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Might the diabetic environment in utero
lead to type 2 diabetes?

See page 1861

The day of my birth, my death began its walk.

That quotation from the French author and filmmaker,
Jean Cocteau, reflects our unavoidable destiny. However,
the speed and style of this walk may be determined well
before birth, as Eugene Sobngwi and colleagues show in
this issue of The Lancet, at least for type 2 diabetes.

Type 2 diabetes is a growing epidemic in developed
countries, but the current burden may pale in comparison
with the forecast estimated for developing countries
during the next few decades. There are several factors
conspiring to make diabetes and its precursors, glucose
intolerance and insulin resistance, such a pervasive issue
affecting both the present and future health of the world’s
population. The first relates to the global ageing of the
population, exposing more people to the ravages of the
disease; and the second involves the dramatic adverse
changes in diet and exercise patterns.

Several models have been put forward to estimate the
burden of type 2 diabetes in terms of population pre-
valence and economic cost.'? Although the estimates
vary, the dramatic increase in the prevalence of diabetes
may cancel out many of the health benefits achieved
during the past few decades from reducing other risk
factors associated with cardiovascular disease, such as
hypertension and hypercholesterolaemia. Prevention
strategies have been advocated to reduce the staggering
cost to public-health systems and the personal suffering
associated with the disease.

Type 2 diabetes has a significant genetic component.
However, unlike the dominant genetic defects responsible
for rare monogenic diseases, current knowledge is
consistent with the idea that the genetic factors that
modulate type 2 diabetes in the general population are
common polymorphisms at multiple genes. These
polymorphisms have a modest effect at an individual level
but, because of their high frequency, are associated with a
high population attributable risk. These genes may not
have a primary aetiological role in predisposition to
disease, but rather act as response modifiers to exogenous
and modifiable factors such as diet.

Several hypotheses have been proposed to explain the
rise in diabetes cases and the differences in risk observed
among different ethnic groups. One such hypothesis
commonly cited, the so-called “thrifty genotype”,
proposes that gene variants which thrive during times of
deprivation because of their adaptation to nutritional

hardship may have adverse effects in times of plenty.* An
alternative hypothesis, the “thrifty phenotype”, focuses on
the fetal origins of age-related diseases that result from a
suboptimal intrauterine environment.” However, complex
disorders such as diabetes may not be adequately
explained with a single monolithic hypothesis. Therefore,
integration of different points of view appears to be the
key for understanding and preventing the disease. At
present, the relative contribution of genes and environ-
ment and their specific contributions to each hypothesis
remains a matter of debate.

Sobngwi and colleagues use a simple but ingenious
approach to shed some light on this binomial complex of
genes and early environment. The investigators attempted
to define the role of intrauterine environment in the
development of glucose intolerance. They examined the
medical records of 352 adult patients with type 1 diabetes
to identify offspring when only one of the parents had
type 1 diabetes before the birth of the index subject.
15 offspring were classified as “cases” on the basis of
having been born to a mother with type 1 diabetes (and
exposed in utero to a diabetic environment). An
additional 16 offspring, born to a father with type 1
diabetes, were the control group. Thus, these controls had
similar chances of carrying the same susceptibility genes
as the cases, but were exposed to a normal intrauterine
environment.

Although the number of study participants was small,
the data are enticing. Exposure to a diabetic environment
in utero was associated with a high prevalence of impaired
glucose tolerance in adulthood; about 33% in the cases
versus none in controls. The underlying explanation for
the glucose intolerance appeared to be a defective insulin-
secretory response. Although in some participants, the
in-utero environment seemed to be detrimental, in many
of the cases there appeared to be no effect. These
participants may have been carrying protective alleles or
lower doses of predisposing genes. Alternatively, their
mothers may have had better diabetic control during their
pregnancy. A possible caveat may be that, in this study,
maternal genes may have conferred increased
susceptibility to deficient insulin secretory-response
compared with the paternal genes. Of interest, two other
studies recently demonstrated that the clinical onset of
maturity-onset diabetes of the young, a monogenic type of
diabetes, occurs at an earlier age if the mother had
diabetes during pregnancy.®” These data support the
importance of the intrauterine environment, a period in
which a human being is experiencing the most dramatic
changes that will occur during his or her entire lifetime, as
a determinant of adult health.

