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A 85F 7HAA vlEZHA V2 485 (AVPR2) SAA} B4
AVPR2 §-AA} R202C Eod8io]o] ubA

AEEAAY weE Y ok, Foistm BAM TS, N erhstn e sopspetma s
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g J : 1A 2%E-F(Nephrogenic diabetes insipidus, NDI)< u}4 32 3] Al (arginine vasoporessin, AVP)ei] 3}
AR Aoz Adsle] 2539 AfE EXoz sl =B A4 Ao}k WAL AN a8z
< vpREA] V2 $4A(AVPR2)S) Aefoll 7]ls}e], NDI Sl 4 2] 27hx] chokst AVPR2S] Sdd o)} B
A=Y AREL Yoz A 443 A4 28Foz ADY slAoA AVPR2 $HALe] Sdwe)s
Zst7) st BAFAGE HAe A s '

g SRl W oM 323 DNAZ AVPR2 SRS polymerase chain reaction-single strand
conformational polymorphism(PCR-SSCP) ¥4 3}ed o]A}o] w7 nEe Z2usle I NdL BNt 7
< PCRAHE$ Haelll 2 A 2)3}e] PCR-RFLP(restriction fragement length polymorphism) £4-& st}

# 2 :AVPR2 #4AHE PCR-SSCP #4319 o PCR AFE9] AArald} o] EA2)9] z}o|7} WA o] 3o}
A Eddel7t Az Fote) oimue HAAY S d23d T, G L e Bt 67594 97] A7} G= X
Fgo2 tryptophano] cysteine©Z v} R202C HEdW |2 WA sl 22 PCR AHE-& PCR-RFLP £4)
< & o Eddelz Q¥ Hae NI AR32412] AAE #Helsds Sole] omur} oA YR FA}
(heterozygote) & E4l3lgic}.

B ARES YAdes A4 e¥Zoz AW Sobe) ojwie) V2 48A SAAE A
R202C £ o] & Fddch. 414 2¥5 2 Acte] AW Ao, A Alubekat }/‘}'DJ_TE—": 290 ¢+ 9 A
2pet Agrelu}, 7] = AAolrloll Agdehd E82L e 4 gloms 7)Y walx) e £2}
TR A WS AT ggdloo A

PO | Sl AL A1) 24y YhFow Y,

Halskeh 43 AE S A 2t 9
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& gelusegolsue gl viamdilarginne  £/)0% % 92 SE3FH 4uF 286 3
vasoporessin, AVP)S] A A we) AgHos o Fesheh BRee A4 e32e wHgdgdes
S 2539 Fohg S902 e =F 404 4 A PoblAl A YATAE HaT wHY
Folo}. o]%E A 24 AIFREH ANAAQ 4w AFAY A4 285E vlazda V2 544
T MEstE, dobrlel A&RA, AFF/IRA, ol (AVPRD)Y Fofel rlelshu, V2 849 SRS
Slol HEEE A Fol A Aoz AT A X GAA) AHXq8)e) AP, Al V2 2g
A& cDNAS] g71Mde] s}z my, NDI Sz}l A
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A AR wla) 9, Relo) sy Aola} UAH oz WA 84y A gBZoz xchg

1:11:(02];840—2463 Fax : (02)831-2826 L P A4y A4 233e= v o
e-mail :brmped @snu.ac.kr olg} 3tole] ojmu]eiA] AVPR2 FAAL o E Bz}

209



S8 AAke AN
chat o wy

1. aad o WslsE ZHAt

Ztope 1099 dolz AF 20973 RH Ax"
Hag F4e Ydsse 2r]gsdR st A
g3 38F 59 AFANZ 2Asig o, 4 A
22 36kggct

o= 24 ¥ A=A 3 Yol 5ET F4
71 EA7F 41 Sobe, BHeh2 4%E T
ker 2 447 B Fol= A BAT s £
8 o Holof AEHLT sk ¥ 2097 5%
63 A= AALE T o|FE Ao 38C A==
A4
Ax 1709 7 B 79 oA S-S Hste <
AotaE WEdgon, A&H: ided 9% 3
Fda 29 sofdz ALHH. 7HEHAA
9 ojeiys} Y, EA o=, o|FAtEe] T
o] FAE& Hol o (Fig 1), Tele of
25809 Fa A G, v §9
Aoz dTHdedA AZ L FAL Hghon} ol
27 #AEA Figeh gheld] ojwus) Hels
Al Q2 ARl NA A GBS ES 9]
AE slge W 2ol WA Alsge
AR O] SRS TS F FAe 2
o) glot
1347300AM 9] 34 €545 Auks 1383)/
B, 355 363)/%olglon A& 37Coge A%
2 67cm(90~97p)ol gl ey A F& 5.15kg(75~90p)e]
st 94 Aelx wriigon, 20 ofst Kol
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Fig 1. The pedigree of the family.

