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Abstract Gene transfer in the kidney 

Somporn Wongamorntham, M.D.* 

Advances in molecular biological intervention and genetic engineering develop 

new approaches in dissecting molecular aspects of diseases and possibly in gene 

therapy. In the field of nephrology, there is growing research in gene transfer technology 

in identifying pathophysiology and gene therapy of renal diseases. The benefit of gene 

therapy is in the groups of renal diseases that have no appropriate treatments or the 

present treatments are not satisfied such as hereditary diseases, malignancy, progressive 

sclerotic renal diseases, and transplant rejection. Although there are many hurdles in 

developing efficient gene transfer vectors to the specific renal cell targets and In controlling 

expression of transferred gene, the rapid spread of knowledge in molecular technology 

will make gene therapy In nephrology real~st~c and useful In the near future. 

(MJS 2000; 1 : 44 - 51) 

UWP~°I (genetic engineering) w'i%fs"aiinni3bdd~u~~daa 

n"7a~Gilu6iuni%?$fl ?Q.u<fl~~azni%?nwi%m~Su 

m a i u f f i a ~ ~ 1 ~ i a b ~ m % u % a ! n i 3 b b ~ ~ ~ 6 1 ~  t!isJ"n (gene therapy) ~iow"muimai~~~Lazn~cj  
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ni%sii~tauGu (gene transfer) 

rnsdidouiu2 ~am~~mdau~iuai>f iuqns>~ 

(genetlc material) 'bdt$aa&iiij7 ndb?Iu~ih~uiu 

(target cells) bba"~"7%fldniabban\3aan"ua\3aia 

<uqn>>u$u%u~saG~3i~Iiiu i~a63iwrnudaumn 

6nbgu~~a~i7t1niu (somat~c cells) fkIni%iaiui>a 

diuw anw"sgn>>ulJlbeJtjjuqn'bv7 n-~>?InwiPa<unia 

d~u%audu'belG~ma~Auw"u< (germ-ine cells) Gqfl 

i i 'oi ' in"mwwt16'1u~5u~aau~ n~adiubauiuw"i%s;l" 

aiuian?Inni~~~:~~i%~n1~w"1~6i~aa\s~u~u%u 

"uuaunisnaInni%~ii~T~~ n i%q?n~~q?u iu~a im~~o 

Qw~Jnild n?ao%s;l"w"7w~iw"Gu~~~?anwniaii\3iu 
aa;liudw"i%~biiwbam ni>%%ueJ"isJ"n (gene therapy) 

a i n?nw i%~m%uu~w$~ :~~~nn i~b6a~~uma" iun i s  

~ ~ 9 n d i u a ~ u a : w " i r u i ~ u ~ ~ n n ~ u u a n ~ d ~ $ i ~ i i ~ n i u  
~ioi i~Ci i%ui i \3niu$u 

n i s ~ i u ~ a u ~ o a ~ ~ i ~ ~ d  (gene delivery into 

cells) 
i ~ m > d s : r i i u ~ a u i u t d i ~ ~ g a C ~ ~ i ~ u i u l ~ T i l v ;  

- B n ~ 5 a ~ a u d ~ ~ n a v v a ~ ~ 7 ~ y v y v n q n ~ ~ ~  
(cloned gene) 

a i a ~ u g n ~ ~ u n d i l : l ~ ~ u n i ~ s i i u b a u a i ~ a ~  
l ~ ~ d ~ a a b u ~ d u a  (single gene) ~ a i s 6 u  (mult~ple 

genes), cDNA, doble stranded DNA, antisense- 

oliglonucleot~des MTn decoys ~\3mai1i$'6iu 

a q B a 3 w  uibba:<uq7~an%~uai~i%nbbsnbba: 

aiurn>i:G~i>wiigna>u~~iii~6 
- ~7s ; r :Q7 f l 7~~ -ugn~~x i  (vectors) 

