
6' Q. IV 

~~1~\ln'iru3JVl1'JVl!J1~!J 
q 

Q. IV 

VlU'JtOl!J 
q 

n~\lVlU~~~1nb~n~3Jbn~ 
q 

Q. IV 

'i1!J ~1 U'J tOl !J 

cv d' ~ d 
n1'it91'iIJIOl~'elUn1'in~1tJCWUfi csn'el~tJU KCNJ11 61f ~ 

q 

bn- tllJi'el~nUn1'ibn ~b'ifl b U1V1IJ1Ub Ub~nVJ1'in 
9-' • 

(neonatal diabetes) bb~~b'ifl'i~~1Jtl1t911~i,Ub~'el~~1 
• 9-' 

cv ~ ~ ~ cv I ~ 

1Ol,1n'i~ ~1J'flU61f~UV1 ~~ t91 ~ bbt91 bb'in bn ~ 
cu cu 

(congenital hyperinsulinism) 

b~!J 


nruru1 ~ntJ~~'i 

QI QI III 

1~(Pl ~?4'i~~{Ji'!J
III 

'J'iAn~~ b~~b~'elAn~~ 
Q. 6' IV Q. 

~Vlfi?4~~ 'J~'i~Ufi 
q q 

Q. 
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!1J'WeHh~~ 
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q q q 

I I .d = 'JJ 'JJ d 
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111 

'U1'l~VlUfJfll'Hl'1'l£1 

~fJlfl'j-lfll'jl.u£1 fl1'J~'J1'il!H)Ufl1'Jfl~lV~'W;GUfl\l~'U KCNJll ~\I!~V1,j'fl\lnUfl1'J!n~
q 

1'J fHU 1'VI 11'W , 'W!~flVl1'Jfl (neonatal diabetes) !!~~1 'J'fl'J~~uJ1~1~''W!~fl~~1'il1fl'J~~'Ufl'W91i)'W~
<u 

'JJ 

~\I~\I!!~!!'Jfl!n~ (congenital hyperinsulism) 

~ 'V~v 
'lffJft..l1'l"W VH)J.~'J. nUJUJ1 rYfl1J~'W'J 

'U u u u q 

'W'W.~'J. 1~~ ff'W'Jff~~i'V 
q 

<I <I 

'W'W. 1'Jfttl~ lG}f~!~H)fttl~ 

"'" <I Q/ "'" 

'W'W. ff'Vl'li'W\lrY 1G}f'J~'U'Ii
q q 

~ -;:II"'"
, 

~v c::S ~0 

LVI fJ'WH~~'U1'l1'l11'i1£1!tJ'j 'iI 'lJtl'Wl£1'W 2555 
q 

v , 

'U 1'l fl VI £1 fJ 

d d d ~ GJ <!i' <!i , 

fl11~'Vl!~fl'Vl1'JfllJ'W1~1~ !'WWfl~ff\lnfl'Wfl1V 6 !~fl'W (neonatal diabetes mellitus) ff1'W 
<u q 

1'VIqj!n~fl1'J tl~lCJ <w't.!'Q1 'W~'W~'Vl1'VIU1~ff~l\l11h~'U~!il'Uci1'Ulh~tlfl'U~fl\l ATP-dependent 

o GJ !lI')n I d 0 ~ dI 0 GJ 'J,I <I ~ "'" "'" 1I)!lI d d 0 !lI d
potassium channel 'Vl1!'VI !u'J~'W'Vl1\ll'W:U1flGU'U 91\1'Vl1 !'VI!91~~'H~\lfl'W~~'W !~~~fl\lV'W'Vl'Vl1'VI'W1'Vl 

OQ/Q.I' ~ di 

~1'flty~\ltl~11'flfl KCNJll !W~ ABCC8 91\1'fl1Uf.}:U subunit GUfl\l inwardly rectifying potassium 

d' Q.I <I 
channel (Kir 6.2) H~~ plasma membrane sulfonylurea receptor (SURl) 'Wfltl'il1tl'W tl1'Jfl~lV'W'W1j 

v. • 

1'W~'W!~V1n'Wu 'Vl11 ~!n~ 1 'J'fli1iJ~flEJW~fl1fl1'J'Vl1\l'fli)UflVi~'J \I n'WGJJ1lJn'W 1~ ~fl 1 'J'fl congenital 

Q.I <Id' 0 GJ !lI')n I doll)!lI!lI 'GJ !lI <I ~ "'" "'" d ~ 
hyperinsulinism fl1'J fl~ 1V'W'W 1j'W 'Vl1 !'H !u'J ~'W 'Vl1\ll'U !~'WflV~\I ff \I ~~ !'VI !91~ ~'VI ~ \lfl'W ~~'W!'W:U6ij'W 

,I ~ 9J 

fl1'JffflE11fl1'Jfl~lV~'W ;~fl\l~'WVin'fl11:U!flV1GJJfl\lnU 1 'J'fll'l\lfffl\lU cJ\I 111!'flVnfl1'J 'JJV\l1'W 1'W~lhv 
q <u 

d II) di d'IIJ!lI !lI' ddQ.l ""'<:> !lIII)!lIQ.I
!~fl !'VlV f)1'Jf1'f)1:l1'W b~'J1U'J1:u~1J1VVl:U~f)EJW~'Vl1\l'fl~'WfH6ij1 b~f)U1'J'fl neonatal diabetes 

<u 

!lIn'l d d Q.I "'" "'" !lI II) !lI Q.I ') 0

mellitus !!~~~u1V'Vl:U~f)E1W~'Vl1\l'fl~'WfH~1 b~tlU b'J'fl congenital hyperinsulinism !W~'Vl1fl1'J 

~'J1'il'VI1fl1'Jf)~lCJ~lJTI~fl\lV'W KCNJll 'WU11 ~lhv1'Utl~:u neonatal diabetes nJ\I'VI:U~ 6 'J1V l~v 
q 'U q 

d d d !lI , <!i d !lIn'1 dd d! 
'Vlf)'J1m'J:U:Ufl1fl1'J'Vlfl1CJ'WflVfl11 6 !~fl'U :U~u1V 2 'J1V'Vl:Ufl11~ diabetic ketoacidosis !:UflU'Jfl 

q q 'U 

lU1)~V ~1'W1'W 3 'J1Vnfl1fl1'J~!n~1)lflJ1~1~1'W!~fl~~\I !6Jf'U polyuria, polydipsia !~'W~'W ~~tl1'J 
~'J11)f)1'Jfl~lV~'W; 'WUf)l'Jfl~lV~'U;6ijfl\l~'U KCNJll 2 'J1V1)1f)~lhvJ\I'VI:U~ 6 'J1V ~~!~'W~flV 

q q 'U 

'JJ • 'JJ 

~~ 33.3 ~iJ1Vl1\1 2 'J1V ff1lJ1'Jtl'~fln~flEJ1~"WV11'Uf)~:U sulfonylurea !~fl'fl1'UfJ:U'J~~UU1~1~ 

1,rfl~1'WlflWcyftJfl~1~ ~lhv 31'W 4 'J1v~111'W1JiJf)1'Jfl~lV~'W;GUfl\l~'W KCNJll 111~flUff'Wfl\l 
'U 'U q 

~ flV11 'Wfl~]J sulfonylurea ~1!~'W~fl\l1~~Uf)1'J ~tlEJ1l~w1,*fl'U~~'W 'ff111 ~u~1l1CJ~iJ~flE1W~'Vl1\l 