oA Aoz Haelglom Fo Fd2 s
3 A e BolA] gsict AF LAY A=
Hde A gl

AR P=A AL o 4 AN F
We gy ea Pasigon, FHIEL el ¢
st BEFE ARG e el A& 3
A A%, ANEE FHH oo, AR 9
A ek BHARANA ERE REYu PeEige
o A& AN LR 32 3 5 F
AHA qsket. Fxe I A%=E A £215He S
At AAFH AAbe Aol

Mzisty AL o gubEr g A calcium 10.7
mg/dL, phosphorous 7.5 mg/dL, glucose 121 mg/dL,
BUN 17 mg/dL, uric Acid 5.1 mg/dL, cholesterol 267
mg/dL, total protein 7.5 g/dL, albumin 4.6 g/dL, total
bilirubin 2.3 mg/dL, alkaline phosphatase 467 TU/L,
AST 28 IU/L, ALT 18 IU/L, creatitnine 0.6 mg/dL,
sodium 155 mEq/L, potassium 6.1 mEq/L, chloride 123
mEqg/L, total CO2 19 mmol/L, CRP 0.1 mg/dL ¢}
dubgd A Ale= RBC 5,14 x10%4., Hb 16.7g/dL, Hct
52.5%, WBC 13,600/, Platelet 335 X 10%44. ESR 3
mm/hro] ¢t} 87 AM=18]Z 1.005, pH 5.5; albumin (-),
glucose (-), ketone (-), bilirubin (), blood (-),
urobilinogen (-), nitrite (-); RBC 0-2/HPF, WBC 0-
I/HPF o|$itt. s+ FAF &2 AAbelglen, A
A 28T ARY 2l Ad $& d6om, HE
47emez BT Botel olmiue) okl A &

W B2 <1.005, 28 AREQES 129 mOsm/kg ©]¢lch

£2 mlatZAl ¥ desmopressin A} : 382 A
g3l o4& o Fholo] 3% AWt 630 mL A=
o} 83 ADH: 33.69 pg/mlo|gie}. 48 A3 AALS
A st} A HEE S HAE AdslgE | A2
o] 37.9C7A A3y, TYEFHZo| WAsx
(152 mEq/L), ¥4 AbFSstel 307 mOs/kg7tAl Ab4-3t
fevt & AFgL A% 200 mOsmikg IS5,
AW HEx 1.005 o] gc(Table 1). w7z
DDAVP 10 sg& F9Js5iont A9 uhg-& RelA ¢
2fcH(Table 2).

2. EXFHEH HA

#2 9 d4} B4 152 ¥ Fo)A genomic
DNAE #2314t} 500 ng?] genomic DNAE 3
o2 3leg 7z} 20 pmol 322 primersg} 0.2 mM
dNTPs 9 2.5 units®} Tagq polymerase (Takara)$} &3}



shod 2 307} 0ul =% sk PORS Ashaklch
ol ALEE: 107]9) primer: V2 443 4441
A 78] coding exond FE3 xS A A 3} vH(Table 3).
Z%Zx PCR AHE-Z single strand conform-ational
polymorphism(PCR-SSCP)&- A|&)3}gc. & PCR Ak
22 WA X 0.5% MDEAEMCO) A 4°CljA
180VZ 16212t A71dg3tdet. 27945 ¢ A
& £94¢ shed wild typest SQHolY DNAY o]
57212 Aholg B

PCR-SSCPo|A] o]4fe] 73¥l PCR ARE-2 QlAquick
PCR purification kit (Qiagen, Chatsworth, CA)E A}$-
3led AA & % pT7 Blue vector(Novalgen)el] TA Z&
et 270 ol4e) WA colonyS QIAgen DNA
purification kit (QIAgen, Chatsworth, CA)E o] &3}

Table 1. The result of water restriction test

AR AFF7INEEA7 2 @7INE S FEisd
Eduole] &sled N EANFY Hae M A R A0
3t QAlEE H7IME(GG/ICO) ) GG/CTE H3t
322 PCR AHE-& Hae Il A8 & 20% polyacryl-
amide Ao A A7]¢JE 3} ethidium bromidez. G4
Bho] AT} $A} 9 71541 DNAAS =7)9) 2}
o] & HAsigict.

