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[FEE] BB HITWEEE D508 8 (Akkermansia muciniphila, A. muciniphila) %I 5B 5 40 88 40 (INS-1) 3
BA AT BB AT IBIIRERSEMA . iR KINS-1A0AR 5 A E w4 AEE AR AL, B3R A. muciniphila T 1)
(TG KGNS ) A FR48 h, TR TR X IR TE 5 A INS- 140 M 3% T 90 1852 ZH INS- 140 A S I BE IR e TR
Z (streptozotocin, STZ) @ F- I+ Fi4y; LAY ALINS- 1 40AESC H T HVE NS TZE A . 1453, FH U HH S (i sme £k
T T L 03 (MUTT: ) G0 200 L 48 5 5 f PR AR A W RDOA, PR DG G 3 WA OS2 36 (ELIS A G fE 5 28 43 WA 7K -5 SR o
G AE 1 P CREG A I B 5 R 43 06 AR OC KL PRI R T2 BE R R 3k, Western blotir il Bax i T IRk, &R 4.
muciniphila T FHIXFINS- 1A FH48 b, HAMIE S TCH B A . A muciniphiladii o6 T HUE 5 ZHINS- 120 M B4 78 1
s (% BRI (P<0.005) o A. muciniphila T W0 IE# 4, A& AU ALINS - 1416 09 5 5 28 53 06 5 A5 5% 1)
(P>0.05) . A. muciniphilasy i) v AL 2 IE #2401 | 852 41R LR 3 2L INS - 1440 i 7 25 4 e 2 8 11 238 A (glucose transporter 2,
Glur2) G B BRI SE P (glucokinase, GCK)IIFEIR (P<0.05) o 3FMA. muciniphila T F¥) b P15 (4 1E H# ZHINS- 140
Bcl,-associated XFEH (Bax)AY ik &8/ (P<0.001), A. muciniphila¥C1E T W6 2 ZHINS-1 40 BaxF R 22 35 =8 /b
(P<0.05). A. muciniphila T-TY IR A I Bax B [13RIB/D . 858 A muciniphilaP] R #FINS- 120 [ 5 3R 43 WA AE G 2k
R 235, SRIE T B AN JR T8 A Bax Y 3Rk, SHTFSE Uil FHA. muciniphilatltE2 BB SRR AL T 4700 511
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Effects of Akkermansia muciniphila on the Proliferation, Apoptosis and Insulin Secretion of Rat Islet Cell Tumor
Cells LIU Man-ni, ZHANG Ling, DONG Xin-yan, LIU Min, CHENG Guo, ZHANG Xiang-ling, HE Fang, WANG Guo-
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[Abstract]  Objective To investigate the effects of Akkermansia muciniphila (A. muciniphila) on the
proliferation, apoptosis and insulin secretion of rat pancreatic islet cell tumor cells (INS-1). Methods INS-1 cells were
divided into three groups, normal, repair, and protect groups, and subsequently every group was subjected with A.
muciniphila metabolites, live A. muciniphila orpasteurized A. muciniphila for 48 h. A group that did not treat with
anything was set as blank control. After intervention, the cell viability was determined by MTT method, the insulin
secretion level stimulated by glucose was determined by ELISA, the expressions of the genes involved in insulin secretion
and apoptosis were tested by qRT-PCR, and the expression of apoptosis related protein Bax was evaluated by Western
blot. Results There was no significant change in INS-1 cell morphology after co-incubation with 3 types of A.
Muciniphila interventions for 48 h. The proliferative activity of INS-1 cells was decreased in the repair group that treated
with live A. muciniphila than that of control (P<0.005). A. muciniphila intervention had no effect on insulin secretion in
INS-1 cells in normal, repair or protection group (P>0.05). A. muciniphila secretions promoted the expression of glucose
transporter 2 (Glut2) in 3 groups and the expression of glucokinase (GCK) in repair group (P<0.05). The expression of
Bax of the INS-1 cell in the normal group was decreased after intervented with 3 kinds of A. muciniphila intervention
materials (P<0.001).The expression of Bax gene of the INS-1 cell in the repair group that treated with dead A. muciniphila
was decreased (P<0.05). The expression of Bax protein of INS-1 cells that treated with A. muciniphila interventions was
decreased. Conclusion A. muciniphila can promote the expression of insulin secretion-related genes in INS-1 cells,
inhibit the expression of apoptotic genes and apoptosis protein Bax.This research provides a new direction for applying A.

muciniphila in improving type 2 diabetes.

