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1.1 ##

1.1.1 %34 3 H6 ~8 J&iRMEM: SPF 4% HLF
441 (HLF™™ ) /NEUFT 1 HUgE: SPF 4% HLF 4l
HF/NR,2 H 7 R SPF G fErE Pdx1-Cre ™ ™ FR,
e 18 g, ¥ FRAL (M) A R A BR 2 F) 4t
N, PR RGR LT 52 CSTBL/6), /NIRRT
IV RS i 50 SE 4% JR SPE bR o 1R 5%, A
XHBEE N 40% ~60% Z=if# (23 +2) °C,12 h L/
RGN, B R 0K, s s R 28 ik
LY SIS T A 5L VR T R HEA T AR B A
%5 : GXU-2023-0107 ,

1.1.2 mia kA T A 40 i 5 R /08 B
JBE 5y B AL (MING ) , 55 = 4 M FH & 10% Jif 4 1 i
(FBS) F 1% 75 - 5585 2R 1Y 1640 Br3R 3, 7 37 C |
5% CO, JBFELMF 45% ~ 60% (IFE IR 1 5746 b 1
Fo

1.1.3 ZZMBAGRA FEALE . RHEA (T
AR DR AR il 38 A7 BR 23 7], -5 XW-80A ) , 6
£ PCR % ( 3¢ [H BIO-RAD A ], %15 TI00TM Ther-
malCycler) , {3 LHL(FEE Eppendorf 23 A, #-45
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Centrifuge5804r) , & H &t I 1% & 4 ( 3¢ [F BIO-
RAD 2\ #], 15 Universal Hood 1T ) , 2H 2R R (
[ QIAGEN 22 A], #15 TissueLYser 1) ,/EfbRi 54
(FROCTT R BRI T 2 lA PR A W], #95 LRH-150B) |
Mk ( TECAN, -5 Infinite M200 Pro) , %¢ )0 5E &
PCR {%( Analytik Jena, %15 QTOWER3G) , & HERI%
EJ &4t (3£ E BIO-RAD A F], %15 Trans-Blot) ,

F T . 20 b B 57 A S A0 P 8 SR ( TS it
BAYRHCABR ] ) | BRSBTS Yeial R ( B
AR A BR A B ), TRIzol 3R 7 [ ] M BE i A= 4
(Genstar) 28 7] ] ,1640 Ki## %5 ( F2[F Gibeo A H] ) |, B
it .\PBS 2%t T8 .DMSO RIPA 14/ 40 o 24 A
(R REERHEARAF), ECL &G,
DNA (2000 ) marker ( b 5% B )l A= 9 B A PR
Hl) 4 x I BRI (U R E R A IRA
Al) , TP B E R AR R & [ AR AR RN (b
AR T ], DH5a ( Takara) , BCA #& [l 5 28 5
& .CCK-8 WA ( i3 = RAEYH AL H]) , Alpha
Tubulin £ 550 EHTIAR (R =B AW HARA IR
Fl) ,HLF & 55 BE TR (7 Abconal 23 #) ) |
HRP BIE ILEHT R 1gG (H + L) JHRP {BIEA4 1L
FPR 16 (H+ L) (RN = AWHEARAGRA
Al).,

1.2 /IMNERERBAMELE K MINo 411 T 24 £L
M b | e IR 3R 2= R m) B B A5 v 1 5 vk A IR
T AR G o) 4 ML A 7 3k 3Rk /A e Y b B
SRV AN 58 A 1 SR R B 3R 24 b WSCBUAN AR
FEHEAT LR Rk kIl , gL RSNk 1
/Ro peDNA3. 1-HLF JBTA Sy 52 56 25 Fip S 4 g, Ho v
HLF F:H 1078 B ( Mus musculus ) ZERFF41]

1.3 2 RNA BEL  FREL S0 mg HYBEAR LA 2
mL B0 48 (B B R BT A R 2 o
fitf ) , A 1 mL TRIzol ,2 BCBER , i 20 U0 R SR
TEHI LA M 4 °C B0 HL 12 000 r/min B0 10 min;
W H T R 2R 0 T I SRR 2D PR 4% ) TR-
Lzol IAFRI UL 5 4T, 2 HUS 1) RNA F£ 504 1 30
L KB DEPC /K fiff , SR J5 FH AR 00 2 vk B IF
BT - 80 CHATIRIKAR AT

