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EBIZTFOT 74 ~—WiF]. PCREWHMWE
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Fig. 1
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Messenger RNA expression of kappa-casein (KCSN) in bovine mammary epithelial cells (BMEC). Expression
of KCSN mRNA in BMEC upregulated by differential stimulus (dexamethasone, insulin and prolactin mixture:
DIP, each 10 pg/ml) for three days (# = 3, RT-PCR). Beta-actin (ACTB) mRNA expressions are shown as an

internal control.



KB R
47%37% 2015

3. 2N/, SDS-PAGE
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Table 1 Primers and product sizes used for RT-PCR and Q-RT-PCR to analyze mRNA expressions

Gene Sequence (5’ to 37) Size (bp) Accession No.
RT-PCR

KCSN F:AGCAAGAGCTGACGGTCACAA 350 NM 174294 .1
R: TGGCAGGCACAGTATTTGACA B

T1R3 F: GGCTATGACCTTTTCGACACA 604 XM 588865.7
R: ATACCTTGGGTGAGAGCCTGT B

ACTB F: AACTCCATCATGAAGTGTGACG 214 NM 173979.3
R: GATCCACATCTGCTGGAAGG B

GAPDH F: TCAACGGGAAGCTCACTGG 225 U85042
R: CCCCAGCATCGAAGGTAGA

Q-RT-PCR

IL—lB F: CAAGGAGAGGAAAGAGACA 236 M37211
R: TGAGAAGTGCTGATGTACCA

TNFa F: CCAGCCAGGAGAGAGACAAG 112 NM_173966.3
R: TTGTGGCAGGGTATGTGAGA

I1L-6 F: TCCAGAACGAGTATGAGG 236 X57317
R: CATCCGAATAGCTCTCAG

TLR4 F: TAAACCACCTCTCCACCTTGAT 175 NM_174198.6
R: TGAGCCACATTAAGCTCTTTCA

MD-2 F: CGTTGGGTCTGCAACTCCTC 117 DQ319076.1
R: TATTCCACGGCTTCCCTTCA

MyDS88 F: ACTATCGGCTGAAGTTGTGC 138 NM 001014382
R: TCCTTGCTTTGCAGGTATTC

ACTB F: CATCGCGGACAGGATGCAGAAA 158 NM_173979.3
R: CCTGCTTGCTGATCCACATCTGCT

Q-RT-PCR, quantitative RT-PCR; KCSN, kappa-casein; T1R3, taste receptor type 1 member 3; ACTB, beta actin;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL-1B, interleukin-1 beta; TNFo, tumour necrosis factor alpha; IL-
6, interleukin-6; TLR4, toll-like receptor 4; MyD88, myeloid differentiation primary response 88; F, forward primer; R,
reverse primer
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71—, Yasui Kikai, H) % H W TH R 1%,
AGPCH#IZ L D &RNA i L 720 L&
[FERIZT 2 &5 DNA 2Bk L. lpg #0885 L
T cDNA #%%725 T1R3 mRNA FHIZoW\T,
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HH— AT VIS TERARE®Z, =FTvA70
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LPS & U TRE DO

BMEC 2BV} % SEMES A b A4 >~ (IL-1B.
TNFa B X O IL-6) mRNA J&3H &3 LPS 5
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7z (p<0.05, Fig. 2)o LPSHIFLIZ X Y FE X
% IL-1p 3 & UF TNFo. mRNA O 58t 124
$ % TRE #IC & % #Ifilsh B3R C b 5
FTROON LN/ (Fig 2A BXUB), —
Jiv LPS MBI & 0§58 S5 IL-6 mRNA %
BILHEAS, TRE 100 mM A1 12 A 51 B
X7 (p<0.05, Fig. 2C)o F 7z, LPS 4] %
X12HWTH, TRE 100 mM #&MNIC X b IL-6
mRNA OHEBERBLL NUAEZICHH S
(p<0.05, Table 2) .

