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H E AR INMEA B (Palmitic acid, PA)Z F T A id AR AT mFRe o L mE 5 8% 0LE, 2 5k
Hedn e e, £ A 3-MA(3-Methyladenin, 4 J6, B % 49 5 7)) F= R Bl R 2R E PA VB R Tk & 4 i, B4R 4m L &
E#F A B qQRT-PCR A& #k & 48 8 LC3B . Beclinl .mTOR UKL .SQSTMI \11-13.11-6 #» TNF-« mRNA & & B
DL A CCK-8 Ao B % fo 5 s My i 5 5 ) & 4w fo & M fe 42 K 2 I B F TNF-o 116 o IL-18 69 B3 &, CCK-8 &
R AW PA B FE47H) 4 & a0 I % P (P<T0.01) . A Am B 374 #) 3-MA J& 0 J 7% 1 B 3 3 3% (P<C0. 01) ;qRT-PCR
LREW . 5 BAM(PA=0 pg/mL) 4 ,PA & B4 (R4 3-MA)ULKI #o LC3B mRNA & A # B % 3 m (P<<
0.01),mTOR ,Beclinl # SQSTMI mRNA & ik # B & BAK(P< 0. 01);I1-18 #= IL-6 mRNA £ ik B %3 & (P<
0.01),M TNF-a & &k ;i 3-MA J& .5 1 pg/mL PA &3 404845 ,SQSTMI #= Beclinl #. %% 3 #e ,f LC3B
mRNA & 2 F B (P<<0.01); IL-18 #» IL-6 mRNA % & 2 3% T i (P<|0.01); PA 3 {2 X B F IL-6 f=
IL-1B #4844 (P<<0.01), 2 F 47 %) TNF-« B3 (P<0.01), W A H 3-MA # PA R A Q4R AN 2 % B (P<
0.01), %2 E,PA T AR AT MFRC LKL EZTBRGHE,
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Palmitic acid induces autophagy to regulate lymphocytic
inflammatory pathways in dairy cows

LI Shusen, YANG Xiaoyan, LI Ying, DENG Qinghua, XUE Jiangdong,
WANG Xinbo, ZHANG Yuming”® , DU Liyin”~

(College of Animal Science and Technology, Inner Mongolia University for Nationalities, Tongliao 028000, China)

Abstract To investigate whether palmitic acid (PA) in dairy cows in vitro can regulate the activation of inflammatory
signaling pathway through autophagy, lymphocytes isolated from healthy dairy cows were treated with 3-MA and
different concentrations of PA and cells and supernatants were collected. The expressions of LC3B, Beclinl, mTOR,
UKL1, SQSTM1, IL-18, IL-6 and TNF-a in lymphocytes were detected by gRT-PCR. The cell activity and release of
proinflammatory cytokines TNF-a, IL-6 and IL-18 were measured by CCK-8 and ELISA, respectively. The CCK-8 results
showed that PA significantly inhibited lymphocyte activity (P<C0.01), and its cell activity was significantly enhanced
after 3-MA treatment (P<Z0.01); Compared with the control group (PA=0 pg/mL), the expression levels of ULKI
and LC3B mRNA in the PA treatment group (excluding 3-MA) were significantly increased (P<C0.01), mTOR,
Beclinl , and SQSTMI mRNA were significantly decreased (P <C0.01), IL-13 and /L-6 mRNA expression were
significantly increased (P<C0.01) ., while TNF-a was not expressed. After the addition of 3-MA, SQSTM1 and Beclin1
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were significantly increased, while LC3B mRNA expression was significantly decreased (P<C0.01); [L-18 and IL-6

mRNA expression were significantly down-regulated (P<C0.01) ; PA increased the release of proinflammatory cytokines
IL-6 and IL-18 (P<C0.07) , significantly inhibited the release of TNF-a (P<C0.01), while it was significantly decreased

in 3-MA + PA mixed treatment (P<C0.01). In conclusion, PA can regulate the activation of lymphocyte inflammatory

signaling pathway in cows through autophagy.

