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Werner Syndrome
as a Model of Human Aging

Raymond J. Monnat, Jr.

This chapter reviews clinical and basic science aspects of
Werner syndrome ( WS), a heritable human disease that
displays features suggestive of premature aging. The
resemblance of changes in WS 1o those observed in
normal aging has long suggested WS may be a useful
model in which to study the biology of aging and ito
identify mechanistic pathways responsible for age-
associated diseases that are prevalent in WS patients
and in normal aging such as atherosclerosis, neoplasia,
diabetes mellitus, and osteoporosis. This chapter
summarizes our understanding of the WS clinical
phenotype. Current understanding of in vivo functions
of the Werner syndrome protein is summarized, together
with a discussion of how the loss of WRN function may
promote disease pathogenesis in WS patients and in
normal individuals. Subsections provide an historical
overview of WS and WS research; a description of WS
as a clinical disease entity, together with diagnostic
criteria for WS, a discussion of the relationship of WS
to normal aging; a summary of our current under-
standing of the WRN gene and the mutational basis for
WS, a discussion of in vivo functions of the WS protein
in human somatic cells, and how loss-of-function may be
linked to disease pathogenesis; and an introduction to
the more promising animal models of WS. A selection of
the most useful additional resources on WS clinical
medicine and biology are included to aid those interested
in learning more about this fascinating and instructive
human disease.

Introduction

Werner syndrome (WS) is an uncommon, autosomal
recessive human disease that displays clinical features
suggestive of premature aging. The initial description of
WS was by Otto Werner, a German medical student, in
1904 (Werner, 1985). Werner saw a family in the north
of Germany consisting of four siblings, ages 31 to 40,
who shared common features including short stature,
premature graying of the hair, bilateral cataracts, skin
changes (hyperkeratosis. scleroderma-like changes and
ulceration) that were most severe on the feet and ankles,
atrophy of the extremities, and, in females, an early

cessation of menstruation. He noted that one of the
siblings, a 36-year-old male, gave “the impression of
extreme senility.” Werner published these observations as
part of his doctoral thesis, though he did not further study
these or similar patients during the remainder of his
career. He practiced general medicine in Eddelak, a small
village on the North Sea near the Danish border, where he
died in 1936 (Pehmoeller, 2001).

The eponym Werner's syndrome was first used in
1934 by Oppenheimer and Kugel in reporting findings
in a patient (Oppenheimer and Kugel, 1934). Their
paper, together with the more comprehensive study by
Thannhauser (1945) of five additional cases, provided an
accurate clinical description of WS that distinguished it
from Rothmund (now Rothmund-Thomson) syndrome.
The subsequent diagnosis of Werner syndrome in three
affected. American-born sisters in a Japanese-American
sibship seen in Seattle in the early 1960s led to further,
detailed clinical and pathological characterization of
Werner syndrome. Part of this characterization included
a formal genetic analysis that firmly established an
autosomal recessive mode of inheritance. These observa-
tions, together with a critical analysis of 122 additional
cases, were published in 1966 (Epstein e al., 1966). This
landmark paper remains readily accessible and a key
source of information for investigators interested in WS
(see Recommended Resources).

The modern clinical and biological investigation of WS
has been an international effort. This reflects both the
worldwide occurrence of WS (Goto. 1997) and early
collaborative efforts by investigators in Japan (where WS
is prevalent), the United States, and Western Europe to
better define and understand the WS clinical phenotype
and its underlying biology. The first major gathering of
investigators to discuss this work was in Kobe, Japan,
in 1982. This United States—Japan Cooperative Seminar
on Werner's Syndrome and Human Aging was sponsored
by the U.S. National Science Foundation and the Japan
Society for the Promotion of Science. The proceedings of
this workshop were subsequently published and represent
an important first summarization of modern work to
better define and understand WS (Salk er al, 1985).
The published proceedings also include an important
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