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Proliferation and Differentiation of Pancreatic 8 Cells in L-type Calcium Channel aip Subunit
(Cav1.3) Heterozygous Knock Out Mice After Partial Pancreatectomy

Yoon-Hee Choil, I1-Hee Yun3, Sun Hee Suhz, Dong-Jun Liml, Jae-Hyuung Chol, Hyuk-Sang Kwonl,
Bong-Yun Cha', Ho-Young Son', Chung-Gyu Park’, Kun-Ho Yoon'"’

Department of Internal Medicine', Immunology & Cell Biology Core Laboratory’, The Catholic University of Korea; and
Department of Microbiology and Immunologyj, Tumor Immunity Medical Research Center, Transplantation Research Institute
Seoul National University College of Medicine

Abstract
Backgrounds: L-type voltage-dependent calcium channel (LTCC) plays a crucial role in insulin secretion from
pancreatic § cells through Ca® influx. In the recent report, LTCC Cay1.3 subtype homozygous knock out
mice showed impairment of postnatal pancreatic beta cell development as well as insulin secretion.
Methods: We performed 90% partial pancreatectomy in heterozygous Ca,1.3 knock out mice to investigate
the effect of partial deficiency of Ca,1.3 gene on beta cell regeneration in the adult. Glucose homeostasis,
metabolic profiles including serum insulin and lipid levels and morphologic changes of pancreatic islets were
studied.

Results: 90% Partial pancreatectomy induced glucose intolerance only in the heterozygous knock out mice
at 8 weeks after surgery. Distribution of islet size was significantly different between two groups after partial
pancreatectomy; median value of islet size of heterozygote was larger than that of wild type (642.8 um’ vs
1459.8 ym? P < 0.01). The frequency of single beta cell unit, considered as a unit of G cell neogenesis, was
much lower in heterozygote than that of wild type (41% vs 23.3%, P < 0.05).

Conclusion: These data suggest that Ca,1.3 gene deficiency is specifically associated with impairment of beta
cell regeneration, especially neogensis and eventual glucose intolerance in the 90% partial pancreatectomized
mice. (J Kor Diabetes Assoc 31:208~219, 2007)
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Frol2%5Z(voltage-dependent calcium channel, LTCC)E
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1. &l S8

C57BL/6) A& FEHS ap #AAEAE 4 A3t A
HA(ap"H} ulsto] Q1L oA ap FAAEH FAA
3 BF(apHS Algtol Aol o] g3t ap’ FE

A9l A2 HE 8 (gene-targeting method)s &3}
AL Aol ap”He oA oR oY BeH &
Aol & HolA] ¢gkoky A4 &g Ktk

PCR ol8&zlo] AQFS Azt olds #HAAsIC
(Fig. 1). A3k PCR primer sequence forward 5’CCAT
GAGCACGTCTGCACCC3’, reverse 5S’TGAAGCACAGA
TGGCAAATGAG?3’, mutant 5’GTGGTTTCAAATGTGTC
AG3’ it}

AL 16~2059] ap™ A FE AQToE A8
o RE AdelA] A AFe U okd A AR
E tizre® o]gsigich AT 18vulE], a1
ulelie). a2 12417 k719 el Asslale

+/+ +/+ SM +/+ +/+ +/- +/+ NC

Fig. 1. ap genotyping of animals. PCR of tail DNA showed wild type (+/+) and heterozygote (+/-). C, normal C57BL/6J
mouse used as control animal; SM, size marker; NC, negative control of PCR.
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Fig. 2. Comparison of changes in body weight and fed whole blood glucose levels after partial pancreatectomy between

wild type and heterozygote. A, Body weights temporarily decreased after operation and then gradually increased

throughout experiment in both groups. B, Whole blood glucose levels were measured at fed state in the morning with

portable glucometer weekly. Blood glucose levels increased one week after operation in both groups and maintained in
HT and gradually decreased after 3 weeks in WT. WT, wild type; HT, heterozygote. * P < 0.05.
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Table 1. Biochemical and hormonal parameters of wild type (WT) and heterozygote (HT) of aip Knock out mice

before, 3 days and 8 weeks after partial pancreatectomy

Gr Day 0 Day 3 Week 8
oup WT HT WT HT WT HT
Blood glucose (mmol/L) 13.0 £ 1.7 123 £ 1.1 8.6 + 0.3 78 £ 1.8 119 £ 1.6 119 £ 22
Insulin (ng/ml) 1.3 £ 02 1.0 £ 02 0.8 £ 0.1 1.0 £ 0.1 1.1 £ 03 1.3 £ 02
Total cholesterol (mmol/L) 2.15 £ 029 226 + 0.22 2.88 £ 0.24 284 £ 03 26 £ 032 249 £ 04
Triglyceride (mmol/L) 0.67 £ 0.3 0.37 £ 0.11 0.44 + 0.13 0.24 £ 0.12 0.36 £ 0.09 042 + 0.07
HDL-cholesterol (mmol/L) 1.88 + 0.2 2.04 + 0.16 2.1 £+ 0.3 237 £ 0.25 233 £ 029 192 £ 027
Free fatty acid (1Eq/L) 1734 + 241 1722 + 252 1399 + 68 1,082 + 129 2260 + 300 1,940 + 214
Data are mean * standard error.
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Fig. 3. Comparison of baseline IPGTT and ITT between wild type and heterozygote. A, Glucose tolerance test before
pancreatectomy showed no significant differences between two groups. WT, wild type, n = 14; HT, heterozygote, n =