[ Key words] Akkermansia muciniphila Type 2 diabetes Insulin Intestinal flora
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FARS A, T2DM ] 80 B I AAE, IS | i
EPINEEZRALT P, R, BFFT U a4 2 i T2DMIA £E
JEBE . T2DMEA RS il A Y VAR S i 240
DA E 2 2R 1B 52 2 1] (Akkermansia muciniphila, A. mucini-
phila) EPERLRTT, BRI, AR R4, et ko0 i 3 i
HY. BFSEIEW, A. muciniphila 5 T2DMAY LI (LSS bR
Ui By I 7 R R IR R K SO OG, SRR AL
muciniphilan] feg /D N8 B HERL . BFRVIIE &Z LA,
muciniphila™] LLJsi /0 W PRI R B 7 26 05 25 A I 25
P, B S RO JAE 401 3, I (18 S WA AE
ft. 20174, DUBOURGH M MLEE IR A il 43 B3 1 T A.
muciniphila. J&T I, FAMRBLA. muciniphilasi H kY]
T BEREAS BB AT A8 B, JF 019 R pAN M A AR . AR
WA, muciniphilaXJi & 2R 730 WA 5200, ASAHEFE FH K BRUBR
5 200 LR 2 L CINS- D)V S E 3 4 LA QSR AE 0 AR, B
JiRA%: i % (streptozotocin, STZ) 75T INS- 14 fE 451515
R ET2DMEE, KA. muciniphilal® B . K% B A5
WY T TR, FFGTA. muciniphilaXF TNS- 140 A 52 00 K2
HARIMLE], PEMTHE FA. muciniphila 5 T2DMII K ZR

1 #HRFTTE

L1 FE##

A. muciniphila(DSM 22959), Hi B 504 K 2E X AT 2L
P2 EE R BRLUJBR 5% 240 e 200 A (INS- 140 ), W F ep (LR
b B A AR A S SR R TR 0

IO O FR L 1 AL RERF 23 7], RPMI 16405557
I HER-HEERE R A Hyclone/A A, MWZEH G4 1L
B B WL R F, B-3idt O BE . —H AR (dimethyl
sulfoxide, DMSO)J B AmrescoZ\ &), STZ. DU H LA 5wk
E(MTT) W H SigmaZs w5 JBE 5 Z A7) &0 B Ak &
AT, RIPAZHARIE . TRIzon ELRNAFR BRI & A 1t
U A 4028 F], Goldenstart RT6 cDNA Synthesis Kit,
2xT5 Fast qQPCR Mix(SYBRGreenl) ) i It 50 R 75 7
FH JL 1% 15 960 (phenylmethylsulfonyl fluoride, PMSF) & H fif
PfIF L Bip-actin R vEFEPUIA . PiBax R 2 seREPLIA
BRI S LB (horseradish peroxidase, HRP)#RiC LI 2E
HiRIgGhUA . HRPARIC IS/ RIgGHUA . b2k
JG(ECL) i, W B BRI FE 4 /R AE W R A R )5
Thermo MULTISKAN GO #r{ % A Thermo Fisher
Scientific/A 7], CFx96 5 4 it PCRIUA F Bio-Rad A Al o
12 FTHwH&E

A. muciniphilai& W %5 : A. muciniphilabs /4%
1 T0FIRRR LD Tl IR R R s S Ak, 7637 “C 2%

PR = S AR R R R 5 #7248 h, TG B Ak B AR /K 4%
W JE F10° CFU/mL. A. muciniphila X% T i 4 B Eik
TR BT L TR (60 “CAN#A30 min) o A. muciniphila
IR £ A. muciniphila s B IR AR T 0O I= I AR B
FRIE, RAASE 7748 h, 1 mLIG A BRER K WPk i &, B
Y
1.3 #HRatEsE

INS- 140 i 2 755 15 9% T & A 100 mL/L/NA- 13
100 U/mLE &R . 100 pg/mLEERE 2 | 50 umol/L B-Fitk L
FERYRPMI 164085553, B T37 °C RBIECR5% CO,Mf
AR A TE R AR o AR A AR KO, B 1 ~ 2 difif T i
T, AN SIS 70% ~ 80%FH, SR EE 53k, FmERRLh
ZEPR(PBS)E2UK, ML mL 58 4 K5 37 HE M4 I BE 4T,
PR AR « 3R AR, B T3
1.4 KIe4reE

B RORES R AP AYINS- 14014225 000/FL 1 25 B H /0
FoefLb, #53%24 b, KFINS- 1AM/ M IEH 41, B8R
LR, TR ANER B FH AL muciniphilaZy W4 . 1%
PRABE R T 10, BT B e > E S AL, JF i A T
f2s A R IE % 41INS- 140 B T 7048 h; B R 4
INS-12 {855 3 mmol/L STZE 454 h, BT H1/E A
48 h; PR INS- 140 M1 56 T B 1E FH48 h, #50
3 mmol/L STZii#%i4 h, THILE 5, Jeds T WA IE# 4
LA
1.5 MTTiEM N paiGsE