1.4 RT-qPCR #il| 42BN FUBAR A ZUS RNA,
i 83| ¢cDNA, 1§ JH 2 x RealStar Power SYBR
qPCR 3R (At st B ol A P B A FRA R L 3
P2 7™ i U B A5 25 3R 3 4T RT-qPCR R I, 2R A
27 mRNA BRI Rk i, ] B-actin 3
HERNZ, 5IF 5N 1 iR,

1.5 Western blot il  H{ 50 mg JEIFAE M T 2
mL B0 A 1 mL BUR 246 9% ( PMSF : RIPA
=1:100) F1 2 BUEKIER, FH A1 200 4 ASCHS A & 1 e
Ji 4 CRIRFP R LT/ 24# , 12 000 r/min 25
0 10 min Ji7 FH BCA 35300 %2 85 vk B, 42 [ Sk
AT UEAT Western blot #53, {# ] Image) 4
X G HEAT AR R

1.6 HLF XZHRIE5EEHERIF M MIN6 41 i
HAT 96 fLAR 5%, AL 100 pL, & F 37 C1H
R FERALE IR 24 b JE XTI A T g IR e U e
12 24 48 72 h, fifi I CCK-8 % 7] 46 0 41 Jifo 3% 5% fig
J1,Ad FHBEFRAYAE 450 nm P KA F7 1R
VIS S s W NLSE N E ] bR

1.7 HLF EEBRBHEB/NRHEERLETE 7
NEUEE 3 mm 3EA 1.5 mL B0 filA 200 L
PCR 24/, & TR R 55 °C Y18 1R 5% PR 24 it ot
e A SRS N B, IR S) 5 WK, #fE 10
min, 12 000 t/min & .[> 10 min, 5% F 3§ W&, A
250 pL ddH,0, 55 CHEJR 1 h, 753 DNA #Edh, X
DNA FEf AT PCR 934 FEE i fL vk, il ik PCR 7=
NGNS RN = SRR R S
1),

x1 319F3

Tab.1 Primer sequences

Primer Primer sequence
F:5'-ATCTGCCACAAAAGCATTAAGGAC-3'
R:5'-CTCTCATTGAACCTGACACTGGTA-3’
F:5'-CCTGGACTACATCTTGAGTTGC-3’
R:5"-AGGCAAATT TTGGTGTACGG-3'
F.:5'-GCAAGTGCTTCTAGGCGGAC-3'
R:5'-AAGAAAGGGTGTAAAACGCAGC-3'

HLF™ Genotyping of mice
Pdx1-Cre Genotyping of mice

Internal control B-actin( mice)

HLF (mice) F.5'-CCTTCATCCTGAAGACGCATTT-3'
R:5'-TCTCCGTCATAGGGAAGGGT-3’

siNC Sense: UUCUCCGAACGUGUCACGUTT
Antisense; ACGUGACACGUUCGGAGAATT

siHLF Sense: AAUACAUGGACUUGGAGGAA

Antisense; UUCCUCCAAGUCCAUGUAUU

1.8 ALBHE HOBRE/NER, FREUAR R 5 R
JH R R F1 A B 32 b B8 /DN B, 76 15 1 37 422 Ab 52 4 B
TIRERRAZ, SR AE W, KA 5 5 PBS /K Ve, 1
VETE BOA 2 mL B0 B Se S U 5
17 PBS Uk 2 Wk, H K TR A I 5K 4y, 43 2 E 2
mL B0, A8V AR AR R AR
T 80 CukAH&H

1.9 ARBEESERN BUEFET 6 L
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Ji, 42 BE LI B AR B 0 0, I AR R B S
el TR P e B ASURBE R A L, 7E 95 °C T it i Th iR n
20 min f5, BUEELOE TR ER A E R T 8 000
t/min .0 10 min |, FZ U8 B E RS IEAFTR S
J5, BT 95 CTHMmTIMIA 10 min ,BHIGFHHE 2
96 FLAEGFRAR H , 5 FHEEFR AL T 620 nm I K I A
mWOGTE )R, B BCA JAIN 2 3 vk i It
TIH—fAb 3

1.10 it A Graphpad Prism 9.5 {4
XA BTG AT R v 25 TR, B
i ARSI AEAS ¢ R 30 5 Ik A AT 4 ) 25 S5 L P < 0. 05
R2EFRAGA L,

