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Current perspectives on the molecular biology 
of the renal tissue kallikrein gene and the 

related tissue kallikrein gene family 
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Renal tissue kallikrein is a member of the multigene family of serine proteases 
called the tissue kallikrein (KLK) gene family. This is a highly conserved 
family of genes, with a genomic structural organization that is identical for all 
these genes and other genes in the larger serine protease family, such as 
trypsin and chymotrypsin. These genes exhibit high sequence similarity both 
within and between species. However, there are clearly areas of sequence 
variability, which is most apparent in regions that form the substrate binding 
pocket of each enzyme and confers the substrate specificity of each individual 
enzyme. These genes are also often expressed in the same tissue, although each 
gene can have an individual tissue-specific pattern of expression. Similar 
patterns of diversity yet identity are also apparent in the regulation of 
kallikrein gene expression or enzyme activity. These similarities, and the fact 
that several of these gene families are located in tight clusters in the genome, 
support the notion that they have arisen by gene duplication. In this review, an 
overview of the molecular biology of the renal tissue kallikrein (KLK1) gene 
and the larger KLK gene family is given, highlighting the similarities yet 
diversity that is the hallmark of this family of genes, and how this knowledge 
has, and will, impact on our understanding of the role these enzymes play in 
normal physiological events and disease. 
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I N T R O D U C T I O N 

T h e c r u c i a l i m p o r t a n c e o f t h e s e r i n e 
p r o t e a s e , r e n a l t i s s u e k a l l i k r e i n , in t h e 
g e n e r a t i o n of b r a d y k i n i n a n d t h e 
i nvo lvemen t of the t issue ka l l ikre in-k in in 
sys tem in ca rd iovascu la r and renal function 
has been apprec ia ted for m a n y decades . It 
is only in the last 10-15 years , however , 
that the gene encod ing renal or pancrea t ic 
t i s sue k a l l i k r e i n w a s i so l a t ed in s eve ra l 

species and shown to be part of a larger 
family of h ighly re la ted genes . G iven their 
h igh d e g r e e of s e q u e n c e c o n s e r v a t i o n to 
t i s s u e k a l l i k r e i n , t h e s e g e n e s w e r e 
des igna ted to be the t i ssue ka l l ik re in gene 
family of ser ine p ro teases . Th i s family has 
been r ecen t ly g i v e n t h e d e s c r i p t o r , KLK 
gene family, and the renal t i s sue kal l ikre in 
gene is ca l led KLK] (Berg et al, 1992) . In 
the fo l lowing sec t ions , I wil l briefly rev iew 
the c u r r e n t k n o w l e d g e of the m o l e c u l a r 

C o r r e s p o n d e n c e t o : Assoc Prof Judith Clements , Centre for Molecular Biotechnology, School of Life Sciences, 
Queensland University of Technology, GPO Box 2434, Brisbane, QLD, Australia 4 0 0 1 . Tel: (61-7) 3864-1899. Fax: 
(61-7) 3864-1534. E-mail: j .c lements@qut .edu.au 

mailto:j.clements@qut.edu.au


152 Biol Res 3 1 : 151-159 (1998) 

biology of renal t i ssue kal l ikre in or KLK1 
and the larger t i ssue ka l l ikre in (KLK) gene 
fami ly , and h o w it has impac t ed on our 
cur ren t unde r s t and ing of the function and 
r e g u l a t i o n of ka l l i k r e in ac t ion and w h a t 
ques t ions still need to be answered in o rder 
to fu l ly u n d e r s t a n d t h e r o l e s of t h e s e 
e n z y m e s in heal th and d i sease . 