'fli)Utl!~l 1~n'U1 'J'fl congenital hyperimsulinism 1)lflfln~'Jd1)fl1'Jfl~lV~'WiGUfl\l~'W KCNJ11 cJ\I 

'11'WUf)1'Jfl~lvvr'W1i~!~V1GJJfl\lnUf)1'J!n~ 1'J'fl fl1'J~'J11)111f)1'Jfl~lVvr'W1i6ijfl\l~'W KCNJll n 
q q 

') <I ""'''''' Q.I , d! d')
lh~ !VG}f'W1'Wfl1'J1'W1)'QV neonatal diabetes :U1f)fl11 congenital hyperinsulinism !'Wfl\l1)lfl :u bflfl1ff 

di !lI d I ') <I , Q/ GJ!lI _ ~ n'W'Utl \I 'J flV~~ 30 !m~:uu 'J~ bVG}f'W ~ flfl1'J 11\1 U~lJ f)1'J 'JflEJ 1!W~fl1'J ! 'VI fl1'J 11 'J flE11'Vl1\l'W 
Q.I 

'W 'Ii 
q 
tl'J 'J lJ 
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Abstract 

Neonatal diabetes mellitus (NDM) is characterized by uncontrolled 

hyperglycemia occurring during the first 6 lTIonths of life. The majority of NDM cases 

are caused by activating mutations in the genes encoding proteins involved in the 

A TP-dependent potassium channel causing a reduction in insulin secretion. KCNJll 

and ABCC8 encode the inwardly rectifying potassium channel (Kir6.2) and plasma 

membrane sulfonylurea receptor (SURl), respectively. In addition, loss of function 

mutations in KCNJll and ABCC8 causing an unregulated insulin release has been 

demonstrated to cause an opposite phenotype, congenital hyperinsulinism, the most 

frequent cause of severe hypoglycemia in infants and children. There have been no 

studies investigating the genetic causes of both disorders in Thai individuals. Here, 

we described patients with clinical findings consistent with neonatal di~betes mellitus 

and patients with congenital hyperinsulinism and performed mutation analysis of 

KCNJll. Of six patients with neonatal diabetes, all of them had the disease onset 

before six months of age. Two patients presented with diabetes ketoacidosis at first 

visit. Three patients had polydipsia and polyuria as a consequence of hyperglycemia. 

Of the six patients, two had heterozygous missense mutations in the KCNJll gene, 

accounting for 33.3%. These two patients were successfully treated with oral 

sulfonylureas. Of the four patients without KCJNll mutations, three required insulin 

therapy to control hyperglycemia. For patients with clinical features consistent with 

congenital hyperinsulinism, no disease-causing mutations of the KCNJll gene have 

been found. In summary, mutation analysis of the KCJNll gene for definite diagnosis 

of neonatal diagnosis is preferred as about 30% of cases are caused by this gene. In 

addition, it can lead to more appropriate disease management and genetic counseling. 
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'U'YIlh (Introduction) 

f)~!f)1'W f)l'j (tHt~~h!~ftlHnfl ~-cell "el~i1Jeiel'Ul1r;l~ ~lfl~ 1~f)I(J1~-r1Jfl~1'fl'il'U~~~1hi 
. ~ 

~lHl 1 f)ciTJ 1~f.J{1'1tJll~Uf)~ 1fl!;'1'Nl't-H~1 ~-cell Yn~ glucose transporter (Glut 2) H~~\lf) 

nJ~f.Jl-H~h! ATP 1~m~'U !9f:U glucokinase ~H~!~lJ~~(nci1h1'\Jel~ ATP/ADP ~~~ellJl~~l1~ 

KATP channel l'l11M'j~lltl1UU'Yl!;'1'!9ff.JlJ1 h!!C}f~~!,~lJ~h! ~~~vll1M!9f~~!lJlJtlJ'j'W!n~ 

depolarization f)'j~~U1Mtn~f)1'j influx "B~ calcium !~llJl1h1 ~-cell 'Yll~ calcium channel !ilhl 

~~ 'M'!n~f)n exostosis "~.:J~U9fft'We:l~f)lJl1h!fl'j~Uff!~~~
<u 

Control B~IGlucose 

~--
;Ol~:~/; ;--'_ ._

-S~~h;.;;;.~(~f r ! MetaboH..., 

'\I_(ATP:ADPlf 

7~-:":;;-K' 
~--iL?iaz~ick!i(+) 1 

~ !"rriggeri!'9j 
- -'-'- -" - '-- ' (+ ) 


Ca'+ MiiLK ~ 


----- DAG . cAMP. P1U, C1C /"'~" GPCR 

• }I • 

l'l.1fi 1 U~~~~'W~elUf)l)l1r;l~fhJ~fth!'inf) ~ cell '\J~'l\9llJeiVhl I 

. .~ 

Congenital hyperinsulinism ft~ hflVllh~CP)1J'wWl1~1hI!il~~wh~lfl~hI~ftlJ1u 
~ 'GJ' "'" ~I I 'jJ Q.I rIQ 

f)'j~u(n~~~n~ {1'TU ~Yity!f)~!lJhI sporadic 'ff1h1lJVmfl~Hl1flfll'jfl~1(J'W'U~U1J1J inactivation '\J~~ 

d ~ 
f.JlJ KCNJI 1 U~~ ABCC8 c:tf~fl11JfJlJ subunit "el~ inwardly rectifying potassium channel (Kir 6.2) 

!!f1~ plasma membrane sulfonylurea receptor (SURl) ~llJrll~1J2 n~11hlfl1'j!n~1'j'f'l (onset) el1~ 
G Q.I rI G 1f\'jJ~ ~ d~ ~ 
!tJlJ!;'1'tJ~ll1 !!~~!tJu ~~lN transient Yi'j~ pennanent H~'Yll~ histology lJlNU1J1J diffuse l1'jel focal 

G~U~ll~~~'j If.J~ 1h1fl1'j fl~1(J~lJi'\J V~~hld~IU1h1lJlflU~V~ 1l1'W1Jfl11lJ'fflJ~'U.fi'tI U~ genotype 
. .~ ,~ 

!!f1~ phenotype cVli~!~'U ) 1lJl1~~IUYitl~fll)fl~lf.J~hliYl~lJuu(J1hlf1~lJtJ'j~G)flf)'jl'i1111
3 

1'j flt! 