Table 2. The result of DDAVP test

Time Basal 3hr Shr

Urine specific gravity <1005 <1.005 <1.005
Urine osmolarity(mOsmv/kg) 91 127 179

Time Basal lhr 2hr 3hr 4hr Shr 6hr
Body weight(kg) 5.10 5.11 5.10 5.08 5.10 5.08

Body temperature(C) » 37.6 377 379 37.8
Urine output(ml/hr) 40 20 13 12 20

Urine specific gravity <1.005 <1.005 <1.005 <1.005
Urine osmolarity(mOsm/kg) 85 83 106 173
Serum osmolarity(mOsm/kg) 294 297 307 297
Serum Na(mEq/1) 147 149 152 148
Serum K(mEq/1) 5.4 53 5.8 4.7
Serum Cl(mEq/1) 120 119 19 121
Serum CO*(mmol/1) 17 23 21 21
BUN(mg/dL) 15 13 14 16
Serum creatinine(mg/dL) 0.5 0.5 0.5 0.6
Serum ADH(pg/ml) 33.69 38.54

Table 3. The sequence of primers used for PCR-SSCP and DNA sequencing

Primers  Sequences Direction Location
1 5" -CCA GGA CTG GCC ATA CTG-3' sense -105 o -88
2 5" -AGA GGG ATG CCC AGG CAC AG-3 antisense 116 to 97
3 5" -CTG TGC CTG GGC ATC CCT CT-3’ sense 94 to 116
4 5 -GGC ACG GTG GCG GTC CAG GCC T-3’ antisense 491 to 471
5 5" -TAT GCC TCC TCC TAC ATG ATC-3’ sense 441 to 461
6 5" -ACC AGG GGT AGG TGC CAC GAA-3 antisense 721 to 711
7 5 -ACC TGG ATT GCC CTG ATG GT-3’ sense 690 to 709
8 5" -TTC CAG AAG GTG CCT CGG GTC=3'. antisense 980 to 960
9 5 -CTT TGT GCT ACT CAT GTT GC-3' sense 989 to 1008

10 5 antisense 1218 to 1199

" -AGC CTC TAG AGG CAA GAC AC-3
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ExgHeE HAl
AVPR2 %A 2& PCR-SSCP £A]5}9& @ exon

29] YREE ZFZ3 Z primer 5, primer 6& ©] 43

Fig 2. PCR-SSCP analysis of the V2 receptor gene.
The middle portion of AVPR2 gene(291 bp) were
prepared from patient genomic DNA by PCR
amplification. Compared with control subject(lane 1),
shifted band was detected in the patient(lane 2). Both
the wild-type and mutant alleles, were found in
mother(lane 4).

Wildtype 5-GGC CGT CGC-¥
Arg

Mutant 5-GGC TGT CGC-¥
Cys

GGGGCHGTCGCACCTA

o

Fig 3. Sequencing data of the V2 receptor gene. The
patients has a C to T transition at nucleotide 675,
changing Arg to Cys at codon 202(R202).

291 bp Z7]9] PCR AHEIA A4 2 7AYo
FA8Y Aol g WAzt Hopl A Akl vl
3k & o W) o] FAEst g Wt RAANL B
obe] ofmuelN: 47 A4 A FAAL gdd
ol dogl WY FAA AFse Aoz Bole
w7} 2% FAH FolelA T Wol7t sla ol
ofmie walzyle] dEHUKFig 2). Fobef 22

Fig 4. Location of the mutation in the human V2
receptor. The putative seven transmembrane structures
of the AVPR2 are depicted on the basis of the
previously reported cDNA sequence, and the site of the

mutation are indicated(®). A R202C is located in the
third extracellular domain

— 200bp

— 100 bp
«— 87/80 bp
« 58 bp

— 25bp

A

125] 80 [19] 87 [22]
[25] 80 [19] 87 I

58 |Wild type

l Mutant

Fig 5. Upper: Hae III restriction fragment pattern on
20% polyacrylamide gel. Lane 1: patient, lane 2: DNA
size marker, lane 3: mother. Lower: Hae III restriction
map of the PCR products. Arrows: Hae III recognition
sites, astrik: loss of Hae III recognition site.
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PCR AH2-& ZF293ld J7IMIE EHsde 9
675914 97] C7} T2 X)8=] o] 202 Codon Arginine(CGT)
o] Cystein(TGT)..2. ¥}#+ missense S Ho|E &
Q5AekFig. 3). ¥ R202C AEQ o] AVPR22] A
A A28 o el $RqeHFig. 4). - PCR AHE
$ Hae I A2 F A7]94% sge W AAAA-L 291
bp2] PCR AFE-¢] 87, 80, 58, 25, 22, 19bp2 A=}
Aol A= Hae 1119} 3 Q1A EH(GG/CC)7} GGCT
2 wWste] Q| 397} Al o] 87, 80, 25, 19bpe] A
Hal FEEA T, gote] utellde A HY £
29 Aty AR gdwelE 9oz d¥ AR
o] HAE7A] o2 AHEo] % HAF I Fig 5).

