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Polymorphism in the 5'-Flanking Region of the Human Insulin 
Gene and Its Possible Relation to Type 2 Diabetes 

Abstract. The arrangement of the human insulin gene in DNA from 87 individuals 
was analyzed by the Southern blot hybridization technique with a cloned genomic 
human insulin probe. Insertions of 1.5 to 3.4 kilobase pairs in the 5'-flanking region 
of the gene were found in DNA from 38 individuals. These insertions occurred within 
1.3 kilobase pairs of the transcription initiation site. In contrast, no insertions were 
observed in the region 3' to the coding sequence. The prevalence of these insertions 
in type 2 diabetes was signiJicantly greater than in the other groups (P < .001). The 
limitation of this striking length polymorphism to a potential promoter region 
suggests that these insertions may play a role in insulin gene expression. 

Clinical diabetes includes a genetically 
heterogeneous group of disorders char- 
acterized by glucose intolerance (1). A 
higher concordance for diabetes in 
monozygotic versus dizygotic twins im- 
plicates genetic factors in the etiology of 
the disease, although the mode of inheri- 
tance is unknown. At present idiopathic 
diabetes mellitus has been divided into 
two major groups on the basis of fami- 
ly, twin, metabolic, immunologic, and 
HLA-association studies (2). Type 1 dia- 
betes usually has its onset early in life, a 
strong association with certain HLA 
antigens, and a high prevalence of anti- 
bodies to islet cells. Type 2 diabetes 
generally develops in adults, bears no 
relation to distinct HLA haplotypes, and 
is not associated with antibodies to islet 
cells. 

The two groups differ with regard to 
endogenous insulin production (3). In 
type 1 diabetes, because of destruction 
of pancreatic beta cells, there is absolute 
insulin deficiency, whereas in type 2 
some ability to synthesize insulin is 
maintained. A relative insulin lack de- 
pends in part on the extent of coexistent 
insulin resistance (4). This feature is 
analogous to the deficient globin produc- 
tion in the various thalassemias (5) in 
which the a- and p-globin gene complex- 
es give evidence of molecular defects. 
In the present studies we have examined 
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the insulin gene in diabetics to determine 
whether alterations similar to those 
found in the thalassemias could be re- 
sponsible for impaired insulin produc- 
tion. 

Structural studies of the human insulin 
gene in diabetics have become possible 
as a result of recent advances in recom- 
binant DNA technology. A total of 19 kb 
[kilobase (pairs)] of human DNA was 
cloned, and 1430 bp (base pairs) contain- 
ing the insulin gene were sequenced (6). 
In addition, 5650 bp on the 5' side and 
11,500 bp on the 3' side of the gene were 

analyzed by restriction endonuclease 
mapping. The entire region was shown to 
be single-copy DNA except for 500 bp of 
repetitive DNA located 6 kb 3' to the 
gene (6). There is no evidence for more 
than one nonallelic insulin gene in hu- 
mans (6). We have used the cloned hu- 
man insulin gene probe to study the 
arrangement of the human insulin gene in 
type 1 and type 2 diabetics and compared 
it with the gene in nondiabetics by the 
Southern analysis (7) of DNA from 87 
individuals. 

High molecular weight DNA was pre- 
pared from peripheral blood leukocytes 
or human placental tissue (8). Leuko- 
cytes were isolated from 10 to 25 ml of 
whole blood by centrifugation at 500g at 
22°C through a Ficoll-Hypaque gradient 
(9). In some instances, a crude nuclear 
fraction was obtained according to the 
method of Cordell et al. (10). Placenta 
obtained fresh at birth and stored at 
-70°C until use was pulverized on Dry 
Ice and lyophilized before DNA extrac- 
tion. The DNA was purified essentially 
as described (8, 11). After isolation, the 
DNA was precipitated with ethanol, dis- 
solved in 10 mM tris, 1 mM EDTA, pH 
7.5, and dialyzed extensively against 1 
mM tris, 0.1 mM EDTA, pH 7.5, usually 
for 5 to 7 days. Typical yields included 
200 to 400 pg of DNA per 10 ml of blood, 
and 1 to 2 mg of DNA per gram of 
placenta. 