T I S S U E K A L L I K R E I N - cDNA AND G E N E 

The c o m p l e m e n t a r y (c) D N A sequence of 
t issue kallikrein/AXAT/ was first repor ted in 
the early 1980s in rat , m o u s e and human 
pancreas , k idney or sal ivary g lands (Ashley 
& M a c D o n a l d , 1985; Baker & Shine , 1985; 
F u k u s h i m a et al, 1985; Swift et al, 1982; 
Van L e e u w e n et al, 1986) . That this c D N A 
s e q u e n c e d i d i n d e e d e n c o d e t i s s u e 
k a l l i k r e i n w a s s u b s t a n t i a t e d by s e v e r a l 
facts . First , these th ree t issues were known 
as a s o u r c e of t i s s u e ka l l i k r e in e n z y m e 
act ivi ty (Bhoo la & Dorey , 1971 ; L e m o n et 
al, 1979; Ors tav ik et al, 1980; Schach te r et 
al, 1980; Vio & F igueroa , 1985) . It was 
also c lear ly a ser ine pro tease , hav ing the 
classical t r io of a m i n o ac ids ( H i s 4 1 - A s p 9 0 -
S e r 1 8 0 ) ind ica t ive of the cata lyt ic site of a 
ser ine p ro tease (Neura th , 1989) . M o r e o v e r , 
t h e d e d u c e d a m i n o a c i d s e q u e n c e w a s 
h ighly s imi la r to the p rev ious ly repor ted 
pig panc rea t i c pro te in s equence that was 
o b t a i n e d on b i o c h e m i c a l p u r i f i c a t i o n 
(F ied le r , 1979) , r e t a in ing all a m i n o - a c i d 
r e s idues in the subs t r a t e b i n d i n g p o c k e t 
sugges ted to be cruc ia l for k i n i n o g e n a s e 
a c t i v i t y ( T y r 9 3 , S e r 1 3 5 , H i s 1 6 4 , A s p 1 8 3 , 
T r p 2 0 5 , G l y 2 0 6 (Bode et al, 1983; Chen & 
Bode , 1983) . T h e only excep t ion was that it 
had an ex t ra 8 a m i n o acids at res idues 8 1 -
88, in the so-ca l led kal l ikre in loop region, 
t h a t w a s m i s s i n g in t h e b i o c h e m i c a l l y 
purif ied 2 cha in pancrea t i c e n z y m e . Th i s 
ka l l ik re in loop reg ion is a fea ture of all 
other t i s sue ka l l ikre ins and m e m b e r s of the 
l a r g e r g e n e f a m i l y so far s t u d i e d . T h e 
va l i da t i on of t h e s e d e d u c t i o n s has been 
o n l y r e c e n t l y c o n f i r m e d w i t h t h e 
e x p r e s s i o n of a h u m a n KLK1 c D N A in 
baculovi rus and m a m m a l i a n cell express ion 
s y s t e m s a n d t h e o b s e r v a t i o n t h a t t h e 
r ecombinan t t i ssue kal l ikre in had identical 

b i o c h e m i c a l and e n z y m a t i c p r o p e r t i e s to 
t h e p r e v i o u s l y d e s c r i b e d b i o c h e m i c a l l y 
purif ied e n z y m e s ( A n g e r m a n n et al, 1992; 
Lu et al, 1996; W a n g et al, 1992) . 

The genes and/or c D N A s have now been 
described for monkey and dog (Gauthier et 
al, 1994; Lin et al, 1993) as well as mouse, 
rat and human tissue kall ikreins. The KLK1 
gene is 5-6 kilobases long and consists of 5 
e x o n s w i t h 4 i n t r o n s , a g e n o m i c 
o rgan iza t iona l s t ruc ture that is typical of 
many other members (trypsin, chymotrypsin) 
of the larger serine protease family (Neurath, 
1989; W i n e s et al, 1991). Exons 1 and 2 
encode the N terminal p repro- region and 
exons 2-5 encode the mature enzyme. From 
this gene, a KLK1 m R N A of 850-900 base 
pairs is t ranscr ibed. These c D N A s encode 
preproka l l ik re ins of 257-265 a m i n o ac ids . 
General ly the pre-region or signal peptide, 
necessary for the secretion of the zymogen is 
17 amino acids, with a zymogen pro-peptide 
of 7 residues, al though rat preprokallikrein 
has a longer pro-region (Wines et al, 1989). 
The mature enzyme generated by cleavage of 
the pro-peptide is generally 237 amino acids 
long. The excep t ions are the human (238 
res idues) which has an extra th reonine at 
codon 108 (Evans et al, 1988) and monkey 
t i ssue ka l l ik re in w h i c h is 5 a m i n o ac ids 
shor te r (Lin et al, 1993) . T h e d e g r e e of 
identity between species varies, ranging from 
59-92% at the protein level, with the human 
and monkey enzymes most similar. 

