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INTRODUCTION Table 2. Familial cancer syndromes

: autosomal recessive disorders

Some details are inevitably lost when attempting to simpli Sﬁﬁ‘f}'ﬁﬂﬂiﬁm
subjects involving complex medical genetics subjects. However,,.onis anemia

unless an attempt is made to distill such topics, busy cliniciarsthmund-Thomson syndrome
who may only occasionally need access to these subjects jner's syndrome

. . : ; . ; Xerod i t
perceive the information to be inaccessible. With these consj Zoderma pigmentostm

erations in mind, we have attempted to develop a clinically
usable catalog of recognizable family cancer syndromes. Thirty-
five different syndromes are included (shown in Tables 1-3). L - . . cer syndromes:

disorders of uncertain mode(s)

Thereatfter, the subjects are listed in alphabetical order. For each of inheritance

disorder, the following template was used:

OMIM number (in the genetic database known as On-Lingarcinoid, familial

Mendelian Inheritance in Man, which can be accessed via

dgkin’s disease, familial
creatic cancer, familial

internet for collated up-to-date genetic information, atesticular carcinoma, familial

www3.ncbi.nlm.nih.gov/Omim/searchomim.html)
Inheritance pattern
Gene and chromosomal location
Mutations
Incidence
Diagnosis
Laboratory features
Associated malignant neoplasms
Associated benign neoplasms
Surveillance strategies
Comment(s) (optional)
References (selected)

guidelines is still only that of expert opinion, with the one ex-

ception being some observational series of the efficacy of colo-
noscopy in HNPCC. For the less common disorders, even
greater uncertainty exists regarding the efficacy of screening
procedures. Uncertainty even exists as to which malignant neo
plasms are truly associated with specific disorders. It is not the
intent of this document to define these syndromes or to establist
a standard of care. Clinicians and their patients need to be awar
that screening methods and interventions in these disorder

The surveillance strategies are offered with full acknowledgge siill unproven. Nevertheless, it is our contention that can-
ment that the efficacy of these strategies are, in all instancggy prevention efforts are warranted in individuals who are
unproved by controlled clinical trials. Only for hereditary NONhought to have a predisposition to site-specific cancers, i.e.,

polyposis colon cancer (HNPCC) and for BRCA1- and BRCAZyhen early detection of those cancers may prevent morbidity
related hereditary breast cancer syndromes have consensus SR mortality.

ments been published. Review of these statements reveals thagpis handbook is not intended to be an endorsement of ge-

even for these three relatively common and well-studied disQfatic testing for familial cancer-predisposing disorders. The
ders, the quality of evidence supporting the published screeniage of clinical genetic testing for cancer-predisposing dis-

Table 1. Familial cancer syndromes: autosomal dominant disorders

Adenomatous polyposis, familial (includes Gardner's syndrome)

Basal cell nevus syndrome (Gorlin’s syndrome)

Breast/ovarian cancer: BRCA1

Breast/other cancer: BRCA2

Carney syndrome

Chordoma, familial

Colon cancer syndrome, hereditary nonpolyposis colon cancer (or Lynch
syndrome—includes Muir-Torre syndrome)

Cowden syndrome

Esophageal cancer with tylosis

Gastric cancer, familial

Li-Fraumeni syndrome

Melanoma, familial, with or without dysplastic nevi

Multiple endocrine neoplasia type 1

Multiple endocrine neoplasia type 2

Neurofibromatosis type 1

Neurofibromatosis type 2

Osteochondromatosis, multiple (multiple exostoses)

Paraganglioma familial

Peutz-Jeghers syndrome

Prostate cancer

Renal cancer, familial (papillary and nonpapillary [clear cell
adenocarcinomayl)

Retinoblastoma

Tuberous sclerosis

von Hippel-Lindau disease

Wilms’ tumor
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orders is a rapidly evolving area, and the appropriateness o
such testing varies as a function of which disorder is thought
to be present and the manner in which a genetic test result woul
influence clinical management. In general, if a test result would
not change clinical management, testing may not be reason
able. If testing could conceivably alter clinical management,
then comprehensive pretest genetic counseling is warrante
prior to proceeding with formal predictive genetic testing. This
counseling needs to include education about the scientific as:
pects of genetic testing, addressing (but not limited to) test
sensitivity, test specificity, the possibilities of indetermin-

ate test results, discussions of what action the patient may
take given a positive or negative test result, and the cost of
testing. Counseling also needs to address the psychologic a:
pects of testing, which can be powerful; consultation with a
mental health care professional may be useful to explore thes
issues and to identify support systems and follow-up plans.
Lastly, counseling needs to explain institutional policies re-
garding the confidentiality of test results, i.e., who would have
access to those results (other health care providers, family
members, and third party payers) and under what circumstance
and with what possible ramifications. To assist clinicians in
identifying an individual or a center near their practice where
this type of pretest evaluation and counseling can be provided
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Table 4. Rare familial syndromes: cancer sites reported in association with specific familial cancer-predisposing disorders*
]

Rothmund-Thomson syndrom

Adenomatous polyposis
Ataxia-telangiectasia
Esophagus, with tylosis
Li-Fraumeni syndrome
Osteochondromatosis
Pancreatic
Peutz-Jeghers syndrome
Werner's syndrome

Wilms' tumor

Carney syndrome
XP

Basal cell nevus
Bloom syndrome
Breast/ovarian
Breast/other
Carcinoid
Chordoma
Colon (HNPCC)
Cowden syndrome
Fanconi's anemia
Gastric
Hodgkin’s disease
Melanoma
MEN1
MEN2

< | NF1

<| NF2
Paraganglioma
Prostate
Renal cancer
Retinoblastoma
Testicular
Tuberous sclerosis
VHL

Cancer or tumor sit

§%

Acoustic neuroma

<
<
<

Adrenal cortical Y

APUDoma Y Y

Basal cell, skin Yl Y'Y Y Y

Biliary Y

Bladder, urinary Y|

Breast, female Y Y VY Y Y Y Y Y Y

Breast, male

Carcinoid Y Y Y Y

Cervix Y Y Y

Chondrosarcoma Y Y

Chordoma Y!

Colon/rectum Y Y Y'Y Y Y

Endolymphatic Y
sac tumor

Endometrium Y Y

Esophagus Y Y Y

Fibrosarcoma Y Y

Hepatoblastoma Y

Hepatocellular Y| Y Y

Hodgkin's disease Y

Gastric Y'Y Y Y Y Y Y

Germ cell

Glioma Y Y Y

Larynx

Leukemias Y

Lung

< | < < | <|<]|x<

-<'<.<'<

Lymphoma, NH Y

Medulloblastoma Y Y Y Y

Melanoma Y Y Y Y

Meningioma Y|Y

Neuroblastoma Y Y

Osteosarcoma Y Y Y

Ovarian Y Y'Y Y Y Y

Pancreas (ACA) Y Y Y| Yl Y Y Y Y

Pancreas (islet cell)
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Table 4 (continued).Rare familial syndromes: cancer sites reported in association with specific familial cancer-prgdisposing disorders*

Rothmund-Thomson syndrom

Adenomatous polyposis
Peutz-Jeghers syndrome

Ataxia-telangiectasia

Basal cell nevus
Li-Fraumeni syndrome

Bloom syndrome
Breast/ovarian
Breast/other
Carcinoid

Carney syndrome
Chordoma

Colon (HNPCC)
Cowden syndrome
Esophagus, with tylosis
Fanconi’'s anemia
Gastric

Hodgkin's disease
Melanoma

MEN1

NF2
Osteochondromatosis
Pancreatic
Prostate

Renal cancer
Retinoblastoma
Testicular
Werner's syndrome
Wilms’ tumor

XP

Cancer or tumor site

=<'| Tuberous sclerosis

< | Paraganglioma
< | VHL

< | NF1

Paraganglioma

< | < | MEN2

<

Parathyroid

Pheochromocytoma Y Y

Pinealoblastoma Y

Pituitary Y Y

Prostate Y| Y| Y Y

Renal, clear cell Y Y| Y Y

Renal, papillary Y

Renal, transitional Y

Retinoblastoma Y

Rhabdomyosarcoma Y

Schwannoma Y Y Y Y|

Sebaceous gland Y

Small bowel Y Y Y

Soft-tissue sarcoma

Squamous cell (skin Y Y Y Y

Testicle Y Y Y Y

Thyroid Y Y Y Y Y

Thyroid, medullary Y|

Tongue Y Y Y

Ureter Y

Wilms'’ tumor Y Y

*Most associationhiave notbeen subjected to rigorous statistical analysis. It is likely that additional tumor associations will be identified by further studies
these disorders, and conversely, some of the earlier reported associations will be disproved. This table is intended to assist clinicians in considering whethe
the presenting constellations of cancer types have been previously reported in the context of one or more familial cancer disorders. Abbreviations used are
as follows: Y = yes; APUDoma= a tumor composed of APUD cells (amine precursor uptake and decarboxylationy; Nbh-Hodgkin's; ACA = adenocar-
cinoma; HNPCC= hereditary nonpolyposis colon cancer; MEN multiple endocrine neoplasia; N& neurofibromatosis; VHL= von Hippel-Lindau disease;

XP = xeroderma pigmentosum.

there is a voluntary listing of interested providers avaibook to be useful in recognizing familial cancer syndromes
able through the National Cancer Institute Familial Cancér our daily practice and hope that others will also.
Risk Counseling and Genetic Testing Information Search
Database, at http://cancernet.nci.nih.gov/iwwwprot/geneticlinical Clues to Presence of Inherited
genesrch.html Predisposition to Cancer

We have attempted to develop a concise table of disorders
that are thought to be associated with particular tumeee ( « A cancer occurring at an unusually young age compared with
Table 4). This table provides a tool by which clinicians can the usual presentation of that type of cancer
rapidly consider whether the patient's presentation and fam#dyMultifocal development of cancer in a single organ or bilateral
history might be suggestive of a familial disorder. development of cancer in paired organs

A glossary of terms that may not be familiar to clinicians Development of more than one primary tumor of any type in
is located at the end of the handbook. We have found this handa single individual
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» Family history of cancer of the same type in close relative(8)n et al. (1993) reported existing screening practices on 47

» High rate of cancer within a family families in which 37 individuals had developed colon cancer
» Occurrence of cancer in an individual or a family exhibitindgpefore a diagnosis of FAP was established. Three of the indi-
congenital anomalies or birth defects viduals who developed colon cancer were among 51 family
members who were having regular colon cancer screening. The

DISORDERS remaining 34 individuals who developed colon cancer were

among 53 family members who were unscreened (cancer pro
portions = 6% [three of 51] and 64% [34 of 53], respectively),
suggesting great value in colon screening.

Genetics consultation is suggested to explore the utility of

OMIM numbers: 175100; 135290. genetic testing in families with FAP and to determine which

Inheritance pattern: Autosomal dominant. other relatives are at risk. Some families will be able to use

Gene and chromosomal locationAPC gene on 5q21-q22. linkage testing, and some may use direct testing. For those di

Mutations: Protein truncation mutations comprise 70%—-80% @afgnosed by genetic testing or clinical examination, the initiation
mutations. Truncating mutations in the extremeBd of the gene of discussions about colectomy should be undertaken as soon ¢
may cause attenuated FAP; those in the extrenem@ may cause the diagnosis is established. For those diagnosed by genetic tes
familial desmoid disease only. One specific missense mutation (igag, annual flexible sigmoidoscopy is indicated beginning at the
leucine-1307 to lysine) has been reported in 6% of Ashkenazi Jemgge of 10-12 years, with discussion of colectomy once gene
and about 28% of Ashkenazim with a family history of colorectaxpression manifests itself as colon polyps.
cancer. This mutation has reduced disease penetrance, with a twoA baseline screening with gastrointestinal tract upper endos-
fold increased risk for colorectal cancer, and carriers do not maoépy for gastric, duodenal, and ampullary polyps has been sug
fest the polyposis coli phenotype that is characteristic of FARested at the time of diagnosis with repeat screening to be per

Incidence: One in 6000 to one in 13000. The frequency dformed every 2—3 years unless upper intestinal tract symptom:
gene mutations in the general population is unknown. occur. When the duration of polyposis disease reaches 15-2

Diagnosis: Based on characteristic polyposis (usually thgears, or the patient reaches age 50, annual upper tract endo
presence of more than 100 colorectal polyps). One fourth to ot@py has been advised (Marcello et al., 1996), although this
third of cases represent new mutation dominant disease. Genetinains controversial. When benign polyps are identified in the
testing is also available. duodenum or the ampulla, these polyps may be removed an

Laboratory features: Linkage-based predictive testing andsearly follow-up examinations should be performed to look for
mutational analysis (based on protein truncation assay) are avayisplastic changes (although some would say that, if only small
able on a clinical service basis. polyps or low-grade dysplasia is found, then observation is in-

Associated malignant neoplasmsColon adenocarcinoma, dicated). Dysplasia in a normal-appearing ampulla has not beel
with risk of cancer in classical FAP approaching 100% by age 4€ported, and biopsy examination of this area, therefore, is nof
years unless the colon is removed; duodenal carcinomas, esmbdsed if the ampulla appears normal. Polyps of the stomach
cially around the ampulla of Vater, occurring on the average 2¢hich are usually hyperplastic but can be antral adenomas, hav
years later than the colon cancers; follicular or papillary thyrolgeen associated with a higher risk of gastric carcinoma in only
cancer; childhood hepatoblastomas (approximately 1-in-250 risélected populations (e.g., Korean [Park et al., 1992]); therefore
to offspring of gene carriers); gastric carcinomas; and centidhrcello et al. (1996) do not advise altering screening intervals
nervous system tumors in some families, 79% of which webased on their presence.
identified as medulloblastomas (Hamilton et al., 1995). The Careful annual palpation for thyroid masses is advisable for
combination of multiple adenomatous colon polyps and a bragene carriers.
tumor has been called Turcot's syndrome. Turcot's syndrome For those at risk of having FAP, flexible sigmoidoscopy be-
can be seen in both FAP (medulloblastoma) and hereditary ngmning at the age of 10-12 years is suggested, to be repeate
polyposis colon cancer (glioblastoma). every 1-2 years until age 35, if negative. If polyps are found,

Associated benign neoplasmsAdenomatous polyps of the consultation should be arranged to discuss the timing of colec-
colon that appear before the age of 10 years in fewer than 188my and other investigations. Annual thyroid palpation is war-
of gene carriers but in more than 90% of gene carriers by the agated. Ophthalmologic examination for congenital hypertrophy
of 20 years, also duodenal polyps (especially periampullargf, the retinal pigment epithelium may help establish diagnosis
sebaceous or epidermoid cysts, lipomas, congenital hypertrogtifated pupils are needed to visualize these harmless congenitz
of the retinal pigment epithelium, osteomas (especially of malesions in 80% of cases; in individuals with true FAP, 88% had
dible), supernumerary teeth, gastric polyps, and juvenile nagour or more lesions, compared with control subjects who
pharyngeal angiofibromas. showed zero to two lesions in 92 of 94 cases).

Desmoid tumors are reported in 30% of FAP kindreds, with For children at risk for FAP, serum-fetoprotein testing and
overall lifetime risk of 8% for males with FAP and 15% forabdominal palpation for hepatoblastoma every 6 months until
females; the risk of desmoid tumors is 25% if a first-degrebe age of 6 years have been advised (Hughes and Michels
relative with FAP has desmoid tumors and 8% if a third-degrd®92). a-Fetoprotein levels are elevated in two thirds of hepa-
relative has desmoid tumors. toblastomas. The risk of hepatoblastoma in children of parents

Surveillance strategies:No randomized, controlled trials of with FAP has been estimated at one in 305 person-years
screening efficacy or consensus statements exist for FAP. M@&iardiello et al., 1991).

