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CANCER PATHOGENESIS IN THE HUMAN RecQ HELICASE
DEFICIENCY SYNDROMES

Raymond J. MonNaT, JR.
Departments of Pathology and Genetics, University of Washington*

Werner syndrome is an uncommeon autosomal recessive disease in
which progeroid features are associated with genetic instability and an
increased risk of neoplasia. The Werner syndrome locus is one of five
human genes encoding a RecQ helicase protein, and Werner syndrome
1s one of three autosomal recessive syndromes caused by loss of function
of a RecQ helicase. This chapter reviews the spectrum of tumors ob-
served in the human RecQ helicase deficiency syndromes, and discusses
a model for tumor pathogenesis that draws on our understanding of in
vivo Rec() helicase function and the consequences of loss of function in
specific cell lineages during and following the completion of develop-
ment.

Introduction

An increased risk of cancer is a consistent and clinically important part of the
Werner syndrome (WS) phenotype (reviewed in 11, 19). The original perception
that this increased risk was limited largely to sarcomas has been modified, as addi-
tional WS patients and a correspondingly larger number of neoplasms have been
documented. The positional cloning and characterization of mutations in the Werner
syndrome (IWRN) and the Bloom syndrome (BLM) genes revealed that both of these
autosomal recessive genetic instability syndromes were due to loss of function of
different human RecQ helicases (10, 68). Mutations in one of the three additional
members of the human RecQ helicase family, RecQ4, were recently identified in a
subset of patients with Rothmund-Thomson syndrome (35). Rothmund-Thomson
syndrome (RT'S) resembles Werner syndrome and Bloom syndrome (BS) in having
autosomal recessive inheritance in conjunction with genetic instability, an elevated
risk of neoplasia and a number of developmental or progeroid features (48, 66). The
following sections review the spectrum of tumors in the human RecQ helicase defi-
ciency syndromes, and discuss tumor pathogenesis in the context of a model of Rec()
helicase function. The reader is referred to chapters by Dr. M. Goto, Dr. Y.
Ishikawa and Drs. R'W. Miller and W.W. Nichols for additional information on,
respectively, the WS clinical phenotype; cancer in WS patients; and the spectrum of
tumors observed in other human genetic instability syndromes.
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Tumor Spectrum: A Clue to Tumor Pathogenesis in the RecQ Helicase Deficiency
Syndromes

Useful recent compilations of the histopathologic spectrum — or histopathologic
type or subtype distribution — of tumors in WS (20, 21), BS (17) and RTS (66)
patients have been updated in Table 1. Even a cursory inspection of these data
emphasizes the unusual distribution of tumors in patients with different RecQ
helicase deficiency syndromes, and the distinctiveness of the spectrum of tumors in
each syndrome. A few examples emphasize this point. Sarcomas, the tumors arising
from supporting, conducting or blood forming tissues, represent 10—15% of malig-
nant neoplasms in normal adults, but comprise approximately half (range 45-57%) of
all tumors in WS, BS and RTS patients. Moreover, the distribution of sarcomas by
histopathologic type among WS, BS and RT'S patients is considerably different:
osteosarcomas and hematologic neoplasms (leukemias and lymphomas) are seen in
all three syndromes, but each type of tumor is prominent in only one syndrome
(RTS and BS, respectively). Melanoma and meningioma, in contrast, appear to be
restricted largely to WS patients. Epithelial neoplasms also occur in patients with
RecQ) helicase deficiency syndromes, and can comprise up to half (range 43—48%) of
all neoplasms within a syndrome. Gastrointestinal and non-melanoma skin neo-
plasms are seen in all three syndromes, though again each is prominent in only one
syndrome (BS and RTS, respectively). Thyroid carcinoma, in contrast, has appar-
ently been observed only in WS patients (21).

A second aspect of these tumor spectra, not readily apparent from Table I, is
that many of the neoplasms are unusual in terms of site or histology. For example,
the melanoma observed in WS patients is acral lentigenous melanoma, an unusual
form of melanoma that occurs on nonsun-exposed surfaces such as the palms and
soles. A second example, osteosarcoma in RT'S, occurs in common long bone sites as
well as rare sites such as the patella (13, 62). Unusual histologies or subtype distribu-
tions are also seen for thyroid carcinoma in WS patients, where follicular thyroid
carcinoma histology is prominent, in contrast to the papillary histology observed in
most thyroid carcinomas (29, 45); and for the distribution of osteosarcoma subtypes
in WS patients (Dr. Y. Ishikawa; see chapter this volume). Several embryonal or
developmental neoplasms have been reported in patients with RecQ helicase
deficiencies. Surprisingly, all of these — retinoblastoma, Wilms tumor and medullo-
blastoma — have been in BS patients, where they account for 7.3% of tumors (3, 7,
17, 18; Table I).

Precursor lesions can provide important clues to tumor pathogenesis at specific
sites, and several have been described in patients with the RecQ helicase deficiency
syndromes. These include bony abnormalities at sites of osteosarcoma, malignant
fibrous histiocytoma or fibrosarcoma in RTS (65, 66); extensive poikilodermatous
skin changes preceding the development of cutaneous neoplasms, also in RTS (65,
66); and myelodysplasia and/or myelofibrosis in BS (30), RTS (56) and WS patients
(21). The myelodysplastic syndromes (MDS) are associated with an increased risk of
marrow failure and leukemia, and thus may provide an important clue to links be-
tween genetic instability and the risk of bone marrow dysfunction or neoplasia (27,
51; see below).

Table I effectively highlights the most important questions that we need to

































