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The Effect of p-JAK1/p-STAT3 Signaling Way in Intervening NAFLD by Blueberry Probiotic Serum ZHU Juan-
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Affiliated of Guizhou Medical University, Guiyang 550001, China
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[Abstract] Objective To explore the mechanism of interlukin-22 (IL.-22)-mediated phosphor-Janus kinase-1
(p-JAK1) /phosphor-signal transducer and activator of transcription 3 (p-STAT3) signaling way in the experiment
of improving non-alcholic fatty liver disease (NAFLD) by blueberry probiotic serum. Methods  The rat serums with
low-, medium-, and high-dose of 10% blueberry probiotics, as well as saline were prepared. NAFLD model was
built by inducing normal liver cell line 1.-02 with free fatty acid (FFA). NAFLD model cells were cultured with
saline serum (model group) , low-, medium-, and high-dose blueberry probiotics serums (low-, medium-, and high-
dose serum groups) ,respectively . Normal liver cell group (normal group) was cultured with saline serum . Oil Red
O staining was used to detect the lipid deposition in the cells; the intracellular level of triglyceride (TG) was
quantitatively determined; the gene and protein expressions of IL-22, p-JAK1, p-STAT3, sterol-regulatory
element binding protein-lc ( SREBP-1¢) were detected by RT-PCR, Western blot and immunofluorescence
methods. Results Twenty-four hours after modeling, a large amount of lipid deposition could be observed in model
group. Compared with normal group, model group showed lower gene and protein expression levels of IL-22, p-
JAK1 and p-STAT3 (P<C0.01), and higher SREBP-1c¢ and TG levels (P<C0. 01). Compared with model group,
TG level and the lipid deposition in low-, medium-, and high-dose blueberry probiotics serum groups were gradually
reduced. High-dose serum group showed higher gene and protein expression levels of IL-22, p-JAK1, p-STAT3
and lower SREBP-1c¢ compared with the model, low-, and medium-dose serum groups (P<C0. 01). No significant

differences in gene and protein levels between low- and medium-dose serum groups were found (P>>0.05).

* FMAREIT ST H (No. BRHE SY[2010]3017 5 L 85 7R &g 1 W R % A 36 M ARk J= B F %& 4 35 B (No.
ZLYJZFCG-2012-7) M5t MM 4 Dt Z B30 H (No. gzwikj2016-1-02) %% B
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5, A E-22 (IL-22) B4 % B F A Z-10
(IL-10) Z WA G - 5 TL-10 1E 458 I 77 76 Wi 19 4
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TR ERS -, BRI -1 (JAKD /{5 5 5%
SO % Sk -3 (STAT3) {5 53 I 2 3 4 ok &
BRI ER 40 M TR A S S K, S S Al
B oAb R T DA R G e VR T A 2 BN AR ) A 0
2. WS R B, JAKL/STATS {5538 #% 52 1L-22 7
¥ HAE AL S 3 202 ad 1L-22 %75 STAT3, T
g W R 15 26 11 (FATP) By 35 T & #0897 9K
PERE W5 ORF B 4B Y. B R, IR B = 3R 97
NAFLD (% 45 5% 25 4™, 3 i 1k & 7 37 23097
NAFLD (W EEF B, KEERNSF&E. 85 &k
TR R LR Z WY, B R PR LR
iE SRR IER . B s R B A R
(04 A 300 5% P 7 e A6 LB 25 2 1 g
A RN A 4 A o 256 T AN A AR AR PR, BT
IR AE 5 SR A SE 5 40Ok R A U B e R
(FFA) RSN S IE 5 A P40 1L-02 5 i A8 4 , I3
T G W AR 5 AR T TL-22 PR B AR Ak JAK/ B
it STAT3(p-JAK1/p-STAT3) {553 % (19 5% )
Tt~ #H S 51350 NAFLD 894 FHALH

1 #HHEMFTE

1.1 ##

1.1.1 SEahyp . miekk LA EE Wistar
R B L T G MR T (180 £20) g, I H 5 M
PR NE 37 L7/fo ol AN R R LK b 1 S < i K¢
1 T W A AR R T . E W A 40 kR L-
02 W [ v E R Be 1 40 A= 90 24 W00 5 97 40 7
it 2B TR T CELLOBUE T B L 3l ) XU AT B LT 74
Hh ] A 0 B b AR A B 2 Bl e Sl R )
Wi R 1 FH SN R VL A IR e 22 W A, — 20 C ¥R AE, I
FH B R BE IR H o L FG A 2 VM T &
JE T e R

1.1.2 £%iX# DMEM k73t J&4 M3 . 754k
2.0, 25% & EDTA B [ (3£ E Gibeo) s

Hepatocyte

The blueberry probiotics could antagonize the NAFLD via p-JAK1/p-STAT3 signaling way.

