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2R SE A B R IE R SR INS-1 400, 42~ 0, 0.1, 0.3, 1.0, 3.0H110.0 pmol-L~" A-674563 41, %%
EXE RS E 2l aRit), RAAMITELR & 8 (CCK-8) I INS-1 41 i 71 %, JF
TR O e B (1C,) fH, 0 A-674563 S FE 4 il e &, 3 >k H Western blotting ¥ %3 4iF o
INS-14HAEA M IEH SR (SEadsedt) | BRI4] (10 mmol-L ' STZ+ 5 &R #48) . K. hAE i
22 g4l (10 mmol-L ' STZ+150 mg-L "2 i8 + 58 @85 #2 3k . 10 mmol-L ' STZ+300 mg-L £ ik +
56 4 K 32 3 10 mmol - L' STZ4600 mg- L "2 g +5¢ & K5 37 3L ), R H CCK-8 % & il 45 4
INS-1 40 M A736 3R, 0k 22 i e AR VE M BE o 59K INS-1 40 40 R IE X BR 2 (S bR 3t ) | MRl 4
(10 mmol+L ' STZ+ 5 &3 H) . £ K4 (10 mmol-L ' STZ+600 mg-L 'Z K+ 52 455 5) Ml
A-6745634] (10 mmol-L ' STZ+600 mg-L "2 +0. 3 pmol-L~" A-674563+ 5 &K 37 %), K
24 ML AR K 0 45 20 INS-1 48 i g8 T %, SERF o6 B PCR O (RT-qPCR) 6 K il 45 240 INS-1 4 Jfg o
Aktl, NF-kB, MEIRIEHE T o (TNF-o) FMEAIMAFR6 (IL-6) mRNA EIEK-, Western blotting
Ko 2% 20 INS-1 20 i iz 1k Aktl (p-Aktl) FINF-kB 5 (5K, FEEE G MiREe (ELISA) 244
45 41 INS-1 40§ TNF-o 1 1L-6 7K. &5 Xt MR 4] INS-1 40 Jd 77 75 % 4 100. 00% +0.00%, 0.
0.1, 0.3, 1.0, 3.0M110.0 pmol-L " A-674563+10 mmol-L ' STZ+600 mg- L' £ Jfit + 5 4= 1 75 L 4
[l F 5 INS-1 40 M A7 22530 R 82. 50 % 2. 28 %, 69.47%+£1.94% ., 51.51% +1.74%. 38.94% +
1.57% . 24.79%+ 1.14% F119.85% +1.03% . A-674563%F INS-1 4il il #) IC;, {4 0.3 pmol-L ™",
PEFE 0.3 pmol- L " A-674563E I INS-140Jifd . 50 pmol-L " A-674563 b4, 0.3 pmol-L~ " A-674563+
10 mmol-L ' STZ+600 mg-L ' 22 ik + 5¢ & K5 = AL RIME A R, INS-1 40 p-Aktl & (4 £ 5K F 1
B AR (P<<0.05). CCK-8LMM, 5iE# XAl gy, B4 INS-1 4077 1% R 0 B FER (P<
0.05); SRV LA, k. ORI R 22 B4 INS-1 40 M 77 75 R ¥ B 7H & (P<<0.05); Sk
22 AL b g, o 0 22 i 41 INS-1 4 A7 15 R W @ T (P<<0.05), PR #% 600 mg- L "2 A
FHAM . 5 IE R X A g, BOAVZH INS-1 40 Ml A7 76 R W] W BRI (P<<0.05); SEAA b, 24
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INS-1 40 fg 77 36 R & J7H i (P<<0.05); S22 4AHE, A-674563 41 INS-1 41 Ji 17 1% 5 0 & F% fi%
(P<<0.05). JaXAnMe AR, 51EH X R4 i, BRI INS-14dd R B & (P<<0.05);
SR R, 2R AL INS-1ANE TR B B FEAL (P<<0.05); SZ£IKA ., A-67456341 INS-1 4
ML TR E T & (P<K0.05), RT-qPCRIEAM, 5 1E % % IR g, A2 INS-1 40 o Aktl
mRNA 3 ik 7K B 8 BEAR (P<<0.05); SAAIAL R, 6. A i 50 o 22 i 4] INS-1 40 i Akl
mRNA R iKKF BB T m (P<<0.05); SAUH A7) & 22 i aH b g, w0 70 i 22 6 20 INS-1 40 i +p
Aktl mRNA £XACEH BIHE (P<<0.05). S5IFE% AR g, BRIZE INS-1 400 b NF«kB, TNF-c#il
IL-6 mRNA FiEK PRI E (P<0.05); SHMRA A, 24 INS-148H1h NF-kB. TNF-oFil
IL-6 mRNA 3 ik K F ¥ 00 B AR (P<<0.05); S5 24 4, A-674563 41 INS-1 20 Jiid b NF-«B
mRNA £ 5 KEH 0 8 I3 (P<<0.05). Western blotting K, 5 15 % %F AR 20 o dg, AR AI4H INS-1
AP p-Aktl 2 (R RKCE I B K (P<<0.05); SEORA] Ay, ik, Jm it 22 I 4 INS-1 41 i
tp-Aktl AR KK FE B TS (P<<0.05); SRR 22 4] e, mfl i 22 i 4 INS-1 41 il
i p-Aktl AR RACFH B TS (P<<0.05), H1EH X R g, A INS-1 40l 1 NF-«B & [ £ ik
ASEA TR (P<0.05); SEERIA A, 2240 INS-1 40 NF-«B & H Rk KR (P<
0.05); S£ M Ibi, A-67456340 INS-1 40+ NF-xB & [ £ iA K FH B Fm (P<<0.05), ELISA
K, 5 1E 0 B2 A, BEAYZH INS-1 4 i i TNF - F1 1L-6 KB B B FHE (P<<0.05); SHIEIZ 11
B, 2241 INS-1 40 i H TNF-o F1 1L-6 7K 3 8] B FEAC (P<<0.05); S RAti, A-6745634
INS-1 4 Jfd # TNF-o FI IL-6 K F 0] B FH 5 (P<<0.05). 5. 2258 i 0 ) Akel 4% PI3K/Akt/
NF kB {5 5 i %A 5 1Y 98 5 Sz 0 AR B JR T2, % STZ 51 59 INS-1 40 g 151 45 B A (5407
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Protective effect of sericin on streptozotocin-induced INS-1 cell
damage by regulating PI3K/Akt/NF-kB signaling pathway
through Aktl and its mechanism