1. Adenomatous Polyposis, Familial (FAP) (Includes
Gardner’'s Syndrome, Familial Multicentric Fibromatosis,
and Hereditary Desmoid Disease)
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Comments: Attenuated cases of FAP can be very difficult to Gene and chromosomal location/ATM gene at 11g22.3.
distinguish from hereditary nonpolyposis colon cancer, which Gomplementation groups A, C, D, and E show the following
often associated with increased numbers of adenomatous polgissribution worldwide: A= 55%, C = 28%, D = 14%, and E
(despite its name). Some cases of attenuated FAP even manifes2%. The mutations in these complementation groups all map
a right-sided predominance of polyps. Recent progress in tioea single gene. The V1/V2 variants (Nijmegen breakage syn-
analysis of tumor microsatellite instability may help cliniciangirome and Berlin breakage syndrome) are both linked to 8g21
more accurately distinguish between FAP and hereditary nastablishing that they are not allelic with AT.
polyposis colon cancer, because tumors from FAP are negativeMutations: Homozygous germline mutations in a gene called
for microsatellite instability. In addition, in individuals with NBS1 were recently reported in 12 of 14 patients with Nijmegen
more than one desmoid tumor or in families with desmoid tsyndrome (Matsuura et al., 1998). Various ATM mutations have
mors, evidence of FAP should be aggressively sought. been reported, with more than 85% resulting in a truncated pro-
tein. Mutational analysis is not yet available on a clinical service
basis, but it is being performed in research laboratories.

Burn J, Chapman P, Delhanty J, Wood C, Lalloo F, Cachon-Gonzolez MB, et al. InCIdenC.e: On.e in 30000 to one in 190 0(_)0' The frequency of

The UK Northern region genetic register for familial adenomatous polypos€n€ mutations in the general population is around 1%.

coli: use of age of onset, congenital hypertrophy of the retinal pigment Diagnosis: Cerebellar ataxia (present in 100% of cases) be-

epithelium, and DNA markers in risk calculations. J Med Genet 1991;28omes evident around the time a child learns to walk. Initially

289-96. . ) this ataxia is truncal, but it evolves gradually to include ataxia of
Eccles DM, van der Luijt R, Breukel C, Bullman H, Bunyan D, Fisher A, et al.

Hereditary desmoid disease due to frameshift mutation at codon 1924 of 91%“’ Intention tremor, choreqathetoas/dystoma (in 90% of
APC gene. Am J Hum Genet 1996:59:1193-201. cases), slurred speech, apraxia of eye movements, nystagmu

Giardiello FM, Offerhaus JA, Krush AJ, Booker SV, Tersmette AC, Mulder Jwand strabismus. Most affected individuals are wheelchair bound
et al. Risk of hepatoblastoma in familial adenomatous polyposis. J Pediply the age of 10 years, and they develop a progressive spina
1991,119:766-8. muscular atrophy in their 20s and 30s. Dementia is not a feature

Hamilton SR, Liu B, Parsons RE, Papadopoulos N, Jen J, Powell SM, et al. ThF t AT tient Ith h . . t of short-t
molecular basis of Turcot’'s syndrome. N Engl J Med 1995;332:839—47.o mos patients, a 9”9 severe |mpa|rmer1 O short-term

Hughes LJ, Michels VV. Risk of hepatoblastoma in familial adenomatous pdil€mory has been noted in adults. The neurologic features of AT
yposis. Am J Med Genet 1992;43:1023-5. dominate the clinical picture.

Klemmer S, Pascoe L, DeCosse J. Occurrence of desmoids in patients WithTeIangiectaSia generally begins in sun-exposed areas an
familial adenomatous polyposis of the colon. Am J Med Genet 1987?2§bnjunctiva and occurs later than the onset of ataxia symptom:s
385-92. . .

Jarvinen HJ. Epidemiology of familial adenomatous polyposis in Finland: in@‘f_t?r age 7 years typically). Other cutaneous fgatures Indu_de
pact of family screening on the colorectal cancer rate and survival, GYitiligo, café-au-lait macules, and premature graying of the hair.
1992;33:357-60. Fifty percent of affected individuals experience endocrine

Laken SJ, Petersen GM, Gruber SB, Oddoux C, Ostrer H, Giardiello FM, et d'ysfunction, including glucose intolerance and hypogonadism.

Familial colorectal cancer in Ashkenazim due to a hypermutable tract in A variable degree of immunodeficiency, with decreased lev-
APC. Nat Genet 1997;17:79-83. !

Lotfi AM, Dozois RR, Gordon H, Hruska LS, Weiland LH, Carryer PW, et al.els_Of Immun_Og|Obu“nS IgGZ, I9A, and I9E, Is rep(_)rted In most
Mesenteric fibromatosis complicating familial adenomatous polyposis: preatients, which may account for the frequent sinopulmonary
disposing factors and results of treatment. Int J Colorectal Dis 1989;4:304#afections (reported in 50%—70% of cases). No one immunode-

Marcello PW, Asbun HJ, Veidenheimer MC, Rossi RL, Roberts PL, Fine SN, fitiency is present in all AT patients; the most consistent im-
al. Gastroduodenal polyps in familial adenomatous polyposis. Surg E”d?ﬁ%nodeficiences are IgA deficiency, which is detected in 75%
1996;10:418-21. LS LT . % of

McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore anglc cases., and I9E dgfll(:'enc_)/’ which is detected .In 85 /0_0 cases
London: Johns Hopkins University Press, 1994. Cellular immunodeficiency is also common. Patients with group

Morton DG, Macdonald F, Haydon J, Cullen R, Barker G, Hulten M, et aM1/V2 variants have microcephaly, sometimes with mental re-
Screening practice for familial adenomatous polyposis: the potential fggrdation, and normak-fetoprotein levels.
regional registers. Br J Surg 1993,80:255-8. _Most people with AT live into their 30s. Cancer and infection

Paraf F, Jothy S, Van Meir EG. Brain tumor—polyposis syndrome: two genetic % of all death
diseases? J Clin Oncol 1997;15:2744-58. account for 90% of all deaths. . .

Park JG, Park KJ, Ahn YO, Song IS, Choi KW, Moon HY, et al. Risk of gastric Laboratory features: a-Fetoprotein levels are elevated in
cancer among Korean familial adenomatous polyposis patients. Reportadiout two thirds of cases. Characteristic cytogenetic features ar
three cases. Dis Colon Rectum 1992;35:996-8. acquired aberrations involving 10% of mitoses, commonly

Rhodes M, Bradburn DM. Overview of screening and management of familieébout 80%) with chromosome breakpoints at sites for T-cell
adenomatous polyposis. Gut 1992;33:125-31.

Winawer SJ, Fletcher RH, Miller L, Godlee F, Stolar MH, Mulrow CD, et al.and B-cell rgcepForS (7p14, 7935, ;4911’ 14932, 2pl1, anc
Colorectal cancer screening: clinical guidelines and rationale [published &2911). Radioresistant DNA synthesis is the gold-standard tes
ratum appears in Gastroenterology 1997;112:1060]. Gastroenterology 19 this disorder and is available now in a few laboratories on a
112:594-642. clinical basis.

Associated malignant neoplasmsOne third of all AT pa-

2. Ataxia-Telangiectasia (AT) (Includes AT tien_ts will develop cancer_during th_eir lives and 15% will die of

Complementation Groups A, C, D, E, and V1/V2 and their cancer, although milder _atyp|ca! forms of AT have been

Louis-Barr Syndrome) described (oldest repo_rted patients with AT_ as of 1985 were 52

and 49 years old [Scriver et al., 1995]). Eighty percent of the
OMIM numbers: 208900; 251260. associated malignant neoplasms involve lymphoreticular tissue
Inheritance pattern: Autosomal recessive. especially non-Hodgkin’s lymphoma (usually B-cell), a feature

References
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shared by other disorders exhibiting immunodeficiency, and legwift M, Reitnauer PJ, Morrell D, Chase CL. Breast and other cancers in fami-
kemias (usually chronic lymphocytic leukemia). Adult male pa- lies with ataxia-telangiectasia. N Engl J Med 1987;316:1289-94.
tients, particularly those who are IgA deficient, have a 70-fold
increased risk of gastric cancer. Increased rates of medulloblgsasal Cell Nevus Syndrome (Gorlin’s Syndrome)
tomas and gliomas have been reported, and precocious onset of
basal cell carcinomas and uterine cancers has also been noted®MIM number: 109400.
Individuals who are heterozygous for ATM mutations were Inheritance pattern: Autosomal dominant.
reported to have a 6.8-fold increased risk of breast cancer com-Gene and chromosomal locationPTC gene on 9g22.3, a
pared with control subjects (Swift et al., 1987). Epidemiologi@gomologue of thédrosophilapatched gene. (Self-healing squa-
studies have estimated that carriers of ATM mutations may d80us epithelioma and xeroderma pigmentosum group A map tc
count for 9% of all breast cancers in the United States. OtH&€ same region.)
studies have disagreed with this conclusion, such as the onéviutations: High new mutation rate (i.e., a gene mutation
reported by FitzGerald et al. (1997), in which only 0.5% of 40@ccurred at that person’s conception but was not carried by
women with breast cancer diagnosed under the age of 40 yekitBer parent) in a clinical series (37 of 64 individuals [Shanley
were heterozygous for ATM mutations, Compared with 1% &t al., 1994]) Germline mutations in patients include insertions,
the control subjects. These findings have been difficult to re@eletions, and point mutations leading to premature stops ot
oncile with earlier studies (Swift et al., 1987) that have reportdeameshifts. Genetic testing by direct analysis and linkage analy-
that, overall, men and women who are heterozygous for ATRS is available on a limited basis.
mutations have relative risks of developing cancer of 2.3 and Incidence: One in 55600 in the U.K. Frequency of gene
3.1, with excess risks of cancer mortality of 3.0 and 2.6, respdbutations in the general population is unknown.
tively. Diagnosis: One group (Evans et al., 1993) has used the fol-
Associated benign neoplasmsNone reported. lowing criteria, the specificity and sensitivity of which are un-
Surveillance strategies:We suggest aggressive preventioffnown:
of infection (beyond the scope of this summary). For heterozy- Diagnosis made when two major or one major and two minor
gous women, we suggest breast cancer screening beginrfifitgria are fulfilled:
around age 30, with monthly breast self-examination, twice
yearly clinical breast examinations, and annual mammograms. A
similar plan may be reasonable for women affected with AT. We 1) Multiple (more than two) basal cell carcinomas,
also suggest regular and thorough review of symptoms of he- one basal cell carcinoma before 30 years of age, or
matologic cancers and suggest periodic blood cell counts and more than 10 basal cell nevi
consideration of stomach imaging if upper gastrointestinal 2) Any odontogenic keratocyst (proven on histology)
symptoms are reported. Aggressive evaluation of new symptoms or polyostotic bone cyst
that could indicate any cancer is warranted. The risks and ben- 3) Palmar or plantar pits (three or more)
efits of cancer screening in AT have not been established. 4) Ectopic calcification, lamellar or early (<20 years
Comments: AT patients are unusually sensitive to ionizing of age) falx calcification
radiation, and treatment of cancer with conventional doses of 5) Family history of basal cell nevus syndrome
radiation can be fatal.

Major criteria

Minor criteria

References 1) Congenital skeletal anomaly: bifid, fused, splayed,
or missing rib or bifid, wedged, or fused vertebra
Buyse ML, editor. Birth defects encyclopedia. Oxford (U.K.): Blackwell Scien- ~ 2) Head circumference >97th percentile, with frontal

tific Publications, 1990. bossing
Easton DF. Cancer risks in A-T heterozygotes. Int J Radiat Biol 1994;66(6 3) Cardiac or ovarian fibroma
Supp|):S177-82. ) Medulloblastoma

FitzGerald MG, Bean JM, Hegde SR, Unsal H, MacDonald DJ, Harkin DP, et al. .
Heterozygous ATM mutations do not contribute to early onset of breast 5) Lympho_mesentenc cysts .
cancer. Nat Genet 1997:15:307—10. 6) Congenital malformation: cleft lip and/or palate,
Matsuura S, Weemaes C, Smeets D, Takami H, Kondo N, Sakamoto S, et al. polydactyly, or eye anomaly (cataract, coloboma,
Genetic mapping using microcell-mediated chromosome transfer suggests a or microphthalmia)
locus for Nijmegen breakage syndrome at chromosome 8g21-24. Am J Hum

Genet 1997;60:1487-94. Laboratory features: The PTC gene encodes a transmem-

Matsuura S, Tauchi H, Nakamura A, Kondo N, Sakamoto S, Endo S, et ghane protein that irosophilaacts in opposition to the Hedge-
Positional cloning of the gene for Nijmegen breakage syndrome. Nat Genet

1998:19:179-81 hog signaling protein, controlling cell fates, patterning, and
McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore an@fOWth in numerous tissues. Data suggest that basal cell nevu
London: Johns Hopkins University Press, 1994. syndrome conforms to the Knudson two-hit hypothesis model

Saar K, Chrzanowska KH, Stumm M, Jung M, Nurnberg G, Wienker TF, et g} evanat et al., 1996) for carcinogenesis, and this model may
The gene for the ataxia-telangiectasia variant, Nijmegen breakage syndrogleso cause the developmental anomalies
maps to a 1-cM interval on chromosome 8g21. Am J Hum Genet 1997;60: )

605-10 Associated malignant neoplasmsMultiple basal cell can-
Scriver CR, Beaudet AL, Sly WS, Valle D, editors. Metabolic and molecul&€r'S (reported in 90% of .affeCted |nd|V|dualslbY_ age 40 years
basis of inherited disease. 7th ed. New York: McGraw-Hill, 1995. [Evans et al., 1993] and in 75% of affected individuals in an
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Australian study by age 20 years [Shanley et al., 1994]), a me- Table 5. Cancer statistics fr_om the Bloo_m Syndrome Registry, as of
dulloblastoma reported in 5% of affected individuals, ovarian January 1, 1996 (reviewed by Ellis and German, 1996)
carcinomas, and fibrosarcomas.

