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*A rem is a standard unit for measuring radiation exposure. It is roughly equal to 0.01 joule of absorbed energy per kilogram of tissue.

CLINICAL COMMENTARY 3-1
The Effects of Radiation on Mutation Rates
Because mutation is a rare event, it is difficult to measure 
directly in humans. The relationship between radiation expo-
sure and mutation is similarly difficult to assess. For a person 
living in a developed country, a typical lifetime exposure to 
ionizing radiation is about 6 to 7 rem.* About one third to one 
half of this amount is thought to originate from medical and 
dental x-ray procedures.

Unfortunately, a few human populations have received much 
larger radiation doses. The most thoroughly studied such popu-
lation consists of the survivors of the atomic bomb blasts that 
occurred in Hiroshima and Nagasaki, Japan, at the close of 
World War II. Many of those who were exposed to high doses 
of radiation died from radiation sickness. Others survived, and 
many of the survivors produced offspring.

To study the effects of radiation exposure in this population, 
a large team of Japanese and American scientists conducted 
medical and genetic investigations of some of the survivors. A 
significant number developed cancers and chromosome abnor-
malities in their somatic cells, probably as a consequence of 
radiation exposure. To assess the effects of radiation exposure 
on the subjects’ germlines, the scientists compared the off-
spring of those who suffered substantial radiation exposure 
with the offspring of those who did not. Although it is difficult 
to establish radiation doses with precision, there is no doubt 
that, in general, those who were situated closer to the blasts 
suffered much higher exposure levels. It is estimated that the 
exposed group received roughly 30 to 60 rem of radiation, 
many times the average lifetime radiation exposure.

In a sample of more than 76,000 offspring of these survivors, 
researchers assessed a large number of factors, including  
stillbirths, chromosome abnormalities, birth defects, cancer 
before 20 years of age, death before 26 years of age, and 
various measures of growth and development (e.g., intelli-
gence quotient). There were no statistically significant differ-
ences between the offspring of persons who were exposed to 
radiation and the offspring of those who were not exposed. In 
addition, direct genetic studies of mutations have been carried 
out using minisatellite polymorphisms and protein electropho-
resis, a technique that detects mutations that lead to amino 

acid changes (discussed elsewhere in this chapter). Parents 
and offspring were compared to determine whether germline 
mutations had occurred at various loci. The numbers of muta-
tions detected in the exposed and unexposed groups were 
statistically equivalent.

More recently, studies of those who were exposed to radia-
tion from the Chernobyl nuclear power plant accident have 
demonstrated a significant increase in thyroid cancers among 
children exposed to radiation. This reflects the effects of 
somatic mutations. The evidence for increased frequencies of 
germline mutations in protein-coding DNA, however, remains 
unclear. A number of other studies of the effects of radiation 
on humans have been reported, including investigations of 
those who live near nuclear power plants. The radiation doses 
received by these persons are substantially smaller than those 
of the populations discussed previously, and the results of 
these studies are equivocal.

It is remarkable that even though there was substantial evi-
dence for radiation effects on somatic cells in the Hiroshima 
and Nagasaki studies, no detectable effect could be seen for 
germline cells. What could account for this? Because large 
doses of radiation are lethal, many of those who would have 
been most strongly affected would not be included in these 
studies. Furthermore, because germline mutation rates are 
very small, even relatively large samples of radiation-exposed 
persons may be insufficient to detect increases in mutation 
rates. It is also possible that DNA repair compensated for some 
radiation-induced germline damage.

These results argue that radiation exposure, which is clearly 
associated with somatic mutations, should not be taken lightly. 
Above-ground nuclear testing in the American Southwest has 
produced increased rates of leukemia and thyroid cancer in a 
segment of the population. Radon, a radioactive gas that is 
produced by the decay of naturally occurring uranium, can be 
found at dangerously high levels in some homes and poses a 
risk for lung cancer. Any unnecessary exposure to radiation, 
particularly to the gonads or to developing fetuses, should be 
avoided.