2 FR

2.1 #P#l/33 %X HLF E E 33488 HLF mRNA
RIEKFEZRM  FE/NEES B 4iie R MIN6 1, 41
S YL 30 ) 55 F ik HLF JE D, ] RT-qPCR 75
AT HLF mRNA Fik K, 1R 56 F i 22383
553 A LA G siNC J7 51 Fl peDNA3. 1 25 2 50RE i
MING 4 fits Jy % iR, RT-qPCR 3456 L)L B-actin /F A
ZEEN . GORERET A (18 1A) Bt ik (& 1B)
HLF SEPIX6F MIN6 il mRNA B35 KF-34 77
AT HSM (P <0.05) , HLF 40 41401 1) mRNA %
IEIKSE R Sk FRZH Y 26% ;s HLF 53 2634 26 41 Jfd i mR-
NA ZFRIEIK- AT B 2. 13 4%,

2.2 W%l ERIE HLF EEX 400 HLF EERE
AKEEM AE/NEBLS B 41 MIN6 | 43 54 il
it F ik HLF FE A, F] H Western blot 77 32 £ Il
HLF 2 H AR eIk K, 41 il 56 A i 2638 350 43
FILLEYE siNC FEHH1 peDNA3. 1 23 2% 50k MING
YHHE AT R, LA a-Tubulin fE NN S, 450K, W0
il 2A) Bk 2634 (8 2B) HLF 2K %5 MING 41 fifg
AR RIB K = T B (P <0.05),
HLF 41711 25 48 {0 25 1 38 38 7K 7 29 X B 20 1Y
40% ; HLF 33 3R 41 40 I 1) 25 11 28 3k 7K - 24 S %) i
ZHI 1. 8 1%,

2.3 HLF EFEH#H/ T REXF/NR MIN6 2B 15
TERISSNE  FE/NEL MING fi3 5 200 g v o S 40 ok st
Fik HLF 43 BIEG YL 5 12 24 48 72 h, fi#i I CCK-
8 Ty IR INRE HLF & 2878 £h XoF 200 At 38 78 17 0 Ay 52 i,
SR AR E BB, /i 2Rk HLF $54
X MING £ A 38 4 7= A i 3 52 0 (P > 0.05) , AL
K3,

2.4 #P% HLF EEX$/NR MIN6 4R &=/

MING6
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Fig.1 The effects of inhibiting/overexpressing HLF
on the expression level of HLF mRNA in MING6 cells
A The effects of inhibiting HLF on the mRNA expression level of
the HLF gene in MING cells; B: The effects of overexpressing HLF on the
mRNA expression level of the HLF gene in MIN6 cells; ** P <0.01 wvs
siNC group; *P <0.05 vs pcDNA3. 1 group.

BN W RIEI ] HLF J5 RS B 4l i D fig
Ak, FE /N B MING JB5% 20 it v B siRNA 410 4l
HLF, 564 24 h J5 ko 40 gl i & A8 fb . 455 8
A AT BR AL, HLE 300 ) 48 R 2 i 8 3 T
2720% (P <0.05) (&l 4), 45 R/REW], #0H] HLF
PEm R e B Au b B R S

2.5 MERHMEFTE5ERBLE K4 H HLF™
iy /AN A R 4 A HJE k6% 12 2 HLF™ ™
i /NS Pdxd-Cre ™~ /NRUZUC B F 3145
F1 fUEL 14 B, ¥ F1 fC HLFflox/ + Cre*’ ™ 5
HLF™" 4452, 3045 F2 /N 36 1, XLk 73
PRI REAZY 1 M 150 bp ZF A/ BRUEE R L Sy
HLF** | [A] B 48 H 150 215 bp 2545 A9 70N B R
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Fig.2 The effects of inhibiting/overexpressing HLF on the expression level of HLF mRNA in MING6 cells

A: The effects of HLF inhibition on the relative expression level of HLF protein in MIN6 cells; B: The effects of HLF overexpression on the relative

expression level of HLF protein in MING cells; * * P <0.01 vs siNC; ™P <0.01 vs pcDNA3. 1.
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Fig.3 The effects of inhibiting/overexpressing HLF
on the proliferation of MING cells

A:The effects of inhibiting HLF on the proliferation of MIN6 cells;

B :The effects of overexpressing HLF on the proliferation of MING cells.