Keywords cow; palmitic acid; lymphocyte; autophagy; inflammation
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1 #H57FE

1.1 EEKH

R M 1R (Sigma 23 1), PO500-100G) B3 5K 5 i 4 1fil
34T . RPMI-1640 ( Themo 2% &), PM150122);
Trizol Reagent (Invitrogen 28 &) ; J2 ¥4 ¢ iR 7 & .
SEEF PG 2 i PCR K71 & 1 gRT-PCR 47 3 3L 5
(Taka-Ra 2y &) ; Percoll 43 B % (GE Healthcare,
17-0891-09) ; A= # £h 7K 5 £1 4 g 24 % W ( TIANGEN
3] S1821) 5 3-H1 2 it I 7% (3-methyladenine, 3-
MA) (Selleck 24 7], S276 ) B K .
1.2 HEHARMNSBS5ES

FIBCAE B 45 2R (N 52 i IR M R A S o B M)
50 mL B i FHLEEE . 5 PBS 1 ¢ 1 i k.
Percoll JE ¥k 5 # L AR G B M A 1. 084 g/mL K
AW A mL Ay B TR O T B PBS R IR
MIHLEE ML 2 mL /NGB INFES B .1 500 rpm 7K
SEE L 25 min, 1 LS E] 4 ANYIRE N B E R 4y
S - FE 20 AR R R/ AR B AR B i B A
JiL 2 L P 0 L B 2T A ) L 4 B AR R A L A
RPMI-1640 58 435 77 5 (5% 10 Y G4 ) - #5701
24 fLAR . EEFL 2X10° A2,
1.3 1RHEE (PA) KA MR

4 0.01 mol/L A NaOH A AL & 10 mmol/L
(R HE R 6 A7 . T 70 C KW TR A B g BSA.,
0.22 pm JELTUE . HIECE 0.0.1.0.5. 81 1 pg/mL
JR R PAL B BLIR .
1.4 Rt

WKk 5 ANAEHA (R D4 3 ANEE LU
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Table 1 Experimental designing
21 5 PA ik B/ (pg/mlL) 3-MA ¥/ (mmol/L)
Group PA concentration 3-MA concentration

X B2l Control group (Con. )
AbPELH 1 Treatment 1 (T1)
A FEZH 2 Treatment 2 (T2)
QbHRZH 3 Treatment 3 (T3)

AbFEZH 4 Treatment 4 (T4)

0 0
0.1 0
0.5 0
1 0
1 10

1.5 CCK-8 3% il 40 i i 1%

Fie IR L 100 pL 40 MR . 29 2 X107 A4t g 42
F 96 fLM. 37 C,5% CO, B 1 h, [ FL A0
AN AR R, Ki 9% 3 h e . B LA 10 pL
CCK-8 iKW, T E 4 h, BEFRALIE 450 nm kbW
R

1.6 qRT-RCR #& il

WSO o R R Ah B A 6k L 4 MY, Trizol k42 &L
RNA, Ui 4366 BT RNA #e B, il R 5% ¢
R & 5 58 cDNA,L K ] SYBR Green I qRT-
PCR 250 &AM B Wi K 28 i i 3% OC B [ mRNA
U2 3

