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Molecular and cellular defects in nephrogenic diabetes insipidus
Nine V. A. M. Knoers* and Carel H. van Os'-

Nephrogenic diabetes insipidus m a rare genetic disorder Introduction
characterized by insensitivity of the distal nephron to the 

anhdiuretic effect of arginine vasopressin, Two different
Nephrogenic diabetes insipidus (ND I) is an inherited 

kidney disorder in which the renal concentrating median-

molecular ctalwts underlying this dmmm  have so far bean ism tails because of insensitivity of the collecting tubule to 

identified, Mutations in the garni encoding the vasopressin circulating arginine vasopressin (AVP). Consequently,

typtv2 receptor causa the X chromosomal form of the 

diseane, whereas mutations m the gene encoding the 

vasoprtnmindependent water channel aquapQrin*2 are 

responsible for the autosomal recessive, and (in some 

caaes) an autosomal dominant type of tha disease, 

Functional analysis of naturally occurring mutations in the 

vasaprmmm type 2 receptor and aqu&ponrvS have in-

large volumes of hypotonic urine are excreted, which 

may lead to severe dehydration. Patients present in their 

first year of life with aspecific symptoms such as anorexia, 

vomiting, fever, growth retardation and developmental 

delay. After infanthood the clinical picture is dominated by 

the less alarming symptoms polyuria and polydipsia. 

Mental retardation has long been considered an important 

created the insight into tha structure and function of both complication of untreated N D I and assumed to be a sequel

proteins and have led to substantial progress in under

standing the cellular mechanisms underlying the concen 

tratmg ability of the kidney. Some female earners of a

of severe brain dehydration. However, in a recent
♦ » 

psychological study in 17 patients with N D I we found 

that the prevalence of mental retardation is considerably

vasoprussm type*2 receptor mutation may show complete lower than is suggested in the literature [1]. This is

probably attributable to the earlier recognition and better 

treatment of the disorder,
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manifestation of (iKphrognnsK diabetes insipidus, probably 

as a result of sk«wod X-iruir.tivation. The recant findings in 

rmphrugenit; diabtitns insipidus research have consider

able impact for diagnosis of and gwifitie counaalling for this N D I is genetically heterogeneous. In most eases the 

disttast*. disease is transmitted as ail X-linked recessive trait, but in

sonic families an autosomal mode of inheritance lias been 

found. Families with either form have been reported. In 

the past 4 years two different gene defects causing the 

N D I phenotype have been identified. Functional analysis 

of these molecular defects has contributed considerably to 

a liettcr understanding of the cellular mechanisms under

lying A VP-induced antidiuresis.

In this review we briefly discuss the present knowledge of 

the AYI’-xignalling cascade in the renal medulla and give 

an updated overview of the molecular causes o f N D I.

Pathway of the action of vasopressin in the 
renal collecting duct
Normally, AVI1 is secreted from the neurohypophysis in 

response to an increase in serum osmolality or to 

hypovotuemia. The hormone binds to vasopressin typt-2 

(V,.) receptors at the outer surface of basolateral mem

branes of the principal and inner medullary collecting du :t 

cells. The human Y,> receptor eDNA was cloned in 19^1 
and encodes a 71-amino-acid (»-protein-coupled recepto. 

containing seven putative transmembrane helices with 

considerable sequence homology to the vasopressin type-1 

and oxytocin receptors (2j. V. receptor occupancy results, 

via the intermediacy of a stimulatory G-protein, in 

activation of adenylate cyclase and an increase in 

intracellular eAMP levels. In turn, by an unknown 

mechanism in which protein kinase A and the cytoskeleton 

are involved, eAMP initiates the insertion of intracellular
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vesicles containing water channels into the apical mem

brane. This causes a dramatic increase in water perme

ability and allows water to How from the tubular lumen to
9

the hypertonic medullary interstitiurn. When stimulation 

bv AVP is terminated, the water channels are removed 

from the apical membrane by endocytosis of the vesicles.

the receptor with the R t .v H  mutation* located at the 

junction of the third transmembrane return and the second 

intracellular loop, exhibited a normal funding activity tor 

AVP but failed to stimulate the tr* adenylate cvclase 

system I s  mg an exofacial epitope tagging technique 

which facilitates surface localization of rcceptors, Tsuka 

guchi <7 i i i  1^1**] reported evidence tor a further 

heterogeneity of the cellular effects uf N D I mutations. 