By HLE™ * AR 334 ) 215 bp S5 00978 U A
RSk HLE™ 3% 1 & 52 650 bp 2% /N
FLH ALK Pdx1-Cre* ™, FEF IG5 R R HLF™ "
Cre” /N8 H (4% 6), HLF™ " /AR 9 H,
HLF™ " Cre ™~ /N 10 H (%% 1 -5) , HLF™™
INR9 H(g5 7 -11) 85 R/ Gt e . W
5,

2.6 RT-qPCR IiF HLF EEERBRIE N T K
UE HLEF (% 5 BR8OR , 43 B BEHLBEER 6 3 K 4 h
HLFﬂox/ﬂoxﬂgu HLFﬂox/ﬂox Cl"f) +/ - E(J/J\ ﬁ, %%Hﬁﬂ%*ﬂ}ﬂ:
L (n =6) , fdi 1] RT-qPCR 77 146 0 it B R %
25% ﬁl] & 6 5 , 5 HI "o flox /J\ ﬁ'ul‘ﬁ 24 , HF"o flox
Cre """ /NEUBE IR 40 HLF 9 mRNA 235 7K F i
A, BRI 29 91 9% ; 1T JF E 2 20 rh 95 41 /)8 B HLF
) mRNA FRik/KFT0 2% X 1], R B R HLF 5
(Y SR AZ S ) R DR B S TR AR 2 U S 1Y
2.7 Western blot 3§iF HLF B{B&3IR 7 HIBEAL
ﬁm%ﬂj‘] Lo/ lox %ﬂ HIL e flox Cre*’~ E"J/J\ fﬁ%
3 H O BUB R A SV R 20, F]FH Western blot /5
A HLF 2 [ 25K ¥ a-Tubulin /£ A2,
- Image] FXAFE X} Western blot 45 H #1784k,
2%%@% , Lﬁ HLFﬂox/ﬂox/J\ ﬁﬂ‘ﬁ Hﬁ , HLFﬂox/ﬂox Cre +/ - /J\
FUBRAR 1, HLF 25 3R iK K FREAL (P <0.01),
FHLE™ " /N K965 % (T A) 5 i A
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Fig.4 The effects of inhibiting the HLF gene
on the glycogen content in MING cells
* P <0.05 vs siNC.
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Fig.5 Identification results of the genotypes of mice
A ; Identification results of the Flox genotype; B: Identification re-
sults of the Pdx1-Cre */ ~ genotype; M: The DNA Marker 2000; 1 - 11

The mouse numbers; 1 — 5; HLF™™* Cre*/~ mice; 6; HLF™Y*

Cre*’ ~mice; 7 —11; HLF™ ™ mice.
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Fig.6 Verification of the knockout efficiency
of the HLF gene by RT-qPCR
A The mRNA expression levels of HLF in the pancreatic tissues of
mice with different genotypes; B: The mRNA expression levels of HLF in
the liver tissues of mice with different genotypes; *P < 0.05 ws
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FLOXT L) ZEAR R 2 1R T ISR 16 iR, OB AR 41
LURIE AL BT HE Y@, PP B 54
A, SRR HLF SR AL/ L 8B) 5% 1]
AN 8A) FEIR B TR 25 EOR BB 35 22 57, Ik
I B R S M AL HE 51 2 R IR . IR GER R
W, HILF RBR AN 235 R 5 JE2 25 0 4 O 2 A R
AMLHED ) 578

HE IR G BEHOAR Y TVAE K e R BE 5 5 TR T RE IR
LB TSR AT i TR S R TR
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Fig.7 Verification of the knockout effects of HLF by Western blot

A: The effects of specific knockout of HLF in pancreatic islet B cells on the expression level of HLF protein in pancreatic tissues; B: The effects of

specific knockout of HLF in HLF pancreatic islet B cells on the expression level of HLF protein in liver tissues; * P <0. 05 vs HLF1/flox,

A B

E8 /MNRIRMRHALR HE L EER <200
Fig.8 Results of HE staining of mouse pancreatic tissues x 200

A Control group; B: HLF knockout group.