n i > d i u % a u i u b ~ i ~ b b a ~ ~ n  uni>$ueJ"a 

>:~-di \3a7>f iuqn~>u~~a:~ .owGa3i~uiubw um>\sg 

%aniada:aumaiuGi~i~Cau fini>4nwi~~a:Aw6u 

~ l M : b ~ ~ ~ ~ ~ ~ l ~ l > < ~ q n > > ~ l $ l ~ 1 6 d ~ ~  %M?$ha 

thdqmnb win:iruiaiawtsn>auw"~~u%~'b6~~~ 

1. wiwdcj-~nw L ?  (viral vectors) 

wiw:d>:anw~8aa$ala?aw"~~mn~s06 

a 7 ~ 7 > ~ ~ ~ ~ ~ n " e r ~ ~ \ 3 b " b R a b b b ~ : d l ~ % ~ ~ ~ 1 7 ~ ~ $ n > ~ ~  

~ h ~ i r a ~ ~ n ~ n u ~ ~ $ a ' b a ? a ~ u ' b i m ~ i ~ n ~ ~ ~ ~ ~ a ~ ? I u  

6um>iuia~ga&bba:ii~niu W I M : ~ ~ : L ~ ~ ' ~ ~ J R L ~ U ~ "  

~ ~ ~ b d ~ u ' ~ l ~ R l ~ l ~ ~ b ~ 7 ~ ~ ~ \ 3 % ~ f i d ~ ~ l ~ ~ l ~ ~ 6 d l ~  

% ~ T ~ ~ " Q ~ N % . ~ " L ~ ~ w I M : % $ L L ~  

1 . 1  Retroviral vector 

Retro viruses da:naui'au single 

stranded ribonucieic ac~d  genome auiw 7- 10 kb 

a"ausau6au nucleocapsid core bba: glycoprotein 

envelope4 %a?adw"i~~~i~?Iuwi9;1:bw~w" envelope 

protein5 ~i~~an!wTun"erKaTu (receptor)"' anwi: 

u u ~ a ~ 9 d q 3 ~ ~ a G ~ ~ i ~ ~ 1 ~ ~ ~ a " a ~ a ? ~ ~ $ i ~ ~ ~ a a " b s 7 5  

receptor-mediated endocytosis ~~\391n$u'ba~j~9: 

ejandiafl nucleocapsid b"uU7d cy top~a~r I I " l iQb~~& 

b~i~uiubba:~ni~aii\3 double stranded DNA ilin 

s~ngle stranded RNA bwuauauni> reverse 

transcriptase b b ~ a b n ~ a ~ a ~ i ~ f i a l m ~ u ~ " ~ 1 a \ 3 b a ~ ~ b b a :  

bdi"7Bin (intragratron) ~?Judausrid.sva\s genome 

slafliaa&$usdiu~u (random) %uaru:w"b.na~~nis 
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aaei;lKa ia-11Sj;Wnisaaarnsoanaiiilnia~ (permanent 

expression) aa~:aiui%nsiiuwamldK;l$uqn16 
o* - A  

Retro viruses bb~uaamj191iai%S/idn7%bbam;laan 

odi;lniasaad~~a6oudai~i%na~~:t~uhl\1m~ud~ui~ 

Jau ( 10" 1 0' infected unit/ml)' d\3ois1iwo 

afiua%uni~%.a"diu%au~u%ua~aa"~iuauuinnaaa~a 
%.a"b6~aawi:%ua~aa"w"~ni~a~ei;lCa~~'~ aaia~a6ctau 

inn2u?iamuo~'lunniwlia~ei~Ca~auw"~aisafimni~ 

WILM~I (insertional mutagenesis) ada;lqina$iEmTu 

61- genome LLUU~N aaa:ois6a%sS"afimn"ou~ul661 

afimni%EnTuuau proto oncogene la?a$Quu%.a" 