They demonstrated that the reduced ligand-binding 

activity of the R143P and Y27Hdel mutations is a result 

of blocked transport of the receptor to the cell surface, 

whereas the same functional defect of the nonsense

Phis controlled movement of vesicles between the apical 

membrane and the cytoplasm is known as the ‘membrane 

shuttle' mechanism [3]* bi 1993 the c l)NA  for an apical 

membrane water channel of the rat renal collecting duct 

was cloned |4). The gene encodes a 271-amino-aeid 

protein wlueh belongs to a family of membrane integral 

proteins, now renamed aquaporins, which function as HtWinsCJ mutant is caused bv ineffective biosynthesis or
_ k- * U ƒ

selective water transporters throughout the plant and 

animal kingdoms (for review [5A7#*]), ‘The water channel 

of the renal collecting duct, designated aquaporin-2 

(AQP2), is exclusively localized in the apical membrane 

and a subapical compartment of collecting duct cells, ami is 

upregulated by dehydration or AVP (8/)}, suggesting that it 

is the AVP-regukued water channel. Support for the 

membrane shuttle mechanism was provided by immuno* 

localization and expression studies in isolated collecting cellular domain [27,2*] An AM Y nus vense mutation m 

ducts [10,11], which showed transloeation of A(JP2 hum the first transmembrane region and an m fum e deletion of 

the subapical vesicles to the apical membrane and four amino acids m the third intracellular loop were shown 

induction of water permeability after addition of AVP. In not to cause N D I and probably represent fare polymorph 

1994 the human equivalent of the rat AQP2 gene was

cloned independently by two different groups and 

assigned to chromosome 12 [12-14].

accelerated degradation, or both, oi the receptor protein 

[M* * l  Interestingly, the R l l ' W  mutation in the first 

extracellular loop has been shown to cause a combination 

of defects: lowered affinity tor AVP, reduced ability to
< v

stimulate adenylate cvvlasc and hindrance of transport ot 

the receptor to the cell membrane [>2). A reduced ligand 

binding capacity has also been reported for the H 1HtCI 

mutation and the T21MN mutation m the third extra

isms [28]. I "sing site* directed mutagenesis, Kadeght ri  ai.
{,v>| demonstrated that certain post translational modifica

tions of the X* receptor, nameh gheosUauon at asparagine 

and palnutoylanou at cysteines >41 .uni M2 are m>t 

critical for us function fU|,

) > . 
«»«*#-

X-llnked nephrogenic diabetes Insipidus
The \ f > receptor has long been considered a prime 

candidate for the defective step in AYP*mediated response 

in X-linked N H L  'The reason lor this belief was that the

VVspecitie agonist l-desamino-H-u-arginine vasopressin

(l)DAVPK which normally elicits vasodilatory. coagulatory 

and fibrinolytic responses, does not exert these effects in family a normal extrareual response to D D A Y P  has been 

males with X-linked N D I, suggesting a general X- receptor 

delect (151* Independent support for the V.: receptor being

Autosomal recessive nephrogenic diabetes 
Insipidus
In approximately IUrt of families N D I shows a non X 

linked pattern of inheritance, In oue patient from such a

observed (A4j, indicating that the uurespousiveness to AVP 

in this patient was restricted to the Kidney, tankage 

involved in X-linked N D I was provided by the finding that between the N D I gene and polymorphic markers from the 

a gene conferring \Vlike binding activity colocali/ed with Xq2H region was excluded m the patient’s family, and

sequencing of the receptor gene did not identify a 

potentially harmful mutation. Sequencing of the AQP2

the N D I locus in the subterminal region of the long arm of 

the X  chromosome (Xt|2K) (R>). The role of the Y„; receptor 

in the pathogenesis of N D I was finally proved by the gene in tins patient revealed that he was a compound

demonstration of mutant X> receptor genes in affected 

individuals [17-19]» More than 6(1 distinct putative disease- 

causing mutations throughout the V^ receptor gene have so 

far been reported in families with N D I 120*21,22*1 (for 

review* [23,24]) (Fig. 1), 'The impact of several mutations 

on the function of the \% receptor* especially important for 

the mis-sense mutations, has been studied in in-vitro 

expression systems, A total loss of binding of AVI* was 

observed for the R202C, Y205C! and Y206D mutations in 

the third extracellular domain of the receptor [26,27], the 

Y12HS and P2H6R mutations in the third and sixth

hetero/ygote for two point mutations |RIM7C and S2171M 

in the AQP2 gene tFtg. 2) [12]. Subsequently, homo/ygous 

mutations in the AQP2 gene were found in three 

additional patients with N D I, all born from consanguinous 

parents Functional expression studies revealed that 

Ar/iopiK fan /v oocytes injected with mutant AQP2 cRNA 

failed to increase water permeability» because of impaired 

transport to the plasma membrane and concomitant 

degradation of the mutant AQP2 [ l2 tA6J7**,3H|, do- 

injection of mutant and wihbtvpe AQP2 cRNA  resulted 

in the same water permeability as injection of vvild-typc 

transmembrane region, respectively [28], and several cRNA only, a finding in accord with the autosomal 