Steatosis 1L.-22 p-JAK1 p-STAT3

W A R (36 [ Sigma) ; =8 H il (TGO IR & (F
HUHE AL A W) TR B 9% BT ; Bactin, IL-22, JAKI,
STAT3 AT B 15 O A 2 F-1c (SREBP-1c) 3£ A
SR CEA TAY TREAR MRS A RAFD ;
anti-IL-22 , anti-JAK1 (phosphoY1022 + Y1023) .
anti-STAT3 (phosphoY705) . anti-SREBP-1c (3%
[ Abcam); 4, 6-— Jbk J-2-7 JE 1| W (DAPD) .
Triton X-100(H1 [E Solarbio) ; FITC % YGHriCF 3T
% 1gG . Alexa Flour594 #nic L P % IgG (JL 52 /7
K2 a0 s M s M A T 3 F) & (CCK8 il &, B A
[~ 4k 2% BF 98 Fr )3 Maxima SYBR Green/ROX
gPCR il J& #& (3¢ B Thermo Scientific); ViiA7
Real-time PCR System (3% [# Applied Biosystems) ,
1.2 EsmfmREREnFEN&

i AR TR R AR S A 2 R R
A1 fd 25 AT S ik 10° CFU/mL M, Wistar KBl
BEAL ST L 4 2H - A= BRER K X B L i 4 s AR TR A P
EE R4 (0. 25,0. 5.1 mL /100 @)1, 4 5% H
S5d.2W/d TRWHES G 2 h IHELEHER 1K %
2WH¥EE 1 h 5 BshPkELIL. 3 000 r/min & .0
20 min, JRAI A4 KB - 50 TR 30 min K%
AMAL0. 22 pm AL UE SR L BB BR T . — 20 CORAF A
.
1.3 MM THERET RAMES A

I AN AR 1-02 529515 5% . 20 0 52 0 e A
.24 h R IR L 402G 80 00 ~ 90 Vo filt & FE R
F10.25% & EDTA J§ 8 1 g S8 9 i IR 248, I
XFECA KR A0 i B AT S8 e, 102 4 g A
1 mmol/Li &+ FFALH AR (OA) : BJEHER (PA) =
20+ 15 40 M0 I A8 R N Ay o R R A
20 JH i 77 A M A A 2 e R ASE AL 4D W A A A TR AT
hoE R RS, S PL 1X10° mL ' %
FERERN T 6 LR .37 C AR Bl 5% CO, fH
WIEFRA R 24 h G R, B4 5
AN 1004 A B AR K I i B % B W A 25 AR A
A e L v R0 L 9 2 43 0 O I 10 D AH X R if Vi
B RE 97 B R 9% 24 ho SRS BR IR R A Ah . 25 A ds
1 mmol/LIR4& FFA }53% 24 h,
1.4 A% AEHIF X HAEEEN D

A B 3 5 R CCKS i 1) & kil . H L-02 4
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JELL 12X 10° mL ' % B Fh 100 pL F 96 fLEE %
Meo 4 1.3 v L3 72 h, B A % 6 A FATAL, 3%
CCKS i 7] & Ui W B AE . fe J5 7E M BR X 450 nm 32 B
W (Ao ) . DLIE 3 4140 A 535 F1 o0 100%
e H R B3 Al 45 2 240 3 3 T
1.5 EE#H4AFMNEX FFA F5H L-02 48 TG
7K F R 40 R@ M) R i B B2 i