39. B, Glucose disappearance rate after insulin injection showed no significant differences between groups. WT, n = 12
; HT, n = 11. IPGTT, intraperitoneal glucose tolerance test; ITT, insulin tolerance test.
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Fig. 4. Comparison of IPGTT and ITT performed 8 weeks after partial pancreatectomy between wild type and
heterozygote. A, Blood glucose levels during glucose tolerance test after pancreatectomy in WT and HT groups. Blood
glucose level of HT at ninety minute during GTT was significantly higher than that of WT. In each group, n = 5. B,
Glucose disappearance rates after insulin injection were not different between groups. In each group, n = 5. WT, wild
type; HT, heterozygote. IPGTT, intraperitoneal glucose tolerance test; ITT, insulin tolerance test. * P < 0.05.

Table 2. Total pancreatic weight and beta cell mass in remnant pancreatic tissue of wild type (WT) and

heterozygote (HT) of alD knock out mice before and 3 days, 8 weeks after 90% partial pancreatectomy

parameters Day 0 Day 3 Weeks 8

WT HT WT HT WT HT
Weight of remnant pancreas (mg) 285 + 54 292 £ 15 352 £ 26 338 £26 509 £55 606 59
Beta cell/pancreas area (%) 064 + 02 0.33 £ 0.1 - - 1.97 £+ 04 182 + 0.5
Beta cell mass (mg) 0.16 £ 0.05 0.10 £ 0.03 - - 098 £ 0.25 1.03 + 0.2

Data are mean * standard error.
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) oldt AaHS Ho|1 9lrt. Iwashima 52 AP HIERA]
% LTCCE 743K mRNA #4] 3 Ca 13 o] F3l
T4 2491 HodFo] 227k Qlalinlel= Ca,l1.3 o}
o] FaAdo] Zzslo] gt ZEu} Schulla S #
HIER|ZellAut el o2 Cal.2 42 24 /4
A7 FlollA] wiebdIEe] 72 WAt At QlEwle] A
xo] W] AelE B3 A7l dEFEH|(first-phase

insulin secretion)®] &Ao] e HolF Ca,1.2 oFo]
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Fig. 5. Median value of islet size in wild type and heterozygote groups. n = 5 in wild type (WT), n = 6 in heterozygote

(HT). * P < 0.05.

Table 3. Cross-sectional areas of solitary G cells and islets in wild type (WT) and heterozygote (HT) at 8 weeks

after 90% partial pancreatectomy

Islet size group WT (umz) HT (umz)
SCU 204.0 = 8.7 216.0 £ 10.8
solitary [ cell 1316 = 8.5 1635 + 12.1°
SI 681.7 = 21.8 687.4 £ 23.0
MI 1,846.7 + 108.0 1,850.8 + 76.0
LI 15,064.8 + 1620.4 15,830.4 + 1349.8

Data are mean * standard error. SCU, single G cell unit; SI, small sized islet; MI, medium sized islet; LI, large sized

islet. * P < 0.05 between wild type and heterozygote.
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Fig. 6. Islet size distribution in wild type and heterozygote groups. Frequency of SCU (single cell unit), SI (small islet),
MI (medium-sized islet), and LI (large-sized islet) in both groups. Proportion of SCU was less in HT than WT. Size of
islets in HT group has a tendency to be larger than that of WT. n = 5 in wild type (WT), n = 6 in heterozygote (HT).

* P < 0.05.

Fig. 7. Immunohistochemical stain
heterozygote (HT) (b,d) than wild type (WT) (a, c).
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Z2(replication), =7]2] Z7Hhypertrophy), HIERAIZL] A1
AY(neogenesis), HIEMNZEL] A|FEAL 53] apoptosis 50| 9l
o, B Aol 5 85 F wERIES] RS F T B
F7FI et 7 T 2l on] e XolE HolAl= ksh
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1~37] BEe] AR o]FolRl A& At o]zt
< A & o] A2 x| 7 Bouwens 5°] 93
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© At A AE T AAIERNE fHiEe R
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IPe. &, B AYe) Avze v ¥ B ke 8
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H4E APt ap”’ T Tzl HlF 9L e
2 HE v R HERAES] 4Ae] i og A
Ze & ek wERAIES] AR wlebAZ7E obd
A5t (progenitor) = ZHAIE(stem cell)FE] HlEMAIERZ
B3lE e e 9o 90% A AA Bdll SO iR
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IS AR AL 7P sk el Ase Al
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