLF 2 h J54% 18 TaKaRa 23 7 RNAiso Plus 7] £
LA 5L R RNA 4% PrimeScriptTM RT-PCR Kit 1]
ST S PCRYYS . S19d BigA: TAEY) TREOR
MR 554 BRAF A B, 45 H IS 5 190751 W4 1, PCR i
1 94 CHIAEE 5 min, 94 CAETE 30 5,60 CiB Kk 30 s,
72 CHEAH 1 min,30 MEH, PCR ;=T 2950 I8 WG il
Wk, T AL A R B, FF L) GAPDH IS IR 115440
TLR4 .CD14 MD2 mRNA FIAHXS Fik it

%1 RT-PCR3|#1F3!
Tab.1 RT-PCR primer sequences

b
: 3175 K
(bp)

[ % .5’ ~TGGATACGTTTCCTTATAAG-3"
TLR4 N 507
%5’ ~GAAATGGAGGCACCCCTTC-3"

F¥#%:5’~CTGCAACTTCTCCGAACCTC-3"
Cbl4 274
T .5 -TAGGTCCTCGAGCGTCAGTT-3"

MDD F .5’ ~GAAGCTCAGAAGCAGTATTGGGTC-3" 4
TUi#:5’~-GGTTGGTGTAGGATGACAAACTCC-3’

Fi#:5° ~GAGGGGCCATCCACAGTCTTC-3
GAPDH _ 353
.5’ ~CATCACCATCTTCCAGGAGCG-3’

1.4  Western blot % TLR4 CD14 MD2 % & # & ik

LA A R HGR) S R B AR S A 1 >R BCAY
WE B IR S AR TR R — 3K 2 SDS-PAGE H
vk, TR RS 2 PVDF I, S% BN A = i B0 1 h
J5 0 IR E —$L TLR4 .CD14 F1 MD2(1:400) , B-actin (1:
2 000)4 CRE, TBST P 10 min x 3 WK, 07 E —driliZEdt
1 IgG (1:5 000) % i 1 h, TBST /% 10 min x 3 ¥, Millipore
ECL I & Wit . o4l (A 47 S ME, L B-
actin HZ M 114 TLR4 .CD14 MD2 & H A 35
1.5 ELISA #m TNF-a #94%

WA AL s, 2 0SB AE T =70 CRFl, $%
ELISA 3055 &350 W 45 43 7 Al 45 2 4 b 35 rh TNF-a 1)
i B R S SRR AR U AR AR A A
Rk BELS A WO LIRS  AEREFRIY 450 nm
PR AL R IURE R AR, 22 AR I R 03t AR bR AR
1.6 it o

FH SPSS 17.0 Gt 3 - AT Se 1250 Hr . T A Edis LAY
B AR (x5 ) FOR, 2R 225 LHCR T AR 2y 22

AYHT, G AR ST SNK—q R, B 36 /K i 0=0.05 .

2.1 A##mi TLR4 CD14 MD2 mRNA # ik K -F 9 % 4k

RT-PCR 453 7R . 28 PMA 5 S (000 BE2H U937 4 AAX
H /L) TLR4 .CD14 MD2 mRNA ik ;%5 F LPS HhE =
#F mRNA #3530 . _F# (P<0.05) ; LPS+50 wg/ml rhLF £H
TLR4 .CD14 MD2 mRNA [JFEBAKT LPS 4 ,{HY LPS 4
ZEFAREE(P>0.05);LPS+100 pg/ml rhLF £ 1PS+200 peg/ml
thLF 20 LPS+500 we/ml rhLF 25 5% e Ji A< 6 1 1l 40 4 1
TLR4 .CD14 MD2 mRNA 323k (P<0.05) , (HASRE Al L FF 5
XFHELLKF (P<0.05) 5 WL 1,2 2,

XTHEZH LPSZH  rhLF (50 100 200

500 pg/ml)

504 bp

274 bp

422 bp

GAPDH 353 bp

1 RT-PCR #&ill & 440 TLR4.CD14.MD2 mRNA KF&i%
Fig.1 Expression of TLR4,CD14 and MD2 mRNA determined
by RT-PCR

22 AM#mi TLR4 CD14 MD2 % & # A K- 65 T4k

Western blot Z5 % i 7% . 22 PMA i S AU % IR ZH U937 41
A > Y TLR4 (CD14 MD2 4 1335 457 LPS Hli%
Ja =HEAFAW R FIH(P<0.05) ;LPS+50 we/ml rhLF £
TLR4.CD14 MD2 & M # kBT LPS 41, H22 % 4T
28 L (P>0.05) ; LPS+100 wg/ml rthLF 41 . LPS+200 pg/ml
thLF 20 LPS+500 we/ml rhLF 4 5 i Ji 44 86 1 3 s 1T
TLR4 ,CD14 MD2 # 1 [ 335 (P<0.05) , {H N RE A HLRE 28 %
MEZH 7K (P<0.05) ; TLR4 .CD14 MD2 & 1323k 7K FAs fk 4
5 mRNA —3 LA 2,3 3,