M o r e r ecen t ly , t i s sue ka l l i k re ins have 
b e e n b i o c h e m i c a l l y i d e n t i f i e d in l o w e r 
ver tebra tes such as fish, frogs and moles 
( L i p k e & O l s e n , 1 9 9 0 ; R i c h a r d s et al, 
1995, 1996) . This sugges t s that the e n z y m e 
t i s s u e k a l l i k r e i n , a n d p r o b a b l y t h e 
k a l l i k r e i n - k i n i n s y s t e m , h a v e i m p o r t a n t 
func t iona l ro l e s t h r o u g h o u t e v o l u t i o n . It 
wil l be in te res t ing to see w h e t h e r t i s sue 
ka l l ikre in ' s pr imary evolut ionary function is 
a s a k i n i n o g e n a s e a n d if k i n i n s a r e 
generated, whether these pept ides in lower 
ver tebrates are as mul t i funct ional as their 
mammal i an counterpar ts . It is interest ing to 
note that mammal i an t issue kal l ikreins can, 
a t l e a s t in vitro, p r o c e s s m a n y o t h e r 
polypept ides in addit ion to L M W kininogen, 
such as pro-renin , atrial natr iuret ic factor, 
ma t r ix m e t a l l o p r o t e a s e s and p r o - i n s u l i n , 
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sugges t ing that t i s sue kal l ikre in may a lso 
be a mul t i funct ional e n z y m e (Curr ie et al, 
1984; O l e - M o i y o i et al, 1979; Sealey et al, 
1978 ; T s c h e s c h e et al, 1989) . H o w e v e r , 
t he r e is n o e v i d e n c e to d a t e tha t t h e s e 
events can occur in vivo. 

T h e 5 ' and 3 ' f lanking reg ions of the 
h u m a n , m o u s e and rat KLK1 g e n e s a l so 
show cons iderable homology (Wines et al, 
1 9 9 1 ) . T h e y s h a r e s i m i l a r T A T A 
( T T T A A A ) a n d C A A T ( C A T C T ) b o x 
sequences (Evans et al, 1988; Van Leeuwen 
et al, 1986; W i n e s et al, 1989, 1991), two 
s i tes in the 5 ' r e g i o n n e c e s s a r y for the 
t r a n s c r i p t i o n of t h e KLK1 g e n e . T h e 
po lyadeny la t ion s ignals at the 3 ' end are 
different be tween rodents ( A A T A A A ) and 
m a n and d o g ( A G T A A A ) ( E v a n s et al, 
1988, Gauth ie r et al, 1994; Van Leeuwen et 
al, 1986; W i n e s et al, 1989) . T h e sequences 
respons ib le for the m o l e c u l a r even t s , wh ich 
r e g u l a t e t i s s u e - s p e c i f i c e x p r e s s i o n a n d 
h o r m o n a l r e g u l a t i o n of the KLK1 g e n e , 
m u s t a l so be p r e s e n t in the 5 ' f l ank ing 
reg ion . T h e major i ty of this informat ion is 
yet to be de t e rmined and this is c lear ly an 
area that has l agged beh ind . Molecu l a r cell 
b io logis t s and m o l e c u l a r phys io log i s t s are 
st i l l to u n r a v e l t h e p r e c i s e m e c h a n i s m s 
b e h i n d t h e u b i q u i t o u s e x p r e s s i o n a n d 
r e g u l a t i o n of ^ T L A 7 / t i s s u e k a l l i k r e i n 
act ivi ty , da ta wh ich was p rov ided by ear l ier 
phys io log ica l s tudies and is still an area of 
cons ide rab le ac t iv i ty . 

A l t h o u g h the sa l ivary g l and , p a n c r e a s 
and k i d n e y a re the th ree m o s t a b u n d a n t 
s i t e s of KLK1 e x p r e s s i o n ( A s h l e y & 
M a c D o n a l d , 1985; F u k u s h i m a et al, 1985; 
Gauth ie r et al, 1994 ; L in et al, 1993 ; Swift 
et al, 1982; Van L e e u w e n et al, 1986), it is 
c l e a r t h a t KLK1 is a l s o e x p r e s s e d a t 
v a r y i n g l eve l s in a l m o s t eve ry t i s sue or 
organ in the b o d y . KLK1 exp res s ion has 
b e e n r e p o r t e d in g a s t r o i n t e s t i n a l a n d 
r e p r o d u c t i v e t r a c t , a d r e n a l , h e a r t a n d 
vascu la tu re , pi tui tary and brain of different 
species , as was shown by M a c D o n a l d et al 
(1996) in a c o m p r e h e n s i v e s tudy in the rat 
(also r ev iewed in C l e m e n t s , 1997). T h e s e 
f ind ings s u p p o r t the e a r l i e r e v i d e n c e of 
t i s sue ka l l ik re in ac t iv i ty in t he se t i s sues 
( rev iewed in B h o o l a et al, 1992; C l e m e n t s , 
1997) . T i s sue ka l l ik re in act ivi ty has a lso 