!lJ lJ1'j f1~iJfl11lJ Yi ~ lfll1 ~l(J'Vll~~l'U Vlfll'H~~~ ~'Yll~flftU f) ~f11J ru~'Vll-:J~U 'fi 
Q 
f)'j 'j lJ rl'fl1Jru~"V~ 

rI , 4Q.I 

!9f~~~~~~~'U f)l'j~VlJ'ff'W ~~~Ufll'j 'jfl1:Jl 

'jJ C\ QI rI ~ ~ Q If\ 'jJ I .,,9 
"B~"el~f)I'j'Vl'jllJfl1'jf1~1(J'WhI'fi fiB 'il'l1Jl'jt)~~Bf)GJ1'W~(Jl ~~!YilJl~'il'lJ !9flJ diazoxide 9f~ 

Q 

• 'j/ 

1~1~~,,~1 'U f1'jUH1iJfll'jfl~l(Jl~\nr"V~ KATP chaImel 'U~fl~1f)ijrJ~ihi'1U~1(J~ 'ij l'jru l'Vll 
Q 

http:1l1'W1Jfl11lJ'fflJ~'U.fi


-----

2 

'j) ~ , 5-6 ' 'j) ." a' 
pancreatectomy !~~'H!~~~tI~U~fl~ 'ffl'Ufl11~!!'Vl~flG)H)'UtlU.:J hypoglycemia lj)lflf11~fHntl'VfW~ 

tjJ • • 'j) , 

6ije:J.:Jv'UlHhJlfll~mQ'W1~!~ U.:J neurodevelopment rWe:J.:Jlj)lfl~~~'U111~lfl1 'U fl~~U'fft~e:J~llrfl~h 
, 'j) <v'" 9 'j)~ I = d 

,
IIJ 'j) d 'JI 31~'1 

fle:J'W ~1~lJlfH!~~f11~) fl'Yl~ ~~'lJ !11lJfl~fl~'Vl !~tl1fl :JJ~ 1tl.:Jl'Ufl11~U'Yl'j fl9fO'W 'j~tl~tl11t1U~~u1tl
'1J 

,,J ''JI 'JIc.- IV 91 CI Ii] , 0 'JI "" 
fl~lJ'W l~tJl1t)11~'j'lJfln~fl1:l16}f1'l1'H) ~1J!'HlJl~'ff'lH)~'Vl11'YHfl~ hypotonia, fine and gross motor 

'J/ 

problems, mild cerebral palsy, speech problem Ufl~ learning problem 1~ 'WUfllj)lflihY.:Jii 

fl11~U'Vl~flcM'U'Ulj)lflfl1'j'V11 pancreatectomy ~tl diabetes mellitus ~tl~1~fUfll~fflElll~Wfl11~~ 
<=> <=> cl ~ , 'j) <V ~ G] <:!l 1IJ9I 
e:J'WGJrfl'U!U 'W ~ ~tI~nfl1'W 1'UU~~!'fftl~~tlflll~U'Vl'jflG)ro'W lj) lfl~~~'U'WWllfl ! 'W!~ U~ff -11 'W~~tI~tl11 !~ 

'1J '1J 

~I '1 ~ G] cl 91 , CI <=>
Neonatal diabetes !lJ'U !'jfl!'lJTY'l11'W'VlU'ff~~e:J1fl11 !'W!~fltll~'UeJtlfll1 6 t~e:)'w !fl~lj)lflfl1'j 

c.J a' d d 
flfl1tl'V'l'UljU'U'U activation tlU~tl'W KCNJ11 Hfl~ ABCC8 9f~fll'UfJ'lJ subunit 6ijU~ inwardly 

rectifying potassium channel (Kir 6.2) H~~ plasma membrane sulfonylurea receptor (SURl) 

~llJrl1~tJ 1'jfl~'lJ1t111'W6}fU~rle:J1lj)~tl1fll'j!!ff~~H'lJ'lJ transient 11~B pennanent n1rl' :UOiiU1fl1'j 
'J/ , 'J/ 

rl.H!1 ~!GJ1'W diabetic ketoacidosis (DKA) ~r~!!~t~lJU'jfl~V~Ol'jliJlj)ijCJ 1~flih~1J 1rl'UBt~J~.:J i~ii 
Q.J <:!l "" , d & tv tv a' 0' IV a' 

VI fl fl~ l'U tI'U U'W!! 'W 'W €J'W II U (1')Pl-:]tl ~fl11lJ 'fflJl"''U1i6ij€J.:J~ 1!!ti 'W .:J€f.W~fl1 'j t1flltl'W 'W 'Ii!W~ t)1 fl1'j U 'ff)'>H
~ q 

'Vll~f!~iJ fl8 fl l1tlfhrlty1'U fl11 l'l1 1Ufl11 fln1tf'W'W i~f)~v'U ~h) 1~f)~ff1lJ1~ tlfflfJ11~~'lJ J1~1'fl1 'U 

CI GJ 'JJ~ I "" 'JJ 0.1 n I' , IIJ I 'j) IV 91 d = = 
!'flf)~ !'I1lJfl\91 ~ltltlTnJu1~Vl1'Ufl~:JJ sulfonyluria t6}f'W Glipizide !lJ~€J~ 'j fl1:l1\Plltlfl1'j Q ~ e:J'W~fl'W 

!Vlij€J'W l1fl!1Jl'11l1lJ9!iJ~~ 11'W!~flil~ lhJ 
I I lI) cl d ~ , d & & 0 "" 

H~ v{J 1~ ! j TlflllJ1'U 'j ~ v;;; t1fll 2-3 1J 'YIH1'WlJllJf)1 'j fl'flfJ 1fl ~fll) ~1!'U ~ i-J flt 'W 'j ~ tI~tl11~tN 
9In'l d If) 'JIIV "" "" 0.1 9 tv ~ .oj n"1' 

rju1tlYl !~11Jfll'j1'W'j)'HCJ congenital hyperinsulinism !'W1t1!~fHW~:JJutytn6iju.:J insulin resistance 

<=> ~I '1 II) 'JJ ~I Q/ I <:!l 9!-l '9·1 1 d <=> 
Ufl~ ~fl~! lJ 'U ! 1 fl! 'lJ1t111'U ! ~ ~ t)'W!lJU1tl 'j 'U 'H 'j e:Jy.j !11 ill 9f -:J 111 fl'Vlfl) 1tl-:] 1'U ff1!11~!fl~ lj) 1flfl1'j flfl1tl 

q <u u q q 

'iI 

~'U~6ijB~ ABCC8 rJ-3l~ii~ 1{J.:J1Ufl1'j~h!'wu i 'jf)!~'Wut 'W fl1~flfl1tlrr'W~SUB.:JV'U KCNJ} 1 
q q 

l\91tltJ'j~tI'-:Jr1~B.:J lfl1.:Jf)1'jl~tJ
q 

1. !~DffflfJ1fl1~ f1~ltlrr'W~~U-:]V'W KCN}}} 1'WN1Jltl~~ftflElru~'Vl1'lfl~iJm~1 i~rl1J i 'jf!
q '1J 

'j)~11 d d Q/ "" "" 'j) Ii] 'j) Q/ ')

neonatal diabetes !!fl~~UJtJYllJflf)fJw'~'Vl1.:Jfl~'Wfl!6ij1 !~fl'lJ !~fl congenital 

hyperinsulinism 

d! & & , 9 'j)~'1 d ~I
2. !l"lUftflElltl.:J ~,mfl1'j~tl'lJtI''U U.:J~Btl1 sulfonylurea !'W ~u1tlVl!lJ'W neonatal diabetes 

c! III a' d 

Un~'V'l1J1Jfl1~fl~ltJ'V'lU~~U~{JU KCN}1} 
'JI 

fl111~tlrll11~'lJ1fl ~ .:Jfl11U lj)~f!~ B1JflfllJ()~fl11f1''W l11f)1'jflfl1tl'Vh.J'BSUU.:JV'W KCNJ11 , 'W 
q q 

'j)~11 ~ c! d 'j) Ii] 'JI tv "" Q/ a'd 0 GJ 91 

~u1tl'VllJ01 Ol'HW~BlI111U(1'~-:J'Vl!~1 !~fl1Jfl11~ neonatal diabetes (tfWl1l1flf11'j flfl1 tll"''W 'Ii 'Vl'Vl1 !11 
'1J q 