'b6llfi Moloney murine leukemic viruses ( M ~ L V ) " . ' ~  

Lentviruses ~gu'b2?a~nviim~ii\3%un(u6bbii 

' I ~ a u ~ i ~ i ~ n " u d a i ~ i ~ n % v ~ m ~ u ~ ~ a a " $ l i i m ~  

aaei\3Ca13 

1.2 Adenoviral vectors 

bgda?adi~nwa=agu icosahedral 

capsid .uuind%:uia 7 0  nm d%cnau6-m%d%iu 

saw: linear double stranded DNA auin 3 6  kb14 

' ba?a6 f i $o~~u~a i~ i~n~~ i :~~u ; l ' bm?ud~u i~u in  

( 10"- 1012 infected unit/ml) 'bdt$o.s~ii'i!n%J6' 

genome ao; la~aa"a~i~uiu '~ :il%fi6n"era~aa"$li 

a~ei ; lCaaadd$a6ou$~i%~li f in i~aaan\3aanai7\3  
nia%aaa:aisn%:{u~~aa~G~iim~9{~6ut$iu%d%~u 

* 
aa;iba?aw"\3;l.dQrn humoral aaac cytotoxic T lymphocyte 

a a i l & o i ~ f i m n d d k d a ~ f l u a u i m ~ \ 3 ' ~ ' ~  l~?a6'a$i 

~a%a&fli~uiu%n flqun"~ coxsackie and adenoviral 

 receptor(^^^)" dtjavaawri~aaaa"aaa:~.~"ida~aa"wi\3 

integrin receptors1* aat=i'at~n4u'ba"bu lysosome iai%sS" 
lysosome aamnaondwndiou DNA bii'id cytoplasm 

. u o . s a ~ a & t f i i ~ u i u s i n ~ ~ ~ m ~ ~ u ~ ~ i ' b d o ~ ~ u ~ d  episome 

niuTuiia~m5ua 

1.3 Adeno associated virus(AAV) 

dun+, parvoviruses $3 single 

stranded DNA i ~a~uu3h~w i :da iu i~na~ i~m in  

n"er genome ~ ~ \ 3 b " d ~ a b b ~ l M ~ l ~ % ~ ~ b ~ ~ l t ~ ~ b ~ ~  

Imsi%u%.au 19q 1 3 4  aa\3~y~G 'ba?ad6a.soi~u1a?a 

$u (unrelated helper virus) aiu adeno viruses %u 

ni%aaan;loanaaa=%vlm?ua~a~~iaaei;l~aiab~di$a6au 
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d a w i t a ~ u i l l m ~ u d ~ u i m ~ a u a a a a a ~ ~ n d u t ~ o u ~ i n  

adenovirus helper16 

2. rnv:dYi~i~&~Y~ia(non viral vec~ors) 

a~uni~diu%au!u%mila17uwi~:da~u 

ai~ami~~oo~ni~~u~m"b.a"a~ala?a~na~u"a"sni~wdiiu 

'bi~o%sS"afimn13:~5{u6ua~a:liiflqwini~~aei;lCa 

va\swi~:aiu%ula~aaai~n%Gwadiaaa:aa~m\3aon 
odi;lkamsiia aiuss$\3maiu~ia?q%uni~%.6" cacum- 

phosphate a~uwis4:%uni%diu%ou~dub"b~a"a~u 

m~~;lb~%nl6finisi~n6uwi~=ii\3~ tiu 

2.1 Cationic lipids 

'b.ufiu$idsquan (cationic lipids) 

aiu N[ 1 -(2.3-dioleyloxy)propy]-N,N.N-trimethyl- 

ammonium chlor ide(D0TMA) baa= dioleoyl 

phosphatidylethalonamine (DOPE) aiNi%n%aun"u 

DNA baa:~u~mn"uw~69\3b"ba<6aud~fi~uiuiwi\3 

oqnid=d$iw"i%ss" DNA aiui%na4'1~a~aa%6~~ 

%nu.uuauni% endocytosls tt i~n~nw"iai8niu%u 

endosome ~ ? a  lysosome 

2.3 Cation~c liposomes 
a - r s r n ; - ~ % ~ ~ o r n u ~ ~ . u o ~ ~ i ~ ' b . u ~ u ~  d 

aiui%niai%ps"b~nni%a~uil~aa~uw~\3 2 .a"ut=i'a~d~%oer 

DNA m$lu6u$nwN:am liposomes bbw:flI&dl%n 

drn~er~~w:a~aua$in"uwfi9~~aa"aa$adamdiou DNA 

%P;iafid cytoplasm %mum%\sa~iui;r+auoiq~nw"iaiu 

%U endosome ~ ? o  lysosome20 * '  
2.4 HVJ-iposome method I 

Kaneda bba:m~:~~ 'bmWL?! envelope 

"110.9 hemagglutinating virus of Japan (HVJ) $\3aqu 

Sendai virus dim~~u~i~doua$in"erwG\3a~wa~6 
(fusogenic activity) iaun"er'b"uu%a~t~u HVJ- 