. ; : Age,y
Associated benign neoplasmslaw cysts in 90% of affected _
individuals by age 40 years; congenital pits on the palms and No. Mean Range
soles (also seen in Cowden syndrome); cutaneous keratocystsons under surveillance 168
and milia; ovarian fibromas, with or without calcification (in A'é“{ie 10671 220474 11—“;158
24% of affected women); cardiac fibromas; lymphomesenteric™ o, cancer 50 26.4 4-48
cysts; and hamartomatous polyps of the stomach. From other causes 11 14.4 <1-48
Surveillance strategiesBasal cell carcinomas seldom occuszgeﬁswgggdneg’:ggped cancer(s) 103)1 22153 22;‘&;6
bgfo_re puberty. Annua}l screening by an experienced dermato(fqgersons with >1 primary tumor 19
gist is suggested, beginning with puberty and more frequently agersons with >2 primary tumors 5

needed. Conservative early excision of basal cell tumors is recEersons with >3 primary tumors 3
. . Persons with >4 primary tumors 2
ommended. Use of sunscreen is advised. Careful gynecologic
examination should be conducted annually in adulthood. Clini-
cians should be aware of the possibility of medulloblastoma in
affected children. The risks and benefits of cancer screeningt@fangiectasia (butterfly rash) with malar hypoplasia, nasal
patients with basal cell nevus syndrome have not been estaminence, small mandible, and dolichocephalic skull. The
lished. specific diagnostic instability is increased frequency of sister
Comments: Characteristic features of affected individual€hromatid exchange; demonstration of this feature requires spe
include tall stature, large head with frontal bossing, ocular hgial analytic techniques and will not be detected by routine chro-
pertelorism, broad nasal root, enlarged jaw, long fingers withosomal analysis.
short fourth metacarpals, cleft lip and/or palate (in 5% of cases), Laboratory features: Strikingly elevated (10-fold above
ophthalmologic abnormalities including strabismus or catara@grmal) sister chromatid exchange rates in all cell types exam-
(in 26% of cases), skeletal malformation of the spine and ribged and other somatic hyperrecombination mutations that give
hydrocephalus, sellar bridging, mental subnormality (in 1%ise to chromosomal quadraradials and excess breakage a
10% of cases), and dominant inheritance with 97% penetrantand, all of which may lead to loss of heterozygosity as a result
of homologous recombination and duplications and deletions
References from unequal sister chromatid exchanges between repetitive el
Buyse ML, editor. Birth defects encyclopedia. Oxford (U.K.): Blackwell Scien-ements O_r Syntem_c members of gene families.
tific Publications, 1990. Associated malignant neoplasmdancreased frequency at all
Evans DG, Ladusans EJ, Rimmer S, Burnell LD, Thakker N, Farndon PAges, with acute leukemia and lymphoid neoplasms predominat
Complications of the naevoid basal cell carcinoma syndrome: results ofrgy before the age of 25 years; after the age of 20 years, carci
population based study. J Med Genet 1993;30:460-4. nomas of the tongue, larynx, lung, esophagus, colon, skin,

Gailani MR, Bale SJ, Leffell DJ, DiGiovanna JJ, Peck GL, Poliak S, et . . . .
. . . abreast, and cervix are most notable, with the age of diagnosis
Developmental defects in Gorlin syndrome related to a putative tumor sup-

pressor gene on chromosome 9. Cell 1992;69:1117. often 20 or more years younger than that generally expected fo
Gorlin RJ. Nevoid basal-cell carcinoma syndrome. Medicine (Baltimore) 198@ach tumor type (Table 5).
66:98-113. Associated benign neoplasmdaNone known.

Hahn H, Wicking C, Zaphiropoulous PG, Gailani MR, Shanley S, Chidambaram gryeillance strategies:Increased cancer surveillance after

A, et al. Mutations of the human homolog Bfrosophila patched in the . . . .
nevoid basal cell carcinoma syndrome. Cell 1996;85:841-51. the age of 20 years is suggested to identify the precocious de

Levanat S, Gorlin RJ, Fallet S, Johnson DR, Fantasia JE, Bale AE. A two-N_@IOpmem of cancers that generally affgct older age groups. The
model for developmental defects in Gorlin syndrome. Nat Genet 1996;1iSks and benefits of cancer screening in Bloom syndrome have

85-7. not been established.
McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and Comments: Susceptibility to infection with subsequent bron-
London: Johns Hopkins University Press, 1994. chitis and bronchiectasis, frequent occurrence of diabetes, diar

Shanley S, Ratcliffe J, Hockey A, Haan E, Oley C, Ravine D, et al. Nevoid bas[jl_lI . o , L. .
cell carcinoma syndrome: review of 118 affected individuals. Am J Mef€@ and vomiting common in infants, café-au-lait with or with-

Genet 1994;50:282-90. out hypopigmented macules, high-pitched voice, and
azoospermia. Learning disabilities are frequent but overall in-
tellect is usually normal. Most common in Ashkenazi Jews
4. Bloom Syndrome ;
whose ancestors were from the Ukraine or Poland.
OMIM number: 210900.
Inheritance pattern: Autosomal recessive.
Gene and chromosomal locationBLM gene at 15026.1, a guyse ML, editor. Birth defects encyclopedia. Oxford (U.K.): Blackwell Scien-
putative DNA helicase. tific Publications, 1990.
Mutations: Multiple mutations responsible, with somekEllis NA, German J. Molecular genetics of Bloom’s syndrome. Hum Mol Genet

founder mutations in Ashkenazi Jews. 1996/5:1457-63. o . .
Incidence: Unknown McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and

) . . . London: Johns Hopkins University Press, 1994.
Diagnosis: Growth deficiency (prenatal and postnatal) Withscriver CR, Beaudet AL, Sly WS, Valle D, editors. Metabolic and molecular
normal body proportions, sun-sensitive facial erythema/ basis of inherited disease. 7th ed. New York: McGraw-Hill, 1995.
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5. Breast/Ovarian Cancer, Hereditary (BRCA1) are from rather extraordinary multiple case families, may be
overestimates when applied to less striking families. Struewing

OMIM number; 113705. et al. (1997) have estimated that the risks of breast and ovariat

Inheritance pattern: Autosomal dominant. cancers by age 70 may be as “low” as 56% and 16%, respec-

Gene and chromosomal locationBRCAL gene on chromo- tively. A similar cautionary note regarding the precise magni-
some 1721, a tumor suppressor gene of unknown function.tude of the cancer risks was sounded by Whittemore et al.

Mutations: Several hundred distinct deletions, insertion§1997). After studying 374 women, Stratton et al. (1997) re-
and point mutations in this very large gene have been identifipdrted that mutations in BRCAL occur in about 5% of all women
in a heterogeneous population. It has been estimated that curremthom ovarian cancer is diagnosed before the age of 70 years
gene mutation analyses have a sensitivity of approximately 80%.The relative risk for colon cancer in BRCA1 gene carriers is
No clinically usable genotype—phenotype correlations have bekd, or 6%, by age 70, compared with a risk of 1%—2% in the
established. Note that, in the Askenazi Jewish population, I§éneral population. The risk for prostate cancer is 3.3, or 8%, by
carry the 185delAG mutation; in this population, this singlage 70 (Ford et al., 1994). These two cancers do not display the
mutation accounts for 21% of breast cancers diagnosed atearlier than usual age at onset seen for the breast and ovariz
before the age of 40 years. cancers in these families. Additional work is under way to define

Incidence: Varies widely between populations; overallother associated tumors.

BRCA1 and BRCA2 account for 6%-10% of all breast and Associated benign neoplasmaNone known.

ovarian cancers in patients unselected for family history, sug- Surveillance strategies:Burke et al. (1997) reviewed the
gesting an overall carrier frequency of one of these two genegjnality of evidence for the efficacy of screening recommenda-
one in 100 to one in 2500 across different populations. Szations in carriers of BRCA1 and BRCA2 mutations and suggested
and King (1997) have summarized U.S. and international studieg following categories: E-1 was highest quality evidence (ran-
that showed that, in the United States, 39% of families with threéemized control trials); E-2 was intermediate quality evidence
or more cases of female breast and/or ovarian cancer had idgmenrandomized trials and observational studies); E-3 was low-
tifiable BRCAL1 mutations. (The range was from 9% in Icelandst quality (expert opinion and case reports only). Consensu:
to 79% in Russia.) Sixty-four percent of families with three arecommendations for breast cancer screening included brea:
more cases of female breast and/or ovarian cancer had eitaf-examination monthly beginning by age 18-21 years (E-3),
BRCA1 or BRCA2 mutations. The cause of cancer in the retinical breast examination annually or semiannually beginning
maining third of families is unknown. Eight percent of familiedy age 25-35 years (E-3), and mammography beginning by ag
in the United States with male and female breast cancer 235 years (E-3).

BRCAL1 mutations. Also recommended was annual or semiannual ovarian cance

Diagnosis: Suspected on the basis of a family tree showingcreening with the use of transvaginal ultrasound and the mea
possible dominant inheritance of a predisposition to breast asdfement of serum CA-125 level beginning at age 25-35 years
or ovarian cancer diagnosed at a younger age (often premewdh ultrasound examinations timed to avoid ovulation, to re-
pausal) than sporadic cancers of the same type or suspecteck false-positive results (E-3). Note that fewer than half of
because of the presence of bilateral disease. A family tree égrly stage ovarian tumors produce elevated serum levels o
however, not diagnostic (with the possible exception of tho§sA-125.
families with autosomal dominant, site-specific ovarian cancers, For prostate cancer surveillance in BRCA1 carriers only, rec-
which, so far, have all been accounted for by BRCA1). DNAal examination and serum prostate-specific antigen level testing
mutation analysis is offered on a clinical basis and can be usd#tuld be offered annually, after the individual is informed
to supplement the clinical impression. Couch et al. (1997) aafiout the uncertainty of benefit from early detection (E-3).
Shattuck-Eidens et al. (1997) have published useful models that-or colon cancer surveillance, fecal occult blood testing an-
provide estimates of the prior probability of detecting a BRCAdually and flexible sigmoidoscopy every 3-5 years are recom-
mutation in families as a function of the average age at breasénded, beginning at age 50 (E-3, from population-based dat:
cancer diagnosis, bilaterality, the presence of ovarian canaagfruncertain relevance).
and Ashkenazi Jewish heritage. These models may assist in de-
ciding whether a family warrants predictive genetic testing @eferences
not.

Laboratory features: Adenocarcinoma of the breast anderry pa, Parmigiani G, Sanchez J, Schildkraut J, Winer E. Probability of
ovarian cancers of epithelial origin. There are no histologic find- carrying a mutation of breast-ovarian cancer gene BRCA1 based on family
ings specific to BRCA1-related cancer. history. J Natl Cancer Inst 1997;89:227-38.

Associated malignant neoplasmsThe cumulative risk of Burke W, Daly M, Garber J, Botkin J, Kahn MJ, Lynch P, et al. Recommen-
breast cancer is around 3% by age 30 years, 19% by age 40, 5:I_O/glauons for follow-up care of individuals with an mherlted p!'edlsposmoq to

. ancer. |l. BRCA1l and BRCA2. Cancer Genetics Studies Consortium.
by age 50, 54% by age 60, and 85% by age 70. A 64% risk of JAMA 1997;277:997-1003.
contralateral breast cancer by age 70 is estimated. The risk douch FJ, DeShano ML, Blackwood MA, Calzone K, Stopfer J, Campeau L, et
ovarian cancer of epithelial origin appears to vary between fami- al. BRCA1 mutations in women attending clinics that evaluate the risk of
lies, with most families manifesting a cumulative risk of 26% by breast cancer. N Engl J Med 1997;336:1409-15.

. . [ . itzGerald MG, MacDonald DJ, Krainer M, Hoover I, O’Neil E, Unsal H, et al.
age 70 but with an |mpo.rtant subset eXthltmg a risk of up to Germ-line BRCA1 mutations in Jewish and non-Jewish women with early-
85% by age 70 (summarized by Burke et al. [1997] and Greene gnset breast cancer. N Engl J Med 1996:334:143-9.
et al. [1997]). There is concern that these risks, derived as ttmyd D, Easton DF, Bishop DT, Narod SA, Goldgar DE. Risks of cancer in
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BRCAZ1-mutation carriers. Breast Cancer Linkage Consortium. Lancet 19¢%bility of male breast cancer in BRCA2 mutation carriers is
343:692-5. approximately 6%. A family tree is, however, not diagnostic.

G MH. Genetics of breast : iew. Mayo Clin Proc 1997;72; . - - :
regf% enefics of breast cancer: a review. Mayo &N Froe NA mutation analysis is offered on a clinical basis and can be

McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore andS€d t0 supplement the clinipal impreSSion- B
London: Johns Hopkins University Press, 1994. Laboratory features: No histologic features are specific for
Shattuck-Eidens D, Oliphant A, McClure M, McBride G, Gupte J, Rubano T, BRCAZ2-related tumors.
al. BRCAL sequence analysis in women at high risk for susceptibility mu- Aggociated malignant neoplasmsAdenocarcinoma of the
tations. Risk fact lysi implications f tic testing. JAM X
123’2278,'152422? analysis and implications for genetic testing. J %reast, which may have an 80% penetrance by the age of 7(
Stratton JF, Gayther SA, Russell P, Dearden J, Gore M, Blake P, et al. conyigars. BRCA2 families are more likely to contain women with
bution of BRCA1 mutations to ovarian cancer. N Engl J Med 1997;33a/ery early onset breast cances35 years), and male breast
1125-30. _ cancer is more common in BRCA2 families than in BRCA1
Struewing JP, Hartge P, Wacholder S, Baker SM, Berlin M, McAdams M, et gamjjies. The presence of pancreatic cancer in a breast cance

The risk of cancer associated with specific mutations of BRCA1 and BRC . L . .
among Ashkenazi Jews. N Engl J Med 1997:336:1401-8. ﬁ%mlly was a significant predictor that a BRCA2 mutation would

Szabo CI, King MC. Population genetics of BRCAL and BRCA? [editorial]. AnP€ found (Phelan et al., 1996). The role of BRCAZ in the de-
J Hum Genet 1997;60:1013-20. velopment of pancreatic cancer has been studied (Ozcelik et al
Whittemore AS, Gong G, Itnyre J. Prevalence and contribution of BRCA1997); Two of 41 patients had germline mutations in BRCAZ2. In
mutations in breast cancer and ovarian cancer: results from three U.S. POPY- Jewish patients with pancreatic cancer, the 6174delT-BRCAZ
lation-based case—control studies of ovarian cancer. Am J Hum Genet 19@170,[&“0” was found in three patients. Some studies have su
60:496-504. P : 9
gested increased rates of carcinomas of the colon and prostat

with some family histories similar to those reported in hereditary

6. Breast/Other Cancer, Hereditary (BRCA2) nonpolyposis colon cancer.
Associated benign neoplasmsNone known.
OMIM number: 600185. Surveillance strategies:Burke et al. (1997) reviewed the
Inheritance pattern: Autosomal dominant. quality of evidence for efficacy of screening recommendations

Gene and chromosomal locationBRCA2 on chromosome in carriers of BRCA1 and BRCA2 mutations and suggested the
13g12-q13, a tumor suppressor gene whose precise intracelldiowing categories: E-1 was highest quality evidence (random-
function is unclear, encoding a protein of 3418 amino acids. ized control trials); E-2 was intermediate quality evidence (non-

Mutations: Numerous mutations, including deletions, inserandomized trials and observational studies); E-3 was lowest
tions, and point mutations, have been reported, most of whighality (expert opinion and case reports only). Consensus rec
lead to premature protein chain termination. A founder effeotmmendations for breast cancer screening included breast sel
involving the 999del5 mutation was identified in Iceland; thigxamination monthly beginning by age 18-21 years (E-3), clini-
mutation was present in 40% of 12 Icelandic men with breasal breast examination annually or semiannually beginning by
cancer (Thorlacius et al., 1996). In Ashkenazi Jewish womeage 25-35 years (E-3), and mammography beginning by age
the 6174delT mutation may be present in 8% of women diag5-35 years (E-3).
nosed with breast cancer before the age of 42 years (Berman efAnnual or semiannual screening with transvaginal ultrasound
al., 1996) (compared with zero of 93 women in a non-Ashkenaand measurement of the serum CA-125 level beginning at age
group [Neuhausen et al., 1996]). Thus, a single BRCA1 muta5-35 years was recommended, with ultrasound examination:
tion (185delAG) and this common BRCA2 mutation may adimed to avoid ovulation, to reduce false-positive results (E-3).
count for approximately one fourth of all early-onset breast caNote that fewer than half of early stage ovarian tumors produce
cers in the Askenazi Jewish population and two thirds of earlglevated serum levels of CA-125.
onset breast cancers in the setting of a personal or family historyFor prostate cancer surveillance in BRCAL carriers only, rec-
of ovarian cancer in Ashkenazi Jewish women. tal examination and serum prostate-specific antigen level testing