P 1.3 JF AL BRANA 72 h )5 R TG ik &
Rl TG 7KF-. BCA # 1 kB i a ak 70) 6 A6 ) 4
JH S B T A S5 R RO O B e AR S R R
B & TG & (mg/g prot) . 41 P G % 46 I 5% F
TMEL O Je g, B4 f sz Fh T 6 FLAR P, [F] B i
ABR S HIEAME R, 4% 1.3 A4 72 b,
PBS Pk 40 ML IE R 3 UL ARG Bk 400 £ 3 S
[ 15 min, PBS 33k 3 W, Il 20 O G g ik 5t 4y
. 30 min, 602 S NBEVE X 2 RY I, AR K Y i
10 s, Z8IRK 208 3 W H Wl e v W e W
Z A PN R TR R O
1.6 RERAVNESZHERMDFIIMEME IL-22,
p-JAK1 .p-STAT3 & SREBP-1c¢ & | &KX 20

V5 20 ML 42 b T 6 FLAR N L [R) BE A B F s T A 4
MR 3% 1. 3 sl AL PRANME 72 h, PBS % 1% 40 fg
€F 2 W K 3 min)  INAMKREL B0l 400 2 T H
T [ R L 4% H M ER AR, IL-22, pJAKL, p-STAT3 —
i 1:100,SREBP-1c —#i 1 ¢ 200,4 CHEH LK .
WH T PBST 3t 3 W CREIR 5 min) , i ANk B2 2y
1: 100 FITC #%if sk Alexa Flour594 #7ic il 2E 40
IgG 4l mL, BT 2 h, % PBST &% 3 &
(B 5 min), il A 0.5 pg/mlL DAPI G &
30 min,PBS ¥t 3 IR (£:¥K 5 min) , #OGH L
£ T SRR
1.7 RT-PCR #1 qRT-PCR # il i %5 25 4 & I 75 Xt
ZHAE IL-22.p-JAK1,p-STAT3 % SREBP-1c #[HF %k
1% 19 55 i

W EHE 37 72 h (40 B, Trizol 43 HU4% 4H 40 HY i
RNA, RNA i 5% 5 i cDNA $2 12 57 & 158 0] 5 452
YE. BIWFHI LM . PCR WK ER (50 pul) . FORE
S F AR — B AR, 94 °C L2 min; 28, 94 C
30 s;1B k.55 °C .30 s; 2EfH,72 °C .30 s, 28 3B k|
FEAHI 25 35 NG IR L HEAH, 72 °C .2 min . BEGAEH
VKRGO 38 R B, DL H B FE / Bractin (K B (H LA
FRA A AN H A FE AR & . qRT-PCR L 44
F(20 pl) o FBLZEAF S 1 BB, 50 °C L2 ming 5 2
BB, 95 °C .10 min; 55 3 By B, 95 °CL15 5,60 C,

1 min, 40 MG NS5 H G VER 2k . 410 i 26
T A PR B R (L Bractin SN SR DL E Y 3k
CtfHIk £ NS Co il ACH &L 27 fH T
AL A TR B A X Rk

xR EESIWFT

Table Gene sequences of primers

Gene Primer sequence
B-actin Sense, 5'-CCTGGCACCCAGCACAAT-3'
Antisense, 5 -GGGCCGGACTCGTCATAC-3'
I1L-22 Sense,5'-TGGGGAGAAACTGTTCCACG-3’
Antisense,5 - TGTGCTTAGCCTGTTGCTGA-3'

P JAK1 Sense,5'-CCGCGACGTGGAGAATATCA-3'
Antisense, 5 -CTCCAAGTAGCTCAGGGCAC-3'

pSTAT3 Sense,5'-AGTATTGTCGGCCAGAGAGC-3'
Antisense,5'-GACATCGGCAGGTCAATGGT-3'

SREBP-1c  Sense,5'-CCTGGCCTATTTGACCCACC-3’

Antisense,5'-TTCAATGGAGTGGGTGCAGG-3'

1.8 Western blot # il 1% % %5 4 B M0 75 Xt 40 A& IL-
22 .p-JAK1 .p-STAT3 ¥ SREBP-1¢c EH R IZRIZ N

WO B % 72 hodi g, B IO F S R AT R
SE LU I BRE 10 pg s BEAT BE AL UKL B L B
A, IL-22 —F; (1 = 1 000), p-JAKL —#{ (1
1 000) ,p-STAT3 —$7 (1 : 5 000),SREBP-1c —#i
(1350004 CHFH LR —H (1 20 000) WL E
2 h.ECL 685, Gel Doc EQ #E e i 4 A 414
W5 2% B8 250 1 K AR LA H I 2570 55 Bactin K
JEAE Y HAE B B EE R AR 55
L9 HHFEFE

TR x £ Fom, S0 R REE
J5 255 M o M B AT O7 22 7 R 5, OF 22 S I
LSD ¥, 7 ZAFFI A Tamhane ¥, P<<0. 05 24
FAGI R L.