Restriction endonucleases were used 
according to the manufacturers' specifi- 
cations (New England Biolabs and Be- 
thesda Research), except that 2.5 to 3 
units of enzyme were added to the reac- 
tion mixture per microgram of DNA. 
Completeness of digestion was moni- 
tored by adding 1 pg of lambda DNA to 
the reaction mixture. The samples were 
then subjected to electrophoresis 
through 0.8 to 1.5 percent agarose gels in 

Untranslated sequences 
0 intervening sequences 
6 Coding sequence 

insertion 
region , 1 

-168 pg HI 3.8 +3500 
1 

- 5 - 4 - 3 - 2 - 1  0  1 2  3  4 5  8 7 8  9 1 0 1 1  
Kilobases (kb) 

Fig. 1. Human insulin gene restriction map. The restriction sites were determined after single 
and multiple enzyme digests. The sites presented in this figure are only those used in our study. 
For a more complete map see (6). The insertion region falls somewhere between the Bgl I site 
(- 1300) and Pvu I1 site (-259). The size of the insertions varied between 1.5 kb and 3.4 kb. The 
direction of transcription of the gene is shown by the arrow. 
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50 mM tris, 12 mM sodium acetate, 
1 mM EDTA (pH 8) for 15 to 20 hours 
and transferred to nitrocellulose filters 
(BA85, Schleicher & Schuell) as de- 
scribed (7). Hybridization of the DNA- 
containing filters and subsequent steps 
were as described (12). 

A 3.6-kb DNA fragment obtained by 
successive digestion with Bgl I1 and Xho 

sulin gene was isolated from recombi- 
nant pgHI 12.5 (6) (Fig. 1) and inserted 
into plasmid pBR322 by S1 endonuclease 
treatment and subsequent addition of 
Hind I11 linkers. The recombinant plas- 
mid pgHI 3.6 was grown in Escherichia 
coli HBlO1. The insert was purified by 
digestion with Hind I11 and electrophore- 
sis on 1 percent agarose gels. The 3.6-kb 

I and spanning coordinates -168 to band was eluted by electrophoresis, ex- 
+3500 with respect to the putative tran- tracted with phenol, and precipitated 
scription initiation site of the human in- with ethanol. The DNA probe was la- 

Table 1. Lengths (in kilobase pairs) of Eco RI and Bgl I fragments hybridizing to pgHI 3.6. 
DNA from 87 individuals was digested with Eco RI or Bgl I, subjected to electrophoresis, 
transferred, and hybridized to 3ZP-labeled pgHI 3.6; the size of the hybridizing fragments was 
determined as described in the legend to Fig. 2. The Bgl I value refers only to the length of the 5' 
fragment seen in the restriction map (Fig. 1). The size of the 3' fragment was 2.2 kb in all 
individuals tested. In subjects where Eco RI hybridizing bands were not determined, compara- 
ble restriction fragments were obtained with either Hind I11 or Sac I. Insertions were present in 
9 of 35 nondiabetics and in 6 of 17 type 1 and 23 of 35 type 2 diabetics. Chi-square analysis of 
the prevalence of insertions in type 2 diabetics compared to nondiabetics and type I diabetics 
indicates a statistically significant difference at P < ,001. Additional length heterogeneity of 
approximately 0.2 kb was identified in 11 of the individual samples digested with Bgl I. This 
represents either a restriction site polymorphism or a deletion of DNA and was found in five 
nondiabetics and in four type 1 and two type 2 diabetics. 
- 
Indi- 

vidual 
-- 

1 
2 
6 
8 
9 

17 
27 
28 
31 
32 
34 
36 
37 
39 
40 
4 1 
43 
46 
47 
48 
49 
51 
53 
54 
56 
58 
59 
60 
6 1 
65 
1 OP 
1 5 ~  
255 
265 
1 1 JR5 

1 
2 
3 
7 
8 

1 1  
13 
14 
18 

Bgl I Insert Indi- Insert of the four individuals with variant 
Eco RI (kb) vidual 

Eco RI Bgl I (kb) Eco RI patterns, we expected to also 
find additional larger hybridizing bands 

Type 1 diabetics on analvsis with other restriction endo- Nondiabetic 
2.912.9 

beled with 3 2 ~  by nick translation (13), 
generally to 2 x 10' to 3 X 10' counts 
per minute per microgram. 