liposome %.a"~~uwi~=%uni%diu'bauZuaaa=%.a" 
.w 

nonhistone chromosomal prote~n high mob~lity group 

1 (HMG- 1 ) wauiaun"~ DNA w"i%~ai~i%n+\3wiu 

DNA sin cytoplasm toji$iiaamdua'bm"uin$uaaa= 

w"i%sS"ni%~ranaaon~<u 

2.5 Electroporation 

%m~ni%%.a"n%:a~al=d3iGi%G~Knni% 

~ d d u u ~ d ~ l ~ n ' ~ r i s t ~ a ~ ~ ~ l : ~ ~ ; n ~ ~ % ~ z u ~ ~ a " ~ ~ ~ o j ~ d  - 



Lq-&L&w d Y -  wq & y@* ?zfl 7$ >g66flh%727u7 mYi71v* 
N U L " U I W ~ U ~ ~ U  genun,.; - -- --- -- - . ~ - M T ~ ~ ~ . U  

i i u ~ $ i ~ a ~ n d a ~ u u s n i i a n i u b ~ i $ u  75rns<ai~im 

%~6fiua~aabqAai~~~m%au~a hemopoletic cells23 

2 6 Gene gun or particle bombardment 

% ~ 8 D 1 ~ ~ 0 ~ d 7 1 ~ " 1 1 0 9 % a 9 / 1 % ~ ~ ~  

wa;l~~aw"a~rnu~fluwiw~BiBedn?a DNA bfit=ja66wab 

%muniria%\9naiua?avo;loqni~Tav:~Gn%qji~avu 
b " d ~ a " b s " J l ~ N l 7 ~ b b ~ ~ f l l ~ l 5 ~ ~ 1 ~ ~ ~ ~ ~ ~ ~  b<ldb"d~ 6 
~ ~ i v a . i u I &  ~~ni~d~"i%~~ni~~bam~aanI6atiia 
+ a ~ s i a ~ a w z t i a i i ~ ? 9 ~ n d ~ ~ ~  

~ ~ n i = i d i u h o a ~ p s  (method of gene transfer) 
n1ssiiu%a~~urbazw19~~%SA"b~i~b"d~db~iva.iu 

~ia.i~nn~:~'116w"~niuua~~aaa~niu?u+ianiu~u0~ 

~u~n~~ziiawi:~aa:n1~m09~~u0~voil~~a&a~iv~i~ 

- n?7n'7~6su8n~wonii~niu (ex-vivo gene 

transfer) 

a ~ u n i ~ ~ i u T ~ u ~ u M d n s ~ w " i n i u u a n + i a f ~ ~ u  
Gi'o;lai6'un-1=~6T'm%u~6~ (biopsy) w~oed"ib"da6 

~ ~ i v ~ i u a o n ~ i n ~ ~ a n i u ~ ~ a : d i ~ i a w i ~ ~ ~ u a ' b a "  M S ~  

wiuv,-,uniridiuTauGu~~da~~i~n~ua$i~iian~u~~ 

a i v ~ f  qili~%mun?~Zmjlb$ivaana5~nv?aAsn5ub~i 

o~ua&'~\4ni2lmum=i;l "ani%8~n~v;Mi:au6uni~ 

siiuTaw6w%urizuuboGm (hemopoietic cells) Md 
~ i ~ i ~ n B i o a n ~ ~ n + 1 a n i ~ ~ ~ ~ z ~ u n ~ ~ a $ i ~ i i ~ n i u l 6  

%mua:man 

- n1ad7uk1u5w%nr?7\sn1u (in-vivo gene 

transfer) 