CHEN Cheng', LI Jingyao?, HU Wanxiang®, LIU Donghui*, CHEN Zhihong”
(1. Department of Physiology, Collegle of Basic Medical Sciences, Chengde Medical College, Chengde
067000, China; 2. Department of Human Anatomy, Collegle of Basic Medical Sciences, Chengde Medical
College, Chengde 067000, Chinaj; 3. Junkezhengyuan( Tianjin) Biopharmaceutical Technology Co.,1.td,
Tianjin 301700, China)

ABSTRACT Objective: To discuss the effect of sericin on the phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (Akt)/nuclear factor-kB (NF-kB) signaling pathway and apoptosis in the streptozotocin
(STZ)-damaged INS-1 cells, and to clarify its mechanism. Methods: The INS-1 cells were cultured with
complete medium containing 0, 0.1, 0.3, 1.0, 3.0, and 10.0 pmol:L ' Aktl inhibitor A-674563,
10 mmol-L™" STZ, and 600 mg-L ™" sericin, and divided into 0, 0.1, 0.3, 1.0, 3.0, and 10.0 umol-L™"
A-674563 groups, and the control group (complete medium without drugs) was set up. Cell counting kit-8
(CCK-8) method was used to detect the survival rates of the INS-1 cells, and the half-maximal inhibitory
concentration (IC,,) value was calculated to determine the optimal inhibitory concentration of A-674563,
which was further verified by Western blotting method. The INS-1 cells were divided into normal control
group (complete medium) , model group (10 mmol-L~" STZ-+complete medium) , and low, medium,