Incidence: Varies widely between populations. Overallshould be offered annually, after the individual is informed
BRCA1 and BRCA2 account for 6%-10% of all breast andbout the uncertainty of the benefit from early detection (E-3).
ovarian cancers in patients unselected for family history, sug- For colon cancer surveillance, fecal occult blood test annually
gesting an overall carrier frequency of one of these two genesaind flexible sigmoidoscopy every 3-5 years were recommended
one in 100 to one in 2500 across different populations. Inkeeginning at age 50 years (E-3, from population-based data o
review by Szabo and King (1997), BRCA2 mutations have bee@ncertain relevance).
identified in 25% of U.S. families with three or more cases of
female breast and/or ovarian cancer. (Values range from a lowRsiferences
8% in Finland to a high of 64% in Iceland.) In families with male

. . rman DB, Costalas J, Schultz DC, Grana G, Daly M, Godwin AK. A common
and female breast cancer, BRCA2 mutations were found in 1&% mutation in BRCAZ2 that predisposes to a variety of cancers is found in both

of U.S. families and in 90% of Icelandic families. Jewish Ashkenazi and non-Jewish individuals. Cancer Res 1996;56:
Diagnosis: Suspected on the basis of a family tree showing 3409-14.
possible dominant inheritance of a predisposition to breast cdtke W, Daly M, Garber J, Botkin J, Kahn MJ, Lynch P, et al. Recommen-
cer diagnosed at a younger age (often premenopausal) than Spdi_ations for follow-up care of individuals with an inherited predisposition to
. . cancer. |l. BRCA1 and BRCA2. Cancer Genetics Studies Consortium.
ra_ldlc cancers of the same type or on the presence of bllater_aIJ AMA 1097:277:997—1003.
disease. The presence of male breast cancer may be a clue pgiine MH. Genetics of breast cancer: a review. Mayo Clin Proc 1997:72:

ing toward the involvement of BRCA2. The cumulative prob- 54-65.
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McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore anthis family was not linked to 2p16. Thus, Carney syndrome may

London: Johns Hopkins University Press, 1994. be genetically heterogeneous.
Neuhausen S, Gilewski T, Norton L, Tran T, McGuire P, Swenson J, et al. Mutations: Gene not yet identified

Recurrent BRCA2 6174delT mutations in Ashkenazi Jewish women affected . -
by breast cancer. Nat Genet 1996:13:126-8. Incidence: Unknown. Fewer than 20 families have been re-

Ozcelik H, Schmocker B, Di Nicola N, Shi XH, Langer B, Moore M, et al.ported worldwide.
Germline BRCA2 6174delT mutations in Ashkenazi Jewish pancreatic can- Diagnosis: No diagnostic criteria have been suggested. Car-
cer patients [letter]. Nat Genet 1997;16:17-8. ney syndrome should be suspected on the basis of finding more
Phelan CM, Lancaster JM, Tonin P, Gumbs C, Cochran C. Carter R, et gl (\ne of the characteristic lesions in an individual or one
Mutation analysis of the BRCA2 gene in 49 site-specific breast cancer . . . T . .
families [published erratum appears in Nat Genet 1996;13:374]. Nat Ge#@ion in an individual and a characteristic lesion documented in
1996;13:120-2. a first-degree relative.
Szabo ClI, King MC. Population genetics of BRCAL and BRCA2 [editoriall. Am | aboratory features: Histologic features of the cutaneous
J Hum Genet 1997;60:1013-20. myxomas of Carney syndrome include location in the dermis, sub-

Thorlacius S, Olafsdottir G, Tryggvadottir L, Neuhausen S, Jonasson JG, Tay:,. . . Lo oo
tigian SV, et al. A single BRCA2 mutation in male and female breast canc%ptls’ or both; sharp circumscription; hypocellularity; abundant

families from Iceland with varied cancer phenotypes. Nat Genet 1996;13:11703yx0id s’;roma; anq occasional presence of epithe"?' F:omponents
Associated malignant neoplasmd:arge-cell calcifying Ser-

toli cell tumor and Leydig cell tumors. In one series of 53 af-

7. Carcinoid, Familial fected patients from 12 families, two patients had thyroid car-

OMIM number: 114900. cinomas (one papillary and one follicular), one had colorectal
Inheritance pattern: Uncertain, but autosomal dominantcarcinoma, and one had pancreatic cancer (Stratakis et al., 1997
likely. Associated benign neoplasmsPigmented nodular adrenal
Gene and chromosomal locationUnknown. cortical dysplasia with Cushing’s syndrome occurred in 31% of
Mutations: Gene not yet cloned. 101 recognized patients (Stratakis et al., 1996). Pedunculate

Incidence: Unknown, rare. No large families have been remyxomas of the skin were reported in 62% of these patients;
ported, only groups of two and three individuals in one and twhese myxomas appear at a mean age of 18 years, are mult
generations. centric in 71% of patients, and precede development of car-

Diagnosis:Based on family history and clinical history. Car-diac myxomas in 81% of patients (Carney et al., 1986). Pituitary
cinoid also occurs as a rare association in von Hippel-Lind&genomas are common and were found to secrete growth hor
syndrome, neurofibromatosis, multiple endocrine neoplagi?ne in 8% of the above-mentioned 101 patients. Prolacti-
types 1 and 2, and hereditary nonpolyposis colon cancer, allfmas have also been noted. The presence of a calcifying, pig

which need to be excluded. mented neuroectodermal tumor (psammomatous melanotic
Laboratory features: May have elevated urinary 5-hydroxy-Schwannoma) is highly characteristic and can occur in many
indoleacetic acid. locations. Cardiac myxomas (87% of which are atrial and 13%
Associated ma”gnant neop|asmsMu|tifoca| carcinoid. Of Wthh are Ventricular) are mu|tlp|e in half Of the cases and
Associated benign neoplasmsJnknown. recurrent in 18% of the cases. Myxoid uterine leiomyomas can

Surveillance strategiesWe suggest that regular screening of€ seen. Stratakis et al. (1997) studied the thyroid in Carney
the urinary 5-hydroxyindole acetic acid level in first-degree rel&yndrome and found follicular thyroid adenomas in three of 53
tives may be usefu'] Starting by the age of 30 or at an age ﬂ@tients. ThyI‘OId Sonogl‘aphy on five adults and six Children, all
years less than that of the first carcinoid diagnosis in a famil§f whom had clinical and biochemical euthyroidism, showed
The risks and benefits of cancer screening in familial carcinof®% with hypoechoic, cystic, solid, or mixed lesions.

have not been established. Spotty cutaneous pigmentation is common, especially of the
face, eyelids, vermilion border of lips, conjunctiva, sclera, vulva,

References glans penis, back of hands, and feet. Buccal mucosa is uncom
McKusick VA, editor. Medelian inheritance in man. 11th ed. Baltimore angnonly involved, unlike the plgmentatlop seen in Pe.UtZ-J.eghers
London: Johns Hopkins University Press, 1994, syndrome. In Carney syndrome, the pigmented lesions include
Moertel CG, Dockerty MB. Familial occurrence of metastasizing carcinoid tdiny black-brown macules, café-au-lait macules, blue nevi, and
mors. Ann Intern Med 1973;78:389-90. other pigmented lesions. In some individuals, it has been ob-

served that pigmented lesions have faded with age.
Ophthalmic features in 63 patients (Kennedy et al., 1987)

included eyelid myxomas in 16% of the cases, facial and eyelid

lentigines in 70% of the cases, and pigmented lentigines on the

8. Carney Syndrome (Nevi, Atrial Myxoma, Myxoid
Neurofibromas, and Ephelides [NAME] or Lentigines,
Atrial Myxomas, Mucocutaneous Myxoma, and Blue Nevi

[LAMB] Syndrome) caruncle or semilunar fold in 27% of the cases.
Surveillance strategies:No screening procedures have been
OMIM number: 160980. published for Carney syndrome. We suggest that an individual
Inheritance pattern: Autosomal dominant. with possible Carney syndrome or first-degree relatives of an

Gene and chromosomal locationStratakis et al. (1996 and individual with probable Carney syndrome who are over the age
1997) studied 101 patients from 11 North American kindreds 14 years should have a careful evaluation for associated fea
and found linkage to markers on 2pl16. Basson et al. (199d)es of the disease. This evaluation may include an echocardio
studied one family with seven affected members in four genegram (repeated every 3-5 years if normal), careful examination
tions, and linkage results strongly suggested that the diseasefithe skin and mucous membranes with biopsy of papular le-
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sions if diagnosis needs confirmation, checking serum cortidwdve been reported. One case has been identified in an individue

after a dexamethasone suppression test to look for autonomwith tuberous sclerosis.

adrenal cortical function, checking serum levels of insulin-like Surveillance strategies:None have been defined. However,

growth factor-1 and prolactin, careful and regular testicular ekased on the reported cases, we suggest magnetic resonan

amination (perhaps with sonography), thyroid examination, aimdaging of the head and entire spinal cord region. A baseline

careful endocrine review of systems with aggressive evaluatieramination is advised in childhood, with the frequency of re-

of symptoms suggestive of dysfunction. peated examinations uncertain (perhaps every 3-5 years il
Comments: Dr. Aidan Carney is also known for the identi-asymptomatic individuals).

fication of a clinical triad that consists of multicentric gastric

leiomyosarcomas (which look like gastric autonomic nerve tfReferences

mors by electron microscopy), pulmonary chondromas, and €z re. Apiin G, Hall W. Chordoma in siblings. Calif Med 1958;88:383-6.

tra-adrenal paragangiomas. This disorder, which affects primafspanek J, Cataldo SA, Ebersold MJ, Lindor NM, Jenkins RB, Unni K, et al.

ily young women, is called Carney’s triad, and it is not related Familial chordoma with probable autosomal dominant inheritance [letter].

to Carney syndrome. The genetic underpinnings, if any, for Car- Am J Med Genet 1998;75:335-6.

ney’s triad are unknown (Carney, 1983).

References 10. Colon Cancer, Hereditary Nonpolyposis (HNPCC)
(Includes Lynch Syndrome and Muir-Torre Syndrome)
Basson CT, MacRae CA, Korf B, Merliss A. Genetic heterogeneity of familial
atrial myxoma syndromes (Carney complex). Am J Cardiol 1997;79:994-5. OMIM numbers: 120435; 120436; 600259; 600258;
Carney JA. The triad of gastric epithelioid leiomyosarcoma, pulmonary chot58320; 600678.
droma, and functioning extra-adrenal paraganglioma: a five-year review. Inheritance pattern: Autosomal dominant.

Medicine (Baltimore) 1983;62:159-69. P .
Carney JA, Headington JT, Su WP. Cutaneous myxomas. A major component ofGene and chromosomal location:hMLH1 at 3p21.3,

the complex of myxomas, spotty pigmentation, and endocrine overactivilfMSH2 at 2p22_921; hPM.S.l at 2931_(133; hPMSZ at 7p?2;

Arch Dermatol 1986;122:790-8. hMSH6 (guanosine/thymidine mismatch binding protein
Carney JA, Hruska LS, Beauchamp GD, Gordon H. Dominant inheritance of f@ TBP]) at 2p16. The products of these five genes all participate

complex of myxomas, spotty pigmentation, and endocrine overactivitm a multimeric DNA mismatch repair complex. Other genes

Mayo Clin Proc 1986;61:165-72. also participate in this complex, but germline mutations in those
Kennedy RH, Waller RR, Carney JA. Ocular pigmented spots and eyelid myxo- P p piex, g

mas. Am J Ophthalmol 1987;104:533-8. genes have not yet been reported.
Koopman RJ, Happle R. Autosomal dominant transmission of the NAME syn- Mutations: hMLH1 and hMSH2 account for more than 90%
drome (nevi, atrial myxomas, mucinosis of the skin and endocrine overagf the germline mutations in HNPCC families studied to date.
" é“’“?’)k '\jim ii”etl\;ggi?ﬁmqoﬁgt _ Lt ed. B 8Mutations in the above-mentioned five genes have been of all
cKusick VA, editor. Mendelian inheritance in man. ed. Baltimore an . . ; e
London: Johns Hopkins University Press, 1994, 'oncglvab!e_ types, ywth no frequen'tlly occurring speqflc muta-
Stratakis CA, Carney JA, Lin JP, Papanicolaou DA, Karl M, Kastner DL, et &10Ns identified. In Finland, two specific h(MLH1 mUtat|0n§ were
Carney complex, a familial multiple neoplasia and lentiginosis syndromegported to account for 63% of that country’s HNPCC kindreds
Analysis of 11 kindreds and linkage to the short arm of chromosome 2(Nlystrom-Lahti et al., 1995), suggesting a founder effect. Over-
Clin Invest 1996,97:699-705. all, approximately 70% or more of the characterized mutations

Stratakis CA, C tsakis NA, Abati A, Filie A, D JL, Carney JA, et . . ;
ratars oureou’sais an A, Fie A, Joppman L, Lamey JA Syayid be predicted to yield a truncated protein product.

al. Thyroid gland abnormalities in patients with the syndrome of spotty skin .
pigmentation, myxomas, endocrine overactivity, and schwannomas (Carney!/Ncidence: HNPCC may account for 6%-10% of all colo-
complex). J Clin Endocrinol Metab 1997;82:2037-43. rectal cancers.

