Characterization of a Type 2 diabetes-associated islet-specific enhancer cluster in STARD10 by genome editing of EndoC-3H1 cells
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Background: Genome-wide association studies (GWAS) have identified more than 100 genetic loci associated with type 2 diabetes. The majority of these are located Iin the intergenic or intragenic
regions suggesting that the implicated variants may alter chromatin conformation. This, in turn, is likely to influence the expression of nearby or more remotely located genes to alter beta cell function. At
present, however, detailed molecular and functional analyses are still lacking for most of these variants. We recently analysed one of these loci and mapped five causal variants in an islet-specific
enhancer cluster within the STARD10 gene locus. Here, we aimed to understand how these causal variants influence 3-cell function by alteration of the chromatin structure of enhancer cluster.

GWAS studies identified 5 causal variants at STARD10 gene locus Result 1: Variants exhibit differential transcriptional binding potentials Result 2: Variant region physically interacts with HS5 and HS1 regions containing
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Result 3: Mutations of CTCF binding site impair insulin secretion Result 4: HS1b exhibits highest transcriptional activity and its deletion impairs insulin secretion Model: variants affect 3D
A C . structure of enhancer cluster
A HS1 B . .
o * %k o o **
*Cas9 ) O GWa3 Catal gRNAl gRNAZ E 7 2
HS1-1WT o > xx S T e | S T T m o n 209b %P s o ! Qg'@
- * HS5 HS4a HS4  HS3b HS3aHS2b HS2aHS3 HS2HS1b HS1 P c = <V
J\m wmf\m\mm w\/\ . T I : 5
ccccccccc W] W R~ (] » ] A WRlc T W T ok T S E
31 o ets - JEI N EE [ ] L 2 © 17
T _ A ey I IE N | ] NMmE I B I = o
= : 248 bp = S
— : ; 0- 0

CHSGSG_GZC\—A/G-IIC—fGGGC c

G GCC G GC
.
i I I\
/'. |"I‘ Allan A A [ 'I‘ Al N
IFVATAYAYA! ATAYA I\ [\ IAY; f\
ul“,‘-, AN RN AR AN ‘
G GGG GCC G GN

Insulin secretion (% of total)

2= T
O o C) ¢ N N
) ) 2 %) ° @
T ARAP1 locus STARD10 locus G o o> o o
17 & & o %" © %"
& oo° X > ®
¢} - F
cTC

0- T T 1 T 1 ' gRNA]‘ F CTCF ‘ﬁ\a

CARGGGLAGTEARGEGEALA G 0.5G 15G 0.5G 15G 0.5G 15G 0.5G 15G 0.5G 15G 6 10
FiS5-2 Mut Control HSL-1  HS12  HS5-1  HS5-2 B = i - .
D C pGL3-promoter | SV40 Luciferase gene s 4 T o é ARAPL ATGL2
— 64 * %k %k
= ARAP1 . STARD10 . - .- . Nhel Xhol Hindlll BamHI Sall = ns . s = * T
O 251 ns O 15 . * % * % = ? 4 - * %
o o © ns o ns o 2 - - ©
L * L * w204 _xx o 4 * 2 ok = - -
o 2.0 4 %% o — * =} o i _ ) 2
2 ns -|- 2., o, ] I ha o c [ < I [
S 1.5 S T T 81.5 :"3 T 10 D B 0 _. T T 0 ! T
5 > S & o S 0 O o (CICIEIN S 0 O
2 T 2 S ! S ST S S ST e S STARD1I0  Genes
= 1.0 - < < - o o o7 X o KON o Lo O e
E T o g 2 ..g 8 %\2.0 rn & o'\z\ ®~\~ \Q)® {_Q\ O 6\l_oa;l-o\t}(\b‘ 6\06 Goo 2 ®~\~ \Qﬁ &© Q-Oo\o%o o b‘(\bo
© ) = 0.5 4 S 1 o] = °Te @ Q‘o ot & N \%" ot & 2
:Z " :Z : } ; 6 bl 5 = A « ° )
=z =z 0.0 T 0 T -_ ; T
£ e SN Gy < >
I | 1 *R * [} . . .
= S NS = Sy Ny R SR I R IR R A A c ¢ S 1.07 Fig.5 A. Position of small enhancers at STARD10/ARAP1 locus. B. Promoter-luciferase
s T L s ¥ EFL E e assay of individual enhancers in EndoC-BH1 cells. C. Deletion of HS1b enhancer by
: : . - : : . : — 27 < 057 CRISPR-Cas9 mediated genome editing in EndoC-bH1 cells. Two gRNAs were designed to
Fig.4 CRISPR-Cas9 mediated genome editing at CTCF-binding sites in HS1 and HS5 regions. A. DNA sequencing - = delete 208 bo DNA fra r%\ent Gel elecg:]tro horesis of PCR rodugts from CRISPRgedited
confirmation of mutations generated at CTCF binding sites (CTCF-BS) after genome editing in EndoC-BH1 cells. B. : = 0.0- enomic DNAI? and DNAgse uéncin confirrrr)1ed the deletion CE:( HS1b reqion. D. Expression Insulin
GSIS assay of CTCF-BS mutated cells. C. Fold changes of secreted insulin content at basal level (0.5 mM glucose) and R J q J gion. L. =xp : S .
RN of ARAP1 and STARD10 genes by RQ-PCR assay. E. GSIS assay. F. Insulin secretion ecretion

after high glucose (15mM) stimulation. D. RQ-PCR analysis of ARAP1 and STARD10 gene expression. stimulated by multiple stimuli.

Conclusion: 1. The causal variants are likely to influence the chromatin structure of enhancer cluster through CTCF binding sites.

2. Islet-specific enhancer cluster at STARD10 locus regulates insulin secretion upon multiple stimuli. Medical .
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