~ ~ u n i ~ 6 i u 6 o u G u w $ ~ f i ~ ~ u % u + 1 . s n i ~ ~ m u  
n i c j u f ~ i s ~ a u t i a u v a ~ ~ u ~ j l b a ~ w 1 9 ~ ~ ~ $ 1 ~ i 1 ~ n ~ i a ~ a  
af imn i - js i iuTauZuE~ua~n~a3 i9 i l~~~d~~~ni~  ni3 

u f  9~1cda$1~ii.sniuai~ns:w"i%muniabn~$1va~m 

~Gamii M W ~ ~ L G O ~ ~ L ~ S  ~mb<in$1ub6a 5mjlbGidaq 

6 ~ 4 ~ ? o ~ m ~ ~ ~ ~ 1 ~ 5 ~ ~ ~ ~ 9 / 1 l i f b f i U ~ 1 ~ ~ 9  

-4  

asn i~u~w~=in i= id1a~a~d6u~d~~6;1  
(gene delivery into the kidney) 

- a~o~~1nlmelri:nou6auTn-a~a~1"7\su.a'er.a"au 

~ a ~ Z a n i a : n i s a ~ e i s ~ a i a e o ; , ~ . a a ~ a ~ i ~ ; ~ i u ~ s ~ ~ ~ % G  

~ I ~ ~ I ~ ~ B ~ ~ ~ ~ ~ ~ ~ ~ A A ~ w ~ & ~ I ~ ~ ~  a7~73f;lU~9~79 

n i ~ h i ~ ~ i b o . u ~ u l e l ~ m ' b ~ ~ 9 a i u 7 5 ~ ~  

- n?sbm~$19-9~am~5o~~~m\g'bm (intrarenal 

arterial inject~on) 

T m u n ~ ~ ~ n i a u w w ~ v i b o ~ ~ ~ ~ ~ ~ z w i ~ ~ ~ i i  

wi~vwona5omsan.jbn ?&s:w"i%SA"$a.~tT~n"u9~3bam 

glomeruli m0.gb'b6uin~i%w"afim~1ishi8~au5u%u 

a"ba6vaa glomeruli uazbba;rwsoan%ub"bnd$u'b6~0mita 

~&a~md~a4"bku-dini4~~~i'd HVJ-Iiposorne wlaMt3am 

~5om~am~l(1;i~1ui~nwuni~6iiu%au~u~m~u~~a~~aa 
ImerSaatx glomerul~'~ 

Kitamura %$nl%~iu~au~uniuuanii9niu 

a$id mesangial cells aba:l$~~u~baa6wi9~=615u (cell 

vector) ~ ~ f 1 ~ ~ b $ 1 ~ ~ 1 ~ ~ 7 ~ ~ 1 ~ 9 / 1 ~ 0 ~ b ~ ~ ~ b b b ~ ~ ~ ~  

~ i ~ i ~ n m 5 a ~ w ~ n i ~ ~ r a m ~ a a n v a ~ ~ u n " i l n ~ i a ' b ~ ~ u  

u5aaa g~orneruli'~ 

- ni3uf ~iri~$iq7m%mumcj~ 

nisu39/1isaGi~'bmTmurnsan~d~W"ilmTmunis 

~ m a " i l " l ~ 1 S b a ~ % 6 t i ~ a ~ ~ ~ m  (renal subcapsuiar 

i n ~ e c t i o n ) % ~ u ~ m ~ u b ~ w z w 1 4 / 1 : v ~ ~ b " d ~ ~ ~ d 7 9 d n ~ 3 ~ 1 8  

