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SUMMARY: Insu l in  has  cardiovascular  a c t i o n s  and p a t i e n t s  w i t h  e s s e n t i a l  
h y p e r t e n s i o n  d isp lay  insu l in  re s i s tance .  A c r o s s - s e c t i o n a l  s t u d y  of  the  R1 
RFLP o f  the  insu l in  receptor  gene  (INSR) was carried out  in 6 7  hyper tens ive  
(HT) and 75  n o r m o t e n s i v e  (NT) subjects  w h o s e  parents  had a s imi lar  b lood 
pressure  s tatus  at age _>50. The frequency  of  the  minor  (+) al le le  was 0 .31  in 
HTs and 0 . 4 4  in  NTs, and the  d i f f erence  b e t w e e n  observed  a l l e les  in  all  
subjects  in  e a c h g r o u p  was s igni f icant  (%2 = 4 .8 ,  P<0.05) .  Al le le  f requenc ies  
o f  a BglI RFLP of  the  insu l in  gene ,  however ,  did no t  differ b e t w e e n  the  HT 
and NT groups.  The data thus  provide ev idence  in  favour of  an assoc ia t ion  of  
HT w i t h  a p o l y m o r p h i s m  at the  1NSR l ocus  (19p13 .3 -13 .2 ) ,  so  impl i ca t ing  
this  locus,  and poss ibly  a genet ic  variant of  the  insul in  receptor itself,  in HT. 
© 1991 Academlc Press, Inc. 

Genotype is cons idered  to be the  p r imary  under ly ing  factor  responsible  for 

essent ia l  (primary) hyper tens ion  (HT), a d isorder  which affects ~20% of the 

a d u l t  p o p u l a t i o n  [1,2]. In the  face of s u c h  a p r i m a r y  genet ic  'defect ' ,  

env i ronmenta l  factors,  such  as a diet high in NaC1, trigger a chronic rise in 

blood p res su re  [1,2]. To date the  few molecu la r  genetic s tud ies  t h a t  have 

been carried out  u s ing  candida te  gene probes have failed to demons t r a t e  a 

significant  associat ion or linkage with HT [3-6]. 

Pat ients  with HT often display insul in  res is tance and  it has  been suggested 

t h a t  th is  m a y  play a role in the clinical course  of the disease [7-11]. Under  

no rma l  condi t ions  in su l in  appea r s  to have ca rd iovascu la r  act ions.  These  

inc lude  s t imula t ion  of renal  sod ium reabsorpt ion ,  vascu la r  smooth  muscle  

con t rac t ion  and  proliferat ion,  and  sympa the t i c  act ivi ty [10,11]. Moreover, 

s u c h  c h a n g e s ,  e l ic i ted by m e c h a n i s m s  t h a t  are  no t  ye t  comple te ly  

unders tood ,  have also been implicated in the development  of HT [12]. It was 

therefore  of in t e re s t  to examine  w h e t h e r  genet ic  va r i an t s  of the  insu l in  

receptor  gene (INSR) and  insul in  gene (INS) co-segregate wi th  HT. 
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The p r e s e n t  s t u d y  examined  HT and  no rmo tens ive  (NT) sub jec t s  for 

known restr ic t ion f ragment  length po lymorph i sms  (RFLPs) of INSR and INS. 

In o rde r  to r educe  the  e n v i r o n m e n t a l  c o m p o n e n t  of HT a n d  to help  

overcome p rob lems  of pene t r ance  we t e s t ed  two genet ica l ly  p red i sposed  

popula t ions ,  viz. the  HT offspring of HT pa ren t s  and ,  as  control ,  the  NT 

offspring of NT parents .  