.d 0 <:!l 'JI~'I dd Q/

rl"llJfl11'Vll'l1'U, activating mutations VI'jU gain offunction mutations) !!~~f;;!lJltl'VllJflflElW~'YI1~ 

f)~iJfl!~11~n1J1'jfl congenital hyperinsulinism (!n~lj)1f101~flfl1tlrr'Wf~l'i'1 '11'tTty!~tlfll'jl'i'1.:J1'U, 



3 

inactivating mutations l'i~tl loss of function mutations) 'Vll! ,ifll'J lU iltQtllJ'fll'i~ tlfll1~~.:JflcilJ 
~ 	 II] 11]91 1 91 ~ ~ 011] 1 QJ ci ~ 910_~ 

!tJ'W ~U ~~tltll.:Jtlfl~tl.:JlJlfl'tl'W ctf.:J'Wl ~t1(1'fll'J~m:nfl'tll'Vl!'MlJl~t1lJ 'J1lJ'Yl.:Jfll'J!11'fll'U'JflEJ1'Yll.:J 
~ 	 ~ ~ . 

l'1'W ~fl'J'JlJHn~ihm~~~t1lJl;flV'W~ ! 'W 'fl'j tl'Uflr J 'W tlflillflU 
~ 

fll'J ~fl'tlll~m)~'J 1lJi1~ fll'J 

~eJ1Jt1'Wtl 'Witltll~'li'h.Jvrihtl~'W1J!1Ju neonatal diabetes ~tf)~illflfll'JfHntlvrutf'1JeJ~th.J~.:Jflcil1
~ 	 q 

I I 

o ~ ~Q.J ..:::i..:::i 'j/ 

fll"Hfl'j1<UHU1Yl11lJYl~U~~f)lj1~tJ'YIAfltJ1SUfi-3 (Survey of Related Literature) 

c! ""'" <I ;f
Congenital hyperinsulinism lJ~'U\9lfll'jW 'tIeJ~ 1'J'fl'WU'U'U sporadic U'J~lJ1u! 1 :27,000

.". GJ ~ ':::3 9 1 ci c! Q.I cJ' c! ci 

1 :50,000 'tItl.:j'Vll'JfHnfl!fl~Hn~tllll'W'U. 1 :2,500 ~'WU1.:j'W'W'Yl !'Wfl~lJ'VllJfll'jflrlltl'V'fU~'tIV.:jtl'W'Vl 


'W U 'li tltl~ff~ Url~ ijf) 1'J 'j 1tl~ 1'W! tJ 'W V'W!! 'J flAtl ABCC8 1lu ilU'W ih 1tl~1'Wfl1'j f)rl1t1vr'W tf'tItl~V'W rl
q 	 q q 

'JI 

1J1flfll1 150 9fU ~ (http://www.interscience.wiley.com/jpages/1059-7794/suppmat) 'W tlfHllf)U 

Hij1tl~1'WTWl'i~~ 'W'UiJfl1'jfl[l1(Jvr'Wtf'tltl~V'W KCNJ 11 fll'jcil(J'Vltl~'Vll-:)vr'W1jfl'j'j:lH1J'Wl1.1
'U Q 	 Q 

(;)fl'tl rn~th.J ~eJ (JU 'W tltl1~1ctflJ (autosomal recessive) 'W'Uil~'flJllJiYlJl4''W ~nu'W (J1~ {,"(fl1'W~~'U'U 
• 'JJ 

N~tJf)~fl1~'i)1(J'l1111~~'U~t)'W (diffuse form) ~tl-:)'~fUfll'jrf)E111~(JflnHW1~ near total (95-98~o) 

pancreatectomy ~,nY~vm 11.1 'j ~ tl~(J11il~iJflJllJ!~tl~ t1 ~~efll'j !~l.H 'Ull'i 11'W iJ!.w (J ~ 1J 1 ~ 'J 1tl~ 11.1 
'JI • , 


1 <V c!d 1 • 12-14 "g c! 91 1 


! 'l"ll'W 'U 'YllJfll'J fll (J'Vl V~ U'U'U autosomal dommant ctf-:)'i)~lJeJlfll'J 'j'Wt! 'J -:)'W Vtlfl11 
Q 

d 	 a.= <I 1" ~I .".
Neonatal diabetes lHJlJflfll'JU!tlD-:) !'jfllJ'J~lJ1H! 1:400,000 'tItl-:)'Yll'jf)H'Jfl!fl~H![l:::;D1il 

& l ' 1'" c! 1"1 ~I 91 .".
'W U{,"(~tI~ 1:215.000 !'hi U'J ~nHH15f1 ! f)'ff l[l11lfl(J - !~(JlJ'J ~lJlrn 'J eJtlrl~ 80 ~fl~ illf1fll'J flflltl 

"-' 


<V <I d G] Q.J 91 QI 16 <V <I c! 


'V'I'W1j'tltJ~V'W KCNJ11 !'U'Vl1-3~1-lfl'W'tJllJfl'U congenital hyperinsulinism f)11f)~1t1'W'W1j6ijtl-:)tl'W 

KCN]11 ~l~ U1'W ~ijJtl 'Vl11tirrhJfll'Jr11~1'U (activating mutations l1~V gain of function 

o G] 91 <I ~ C> .". 1~ 1" c> d' d

mutations) 'Yll ~11 !G)frlrll1~-ltl'WCJ$~'W ~ rl~rl-:) !'HH'U-11111'WG}$'U~'W fJlillJVlfll'j !!'ff~~U1JU transient 
'U 

.<!f ~lIJ9IQJd 1 ~ Id. 

'Vi'JeJ permanent fl ~~ lJfllJtllflng'UU'j-:)t~'W diabetic ketoacidosis (DKA) ~~!!~!1lJU'Jfl'tltJ~fl1'j 

""'.". 	 QI 

1'Wttlutl 

..:::...:::i ~QJ 

11lfll"a1<UtI (Procedure) 

1. 	 Th~l!U'Wf)l'Jl<Otl 


1_1 fl~:JJ~ltJth-ln~~flci:JJfl1U'fllJ 

q ~ ~ 

1 QJ 1 ~ 91~11 ci c! QJ <=> <=> 91 II] 91 QI 1 
fln:JJ~1tl(Jl~ fiB HlJ1(J'VllJrlflElru~111~f1rl'Wfl!'tIl !~flU ~ 1'fl neonatal diabetes mellitus 

Q ~ 

, 	 I 

~~II .:::s d <V .". <=> 91 IfJ 91 QI 1 	 <=9 <V 

Url~~lJ1tJ'VllJrlflElW:::;'Vll~'fHl'Ufl~6ijl ~~f)'U ! 1f1 congenital hyperinsulinism 9f~1Jl1'Ufll'J 

~!!~ffl'tll~!~H'WflfllJl'J !19fffl(1'~f 1'J ~1~tJ1UlrlttlW1Cl-:)fl'JW !!~~~fl'J V'Ufli'') ttl~ tl~r'Ufl1'J 
'II q 	 q 

http://www.interscience.wiley.com/jpages
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l~'f) 'J 1~t1'W~f1'11~ n~ tll11!,1lJl;flfl'J O'Ufi i'1~(11) 1)~!11 'W'W 1'H~11~OlJ'f) '11lJ~~V~~ 0f11'J !flfl 