b e e n found in b r o n c h i o - n a s a l s ec re t i ons , 
s w e a t g l a n d s , s y n o v i a l f l u i d a n d 
n e u t r o p h i l s ( r e v i e w e d in B h o o l a et al, 
1 9 9 2 ) s u g g e s t i n g t h e s e t i s s u e s a n d / o r 
pe rhaps invad ing neu t roph i l s are a lso sites 
of KLK1 exp re s s ion . T h e overa l l r eg ions 
( 8 0 0 b a s e p a i r s t o 5 k i l o b a s e s ) in t h e 
p romote r of the rat and h u m a n KLK1 gene 
d i rec t ing sal ivary g land , panc rea s , k idney , 
b r a i n o r s p l e e n e x p r e s s i o n h a v e b e e n 
d e t e r m i n e d f r o m t r a n s g e n i c s t u d i e s 
(S imson et al, 1994; S o u t h a r d - S m i t h et al, 
1 9 9 2 ) . A l t h o u g h t h e p r e c i s e s e q u e n c e s 
d i rec t ing these even t s h a v e not ye t been 
e luc ida ted , an e l emen t at -177 to -157 in 
the rat KLK1 p r o m o t e r ( W i n e s et al, 1989) 
is s imi lar to a s equence in the e las tase gene 
that is k n o w n to d i rec t pancrea t i c specific 
express ion (Swift et al, 1984) . Of interest , 
a l t hough the re is c o n s i d e r a b l e h o m o l o g y 
be tween rat and h u m a n KLK1 p r o m o t e r s , 
t h e r e a r e a l s o m a j o r d i f f e r e n c e s . T h e 
sequences d i rec t ing panc rea t i c expres s ion 
appear to be in the first 8 0 0 base pai rs of 
both these genes . T h o se sequences direct ing 
s a l i v a r y g l a n d a n d r e n a l e x p r e s s i o n , 
however , are present in 800 base pairs of the 
human KLK1 p romoter , but do not appear to 
be present in the first 5 k i lobases of the rat 
KLK1 p r o m o t e r ( S i m s o n et al, 1 9 9 4 ; 
Southard-Smi th et al, 1992). 

S i m i l a r l y , t h e e l u c i d a t i o n of t h e 
g e n o m i c s e q u e n c e s and m o l e c u l a r even t s 
t h a t a r e i n v o l v e d in t h e h o r m o n a l 
r egu la t ion of KLK1 g e n e e x p r e s s i o n and 
t i s s u e k a l l i k r e i n a c t i v i t y a r e e s s e n t i a l l y 
u n k n o w n . A g a i n , f rom cel l b i o l o g y and 
phys io log ica l s tud ies , w e k n o w that salt , 
m i n e r a l o c o r t i c o i d s , g l u c o c o r t i c o i d s a n d 
insu l in v a r i o u s l y affect t i s s u e k a l l i k r e i n 
act ivi ty in the rat k idney (Bascands et al, 
1987; Jaffa et al, 1987 , 1990; Mi l l e r et al, 
1984) . Bo th g lucocor t i co ids and insul in are 
k n o w n to act at the b iosyn the t i c level (Jaffa 
et al, 1987, 1990) , bu t s imi lar s tudies on 
minera locor t i co id regula t ion at the m R N A 
level have not been conc lu s ive (Ful le r et al, 
1986 ; M i l l e r et al, 1985 ) . E s t r o g e n and 
d o p a m i n e r e g u l a t e r a t p i t u i t a r y KLK1 
e x p r e s s i o n and ac t iv i ty ( C l e m e n t s et al, 
1986; P o w e r s , 1986; Pr i tche t t & Robe r t s , 
1 9 8 7 ) . C h a n g e s in r a t u t e r i n e t i s s u e 
kal l ikre in act ivi ty ac ross the es t rous cyc le 