%1 qRT-PCR 3|47i% 3t

Table 1 Primer design of qRT-PCR
M FH(5'-3") B B2 /bp
Gene Primer sequence (5'-3") Fragment length
F: CAGATGCTGTCCATGGGGTT 404
SQSTMI
R: GAGGAGTCTCTCGCTCTGCC
LC3B F: TAAGGAAACCGTGCTGCTGT 124
R: GCAGTGGTGTTTTTCCGTGT
ULK] F: CCTGATGGAGCAAGAGCACA 467
) R: ACTGCACCGTCTGCACTG
Beelin] F: AGTTGAGAAAGGCGAGACAC 201
eclin
o R: GATGGAATAGGAACCACCAC
TOR F. CTCATGGCCCGATGTTTCCT 384
" R: ATCCTCAGTGACCTTCTTCTGC
L6 F: AAACGAGTGGGTAAAGAACGC 143
’ R: GACCAGAGGAGGGAATGCC
I F: GCATGAGCTTTGTGCAAGGA 149
18 R: CTTGGGGTAGACTTTGGGGTC
F: CGGTGGTGGGACTCGTA 185
TNF-a
R: AATGCGGCTGATGGTGT
F: ACTCCTATGTGGGTGACGAG 206
[Bactin

R: CATCTTTTCACGGTTGGCCTTAG
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R W Genbank ™' LC3B. Beclinl . mTOR.
UKLI,SQSTMI . I1-18. I1-6 . TNF-a Fl B-actin
mRNA J¥ 5 151 ) 5t B2 0, A Primer 5. 0 %K
&5, qRT-RCR JX B A & (20 pl) W F .
ROX 10 pL; FUF5I 9 1 L, TSI 1 pl; AR
¢DNA 1 pL;ddH, O 7 pL, R & AR .95 °C HiAE
P53 min; 95 ‘CAEPE 15 s;60 C Bk 15 s, Hif 45
G .

1.7 #iEsmE

K H] SPSS 17. 0 #EA7 Bd ab B, >R HI B8 K 3R Ty
2253 HT CANOVA) il 2 5 8 43 #F (LSD) , L P<<
0.05 NERBF , P<0.01 NERWBE.

2 HRE5SMH

2.1 PA T4 ARE R0

CCK-8 Z5 R R, 525 X A AH L, B % PA
e BE 2R T = A B TR B W R TS 1 pg/mL
PA ZhFRAAAH L BN 1 pg/mL PA+3-MA Ab#f
Jo - A IS PE W SR (B . X R PA W] REE
I W S M 200 T

150 e
| - |
F - 1
*k
100
v sk
= < I
= S
VQ \

0

P

N

T1 T2 T3 T4
KbPH Treatment

@)
=]
=]

* R FEFRS P<0.05, #x N E RS P<0.01,
* Significant difference P<C0. 05, %% Extremely significant

difference P<<0. 01.
1 CCK-8 # il i B 20 A 40 B i 14
Fig. 1 Detection of cell viability of lymphocyte by CCK-8

2.2 PAFESMSFHEMMEBEEHEXEE mRNA

W 2 frs , ASFEHE PA AT 3 h 5,5
ST A G, ULKT A1 LC3B mRNA A1 i % 1
Jn(P<<0.01) (F 2(b) M (d)) ,mTOR . SQSTMI #il
Beclinl mRNA FikH i Z AR (P<<0. 01 (] 2(a) .
(OMCe) s T 3-MA J5.5 1 pg/mlL PA AbBR4H
F L, SQSTMI 1 Beclinl ¢ 2 F 0. 1 LC3B

mRNA Fik W 2 A% (P<<0.01), W PA Al LS

U5 05 24 Ik T 40 i Y e

2.3 PA BT B EIET 94 B AR % 40 R
F mRNA fyRi%

WE 3 FroR, 5% BALAH L #, PA Ab B4 g 2%
B IL-1p A1 IL-6 mRNA f) % i5 (P <C0. 01)
(F 3Ca) (b)), it Ml TNF-a mRNA iy %
KP<C0.01) (K 3Ce)) ;5 PA Ab B4 M L 42,
PA+3-MA gb¥ZH v T1L-18 Fl IL-6 mRNA fy ik
e A X B PA T DL S W IR Y R E X
W (P<<0.01),

2.4 PA BT BT 904 ok B 40 B2 K 4 B E
FHIRE

WE 4 FrR, 5% B 3, PA Ab B4 & 3%
I TIL-18 A1 1L-6 1 BE L (P <<0. 01) (& 4 (a) il
(b)), & ZE M Hl TNF-a BB (P<<0.0D) (Kl 4
()35 PA b B AH %, PA + 3-MA &b B 2] o
IL-18 Al 1L-6 BEk & i 2 & B AL (P<<0. 01) , iff —
AR PA T W R Y A RN N

RI  .