2 #HR

2.1 HEEIDEFMBX L-02 450185 F 5B

LAIE ‘H % B8 2240 J 1 56 0% 12 100 %6, 158 AU 44
YN 38 FE TG SR 96, 400, B AR AR AR T AR L L R
I 3% 20 40 B 3 5 0 1 4 0k 920 5%, 91, 3% AN
93.2% . SIEHRAHM L, BRI, PR35 A B
e 70 S I Y AL D) 00 B G BTG ) 25 R R gt X
(P>0.05),
2,2 WEHFEERMBEX L-02 A TG /KR AM
™ Bg i B %2

5 A B A TG & i34 i (P<<
0.01) ; SRR A, 1K 4 o 2E TR b L s o) = il
WM TG &R AR (P<<0. 01) 5 54K ., b ) 4 i
WAL, SRR MG A TG F & TR (P<
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0.0, WLIE 1., Kb AR DO s 1 mmol/L iR & FFA 5§ 1-02
HIEI2AT DL IR LA T LA SR S IE R M A0HE 24 h s, T LB RN A 1L-02 41 JE IR AN B0 =
A FIE | M A AT I 25 i 28 A [ 5] 6

Y A T RE 24 1 A LT MR P 0 I 7 41

= | g A | EL7E W R 2% A T 7 R R 0LV A T
= . [TEN

= | 2.3 R HAG M IEE AW MBS L-02 M

= IL-22 .p-JAK1 . p-STAT3 & SREBP-1c & [ % i% i
% I % % =]

T e LK 3, TIL-22 il p-STATS3: IE ‘& 40 40 fd %¢ B¢

o Rt S O« 0 2L 240 T 0 2 L P 5 8 D6 R 8 1

B 5 L 28 R I A0 2 2k 7T U L 4

M1 %A L-02 M TC &R TR A 0 43 502 SIS, B A A6 760 21 1) W R G o i
Fig 1 Concentration of triglycerides in L-02 cells ﬁi@é%?ﬂ]i[ﬂl{jﬁs éﬂ El/‘J éi%ﬁ%ﬁ‘ﬁﬁ% E@C{E& . EF' nJ B

A, B, C, D, E :Normal group, model group, low-, medium-,

AR . p-JAKL: IE 5 2H 40 M A% S 4r ge, vl L
A R LT Yy R A 20 21 G i A IE A

and high-dose blueberry probiotics serum groups. A P<C0. 01, vs
normal group; @P<Z0. 01, vs. model group; ¢ P<C0. 01,vs. low-,

medium-dose blueberry probiotics serum groups {}j 55, 1 4 ﬂﬁﬁ_ EE leEl 24 p- JAK1 i"% ik &)j{;ﬁ: piule)
. N # ATa™ T ., 'q?“ - = . e - ._
B o e gl By WP o of
) wig W "'s e WA SO L L
B1% X o b Lot pam ey T B
. - ‘k T~ g il e _u."% 4 ‘o ol o, 5.:"‘..{
- ] I i _‘.,- ‘.‘t‘ # l.‘ ‘ah :“ ' ~ -."l % _‘4"'1:
'1. t*'_'"* h R LA “.._-:* 4-_‘.: g
Aoy BTl ST