framcshifc and nonsense mutations [28,29]. Conversely, inheritance of N D I m the lour families studied. Two
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families vv ith autosnma) dominant transmission of NDI fibrinolytic responses in three further patients with distinct 

were recently reported |.W), in which patients were AQP2 mutations. Based on the presence of normal 

heterozygous for a mutation in the AQP2 gene. The reactions in all of the patients tested, they concluded that
a DDAVP test allows these patients to be distinguished 

from those with a V2 receptor defect.
identified mutations are located in the carboxyl-terminal 

region of AQP2, a region considered to be important for 

urge ring of proteins. Although the functional conse

quences of these mutations have not yet been examined, 

it is likely that they have a dominant negative effect, AQP2 is detectable in the urine of normal individuals and,

interfering with the transport or functioning, or both, of the after treatment with DDAVP, in the urine of patients with 

wild-type AQP2, Patients with an AQP2 defect cannot be central diabetes insipidus but not in that of patients with 

distinguished* on the basis of clinical symptomatology, NDI [41*]. However, the significance of measuring urinary

from patients with a V> receptor defect. Prompted by the 

positive extrarenal reaction to DDAVP in the first patient 

with an AQP2 defect, van Liehurg tt at, [40j tested non-X-linked NDI [42).

AQP2 for diagnostic purposes is not clear, especially 

because it cannot discriminate between X-linked and
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Vasopressin insensitivity in females
Several families have been reported in which females show 

clinical features of N D I resembling the phenotype in 

mules (for review [22*]). After the discovery of AQP2 gene 

mutations as a cause for autosomal recessive N D I, and in 

some cases for autosomal dominant N D I, it seemed chat a 

satisfying explanation for the complete manifestation of 

the disease in some females had been found. However, 

four families were recently described in which sympto

matic females do not have an AQP2 defect but are 

heterozygous for a mutation in the \\ reccptor (22\*U],

The maximal urine osmolality after DDAVP stimulation in 

these females did not exceed 200mosmoiykg and an 

absence of extrarenal responses was found in two of the Conclusion 
four women affected [22*). One female patient showed a 

50% increase in coagulation factor VIII after DDAVP

administration (43 j. Intrigo mglv, m three of the four 

families asymptomatic female faimlv members earned the 

same V.» receptor mutation as the manifesting témales

The most likely explanation for the existence of different 

phenotypes m carriers of a Vt< receptor gene mutation, 

varying from no symptoms to complete manifestation of 

the disease» is skewed X*irucmation, which results in 

predominant expression of the mutant V« receptor allele. 

The discrepancy between the renal and extrarenal 

responses to DDAVP in one of the above patients may 

indicate differences m the X  inacmanoo partem in distinct 

tissues.

I he two genes imolved m N D I cm mie proteins that 

reside at both ends of the cellular AVP-signalling cascade.
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Wc arc convinced that fumtinnal analysis of nanirallv
*

ocu im nu  and targeted mutations in these &enes will

continue to be til indispensable value in determining the 

relationship between the suucuuc and function of both the 

\ z receptor and the AOPJ water channel. The discovery of 

different iieneric causes of N D I has important implications 

tor genetic counselling especially in those families in 

which only one patient or a sole sibship is affected, in 

those cases a DDAVP test with measurement of coagula

tion anti tibriuolvuc parameters will help to discriminate 

between X-linked and non-X-linked N D I, at least in 

males. In females with a complete manifestation of N D I 

tins test only indicates X-linked inheritance when there is 

a total absence of extrarenal responses.