2. TLR4 > J F WVIRZEZ S F mRNA ¥
IZRIFT LPS $ & U TRE O E
IL-6 mRNA FEBIUHE O PIIRh AR S 7z
TRE 100 mM #8425 H L. TLR4, MD-2
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Fig. 2

Dose-dependent effects of trehalose (TRE) on the gene expression of pro-inflammatory cytokines in
lipopolysaccharide (LPS)-stimulated BMEC. The mRNA expressions of pro-inflammatory cytokines in BMEC
were significantly upregulated by LPS (5pg/ml) stimulus for 6 h (*P<0.05, Student’s t-test). The cells were
incubated with the indicated concentrations of TRE for 3 h and then incubated in the presence of LPS (5 pg/
ml) for 6 h. The cells were collected and analyzed using quantitative real time PCR (Q-RT-PCR) for the A)
Interleukin (IL)-1B, B) Tumour Necrosis Factor alpha (TNFa) and C) IL-6 mRNA levels. The mRNA expression
levels of all genes were normalized to beta-actin (ACTB) mRNA levels. Data are expressed as means + standard
error of the mean of triplicates. Data shown are representative of triplicate separate experiments. Values
without associated common letters are significantly different (P<0.05, Tukey’s multiple range test). N.D. means
not detected from amplification by Q-RT-PCR.
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F @ myeloid differentiation primary response
88 (MyD88) @ mRNA FHl &= DZEALIZD W
T#~X7z (Table 2)o W¥hdH LPSHE D5
X7 o 72HN TRE 100 mM BsMmic X v,
TLR4 B £ O MD-2 mRNA BB HZICH
{ o7z (p<0.05). ¥§1Z TLR4 mRNA 53
LPS i o A 2B H 53, TRE 100 mM &
X Tl TRE #ERMNIX & g L TR 2527 £

%7}))0 7":0

3. HiRAY JTFIEEDFEELLANNICIRIT
7 LPS & U' TRE D&

fix 5. [N F- NF-xB O i 1t % 7R 3~ NF-xB ®
BN BAT %~ 7 (Fig. 3A). 10 4 [ @ LPS
FI#IZBWT, NFxB OBHNBITIIHATE
3. TRE 100 mM #&MNC L 22 LB oI
e olze IRICCMAPK 7 73 —Th b
ERK1/2 O &AL 2 81X % 72 ® 12, ERK1/2
DY NBAT % X7z (Fig. 3B). LPS #l] #(2
BT, MBEWNERKL/2 ¥ ¥ /87 EH5R A
L. #WERKL/2 ¥ v 87 @AM LTHBY,
LPS ##12 X 5 ERK1/2 O AL SHERE X
72—y LPS BHIH ST B T, TRE 100
mM BN X V. ERK1/2 O¥HNITA DT A
WZILAE S B I ASHERE S 72 A%, LPS Hlli
ZfFTlk. ERK1/2 OB HNBITICRIZT TRE
100 mM RO FEIMRTE b o 72,
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4. 7 IBRICHT S TIR3 mRNA iR

7 ¥ FRALRR B X O BMEC 1281 % TIR3
mRNA Bl % RT-PCR I & ) #72 L 7 (Fig.
4)o

[Z%]

IL-6 AP CAER L. RIEDIREL L 7 5 2
P Y R HomE Rt s 5k &, kK
2 RIEVES A4 P AL v TH D, KEHEMED
AL RB X O AL E RSB
WO, R D D IE B X O R
BHEBEICEMEZRL, FE2YERPALER
T D SHEIRTE & B3 % [6, 8], AWIFETIZ.
BMEC ~~ ® TRE 100 mM 7 il A5, LPS %1 #%
(2 & % IL-6 mRNA SBUTHEZ A RIS T %
CLERMER L. —Ti LPSHIE ZZHT 5
TLR4 %4~ L 72 BMEC OMIfaP ¥ &7 F IV 1z5E
&% [21] 1 2B L C.TRE 100 mM &Iz £ 0.
TLR4 3 X O° MD-2 mRNA F&H A4 &2 8
5 L) IL-6 FBITEMHIEH & EFET
BAERE e o720 ARWFFETIE. LPS HIHLIC &
% NF-kB ¥ 7 F WARER B O WAL IR S
Nehoizlzo, JHw7z BMEC I2B1) % LPS
HIP D TLRA ¥ 7 F MR ERE 1 NF-«B £
Tlx7% <. MAPK & TdH 2 WA /RIE S
N7ze FZTTMAPK 77 3V —IZ2OWTHIN
72 A ERK1/2 & PEALAY LPS FIH#IC & b
B, Lo L, ZoORISEZ 5 ERKL/2