2 FAEL-02HRMLIT ORRB. X200 B3 GRBEENXENEAME IL-22 p-JAK] . p-STAT3 % SREBP-1c EH I FL., X200
Fig 2 Oil red O staining of L-02 cells. X 200 Fig 3  Protein expressions of 1L-22, p-JAK1, p-STAT3 and SREBP-1c¢ under immuno-

fluorescence scope. X200

A, B, C, D, E: Denotes the same as that in fig 1; a,b,c, d: 11.-22, p-JAK1, p-STAT3 and SREBP-1c¢ proteins
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WUB IS . pJAKL/p-STATS I8 M 75 1 &

it A T AL T US40 B G 105 2 1 v ) 4 207

B i S v v o R L 9 A R 3R GRS G L R
I3 20 WA & 3% 58, SREBP-1c: 1F 8 20 40 M % 52
o, ] D /b o A TR S AT G RS 2 21 YL Y B R AL OE
B WG 22 0 R s A A I T 2 M R SR R R
AU ZH B 408 sl /b, JFC e g R0 o O3 A 0 Rk Ak P
79 £ LT 2L
2.4 HEFAFMDEX L-02 456 1L-22. p-JAK],
p-STAT3 ¥ SREBP-1c £ E RiEH &M

DL 4, R B H KR DU B 1S B A R R
SIEH A A A2 IL-22, p JAK1, pSTAT3
FIK 0 50k />, SREBP-1c B g Tt i . 5 25 25 4 1
% s R IS 4 IL-22. p- JAK 1, p-STAT3 3

fL-221169 I'-_':|

.'"'-" 1K 1145 I'-_'!|

Il:--'-~'-"|.l"i-: 124 I'-.':|

SREBP-1c{1%4 bp)

B-actin (144 bp)

B4 &4 L0248 PCR ¥ =W
Fig 4 PCR amplification products in L-02 cells
M. Marker; A, B, C, D, E: Denotes the same as that in fig 1

(M, 107
S R A A

[L-22 m—

PUAKD M e -
':Hlkl'ﬁn.. “-5”‘
SREBP-l¢ q-_‘ o S

Boactin SN — —

TR AR R 41 B8, SREBP-1¢ WA {2 F AR » L 75 71 &5 1y
THABUETE N B,

PL2 o) H R 3L mRNA 4R XF 2 3k &
SER VLIRS, S5 5 IR M VORI 25 SR AR L. A%
40 ] IL-22 mRNA, pJAK1 mRNA, p-STAT3
mRNA SREBP-1¢ %3k 3 WA St E L (P<
0.01),

2.5 Western blot # il 35 & 25 4 & [ 75 XF L-02 28
Bl IL-22 .p-JAK1.p-STAT3 & SREBP-1c & 8 %%
95 i

W& 6, 1L-22,p-JAK1,p-STAT3 }% SREBP-
Lo B PRI 25 S 5 3L R M 25 AR, S iEw 4
b8 MR 2 1122 . p-JAKL,p-STATS3 & [ %3k W]

= +
L3¢ = [T, . B p-5TAT3 *
e L L I [IOSRERP-|c =
*

*

]

el
L,

imRNA expression (2**)

|

L

5 L-02 4AfE IL-22.p-JAK1,p-STAT3 .SREBP-1¢c mRNA £ix
Fig 5 mRNA expressions of IL-22, p-JAK1, p-STAT3, SREBP-1c
in L-02 cells
A, B, C, D, E: Denotes the same as that in fig 1. AP<C0.01,
vs. normal group; % P<C0. 01, vs. model group; ¢ P<C0. 01, vs.

low-, medium-dose blueberry probiotics serum groups

LStERIL2 = psTATS
i B p-JaKl T SREEP-1c ;
220 A =
o ® o & *HE
5 *on . =M
g & L SRS
El a -] =
=R . M H 8
21 M =
8 AL A =
= 1HE H
= .5 A k1 H |
‘. il -
i S
ﬁ HE H
i _ o

=
=

6 Western blot # il & 28 L-02 40 A8 IL-22.p-JAK1.p-STA73 #1 SREBP-1¢ & K%
Fig 6 Protein expressions of 1L-22, p-JAK1, p-STAT3, SREBP-1c of L-02 cells detected by Western blot