METHODS 

S tudy  design: Adult  caucas ian  subjects  were used  for the s tudy.  Those in the 
HT group  h a d  been  d iagnosed  accord ing  to conven t iona l  cri teria,  wh ich  
inc luded a diastolic p ressure  of >90 mmHg and a systolic p res su re  of >140 
mmHg on 3 occasions spann ing  2 months .  Since the  s t u d y  was  directed at  
mo lecu la r  ana lys i s  of genomic DNA s t r u c t u r e  r a t h e r  t h a n  physio logica l  
parameters ,  the only criteria for selection of pa t ien ts  was  t h a t  they  had  been 
correctly d iagnosed as having essent ia l  HT and  t h a t  they  were the  offspring 
of two HT paren t s .  NT subjec ts  were selected,  wi th  the  aid of the  Sydney  
Red Cross Blood Bank,  on the bas is  of bo th  pa ren t s  being NT at  age >50. 
Blood samples  of ~20 ml were d rawn from the  an tecube ta l  fossa,  placed in 
hepar inized tubes ,  and  white cells were separa ted  and  stored at  -70°C prior 
to DNA extraction.  The age of the HT pat ients  was  51 + 14 S.D. (range 22-82 
years)  and  of NT sub jec t s  was  40 + 11 (range 23-64 years);  a l t h o u g h  
different, this  was  not  important ,  as age is an  independen t  variable having no 
influence on genotype. 

DNA probes:  DNA probes  were ob ta ined  from the Amer ican  Type Cul tu re  
Collection, Rockville, MD. For INSR this  was a 1.3 kb BglI f ragment  of the  4.3 
kb HIR12.1 I N S R  cDNA [13] and  for INS  was a 1.6 kb B a m H I  genomic  
subclone,  ph lns  214, spann ing  the  ent ire  coding region and  58 bp of 5'- 
f l ank ing  DNA [14]. DNA probes  were label led by n ick  t r a n s l a t i o n  u s i n g  
[32PIdCTP (Amersham, Buckinghamshi re ,  U.K.) 

RFLP analys is :  DNA was  isolated from per ipheral  blood leukocytes  and  was  
used  for Sou the rn  blot analysis  as described previously [15]. In brief, 15 ~g of 
DNA was  restr icted wi th  ei ther  Rsa l  or BgII, elect rophoresed on 1% agarose 
~els, t r a n s f e r r e d  to Gene Screen  Plus  m e m b r a n e s  and  hybr id ized  wi th  

2p-labelled INSR or INS probe. Filters were incuba ted  for 16 h at  42°C in 
50% formamide,  0.9 M NaCI, 50 mM sod ium p h o s p h a t e  buffer,  p H  6.8, 200 
~ g / m l  s a lmon  sperm DNA, 10% dex t ran  sulfate ,  3.5% SDS, t h e n  washed  
twice for 15 min  a t  22°C in 2 x s t anda rd  saline citrate (SSC) (1 x SSC = 0.15 
M NaC1, 15 mM sod ium citrate, pH 7.0) and  once for 30 min  a t  65°C in 2 x 
SSC/1% SDS. After drying in air the  filters were exposed to Kodak  XAR-5 
film with  a Lightning Plus intensifying screen (Dupont) for 2-3 days  at  -70°C. 

Stat is t ical  ana l y se s :  Data  were compiled according to genotype,  and  allele 
f requenc ies  were ca lcu la ted .  S ta t i s t i ca l  ana ly s i s  requi red  ca l cu l a t i on  of 
observed n u m b e r  of alleles from genotype da ta  in each  group. The difference 
between groups was  t hen  tested by  X 2 analysis  wi th  1 degree of freedom. 

RESULTS 

The three  possible pa t t e rns  of hybr idizat ion of the INSR probe to S o u t h e r n  

blots  of R s a I - r e s t r i c t e d  h u m a n  l eukocy te  DNA is s h o w n  in Fig. 1 (a). 

Homozygotes for the R1 RsaI  RFLP have ei ther  a 7.0- or a 6.2-kb b a n d  and  
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Fig. I .  (a) RFLP of insulin receptor gene, showing the 3 pat terns  of 
hybridization of 32p-labelled INSR cDNA on Southern  blots of Rsal -  
digested DNA from different subjects; these represent the 3 genotypes 
for the R1 INSR RFLP examined, viz. ' -  -', '+ +', and ' -  +' for the 7.0-kb 
homozygote,  the 6.2-kb homozygote, and the 7 .0 -kb /6 .2 -kb  hetero- 
zygote, respectively, where sizes are indicated only for the relevant 
bands.  (b) Bgll INSR RFLP, where 'U U' homozygote has  bands  of 5.5- 
and 4.8-kb, 'L L' homozygote has 3.6- and 2.9-kb bands,  and 'U L' 
heterozygote has all 4 bands. 