THEE R T, HFLIA0.5% MTTIE W20 L ([ 5
WAT B FRHENTIR), 37 CHFF 4 h, W B3, BFLAN150 uL
DMSO, % 764397 % 10 min, JHBEHE G028 K6 0 ASURG: ) 4%
FUAEP K570 nmAb AR FE(EL, LUS AT MR 5K F-
1.6 BEEHERIHAIEE B R 5 0 (GSIS) il

TIREE R FERE IR, PBSYEI S I 16.7 mmol/L#j
AP Hanksi, 37 “CIFF 1 h, U4 B3, AR IR ELISAKG I
TRF BT A3, 05 45 2H 20 5 28 W /K-
1.7 EHRNEESPCRIGMESE D W FIAATHEX
EE

THLE A, WA AN, $2 TRIzond 57 Ui W B4R B4
JLSRNA, WERE A RNAMREE 5462 f5, ZMRT-PCRIX
R VLA, B RN AW S cDNA . Wi 5% R AR &R
4:5xGoldenstar Buffer 4 uL, dNTP Mix 1 pL,
GoldenstarRandomer 1 pL, DTT 1 pL, Goldenstar RT6 1 L,
RNA template 2 pL, RNase-free water 10 uL. 355 5% W
2&44:247: 25 °C. 10 min; 50 °C 15 min; 85 °C 5 min.

S22 R T B W) Glut2-f/r . GCK-f/r. Insulin-
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R e A W b ER BT e B RN O B R I B L R T B B IR MR T RE R 15

f/r. Bax-f/rFB-actin-f/r, X & Z 40 WA KL K] Glut2 . GCK.
Insulin, 20 P4 TAH G HE K Bax Fl N S 1 (R B-actini# 17
RT-PCRY # ., LB-actiny N EHBS RH, LIXT BEZH 4% FE DA A
XK N1, R A2 BT B AR R AR XS ik o
HEE3W. KVFEF: 95 C 1 min; 95 °C 10's, 60 °C 15 s,
HILA0 AR, 60 CREVO G, IR ML, LI
PR R S
1.8 Western blotZE 448 i £H BE -0 5 | A BaxBI R X
TS R 5, FHPBSHR AN 2~3 K, WL 4% FE W, Jn
G s AR 2R A A R PMSFAY RIP A S TR, K 201
AWEER 1.5 mLELOAE . VKIE30 min, 2 R TRY#
A, B B3 . FHBCAZE e S A 5] £ 52
FE VR B, AR 2 45 R T, (i SDS-PAGE AL I
FERAHE . A ARG o, WK ZE P15 min.
FH120 g/ L2 P95 ok e 8 RS 1A T LK, P B 11 5 2R TR
LFHEZE AR, 5 g/100 mLIEAR R W3 A1 his, 5 —Pid CIF
HK. HATBSTIPE3R, 5 hi5 il N E 30 min,

TBST#PE3UR G MECLE R & £, LA B-actinky PIXT RIS T
e
1.9 FitFEHE

THE ORI Xt o 20 8] 22 MR FH AL R 3R 07 22
53T, P<0.05h 2 RAGTHEE L.

2 #R

2.1 A. muciniphila5EFEINS- 1 IEFREHESE
Uk 4

T-7i48 h, 18 BN, IEE AR TR A X
HRINS- 1A BE A K, R 2008, A 24T, N &0
R, A A A KOS (LA o /i) BUYINS-1
AR WL S (EI1B) o 1% I T A INS- 140 fJE AR
IR (E11C), JIE T T HAYINS- 1404 D f 40
J i (11D, BB, 230 F 7m0 | 3% B AN K
T T8 ) T ZH IN'S- 140 24 A D A RS AT B i
U QR B R RS IWREAER  TEASAE AL

B 1 RETERHINS-1RHES, x200
Fig 1 Morphology of INS-1 cells under light microscope. %200

A: Unintervention control INS-1 cells; B: INS-1 cells incubated with A. muciniphila metabolites; C: INS-1 cells incubated with live A. muciniphila; D: INS-1 cells

incubated with pasteurized A. muciniphila
2.2 A. muciniphila¥tINS- 128 R 18355 9 3 M