&

|

A4 2839 94 24 AT A 2y 9y
Ao ol$E ol WAL A% FIAE Wi

APt FRoE B8 o & o $eld] vk
HH), AP F7MRA, o 58 AT 4 ol Y 58
ZAagd. =3 FE A T 43, wdel YAV
& EHel A7) FAEe] AdEIx did dF
Acte] HA ¢tod Zob= A HB4E o7 W
sy, sz AYE A =E8A APLE
Fx glon, AA AA7 H7 = s qEke 8
€ A, F¥3 DA AHE AT A=
g4 gaZe] @ £ Qv G0 o] Mg D
2 F3) 38 g2 ¥ e} 3k A
A ¥Hoz ARAZ] F = Qo E Fel:
AZE 2097 M FA4 ARz AFY 25
2 sl o] A&E i, IVEFITH AR e
7} HASe] wlgd x7)e] 28Foz ADFHAH.
=3 AVPR29] & ¥A|(agonist)ql 1-deamino[8-D-
arginine] vasopressin (desmopressin)ol] TH3F E-ZAjo
2 A4 28Fe] . oy} Fotolx, Fhot
9] oul, @Y, ER 0|, ] FAREL] B, e, 7
EA] 2 Fo 7tEFe] glel i A EE AAEE
Aot B A4 883> AVPR29] S o]
Zldgtctn dA glome od Wg $HHH A
ARE AA3le] Stolo| A R202C EdW o] & W78,
dut7t o] A R f-AH(heterozygote) P& <131 H}

4174 84>l (neurohypohysis) & 22l HiAzH)
Al(arginine-vasopressin, AVP)X AJAFslE-2] A]AFAMS)
(supraoptic nuclei) @ ¥}Al #ll(paraventricular nuclei)el]
Al AF35 2 E(prehormon) 2] Ae) 2 A 417
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Al AlARE wEl HieA FgoE ukEe]
A1 7 B-1] 7] (neurosecretory granule)] e 2)Ats
Aehrl, AFE wow PuEe] AAte] A z}
43l TS 2T oA SRHYH Foqdic)
AlA A AVPE AlM x| EA3E vihzH Al
V2 £44(AVPRY) 3 Al G g F3lo
adenyl cyclase® A ZFAAH cAMPE AAslx,
protein kinase® &4 3 A]7]H, vasopressin—sensitivé
water channelql aquaporin 2(AQP2)E luminal
membranes] AYAA S8 FAAGE ZF7HAIZIH.

ARA A4 28-Z(nephrogenic diabetes insipidus,
NDI)-& AVPe] dj3t AlA|x3te] Aoz sl
2530 AfE Aoz 3 =f FAA Ago
2 fHEL 2500009 FA 7 19 A=e|x, Hal
S} Wiz 74x10° o], HHI(F 90%) WA
A3, dH(F 10%) AEAA e T
Linkage analysisell <J&] wHd-44 NDIE Hb3l: &
AL $1x)7F X G AXq2eygel deAP
(Knoers 1988).

AVPR2 A A7} E29 5 7Y, NDI 3 x}o] A
AVPR2 2] E9Wolr} W7 Ee] AVPR2Y E4wW o
7} w44 NDIE deoflch= Ao F3H. &
H AQP2¥ FA| X(principal cell)d] AXE(vesicle)}
apical membraneo] £xJ3l= Ao Aoz AP
B3, A 129 G449 A2k12q13)e] HA)F =
AQP2 FAAZY E29ENH. oz AR 94
£ NDI g2jell A AQP2 -H-AAFe] EdWol7} WA
5of, AQP2¢] Edwle|7} AHMA 444 NDIE
oy Az

o] = 707}A] o]} ikt AVPR29] Ed® o7}
H 7597, missense?} nonsense SAH o], AL, AHY]
5 o= et A £ deli e ekt £d
o)zl Rygul QloP. o|2 g Bl B3 &
71 $A] el A coding regionel] At & &
FolA 7AE missense EQH ol AVPR2] Eaw
o] Fej F b % Heolr AHAEe] WA
R202C ¥ ol HA el T8 AA}Eol] 23t LA
g Aol ol vinA E3 Egweled . & sHA
A LAR Edwielr} HATH= H7IM G- Haelll
Agase] 25l QAAFHER Foz oE 71U
A= PCR-RFLPREO 2 dA|Zbe] HQlzte} $xME A
A 5 93, eolel] Rt x FpAURE St 24
Aol 2k W= FAdE B4 5 & Aotk

