Genetics of NIDDM

T

he purpose of this review is to provide a concise
discussion of the current level of understanding
of the role of genetic defects in the etiology of
non-insulin-dependent diabetes mellitus (NIDDM)
and to introduce the molecular-genetic methods used to
define these defects. This subject has recently been reviewed (1), and in-depth discussions of the role of the
insulin (2,3) and insulin-receptor (4,5) genes in NIDDM
are available.

EVIDENCE FOR GENETIC SUSCEPTIBILITY
The tendency for diabetes to occur in family members
has been known for a long time. The role of environmental factors in precipitating diabetes is also well established, and the familial tendency for diabetes could
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conceivably be due to similar patterns of obesity, diet,
or perhaps lack of physical exercise that occur in the
same family members (for review, see ref. 6). In the last
few years, however, a considerable amount of evidence
has accumulated that the familial aggregation of diabetes is due to an inherited defect in genes that predispose to diabetes. Although obesity remains the major
risk factor for diabetes in the adult population, it appears
that the relative risk for diabetes may be a function of
the underlying background genetic susceptibility of an
individual. These genes may convey susceptibility or
perhaps resistance to diabetes, and many different genes
may be involved.
What is the evidence that differences in genetic susceptibility exist in NIDDM? Important studies of concordance in monozygotic versus dizygotic twins have
shown repeatedly that the concordance is greater in
identical twins (7-9). The concordance in identical twins
is >90% for NIDDM, whereas it is - 5 0 % for insulindependent diabetes (IDDM). Furthermore, there seems
to be no difference in degree of obesity or frequency of
twins living apart in concordant and discordant identical
twins. Further evidence for genetic factors predisposing
to susceptibility include the observation of marked differences in prevalence of NIDDM in different ethnic
groups living in the same geographical area. Zimmet (6)
has observed that the diabetes prevalence in Japanese
is only 1%, in Whites 2-3%, and in Blacks 4-6%. The
highest prevalence (35%) of diabetes in the United States
occurs in Pima Indians. Life-style, as discussed in ZimFrom the Metabolism Division, Washington University School of Medicine, St.
Louis, Missouri.
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This brief review discusses the current level of
understanding of the role of genetic defects in the
etiology of non-insulin-dependent diabetes mellitus
(NIDDM) and the use of molecular-genetic methods
for this study. Evidence for genetic susceptibility
is strong, and defects in both insulin production and
action are suspect. With restriction-fragment-length
polymorphisms and genomic sequencing, various
candidate loci are being evaluated. Evidence that
multiple genes are involved is only circumstantial.
If NIDDM is genetically heterogeneous and also
influenced by environmental components, population
associations and linkage analyses in families may not
be as easily interpreted as for diseases involving single
major gene defects. Diabetes Care 13 (Suppl. 4):
1150-53, 1990
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CHOOSING SUITABLE GROUPS OF PATIENTS FOR STUDY
Through the use of modern recombinant DNA technology, many human genes are now available to evaluate
the genes involved in NIDDM. For this type of analysis,
the genes in populations of nondiabetic and diabetic
individuals or in nondiabetic and diabetic members
within a family can be studied. If diabetes is heterogeneous, then it would be preferable to study populations
or families with discrete types of diabetes, but this goal
is complicated by obscurities in the clinical classification. For example, in one form of NIDDM called maturity-onset diabetes of the young (MODY), a mild
NIDDM occurs in young adults, often without obesity
(12). A familial tendency for MODY is very strong, and
often vertical transmission through several generations
has been noted, suggesting a major gene defect inherited in an autosomal-dominant fashion. Recently, however, other investigators have noted that a number of
lean young adults develop NIDDM, and they have an
extraordinarily high frequency of both parents having
diabetes (13). The investigators suggested that this is a
different disorder than MODY and call it early-onset
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NIDDM, perhaps induced to an early onset by the presence of genes inherited from both diabetic parents. Another confusing clinical syndrome described by the same
authors is the so-called late-onset IDDM. Here, they
described eight young adults who developed NIDDM
between the ages of 25 and 40 yr, and the only feature
that distinguished this group from the other two groups
was the presence of islet cell antibodies, a characteristic
feature of IDDM.