The message from Sobngwi’s study is that prevention of
diabetes may need to be started as early as possible,
starting with improving the metabolic status of the mother
before conception and during pregnancy. Such measures
could contribute to reducing the epidemic of diabetes and
its complications in the years to come. Our walk to death
may then be slower and more gracious.
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Alternative lengthening of telomeres:
dangerous road less travelled

Most cancer cells prevent the ends of their chromosomes
from shortening by expressing an enzyme, telomerase, that
synthesises new telomeric DNA.! This prevention of
shortening permits cancer cells to acquire an essentially
unlimited proliferative capacity, by contrast with most
normal somatic cells, which do not have a mechanism to
maintain telomere length and consequently undergo a
finite number of cell divisions. Telomerase inhibitors
therefore hold considerable promise for cancer treatment,
but the situation is complicated by the existence of one or
more mechanisms to maintain telomere length, referred to
as alternative lengthening of telomeres, that are telomerase-
independent.>* Not only will tumours with alternative
lengthening be resistant to telomerase inhibitors, but there
is also concern (not yet supported by experimental
evidence) that treatment of telomerase-positive tumours
with effective telomerase inhibitors will exert a potent
selection pressure for the emergence of a population of
tumour cells with alternative lengthening of telomeres.
About 85% of all human cancers are telomerase-positive,
and of the remainder some use alternative lengthening and
some do not appear to have any mechanisms to maintain
telomere length. Some tumours use both alternative
lengthening of telomeres and telomerase to maintain
telomere length.> Although alternative lengthening activity
in tumours has not been studied extensively, it is now
becoming clear that there are some types of tumours,
including astrocytomas and osteosarcomas, where
alternative lengthening of telomeres is common.

Two studies in cancer models have suggested that
tumours that use alternative lengthening of telomeres may
not be fully malignant. When SV40-immortalised human
cells that were positive for alternative lengthening were
transduced with a mutant RAS oncogene, they were
unable to form subcutaneous tumours in immuno-
compromised animals unless telomerase activity was
induced by exogenous telomerase catalytic subunit
(TERT).” Consistent with other data suggesting that
telomerase contributes more to the malignant phenotype
than maintenance of telomere length alone, a mutant
TERT that is unable to lengthen telomeres but presumably
retains other functions was also able to render the cells
tumorigenic. In addition, the TERT-transduced cells had a
significantly increased growth rate under adverse cell-
culture conditions.” In another study,” the Ink4a/Arf
tumour-suppressor gene locus was disrupted by gene
targeting in telomerase-null mouse cells, and the cells were
further transformed with MYC and mutant RAS
oncogenes. These cells were able to form tumours that
were positive for alternative lengthening of telomeres when
injected subcutaneously into immunocompromised mice,

but were unable to metastasise unless telomerase activity
was reconstituted. These data have been interpreted as
indicating that it is very unlikely that alternative lengthening
of telomeres will provide a robust resistance mechanism
against antitelomerase cancer therapy.®

For at least one type of human tumour, alternative
lengthening of telomeres may indeed be associated with less
aggressive tumour behaviour. 19 (25%) of 77 patients with
high-grade brain tumours (glioblastomas multiforme) had
tumours that were positive for alternative lengthening of
telomeres and four of these were also telomerase-positive.’
The median survival of the patients with telomerase-
negative, but positive for alternative lengthening, tumours
was 672 days compared with 236 days for the telomerase-
positive, but negative for alternative lengthening, tumours
(p=0-0002), and 174 days for the four tumours with both
mechanisms to maintain telomere length (p=0-018).
Despite longer survival of the patients, almost all of the
glioblastomas that were positive for alternative lengthening
were nonetheless fatal.

In another tumour type, however, alternative lengthening
of telomeres is not associated with a more favourable
clinical outcome. In a study of patients with osteosarcomas
treated at the Memorial Sloan-Kettering Cancer Center,
New York, Gary Ulaner and colleagues' recently found
telomerase in 31 (44%) and alternative lengthening of
telomeres in 47 (66%) of 71 osteosarcoma samples. 19 of
the tumours (27%) had both telomerase and alternative
lengthening, and 12 (17%) had no mechanism to maintain
telomere length. The absence of any such mechanism was
more strongly associated (p<0-05) with improved survival
than stage or response to chemotherapy. Some metastatic
tumours had alternative lengthening as their sole
mechanism to maintain telomere length, demonstrating
that telomerase is not essential for metastasis. The
telomerase-negative, but  positive for alternative
lengthening, tumours seemed to equal the telomerase-
positive tumours in clinical aggressiveness.

The reasons for the differences between the behaviour of
the human cancers and the model systems need to be
clarified, and may include differences in cell type and the
limitations of xenotransplantation for assaying tumori-
genicity. What is clear is that the model systems have given
a false sense of security. Alternative lengthening of
telomeres may be the road less travelled,® but it is a
dangerous one.
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