h e t e r o z y g o t e s  h a v e  b o t h  the  7.0-  a n d  6 .2 -kb  b a n d s .  The  g e n o t y p e s  have  b e e n  

a b b r e v i a t e d  in  Fig. 1 to ' -  - ' ,  '+ +' a n d  ' -  +', whe re ,  the  7 . 0 - k b  allele of  the  R1 

I N S R  R s a I  RFLP h a s  b e e n  d e s i g n a t e d  RI(-}  a n d  the  6 . 2 - k b  allele RI{+) [13]. 

G e n o t y p e  a n d  de r i ved  al lele  f r e q u e n c i e s  a r e  s h o w n  in T a b l e  1. Mos t  

n o t a b l e  in the  c a s e  of g e n o t y p e  d a t a  w a s  a 61% r e d u c t i o n  in '+ +' h o m o z y g o t e  

f r e q u e n c y  in t he  HT g r o u p  c o m p a r e d  w i t h  NTs. The  NT ' - '  a n d  '+' allele 

f r e q u e n c i e s  were  s imi la r  to v a l u e s  of 0 .52  a n d  0 .48,  respec t ive ly ,  r e p o r t e d  in 

a p r e v i o u s  s t u d y  of  92  c a u c a s i a n  s u b j e c t s  [13]. In  e x a m i n i n g  d a t a  for NT a n d  

HT g r o u p s  t he  c o r r e c t  d a t a  for a n a l y s i s  w a s  the  o b s e r v e d  n u m b e r s  of  alleles; 

i.e., t h e  s u m  of t he  n u m b e r  of  a l le les  on  e a c h  c h r o m o s o m e  of  all of  the  

s u b j e c t s  in e a c h  g r o u p  {e.g., for HT ' - '  allele w a s  (2 x 32} + 28  = 92} {Table 

Table 1. Genotype and allele frequencies for the RI(-} and RI{+) alleles of 
a RsaI  RFLP of the insulin receptor gene in essential hypertensive (HT} 

and normotensive {NT} groups 

Frequencies 
Total alleles on 

Genotypes Alleles all chromosomes 
n -- -+ + +  - + + - 

HT 67 32 28 7 0.69 0.31 92 42 

NT 75 27 30 18 0.56 0.44 84 66 

~2= 4.8 {P<0.05) 
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Table 2. Genotype and allele frequencies for the U and L alleles of a BglI 
RFLP of the insulin gene in HT and NT groups 

Frequencies 
Total alleles on 

Genotypes Alleles all chromosomes 
n U U  U L  LL U L U L 

HT 68 11 27 30 0.36 0.64 49 87 

NT 75 12 41 22 0.43 0.57 65 85 

~2= 1.6 (P>0.2) 

1). V a l u e s  for  t he  HT g r o u p  di f fered s ign i f i can t ly  f r o m  t h o s e  for  t h e  NT g r o u p  

(~2 = 4.8;  P<0 .05 ) .  

T h e  BglI INS RFLP h a s  a l l e l es  U a n d  L [16l,  w h e r e  U U - h o m o z y g o t e s  

d i sp l ay  b a n d s  of  5 .5-  a n d  4 .8-kb ,  a n d  L L - h o m o z y g o t e s  give b a n d s  of  3 .6-  a n d  

2 . 9 - k b  {Fig. 1 (b}). G e n o t y p e  a n d  al lele  f r e q u e n c i e s  a re  s h o w n  in  T a b l e  2 a n d  

were  s imi l a r  to  v a l u e s  r e p o r t e d  p r e v i o u s l y  for  n o n - d i a b e t i c  c a u c a s i a n  s u b j e c t s  

[16]. B y  X2 a n a l y s i s  of  obse rved  a l le les  no  s ign i f i can t  d i f f e rence  w a s  a p p a r e n t  

b e t w e e n  the  HT a n d  NT g r o u p s  in  o u r  s t u d y .  