Diagnosis:Relies on a pedigree assessment. The Amsterdan
criteria (Vasen et al.,, 1991) were developed to assist in the

9. Chordoma, Familial definition of HNPCC and are still widely used. They are gen-

OMIM number: 215400. erally recognized to be overly restrictive for clinical purposes,
Inheritance pattern: Autosomal dominant. because up to 20% of true HNPCC families (as determined by
Gene and chromosomal locationUnknown. germline mutation identification) will not meet these criteria.
Mutations: No gene cloned. The Amsterdam criteria are met if all four of the following
Incidence: Extremely rare. conditions are fulfilled: 1) three cases of colon cancer in which

Diagnosis: Based on family history and medical historytwo of the affected individuals are first-degree relatives of the
Stepanek et al. (1998) reported a family with three generatiahérd, 2) colon cancers occurring in two generations, 3) one
affected, with male-to-male transmission, indicating autoson@dlon cancer diagnosed before the age of 50 years, and 4) fa
dominant inheritance. Some affected individuals were asympilial adenomatous polyposis not diagnosed in the family.
tomatic into their 60s but showed lesions by magnetic resonanceAt a recent National Cancer Institute workshop (Rodriguez-
imaging. Bigas et al., 1997), new guidelines, the Bethesda guidelines

Laboratory features: None known. were proposed to expand the consideration of possible HNPCC

Associated malignant neoplasmsTumors arising anywhere if the following features were noted: 1) individuals with cancer
along the path of the embryonic notochord, becoming symptoim-families that meet the Amsterdam criteria; 2) individuals with
atic in the teens or much later in adulthood. two HNPCC-related cancers, including synchronous and meta:

Associated benign neoplasmsSingle cases of testicularchronous colorectal cancers or associated extracolonic cancel
teratoma and pituitary adenoma in individuals with chordomégdefined as endometrial, ovarian, gastric, hepatobiliary, small
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bowel, or transitional cell carcinoma of the renal pelvis or uré-or asymptomatic, suspected, or known gene carriers, the fol
ter); 3) individuals with colorectal cancer and a first-degree rellwing two recommendations were made: 1) Full colonoscopy
tive with colorectal cancer and/or HNPCC-related extracolonio the cecum is recommended every 1-3 years beginning at ag
cancer and/or a colorectal adenoma with one of the canc2fs-25 years, based on nonrandomized trials and observations
diagnosed before age 45 years and the adenoma diagnosedstuglies. (Some studies have suggested that every 2 years is pre
fore age 40 years; 4) individuals with colorectal cancer or egrable; alternatively, the pros and cons of prophylactic subtotal
dometrial cancer diagnosed before age 45 years; 5) individuatdectomy can be considered [evidence of efficacy unavail-
with right-sided colorectal cancer having an undifferentiateable].) 2) Annual screening for endometrial cancer beginning at
pattern (solid/cribriform) on histopathologic diagnosis beforage 25-35 years is recommended, based on expert opinion c
age 45 years; 6) individuals with signet-ring-cell-type colorectaresumptive benefit. (Choices for screening include endometrial
cancer diagnosed before age 45 years; and 7) individuals watpirate or transvaginal ultrasound, with the optimal method not
adenomas diagnosed before age 40 years. For such individuadsablished; prophylactic hysterectomy and oophorectomy aftel
testing the colorectal tumor for microsatellite instability washildbearing is completed may be considered [efficacy uncertain
suggested as the next step to identifying HNPCC (noting, hoand risk not fully eliminated].) We make the following addi-

ever, that microsatellite instability is not specific for HNPCC)tional recommendations: 1) annual urinalysis and cytologic ex-

Laboratory features: Mutation analysis is now available onamination beginning at age 25; 2) annual skin surveillance; 3) in
a clinical basis, although current assays are costly and the skamilies in which gastric cancer has occurred, periodic upper
sitivity is estimated at only 70%. The histologic appearance géstrointestinal endoscopy starting at age 35; and 4) carefu
the tumors is nondiagnostic. Nearly all tumors show a mutatadherence to other American Cancer Society guidelines.
phenotype, i.e., widespread microsatellite instability, which is For at-risk family members, colonoscopy every 2 years be-
also called replication error; however, this tumor phenotype ggnning at age 25 is suggested. We also suggest endometric
not specific for germline mutations in the HNPCC genes. Tiiopsy and urinalysis with cytologic examination every 2 years
mors homozygous for somatic mutations in DNA mismatch rafter the age of 35.
pair genes will also manifest a phenotype showing microsatellite Comments: The role of aspirin or sulindac in the reduction of
instability. Some laboratories are now offering testing for madenomas has not been assessed in HNPCC. No data are ave
crosatellite instability in tumors as an adjunct to diagnosirable on the effect of lifestyle modification on cancer risk in
HNPCC. Nontumor tissue from individuals with HNPCC doeBINPCC gene carriers.
not show microsatellite instability.

Associated malignant neoplasmsColorectal cancer, with
average age at diagnosis of 45 years. Two thirds of the cancguske W, Petersen G, Lynch P, Botkin J, Daly M, Garber J, et al. Recommen-
occur in the r|ght colon. The lifetime risk of colorectal cancer is dations for follow-up care of individuals with an inherited predisposition to
at least 80%. Endometrial adenocarcinomas are also found, withcancer. _I. Hereditary nonpolyposis colon cancer. Cancer Genetics Studies

. . o ) Consortium. JAMA 1997;277:915-9.
the avera.ge age at dlellgHOSIS. of 45 years; 'the_ lifetime ”Sk. }QfImiIton SR, Liu B, Parsons RE, Papadopoulos N, Jen J, Powell SM, et al. The
endometrial adenocarcinoma is 30%-60% in different studies. molecular basis of Turcot's syndrome. N Engl J Med 1995:332:839-47.
Relative risks are increased for ovarian cancer, transitional aslhch HT, Smyrk T, Lynch J. Hereditary nonpolyposis colorectal cancer (Lynch
cancers of the renal collecting system, ureter, and bladder, andsyndrome). An updated review. Cancer 1996;78:1149-67.

cancers of the stomach. small bowel hepatobiliary tract aMaKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
' ' ! London: Johns Hopkins University Press, 1994.

Pancreas' Sebaceou§ CarCInomaS are ?‘ISO. fOU”P'- (.Bemgn or Mi@.fki M, Konishi M, Tanaka K, Kikuchi-Yanoshita R, Muraoka M, Yasuno M,

lignant sebaceous skin tumors in combination with internal can- et al. Germline mutation of MSH6 as the cause of hereditary nonpolyposis

cer have been called Muir-Torre syndrome; linkage and muta- colorectal cancer [letter]. Nat Genet 1997;17:271-2.

tional analyses of both hMSH2 and hMLH1 have demonstrat&strom-Lahti M, Kristo P, Nicolaides NC, Chang SY, Aaltonen LA, Moisio

that Muir-Torre syndrome is a form of HNPCC.) There is prob- AL, et al. Founding mutations and Alu-mediated recombination in hereditary
. . olon cancer. Nat Med 1995;1:1203-6.

able increased risk for basal cell cancers and squamous E’glgf F, Jothy S, Van Meir EG. Brain tumor—polyposis syndrome: two genetic

cancers of the skin. Glioblastoma multiforme is associated with giseases? J Clin Oncol 1997:15:2744-58.

HNPCC. (The brain tumor in combination with colorectal tuRodriguez-Bigas MA, Boland CR, Hamilton SR, Hensen DE, Jass JR, Khan PM,

mors is also called Turcot’s syndrome.) The glioblastomas show et al. A National Cancer Institute Work_sho_p on Hereditary Nonp_olyposis |

an early age at diagnosis (typically <20 years) and demonstrateColorectal Cancer Syndrome: meeting highlights and Bethesda guidelines. .

microsatellite instability. In contrast, patients with familial adeg Natl Cancer Inst 1997,89:1758-62.
I e | fty. » patl Wi 1 eVasen HF, Mecklin JP, Khan PM, Lynch HT. The International Collaborative

nomatous polyposis display an increased risk of medulloblas- Group on Hereditary Non-Polyposis Colorectal Cancer (ICG-HNPCC). Dis
toma (Paraf et al., 1997), and this, too, has been called Turcot'sColon Rectum 1991;34:424-5.
Syndrome_ Additional tumors (breast and hematopoietic) are Masen HF, Wijnen JT, Menko FH, Kleibeuker JH, Taal BG, Griffioen G, et al.
ported in HNPCC families, but the statistical significance of Cancer risk in families with _hereditr_:lry nonpolyposis coIore_ctaI cancer di-
these associations remains to be demonstrated. agnosed FJy mutatlon analysis [published err.atum. appears in Gastroenterol
- > . ogy 1996;111:1402]. Gastroenterology 1996;110:1020-7.
Associated benign neoplasmgColonic adenomas, keratoac-
anthomas, sebaceous adenomas, and epitheliomas.
Surveillance strategiesBurke et al. (1997) developed a con
sensus statement for the care of individuals with HNPCC, not“;?gndrome)
that the efficacy of cancer surveillance or other risk-reducing OMIM number: 158350.
measures has not been determined in controlled clinical trials.Inheritance pattern: Autosomal dominant.
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11. Cowden Syndrome (Gingival Multiple Hamartoma
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Gene and chromosomal locationPTEN gene at 10923. Associated benign neoplasmsZerrucous skin lesions of the
Mutations: Mutations in PTEN, including four different non- face and limbs and cobblestone-like hyperkeratotic papules of
sense or missense mutations predicted to disrupt the protiia gingiva and buccal mucosa. Biopsy examination of 29 of 53
tyrosine/dual-specificity phosphatase domain of this gene, halén lesions revealed facial trichiiemmomas, all oral mucosal
been found in 80% of Cowden syndrome families reportddsions were fibromas, and all hand and foot lesions were hy-
(Liaw et al., 1997). perkeratoses (Brownstein et al., 1979). Sixty percent of affectec
Incidence: Unknown. individuals had hamartomatous polyps of the stomach, small
Diagnosis: The International Cowden Syndrome Consortiurhowel, and colon. Also common are lipomas, giant fibroadeno-
Operational Criteria have been published and are revised omas of the breast, cerebellar gangliocytomatosis, and hemang
continuous basis (Eng, 1997). The 1996 version is shown amas.
Table 6. Cowden syndrome is probably most often recognized Surveillance strategies:We suggest careful surveillance for
on the basis of skin lesions and intestinal hamartomas. Crartioyroid masses. Aggressive breast cancer surveillance shoul
megaly and mental subnormality are found in approximatehegin at age 20; alternatively, prophylactic mastectomy for
50% of affected individuals; coarse, dark hair and massive, rapidmen at risk should be considered. The risks and benefits of
overgrowth of breasts are observed in some. In a subgroug;asacer screening in Cowden syndrome have not been estak

glial mass in the cerebellum leading to altered gait and seizufished.

(Lhermitte-Duclos disease) is found.
Laboratory features: None known.

Comments: May be underascertained; recently shown to be
allelic with Ruvalcaba-Myhre syndrome. Also, Olschwang et al.

Associated malignant neoplasmsBreast cancer is observed(1998) reported finding PTEN germline mutations in juvenile
in 30% of female gene carriers. Thyroid adenomas and carciqpmlyposis coli; thus, mutations in the PTEN gene may cause ar
mas are also observed, but the risk is not defined. Various otliiexpectedly broad range of phenotypic presentations.
cancers have been reported in the context of Cowden syndrome,
but it is not clear if the overall risk for these cancers is differefteferences

from that in the general population. These unproven cancer
types/sites include colon, kidney, ovary, endometrium, mela

noma, Merkel cell skin cancer, lung, and retinal glioma.

rownstein MH, Mehregan AH, Bikowski JB, Lupelescu A, Patterson JC. The

" dermatopathology of Cowden’s syndrome. Br J Dermatol 1979;100:667-73.

Buyse ML, editor. Birth defects encyclopedia. Oxford (U.K.): Blackwell Scien-
tific Publications, 1990.

Eng C. Cowden syndrome. J Genet Counseling 1997;6:181-92.

Table 6. International Cowden Syndrome Consortium Operational Criteria fdfi@w D, Marsh DJ, Li J, Dahia PL, Wang SI, Zheng Z, Bose S, et al. Germline

the diagnosis of Cowden syndrome

Pathognomonic criteria
Mucocutaneous lesions
Trichilemmomas, facial
Acral keratoses
Papillomatous papules
Mucosal lesions

Major criteria
Breast carcinoma
Thyroid carcinoma, especially follicular thyroid carcinoma
Macrocephaly (megalencephalyr97 percentile)
Lhermitte-Duclos disease

Minor criteria
Other thyroid lesions (e.g., adenoma or multinodular goiter)
Mental retardation (intelligence quotiest75)
Gastrointestinal hamartomas
Fibrocystic disease of the breast
Lipomas
Fibromas
Genitourinary tumors (e.g., uterine fibroids) or malformations

Operational diagnosis in an individual

1) Mucocutaneous lesions alone if

(a) Six or more facial papules, of which three or more must be
trichilemmoma

(b) Cutaneous facial papules and oral mucosal papillomatosis
(c) Oral mucosal papillomatosis and acral keratoses
(d) Six or more palmoplantar keratoses

2) Two major criteria but one must include macrocephaly or
Lhermitte-Duclos disease

3) One major and three minor criteria

4) Four minor criteria

Operational diagnosis in a family where one individual is diagnostic for
Cowden syndrome
1) The pathognomonic criterion
2) Any one major criterion with or without minor criteria
3) Two minor criteria
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Olschwang S, Serova-Sinilnikova OM, Lenoir GM, Thomas G. PTEN germ-line
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12. Esophageal Cancer, Tylosis With (Nonepidermolytic
Palmoplantar Keratosis [PPK] and Howel-Evans’
Syndrome)

OMIM number: 148500.

Inheritance pattern: Autosomal dominant.

Gene and chromosomal location:17qg23-ter by linkage
mapping, distal to the keratin 1 gene cluster. The gene has bee
named TEC (tylosis with esophageal cancer).

Mutations: Unknown because the gene is not yet cloned.

Incidence: Very rare. A limited number of large families has
been reported.

Diagnosis: PPK is a complex group of inherited disorders,
subdivided into diffuse, punctate, and focal types, as determinec
by the pattern of skin thickening (hyperkeratosis) on the palms
and soles. The diffuse subtype occurs in epidermolytic and non:-
epidermolytic forms, the latter being known as tylosis. It is this
specific subgroup of PPK patients that is associated with a high
risk of squamous cell carcinomas of the middle and distal
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esophagus. At present, cancer risk does not appear to be elevateibidermolytic palmoplantar keratoderma cosegregates with a keratin 9 mu-
in other types of PPK, which are thought to be genetically dis- tation in a pedigree with breast and ovarian cancer. Nat Genet 1994;6:
tinct, although this remains to be proven. The hyperkeratosis in 106-10.

patients with tylosis is “late onset” (i.e., after 1 year of age,

ranging from 5 to 15 years of age). In one large Liverpoal3, Fanconi's Anemia (FA) (Includes Pancytopenia,

family, 32 of the 89 members with tylosis had died; 21 of the 32anconi's Type)

died from esophageal cancer (Howel-Evans et al., 1958). The

average age at diagnosis of esophageal cancer was 45 years, a@MIM numbers: 227650 (FA complementation group A
95% of the affected individuals developed the cancer by age §BA-A]); 227660 (FA complementation group B [FA-B]);
There may be a synergistic interaction between tobacco smok#®y645 (FA complementation group C [FA-C]); 227646 (FA
and a mutant TEC gene because, in one family, seven of eightmplementation group D [FA-D]); 600901 (FA complementa-

esophageal carcinomas occurred in smokers. tion group E [FA-E]).
Laboratory features: None known. Inheritance pattern: Autosomal recessive.
Associated malignant neoplasmsSquamous cell carcinoma  Gene and chromosomal locationFA-A at 16¢q24.3; FA-B,

of the esophagus. unmapped; FA-C at 9922.3; FA-D at 3p26—p22; FA-E, un-
Associated benign neoplasmaviucosal leukoplakia. mapped.

Surveillance strategies:Although the mean age at esopha- Mutations: Mutations for FA-C have been found, with a
geal cancer onset is 45 years, the youngest reported case patiemtmon founder mutation noted in 19 of 23 individuals with
was 20 years old (Howel-Evans et al., 1958). We suggest tiethkenazi ancestry (Whitney et al., 1993). Several FA-A mu-
annual upper gastrointestinal endoscopy commence at age 2tations have been found.
family members with tylosis. The risks and benefits of cancer Incidence: Heterozygote frequency is estimated at one in 300
screening in this syndrome have not been established. to one in 600, with one in 100 in Ashkenazi carriers. FA is

Comments: Abstinence from tobacco exposure may reduaassociated with approximately 20% of all cases of childhood
the risk of esophageal cancer. Families with severe gasteplastic anemia.
esophageal reflux with subsequent Barrett's esophagus may als®@iagnosis: Progressive pancytopenia and chromosome
present with more than one case of esophageal cancer in lieakage, worsened by exposure to alkylating agents. Most chil
family. Antireflux therapy is indicated in that group. Selectedren present in early to middle childhood (mean age at diagnosi:
geographic populations at increased risk of esophageal carise years) with hematologic abnormalities, including anemia,
include those found in parts of Russia, Turkey, Iran, and Chirtaleeding, and easy bruising. Multiple congenital anomalies may
Tylosis does not seem to account for these clusters. A segregeeur in 60% of individuals; these anomalies include low birth
tion analysis done in Linxian, China, supported the presencevegight, abnormal skin pigmentation (76% with hyperpigmenta-
an autosomal recessive gene in 19% of the population, accouittn, café-au-lait spots, or both), skeletal deformities (50% with

ing for 4% of the esophageal cancer in that region. thumb anomalies, such as aplasia, hypoplasia, and supernume
ary and 30% with microcephaly), renal malformation (31% with
References aplasia, duplication, ectopia, and horseshoe), neurologic abnor

_ , _malities (23% with strabismus, 20% with hyperreflexia, and
Carter CL, Hu N, Wu M, Lin PZ, Murigande C, Bonney GE. Segregatio Y ith tal tardati . hthalmi 19%
analysis of esophageal cancer in 221 high-risk Chinese families. J N ﬁ?’ 0 W_I mental retarda |on), m|_crop a m_la ( 0)' ear
Cancer Inst 1992:84:771—6. anomalies/deafness (12%), congenital heart disease (7%), an
Ellis A, Field JK, Field EA, Friedmann PS, Fryer A, Howard P, et al. Tylosiiypogonadism (20%). Note that 25% of individuals with FA
associated with carcinoma of the oesophagus and oral leukoplakia in a lafggve no dysmorphic features.