DNA from diabetic and nondiabetic 
subjects was studied by hybridization to 
pgHI 3.6. Digestion of genomic DNA 
with Eco RI generated a 14-kb hybridiz- 
ing fragment (Fig. 2), which appeared to 
be the same size as that previously re- 
ported (6). The presence of a single 14-kb 
Eco RI fragment was observed in 17 
nondiabetic, 8 type 1 diabetic, and 6 type 
2 diabetic subjects (Table 1). In one 
nondiabetic and two type 2 diabetics, in 
addition to the 14-kb band, there was a 
hybridizing fragment of DNA approxi- 
mately 15.5 kb in size. In another type 2 
diabetic an extra band of 17.4 kb was 
observed. The presence of one normal 
fragment and one larger one in these four 
individuals suggested either that one al- 
lele contained an insertion of DNA be- 
tween normal Eco RI sites or an altered 
Eco RI site. 

If an insertion was present in the DNA 

Type 1 diabetics 
14114 2.912.9 

2.914.4 
14114 2.912.7 

2.912.9 
14114 
14114 2.912.7 
14114 2.912.9 
14114 2.912.9 
14114 2.912.7 

2.914.4 
2.912.9 
2.912.9 
2.914.4 
2.914.4 

14114 
2.714.4 
2.914.4 

Type 2 diabetics 
2.914.4 

14114 2.912.7 
2.914.4 
2.914.4 

14114 2.912.9 
2.914.4 
2.912.9 
2.914.4 
2.914.4 

14115.5 2.914.4 
2.915.4 

14/14 2.912.9 
2.914.4 
2.912.9 

14114 
2.912.9 
2.914.4 
2.914.4 
2.914.4 
2.914.4 
2.914.4 
2.914.4 
4.414.4 
2.914.4 
2.914.4 
2.912.9 
2.912.7 
2.912.9 
2.914.4 

14117.4 2.916.3 
14114 2.912.9 
14115.5 2.914.4 
14114 2.912.9 

2.914.4 
4.414.4 

nucleases. Therefore, DNA from these 
subjects and others was digested with 
Hind 111, Sac I, Bgl I, Bgl 11, and 
Pvu 11. Digestions with Hind I11 or Sac I 
in each case produced one normal DNA 
fragment and one larger, by approxi- 
mately 1.5 kb in three of the subjects, 
and 3.4 kb in the fourth. In others digest- 
ed with Hind I11 and Sac I comparable 
larger bands were found. This confirmed 
the presence of an insertion of DNA in 
one allele of these individuals, either 
within the insulin gene or its flanking 
regions. 

Digestion of DNA from additional 
nondiabetics with Bgl I (Fig. 3) extended 
the number with length polymorphism to 
a total of 9 of 35 (Table 1). Bgl I frag- 
ments hybridizing with pgHI 3.6 includ- 
ed a 2.2-kb 3' fragment and either a 2.9- 
or 3.5-kb 5' fragment; the presence of 
two 5' fragments is due to partial cutting 
at the middle Bgl I site at + 1600 (see Fig, 
1). The expected, smaller 0.6-kb frag- 
ment was not readily detected. All sub- 
jects had a 2.2-kb band, and at least one 
2.9-kb band, or 2.9- and 3.5-kb band 
(Fig. 3, lanes 2 to 5). Those with length 
polymorphism in the second allele had 
additional hybridizing bands of 4.4 kb 
and 5.0 kb (Fig. 3, lane 4), 5.4 and 6.0 kb, 
or 6.2 and 6.8 kb (data not shown), 
representing an insertion of 1.5 kb, 2.5 
kb, and 3.4 kb in one allele of the Bgl I 5' 
fragment. In addition, another variant 
(N59) with Bgl I fragments of 4.4 and 5.0 
plus 4.8 and 5.4 kb was seen (Fig. 3, lane 
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6). This represented a 1.5-kb insertion in 
one allele, and a 1.9-kb insertion in the 
other. The Bgl I digestion of 34 type 2 
diabetics confirmed the length polymor- 
phism observed with Eco RI in three 
subjects and extended the total number 
with insertions to 23 of 35. 