D I S C U S S I O N  

A s s o c i a t i o n  a n a l y s i s  of  t h e  RI(-) and RI(+) al le les  of  a RsaI RFLP for  t h e  

i n s u l i n  r e c e p t o r  g e n e  in  NT a n d  HT n o n - d i a b e t i c  c a u c a s i a n  s u b j e c t s  h a s  

d e m o n s t r a t e d  a s t a t i s t i ca l ly  s i gn i f i can t  a s s o c i a t i o n  of  t h e  p o l y m o r p h i s m  w i t h  

HT. It is u n l i k e l y  t h a t  t h i s  is a s p u r i o u s  a s s o c i a t i o n  a r i s ing  b y  r a n d o m  c h a n c e  

or  is d u e  to i m p e r f e c t  m a t c h i n g  of  HT a n d  NT g r o u p s ,  s ince  t h e  f r e q u e n c y  of 

t he  m i n o r  (+) a l le le  in o u r  NT g r o u p ,  0 .44 ,  w a s  s i m i l a r  to a v a l u e  of  0 . 4 8  

r e p o r t e d  b y  o t h e r s  for  a c a u c a s i a n  p o p u l a t i o n  in  t h e  U.S.A. [13]. D i f f e r ences  

r e p o r t e d  p r e v i o u s l y  h a v e  b e e n  i n t e r - r ac i a l ,  w h e r e  for  B l a c k s  a n d  J a p a n e s e ,  

RI(+) al lele  f r e q u e n c i e s  a re  h i g h e r  t h a n  s e e n  in  c a u c a s i a n s  [15]. B e c a u s e  t h e  

p r o b a b i l i t y  o f  i n t r a g e n i c  c r o s s o v e r s  o c c u r r i n g  w i t h i n  INSR h a s  b e e n  

e s t i m a t e d  a s  <1% [17],  a m u t a t i o n  in  I N S R  m i g h t  b e  in  l i n k a g e  

d i s e q u i l i b r i u m  wi th  t he  R1 RFLP. O u r  r e s u l t s  s u g g e s t  t h a t  p o s s e s s i o n  of  t h e  

'-' a l lele  m i g h t  be  a m a r k e r  for  p r e d i s p o s i t i o n  to  HT, a l t h o u g h ,  s i n ce  n o t  all 

' ' g e n o t y p e s  we re  h y p e r t e n s i v e ,  t h e  '- '  al lele a l o n e  d o e s  n o t  a p p e a r  to  b e  

s u f f i c i e n t  fo r  HT. O n e  p o s s i b i l i t y  is t h a t  o t h e r  loc i  a c t  to  o p p o s e  t h e  

d e v e l o p m e n t  of  HT in  a ' -  - '  i nd iv idua l .  

As well  a s  b e i n g  t h e  locus  for  i n s u l i n - r e s i s t a n t  d i a b e t e s  me l l i t u s ,  1 9 p 1 3 . 3 -  

13.2 is  a l so  t h e  l o c u s  for  c o m p l e m e n t  C3 d e f i c i e n c y  [18] a n d ,  i n t e r e s t i n g l y ,  

a n  e a r l i e r  s t u d y  o f  t h e  C3 F a l le le ,  f o u n d  n o  a s s o c i a t i o n  w i t h  f a m i l i a l  

p r e d i s p o s i t i o n  to  HT [19]. An a s s o c i a t i o n  w i th  a t h e r o s c l e r o s i s  was ,  h o w ev e r ,  

i n d i c a t e d ,  a s  C3 F c o n f e r r e d  a h i g h  r i sk  of  c o r o n a r y  h e a r t  d i s e a s e  in  t r e a t e d  
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HTs [19]. This f inding would  be cons is ten t  wi th  a role of the I N S R  locus in 

a therosc leros is ,  where  insu l in  is known to be a therogenie  [11]. The I N S R  

locus is also close to LDLR (19p13.2-13.1), which is assoc ia ted  with familial 

hypercho les te ro laemia  [20]. 