and high doses of sericin groups (10 mmol+L ' STZ+150 mg- L ' sericin+complete medium,
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10 mmol-L™" STZ+300 mg-L ™" sericin+complete medium, and 10 mmol-L~" STZ+600 mg-L "'
sericin+complete medium). CCK-8 method was used to detect the survival rates of the INS-1 cells in
various groups to determine the optimal concentration of sericin. Additionally, the INS-1 cells were divided
into normal control group (complete medium) , model group (10 mmol-L. " STZ-complete medium) ,
sericin group (10 mmol+L ' STZ+600 mg- 1L ' sericin + complete medium ), and A-674563 group
(10 mmol-L ' STZ+600 mg-L. ' sericin+0.3 pmol-L ' A-674563-+complete medium). Flow
cytometry was used to detect the apoptotic rates of the INS-1 cells in various groups; real-time
fluorescence quantitative PCR (RT-qPCR ) method was used to detect the expression levels of Aktl,
NF-kB, tumor necrosis factor-a (TNF-a), and interleukin-6 (1.-6) mRNA in the INS-1 cells in various
groups; Western blotting method was used to detect the expression levels of phosphorylated Akt1 (p-Aktl)
and NF-kB proteins in the INS-1 cells in various groups; enzyme linked immunosorbent assay (ELISA)
method was used to detect the levels of TNF-a and IL-6 in the INS-1 cells in various groups. Results: The
survival rates of the INS-1 cells in control group was 100. 00% +0.00%; in 0, 0.1, 0.3, 1.0, 3.0, and
10.0 pmol-L ™" A-674563410 mmol-L ' STZ+600 mg-L ' sericin4complete medium groups, which
were 82.50%0+2.28%, 69.47%0+1.9400, 51.5100+1.74%, 38. 946 +1.570, 24.795+1.14%,
and 19.85% +1.03%, respectively. The ICs value of A-674563 for INS-1 cells was 0. 3 umol-L ', and
0.3 pmol-L ' A-674563 was selected for subsequent experiments. Compared with 0 pmol-L ' A-674563,
the expression level of p-Aktl protein in the INS-1 cells after treated with 0.3 pmol-L ' A-674563
10 mmol-L ™" STZ + 600 mg-1L.~" sericin+complete medium was significantly decreased (P<C0.05). The
CCK-8 results showed that compared with normal control group, the survival rate of the INS-1 cells in
model group was significantly decreased (P<Z0.05) ; compared with model group, the survival rates of the
INS-1 cells in low, medium, and high doses of sericin groups were significantly increased (P<C0.05) ;
compared with low and medium doses of sericin groups, the survival rate of the INS-1 cells in high dose
of sericin group was significantly increased (P<C0.05). Thus, 600 mg-L ™' sericin was selected for
subsequent experiments. The CCK-8 results showed that compared with normal control group, the
survival rate of the INS-1 cells in model group was significantly decreased (P<Z0.05) ; compared with
model group, the survival rate of the INS-1 cells in sericin group was significantly increased (P<Z0.05) ;
compared with sericin group, the survival rate of the INS-1 cells in A-674563 group was significantly
decreased (P<C0.05). The flow cytometry results showed that compared with normal control group, the
apoptotic rate of the INS-1 cells in model group was significantly increased ( P<C0.05); compared with
model group, the apoptotic rate of the INS-1 cells in sericin group was significantly decreased (P<C0.05) ;
compared with sericin group, the apoptotic rate of the INS-1 cells in A-674563 group was significantly
increased (P<C0.05). The RT-qPCR results showed that compared with normal control group, the
expression level of Aktl mRNA in the INS-1 cells in model group was significantly decreased (P<C0.05) ;
compared with model group, the expression levels of Aktl mRNA in the INS-1 cells in low, medium, and
high doses of sericin groups were significantly increased (P<C0.05) ; compared with low and medium doses
of sericin groups, the expression level of Aktl mRNA in the INS-1 cells in high dose of sericin group was
significantly increased (P<C0.05). Compared with normal control group, the expression levels of NF-kB,
TNF-«, and IL-6 mRNA in the INS-1 cells in model group were significantly increased (P<C0.05) ;
compared with model group, the expression levels of NF-kB, TNF-a, and I.-6 mRNA in the INS-1 cells
in sericin group were significantly decreased (P<C0.05) ; compared with sericin group, the expression level
of NF-kB mRNA in the INS-1 cells in A-674563 group was significantly increased (P<C0.05). The
Western blotting results showed that compared with normal control group, the expression level of p-Aktl
protein in the INS-1 cells in model group was significantly decreased (P<C0.05) ; compared with model

group, the expression levels of p-Aktl protein in the INS-1 cells in low, medium, and high doses of sericin
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groups were significantly increased (P<C0.05) ; compared with low and medium doses of sericin groups,
the expression level of p-Aktl protein in the INS-1 cells in high dose of sericin group was significantly
increased (P<C0.05). Compared with normal control group, the expression level of NF-kB protein in the
INS-1 cells in model group was significantly increased (P<C0.05) ; compared with model group, the
expression level of NF-kB protein in the INS-1 cells in sericin group was significantly decreased (P<C
0.05) ; compared with sericin group, the expression level of NF-kB protein in the INS-1 cells in A-674563
group was significantly increased (P<C0.05). The ELISA results showed that compared with normal
control group, the levels of TNF-a and IL.-6 in the INS-1 cells in model group were significantly increased
(P<<0.05) ; compared with model group, the levels of TNF-a and IL-6 in the INS-1 cells in sericin group
were significantly decreased (P<C0.05) ; compared with sericin group, the levels of TNF-a and I1.-6 in the
INS-1 cells in A-674563 group were significantly increased (P<C0.05). Conclusion: Sericin alleviates the

PI3K/Akt/NF-kB signaling pathway-mediated inflammatory response and apoptosis by targeting Aktl,

exerting a protective effect against STZ-induced damage in INS-1 cells.