H 2 AT LAE ), IE & 4Rl mp, 25 T 1 db B
14 200 6 38 5 7K SF- 5528 O BRI 22 S R Ge 22 X B R
HH, A. muciniphiladif & T T A N5 25 6 RIS K
Y25 5 A Gt L (P<0.005) .
2.3 A. muciniphila3t INS-1E E HERI BME B E 500
BERISSNE

FH 30T 0L, AH T IE H L A0 i, 1B R AR a4
JI0L 1 1 2 2 A Wb D RE A2 B, 2R TG FE L. &
ZH PN 30T AL FRINS- 1405, 5 M08 2 9 28 0
HEORE L, 1B 0 3R 4 Wb it 22 S5 JE e T2 Lo
2.4 A. muciniphilatf& B & 58X EERIZRF

H T4 TT UL, TE R 2 v, 3 i W Ak BN B Y Glut2
FERIFRIAIG N, 22 7 A Gi it L (P<0.05), InsulinFE K]

IR IE2E TG4 5 3G B = AL, 7 Ak PR

E@ Secretion 3 Live A. muciniphila
B3 Pasteurized A. muciniphila @ Control

OD value
= o
= >

o
o

Normal group  Repair group  Protect group

2 MTTi%# A.muciniphila%$ INS- 120 B8 58 6 2200
Fig 2 The effect of A. muciniphila on the viability of INS-1 cells by MTT
assay

**P<0.005
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B 3 A. muciniphila¥tINS-140RfE 5 & 5892200
Fig 3 The effect of A. muciniphila on insulin secretion of INS-1 cells
R GCKEE AN Glut2 ZE R IR, 22574 GiitA 18 3L
(P<0.05F1P<0.005); fR47 4L, 73 ih 4y b B 240 g fr)
Glu FENFRIG N, 22 Gei 78 L (P<0.005) . IEH
Em@ Secretion
3 Pasteurized A. muciniphila

€3 Live A. muciniphila
m Control

B3 Secretion

m Control

Insulin

Relative expression of mRNA
Relative expression of mRNA

Insulin  GCK  Glu2
Normal group

B3 Pasteurized A. muciniphila
€23 Live A. muciniphila

GCK Glut2
Repair group

20 ABES A FNERAPZH b R T T 25 0 BEBRE DR ) R5 8
ERIGTEE L.
2.5 A. muciniphila3} BaxEEFE 5 RiZ KIS0

FH (&1 5 0] D 370 1 47 b B ) TF R A1 40 B Bax Bk [N 3%
IR O BRI, 22 A e L (P<0.001)
DI PR AL R A6 2 AN Bax L PR 3Rk 3 2 O R DD,
EZRAGI2EE L (P<0.05) . PRI LA Bax it [F ik
RS PO IR D, (B 22 S e geitF i o EleRT W, IR
AN, 3FHA. muciniphilaT T4 A0 B A 40 i Bax Bz H
FEIRE A (AN BRI/ D 1B 2 AL, A, muciniphilayi
PIAbBEAY 20 Bax 2 1 RIAH0AS 0 BD, A, muciniphila
T BEL RN K 3 B A B AY 20 i Bax B FH 2R IR 5045 I X HE TG HH
Bk SR A, A, muciniphilas3- 1) A1 B AL
PR A Bax A R IR X ISP, A, muciniphilal
PRAL IR A1 A Bax FR 1 FRIA A OV BRTE W] B A2 1k
Em Secretion
&3 Pasteurized A. muciniphila

€3 Live A. muciniphila

m Control
10

e}
T

o ) > [}
T T T

Insulin

Relative expression of mRNA

GCK  Glur2
Protect group

[& 4 2 A. muciniphilaFFSINS- 1K B E SR EXEENERIE

Fig 4 The expression of insulin secretion-related genes in INS-1 cells after intervention by A. muciniphila

*P<0.05, **P<0.005

20 - E@ Secretion
: 3 B3 Pasteurized A. muciniphila
i £ Live A. muciniphila
— m Control

L5} _'[

1.0 +

Relative expression of Bax mRNA

0.5}
LEmme HIl AmAM
Normal Repair Protect
group group group

B 5 £ A. muciniphilaTHUSINS- 1408 1= & F Baxi) Fi£
Fig 5 The expression of apoptosis gene Bax in INS-1 cells after intervention
by A. muciniphila
*P<0.05, ¥*P<0.001

3 it

REUNANENZEYIFFE R, A. muciniphilav] 2%

Normal group Repair group  Protect group
S L p CS L P CS L P C
Bax - = - S —— - -

f-actin e e - e =— c— —— — ————

B 6 A.muciniphilaTF/SINS-14kBaxE B FRIX
Fig 6 Bax protein expression in INS-1 cells after A. muciniphila

intervention

S: Secretion; L: Live A. muciniphila; P: Pasteurized A. muciniphila; C:

Control

$Em g b AN Caco- 20 FRZ A SE B o A ST,
A. muciniphilasy W) . T B FIBETE XS IE B INS- 14 L i) JE
ASFEBE T SRR, (H S TZEE A AL 5 A,
muciniphilal WILRE R 5, A0 MIHEGE S ) B AL, 7T AR
B JE R INS - V4 i AE 22 B STZA 5 5, A0 LI A= Rl
A PETRE, FEIN RIS S Z e E IR B AR A4S ], %
JE—2Z FH

R TWIEA. muciniphilafE15 GE HHSZ M INS- 140/
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X R A5 I Rl B 1 e 2 RN K I M B R MO B R T B R W T BE FR R 17

FAJBR 5 2R 73 WA DT E, AR S 56K 16,7 mmol/ LA A A5
e MUARRAR B2 (998 BRI, (BAEML A5 T, AL muciniphila T
TPIRTINS- 140 B 2R /BT 0 . EVERARDAH™
FRIRIFSE 2 B AR Jbk AR T2 DM K AR IN A, muciniphila
1974 BEB/D; PLOVIERSEMIY B S50 W, A. muciniphila
T A1 A0 i MR R B DA R P 0 2 A T 52 0 R B2 2R 1K
Pro ARIEEEERILR, A, muciniphilatllzE R 5 R 5 W
RN HAEAE R TINS- 1400, 7] fe i o HAh 48 58
IR, AEATY R ZE AT AR G B SRR BRIE

GlLut2 KL DA i B 1) 25 11 1801 TR B 28 RT3 1) 4 % W
e akadie , S P b A A R e R Y, T ek
Ji 55 A P A W OGS, DR B B R A 70 . GCKAE
PE BRI AL G P AR 28 G E L T RRK AL & AR
WOUR RS FZRNE Y . Baxe—FME T M, fE4S
G SRR NI T AL 5 R CRYBEC . FEARWFSE D,
A. muciniphila73i ) a] LAFEHEINS - 140} Glut2 B R g 2
ik, 7R A. muciniphilalf 15 R 5 2R 50 W AR 2 — AT g
2SI BN B SVE T INS- LA, J 3 Glut2 L[]
MIFIR . AHFEARGSISSL I H1, A. muciniphilasy ¥ T
AR RAEINS- 120 0 5 22 14 53 Wi, AT RS2 Glus 2 HE PR 15
B 5 2R 43 WA 32 31 1 AR h S g B, BB T A A4
WAL E 2815 2 . N — AT HA. muciniphilasy il
YiEAT S S50, LABIESE AR VR A BE A5 2 R Glu 2 BE
PRI A 2 T8 Of 1A 99 TR B R 40 b . AN IR G R IE R IR AL
muciniphilay WP AT e HE b STZ 3 BU 7 I INS- 141 it
GCKEEIA ik, JEMIAE A5 o, 1755 4 i s s A Ligs A
X I 7K T e

AT KB, A. muciniphilan] J& /> 1E H INS- 140 g
Bax R Y35, I T J350, X T AR T B INS- 140
8, STZ#EHEXT GCK., Glut2., Insulin [ 19 AL A K,
E I T L K Bax i 3235, HEMSTZAEFEHEINS- 140
AT,

KGR EIR, A. muciniphila/3- WY REMEHE3LH 40
ML INS - 140 M Glue 255 R % 2 35 DL X 8 52 20 40 ff vh
GCKIEN W FRE . [N, A. muciniphilasy- W4 BEAN I 1F
WA TR IR R RIA . W UL3FHA. muciniphila
T R, S WA AE AL IR 5 2R 43 WA R DG PR 3 3k KA
R T R RV 1 3k O T A A 0 0 8 R 0 T
It BB MERCR AR RO T 4T

A. muciniphila BAANER 45 A WG L, A #2040
FEIFEFHRME . (BA DB RA LA
muciniphila X AGIVERR 5 Spe SR B AEHT . 41
WTE—I TSR, A muciniphilafE ApckE RIS VR

AP 09 2 A 25 8 1 P g i i, D1 TN 6 VBRI PR IR 24 R 5
U RN 2E AT R TR IR TERT G O AR
AT, XA, 5C T2 20 TR A 5 1 52 i ik
ARG, T BT ) MR A SE o A 5T 4
INA. muciniphilaXFINS- 1T LI A 051, A — & BIHTIH
TAREH, I AT REAE FE IR 8% 28 70 I AH SCBE A ) ik e el s
M, SAFFE Q] AL muciniphilatf35E T2DMRE T 1
Ji1A
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