154 Biol Res 3 1 : 151-159 (1998) 

or dur ing p r egnancy (Cor thorn & Va ldes , 
1 9 9 4 ; V a l d e s et al, 1 9 9 3 ) , u r i n a r y 
ka l l ik re in exc re t ion ( A l b a n o et al, 1994) 
a n d KLK1 e x p r e s s i o n in t h e h u m a n 
e n d o m e t r i u m (C lemen t s et al, 1994) across 
the mens t rua l cyc le are a lso sugges t ive of 
e s t r o g e n r e g u l a t i o n . T h e a c t i o n of 
d o p a m i n e is c lear ly at the t ranscr ip t ional 
level a l though the p rec i se m e c h a n i s m is not 
k n o w n ( P r i t c h e t t & R o b e r t s , 1 9 8 7 ) . 
P u t a t i v e h o r m o n e b i n d i n g e l e m e n t s for 
es t rogen, p roges t e rone , g lucocor t i co ids and 
c A M P have been identif ied in the p romote r 
of the h u m a n KLK1 gene (Mur ray et al, 
1990) bu t t he se e l e m e n t s h a v e no t been 
f u n c t i o n a l l y c h a r a c t e r i z e d . A p u t a t i v e 
c A M P re spons ive e l emen t (at -235 to -214) 
is a lso wel l conse rved be tween the rodent 
and h u m a n KLK genes (Evans et al, 1988; 
W i n e s et al, 1989) , con ta in ing a sequence 
s i m i l a r t o an A P - 2 b i n d i n g s i t e , a 
t r a n s c r i p t i o n f a c t o r i m p l i c a t e d in t h e 
regula t ion of m a n y genes . N o s tudies have 
fo rma l ly l i n k e d t h e s e p u t a t i v e s e q u e n c e 
e l e m e n t s in t h e KLK1 p r o m o t e r w i t h 
h o r m o n a l r e g u l a t i o n of t i s sue ka l l i k r e in 
gene express ion and act ivi ty . 

T H E L A R G E R T I S S U E K A L L I K R E I N 

(KLK) G E N E F A M I L Y 

Tissue ka l l ikre in is c lear ly a m e m b e r of a 
larger gene family of h ighly conse rved and 
re la ted e n z y m e s (Evans et al, 1987; M u r r a y 
et al, 1990; W i n e s et al, 1989) . A l though 
t h e r e a re j u s t t h r e e KLK g e n e s in m a n 
(reviewed in Clements , 1997) and jus t 1-2 
genes in most other species (Berg et al, 1992; 
Murray et al, 1990), the rodent families are 
very l a r g e . T h e m o u s e and rat f ami l i e s 
c o m p r i s e 26 a n d 13 g e n e s , r e s p e c t i v e l y 
(Evans et al, 1987; Wines et al, 1989), of 
which several genes (10 in the mouse and 3 
in the ra t ) a re p s e u d o g e n e s and are no t 
expressed . T h e e n o r m o u s conserva t ion of 
sequence , ident ical s t ructural a r r angemen t 
and their close proximity in the genome in 
gene clusters suggest that they have evolved 
by gene duplication. The mouse and rat KLK 
g e n e f a m i l i e s a r e c l u s t e r e d in 3 0 0 - 4 4 0 
kilobase regions on chromosomes 7 and 1, 
respec t ive ly (Evans et al, 1987; Kur tz & 

S tLez in , 1992, S o u t h a r d - S m i t h et al, 1994). 
S i m i l a r l y , t h e 3 h u m a n KLK g e n e s a re 
t ight ly l inked over a 60 k i lobase region on 
c h r o m o s o m e 19q .13 .3 -13 .4 , a reg ion which 
is ana logous to that of the m o u s e Klk locus 
on c h r o m o s o m e 7 ( R i e g m a n et al, 1992) . 

As was seen wi th the KLK1 genes across 
spec ies , o ther KLK genes both wi thin and 
across the 3 major KLK g e n e famil ies (rat, 
m o u s e a n d h u m a n ) a r e a l s o h i g h l y 
conse rved . The i r cod ing reg ions are 7 0 % 
ident ical at the nuc l eo t ide level (Wines et 
al, 1 9 9 1 ) w i t h s i m i l a r c o n s e r v a t i o n 
observed for the 5 ' and 3 ' f lanking reg ions 
of the roden t genes ( 7 3 - 9 0 % ) . S imi la r ly , 
t h e h u m a n KLK2 a n d KLK3 g e n e s a re 
> 9 0 % ident ica l in the 5 ' f lanking region, 
a l though less s imi lar to KLK1 (Evans et al, 
1988; R i e g m a n et al, 1989; Sched l i ch et al, 
1 9 8 8 ) . T h e m i n o r d i f f e r e n c e s in t h e s e 
t ranscr ip t ional ly impor tan t r eg ions suggest 
t h a t s m a l l s e q u e n c e d i f f e r e n c e s m u s t 
d e t e r m i n e t h e d i f f e r e n t t r a n s c r i p t i o n a l 
r e g u l a t i o n and t i s s u e - s p e c i f i c e x p r e s s i o n 
pa t te rns obse rved for all the KLK genes in 
each spec ies . 