Liverpool family—a review of six generations. Eur J Cancer B Oral Oncol Enhancement of chromosome breakage with the mitomycin C
1994;30B;102-12.

Howel-Evans W, McConnell RB, Clarke CA, Sheppard PM. Carcinoma of th%hromosome stress test or dlepoxybutanmtro rellably iden-
esophagus with keratosis palmaris et plantaris (tylosis)—a study of 2 farfiti€S homozygotes but not heterozygotes. These tests show ex
lies. Q J Med 1958;27:413-29. cess chromatid breaks, gaps, formation of radial chromosomes

Lucker GP, van de Kerkhof PC, Steijlen PM. The hereditary palmoplantar kel@ndoredupncaﬂons, and other types of nonhomo|ogou5 recom

toses: an updated review and classification. Br J Dermatol 1994;131:1—1:ﬁnati0n in comparison with controls. Standard karyotyping does
Marger RS, Marger D. Carcinoma of the esophagus and tylosis. A lethal genetic ’

combination. Cancer 1993;72:17-9. not demonstrate these featur(_as' . . .
McKusick VA, editor. Mendelian inheritance in man. 11th ed. Balimore and Laboratory features: Anemia, macrocytosis, poikilocytosis,
London: Johns Hopkins University Press, 1994. anisocytosis, leukopenia, thrombocytopenia, reticulocytopenia,

Risk JM, Field EA, Field JK, Whittaker J, Fryer A, Ellis A, et al. Tylosisgnd hypocellular marrow.

oesophageal cancer mapped [letter]. Nat Genet 1994;8:319-21. Associated malignant neoplasmsieukemia in around
Rogaev El, Rogaeva EA, Ginter EK, Korovaitseva Gl, Farrer LA, Shlensky AB, Y I t | hatic t h ¢ ul .

et al. Identification of the genetic locus for keratosis palmaris et plantaris ¢ o, usually acute nonlymphatic .ype, e.pa ocellular carcmoma

chromosome 17 near the RARA and keratin type | gene. Nat Genet 1988; around 5% (often after anabolic steroid therapy for aplastic

5:158-62. anemia), and squamous cell carcinomas especially of the hea
Stevens HP, Kelsell DP, Bryant SP, Bishop DT, Spurr NK, Weissenbach J, etahd neck region, esophagus, cervix and vulva, and anus (Alter

Linkage of an American pedigree with palmoplantar keratoderma and "‘f996), Heterozygotes have no apparent increased risks. Myelo
lignancy (palmoplantar ectodermal dysplasia type Ill) to 17q24. Literat

ur . .
0,
survey and proposed updated classification of the keratodermas. Arch D(gY-Spla‘St'C gyndrome; affect around 5%. There may be increase
matol 1996:132:640-51. risks for primary brain tumors as well.
Torchard D, Blanchet-Bardon C, Serova O, Langbein L, Narod S, Janin N, et al. Associated benign neoplasmsepatic adenomas.
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Surveillance strategiesincreased index of suspicion for he- Laboratory features: It is currently unclear whether or not
matologic cancers, hepatic tumors, and squamous cell cancBrsadherin germline mutations will account for familial gastric
The risks and benefits of cancer screening in this syndrome haamcer in ethnic groups outside the Maoris. Blood type A has
not been established. Alter (1996) has suggested serial bbeen frequently associated with an increased risk of gastric can
marrow aspirations, regular liver enzyme assessment, and frer. Patients with gastric cancer display a 2%—-8% excess of thi
guent oral scrutiny by a dentist. Imaging of esophagus, lowelood type compared with the general population. A report
pharynx, and stomach can also be considered. (Scott et al., 1990) has described a strong association betwee

Comments: In older reports, the average life expectancy islelicobacter pyloriand gastric cancer in one family. It was
about 12 years, with most deaths due to bleeding, infection, lorpothesized that this family might be carrying a genetic pre-
cancer. Bone marrow transplantation is a potential treatment, digposition to the epithelial metaplasia/dysplasia/neoplasia se
extreme care is required, since Fanconi’'s anemia patients goence leading to invasive cancer, wikh pylori acting as a
unusually sensitive to chemotherapeutic agents and are prontutonor promoter. Nonspecific immunologic abnormalities have

graft-versus-host disease. been reported in several families.
Associated malignant neoplasmsGastric adenocarcinoma.
References Associated benign neoplasm#$o0ssible intestinal metaplasia

of the gastric mucosa.
Alter BP. Fanconi’'s anemia and malignancies. Am J Hematol 1996;53:99-110. Surveillance strategieS'We suggest annual upper gastroin-

Buyse ML, editor. Birth defects encyclopedia. Oxford (U.K.): Blackwell Scien- . . : .
tific Publications. 1990 testinal endoscopy for at-risk family members beginning at an

Giampietro PF, Adler-Brecher B, Verlander PC, Pavlakis SG, Davis JG, Auétd€ that is 5-10 years younger than the age at diagnosis for th
bach AD. The need for more accurate and timely diagnosis in Fancgrbungest individual with reported gastric cancer in that family.
anemia: a report from the International Fanconi Anemia Registry. Pediatrif$e risks and benefits of cancer screening in this syndrome havi
1993;91:1116-20. not been established.

Joenje H, Lo ten Foe JR, Oostra AB, van Berkel CG, Rooimans MA, Schroeder- c ts: Gastri to b t of the t
Kurth T, et al. Classification of Fanconi anemia patients by complementation omments: Gastric cancer appears (o be part o € mor
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Inheritance pattern: Autosomal dominant. history and risk of stomach cancer in Italy. Cancer Epidemiol Biomarkers

Gene and chromosomal locationCDH1 gene on chromo-  Prev 1994;3:15-8.
some 16q22.1 recently identified in three Maori families. E3cott N, Lansdown M, Diament R, Rathbone B, Murday V, Wyatt Ji, et al.
cadherin is an epithelial-type calcium-dependent adhesion pl,O_Hellcobacter gastrm_s ang intestinal metaplasia in a gastric cancer family
. . . . . - [letter]. Lancet 1990;335:728.
tein. Germline mutations in non-Maori families have not yet
been reported.
Mutations: The three germline mutations in CDH1 included 5. Hodgkin’s Disease, Familial
a substitution in a donor splice consensus sequence of exon 7, a
frameshift mutation in exon 15, and a premature stop codon OMIM number: 236000.
interrupting exon 13. Inheritance pattern: Uncertain mode (autosomal reces-
Incidence: Unknown; uncommon. sive?).
Diagnosis: Two or more first-degree relatives with gastric Gene and chromosomal location:6p (major histocompat-
adenocarcinoma. Case—control studies suggest that family méoility complex?).
bers of probands with gastric adenocarcinoma are two to threeMutations: None known.
times more likely to develop gastric cancer themselves. In fami- Incidence: Rare.
lies with germline E-cadherin mutations, an autosomal dominant Diagnosis: Two or more first- or second-degree relatives
pattern with incomplete penetrance was evident. with Hodgkin’s disease.

14. Gastric Cancer, Familial
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Laboratory features: Numerous familial aggregations ofHors J, Dausset J. HLA and susceptibility to Hodgkin’s disease. Immunol Rev
Hodgkin's disease have been reported, with a variety of non- 1983:70:167-92.

- L . . . erzin-Storrar L, Faed MJ, MacGillivray JB, Smith PG. Incidence of familial
specific abnormalities in cellular and humoral immunity. NG Hodgkin's disease. Br J Cancer 1983:47:707—12.

reproducible abnormality of clear etiologic significance has begfck T, Cozen W, Shibata DK, Weiss LM, Nathwani BN, Hernandez AM, et
found. There is a strong association between Hodgkin's diseaseal. Concordance for Hodgkin's disease in identical twins suggesting genetic
and evidence of exposure to or infection with Epstein-Barr virus. susceptibility to the young-adult form of the disease. N Engl J Med 1995;
DNA from this virus can be identified in at least half of all 332:413-8.

Hodgkin's disease tumor biopsies; however, the relationship b'\éqcl'\fggfgog' Epidemiology of Hodgkin's disease. Cancer Res 1966;26:

tween Epst_ein-Barr virus and Hodgkin's _di_sease remains Wiharshall WH, Barnard JM, Buehler SK, Crumley J, Larsen B. HLA in familial

clear. Studies have suggested an association between specifisodgkin's disease. Results and a new hypothesis. Int J Cancer 1977;19

human leukocyte antigen (HLA) (i.e., histocompatibility) phe- 450-5.

notypes and Hodgkin's disease on the basis of comparisons Yyaiss LM. Gene analysis and Epstein-Barr viral genome studies of Hodgkin's
s s e disease. Int Rev Exp Pathol 1992;33:165-84.

tween individuals from Hodgkin’s disease families and the gen-

eral population. In such families, there is a higher than expecte

concordance of HLA haplotypes (Chakravarti et al., 1986; Hors ™" Li-Fraumeni Syndrome

et al., 1983; Marshall et al., 1977). OMIM number: 151623.
Associated malignant neoplasmsHodgkin’s lymphoma. Inheritance pattern: Autosomal dominant.
Associated benign neoplasmdJnknown. Gene and chromosomal location:Approximately half of

Surveillance strategiesNo consensus. Periodic medical hisLi-Fraumeni families have identifiable mutations in the p53
tory and physical examination, with more detailed studies gene (also known as TP53), which is located at 17p13.1. Most
indicated, would be a reasonable starting point. The risks amaitations occur in exons 5 through 8 of the gene.
benefits of cancer screening in this syndrome have not beenMutations: Families with this syndrome are likely to be a
established. genetically heterogeneous group. Among those with identified

Comments: Epidemiologic studies have documented a sigp53 mutations, 75% (six of eight) of the mutations were point
nificant familial component to the etiology of Hodgkin's diseaseutations involving exons 5 through 8, one was a nonsense
(Grufferman et al., 1977; Kerzin-Storrar et al., 1983). The imnutation in exon 6, and one was a splice site mutation in intron
creased risk clusters among relatives of patients under the agd.dEach mutation generated truncated p53 protein.

45 at diagnosis; such relatives experience a sevenfold increasethcidence: Unknown.

risk of Hodgkin’s disease compared with the general population. Diagnosis: The classical definition requires one patient with
No excess risk is observed among relatives of patients who aeFcoma under the age of 45, a first-degree relative under the ag
older than 45 at diagnosis. This excess is affected by the sex0b#i5 with cancer (type not specified), and a third affected family
the case subjects. Brothers of an affected male have a ninefoldmber (first- or second-degree relative) with either sarcoma al
increased risk of Hodgkin’s disease, compared with sisters, fmy age or cancer (type not specified) under the age of 45 years
whom the risk is only fivefold. If the proband is female, theStudies based on modified Li-Fraumeni-like inclusion criteria
reverse holds true. This pattern is thought to provide support f@sulted in only four (8%) of 53 individuals with identifiable p53
an infectious rather than a genetic etiology for Hodgkin’s disnutations (Eeles et al., 1994). Analysis of p53 mutation is avail-
ease. One hypothesis regarding the pathogenesis of early-oabét on a clinical basis and on a research basis with propel
Hodgkin’s disease is that it represents an uncommon outcopretesting genetic counseling.

secondary to exposure to a common infectious agent, with age at.aboratory features: None specific.

exposure and other factors modifying the outcome. The signifi- Associated malignant neoplasmsRisk of developing any
cant concordance of HLA haplotypes in affected individuaisvasive cancer (excluding skin cancer) was almost 50% by age
from Hodgkin's disease families has suggested the presence 80a(compared with 1% in the general population) and almost
susceptibility gene in or near the major histocompatibility con80% by age 70. The tumor spectrum includes rhabdomyosarco
plex. An analysis of 41 Hodgkin's disease families supporteda, osteogenic sarcoma, breast cancer, brain cancer, leukemi
this hypothesis and provided evidence favoring an autosonaald adrenal cortical carcinoma. Also reported (but not proven)
recessive mode of inheritance (Chakravarti et al., 1986). A studse melanoma and laryngeal, lung, gonadal germ cell, pancre
of Hodgkin’s disease in monozygotic and dizygotic twin pairatic, stomach, and prostate cancers. There may be an increas
revealed concordance in 10 of 179 pairs versus none of 18¥sceptibility to radiation-induced cancers within the treatment
pairs, respectively (Mack et al., 1995). This finding was intefield of a prior cancer.

preted as favoring the existence of genetic factors in early-onsetAssociated benign neoplasmsaNone known.

Hodgkin’s disease. Surveillance strategies:We suggest annual mammography,
clinical examination of the breasts every 6 months, and monthly
breast self-examination beginning in adulthood. We also advise
Chakravarti A, Halloran SL, Bale SJ, Tucker MA. Etiological heterogeneity ishnual blood cell counts with a manual review of peripheral

Hodgkin's disease: HLA linked and unlinked determinants of susceptibilitylood smears (leukemia) and a careful annual physical exami

independent of histological concordance. Genet Epidemiol 1986,3:407~1pation with attention and high index of suspicion to sites known
Grufferman S, Cole P, Smith PG, Lukes RJ. Hodgkin’s disease in abllngs.% be potentially affected, beginning in infancy. The risks and

Engl J Med 1977;296:248-50. ) A >
Gutensohn N, Cole P. Childhood social environment and Hodgkin's diseaseP@nefits of cancer screening in this syndrome have not beer

Engl J Med 1981;304:135-40. established.
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References with variability in mole size (5-15 mm), outline, and color.
Family history of invasive melanoma in at least two first-degree
Birch JM, Hartley AL, Tricker KJ, Prosser J, Condie A, Kelsey AM, et alrelatives. Early age at melanoma diagnosis and a tendency t
Prevalence and diversity of constitutional mutations in the p53 gene amoagvebp multiple primary melanomas characterize these fami-

21 Li-Fraumeni families. Cancer Res 1994;54:1298-304. . Germline mutations in b2 have been reported in some
Eeles R, Thorlacius S, Eyfjord J, Seal S, Ponder B, Eccles D, et al. Germline &5 P p

mutations in 53 Li-Fraumeni-like families: incidence and recommendatiotﬁ%f"‘tientS with multiple primary melanomas and "f"negative family
for predictive p53 gene testing [meeting abstract]. Br J Cancdtistory of melanomaNote: There are clearly familial melanoma
1994;70(Suppl 22):19. kindreds that do not manifest the dysplastic nevus syndrome.
Frebourg T, Barbier N, Yan YX, Garber JE, Dreyfus M, Fraumeni J Jr, et al. Laboratory features: Histologically moles show readily
Germ-line p53 mutations in 15 families with Li-Fraumeni syndrome. Am J . o . ’ . .
Hum Genet 1995:56:608—15. fecognizable cytologic atypia of melanocytes with lymphocytic
Kleihues P, Schauble B, zur Hausen A, Esteve J, Ohgaki H. Tumors associéféfdlltrauoni dehcate_ fibroplasia, and new blood ve.ssellfornjatlon.
with p53 germline mutations: a synopsis of 91 families. Am J Pathol 1997; Associated malignant neoplasmsKindreds with disabling
150:1-13. p16N*“a mutations have a melanoma risk that is increased by a
Li FP, Fraumeni JF Jr, Mulvihill 33, Blattner WA, Dreyfus MG, Tucker MA, ettactor of 75. The risk of pancreatic cancer is increased by a
al. A cancer family syndrome in twenty-four kindreds. Cancer Res 1983; o . . . .
48:5358-62. ?actor of 13. Kmdrgd; without this type of mutation have a risk
Li FP, Garber JE, Friend SH, Strong LC, Patenaude AF, Juengst ET, et%ﬁ.melanoma that is 'ncre?‘sed by a faCtor_ Of 38. (H_owever, the
Recommendations on predictive testing for germ line p53 mutations amodifference in melanoma risk was not statistically different be-
cancer-prone individuals. J Natl Cancer Inst 1992;84:1156-60. cause the series was small [Goldstein et al., 1995].) The averag
Malkin D, Li FP, Strong LC, Fraumeni JF Jr, Nelson CE, Kim DH, et al. Gernége at diagnosis of melanoma in dysplastic nevus syndrome

line p53 mutations in a familial syndrome of breast cancer, sarcomas, af?;lmilies is 34 vears. compared with 54 vears for melanoma
other neoplasms. Science 1990;250:1233-8. y ! p Yy

McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore anflidgnosed ir? the generﬁl population. Astrocytomas occur with
London: Johns Hopkins University Press, 1994. melanomas in rare families.
Varley JM, McGown G, Thorncroft M, Tricker KJ, Teare MD, Santibanez-Koref ~ Associated benign neoplasmsDysplastic nevi.
MF, et al. An ex_tended Li-Fraumeni kindred with gastric carcinoma and Surveillance strategies: We suggest monthly skin self-
codon 175 mutation in TP53. J Med Genet 1995;32:942-5. L . . . .
examination, twice yearly dermatologic evaluation with photog-
raphy of entire skin, and early excision of suspicious lesions.