1'J'f) 

f1~lJfll'lJfJlJ ~O ~~!l1t~U1 'Jfl~~fl~11H~~1~lJlh~-wl!,1lJ1;f1t'W~ 1Ufl'JOU'f)~1!1JU 
1'J 'f) , 'W fl'JW~~1Jljf11'J fln1V'W'W.fi'l1:JEUfl-3VUi-3fl~111'W ~ih(J 1)~iJfll'jt1l!,11'jcW'W 1) fl'j 'jlJ 

'l CU Q 

'0 Q/ <I d 

DNA 'tllflfl~lJfl1U'f)lJ'tl1Ul'W 100 fI'W lJl~11~fl1'Jf1~1t1'WU'fj6JJfl-3t1'W KeN}}} ~'Q'Wl~~'j-3
• Q q 

1J~ nru ~'W1Jfl1'J fl i11VcW'W,r t~Ufll'J vucJU 1101'J fli11Vvr'W ,ri~flcilTfflflru~Dfl11 ~fl~ 11 fI 
q Q U 

1:J'~ polymorphism 

1.2 f11'J~UVDlJ!~\~'1lJ lf1'J-3fl1'J 

9 = 'j./')' = <V 'j./ Ii] 'j./cv Y~'I ~ 'j./~ I 
~ Utl'WtltllJ!EU 1'J '1lJ ! fl 'J -3fl1'J llltl'tl ~~ D-3 !~ 'j 'U 11lfl v-Iu 1V'H 'j tlHuf1fl 'J 0-3 

<u cu 

d Q/ , ~ 

1.3 f11'J !flU~lDVl-3!~Dfl 

!fl1J~lfl~l~!t1O~ 'tllfl ~!~1~ llJ fll'J l~V1ci1U l1 n tl~~iJ !,111 n'W!t1 V~!!~~ 
cu 

1.4 f11'J'ffn~~1'J'Vf'W ~fl'J'JlJ (DNA) 

CJ <ld ~ cv Y Y dt 
Genomic DNA 'tl~t)fH1'fl~1l1fl!CJfi1mlJflWfJ~EU11 Un~1~f111lH6jJlJEUUEUD~ DNA !'WfJ 

cu 

t11!u,;tufll'JVl~nD~~tlll u 

1.5 f)l'J!~lJmlJ1ru DNA cil'W~~D~fll'J l~VlTI polymerase chain reaction (peR) 

1.6 DNA sequencing H~~r-H'l~ 1~1l1flfll'nl1 peR (peR products) 'tl~\lfll-h II tJl11rll~U 

t'lJbf 

= <I r:J <I )' 9 ~<LI
1.7 f)1'Jl!fI'J1~'Hl11fll'Jfli11(J'W'W~ (mutation analysis) !~V bG})' bU'JUf1'JlJ sequencher 4.2 

demo version 

~ Q.J 

fH}fll~1'i)tJ (Result) 

d 9.b Q/ \f] 'j./ Y~'I c! d OJ Q = 'j./ II) Y Q/ )' 

VllJ~l'tlV !~'jlU'JllJv-Iu1Vl'llJ~fl1:lW~l'l1~fn'l'Wfl!6jJl !~fl1J b'Jfl neonatal diabetes mellitus 
<u <u 

~~lJli'Uf11'J~Ui1~fl1:J1~Uv-l'W f)fllJl'j!Tl1f11!,1~{ 1 'J ~''iV1Uli1llWln~fl'HU!~ 6 'f)'JD1Jfli'l ~f)1:lW~
<u q q 

'Vll~fI~iJf1TI'~u'~i~l'U~l'Jl-3~ 1 
• • 'JJ 

~1'J1~li 1 uTI'~-3~fl1:Jtu~'Vll-3fli=liJ flEUfJ~~ihm~flYi '~f'Ufll'J leW ll,rmileJ~~'W iliJf111~!1Jl1111'W 
cu 

Case-l Case-2 Case-3 Case-4 Case-S Case-6 

Characteristics 
I 

Age 4 yr 3 mo 2 yr 11 mo 2 yr4 mo 11 mo 11 mo 6 yr 10 mo 

Gender 
- -

Female 
-

Male Female 
I 

Female Female Female 
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Gestation 

Birth weight (grams) 

Clinical findings 

Age of onset 

Symptoms 

Weight (kg) 

Length (cm) 

Investigations 

Blood glucose (mg%) 

HbAlc 

C-peptide 

Tenn 

2,800 

3 mo 

DKA, seizure 

5.10 

57 

785 

10.6 

NA 

Tenn 

3,180 

2mo 

Polyuria and 

polydipsia 

5.20 

57 

High 

7.8 

0.5 

Tenn 

2,120 

1.Smo 

Fever and 

diarrhea 

4.30 

55 

898 

5.4 

1 0.1 

Tenn (twin 

A) 

1,150 

1 day 

hyperglyce 

mla 

1.15 

NA 

330 

NA 

NA 

Tenn (twin 

B) 

1,200 

1 day 

hyperglycemi 

a 

1.20 

NA 

400 

NA 

NA 

NA 

2,500 

4mo 

DKA 

5.18 

NA 

801 

7 

4.9 

DKA~ diabetic ketoacidosis: NA~ not available 

~I ') d 9 cl 'j/ , ~ "'" 

Neonatal diabetes ~1J'W ~ 'HHlJ 11111'W'Y)Ub1'~,;:j 81011 ~ iH~flD ltJ'WiWfll1 6 ~~ u'U ~ fWI,\)1f1f11';i
q 

~ d cid 

flfl1tJ'V'fW~H'lJlJ activation 6ijD~tJ'W KC1VJlll!n~ ABCC8 9)'~'fIl'lJfJll subunit 6ijfl~ inwardly 

rectifying potassium channel (Kir 6.2) UrJ~ plasma membrane sulfonylurea receptor (SURl) 

~11lrl1~'lJ 1~(Jtl1~lJ1tu~DtJrJ~ 80 Ln\Ol,\)1f1f11)fln1tJvr'W,reuD~ KCNJll 
q 

Y-l(lf11'J1Lfl'j1~11'111fl1';ifl(l1(J~'U,r6ijD~VU KCNJll1'W~lhm~fl 6 ';i1tJ~ihrfllJru~'V11~
q ~ 

""'= 'j/ 11] 'j/<lJ ') 6] d 
flfl'Ufl!eul !~fllJ ~ 1fl neonatal diabetes mel1itus !!b1'\Ol~ ! 'U~l';il~'Y) 2 
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~l~l~~ 2 H{1'~~fll~f)~ltJ-W'Wli~'YfU''WV'W KCNJll i'Wrrihm~fl~lj~frllru~'Vll~fl~Um~l'~n'U
q ~ 

l,)fl neonatal diabetes mellitus 

~Mutation 

Case-l Case-2 Case-3 Case-4 Case-S Case-6 
I 

c.67A>G (p.K23E) 

SNPs 

GIG GIG GIG GIG GIG .t\JG 

c.5.70C> T (p.A 190A) 

SNPs 

CIT TIT TIT TIT TIT CIT 

I 

c.601C>T (p.R201C) 

a known mutation 

CIT C/C C/C C/C C/C C/C 

I 

c.685G> A (p.E229K) 

a known mutation 

GIG GIG GIA GIG GIG GIG 
I 

I 

c.979G>A (p.Y337I) 

SNPs 
~ 

AlA AlA AlA A/A AlA G/A 

I 

~lfWI~fll1~11~M1fl11fl~1(J'V~\-nri'Wv'W KCNJll 'V'llJfl11f)~1(Jvr'W ,r~!~tneij'D~n'U11fl1u 
q ~ 