The resolution in these methods is 
such that differences in length of less 
than 0.1 kb cannot be detected. In most 
individuals the presence of length poly- 
morphism was independently deter- 
mined by analysis with several restric- 
tion enzymes, thereby eliminating the 
possibility of artifact due to partial diges- 
tion. Digestion of the DNA from all 
individuals, including those with length 
polymorphism, with Bgl I1 or Pvu I1 pro- 
duced identical fragments (Fig. 4). This 
indicated that the length polymorphism 
was due to an insertion of DNA some- 
where between the Bgl I site at -1300, 
and the Pvu I1 site at -259, in the 5' 
region flanking the insulin gene. 

Variation in fragment length after di- 
gestion with restriction enzymes can 
arise from single base changes in DNA 
or from insertions or deletions. If this 
occurs in more than 2 percent of the 
individuals, the site (by definition) is a 
polymorphic locus (14). This type of 
genetic polymorphism has been used ex- 
tensively in analysis of human globin 
genes. For example, polymorphism at an 

1 2 3 4  5 

1 7 4  k b -  
Y 9-, . 4 - 1 5 5 k b  

14.0 kt] - 

Fig. 2. A radioautograph of Eco RI-digested 
DNA hybridized with 32P-labeled pgHI 3.6. 
The DNA from five individuals was isolated, 
digested with restriction endonucleases, and 
subjected to electrophoresis; the fragments 
were transferred to nitrocellulose filters and 
hybridized to 32P-labeled pgHI 3.6 (11). The 
32P-labeled insulin gene probe (3 x lo6 to 4 x 
lo6 countlmin) was added to each filter during 
hybridization. The filters were incubated for 
20 to 24 hours at 42OC and washed, first briefly 
at room temperature in 2X SSC and 0.1 per- 
cent sodium dodecyl sulfate (SDS) (IX SSC is 
O.15M sodium chloride and O.Ol5M sodium 
citrate, pH 7.0), then at 45OC in 0.2X SSC and 
0.1 percent SDS. The filters were dried in air 
and autoradiographed at -70°C for 2 to 4 days 
(Kodak X-omat R x-ray film and a Dupont 
Lightning Plus intensifying screen). The size 
of the hybridizing fragments was determined 
by coelectrophoresis of Hind 111 and Eco RI- 
digested lambda DNA. Of the 50 individuals 
examined with Eco RI, most had a single 14- 
kb hybridizing fragment as depicted in lanes 
2,4, and 5. A 3.4-kb insertion can be seen in 
one allele of the DNA from the individual in 
lane 1, and a 1.5-kb insertion can be seen in 
one allele in lane 3. 
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5 0 k b -  Y 
" . ~- 

4 4 k b -  a . C h - 4 8 k h  

3 5  k b -  

2 9 k b -  

Fig. 3. Radioautographs of Bgl I4igested 
DNA hybridized with '*P-labeled pgHI 3.6 
(see Fig. 2). The data shown were obtained 
from five individuals (different from those of 
Fig. I). Lane 1 contains an internal control 
consisting of a 4.8-kb preproinsulin (from rat) 
complementary DNA (500 pg) recombinant 
plasmid pcR1354. Lanes 2 to 6 contain 20 pg 
of DNA from each of five different individ- 
uals. Lanes 2, 3, and 5 represent the most 
commonly observed pattern and the differ- 
ence between these is due to partial digestion 
at the Bgl I site at + 1600 bp. In contrast, the 
patterns observed in lanes 4 and 6 indicate 
insertions of DNA. 

Hpa I site 3' to the p-globin gene is 
highly associated with the sickle cell 
gene mutation (8). Yet sequence varia- 
tion around the p-globin gene in human 
individuals is quite low. Jeffreys found 
only two polymorphic sites when he 
screened more than 40 kb of p-globin 
genes from 60 humans with eight differ- 
ent enzymes (15). Comparable single 
base changes within the coding region of 
the insulin gene leading to a variant 
insulin molecule and impaired carbohy- 
drate tolerance have been described in 
three individuals (16). 