Frahy iRl b g, R 22 ZATRE S IR AFR T A
FE A BRI B AR o A BRI X —
FR WSS AN Cre-loxP 2R G0 EE T 40k
HLF 3 R s /N BRUSERY ) 28 B0 UE T 12 455 U 7 Jik
% B AR I P B b, 25 HLF (kK
FEIEFAGGL T X IHEAR B 4 A 1% 36 7 A B AR T 25 0%
A R X — & IR i — 2D WS HLF ZERE R
RIFHLE /R SR AL T HTER . A OB B A
REHE Bl T A8 40 B0 PR AR D 114 £ 25 175 0, AT ) 22 s e
AL X 85 25 3 5 ) 9 s R 00 AR e R A
NS 56 45 A HLF AT BE7E AR B 200 it X)) 75 4
(R R AEVE T, AR A 505 i — 20 495 HLF
FEIX 7 T I EARTE R

HLF J& T bZIP Kk, & —Fp BLAT bZIP 454435k

W T, 2 5 24 Bl F s, iz
FRIE I & B B s R HAE M 2 R
Gt 1 IR GE DL B AT A A rp ot B AR
. HLF i35 DNA FrE i gh &, i 5 By
AR AR A DI R ) ik, BRI
PHPEACH AR 22 D BB, T A i 22 0 K B AR TG i
HOR CEEVE T, HLF 19 578 5 R Sy 285 DI AH G
JE R AE S P v, FEIE R Rl 5 e 1 R A
AR, T IHAEZMER D EER, HLF
T AR FIARTT I A0 55 1 DGR a5
PRR T WL 5 R IR YT 775 T RE A AH B 1)
BRI RN

JHRARAE Ay A A4 P B S A 3 Ak IR A I PN 43 I
B, EERINT BRI WAL, SN W RR Sy
WAL S B A e i A I R K AL
G5 NG WA R F TR I A L ZH B, A WA TR IS R
MR ZE SR Y RS HRAR B 4 2 [
Sy AR R —Fh , R BN T IR 2, AR IR R
FE . PG AR B AN ) T B S8 5 05 IR I & A
WYL

L5 L TR AR B T A B A
Jfl HLF J R R R /N ER B R L S VR AR HLF 78
TR B 240 M v %) Ty e B A W PR & L i)
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Construction and identification of conditional

HLF knockout mice with islet 3 cells
Hou Menglong, Qi Xinyu, Wu Jianfeng, Liao Qichao, Ma Jie,Zhou Lei,Li Yixing
( Guangxi Key Laboratory of Livestock and Poultry Breeding and Disease Prevention and Control ,
College of Animal Science and Technology, Guangxi University ,Nanning 530004 )

Abstract Objective To explore the mechanism of action of hepatic leukemia factor (HLF) in diabetes mellitus
and to construct a conditional animal model of mice with islet B-cell-specific HLF gene knockout. Methods At the
cellular level, the effects of HLF inhibition or overexpression on the proliferation of MIN6 cells was verified by the
CCK-8 assay. The effects of HLF inhibition or overexpression were detected at the mRNA level and protein level by

flow/11 L .
F™"* transgenic mice were crossed with Pdx1-

RT-qPCR technology and Western blot technology, respectively. HL
Cre*’” mice (C57BL/6J) to obtain offspring mice. The genotypes of the mice were identified by the PCR method.
The differences in the expression levels of the HLF gene at the mRNA and protein levels in islet B-cell knockout
mice (HLF"™" Cre*’”) and control mice (HLF™ ™) were detected by RT-qPCR technology and Western blot
technology to verify the knockout effect. At the same time, the islet tissues of the mice in two groups were taken to
make paraffin sections and analyzed by hematoxylin-eosin ( HE) staining. Results HLF gene inhibition or overex-
pression had no significant effect on the proliferation of MIN6 cells. When the HLF gene was inhibited in MIN6

cells, the mRNA expression level decreased by 74% compared with the control group, and the protein expression



FHEAXFFIR  Acta Universitatis Medicinalis Anhui 2025 Aug;60(8) - 1439 -

W % i jE BT 1) 2025 - 08 — 18 10:44:35 M % 4 iRkt : hitps . //link. cnki. net/urlid/34. 1065. R. 20250815. 1707. 029

1 b B IR WIS 2 657 G409 MILE-12 4 #5345 i 1

WET B B R W, E OB HSEE BRI A %
(ZHEFRKRTH _ERMEERN S F, A 230601)