BE Wi BF W% 4= BL R 25 L 2 BOBE IR R R
(T2DM) , K WIFEAE 18 PR 98 0E , 32 B i 100 7Y s Tk
FERR 7 R (PA) 38 B i 7K - 19 PA PR 58 5 S04 Jifg %
PA (4 UGN . I R A0 G0 AT 95 24 F 92 2 B, 1fn 2%
PA ZK- Tt i G AN 2 H il 48 70 g 07 152 mT g 5 1€ 34
ZEOEA L) HAN, PA W L E R SN
MR 46 I F TIL-1B8.1L-6 Fl TNF-a BB 22,
X S5 AMFSE R TL-18 F1 1L-6 /K- 4 2 3 T — X
ANTRV RS2, HXE TNF-a 19 20 06 7= 2 T 30 4 S 31X
AR A0 MY 22 AR OG

W5 22 B, i Vi B2 19 i 7 19 4 S T RHRE DR s 46
PRI 19 R AL e ke R VR D o VR o 2 4
0195 i 7 v v R T T R s fR T T s )
R T WG DA A S R TS R B 8 R T Y
BERL A0 T 240 e 38 2k 1w ke T Ak R R B T R R
U7 V1 Tl A o Mgt s AR AR IR g L 3 a4y S O
B S0 2 bk 40 i A b PA 5 S bk 40 i ST
A= g 5 44 PN B 55 R, BF 5% PA Gl G i S A A
0P A U0 T A0 R 9 A7 S 3 I L O 4 BT AL

IV A2 2 7 A0 R S 1 R ML L2 R i 4
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Fig. 2 The mRNA expression of autophagy related gene in lymphocytes treated with PA

PRAT 0 A BT AR AR FH i M T B ARG D R vk
JE, WP 4 % A i A PN B AR
FEAKESE T B2 PA YREE M T . W I R 363k 1
AR X T B 55 40 A AR 2 R A R VR AN R A
Ko MR — 40 A PN R A O R R R R A
FIVSZ 458 04 A B 5 DA K AE A ) B I A 2% 1 T 4t A
REEECY . [MOE i TRIF KA TLR4 {5 5 8 &
KT, sIRNA # i) TRIF, 56 4B 1k T LPS i &
RAW264. 7 40 i GFP-LC3 Y [ W %35, £ ] LPS
i TRIF R #iPE TLR4 5 5 B S [ e,
AR, TLR A 54000 [ W, [ 02 3 o 0 &%

SE RV . AR TRAFS i o #0% TLR4
fii TBK1 #3075, TBK1 X P62 41 [ i B A 4
TR UE B T 40 A E AL AT DL RO BRIE T TLR
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T 8 9 /N R 4 5 35 400 T o 5 9 4 L TR 5 TL-13 A0
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(2) IL-1pB () IL-6

R on. R
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Con. T1 T2 T3 T4
AbF Treatment

3 PAFESHEBAMRERETF mRNA BRI
Fig.3 The mRNA expression of proinflammatory factor in PA-treated lymphocytes. .

(a) IL-1B (b) IL-6
2000 | s . 1800 : :
gc ts0or ‘ g@ 1200 : - | _—
=Zo0r =z ¥ N N
NN
0 3 0 Con. T1 T2 T3 T4
AbFH Treatment AbFH Treatment
() TNFa
1800
1500 !

R
600-

{11

B

PRI/ (pg/mL)
Burst s

300 | \

Kb Treatment

4 PAFE 5B W XA E F 5 i 8B Rk
Fig.4 Level of proinflammatory cytokine in lymphocytes induced by PA
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