The type of length polymorphism in 
human DNA described in our report, 
resulting not from base substitutions but 
from insertions or deletions, has also 
been described (17). A polymorphic lo- 
cus was found by using a single copy, 
human DNA probe which was not asso- 
ciated with any specific gene. Length 
polymorphism has also been observed 
between the embryonic and adult a-glo- 
bin genes. The nature of these DNA 
insertional elements is unknown at pres- 
ent. 

The DNA segments inserted near the 
human insulin gene may be transposable 
elements. Transposons in prokaryotes 
are pieces of DNA that vary in size, 
terminate in inverted or direct repeats, 
and that promote their own rapid spread 
within and between bacterial species 
(18). Similar eukaryotic transposable ele- 
ments may be responsible for mutations 
in yeast and Drosophila, antibody diver- 
sity in mammals, and cellular transfor- 

mation by RNA tumor viruses (19). 
However, transposable elements are 
characterized in general by the insertion 
of a constant piece of DNA at multiple 
sites, while the allelic variation which we 
observed adjacent to the human insulin 
gene was characterized by insertions of 
various length in a single region of the 
genome. This situation is more closely 
paralleled by the mating-type locus in 
yeast, where an insertion of DNA into 
the MAT locus determines the mating 
phenotype of the cell (18). It is not 
known at present whether the insertional 
elements noted in the 5'-flanking region 
of the human insulin gene are related to 
one another in sequence, are transpos- 
able genetic elements (that is, show re- 
peated sequences), are stably inherited 
or are the result of somatic rearrange- 
ment, or all occur at precisely the same 
site. Clarification of these possibilities 
awaits the cloning and DNA sequence 
analysis of human insulin genes with 5'- 
flanking insertions. 

The presence of insertional elements 
in the 5'-flanking region of the insulin 
gene raises the speculation that they may 
affect expression. A number of studies 
have suggested that DNA sequences 
several hundred bases 5' to the mRNA 
transcription initiation site may modu- 
late RNA polymerase binding and initia- 
tion of transcription (18). The presence 
of insertions or deletions in the 5'-flank- 
ing regions may alter DNA packaging 
within chromatin (20). 

The importance of the above results is 
the common occurrence of insertions of 
DNA of variable size in a potential pro- 
moter region of the human insulin gene. 
Our data show the prevalence of inser- 
tions was 66 percent in those with type 2 

Fig. 4. A radioautograph of Bgl II4igested 
DNA from five individuals. The methods are 
those described in Fig. 2. In lane 1 is the 4.8- 
kb recombinant plasmid pcR1354 (500 pg). 
Canes 2 to 7 contain 20 pg each of DNA from 
six individuals. In lanes 2, 5, 6, and 7, an 
additional internal control was added consist- 
ing of 20 to 50 pg of the. human plasniid 
pgHI 3.6, which migrates as an 8.2-kb band. 
Lanes 5 and 7 also contain 20 pg of the 3.6-kb 
pgHI 3.6 insert. 
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diabetes and 29 percent in all others 
including nondiabetics and type 1 diabet- 
ics (Table 1). This difference is statisti- 
cally significant at P < .001, although 
our findings do not indicate that these 
large insertional elements are sufficient 
for, nor necessarily associated with, de- 
velopment of diabetes. While this work 
was being done, similar length polymor- 
phism in the 5'4anking region of the 
human insulin gene was reported in 8 of 
15 individuals studied by Bell et al. (6). 
Insertions of 100 to 2600 bp were noted, 
which were not restricted to diabetics 
(21). In view of the known complexity of 
the genetic factors contributing to type 2 
diabetes (I), it is not surprising that our 
data do not show a simple relation be- 
tween the presence of insertions and 
disease. However, our results support a 
contribution to the etiology of diabetes 
from insertions 5' to the insulin gene. 
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Growth Inhibition by Adenosine 3'3'-Monophosphate 
Derivatives Does Not Require 3 '3 '  Phosphodiester Linkage 