~~II GJ ~~II de! QI = ~ If) ~ '" ')0 C> 

~lJltJ 2 1 1tJ ! 'W ~11-Jl'W~1Jltl'VllH'Ifl1:lru;::;'VI1~fl~Um6ij1 ~~f)1J !1ft neonatal diabetes mellitus 
~ ~ 

tf~l11J~ 6 11(1 fl11fl~ltJcvr'W f~'W1J lh;::;f)e:l'U~ltJG)fiJ~ c.601 C>T (p.R20 1C) 1'W~lhfJ'ntl~ 1 (~'!J~ 

2) Ul'l~G)fiJ~ c.685G>A (p.E229K) 1'W~lJltJ'j1tJ~ 3 ~~!~Uf)11fll'lltJ'Vi'Wf~!fltJlj'ntJ~1'WlJ1tie)'u1'W 
~~II -=~ 0 QI ~ Ie! A =') II] 0' = d! c9 ~I II] 'jJ , 

fjlJltJG)f'W9f1~a'W bY1M~'Uf)11!1Jl'ItJ'W'Wlfl~ ~D ~'Vl~G)f'W~D'W9f~!u'U known polymorphism ~~Uf) 
3J 

c.67A>G (p.K23E), c.570C>T (p.A190A) Ul'I~ c.979G>A (p.Y337I) 'W1J''W~1J'-;)(J11~ 6 ,)1t1 
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c:.601C:>T (p.R201(~) 

T(~I'\TGCTASGTCTC(;(;T 

T 

II 
A 

~ 
;.; . ' ~! ,.i'l". .~',:/1 
l' ~ h 	 . • 
I d !I " • I . I 

f 1 11 I ' n It (1/1 ~\ I It " J!1" 

J 111. , 1'1 1\ t il ~, I . ~ 1Hl1 
I 	 " ti l, ' I ,." . I " t. . f . "~' ., ' . i. .J. ~1 .' ~ r~ !¥ 	 I i . i ' t r 1 J ' . '1 I ; 

1;.: , ...... ,j ~ 1.1j . 
1;)I i.' .m' \ . II,' I .lliL,, 1 \'!1, \, t' ", .1,. I'~ I, f 

~J...:,~~.' " ,;,.:.L, . ""' . . .J.l.......~"'-w_ 

j'l1~ 2 Ufl'~ 'HrnfJru~f)l'lfHnvyf'Ui1fil~ c.60IC>T (p.R201C) ~'Yn/h..!v'W KCNJl1 

" , ~, 

'Wuf)~lni1 cJ.:J'YflJ'",h ~lh(J'V1'VflJiJnl'lf)~l(Jvr'W,rGUeJ.:JV'W KCNJ11 r1.:JHlhu11vVi 1 Ufl~ 3 
~ 	 q ~ 

?l'llJl'H) 1l1'f)1'l -rnfJ1Y>1';Wtll1'Wf)~1J sulfonY'lurea lr~ufllDfl1J'j~~1JJl~1ft!tiDu1i-! !flU! 11Uf)~vl~
• 	 q ~ 

o OJ 1I~'1 c! di ll' d c' 	 11 · GJ(J c\ 	 I

bf'1'H'jDrJlJ1tJ11tJl'1 4, 5 HfI~ 6 9f.:J 1J~D1Jf)11fH'lltJl"fWfj~tNtJU KC.VJll _ 1J~(llJ?('WD~\9H)tJl b'U 
~ 	 q 

f)~lJ sulfonylurea 'th~~'W~eJ.:J1~~1Jf)l'J~f)'l:n 1~t'J1 Gff~'U1f~'U ~h'l1-r'U~ihtJ11tJ~ 2 ~~ lhh~'UiJf)T~ 

f)ft ltll"T'Ui6ijeJ~rJW KCNJ11 U~~eJ1J fl''U tl.:J '~~~tlt'Jl1'U n~1J sulfonylurea 

I ~_'I c! d Q.I "" "'" ~ If] ~ '1 	 0<.I 

(l'1'W~ultl'Yl1JflnfJru~'Vll.:Jflll1-Jnl6ijl !~f)'lJ !'If) congenital hyperimsulinism lIl'Ul'W 15 'ilt'J 

I ~I I "'" di d GJ ~ 0 "'" ~I ~ 
!!'U':}lu'Wf)i.l1J1f'W~ neonatal onset C)f~lJtllnn!Hl~~flltl!'W 1 !fleJ'UU1n lI1'W1'U 7 11tl fl)9Hu'U1eJt'J~~ 

I "'" & c:! Q.I ~ 0 "" ~I 11
47 U~~f)f11J1f'W~ infantile onset C)f':}lJtllfll'lU'ff~.:Jl1~':} 1 !fltl'U lll'U1'W 8 11tJ f1~!u'U1tltJfI~ 53. 
~f)fJ U!~eJlf)11 'Yll':}f1~iJn (l'1D'~~.:J! 'UA11 l~~ 3 

q 
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~l'J 1-:J~ 3 U~~~rrfl1:Jtu~'Vll-:Jf)~iJfl~€l~~ihv~lj~flfjtu~'Vll-:Jf)~i:i fl~~l'~nu1'Jf) congenital 

cl '~I ,~C> C>

hyperimsulinism 9f~HU~ ~u'U 2 fl~lJ f1eJ G)5'W~ neonatal onset H{;'l~ G)5'W'f) infantile onset 

Neonatal InfantiJe 

Age at onset (days) (l\1ean + SD) 

Age at diagnosis (days) (1\1ean + SD) 

Duration to diagnosis (days) 

(Mean + SD) 

Birth weight (grams) (l\1ean + SD) 

Seizure (%) 

Cyanosis (%) 

(N = 7) 

2.88 ± 5.03 

38.29 + 52.84 

35.41 ±47.94 

3905 + 925.45 

29 

43 

(N = 8) 

116.25+71.15 

182.5 + 113.89 

66.25 + 61.86 

3097.5 + 368.88 

87.5 

37.5 

p-value 

N/A 

N/A 

0.20 

0.04 

N/A 

N/A 

Lethargy/consciousness (%) I 14 62.5 
i 

N ': A 

, ~I + ~" I 0' cl 0' jI' ~ I d ' '''' I 

U'ff~~f)l!u'W mean _ SD l1'JD!lJB)!9f'W~UfI~ p-value lHJtlfll1 0 .05 fleJl1lJfll11J!!\9lfl\9l1~fl'W€lf.Jl';} 

ljtTf.Jrllf1ty'Vll~-rt'i)~: N/A. non applicable 

ffl'l1'rUf'mf)l'j\9l'jl1)'Yll ,nreJ~llallilfll'H!fI~~T~,;}bJ''f)6ijB.:J glucose production rate (GPR) ~ 

1~1'Wfll'j !~lJ'J~~uJl\9l1n ~'JtJi~~-:J1U~1'Jl.:J~ 4 
q 

http:fleJl1lJfll11J!!\9lfl\9l1~fl'W�lf.Jl
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J 'jJ ~ • 

~nl~l1 4 U'ff~~'J~)P)Ufl'W9fi)'WW~l:;;UWl1!l 'tH~tl~U'Jf)1ii ll'itv 'J:;;)P)'Ut11~1!l~1~~U~:;;fh GPR 
'\I Q 

d 9 919 91_'1 
'ff~~<f)Y1 ~'l1 ~'W~lJ'1V 
'" Q '\I 

Neonatal Infantile 

Insulin at diagnosis (IlUIL) 