17. Melanoma, Familial With or Without Dysplastic Nevi The role of pancreatic screening remains to be defined. Affectec

(|nc|udes Dysp'astic Nevus SyndromE, Familial Atyp|ca| individuals should avoid Sunburn, and regular use of ultraviolet

Mole—Malignant Melanoma Syndrome, and A/B-blocking sunscreens is advised. The risks and benefits of

Melanoma—Astrocytoma Syndrome) cancer screening in this syndrome have not been established, b

the striking preponderance of thin, biologically early melanomas

OMIM numbers: 155600; 155601; 123829; 155755. among prospectively screened subjects strongly suggests a fz
Inheritance pattern: Autosomal dominant. vorable impact of screening.

Gene and chromosomal locationAt least three melanoma-
susceptibility genes have been identified. CMM1 has beé&tgferences

mapped to 1p36, with melanoma and dysplastic nevi seeming to . _ _ _ _
Azizi E, Friedman J, Pavlotsky F, Iscovich J, Bornstein A, Shafir R, et al.

be ple|9trop|c effects o_f this gene. This Imkagg f|nd|_n_g IS con- Familial cutaneous malignant melanoma and tumors of the nervous system

troversial, and no candidate gene has yet been identified. CMMZ2 a hereditary cancer syndrome. Cancer 1995:76:1571-8.

maps to 9p21, and the gene appears to b&'§4®(also known Goldstein AM, Fraser MC, Struewing JP, Hussussian CJ, Ranade K, Zametkin

as MTS1 and CDKN2). Around 20%—25% of melanoma-prone DP, et al. Increased risk of pancreatic cancer in melanoma-prone kindreds
. . . . . i NK4 i . .

kindreds are linked to p1%<42. Recently, germline mutations in __ With p16™ mutations. N Engl J Med 1995;333:970-4.

Gregne MH. Genetics of cutaneous melanoma and nevi. Mayo Clin Proc 1997
the CDK4 gene (chromosome 12g14) have been reported, an(£2.467_74 y

this gene likely represents a third melanoma-susceptibility ge@feene MH, Clark WH Jr, Tucker MA, Elder DE, Kraemer KH, Guerry D 4th,
Mutation of CDK4 is quite rare, with only three affected families et al. Acquired precursors of the cutaneous malignant melanoma. The fa-
identified in several hundred screened for CDK4 abnormalities. milial dysplastic nevus syndrome. N Engl J Med 1985;312:91~7.
Although p16NK4a functions as a tumor suppressor gene CDKIZ‘aIuska FG, Hodi FS. Molecular genetics of familial cutaneous melanoma. J

t t d . t Mutati lvsi ?Iin Oncol 1998;16:670-82.
appears 1o operate as a dominant oncogene. viutation ana ys'ﬁag man DK, Kimmel DW, Parisi JE, Michels VV. A familial syndrome with

p16M““?is available for clinical use, but its utility is uncertain.  cytaneous malighant melanoma and cerebral astrocytoma. Neurology 1993
Mutations: Various mutations have been identified in 43:1728-31.
p16NK42 including nonsense, splice donor site, missense, inskyach HT, Fusaro RM, Albano WA, Pester J, Kimberling WJ, Lynch JF. Phe-
tion, and others that impair the function of this gene. Only one notypic variation in the familial atypical multiple mole—-melanoma syndrome
. . . e . (FAMMM). J Med Genet 1983;20:25-9.
germline CDK4 mutatlpn has been .|dent|f|eq.to date, I-Crrckusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
Arg24Cys (due to a cytidine to thymidine transition at nucleo- | ondon: Johns Hopkins University Press, 1994.
tide 297 of the protein coding region of the published compl@tonzon J, Liu L, Brill H, Goldstein AM, Tucker MA, From L, et al. CDKN2A
mentary DNA sequence [Zuo et al., 1996]). mutations in multiple primary mglanomas. N Engl J Med 1998;338:879-87.
Incidence: It is estimated that 5%—7% of melanoma patient§?sé" HF, Bergman W, van Haeringen A, Scheffer E, van Slooten EA. The

are from genetically hiah-risk families. Gene and mutation fre- familial dysplastic nevus syndrome. Natural history and the impact of
9 : y high-ri hes. utatl screening on prognosis. A study of nine families in the Netherlands. Eur J

quencies are unknown. Cancer Clin Oncol 1989;25:337-41.
Diagnosis: Ten to 100 moles on the upper trunk and limbsyhelan AJ, Bartsch D, Goodfellow PJ. Brief report: a familial syndrome of
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pancreatic cancer and melanoma with a mutation in the CDKN2 tumagls. Periodic (every 3-5 years) magnetic resonance imaging o
zuostjpv?/fszx 95:: (’5‘ z”(gzitgsi'\ldg?rifsg%f‘JV-alker 3. etal. GerminNE Pituitary and the pancreas should be considered. The clinica
m;Jtatic?ns ir’1 the %l‘é“a binding dc;main of CDk4 in familif;ll melanoma. %fﬂcacy of these scre_enlng _recommend?‘tlons_ remains to _bE
Nat Genet 1996:12:97—9. proven. The age at which testing can be discontinued for at-risk
individuals is unknown. The risks and benefits of cancer screen-
ing in this syndrome have not been established.
18. Multiple Endocrine Neoplasia Type 1 (MEN1) Comment: Significant intrafamilial consistency of clinical
(Wermer Syndrome Includes Zollinger-Ellison Syndrome)  manifestations has been noted (which might help guide the type
and frequency of clinical investigations).
OMIM number: 131100.
Inheritance pattern: Autosomal dominant. References
Gene_and chromosomal location11g13. . Calender A, Giraud S, Cougard P, Chanson P, Lenoir G, Murat A, et al. Multiple
Mutations: MEN1 encodes a 10-exon, 2.8-kilobase (kb) endocrine neoplasia type 1 in France: clinical and genetic studies. J Interr
transcript termed “menin” from a 9-kb segment of DNA. Vari-  Med 1995;238:263-8.
ous different frameshift, nonsense, missense, and in-frame @kandrasekharappa SC, Gura SC, Manickam P, Olufemi SE, Collins FS, Em-
letion mutations have been reported. The encoded protein doeénert-Bu_ck MR, et aI._ Positional cloning of the gene for multiple endocrine
. . . . neoplasia-type 1. Science 1997;276:404-7.
not resemble any known pf"YPept'dej and its function _IS uIi{'/I'CKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
known. Linkage-based predictive testing is currently available. | gndon: Johns Hopkins University Press, 1994
Incidence: Unknown. Skogseit B, Eriksson B, Lundqvist G, Lorelius LE, Rastad J, Wide L, et al.
Diagnosis: This autosomal dominant disorder is character- Multiple enodcrine neoplasia type 1: a 10-year prospective screening study
ized by a high frequency of peptic ulcer disease and endocri ein four kindreds. J Clin Endocrinol Metab 1991;73:281-7.

" . o . ,Skogseid B, Oberg K. Experience with multiple endocrine neoplasia type 1
4409 2
abnormalities, especially of the pituitary (44% of affected indi screening. J Intern Med 1995;238:255-61.

viduals), parathyroid (95% of affected individuals), pancreagsen HF, Lamers CB, Lips CJ. Screening for multiple endocrine neoplasia
(73% of affected individuals), and adrenals (16% of affected syndrome type I. A study of 11 kindreds in The Netherlands. Arch Intern
individuals). Hyperparathyroidism either is the presenting symp- Med 1989;149:2717-22.

tom or is diagnosed simultaneously with the presenting symp-

tom in 94% of cases. Genetic linkage analysis is available cliriig Multiple Endocrine Neoplasia Types 2A and 2B

cally for selected families. Penetrance of MENL1 is high, wit EN2A and MEN2B) and Familial Medullary Thyroid
more than 80% of mutant gene carriers affected by the fif ancer (FMTC)

decade of life.

Laboratory features: One may find hypoaminoacidemia, el- OMIM number: 171400.
evated adrenocorticotropic hormone, an abnormal secretin testinheritance pattern: Autosomal dominant.
hypoglycemia, hypergastrinism, hyperparathyroidism, and glu- Gene and chromosomal location10g11.2, the RET proto-
cose intolerance. oncogene.

Associated malignant neoplasmsDuodenal, thymic, and  Mutations: The mutations found in more than 95% of cases
bronchial carcinoids; bronchial carcinoma; malignandf MEN2A lie in exons 10 and 11 of RET and involve one of
schwannoma; ovarian tumors; pancreatic islet cell carcinoméseg cysteines in the extracellular binding domain of the encoded
and adrenocortical carcinomas. protein. Eight-six percent of cases of FMTC have mutations in

Associated benign neoplasmsPancreatic islet cell adeno-the same exons. MEN2B is characterized by a single mutation ir
mas; parathyroid hyperplasias or single or multiple adenomasdon 918, which is located in exon 16 in all cases studied so far
pituitary adenomas that are either nonsecreting or that secieteect mutation and linkage analyses are available on a clinical
prolactin most often but that also secrete growth hormone, dihsis.
renocorticoptropic hormone, and luteinizing hormones; multiple Incidence: Five percent to 10% of all thyroid cancers in
adrenocortical adenomas; gastrinomas (usually of the duodbnical practice are of the medullary type. Among these, 20%
num, but also seen in the pancreas); Cushing’s syndrome; phae due to germline RET mutations. Those resulting from germ-
chromocytomas; prolactinomas; glucagonomas; insulinomédise RET mutations differ from sporadic tumors by being mul-
vasointestinal peptide tumors; and lipomas. tifocal. The gene mutation frequency is unknown.

Surveillance strategies:No consensus has been established, Diagnosis:Based on DNA results, biochemical results, fam-
but in one 10-year study of four MENL1 kindreds, hyperparathyly history, and physical diagnosis (in MEN2B).
roidism was found in 90% of MEN1-affected relatives, and pan- Laboratory features: Mutations in RET, elevated calcitonin
creatic endocrine tumors were found in 75%. Annual evaluati@fter pentagastrin stimulation, elevated metanephrines if pheo
is recommended for known gene carriers or at-risk individuathromocytoma present, and possible elevation in serum parathy
older than 15 years of age, with testing for prolactin, cortisalpid hormone and calcium levels.
glucose, calcium, and phosphorus. In addition, a physical ex-Associated malignant neoplasmsMedullary thyroid cancer
amination should be performed, including a careful review gMTC), with the earliest age at diagnosis reported for a 2.7-year-
endocrinologic systems. Assessment every 1-2 years is salghchild with MEN2A. By use of biochemical screening, 40%
gested for gastrin, parathyroid hormone, 5-hydroxyindole acet€ children under the age of 5 years who were treated with
acid, urinary metanephrine, human pancreatic polypeptide, surgery had invasive carcinoma at the time of their diagnosis,
sulin-like growth factor-I, insulin, proinsulin, and glucagon leveompared with virtually 100% of individuals who were diag-
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nosed at an age older than 20 years (Ledger et al., 1995). Disgaéé>-related protein or neurofibromin. NF1 is a very large gene
onset in MEN2B can occur at a younger age and can be maevith 59 exons.

aggressive. MTC is almost always diagnosed before the age oMutations: Unique from family to family. By 1994, 70 dif-

40 in MEN2A and MEN2B. MTC in FMTC is a more indolentferent mutations from 78 individuals had been reported; 70%—

disease, with onset often after the age of 50 years. 80% of the mutations result in a truncated protein. Entire gene
Pheochromocytomas are present in 10%—50% of individualsletions are associated with dysmorphism and mental retarda
with MEN2A and MEN2B. tion (probably a contiguous gene syndrome).

Associated benign neoplasmsHyperparathyroidism is  Incidence: One in 3000; one third to one half of cases rep-
found in 10%—-20% of individuals with MEN2A; however, thisresent new mutation dominant disease.
condition is rare in individuals with MEN2B and is never found Diagnosis:National Institutes of Health Consensus Develop-
in FMTC (by definition). Ganglioneuromas of the gastrointestimment Conference (1988) criteria require two or more of the
nal tract and mucosal neuromas are present in nearly all patieiotbowing to diagnose: 1) café-au-lait macules (in children, five
with MEN2B. or more that are 0.5 cm or more in diameter; in adults, six or
Surveillance strategies:Genetic testing for at-risk individu- more that are 1.5 cm or more in diameter); 2) two or more
als is an established clinical procedure. For those who test powurofibromas of any type or one plexiform neurofibroma; 3)
tive, planning for thyroidectomy should be addressed. Once tmailtiple axillary or inguinal freckles; 4) sphenoid wing dyspla-
diagnosis is established, additional screening for pheochronsaa or congenital bowing or thinning of the long bone cortex
cytomas and hyperparathyroidism is indicated. These compli¢ath or without pseudoarthrosis); 5) bilateral optic nerve glio-
tions of MEN nearly always occur later than the MTC, andhas; 6) two or more iris Lisch nodules (iris hamartomas); and 7)
prophylactic surgery for these conditions has not been sugst-degree relative with NF1 by these criteria.
gested. NF1 can present at any age in any organ system. Café-au-lal
Biochemical screening with pentagastrin-stimulated calcitaacules are sometimes present at birth but more often appear i
nin evaluation can be diagnostic in 80% of cases of MEN2A artate infancy and early childhood and increase in number and size
85% of cases of MEN2B, but 82% of the individuals diagnosealer time. Freckling of the axilla and the groin is seldom seen
in this manner had invasive carcinoma and 10% already hbefore puberty. Neurofibromas can be cutaneous, subcutaneou
metastatic disease. For this reason, aggressive pursuit of germtideep plexiform, and they may be few or myriad in numbers.
testing offers the best chance for proactive management.  Neurofibromas are not specific for NF1. Seizures are reported in
Comments: Some genotype/phenotype information suggesd®—5% of affected individuals, and learning disabilities are re-
that certain mutations in specific codons of RET are strongported in 25%-40%, with frank mental retardation in 5%—10%.
associated with the development of pheochromocytomas. At tBikort stature is reported in 15%-20% of affected individuals;
time, the association is not strong enough to offer prophylacscoliosis is reported in 10%; visceral arterial aneurysms and
surgery to those with the high-risk mutations or to omit pheg@ulmonary fibrosis occur in an unknown percent. Iris Lisch nod-
chromocytoma screening for those without the mutations.  ules are present in only 10% of children under the age of 10; they
are present in 50% of affected individuals by the age of 29 and
References in approximately 100% by the age of 60.