Abstract. Analogs of adenosine 3',5'-monophosphate (cyclic AMP) inhibit the 
growth of cultured cell lines. The effects of 8-bromo- and N6-butyryl-substituted 
analogs of cyclic and noncyclic AMP on six cell lines were examined and were 
equally inhibitory. Variant cell lines with altered cyclic AMP-dependent protein 
kinase were more resistant to both cyclic and noncyclic nucleotides. We conclude 
that growth inhibition by analogs of cyclic AMP (i) does not require a 3 'S '  
phosphodiester bond and (ii) may be mediated by a pathway involving endogenous 
cyclic AMP. 

Ryan and Heidrick (I)  and Burk (2) 
reported that theophylline, a cyclic nu- 
cleotide phosphodiesterase inhibitor, 
and adenosine 3'3'-monophosphate (cy- 
clic AMP) inhibited the growth of BHK 
and HeLa cells, respectively. Subse- 
quent studies with a wide variety of 
cultured cells demonstrated growth inhi- 
bition by cyclic AMP derivatives (3, 4). 
Such studies may indicate a role for 
cyclic AMP as a negative regulator of 
cell proliferation; however, growth stim- 
u la tor~ actions of cyclic nucleotides 
have also been reported (5, 6). In addi- 
tion, studies with adenylate cyclase-de- 
ficient or protein kinase-deficient cell 
lines suggest a nonobligatory role for the 
nucleotide (7). Studies of the effects of 
cyclic AMP derivatives on growth are 
difficult to interpret because of the well- 
recognized biological potency of catabo- 
lites derived from the nucleotides in cul- 
ture systems. 

In previous studies (8) with cultured 
pituitary cells we reported that bromo 
and butyryl analogs of cyclic AMP inhib- 
ited growth by two distinguishable mech- 
anisms. At low concentrations, adeno- 
sine derivatives were generated that re- 
sulted in cytotoxicity in adenosine-sen- 
sitive cells because of pyrimidine starva- 
tion. At higher concentrations in adeno- 
sine-resistant, adenosine kinase-defi- 
cient cell lines, both cyclic (3',5') and 
noncyclic (5') AMP derivatives were 
growth inhibitory. In the studies report- 
ed here, we demonstrate that growth 
inhibition by cyclic AMP derivatives in a 
wide variety of cell lines does not require 
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the 3 '3 '  phosphodiester linkage. These 
results indicate that long-term effects of 
exogenous cyclic AMP derivatives are 
exerted by an unanticipated mechanism. 
However, additional studies also indi- 
cate that nucleotide-induced growth inhi- 
bition may involve both adenylate cy- 
clase and cyclic AMP-dependent protein 
kinase . 

As shown in Fig. 1, both 8-bromo and 
N6-monobutyryl cyclic AMP inhibited 
the growth of all cell lines examined. In 
each case, however, the corresponding 
5' AMP derivatives were equally potent. 
In several cell lines (L, CHO, and GHI), 
bromo and butyryl derivatives (cyclic 
and noncyclic) were inhibitory over the 
same concentration range. In contrast, 
with BHK, BALBIc, and Y1 cells, 8- 
bromo nucleotides were more inhibitory 
than N6-monobutyryl nucleotides. Equi- 
potency of cyclic and noncyclic deriva- 
tives was also observed with mono-, di-, 
and tributyryl nucleotides with 3T3 cells 
(not shown). 

Noncyclic and cyclic AMP derivatives 
are extensively converted to adenosine 
derivatives during cell culture. Adeno- 
sine is cytotoxic to cultured cells as the 
result of inhibition of pyrimidine nucleo- 
tide biosynthesis (9). Growth inhibition 
reported in these studies cannot be medi- 
ated by such a pathway since uridine 
failed to prevent growth inhibition. Fur- 
thermore, similar growth inhibition by 
nucleotides is observed with adenosine- 
resistant, adenosine kinase-deficient cell 
lines (GHI and Y1; Fig. 1) (10). 

The phosphodiesterase inhibitor the- 
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