AVPR28] £l e]7} AVPe] A& sl



7142 AVPR28 A4, Az o]F, AVPS A%, G
whuljadenyl cyclase A9} A58 Fo Aol Holz
RS

Tsukaguchi$'"¢] in vitro 8 dFo] 2314,
R202C Ed¥lo]= AVPR28} AVPY A E 74
AR AFAA 5 FF 3 4A HE 449
missense E9H 0|7} dEF T 1 F 17HA] EdHo
(T204C)8 A 93 47}x]=(R181C, G185C, R202C,
Y205C) 2% A 2-& cysteine 0.2 X|&EE EgHo]
olc}. Algte] AVPR2E b7} F A el A A A=
9] o9 270 cysteine7)(Cys112, Cys192)7} )
&, o8 Gy |3 440N AR F
A =29 1] Abolell disulfide bondE 3JAIdled =83
o} ligand B3] 3%} F2o FoT H¥E Tt 2
glm2 R202C Edwelz A WA Az o
cysteine”] 7} A7V o] A} Z-$(de novo) disulfide bond
E 3A3te AA3 e 3z F=2 3 A(protein
folding)ell #Ael& =z sz, 18 3l AVPR2¢}
AVPY] Z3E & an7lEE 258 4 d4-

22 gAuelst HAAT e 2l 7]
59 Aolel A A7 AL sk, invitroo A
A FAAE ol (gene transfer)Foz EQH|E
oz AEeA AVPR29| 7|%o] 3 &5 Aol o
& d77 AFHLG 9. o) Al 4 A8}
o}E BTN A A4E /FsAE A

B A Fujze Ae naxtel gete] odup
AME 252 o)) FAte] vehir Holnt WA
Aoz §AHE o Aste] xoM F4E e
£ AVPR2 =494 e)7} homozygote o] Ar}
AQP2 B oY 7154 = 9o, AVPR2 EdH 0]
A9 ZH o, 7MWY 3t AEUYE Ale]
= ¥ & A Foz Hel X Y4AF A4
gA4AA ARz BHAsE] Eddeld
AH AR $AA 2AHS 7] (skewed X-
inactivation) o Zol2t 1 FA=}e,

Agoz ARNES Aoz A4
s fopst olmule) V2 S §AAE BA
o R202C EU8olE s 414
el ALEE A, Akt e 2T
4 ol A7 Aol BiA7] = AlAeld A
debd F438 T 4 dlers EASAEA
A3 gaselof s =¥ Fej4e]
9 E 44 Anedsl Aed 7zds
olgs7] stel AVPR2S] EQel7k AVPS] A
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= Abstract =

Analysis of Vasopressin Receptor Type 2(AVPR2) Gene in a Pedigree with
Congenital Nehrogenic Diabetes Insipidus : Identification of a Family with
R202C Mutation in AVPR2 Gene

Hye Won Park*, June-dong Park*, Ho Sung Kim*, Hee Joo Kim*, Yoon Kyung Lee**, Il Soo Ha***
Hae I Cheong***, Yong Choi***

Department of Pediatrics, Seoul Municipal Boramae Hospital,* College of Molecular Cytology**, Joongang
University, Department of Pediatrics, Seoul National University, College of Medicine ***

Purpose : Nephrogenic diabetes insipidus (NDI) is a rare X-linked disorder associated with renal tubule resistance
to arginine vasopressin (AVP). The hypothesis that the defect underlying NDI might be a dysfunctional renal AVPR2
has recently been proven by the identification of mutations in the AVPR2 gene in NDI patients. To investigate the
association of mutations in th AVPR2 gene with NDI, we analyzed the AVPR2 gene located on the X chromosome.

Methods : We have analyzed the AVPR2 gene in a kindred with X-linked NDI. The proband and proband’s mother
were analyzed by polymerase chain reaction-single strand conformational polymorphism(PCR-SSCP) and DNA
sequencing of the AVPR2 gene. We also have used restriction enzyme analysis of genomic PCR product to evaluate the
AVPR2 gene.

Results : C to T transition at codon 202, predictive of an exchange of tryptophan 202 by cysteine(R202C) in the
third extracellular domain was identified. This mutation causes a loss of Hae I site within the gene.

Conclusion : We found a R202C missense mutation in the AVPR2 gene causing X-linked NDI, and now direct

mutational analysis is available for carrier screening and early diagnosis.

Key Words: Nephrogenic diabetes insipidus, Vasopressin V2 receptor gene, Mutations, R202C
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