(Mean ±SD) 

46.87 ±58.71 

(Mean + SD) 

57.49+89 

p-value 

0.42 

Blood sugar at diagnosis 

(mg/dL) 

Lowest blood sugar 

29.86 ±5.21 

26.14 ±4.41 

30.13+6.15 

26.5 + 7.05 

0.93 

0.91 

l\1ax GPR 
-  -

19.61 ±6.24 13+3.81 
--- 

0.03 I 

! 

fj} t ~ I d 'I d ~ 0 Q.I ~Cl. 

p-value 'U tlVfl'11 0.05 tltl'1111 fl1111 U~ fl~ 1~ tlVl~:U'WV~l'f1 ty'V11~{,\,tl ~ 

ll:;;rMU '~il 'J:;;)P)'U ~m{111l'! fl'UC}f~'W u~:;;'j~)P)UJWl1~1'W!~D)?lU'Jfl1U 'U<QV'~}j 'fllllJ 
<u 

'j/ 

U~fl~1~ti'Wtlth~lJtTvfflfity'V11~'ffD~ (p=0.42 U(;l:;; 0.93 ~llJcl'W1U) 1'Ul'l~ 2 f)~ll 

fll'j fflfJ l'vnr;l1 ~tl~!9f GPR ft ~ ~<f)1'Wfll'j~ 'U~l'h !lifl~'j :;;~')JJ1~1" '~\Jfl~1 'W flftlJ 
'\I Q q 

neonatal onset fitl 19.61 + 6.24 6ijru~~l'Utl~ll infantile onset ~tl 13 + 3.81 ~~u~fl~h~n'U tllh~n 

tJCH:hflty'Yll~'ffD~ (p=0.03) 

ril'l1~Utll'j~ 'j'11l'l11fll'jtl"ltJ'Vhnr6ijtl~v'W KCNJ111'WH'U'1tJ~lJttf)'l:lru:;;'Yll~'f1~iJ fl!~l tl~ 
Q '" 

flU! 'j'f1 congenital hyperimsulinism V~ '~~Ufll'jfl"ltJyf'Wi~nciltH~tJl~tl~nUfll'j !f1<f) 1'j'f1 

fll'H)fiU'lll'JfHl (Discussion) 
'j/ ., 

H'ihvl'Wtlcill neonatal diabetes lJv1~l1:U~ 6 'jltJ!<f)V'Ylf)'JltJ!jljlJtllfll'J'VltlltJ.weWfll1 6 
.... Q q q 

~ tI c::.c::. '" QI 9111J9I'" 
!fltl'U~l11!flrucv\fll'j l'U 'UlW !W:;;"flfJW~e:Jlfll'j!W~tllfll'jUbI'~~!6ijl ~<f)flU permanent neonatal 

diabetes lliijttfl'l:lW~'Vll~'f1~Uf)6ijtl~ DENT syndrome (developmental delay, epilepsy U!l~ 
'j/ • 

neonatal diabetes) ! 'W~ihtl~lU1U 6 'jltJ ~U11~!~V~ 2 'jlv!'Yhw'WVilJfl1'1~ diabetic ketoacidosis 
<u 

!rle:JU'jfllU'U<QtJ 1l1Ul'W 3 'jltJiJ,[)lfll'J~!f1<P)'UlflJl~lo1Ut~,[)~~~ !9f'U polyuria, polydipsia !1Juvi''U 

u,,~ 1 'J1V~'Jlll~U l<p)vU~!flW 1~v~rrthtJlJl~1Jfll'J~fllJl!~tl'Hl1f)iJ1~uo~rilml1"'1 ~iJltJ~tlurl~ u <u cu 


do ~ cv c::. 91' '" &;X "''' d


83.3 lJ'Ul'H'WflU'Jfl!fl<P)'WtlVf)11 2,500 fl'jlJ tll'.lfffl1l1'U 'WUfll'jfl"lt1~'U~6ijeJ~V'W KCIVJ1I 2 'JllJ 

91' ~ "" ~ 91 ' C\ Q..' d1' 91 ,19 =~ &
'Ulfl~lJ'1V'Yl~'l1lJ<f) 6 'JltJ 'f1~!1JU'H)tJ~~ 33.3 !9ftJ!flV'1tlUH~fll'JftfllJlf)e:JU'l1Ul'W ~'W9f'UG)fl~tlU~ 95-:J 

<u 

'WUtll'J flCtlV~U,r6ijtl~£ju KCNJll !tJu 'ffl!'l1~~'W1J~e:JtJ~~~ 1uH'U'1t1~ih=rfl'l:lW~f)lf)l'J!sU'1 '~n1J 
'l q q <u 
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~ 'j) 16· 20 ~ 'j) 2 1 "" 
pennanent neonatal diabetes flO lh~lJ1ru 'H)t1'f1~ 30-50 'WOfl'illfl'W 'lh~lJlru 'JOtl'f1~ 27 tfWI 

111flf)1'Jf){;'l1t1'W't-J1jEtlO-!lV'W ABCC8 i ,nT'W iJfl11lJt~'W1iJ1~i1 ~1lWflf) 4 'J1t1~ ':J~'lJiJf)1'Jf)'f11t1
q ~ 

vr'WnGijo-!lfh-A KCNJll 01111)~lJfll'Jf)'f11v~'WnGijO~v'W ABCC8 ~-!l'il~~O~vi1f)1'Jf1fl'Yl~O1iJ tJ-!liJu'W 
q q 

~'W~~!~£nto~n1Jfll'JAn~ lejfl U~~'lJi~t!Otlf)11H'f1~ftlJ~~'W£n1Jfl~lJsyndrome 'lJl-!lO£h~ !i'W 

"" IV if ..:::s 
pancreatic agenesis !f)~111f)f)1'Jfl'f11t1'W'W~GijD-!lV'W insulin promoter factor-l (JPF-J), Wolcott

"" IV a' ..:::s 
Rallison syndrome !fWl1)1f)f)1'Jfl'f11t1'W'W~6ijO~t1'W EIF2AK3, X-linked neonatal diabetes and 

Q.I a' c! 

enteropathy and endocrinopathy (IPEX) 1)lflfl1'Jfl{;'l1t1'W'W~6ijO~tTW FOXP3, neonatal diabetes with 

w if Q 

cerebellar atxia 'illflfl1'jf){;'l1t1~'W1j'lltNV'W PTF1A , neonatal diabetes with congenital 

hypothyroidism 'illflfl1'jfl{;'lltl'i'WiGijC)~v'W GLIS3 !dc)~111f)~ihtJ~oQ1'Wf)1'Jftfl'Y1~1:JiJrl'flf:Jru~ 
• 'JI 

GijO-!lfl~lJc)lfll'J i -:) fl~lltN~'W ;1-!lii i C)flTi,n!c)VlJ1f)c¥111~ !n~ 111 f)fll 'J fl'f11V~'W n 11 1flV1HM ~ 114 
~ q 

'j)1 1 .:9 d eSc! ~ ~ ~Q.I

~lhtl1 'Wflt'llJ congenital hyperinsulinism Clf~ tlJ'Wfl11~Y1lJ 'J ~~'U'Wl~1'f11'WWC))91~ 1111fl 
'JI • 