A, B, C, D, E: Denotes the same as that in fig 1. AP<C0.01, vs. normal group; @ P<C0. 01, vs. model group; ¢ P<C0.01,vs. low-,

medium-dose blueberry probiotics serum groups
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NAFLD #1242 Bk & 5 0L 09 18 VeI =2 —
IE TR S o g ) [ 5, i o o s 0 i W] R
Ji& Z I RE AL R o T A SR S R E X NAFLD iy
SR 5 7 32 BN A, I 2 Bl B 5 0 D) 6E 9 41
CLIVA 75 48 M 18R 28 405 40 B 32 BN A T8 R 75 25 9
S A — 2B A 7 Wy Can Bg 228 LPS) il ¥ . nl
it LPS/TLR4 {5538 % T ii# (0 15 82 73+ MyD88 i
SAREA B F Chn 1L-21, CXCL-10) F#t 4 B+ (1l
IL-10) fy 7= A= L I 46 B 3006 A 26 A5 5 3 i b
V8 SREBP-1c 55 HA gl & MR i B R R ik, =
FUF AR TG A IE [ B 2R 4 i & 4 NAFLD,
JAKL/STATS {553 fif 2 i =A% 4Lk - 6 =
P il R DG 32 AL W A IR W RS JAK R B S R T
STAT , v it 52 % U8 il AH G 2 7K 6 35 8 2 41 Jfd A
T AN T S AR 2 RS SRR 2Ry R
b Z R 5B TAK 3 A B 4230 F 1t 58 7Y
ik 2 W Wl 1 Ak VR D T 3% A L 4k i A 45 A FE 32 R
9 STAT H 1 LA = AT 53k A 41 i 55 40 25 (5] 25
SRR R, YANG 259 B 0F 58 os . P4
7R i 1L-22 /£ JAK/STAT {5 5 38 B% (1
A Z AR AT 3 5 3% STATS @ il TG & iy
G 35 R il DRI e T 381 B I I s KONG 2607 5
it 1L-22 3897 B S 10 305 0 A0F 9% % 3, TL-22
A3 i A7 ik TL-22RA1 % TAKL/STAT3 5%
W, N FATP 3235, 35 8 00385 T 40 0 s 17 A2
BOFE . FRATHEM, 1022 J8 45 8 p-JAK1/p-
STAT3 (F5iE %25 T 5t NAFLD, HAE JHHLHI
A BB 2 A AR 3 T W ELAT IR A )
R 114 5 PR e 38 T S B

H R IG K I 3 41 % NAFLD B 4550259
R JE . A NAFLD f9 58 30 B B A A T B »
SRS s o] g g HL U e oA SR R LA R X
%5 25 BEAE A B T B AR A S R T H T NALFD /)38
I7 o LA 38 A A PR B8 L W0 4% N B 2R IMLE L DA T
Vol A T 400 B 98 E L 3K B1IR T NAFLD 9 B g™, #
REAHKBRZ ETER  AUE —Fp IR 5 H g —
P LA RAETIBE M & . AHCIF R R B, IR &
A Sy A Y EA R/ = RS E R R

PAETH RIS R RS M REKEHNAZ H A
LR E L BOE B AN R R e . AR
BAFE T B 5 v & B« R X 2 T RS M e T A
PRp RIS HEHL ] T A8 2 W5 4% BE A 20 i TNE-
as N8 SREBP-1c 33k . & Bk Ag A, 9 20 g
JRUCATF L. WANG %59 195 & B0, i 26 X T
R A A 3 P A AR T e A S0 2 S RE A BT Y
PR IR B AT A AR B TRk, Bl A8 AR 5E i
FH 5 70 o 1) W R 00T e A A (R 2 HSC-T6 46 Jifd 94
T2 BCE AR YAk . A OC A GE o 7 - 85 2 X 25 A
B AR R UV T R 25 A= B A 0 ik 0 2 1 A
/R e S 7 T R (S R L A S A Al S S
B o TR S PR X T A0 R A8 45« [R) st 68 9 19 B I
ARG, Vol A BT 240 i g s A0

AR N WA R T T R LR G AE
M 4 A TR SR i H B TG M AR L s W 4
#i AR IR Gz 38 TR 6 U S e T R A A1 5 5 I
BN L-02 Jg 5 A8 ¥, 44 i I 200 it g s 25 A A
R BLRLT NAFLD & Az i g 5 5 RO I 40 i i) 45
P - S ) 390 6 1) 8 & 25 2 181 0038 1 b 1 TR
FEE X IL-22 A BERR L) JAKL/STATS {55
B2 R 3 2 5 s NAFLD B9 /R FH L
AHIEFE K B AT 300 B 04 R A 25 A T LY B B
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