KEYWORDS Sericin; INS-1 cells;

signaling pathway; Inflammatory response;
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Apoptosis

Phosphatidylinositol 3-kinase/protein kinase B/nuclear factor-kB

(INS-140 ) W TR H A mRH AR AR
RPMI 1640553%3 . 100 U-mL "H%& % . 100 mg-L "
B FE M50 pmol- L' B-ME I F 3% [ Gibco 2 7 ,
1094 Jif 2 1 15 W T 08 v 28 A i B AT BR A F
STZ W F 3 Sigma /A Fl, 2T HARRNE4i 2y
AT, Akt A-674563 14 T 3¢ [ Selleck £ 4
FHEA R A A, 40 M 3 80l 5 & 8 (cell countmg
kit-8, CCK-8) il & T 3¢ E APExbio A H] ,
Jt 9 T ) & T R ﬂ%i%ﬁﬂiﬂx%\ﬁﬁﬁ/\
H, PCREIYWE TEAY T (K&E) ARAHE,
4 Mg S RNA $2 B ) £ Fi FastKing ¢cDNA 55 — 4
B AR &0 T H AR TaKaRa /A ), KRR IR 2K
A f o (tumor necrosis factor-a, TNF-a) FIH 4}
/% 6 (interleukin-6, IL-6) [ 5k % 9 W Bt i 55
(enzyme linked immunosorbent assay, ELISA) i
I B W T BT M IR B A Wy B R A A PR A 7, RIPA
(1Z0/40 M) 20 A BCA B 1V B I 5 1K &
W FAb I Z R ERHCA R A, SRt KR B-actin
o % PL AR W F 55 [® ABclonal 23 &, S 4T K BB R
ft Aktl (phosphorylated- Aktl, p-Aktl) FINF-kB
B BRI T3 M CST A 7). DYY-6B Bk
Fa Ui 56 B W UK A T b 5t i S — A% AR T, Mx3000P
52 B ¢ ) 8 8 PCR (real-time fluorescence
quantitative PCR, RT-qPCR) X W T L ¥ 3% %
AW REEA R A A, o al M T e
BD FACSCalibur A ] .
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1.3 Aktl#p & # A-674563 4 A sk B ff e BN 5K
AERKIWIINS- 1400, 4200, 0.1, 0.3, 1.0, 3.0
10. 0 pmol-L " A-674563 41, 43 4 F & 0. 0.1,
0.3, 1.0, 3.0 F1 10.0 pmol-L " A-674563 M
10 mmol-L " STZ LA K 600 mg- L~ 22 i (1) 5¢ 4= 15 37
FrpdEgR 24 h, Sy E XA, X BRGT INS-4i iR
ARS8 2GR AR 7R . R CCK-8 ki
I INS-1 40 B A7 36 22, JF 3 58 2 B vk
(median inhibition concentration, 1C.) &, fifiik
A-674563 Fe LA HI vk B, I K J§ Western blotting
gk

1.4 miesafe it ® BPOGEUE KN INS-1 4000,
BEHL > A IEH G RR AR, REAUZ, I, oo R
W, sy AIEE AR IR, 10 mmol-L ' STZ+5
2R FEFEE, 10 mmol-L7 ' STZ+150 mg- L' 2 Jig +
SEA R . 10 mmol-L ' STZ4300 mg+L ' #
JiE + 5¢ 4 K5 37 #1110 mmol-1L' STZ+600 mg-1.~
Y+ e AR RS TP R SR 24 ho

1.5 CCK-8##MAAINS-1mpAER &4
INS-1 20 2 A1 W 25 9 4 B0 25 R s 3 R R 90 0, o
I £k 2% wh e (phosphate buffer saline, PBS) & %
Ja B LA 100 plL 10% CCK-8 %, AR,
T 37 CH&MTF4kE 3 2 h, b5 & TEE AR L,
T K 450 nm kb A 0 45 2 40 e O BE (ADME, 3
A5 41 INS-1 40 i A7 16 232, AR 405 40 H A7 1 6 0 i
RS E . AT E= (A4l
AE—HILAME) / (GEHXTRALAE—SH
fLA{E) X100% .