XTHRZL  LPSHL rhLF (50 100 200 500 pg/ml)

SRS T

CDI4 s SIS SIS S S 55 kD
MD2 T N S S—— 5
EC—————=—|_-—_L el

2 Western blot #:ill& 840/ TLR4.CD14.MD2 & AMIRKIE
Fig.2 Expression of TLR4,CD14 and MD2 protein determined
by Western blot
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&2 rhLF 3¢ LPS #iE# U937 4HAE TLR4.CD14 . MD2 mRNA RiEHIFNT ( n=3,x = )
Tab.2 Effects of rhLF on the LPS-induced TLR4,CD14 and MD2 mRNA expression in U937macrophages ( n=3,x =5 )

ZH 5 TLR4/GAPDH CD14/GAPDH MD2/GAPDH
Xof HEZH 0.073 +£0.018* 0.082 + 0.008* 0.076 + 0.006*
LPS# 0.763 + 0.045 0.741 £ 0.057 0.744 + 0.036
LPS+50 pg/ml rhLF 4 0.745 £ 0.036 0.718 £ 0.052 0.734 + 0.029
LPS+100 wg/ml thLF 4 0.630 + 0.030° 0.630 + 0.043" 0.628 + 0.038"
LPS+200 pg/ml rhLF 2 0.547 + 0.040° 0.591 + 0.036* 0.565 +0.021*
LPS+500 pwg/ml rhLF 2 0.293 = 0.076™ 0.231 £ 0.047* 0.226 = 0.030*
F1H 112.633 119.671 283.250
P{H 0.000 0.000 0.000

W ia, 5 LPS 4 [L4E P<0.05;b, 5% L 4 P<0.05

% 3 rhLF Xt LPS #iE# U937 4Rt TLR4.CD14.MD2 BB RIZAIZM ( n=3,x =5 )
Tab.3 Effects of rhLF on the LPS-induced TLR4,CD14 and MD2 protein expression in U937 macrophages ( n=3,x +s )

2151 TLR4/B-actin CD14/B-actin MD2/B-actin
R ZH 0.154 +0.169° 0.275 +0.051° 0.149 + 0.025"
LPS# 0.872 +0.442 0.914 +0.023 0.812+0.041
LPS+50 wg/ml thLF £H 0.837 + 0.047 0.896 + 0.007 0.790 + 0.034
LPS+100 wg/ml rhLF 24 0.732 + 0.043" 0.794 + 0.013¢ 0.706 + 0.013"
LPS+200 pg/ml rhLF 21 0.597 + 0.075" 0.745 + 0.035° 0.649 +0.019*
LPS+500 pg/ml rhLF 21 0.288 + 0.028" 0.412 + 0.034* 0.384 + 0.044"
FAi 125.562 212.805 195.063
P 0.000 0.000 0.000

E:a, 5 LPS 414 P<0.05;b, 505 BRAL LA P<0.05

2.3 Ao LiEiE P TNF-a 2F 8 T4k

ELISA 255 5878 : LPS 41 TNF—o 4555 I 5 i T % B 4
(P<0.05);LPS+50 pg/ml thLF Z1 LPS+100 wg/ml thLF #H |
LPS+200 pg/ml thLF 41 LPS+500 pg/ml rhLF 21 5 ik & 4k
PERIREAE T LPS 155 1) TNF-a (9433 (P<0.05) , (HA)h 5 T
FHIRZ (P<0.05); WL 4,

Fz 4 rhLF 33 LPS #iE R U937 4R 4 ith TNF-o B0
(n=3,x+s)
Tab.4 Effects of rhLF on the LPS—induced TNF-a secretion
in U937 macrophages ( n=3,x +s )

205 TNF-a
X REZH 60.651 +5.134*
LPS# 156.758 + 6.332

130.226 + 1.215°
116.383 + 5.549°

LPS+50 pg/ml rhLF 41
LPS+100 pg/ml thLF 21

LPS+200 pg/ml rhLF 2 100.617 +0.933"
LPS+500 pg/ml thLF 2H 72.396 + 3.093
F1i 213.901
P 0.000