The ha l lmark of the KLK gene families is 
that all of the KLK genes are expressed in 
t h e s a l i v a r y g l a n d , a s h a s b e e n m o s t 
ex tens ive ly s tudied in the m o u s e and rat 
(MacDona ld et al, 1996; P e n s c h o w et al, 
1991a). A dist inct t issue-specif ic pattern of 
express ion in a variety of other t issues is 
then apparent for each individual KLK gene . 
Al though many s tudies have shown aspects 
of this t issue-specifici ty for individual genes 
(as rev iewed in C lemen t s 1997), the most 
comprehens ive study for the rat KLK family 
was publ ished by M a c D o n a l d et al (1996) . 
Using the reverse t ranscr ip tase-polymerase 
chain reaction ( R T - P C R ) , they demons t ra ted 
e s s e n t i a l l y u b i q u i t o u s e x p r e s s i o n of the 
KLK1 gene as was k n o w n previously , but 
d i s p a r a t e a n d d i f f e r e n t p a t t e r n s of 
express ion for the other 9 rat KLK genes in 
k idney , sp leen , gas t ro in t e s t ina l and m a l e 
reproduc t ive tract, pi tui tary and brain. To 
date, s imilar extens ive studies have not been 
pe r fo rmed in the m o u s e , a l though m o u s e 
KLK express ion has been de tec ted in the 
L e y d i g c e l l s of t h e t e s t i s {mKLK 2 1 ; 
P e n s c h o w et al, 1 9 9 1 b ) a n d in m o u s e 
mesenter ic lymph nodes (Summers & Hume , 
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1985) . S i m i l a r l y , in m a n , the KLK2 and 
KLK3 genes are pr imari ly expressed in the 
p r o s t a t e ( C h a p d e l a i n e et al, 1 9 8 8 a ) , 
a l though recent studies at the R T - P C R level 
h a v e i den t i f i ed KLK3 e x p r e s s i o n in the 
pituitary, breast , u terus and ovary (Clements 
& M u k h t a r , 1994; C l e m e n t s et al, 1996; 
M o n n e et al, 1994). T h e dog and m o n k e y 
families also have a second gene KLK gene 
tha t is p r e d o m i n a n t l y e x p r e s s e d in the 
prostate (Chapde la ine et al, 1991 ; Gauthier 
et al, 1993). 

T ransgen ic s tudies have again indicated 
s o m e r e g i o n s in the 5 ' p r o m o t e r of the 
rKLK2 and rKLK8 genes that may confer 
some of the t i ssue-speci f ic differences in 
e x p r e s s i o n o b s e r v e d fo r t h e s e g e n e s 
( M a c D o n a l d et al, 1 9 9 6 ) c o m p a r e d to 
rKLKl, but the r eg ions confer r ing sal ivary 
gland express ion were not found (Southard-
S m i t h et al, 1 9 9 2 ) . T h e s e a u t h o r s 
c o n c l u d e d tha t t h e r e m i g h t be a r e g i o n 
conferr ing sal ivary g land express ion on all 
the KLK genes severa l k i lobases u p s t r e a m 
of the w ho l e KLK gene locus (Southard-
Smith et al, 1994) . S imi la r expe r imen t s to 
de t e rmine the reg ion that d e t e r m i n e s the 
p r o s t a t e s p e c i f i c e x p r e s s i o n of h u m a n 
KLK3 or p r o s t a t e spec i f i c a n t i g e n h a v e 
been var ious ly successful (Schaffner et al, 
1995; Pang et al, 1995) . T h e impor tance of 
these k inds of expe r imen t s is ref lected in 
the po t en t i a l to t a rge t g e n e t he r ap i e s to 
speci f ic ce l l t y p e s u s i n g t h e s e p r o m o t e r 
reg ions , such as for A X O / p r o s t a t e specific 
a n t i g e n in p r o s t a t e c a n c e r o r p e r h a p s 
KLK//tissue ka l l ikre in to a par t i cu la r cell 
type impor tan t in hyper t ens ion . 