Acknowledgements
This review was written on behalf of the Nijmegen N D I

research uroup winch, in addition to the authors, consists of

Marian AJ, Verdijk, Leo A ll, Mormons, An&enira A,l\ 

van taebur^ anti Peter M*T. Decn. Research in our 

laboratories is supported financially by the Dutch Kidney

Foundation i^umts and

References and recommended reading
rV nw iji ^  r»4»tit;uUf m ttu0«L puUlifiHiKi w ttlw i ih ii m m ual [.mfiwl til rovitiw* 

hrtvn fawn 
* ii!f
* *  Mf mttifftttl

12

\

2

4

5

6

JA, v*m I .«*fouiy AF, Munnmis LAH. Miiialijn pjrkmaat GM, 
Kumm NVAM Cognitive and psychosocial functioning of patients 
with ct>ng«nitiil naphrogenlc diabetes insipidus Am J btmf Cienct
mm,. Hi m

M, SiDfotbf A, ('¿ritwit & inhscfti M, tohmm G. Antanmmm A, 
B«4tfe*t R  W Molecular cloning of the receptor for human
iinUdiumtic Kor mone N*iuw IttflSL 3S7 333-33&.

W«ute m. DL L*fwwi HA ADH action: evidence for a
membrane shuttle hypothe-sis, A/m NY Aanf Svi 1981* 372:106-
n '/

ruahi-wti K, 1.1»l»«i4 i% H»i<sa y. HtfrtUt Y, Manmm F, Sa&iki S; Cloning 
and exp iw lon of apical membrane water channel of rat kidney 
collecting tubule Nit!uh' 19ld. 361 549-^2.

P Hnmn 0, Nmimm S Aquaporin water channels: unanswered 
qtmUonu and resoled controversies Cun Opui Cull that 1995,
TAT). 4«;*

van AF, Dtmn PMT, van Oh CH. Munnwm LAH, Knows NVAM:
Physiology and pathophysiology of water transport: the role of 
»qiMipariin*. / Nvtihrul il)96 (m

Nwöffttm K, Aym P The aquiiporin family of waiter channels in kidney. 
Kaimy Int I M l  48 105V-1068.

Tli« «liutauf«, cliftlr>tHtlton #nd physwiiogy of the aquaponna
m h t ' n m i  I«  the Kftfftny are »fvwewed >n de»Utif.

8 SR, Ntetoen S„ Chuatengen El, Knupper MA; Regulation of 
collecting duct water channel expression by vasopressin In 
Bratttebero mH Ptw: Natl Acatf Sw USA J994, 91:8984-8988.

9 Ma T, H, SHa^k WR, A, Verkntan AS: Expression, 
function*»! «nalysit, and in-sHu hybrid!aiuUon of a cloned rat kidney 
collecting duct water channel Am J Physmt 1904, 266:G189~C1Q7.

10 N ü '^ ii S. Chnij C, Marpkm D. Chimtan»«n El, Kmhore 8 K, Knoppor 
MA Vasopressin Increases winter permeability of kidney collecting 
duct by inducing trenslocetion of aquaporin-CD water channels to 
plasma membrane Pn*c Null Acad So USA 199Ö, 92:1013 -1017.

11 Yamamuu* T, S, Fushimi K. Miib&fihi K» Yaorta E. Kaw f̂nikf K, 
Mrtumm f% K»har*i I Vasopressin increases AOP-CD water channel In 
apical membrane of collecting duct ceils in Brattieboro rats, Am J 
Phymi! i « .  2&8.C1546-C155I.

13

14

15

16

17

18

Dean PMT, Vordijk MAJ, Knoors NVAM, Wioringa B, Monnens LAH, van
Oa CH, van Oost BA: Requirement of human renal water channel
aquaporln-2 for vasopressin-dependent concentration of urine. 
Sconce 1994, 264:92-*96.

Saiiaki S, Fushimi K, Soito H, Saito F, Uchida S, Ishibashi K, Kuwahara 
M, Ikouchi T, Inui K, Nakajima K et a/,: Cloning, characterization and 
chromosomal mapping of human aquaporin of collecting duct J 
Clin Invest 1994, 93:1250-1256.

Doen PMT, Olde Weghuis D, SinkQ RJ, Geurts van Kessel A, Wieringa
8 , van Oa CH: Assignment of the human gene for the water channel 
of renal collecting duct aquaporin A (AQP2) to chromosome 12, 
realon q12~q13, Cytogenet Cell Genet 1994, 66:260-262.