T o u B u n ~ u u a n ~ i i r n ~ ~ ~ a ~ a " a i ? G i ' w ~ ~ ~ ~ l m  ~ i i m  

niri6iuTauBwa~a:~.oa&~~%~~Ge~bmWni%b~~~la0an 

ma50db6~djbdu Koseki L L ~ z R ~ : I < L $ ~ I ~ ~ I u T ~ u Z ~ % ~  
metanephric mesanchyme "ua99/1ynluuaniianiu 

a ~ a ~ ~ a n ~ u ~ $ i ~ I ~ % u ~ 5 ~ a t x % 6 u % a f ~ ~ r n w w f i n i ~  
~ ~ w n ~ o o n . c l a q S d m ~ ~  ~ n ^ a " s & a i ~ ~ s n u f  viqbwu 

nis~ma~ia6a1rn (renal parewhyma! inject~on) Tmu 

m3ab$u Boscn bbaznm:%$ai~da~uflw~a'bm 

(nephrotoxic agent) nriz(u%qjib"daa" tubule bbei\sKa 

bba:?imZu P-galactos~dase (LacZ) iaufk retrov~ral 

vector a~ibmum~ad~a1mw~~ni5b~f lmsa~n~0~~u'b6 

%uu%aa tubule28 

- n?sdmuku$wn?\s wb'bm (retrograde from 

ureteric injection) 



r \ ~ ~ ~ ~ f l ~ ~ u ~ u ~ ~ ~ a u  tubu\e ~ : = I \ s Y R ~  I ( S 7 7 1 9  

5 i~~~~oun: ' i l uu f~am giomerui ~~~~~~~~ada~m 
~$1"7wi\swfiona~on~~n\3Im ~u~~fi:~i~zqz6oilbnioed 

diub"b~&bbbb~:~2ud%:no~~i\3~o ep~thel~al cells, 

glomerular bba: tubular basement membrane 6au 

wiub~~id tubular cells ~;l~6wa5iajd'ofl ni%<mi'ou 
1 
"ilm1\3 pelv~calyc~al system aiui%nW"i%94"biimni% 

diu~ouiPd%u tubular cells 76 Moull~er 16;n~1~ad 

~ ~ a c s / \ r u n i % ~ ~ ~ m ~ o a n v a \ 3 ~ u $  tubular ep~thelium 

%uu%am papillae2g La1 ~6difl6aufh carbor~ic 

anhydrase ll %uwl~mu~mi 'ouBuwi \3~o~m~~a:  

3 i~i~n~unisbb3m~oonvn~iuw" tubule bbazbbnl?! 

niazn%m~in~aiuf imdnivo\3  tubule 1G30 
- ni2dni$i4.rao~aAandaa~lflai~ (peripheral 

circula tion route) 

Pasqualini bbaz Ruoslaht~ l6Anwini>%.a" 

p'7age display library a=io& b~%i:&ba:l$ sequence 

"u~~u$~ iu i~n~m~un"udau+ i~wi : f i~~w (un~que 

marker moecule) $waon~ffom1~~~a~bmwi\3waom 

~ffamiauelaiuwu-di~iimni~Q~~m~~a:diuTo~i~~u~' 

- n12~1")1$77n6?&Jb$?i (intramuscu~arinject~on) 

1un%6$~md%:nan'mlhdou~uiiowa 

wbmbei~~u$aiu i~~"~n~n~~m1m"bmdi+ia~u$.~-  

i'o;la$i\3w"1m ni~uf9cli%ni~diuTouBuTm"lm~~i 

n G i ~ ~ ~ o ~ 6 o 7 ~ ~ ~ u t ~ w ~ ~ w ~ m m ~ i u ~ u ~ ~ ~ a n ~ : ~ i u  

manstada;lm11l~~w~:b~u"a~ni~6\.iifl ~ ~ a z ~ i u i > n  

%ss"ni>'U%4i%$i7 16 lsaka %.a"ni%difl'bouF?u decorin 

w"n~iub~o~ba~aiui~nm3a9wuw~w~m decorin 16w" 
' b m ~ ~ w z n i ~ i ~ o o o n q m ~ ~ u ~ ~ n i ~ ~ i i ~ w " ~ ~  m16'~ 

nian~uRunisii~iuaos3u~siier'Fau 

(control of transferred gene) 
f l ~ w i 6 b u n i ~ d i u ~ o u i u w " ~ i ~ ~ d ~ z n i ~ w ~ ; l ~ o  

r n s n a u q u % ~ ~ u i u d ~ i u T a u ~ ~ ~ ~ ; l o o n ~ ~ a : w ~ m n i ~ w " i  