A n d r o g e n s a n d t h y r o i d h o r m o n e a r e 
i m p o r t a n t r e g u l a t o r s of KLK g e n e 
express ion or the act ivi ty of the e n z y m e s 
they encode in the rat and mouse salivary 
gland (Chao & Margo l ius , 1983; Clements 
et al, 1988, 1990; P e n s c h o w et al, 1991a,b) . 
Thus , ma le roden ts have h igher levels of 
salivary gland KLK m R N A than females and 
c a s t r a t i o n d e p l e t e s b u t a n d r o g e n 
adminis t ra t ion res tores KLK express ion in 
th i s t i s s u e . S i m i l a r l y , t h y r o i d h o r m o n e 
adminis t ra t ion increases KLK express ion in 
r o d e n t s a l i v a r y g l a n d s . T h i s is in s t a rk 
con t r a s t to KLK1 e x p r e s s i o n in sa l iva ry 
g lands wh ich is not a n d r o g e n or thyro id 

h o r m o n e d e p e n d e n t , a s n o t e d a b o v e . 
Pros ta t ic express ion of KLK genes in man , 
dog and rat are a lso a n d r o g e n dependen t 
(Chapde la ine et al, 1988b; C l e m e n t s et al, 
1988; R i e g m a n et al, 1991a) . T h e p romote r 
r e g i o n s c o n f e r r i n g a n d r o g e n or t h y r o i d 
h o r m o n e regula t ion on these KLK genes in 
t h e r o d e n t h a v e n o t b e e n e l u c i d a t e d . 
H o w e v e r , a n d r o g e n - r e s p o n s i v e e l e m e n t s 
have been descr ibed in the p r o m o t e r s of the 
human KLK2 and KLK3 genes (R iegman et 
al, 1991b; Wol f et al, 1992) . O n e of these 
e l e m e n t s is s i m i l a r t o t h e r e v e r s e 
c o m p l e m e n t of a c o n s e n s u s s e q u e n c e for 
t h e b i n d i n g of g l u c o c o r t i c o i d a n d 
p r o g e s t e r o n e r ecep to r s . KLK3 or p ros ta te 
s p e c i f i c a n t i g e n e x p r e s s i o n in b r e a s t 
t u m o u r c e l l l i n e s is r e g u l a t e d by 
p r o g e s t e r o n e , g l u c o c o r t i c o i d s a n d 
and rogens (Za rghami et al, 1997) , an event 
that is p r e sumab ly a lso occur r ing through 
this s ame p romote r e l emen t . 