Bfchflt DG( Raii M, lonergan M, Arthus M, Papukna V, Kortaa C, Barjon 
J: Homodynamic and coagulation responses to 1tadesamlno[8-o- 
arglnlnel-vasopressin In patients with congenital nephrogenic 
diabetes insipidus, N Engl J Med 1988, 318:881 -887«

van den Ouweland AMW, Knoop MT, Knoars NVAM, Markslag PWB, 
Roccbi Warren ST, Ropers HH, Fahronhofe F, Monnens LAH, van 
Dost BA: Coiocallzation of the gene for nephrogenic diabetes 
insipidus (Dlfl) and the vasopressin type-2 receptor (AVPR2) In the 
Xq28 region. Qmomics 1992,13:1350-1363,

van d«n Ouweland AMW, 0 roes on JCFM, Verdijk M, Knoers NVAM, 
Monnens LAH, Rocchi M, van Oost BA: Mutations in the vasopressin 
type 2 receptor gene (AVPR2) associated with nephrogenic 
diabetes Insipidus. Nature Genet 1992, 2:99-102.

Pan Y, MeUanberg, Das S, Jing B, Gitschior J: Mutations In the 
vasopressin V3 receptor are associated with X-linked nephrogenic 
diabetes insipidus. Nature Genet 1992, 2:103-106,

Rosenthal W, Setbold A, Antamarian A, lonorgan M, Arthus M*F, Hondy 
QN, Bimbaumcr M, Bichei DG: Molecular identification of the gene 
responsible for congenital nephrogenic diabetes Insipidus. Nature 
1992, 359:233-235.

Cheong Hi, Rank HW, Ha IS, Choi Y: A novel mutation in vasopressin 
V3 receptor gene causing X-Unked nephrogenic diabetes Insipidus 
in a family. Kidney Int 1995, 47:344.

Faa V, Vontruto ML, Locho S, Sozzola M, Podda R, Cao A, Rosatelli MC: 
Mutations In the vasopressin V2 receptor gene In three families of 
Italian descent with nephrogenic diabetes insipidus. Hum Mol Genet
1994, 3:1685-1686,

22 van Lwburg AF, Vordijk MAJ, Schoute F, Ligtonberg MJL, van Oost BA,
* Wiildhauimr F, Dobnor M, Monnons LAH, Knoors NVAM: CHnlcai

phenotype of nephrogenic diabetes insipidus In females hetero- 
*ygous for a vasopressin type-2 receptor mutation. Hum Genet
1995, 96:70-78.

Thr<Ks families with NOI aro raportod, in which fomale carriers of a mutation in 
the Vy rocaptor gone show a phanotyp© similar to male patients with NDI.

23 Knoers NVAM: Molecular characterization of nephrogenic diabetes
insipidus. Trends Endocrinol Me tab 1994, 5:422-428.

24 Fujtwara TM, Morgan K, Bichat DG: Molecular biology of diabetes 
Insipidus. Annu Rev Med 1996, 46:331-343.

25 Sharif M, Hanley MR: Stepping up the pressure. Nature 1992, 
357:279-280.

19

20

21

26

27

28

29

30

31
41 «

Tsukaguchi H, Matsubara H, Inada M: Expression studies of two 
vasopressin Va receptor gene mutations, R202C and 804insG, 
Innephrogenlc diabetes Insipidus. Kidney Int 1995, 48:564-562

van Lioburg AF, Verdijk MAJ, Knoers NVAM, Afor E, Paatina R, 
Fahrenhoiz F, van Ooat BA: In Wfno-expression of mutations in the 
Va receptor gene-confirmation of their role In the pathogenesis of 
X-llnked nephrogenic diabetes insipidus. Pediatr Nephrol 1994, 
8:C75.

Pan Y, Wison P, Gitschior J: The effect of eight V2 receptor mutations 
on stimulation of adenylyl cyclase and binding to vasopressin. J Biol 
Chem 1994, 269:31933-31937.

Tsukaguchi H, Matsubara H, Mori Y, Yoshimasa Y, Yoahimasa T, Nakao 
K, Inada M: Two vasopressin type 2 receptor gene mutations R143P 
and 278delV in patients with nephrogenic diabetes Insipidus impair 
ligand binding of the receptor. Biochem Biophys Res Commun 1995, 
211:967-977.

Rosenthal W, Antamarian A, Gilbert S, Birnbaumer M: Nephrogenic 
diabetes Insipidus, A V2 vasopressin receptor unable to stimulate 
adenylyl cyclase. J Biol Chem 1993, 268:13030-13033.