; l i ~ b ~ ~ ~ ~ ~ ~ i ~ : ~ ~ ~ ; l ~ i 4  Wni>~nwi~~azw"mui 

' b m ~ o i ~ u i a u e l ~ c n o u 6 i ; l ~ i u % u ! e ~ 6 ~ i u T o u ~ 9 u  
dau@as~qua"rj ~itamura$m%? tetracycline responsive 

promotor %uni~~auquni~W"i~iuw5nw~mni~W"i 

;1iuva;liu P-galactosidase%u mesangial cells33 b b ~ :  
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?2,-.,, - 5 - i s u 7 r o ~  o m r ~  a U I J ~  1 rcyu~a[ur y 

sequence) vad P-smooth muscle promotor $7 

ba~n\saon%u mesang~al cells %unia:T75ni%fi'n~flu 

~~uK2~aerquni~t~am\3oon"11o~Bu P-gaiactosdase 

%uKnwm: cytosensor~u~i;lniu"" ~~az'b6wmaoePbuvy 

~ S o 6 i ~ T o u i u T 7 q n n ~ : f u l ~ 9 c l ; e j n i ~ q ~ - 6 i ~ u f i ~ n  
n~:(uilymmsvii~iu ~ t i i ~ t d o t - i I u ~ o u f i u i ~ u r i  
n%:(~%u anti-Thy1 -nephritic rat fi$iniazni% 

6n~auwer-diiuqnn>:(u%sS"~~~m\3oon'bm~* ni%Wnwi 

~~dum~uom~iiiu~liiuToumui~nqnnau~ul~ 
6muiuiu$bbam\3aonaawi:fbdo~niacime~n~bbat 

s4~mni~.Ri~ iu~don iaz f im~niwiu 'b~ 

n i s j d ~ u ~ i f i d u ~ s ~ !  w 
(gene therapy in kidney diseases) 

n i ~ % . a " i u 9 d i s J " m % u % ~ ~ ' b m w i u i ~ n % . o " e l ~ ~ T ~ ~ ~  

~~a:~9~1dm?un~uT>~1mei~~bnmii;l"1 Tm~~bawi~%u 

n ~ u T ~ n m ~ w i r ~ n a a % ~ w " ~ i u i ~ n % . 6 " i u 9 d i ~ m ~ m ~ ~ m u  
naiufimilelnfivoil iu~u~~@~wiid >a~+~%>dmw"~fim 
3 
vuTnu1im ~ i ~ a i ~ ~ ~ ~ ~ m i l % ~ ~ ~ a : ~ i l e j ~ n ? a : l n a i u  

r ~ o 5 h u ~ m s ~ w i % u ~ ~ ~ G u ~ ~ l a j m i n - r n ~ ~ f i v ~  
rn~wnInumsd6 m~%diurjiGm~6o~ueJ";lni>~iim 

~Wm~:~~u%rn~~dir:%9/1"wafln-dini>Tnwilu17~~Gu 
~ a o d i a n i  ~~n~mdfinaiu~irul~nm"lurn>ld!u 

9dlsi"Ld6bbf; 

Isn!moin&dqnssu (genetic diseases) 
T~mlm$~iim~innaiufimejnGmi;lw"u~n>>uw" 

n i~TnwiTmuiuer" i~moi~~~wni~Tnwi%uauin~~~u 

- Autosomal dominant polycystic kidney 

diseases (A DPKD) 

ni36uwuiu PKD1 bbaz P K D ~ " ~ ~ ~  bba: 

n i s w i " a ~ ~ n ~ v n a i u f i m e l n ~ o i ~ ~ ~ u ~ ~ n i ~ $ ~ i % s S " B u  
~19J"mel%~~unaiu~ibf~%uni%;j"nwi ADPKD bb6gqg 

f l s l rwi-d in is~aan; loan$f imelnGvn\3~u~; ln i ia~~u 
n ~ 1 n ~ d o a ~ i n w a w b m v o ~ B u l i ~ f i u ; l w o  (haplotype 