CANDIDATE GENES THAT MAY
PREDISPOSE INDIVIDUALS TO NIDDM
Cloning the human insulin gene through recombinant
DNA technology in 1979 allowed investigators to study
the role of the insulin gene in human diabetes (14-16).
It was natural to suspect that defects at this locus might
be involved, because almost all NIDDM individuals are
characterized by insulin deficiency, either relative or
absolute. Whereas insulin-gene structural defects might
be anticipated to be rare, defects in the regulatory regions for glucose stimulation of insulin synthesis and
secretion might be anticipated. Restriction-fragmentlength polymorphisms (RFLPs) occur frequently in the
human genome, and several were defined at the insulin
locus (2,3,17). These RFLPs are either single-site polymorphisms or a variable number of tandem repeats. The
extent of polymorphisms is so great at the insulin gene
that heterozygosity is >90% when studied with various
polymorphic enzymes. In addition, polymorphisms at
nearby loci have also been used to identify insulin genes
in diabetic and nondiabetic individuals (18-20). In studies
of the frequency of polymorphisms at this locus in
NIDDM, early studies suggested the positive association
of a larger 5'-flanking region insulin gene. The early
studies were in mixed racial groups, and later studies in
Whites, American Blacks, Pima Indians, Nauruans, Japanese, and Punjabi Sikhs have shown a convincing lack
of association of the insulin gene with NIDDM (2,
3,17,21-29).
Whereas positive associations are often suggestive,
negative associations do not rule out possible involvement of the insulin gene. Linkage analysis in families is
always a more powerful type of analysis. Here, the insulin genes are identified in the mother and father, and
the sharing of the same genes by diabetic offspring is
evaluated. Several White families with MODY and a few
White, American Black, and Punjabi Sikh families with
NIDDM have been studied, and all have shown a lack
of linkage of diabetes to the insulin locus (30-32). Thus,
although insulin-gene mutations may be responsible for
contributing to the genetic susceptibility of diabetes in
a few individuals, it is unlikely that insulin-gene defects
play a major role in NIDDM.
Another likely candidate for inherited defects predisposing to diabetes is the human insulin-receptor gene.
Several investigators have defined RFLPs specific for the
a- and (3-subunits of the 5000-base-pair receptor cDNA
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met's review, has been noted to have an important effect
on the prevalence of diabetes, as evidenced in rural and
urban Polynesians of Western Samoa, having 3.6 vs.
10% diabetes prevalence, respectively. Nevertheless,
within a given urban environment and for equal degrees
of obesity, it is clear that diabetes is far more prevalent
in certain ethnic groups. Interestingly, evidence for genetic factors has been underscored by the fact that, in
groups in which diabetes prevalence is high (Pima Indians, Australian Aborigines, Mexican Americans, and
American Blacks), the prevalence of diabetes appears to
be diminishing proportional to the degree of genetic admixture (10).
Before the genes involved in NIDDM can be identified, the clinical problem must be defined. NIDDM is
characterized by a chronic metabolic state of insulin
deficiency that has been shown by numerous investigations to be due to impaired insulin production and
action. Both defects are somewhat reversed with therapy
(11). Whether insulin production or action is the primary inherited defect is unclear, but evidence in experimental animals suggests that defects in insulin production can lead to defects in insulin action and vice
versa (45,46). Furthermore, there are potentially many
different steps involved in both insulin production and
action, and current evidence favors heterogeneity of the
etiology of NIDDM. Thus, NIDDM is viewed as a common phenotype, typically occurring in an obese adult
with hyperglycemia as a manifestation of insulin lack
without ketosis, but the genotypes (genetic susceptibility) in different individuals are probably diverse. In sum
mary, the clinical picture of NIDDM is relatively consistent, but little is known about the genetic defect or
defects.

GENETICS OF NIDDM
(33-36). We have evaluated four RFLPs at the insulinreceptor locus in a large population of American Black
NIDDM subjects divided into lean and obese groups
and young-onset versus older-onset groups, reasoning
that these would represent different subtypes of diabetes. Whereas neither age of onset nor obesity was important, there appeared to be no significant difference
in the frequency of RFLPs in the NIDDM group compared with that in a nondiabetic Black group (4). Both
associations and lack of associations have been reported
for RFLPs and NIDDM at the insulin-receptor locus
(33-40). Whether this locus will provide a genetic marker
for NIDDM in American Blacks can only be determined
by studies in Black families.
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Another likely candidate for inherited defects predisposing to NIDDM is the glucose-transporter (GT) gene.
The erythrocyte GT gene has been cloned and sequenced (40), and RFLPs have been identified (41-43).
There is a suggestion that this GT gene may be different
in diabetic and nondiabetic individuals (41), although
no difference has been found in American Blacks (42)
or Orientals (43). More recently, several GT genes with
separate chromosomal locations have been identified
(44). Whether GT genes are a genetic marker for NIDDM
remains to be determined.
Finally, how would identification of genetic markers
for diabetes benefit mankind? I like to think that the
current state of knowledge of diabetes is equivalent to
the knowledge of fever 300 years ago. All that was known
then was that someone either had a fever or not, with
no idea of what caused the fever and certainly no idea
of how to treat it. Over the last 300 years, many different
reasons have been found for fever, and many different
ways have been found to treat it. Certain forms of treatment are appropriate for one type of fever but totally
inappropriate for another. Once the many different
causes of diabetes are defined, a more precise definition
of the type of diabetes and more appropriate therapy may
be forthcoming. The ultimate goal of the study of the
genes involved in diabetes susceptibility is to identify
individuals at risk and perhaps through genetic surgery
to remove the risk before onset of diabetes. Expression
of human insulin genes in transgenic mice has already
been accomplished, so this seemingly far-fetched goal
in humans may be reached sooner than anticipated.
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