B'W 9$~U1'Wfl'j ~utl!iiD~H"~ f)l'Jftfl'l:nU 'W1J~ihv~l'W 1U 15 'J 1t1yHJ rl'f)fjW~Olf)l'j Atl '~n'lJ 
~ ~ ~ 

I II) d Q.I if c! 1 'j)~11
congenital hyperinsulinism OtJ1-!l !'jf)~llJ ,\)lflfl1'j~'j1'i)f)1'jfl{;'lltJ~'W~'lIC).:}tJ'W KCNJll lHj1J1t1 

~1'W1'W 3 'j1mr-!ltl~~1Jf)1'jf)'f1ltl'i'Wn6ijC).:}v'W KCNJll111flfll'J'JltJ-!llU6ijC).:} Verheul JC !W~flru~ 
q 

, 'j)~11 0 IV if c! 'j)

'V-l1J11 ~1J1tJ congenital hyperinsulinism 111'W1'W 15 'jltl1"l'Ufll'Jfl~ltl'V-l'W~6ijO-!ltlU ABCC8 'H)tJ{;'l~ 

d 'JI d 'j) Q 'j) T O 

50, tI'W KCNJIl 'JOtl{;'l~ 4.5~ tI'W glucokinase (GCK) 'JDV{;'l~ 4.5 !m~tI'W GLUDl 'jC)t/{;'j~9 - -

i~J'W 111n~olJ~i-!lfl~rJ 1c)fll'ff~'i)~l1'lJfll'Jfl'f1ltJvr'W£'lID~V'W KCjVJI11'W~ihtl111t1D{h~UDtJ 1 
<u q ~ I 

'j) .,.. c'~ Q d ..:::s d1 'j) 

'Jltl111fl 15 'jltJHfl~tll~'jl'i)fll'Jfl'f11V'W'W1j'Vl~ 2 tJU rHJ KCNJll !!fl~ ABCC811~lJ it)fll'ff~1Jtl-!l'jOtJ 
23 ~ . = Q/ if Q 1 II) ~ .:9

'f1~ 50-80 'WOfl'illflU congenital hyperinsulinism t)ll11)~m)91l1lflfll'Jfl{;'lltJ~U1jEtlO\ltJU~O ~iJ'W9$-!l 

~'lJ1~t!c)Vflil '~un glucokinase, glutamate dehydrogenase, the mitochondrial enzyme short

~I 91
chain 3-hydroxyacyl-CoA dehydrogenase !1J'W~U 

;J6il"";icU (Conclusion)
II 

tll'J f1fllJ l~ 'V'l'Uil tll'J V'W tJlJ fln 1~ 1)<QV1)91Vtl1'J !ilJ~'W~1t1t11'j~'j 111 Mlfl 1'j fl'f11 tI'Yf'W.fi 
q 

9ijO-!l 

u'W KCNJll iilh~ itlGJ:fU1lJfll'J1UmrV neonatal diabetes lJltlflil congenital hyperinsulinism 

d! 1 d1 'jI Q ~ I 1 if IV i 'j)~'1 .dQ I d 

!'WO~1)lfllJ !Oflltl~'lJtN'jt)tJ~~ 30 !t{;'l~lJ1J'J~ !VG)f'W~t)fl1'jl1-!lU~'Wfll'j'jflf:J1 ~t1~lJ1t1'Y1'V-l'lJlJfll'J 
~ 

fl'f11tl'Yf'W£1UUU KCN}11 ff?lJl'Jtl~f)'Uff'W O-!l~C)f)l'JfflfjlM~O'J~i1J,il~lo1'W~~0)91GijO~~1J1t1fll1~
q ~ 

'JI I 


Q 9 91 '9 d~ I =11) 'j) 'j) Q.I ~ I 9' , II)
Cl.' I 

U'ffllJl'Jtlfl11Jf,llJ !Mt)~ b'W'J~~'U'YI1Jfl~ ~)91)911fJtll'j'lJ1J'j~'V11'W b'Wfl~lJ sulfonyluria !GJf'W glipizide blJ 

o ~I 'j) OJ 'JI d <:. <:. d 1 "'" eS 
111AlJ'W~c)~'Jfl1:Jl~lVfll'J~)910U9$'f1UmlJD'W !'Jfl!'U1M11UGJ:flJ)91'Vl 1 

~ 
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o <V 'jI. dO ~ <V cI Q

'ffl'H'JUf~p.l:HTVHtJU congenital hyperinsulinism 'U'U 'WUfll'JfHntl'W'U1j6ijeJ~tJU KCNJll 

.wmJflillJln nl'Jf1n'l:ll~eJ'11 1~tJfll'J ~'J 11l'Hlfll'Jf)(11tlvr'U i6ijeJ~th.J ~'U 'l ~~~Vl~eJ~ ~9f'U ABCC8 

o GJ 'jI 'jI G) 11] c> 1 ~ 0 I'Ll I "" dQ_1 C> C> J 
eJl~~~'Yll A'H~6ijl !~n'fl !nf11'Jm~ !'JfllJlf1"t1'U 'Ul ~uTI'f)l'J'W~'WlfJl'VllJu'J~'ff'YItifll'WlJlfl6ij'U

'U 

;;EHiJtH)U'U~ (Suggestion for further work) 

o <V & <V cI Q.ci d 'jI 1 'jI~'1 'jI 11] I Q

'ffl'H 'J 1Jfll'J ft'f1Ellf1l'J n(11fJ'Vi'W ti"tlv.;j V'U 'YImfJ1EtJ eJ~ 'U J:-.l1J1fJ neonatal diabetes t11 ~ lJ 'W1Jll 
q 'U 

fll'Jfli'11V~UtEtJt)~£hJ KeN]]] fll'J~'JTunl'Jf1fllfJ"rtnrttJv~tJ'W ABCC8 ~~lJ!~lJ~~'W1J'~Dvm1:l'W 
q Q 

rll~1J~ 2 'ffllll'Jt1 1,rl~nl'JlcWU~fJ~~nl'Uv'Uufl~~,j'J~ 1VGJ1U~Ofll'j 5f1rn1'W'j~V~tJl1~riV'fl~ 

fll1~U 'Yl 'J n~eJ'W ~lfl1 'J fI!'Ul'Hll'W'~ 
o <V & <V cI Q d.::i 'jI GJ 'jI~'1

'ff1'l1 'J1Jfll'J ft'nEllnl'J f1fllfJ'W'W 1j 6ij v~ VU'YI~flV1ttJ eJ~ ! 'W rj1J1tJ congenital hyperinsulinism 

tilL,j'W1Jnl'jnfl1V'Y~'tJittJeJ~tJ'W KeN]]] fll'j~'J1~f)nfl'fllvvr'Wi'tJO~tJ'W~'W'l ~9f'U ABCC8 Vl'llu~ 

'Ol1Jl) flf1''U'Hl'i1~'ilV'Vll ,rVr'W1jfl'J 'J1JEtJeJ~ congenital hyperinsulinism lifi' 
, Y ,I 

~'flfll'J~flEllYi 11~ulf1fll'Jl~VU fl~lJ m~fJnUJ:-.l'W Vi 'll~~~fJU1J'Vlfl1llJ!.weJ~J:-.lVU'W~1'U 
" 'U 

11) TI'1'j 19f1f111 '}t~ eJ 1'W fl1'j 'lh~9jlJl911f11) ~ eJ 1iJ 
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