~nsufficlency) w~ob~u~inn isw~~3i%w"b~uf i 'um~iu 

6oni%w"iaiuvoaTei>iu11nG (aominant negative) 

nis;j"nwilu~niruarnawd\3Tm uijlilel$na~n~iurns 



6nbflu ni%amnixeja$aaaa epithelium v?animm 

4 imluna~ia i~~Su '1~n i~ l .o"~u93 i~m~~~u 'b~ l 'b~ zhu 

'b6~nwiTmu6miu P-galactosdase w i ~ v a o m b ~ a m  

undmlunMi~5u%anna$ildmwufirnaunmaaan 

ailaBu%una$i1637 

- Alport syndrome 

b ~ u b % n i t i i ~ ~ w a m b b u u  X-l~nked 6mui  

naiufimelniao\3Bu~wFim type IV collagen wd~fiu 
daudsznouaoa basement membrane3' ~%%$'bfim 

naiubJRmdnifioini%bb~mawianGQn%musiiu~flfliaz 

bfiubGom q~~3uni%'b6iu~~a:ii~Qu'bel~nia:lma1u 
ni%wmb~wu!u~bJRmdnG~zw"i%ss"ni~~~m collagen 

i % o n i f l n t % ~ ~ f i u e l n G l 6 ~ ~  

- X-linked nephrogenic diabetes insipidus 

bfim$inni%r-hb~iiaaa vasopressin V2 

receptor ( A V P R ~ ) "  dao$~u  basolatera anabaa6 

%u collecting tubule bbaz medullary thick ascending 

limb fi%ssubajmoufluaa@io ADH ni%wmbbwu!u 

Kaniia~ai~z~~uni~~~nTa~ai~fimeln~w"~~m$u 

I w ~ a ~ ~ % w a ~ I ~ i l  (renal cancer) 

%~lu6iuni%a~nT"11dau~mdniao\3 tumor suppressor 

%~61uf11%f-i%ss"bfim cell differentiation %u61u 
n i % f i i % ~ ~ f i m ~ i ~ d ~ f i u f i w @ i o ~ ~ a 6 ~ : ~ ? a ~ ~ u  ni3l.a" 

herpes s~mplex virus thym~d~ne kinase (HSV-TK) 

%u&iun i s ~ i % 9 ; i ~ i i ~ ~ 1 i ~ ~ i u n i ~ ~ ~ i a ~ n a m ~ 5 a m  

(antlangiogen~c agent) fl~%$'vaom~~omw"~<uan"au 

uza~aana\3v%ani%%.a"~ue~"is~"m~fi%9/1"bfin~~~~n"u 

t3dIil6h LWU (acute and chronic glornerulonephritis) 

n i % 6 n ~ ~ u w \ 3 ' b m ~ i n ~ i ~ v ~ d i i l ~ i % G ~ f i m  

nicjn%z{ufli~'ba%m'bn~ b$u transforming growth 

- factor-p (TGF-P) d r i o l d f i m m 5 n ~ i x  mz{u  

~ ~ ~ b ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ b f l ~ d b ~ ~ ~ i % w " i ~ i ~ ' b ~ ~ ~ i ~ % ~ ~ b ~ ~  
(rapidly progressive glomerulonephritis) n138nw1 

nicj6i1?1%0uf?u TGF-P bbaz platelet der~ved growth 

factor (PDGF) ~ i o ~ n w i n a ~ n n i - d ~ " i a i u ' b m ~ ~  bbaz 

nicjs1iu%a.u~u~~iui~n~iu~i~la%mlnd6an~iaA4 

~z~f iu~~uawia4/%.a"?nwi 'bm6fI~~u~~~zf loan"uni~~f im 

fia~mqu~ilei~nia:'bmaiu~fo?a'b6 

nisd~nciiuIIil (kidney transplantation) 

%:uu (systemic administration) bbazal"iwabbw%n 

.a"ouw"~z~fim$u~inni~siiwbaudu'b6 Swenson 16 
wmao\sdiu%ou!u Fas ligand b ~ o f i ~ ~ a i u  activated 

T-ces w u i i i r i ~ i ~ n l n s 1 ~ " 1 1 o ~ l w d e l ~ n ~ i u ~ ~ u 9 ~ ~ ~ 6 ~ ~  
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