WE B WITERRS R 28 (LPS) SR MLE-12 4805 P E I, 773%  IEZHE(1 we/mL) V55 MLE-12 2
i A 2 A B AR M TR | RO AL BT 24 b, ZHME 3 A 4 21 CON LPS LPS + 100 nmol/L J& 4K . LPS +200 nmol/L J¥
FrpE AR, SRS 21 40 i B RN RNA |, qRT-PCR A 40 i Hh 28 5E X A0 LA~ 2R (IL) -6 b9 SR FE I F-o ( TNF-at ) | IL-1B 2R
MAMIA1E IR F 1(CCL2) . C-X-C FEF# LA F B (CXCL) 1, CXCL2 7K, TUNEL A 40 M98 1, Western blot #5440
B R AL TR 1A B(P-Ake) S8EBR LA AME S V435 F (P-Erk ) (92 AK T, R 5 CON 4 HL#, LPS LA 4 fE A i
TNF-a \IL-6 \IL-1B ,CCL2 ,CXCL1 ,CXCL2 [ mRNA 7K-F-F+ & , TUNEL FA:40 i 8 fin, P-Akt 5 P-Erk & (1 6380m, 5 LPS
ZHAA L, LPS +100 nmol/L FEERLHEAKZH A9 TNF-o | IL-6 . 1L-18 ,CCL2 ,CXCL1 ,CXCL2 i mRNA 7K T %, TUNEL FH 4 41 g 508
/> P-Akt 5 P-Erk 2B 13235 F B ;117 LPS +200 nmol/L BE B Ik 2H Xt 48 5 R T 1 sk 2 /E FI A LPS + 100 nmol/L B R ik 20
Wi, &5t BEROMERKXT LPS 559 MLE-12 20 M8 1 5 (R4 1R A, AR FALHI W] B2 @ a0 il Akt 5 Erk 8RR bR 08>
RAEN BT RIE AN — 2042, IR B R4 e A VE A

KB RN Ne 20 S ERG T s MLE-12 4 ; R 5E SR

RESES R 965

XERERER A XEHS 1000 - 1492(2025)08 - 1439 - 06

doi: 10. 19405/j. cnki. issn1000 — 1492.2025. 08. 011

2 M1 (acute lung injury, ALL) J&—Fpilf WL R, 4 Bl J& BR 2 BE (lipopolysaccharides ,
IREEAHE , 22 B0 0 il 7K i R AR S e o RE R A 'Y, LPS) S 2 P MR A I d R 5 R ™ Bl
PR A ] SR S I I ZE A AIE (acute respirato- JK | ALI Ig%ﬂquﬁ@%%ﬁ'ﬁ{ﬁﬁ, i) i =
ry distress syndrome, ARDS) " | ZHEEYL L ALL 5 WORIT TSR . ALLJRERAE B2 1A R BT -
SR N IR= i A S o N ey [ RO
2025 - 02 - 15 HEllg Jitd ( alveolar epithelial cells, AECs) i1}, AECs 32 $ii
AR5 RO H R 20005 B S B A 6040 TSR JE— S5

) SR BRI OIRITCR S AMIRORS o 2, O 10 €5 S0, S5 ALL s 8 2
R 7 TR, 196 AECs U569 55 F LI 0T AL
B0 B AT B, AR A S0 8 (S VR Eemail s StV TE AR 7 AR R e LB 3R A KA1 (gluca-
zhongxing@ 163. com gon-like peptide-1,GLP-1) Z K a7, W Hi Ak,

level decreased by 60% compared with the control group. After overexpressing the HLF gene, the mRNA expres-
sion level was 2. 13 times compared with that of the control group, and the protein expression level was 1. 8 times
compared with that of the control group. The mRNA expression level of the HLF gene in the knockout mice de-
creased by 89% compared with the control group, and the protein expression level decreased by 65% compared
with the control group. The results of HE staining showed that there was no significant difference in the cell mor-
phology in the islet tissues between the knockout mice and the control mice. Inhibiting HLF increased the glycogen
content in MIN6 cells by approximately 20% . Conclusion The HLF gene knockout mice are successfully con-
structed, providing an animal model for studying the role of HLF in the pathogenesis of diabetes mellitus.

Key words hepatic leukemia factor; conditional islet B cells; RT-qPCR; Western blot; gene knockout; C57BL/
6J mice
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