55 B RO K INS-1 4006, BEHLA M IE #
YRR . BIAUAH | 22 AL RN A-674563 4, 4
e gER . 10 mmol- L 'STZ+ 58 &5 98 4
10 mmol-L 'STZ+600 mg-L '# K + 52 & 55 32 5L
10 mmol-L 'STZ+600 mg-L "2 i +0. 3 pmol-L '
A-674563+ 58 e R L B 5% 24 h,

1.6 #AX@BEAHLMNEEINS-1mBATE &
21 INS-1 40 Jf 28 40 10 24 W) b 3145 o 5 55 i 15 9 4
Se )5 i WA 9 PBS 28wl TE VE FUR & EDTA 1)
JEEG AL, RATYSAY, TR E, K AN A =X
HEMN1000r - min ', R L 2K, HIKS5 min,
T IA 10 9 # BE 47 19 1 X Binding Buffer, FITC Fl
PIQ K, BRRIES, T E B E 5~15 min,

B e EHLRGIN, 545 INS-TANME I T2 . 400
PR T = T 40 AR/ S A A < 100 %6 o

1.7 RT-qPCR # # @] & 48 INS-1 @ J& P Aktl,
NF-kB,TNF-o #2 [L-6 mRNA & & KF 20 INS-1
Ui M 25 A0 N 25 M) Ab BREE B, 2 R Y PBS 22 il
T8 VB J5 42 BUE RNA Jf [ 8% 5%y ¢cDNA, DA B-actin
HNZP R AR EE A B, SIWE sl Akl k-
W 51 % 5-ATGGACTTCCGGTCAGGTTCA-3,
Aktl Fiii51#5'-GCCCTTGCCCAGTAGCTTCA-
3'; NF-kB L5 % 5-ATCCCTGCTTCCCCTT-
TCTC-3', NF-kB FiiF51# 5-CTGTCTTATGG-
CTGAGGTCTGGT-3'; TNF-a M5 9 5-CTG-
TGCCTCAGCCTCTTCTCATTC-3', TNF-o« F
W19 5 -TTGGGAACTTCTCCTCCTTGTTGG-
35 IL-6 L% 51 ¥ 5-ACAAGTCGGAGGCTTA-
ATTACACAT-3, 1L-6 FiiF 51 % 5-AATCAGA-
ATTGCCATTGCACAA-3"; B-actin I {iF 5] ¥ 5'-
GGAGATTACTGCCCTGGCTCCTA-3', B -actin
T W 51 ¥ 5-GACTCATCGTACTCCTGCTTG-
CTG-3'. P&, 95 CHWIAEM: 30 s, 95 CAE
5s, 60 °CiBk 30s, 72 CHEfR 30 s, 40 W&
oo RA2TEIHE H MR R IE K

1.8 Western blotting # #& @ & 48 INS-1 %8 i 7
p-Aktl = NF-kB & & & & K F £ 4 INS-1 41 g
25 HH N 245 W Ak PR A5 R S S R R 5RO, IR Y
PBS ZZ G VEIG , WS INEE 11 2403, $RIBCREE 1 .
FIHBCA i H & s il G AT e 5, B30 pg
MEEE EFE, 1000 B8R . MUk, FRRRE. BHER, —
Pt p-Aktl (1:1000), NF-kB (1:1000) ., B-actin
(1:5000) ZWBEE 2 h, =40 (1:10000) ZERBH
Th, vElE., B8, KM Image JH A0 ik B &0
JKEEAH, THRAMEARSBEKT. BEARIEK
V= H B 8 1 4571 K AR/ B-actin 2 H 2k 71 K FEMH
1.9 ELISA #%# #] & 28 INS-1 % & ¥ TNF-o #»
IL-6 K-F 2% 41 INS-1 2 i 25 46 17 25 W0 1 FH 45 3R )5
WG EWW, 1500r » min "B 10 min )5
Z: B ELISA i ) & i 38 W0 5 #2446 I &% 20
INS-1 408 th TNF-a #1 1L-6 /K F .

1.10 %% 5% K SPSS 26.0 fil GraphPad
prism 8. 4.2 4t 31 3K AF AT G F ¥ . & A
INS-1 4 Jf 77 36 2 R0 40 B 0 12 2%, 20 i Akel
NF-kB. TNF-o fl IL-6 mRNA K p-Aktl il NF-kB
B RIKKFE, QP TNF-o #IL-6 K544
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Fig. 1
after treated with of different concentrations of

A-674563

Survival rates of INS-1 cells in various groups

Western blotting %Kz il 25 % B 78 : 5 0 ymol- 1.7
A-674563 41 H # , 0.3 pmol- L' A-674563 4
INS-1 40 fifg v p-Akt] 8 H kKB B R (P<
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