¥ :a, 5 LPS 4 IR P<0.05;b, SRR AR P<0.05

3 3 i

R LRI S L R e e AR e e

DIREXI A B L 5 5 7 B0 IR 3 MUAE , Jf-2i
SR R M BRI b T R R A8 B D) R A kR
v AL =S, TLR4 AE WAL A 2 AR R 51 52
& (pattern recognition receptors, PRR) Z — , BE4E 5+
PR G AN LPS, IfiE 1t 5 1PS 454 H H (li-
popolysaccharide bindingprotein, LBP) 4% &, 1% i% 44
YLl CD14 24k, JE1f1 5 TLR4-MD2 AHEAE
PSS S A M, 800G A2 A Sk = B R,
0, 35S TNF-a IL-1 IL-6 25 Z P RAE K 740,
fith e SREGRIR S, BUMCERAE A& AE 19, TNF-o ZHLA
YA IV B 7 A A R SAE A I, REAE— 2 fish 2 T
FRAE N, 5 SIRS Y & A K 1 7™ o A i 5 1)
M, B IR TNF-o 75 LPS BIBS 1~2 h ik
T U

ARG AR BN  LPS JIUE U937 il TLR4
CD14 MD2 #93RIK8 MW 9 5E I+ TNF—a 14433
PR i T R X — 25 Kruzel SR0F5T 45 1
AL 15 PRATF ST IIE S A0 1 2% 400 TLR4 .CD14
MD2 [ & IR 7E IR FERE B A2 L, il 2 G B Ik A
rHE e R TNF—a 25 %85 T 1 e ik
BRI LIS Levy S5MHA & IR REAEHT A= )L TLR4 |
CD14 193K 7K BH W /5 T B N B I 1R R 1k 7K
o AN WESEIE R G TLR4 MD2 [z SRR Y
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il 4B, 25 LPS Bli5 TLR4 MD2 (3635 NF-«B
TR TNF-a 1L-6 1155 & B B R AR, PRI, T 9
TLR4.CD14 MD2 Y335 nl g 290 il LPS 15 1Y
TLR4 {55538 1 B s A 3as ez —,

FUER R R HLIARB I R N B2 R T, BRARTS
SIS I 30 3 A LA R R S e I L A B 98
PRI BH S v RS R R REROR] T 22 s i
YN ANFE LF ] A VIBW LI A& UKL il
1) 2995 R AT AE B L SR, S8 [l — T Al A 1Y)
I PRI BN A A E A B ERRLT
PR EEE SR 28 d NIRBET SR (H LF Xk EE
SERI BTG MU i AT RE . BRAEIFST Wos , LF nl i
Xt LPS HR i A B E s AIbE 5 LBP ek ah &
LPS, BHWT LPS ] 8% F W4l i i | CD14 (4% ,
T4 TLR4 15538 B 09 W0 , 90 TLR4 {5538 i
NI NF-kB 25754k, N TNF-o 25 4 5E K7 10 ¢
B, WS LPS BN, iR R 7E LPS /EH
15~30 min J5 Il A LF | XF 98 GE K5 15 86 0 i 7
FHEcRe

H T, LF X} TLR4 {5538 EAH G 73 i 5k
AR D, A AE LPS U5 30 min
BN rhLF, 45 5 7% thLF 5 — & Wk B AR # e R
P LPS Hli85 # i TLR4 .CD14 MD2 mRNA F17E
Pk, IR T U937 BAA% L W 4 At 5L 30 48
HF TNF-o P53, B35 REER Drago—Serrano
SEUSHIESE LF AT REAE LPS 30k B TLR4 3k, X RAE
I EIER , SARME 53R —2179, Ando
UMb K B LEF vl 4 LPS 5 519 TLR4 3#7%
00 PN 2R LA, LF Bk ) SR AT DL R S
TLR4 A3 B [E A el s b, BEs ML BH I T e

28 |, WS R A chLF T 15 LPS #4095 9 U937
Y, KB thLF 22— W EEAR A P ] T TLR4
{553 % A OC 4> 7 TLR4 .CD14 MD2 (1) # 1k &
TNF-a #9433, HE 2L 2k & 11 n] g ad o T 9% TLR4
Bl A R I ERER = 5 LPS (5555
JEHE e R U O SR AE AR A 3, Il D RRE AN B
JRA b I N BE R I RAEB E XX LF A 350
il I B 5 | RS 9 3 AR E IR AL () it — 25 #b 7,
WA LF TEIRY7 8T A ) LMEREAE b Y 7 FH 2 T i 2
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