Tsukaguchi H, Malsubara H, Takotani S, Mori Y, Seido T, Inada M: 
Binding-, intracellular transport-, and biosynthesis-defective mu-



358 Renal pathophysiology

tants of vasopressin type 2 receptor In patients with X-llnked 
nephrogenic diabetes Insipidus. J Clin Invest 1995, 96:2043-2050, 

With use of an epitope-tagging technique that facilitates surface localization 
of receptors, the investigators demonstrated that naturally occurring 
mutations in the Vy receptor can bo classified into at least three distinct 
phenotypes,

32 Birnbaumer M, Gilbert S, Rosenthal W: An extracellular congenital 
nephrogenic diabetes Insipidus mutation In the vasopressin 
receptor reduces cell surface expression, affinity for ligand, and 
coupling to the G.«adenylyl cyclase system, Mol Endocrinol 1994,

86-894,

33 Sadeghi HM, Innamomti G, Birnbaumer M: Functional properties of 
mutant V* receptors, in Naurohypophysis: recent progress of 
vasopressin and oxytocin research, Edited by Saito T, Kurokawa K, 
Yoshida S, Amsterdam: Elsevier Science; 1995:445-451.

34 Knoers N, Monnens LAH: A variant of nephrogenic diabetes 
Insipidus: V2 receptor abnormality restricted to the kidney, J 
fW/a/r 1991, 150:370-373.

35 Reizer J, Reizer A, Saier MHP: The MlP family of Integra! membrane 
channel proteins: sequence comparisons* evolutionary relation
ships, reconstructed pathway of evolution, and proposed functional 
differentiation of the two repeated halves of the proteins Cm R&v 
Bioctwm Mol Biol 1993* 28:235-257,

36 van Lioburg AF, Verdijk MAJ, Knoers NVAM, van Easen AJ, Proesmann 
W, Mallmann R, Monnens LAH, van Oost BA, van O© CH, Dean PMT; 
Patients with autosomal nephrogenic diabetes Insipidus homo
zygous for mutations In the aquaporln-2 water channel gene. Am J 
Hum Gonet 1994, 55:648-652.

37 Deen PMT, Croea H, van Aube! RAMH, Ginsel LA, van Oa CH: Water
• • channels encoded by mutant aquaporln*2 genes In nephrogenic

diabetes Insipidus are Impaired in their cellular routing, J Chn Invest 
1995» 95:2291-2296.

By immunoblot aratfyms and imfminocytochemtatry, autosomal NDl in four 
patients with distinct mutations in tha AGP2 q m * was &hown to b^ caused 
by impaired routing o* mutant AGP2 proteins.

38 Do on PMT, van L^burg AF, van Os CH. Kwh»» NVAM: Mutant AGP2 
proteins In autosomal recessive nephrogenic diabetes Insipidus. In
Nmuohypophyms: recant prog fens <«/ vajopmssm rnui mylocm 
research. Edited by Saito T, Kurokawa K. S. Amsterdam:
Etemwr Sconce; 1995:485-494.

39 8 k:hot DG, Arthus M, LonftfQan M, BaHe W. Skorocki K, Nivet H. 
Robertson G, Oachke A* Rosenthal W h Fujiwars M vt qL Autosomal 
dominant and autosomal recessfve nepftfogenfc diabetes Insipidus: 
novel mutations In the AQP2 gene. J /1m Sac Npphrol 1995. 6 717.

40 van L»eburg AF* Knoem NVAM, Madman R, Pnwroans W, van tton 
Heuvet LPWJ, Monmmn LAH; Normal ftbrinotyttc responses to 1- 
desamin0'8’D*angIn!n0 vasopressin In patients with nephrogenic 
diabetes Insipidus caused by mutations In the aqua pod n-2 gene.
Nephron 1998, 72 544-546.

41 Kanno K, Sasaki S* HfUUa Y, Ishtkawa S. Fuahmw K  Nakanmhi S, Btche!
* DG, Marumo F: Urinary excretion of aquaporin*2 In patients with

diabetes Insipidus* N Engl J Mwi 1095, 332 1540*“1545.
AOP2 «5 detectable m unm* and m\ meamKtfmont aft«# admin mUation of 
exogenous AVP may be w d  for iba dtecnmmatton b«sw«en central chabetee 
insipidus and NDI.

42 Knoem NVAM, van Oa CH The clinical Importance of the urinary 
excretion of aquaporin *2 N Engt J Mint I SMI S. 332 1574-1576

43 Moses AM, $an$&tn G, M»Ber Jl Proposed cause of marked 
vasopressin resistance in a female with an X’linked recessive 
Vj recaptor abnormality. J Clrn EntitHxmil Woteft 1995, 80 I ! 84 •= 
1188,