The R1 R s a I  RFLP has  been mapped  to the  region of the  5.3 kb I N S R  

cDNA between bases  1928 and  2478 [13], i.e., occurs  nea r  the  hinge region 

sepa ra t i ng  the  a and  13 cha ins  of the receptor,  and  where  rare  m u t a t i o n s  

c a u s e  severe i n su l in  r e s i s t ance  [17]. The defect  r e spons ib l e  for insu l in  

res i s tance  in HT mos t  likely involves a defect in glucose t r anspo r t  p e r  s e  or 

in coupl ing of the  insu l in  receptor  with the  glucose t r a n s p o r t  sys tem [11]. 

Nei ther  of these  are, however,  likely to cause  HT. The ~ - s u b u n i t  of the 

insu l in  receptor has  an  integral tyrosine kinase  activity t ha t  m a y  be involved 

in second messenger  genera t ion [21]. A genetic var ian t  in th is  region of the 

receptor  could lead to decreased  glucose t r anspo r t  and  in su l in  resis tance.  

The m e c h a n i s m  t h a t  m i g h t  lead to HT is, however,  unc lea r .  Inc reased  

Na+-H + exchange is seen in essent ial  HT [22,23], yet  a recent  report  failed to 

show l inkage of the  Na+-H + exchanger  gene locus  wi th  HT [24]. It has  

therefore been suggested tha t  increased Na+-H + exchanger  activity might  be 

s e c o n d a r y  to a l t e ra t ions  in the  s ignal l ing m e c h a n i s m s  t h a t  regula te  its 

activity [23]. Since insul in  s t imula tes  Na+-H + exchange, it has  been proposed 

t h a t  insu l in  m a y  cont r ibute  to the development  of HT [23], where  increased 

Na+-H + exchange  is k n o w n  to inc rease  pe r iphe ra l  v a s c u l a r  res i s tance ,  

proximal  t u b u l a r  sod ium reabsorb t ion  and  sympa the t i c  act ivi ty [10,11,23]. 

The p r e sen t  f indings  are cons i s t en t  wi th  s u c h  hyper t ens ive  m e c h a n i s m s  

being a consequence  of an  inher i ted  defect  in the in su l in  receptor  gene 

itself, which is then  responsible  for secondary  changes  in Na+-H ÷ exchanger  

activity. 

The nucleot ide  change  responsible  for the  R1 RFLP might  itself alter the 

tyrosine kinase activity of the encoded ~-chain or may  be a linkage marker  of 

change(s) elsewhere t h a t  affect enzyme activity. Alternat ively the  RFLP may  

be a ma rke r  for difference(s) in some other  I N S R - a s s o c i a t e d  region t h a t  

could, by  var ious  possible m e c h a n i s m s  [17], lead to decreased  affinity of the 

r ecep to r  for insu l in ,  lower receptor  n u m b e r  or a l te red  gene  regula t ion,  

where,  to date,  none  of these  pa r ame te r s  have been repor ted  in pa t ien t s  

wi th  essen t ia l  HT [11]. The o ther  possibi l i ty  is t h a t  the  genetic va r ian t  

responsible  for HT is ano the r  gene located not  far from the insul in  receptor 

gene. 

Previous s tud ies  could not  find an  assoc ia t ion  of R1 or a n y  other I N S R  

RFLP wi th  n o n - i n s u l i n - d e p e n d e n t  d i abe t e s  me l l i t u s  (NIDDM) [13,17], 

a l though ,  in the  case  of R 1 ,  only  10-15 pa t i en t s  were  t e s t ed  [13]. The 

p r e s e n t  s tudy ,  involving a m u c h  h igher  n u m b e r  of sub jec t s ,  shows an  

assoc ia t ion  of R1 alleles wi th  HT, which,  like NIDDM, is a s ta te  of insul in  
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resis tance,  and where the co-existence of an endemic insul in- res is tance  

gene with HT gene(s) has  been said to resul t  in the HT phenotype  [11]. 

Finally, it should be noted that  the polygenic na ture  of essential  HT will 

require s tudies  of the interaction of a variant at  the INSR locus with other 

yet-to-be identified genes in determining the aetiology of this disease. 
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