Table 2 Effects of TRE on the gene expression of IL-6 and the molecules of TLR4 signalling

pathway in LPS-stimulated BMEC

LPS(—) LPS(+) SEM P-value
TRE TRE TRE TRE L T LxT
0 mM 100 mM 0 mM 100 mM
IL-6 1.26° 0.42° 2.49° 1.08° 0.23 <0.01 < 0.01 < 0.05
TLR4 1.24 3.13 1.09 2.98 0.34 0.36 <0.01 0.99
MD-2 0.87 1.15 0.86 1.18 0.06 0.97 <0.01 0.80
MyD88 0.90 0.82 0.74 0.70 0.04 0.10 0.41 0.77

TRE, trehalose; LPS, lipopolysaccharide; BMEC, bovine mammary epithelial cells; IL-6, interleukin-6; TLR4,
toll-like receptor 4; MyD88, myeloid differentiation primary response 88; L, LPS treatment; T, TRE 100 mM
treatment; LxT, interaction between LPS and TRE treatment

“Denote significant differences (P < 0.05) among the values in four groups.
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Fig. 3

Effects of TRE on the activation of nuclear factor kappa B (NF-xB) and p44/42 Mitogen-activated Protein
Kinase (ERK1/2) in LPS-stimulated BMEC. BMEC were incubated with TRE (100 mM) for 3h. The cells were
then incubated in the presence or absence of LPS (5 pg/ml) for 10 min. Cell lysates were separated cytoplasmic
(Cyto) and nuclear (Nuc) protein fractions, and two fractions were used for Western blot analysis using specific
antibody for A) total NF-xB or B) total ERK1/2, respectively. Levels of respective proteins were used as an
indication of equal loading (10 pg/lane). Blots are representative of duplicate separate experiments. C) After
detection, the PVDF membrane was stained with Coomassie brilliant blue as protein loading control. This
membrane was cut in half crosswise to detect total NF-kB (upper: 65 kDa) and total ERK1/2 (lower: 42 and 44
kDa).
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Fig. 4

Expression of TRE receptor (taste receptor type 1 member 3: TIR3) mRNA in mammary gland tissue (MG)
of lactating Holstein cows (peak lactation) and BMEC. T1R3 mRNA was examined using RT-PCR. The PCR
products were electrophoresed on a 3% agarose gel and visualized by EtBr staining (#z=3). Expression of the
desired product was confirmed by the presence of a visible band at the predicted size. To exclude amplification
from genomic DNA contamination, the RNA was either treated with DNase before the RT reaction (RT+) or
run without RT (negative control, RT-). Bovine tongue circumvallate papillae (CP) were used as a positive
control. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as internal control. Dashed line shows

the border between two gels.
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[Abstract]

In dairy cattle, infection of the udder by Escherichia coli often induces the hyper- production of
pro-inflammatory cytokines and elicits acute inflammation. This study was conducted to examine
whether trehalose (TRE) , a disaccharide, can inhibit lipopolysaccharide (LPS) -stimulated gene
expression of inflammatory response in bovine mammary epithelial cells (BMEC) in vitro. The
BMEC was treated with TRE and was stimulated by LPS (5 u g/ml) . The mRNA expressions of
pro-inflammatory cytokines and the molecules of toll-like receptor 4 (TLR4) signaling pathway in
BMEC were measured using quantitative RT-PCR. The activations of nuclear factor kB (NF-xB) and
p44/42 Mitogen-activated Protein Kinase (MAPK ERK1/2) were assessed using western blotting.
The mRNA expressions of TRE receptor (T1R3) in bovine mammary gland tissues and BMEC were
assessed using RT-PCR. Treatment with TRE (100 mM, 3 h) down-regulated the mRNA expression
of interleukin-6 (IL-6) in the presence or absence of LPS stimulus. However, the mRNA expressions
of TLR4 and MD-2 were up-regulated by TRE treatment (100 mM) . The activations of NF-xB
and MAPK ERK1/2 were unaffected by TRE treatment (100 mM) . Additionally, we observed the
expression of T1R3 in both bovine mammary gland tissues and BMEC. These results suggest that
TRE can inhibit the expression of IL-6 in BMEC via TRE receptor T1R3, irrespective of NF-xB and
MAPK ERK1/2 pathways.
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