W h a t has been s u r p r i s i n g is that the 
function of many of these genes is yet to be 
establ ished. The second KLK gene expressed 
in the p r o s t a t e of the m o n k e y , d o g and 
G u i n e a p i g is p r e s u m e d to e n c o d e the 
homologue of the human e n z y m e , prosta te-
specific antigen, or the s imilar human K2 
enzyme that is also predominant ly expressed 
in the prosta te , but this has not been proven. 
P r o s t a t e s p e c i f i c a n t i g e n d e g r a d e s t h e 
seminal ves ic le p ro te ins , s eminoge l in and 
fibronectin, which leads to the dissolut ion of 
the seminal clot (Lilja, 1985) . It can also 
deg rade the ex t race l lu la r p ro te in , laminin 
( W e b b e r et al, 1995) , ac t iva te ep ide rma l 
g rowth factor (Parr ies & C o h e n 1996) and 
degrade insulin l ike g rowth factor b ind ing 
prote in -3 (Cohen et al, 1992) . T h e human 
K 2 e n z y m e c a n a c t i v a t e p r o - u r i n a r y 
p l a s m i n o g e n a c t i v a t o r ( F r e n e t t e et al, 
1997). T h e s e e n z y m i c ac t ions occur in vitro 
and are no t k n o w n to a l so occur in vivo, 
h o w e v e r , t hey a r e t h e b a s i s of c u r r e n t 
s u g g e s t i o n s t h a t t h e s e e n z y m e s in t h e 
pros ta te may be impor tan t in prol i fera t ion 
a n d i n v a s i o n of c a n c e r c e l l s b y t h e 
ac t ivat ion of g rowth factors or ex t race l lu la r 
p r o t e a s e s , o r d e g r a d a t i o n of t h e 
e x t r a c e l l u l a r m a t r i x . O t h e r e n z y m e s tha t 
h a v e b e e n iden t i f i ed i n c l u d e t h e m o u s e 
g rowth factor p roces s ing e n z y m e s , y-nerve 
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g r o w t h f a c t o r , p - n e r v e g r o w t h f a c t o r 
endopep t idase and ep ide rma l g rowth factor 
b i n d i n g p ro t e in ( F a h n e s t o c k et al, 1 9 9 1 ; 
F r e y et al, 1 9 7 9 ; G r e e n e et al, 1 9 6 8 ) . 
O t h e r s e n c o d e e n z y m e s t h a t g e n e r a t e 
v a s o a c t i v e ( p o l y ) p e p t i d e s such as ton in , 
s u b m a n d i b u l a r e n z y m a t i c v a s o c o n s t r i c t o r 
and T-k in inogenase in the rat (Bouche r et 
al, 1974; G u t m a n et al, 1988; Y a m a g u c h i 
et al, 1991) and m o u s e renin (g-renin , p ro -
r e n i n c o n v e r t i n g e n z y m e ) p r o c e s s i n g 
e n z y m e s ( K i m et al, 1 9 9 1 ; Poe et al, 1983) . 
H o w e v e r , the re a re still 7 genes , in both 
m o u s e a n d r a t KLK g e n e f a m i l i e s , for 
w h i c h t h e e n z y m i c f u n c t i o n s of t h e 
e n z y m e s t h e y e n c o d e a r e u n k n o w n . 
S imi la r ly , if the re are h o m o l o g u e s of these 
g e n e s in t h e s m a l l e r h u m a n d o g a n d 
m o n k e y f a m i l i e s t h e y h a v e y e t to b e 
i d e n t i f i e d . G i v e n t h e s u g g e s t e d v a r i e d 
s u b s t r a t e spec i f i c i ty of p r o s t a t e spec i f ic 
ant igen a b o v e and pe rhaps t i ssue ka l l ikre in , 
in vitro, it m a y be that the 3 h u m a n genes 
m a y b e m o r e m u l t i - f u n c t i o n a l that the i r 
rodent coun te rpa r t s and pe rhaps be found 
to e n c o m p a s s s e v e r a l , if no t a l l , of the 
e n z y m i c f u n c t i o n s r e p r e s e n t e d by t h e 
rodent ka l l ik re ins . 

P E R S P E C T I V E S 

Overall , with respect to the molecular biology 
of KLK I or tissue kallikrein and the larger 
KLK gene families, there is a vast body of 
k n o w l e d g e on t h e c D N A and g e n o m i c 
sequences and genomic organization. Less is 
k n o w n a b o u t t h e p r e c i s e s e q u e n c e s or 
elements in the promoters of these genes that 
r egu l a t e the i r d i v e r s e pa t t e rns of t i s sue -
spec i f i c e x p r e s s i o n tha t ce l l b i o l o g i s t s , 
p h y s i o l o g i s t s and p h a r m a c o l o g i s t s h a v e 
observed for some t ime. Similarly, except 
for the h u m a n KLK2 and KLK3 genes , little 
is known of the e lements that might regulate 
h o r m o n a l e x p r e s s i o n in these t i s sues , by 
h o r m o n e s s u c h a s g l u c o c o r t i c o i d s , 
mine ra loco r t i co ids or es t rogen for KLK]/ 
t issue kal l ikrein or even precisely whether 
this regu la t ion occurs t ranscr ip t ional ly or at 
wha t level pos t - t rans la t iona l ly . Pe rhaps the 
mos t impor tan t regula tory event may be the 
ac t ivat ion of the ka l l ikre in e n z y m e s , but we 

h a v e yet to e l u c i d a t e h o w th is p rec i se ly 
occurs or wha t regula tory event(s) tr iggers 
s u c h a c t i v a t i o n in m a n y t i s s u e s . T h e 
complex issue of e n z y m e specificity and the 
real physiological function of the individual 
kal l ikreins also needs to be addressed. The 
e lucidat ion, at the molecu la r level , of the 
mechan i sms behind these events are some of 
the i m p o r t a n t q u e s t i o n s in the ka l l ik re in 
field that still remain un-answered . 
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