CLINICAL COMMENTARY 3-2
Xeroderma Pigmentosum: A Disease of Faulty DNA Repair
An inevitable consequence of exposure to UV radiation is the 
formation of potentially dangerous pyrimidine dimers in the 
DNA of skin cells. Fortunately, the highly efficient nucleotide 
excision repair (NER) system removes these dimers in normal 
persons. Among those affected with the rare autosomal reces-
sive disease xeroderma pigmentosum (XP), this system does 
not work properly, and the resulting DNA replication errors lead 
to base-pair substitutions in skin cells. XP varies substantially 
in severity, but early symptoms are usually seen in the first 1 

to 2 years of life. Patients develop dry, scaly skin (xeroderma) 
along with extensive freckling and abnormal skin pigmentation 
(pigmentosum). Skin tumors, which can be numerous, typically 
appear by 10 years of age. It is estimated that the risk of skin 
tumors in persons with XP is elevated approximately 1000-fold. 
These cancers are concentrated primarily in sun-exposed parts 
of the body. Patients are advised to avoid sources of UV light 
(e.g., sunlight), and cancerous growths are removed surgically. 
Neurological abnormalities are seen in about 30% of persons 
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CLINICAL COMMENTARY 3-2 
Xeroderma Pigmentosum: A Disease of Faulty DNA Repair—cont’d

FIG 3-12 Xeroderma pigmentosum. This patient’s skin has 
multiple hyperpigmented lesions, and skin tumors on the 
forehead have been marked for excision. 

TABLE 3-2 Examples of Diseases That Are Caused by a Defect in DNA Repair
DISEASE FEATURES TYPE OF REPAIR DEFECT

Xeroderma pigmentosum Skin tumors, photosensitivity, cataracts, 
neurological abnormalities

Nucleotide excision repair defects, including 
mutations in helicase and endonuclease 
genes

Cockayne syndrome Reduced stature, skeletal abnormalities, optic 
atrophy, deafness, photosensitivity, mental 
retardation

Defective repair of UV-induced damage in 
transcriptionally active DNA; considerable 
etiological and symptomatic overlap with 
xeroderma pigmentosum and 
trichothiodystrophy

Fanconi anemia Anemia; leukemia susceptibility; limb, kidney, 
and heart malformations; chromosome 
instability

As many as eight different genes may be 
involved, but their exact role in DNA repair 
is not yet known

Bloom syndrome Growth deficiency, immunodeficiency, 
chromosome instability, increased cancer 
incidence

Mutations in the reqQ helicase family

Werner syndrome Cataracts, osteoporosis, atherosclerosis, loss 
of skin elasticity, short stature, diabetes, 
increased cancer incidence; sometimes 
described as “premature aging”

Mutations in the reqQ helicase family

Ataxia-telangiectasia Cerebellar ataxia, telangiectases,* immune 
deficiency, increased cancer incidence, 
chromosome instability

Normal gene product is likely to be involved 
in halting the cell cycle after DNA damage 
occurs

Hereditary nonpolyposis 
colorectal cancer

Proximal bowel tumors, increased 
susceptibility to several other types of cancer

Mutations in any of six DNA mismatch-repair 
genes

*Telangiectases are vascular lesions caused by the dilatation of small blood vessels. This typically produces discoloration of the skin.

with XP. Severe, potentially lethal malignancies can occur 
before 20 years of age.

The NER system is encoded by at least 28 different genes, 
and inherited mutations in any of seven of these genes can 
give rise to XP. These genes encode helicases that unwind  
the double-stranded DNA helix; an endonuclease that cuts the 
DNA at the site of the dimer; an exonuclease that removes the 
dimer and nearby nucleotides; a polymerase that fills the gap 
with DNA bases (using the complementary DNA strand as a 
template); and a ligase that rejoins the corrected portion of 
DNA to the original strand.

It should be emphasized that the expression of XP requires 
inherited germline mutations of an NER gene as well as sub-
sequent uncorrected somatic mutations of genes in skin cells. 
Some of these somatic mutations can affect genes that 
promote cancer (see Chapter 11), resulting in tumor formation. 
The skin-cell mutations themselves are somatic and thus are 
not transmitted to future generations.

NER is but one type of DNA repair. The table below provides 
examples of a number of other diseases that result from 
defects in various types of DNA repair mechanisms (Fig. 3-12) 
(Table 3-2).
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