, _ _ _ Genetic testing by aim vitro transcription-translation assay
B“ytshfiecwi':'iib‘fiig(t’ignBS'rTg‘;%feCtS encyclopedia. Oxford (U K.): Blackwell Scieng; o - hrotein truncation test) is clinically available and, if posi-
Hofstra RM, Landsvélter RM, Ceccherini |, Stulp RP, Stelwagen T, Luo Y, et atiye’ is virtually diagnostic; if negative, the diagnosis cannot be

A mutation in the RET proto-oncogene associated with multiple endocrifielled out.
neoplasia type 2B and sporadic medullary thyroid carcinoma. Nature 1994; Laboratory features: The histopathology of any given le-
367:375-6. sion is nondiagnostic for NF1. Skin biopsy examination of café-

Ledger GA, Khosla S, Lindor NM, Thibodeau SN, Gharib H. Genetic testing iﬁu-lait macules reveals giant melanosomes or melanin macro

the diagnosis and management of multiple endocrine neoplasia type II. Ani1 . \p .

Intern Med 1995:122:118-24. globules, which are nonspecific. Neurofiboromas are composec
McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore an@f Schwann cells, fibroblasts, mast cells, and vascular elements

London: Johns Hopkins University Press, 1994, Associated malignant neoplasmaNeurofibrosarcomas (ma-

Mulligan LM, Eng C, Healey CS, Clayton D, Kwok JB, Gardner E, et allignant schwannomas) develop in 3%-15% of affected individu-
Specific mutations of the RET proto-oncogene are related to disease paiss— most often associated with deep neurofibromas. Conversely
notype in MEN 2A and FMTC. Nat Genet 1994;6:70-4. o . . o .

Romeo G, Ronchetto P, Luo Y, Barone V, Seri M, Ceccherini I, et al. Poifk has been estimated that 50% ‘?f '_nd|V|dua|S W'th neurofibro-
mutations affecting the tyrosine kinase domain of the RET proto-oncogefiarcomas have NF1. Also, there is increased risk for astrocyto:
in Hirschsprung's disease. Nature 1994;367:377-8. mas, carcinoids (usually duodenal), pheochromocytomas, neu

Scriver CR, Beaudet AL, Sly WS, Valle D, editors. Metabolic and moleculgighlastomas ependymomas primitive neuroectodermal tumors
basis of inherited disease. 7th ed. New York: McGraw-Hill, 1995. rhabdomyosarcomas (especially of the genitourinary tract), anc

undifferentiated sarcomas, as well as for Wilms' tumor and leu-

20. Neurofibromatosis Type 1 (NF1) kemia (juvenile chronic myelogenous). Affected individuals
may have multiple primary cancers.
OMIM number: 162200. Associated benign neoplasmsNeurofibromas, pheochro-
Inheritance pattern: Autosomal dominant. mocytomas (risk of 0.1%-1.0%), meningiomas, and optic or

Gene and chromosomal locationNF1 at 17g11.2 encodesacoustic neuromas.
a guanosine triphosphatase-activating protein known as NF1-Surveillance strategies:Guidelines for management of the
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non-neoplastic complications of NF1 are beyond the scope grbup, the mean age of onset was 21.6 years, with no patien
this handbook. In screening for neoplasia, an annual physipaésenting with a new diagnosis after the age of 55. Forty-four
examination with twice-a-year blood pressure monitoring is agercent presented with hearing loss, which was unilateral in
vised. (Hypertension can be caused by renal vascular dysplé&&o. Tinnitus was present in 10%. Muscle weakness and wast
and pheochromocytoma.) Patients should be educated to repaytwere the presenting symptoms in 12% (due to spinal cord
any lesion that shows rapid enlargement, pain, or new itchirtgmors or peripheral neuropathy). Forty-three percent showec
New onset of headaches, hearing loss, visual change, or ottegfie-au-lait spots that tended to be few, large, and pale. Only 1%
neurologic deficits should be carefully sought and fully evaliiad six or more café-au-lait maculesg€éNF1 criteria). Cataracts
ated. The risks and benefits of cancer screening in this syndrowere present in 34 of 90 individuals in this group for whom this

have not been established. information was available. Bouzas et al. (1993) reported on 54
patients. Eighty percent had posterior subcapsular cataracts
References which remained minor in many instances. Retinal hamartomas
: 0 S :

Buyse ML, editor. Birth defects encyclopedia. Oxford (U.K.): Blackwell St:ien‘:Jlre presgnt_lq 22% of |nd|_V|duaIs with NF2. .Twemy per_cent of
tific Publications. 1990. affected individuals have intradermal neurofibromas, with 33%
McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore an8howing a palpable spherical tumor involving a peripheral nerve
London: Johns Hopkins University Press, 1994. and 47% having a raised, rough pigmented area with excess hai

National Institutes of Health Consensus Development Conference. Neurofibro-Neur”emmomatosis, previously called NF3, is characterized
matosis: conference statement. Arch Neurol 1988;45:575-8. by multiple cutaneous neurilemmomas and spinal schwannoma

Scriver CR, Beaudet AL, Sly WS, Valle D, editors. Metabolic and molecular-. . .
basis of inherited disease. 7th ed. New York: McGraw-Hill, 1995. without acoustic neuromas or other sign of NF1 or NF2. Muta-

Shannon KM, O’Connell P, Martin GA, Panderanga D, Olson K, Dinndorf P, éton analysis of NF2 identified germline mutations in the NF2
al. Loss of the normal NF1 allele from the bone marrow of children with typgene in two of three tumors studied in individuals, suggesting
1 neurofibromatosis and malignant myeloid disorders. N Engl J Med 19943t “NF3" is rea"y a form of NF2 (Honda et al., 1995).

330:597-601. . o _ .
Sorensen SA, Mulvihill JJ, Nielsen A. Long-term follow-up of von Reckling- Laboratory features: None specific. Predictive testing based

hausen neurofibromatosis. Survival and malignant neoplasms. N Engl J M4 Ilnkag.e or mUt"?mon analysis is ava.'lable-
1986;314:1010-5. Associated malignant neoplasmsGliomas.

Wu BL, Austin MA, Schneider GH, Boles RG, Korf BR. Deletion of the entre  Associated benign neoplasmsVestibular schwannomas

NF1 gene detected by the FISH: four deletion patients associated with SeV@eousnc neuromas), mer“nglomas’ and Sp|na| cord schwannc
manifestations. Am J Med Genet 1995;59:528-35.

mas.
Surveillance strategies:We suggest regular audiologic and
21. Neurofibromatosis Type 2 (NF2) ophthalmologic examination for those at risk or known to be
affected. Annual neurologic physical examination, with imaging
OMIM number: 101000. of any region manifesting new neurologic signs or symptoms, is
Inheritance pattern: Autosomal dominant. recommended. The risks and benefits of cancer screening in thi
Gene and chromosomal locationNF2 at 22q12.2. syndrome have not been established.

Mutations: Various mutations have been identified; none are
common. Genetic testing by direct mutation analysis or by linlReferences
age analysis is available clinically.

Incidence: One in 35000. of which 50% have new mutatiorfouzas EA, Freidlin V, Parry DM, Eldridge R, Kaiser-Kupfer MI. Lens opacities
dominant disease. ng;l;r?c{gtélzj_n;atoss 2: further significant correlations. Br J Ophthalmol
D|agr'103.|s: National mSt"tUtes of Health consensus Conf_e'Buyse ML, editor. Birth defects encyclopedia. Oxford (U.K.): Blackwell Scien-
ence criteria for NF2 require one of the following two major tific Publications, 1990.
criteria to be met: Evans DG, Huson SM, Donnai D, Neary W, Blair VV, Newton V, et al. A clinical
) ) study of type 2 neurofibromatosiQ J Med 1992;84:603-18.
1) Bilateral 8th nerve masses seen by magnetic reso- Honda M, Arai E, Sawada S, Ohta A, Niimura M. Neurofibromatosis 2 and

nance imaging with gadolinium neurilemmomatosis gene are identical. J Invest Dermatol 1995;104:74-7.
2) First-degree relative with NF2 plus one of the fol- McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
lowing: London: Johns Hopkins University Press, 1994.
g: . Scriver CR, Beaudet AL, Sly WS, Valle D, editors. Metabolic and molecular
@) .ComPUted t_omography or n_]agne“c resonance basis of inherited disease. 7th ed. New York: McGraw-Hill, 1995.
imaging evidence of a unilateral 8th nerve
mass
(b) A plexiform neurofibroma 22. Osteochondromatosis, Multiple (Includes Hereditary
(c) Neurofibromas (two or more) Multiple Exostoses [EXTs], Enchondromatosis, and
(d) Gliomas (two or more) Ollier's Disease)

(e) Posterior subcapsular cataract at a young age

() Meningioma (two or more)

(9) Imaging evidence of an intracranial or a spinal
cord tumor

OMIM numbers: 133700 (EXT1); 133701 (EXT2); 166000
and 600209 (EXT3).

Inheritance pattern: Autosomal dominant.

Gene and chromosomal location:Legeai-Mallet et al.

The clinical features vary widely between and within familieg1997) studied 29 families with multiple exostoses for linkage to
Evans et al. (1992) reported on 150 affected individuals. In thise three known disease loci, and results of modeling have sug
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gested that 44% are linked to 8924.11-q24.13 (EXT1), 28% amailtiple exostoses, resulting from the deletion del(11)
linked to 11p12—pll (EXT2), and 28% are linked to chromdpl4.2pll.2). Potocki and Shaffer (1996) described a different
some 19q (EXT3). Philippe et al. (1997) obtained similar result®ntiguous gene syndrome with multiple exostoses, mental re:
with a mutation screening method that examined EXT1 andrdation, dysmorphic features, and parietal foramina, known as
EXT2 in 17 probands. Cook et al. (1993) had concluded th@atlin marks, in a patient who was found to havele novo
70% of multiple exostoses families showed linkage to the 8q24.(p11.2p12) deletion.
region. The gene sequences of EXT1 and EXT2 show strikin
similarity, defining a new multigene family encoding proteinggeferences
with potential tumor suppressor activity. EXT3 has not yet be@, 3, Ludecke HJ, Lindow S, Horton WA, Lee B, Wagner MJ, et al. Cloning
cloned. of the putative tumour suppressor gene for hereditary multiple exostoses
Mutations: Fewer than 20 germline mutations have been (EXT1). Nat Genet 1995;11:137-43.
reported to date in EXT1, and most lead to a truncated or ndyse ML,deitor. Birth defects encyclopedia. Oxford (U.K.): Blackwell Scien-
. . . tific Publications, 1990.
fgnctlonal EXT1 protein (Squortmg a tumor suppressor fun&bok A, Raskind W, Blanton SH, Pauli RM, Gregg RG, Francomano CA, et al.
tion of the gene product). Fewer than 10 mutations have beengenetic heterogeneity in families with hereditary multiple exostoses. Am J
reported to date in EXT2, again, most leading to a truncated or Hum Genet 1993;53:71-9.
nonfunctional EXT2 protein. Hecht JT, Hogue D, Wang Y, Blanton SH, Wagner M, Strong LC, et al. He-
Incidence: One in 90000 visits to a general hospital. reditary multiple exostoses (EXT): mutational studies of familial EXT1
DiagnosiS'Osteochondromatosis is characterized by multiplg cases and EXT-associated malignancies. Am J Hum Genet 1997;60:80-6.
’ . o ennekam RC. Hereditary multiple exostoses. J Med Genet 1991;28:262—6.
exostoses (osteochondromas), which are cartilaginous excig§eai-Mallet L, Margaritte-Jeannin P, Lemdani M, Le Merrer M, Plauchu H,
cences near bony diaphyses of the extremities, ribs, or scapula@aroteaux P, et al. An extension of the admixture test for the study of
(but not skull), that undergo ossification resulting in deformity. genetic heterogeneity in hereditary multiple exostoses. Hum Genet 1997;99
This disorder is often associated with mildly short stature, and Ii_ts ergr_e::(l)v?.Legeai Mallet L. Jeanmin PM. Horsthermice B. Schinzel A. Plauchu
penetran,ce _IS_ 100%. It m,ay be detectable at birth, and 80% 81,\I/I-| et al. A gene for hereditary multiple exostoses maps to chromosome 19p.
affected individuals are diagnosed by 10 years of age. Around y,m mol Genet 1994:3:717—22.
40% of case patients have no family history (new mutationcGaughran JM, Ward HB, Evans DG. WAGR syndrome and multiple exos-
disease presumed). toses in a patient with del(11)(p11.2p14.2). J Med Genet 1995;32:823-4.
Laboratory features: None are specific. McKusick YA, editor. Mgndehaﬁ mhentance in man. 11th ed. Baltimore and
Associated malignant neoplasmsChondrosarcomas or os-, London: Johns Hopkins University Press, 1994. _— .
: chsner PE. Zum Problem der neoplastischen Entartung bei multipen kartilagi-
teosarcomas may develop in the exostoses. No other cancers argren Exostosen. Z Orthop 1978;166:369—78.
associated. Wicklund et al. (1995) reviewed 43 probands withilippe C, Porter DE, Emerton ME, Wells DE, Simposon AH, Monaco AP.
mu|’[ip|e osteochondromatosis (mo|ecu|ar type not Speciﬁed) Mutation screening of the EXT1 and EXT2 genes in patients with hereditary
and 137 of their affected relatives; the investigators reported tf}])aotgnclli'i“f'esﬁ’;?fztroﬁgs-Iﬁtrgriﬁ't?;rge?;?oe; i?i?(iifigﬁ-)_  newly described
2.8% of the 180 individuals had experlenced eXOStOSIS_n:"lanz"acontiguous gene deletion syndrome involving the gene for hereditary mul-
cancer. Other reports (Hennekam, 1991; Ochsner et al., 1978)[ip|e exostoses (EXT2). Am J Med Genet 1996:62:319—25.
suggest a 0.5%—2% risk of malignant degeneration per perssttiver CR, Beaudet AL, Sly WS, Valle D, editors. Metabolic and molecular
with a mean age of onset of 31 years, seldom occurring beforebasis of inherited disease. 7th ed. New York: McGraw-Hill, 1995.

the age of 10 or after the age of 50. with a predilection for tﬁlgells DE, Hill A, Lin X, Ahn J, Brown N, Wagner MJ. Identification of novel
proximal femur and the pelvis. ' mutations in the human EXT1 tumor suppressor gene. Hum Genet 1997;99

. . . . 612-5.
Associated benign neoplasmsMultiple exostoses, which \yickiund CL, Pauli RM, Johnston D, Hecht JT. Natural history study of he-

may cause a variety of compressive problems. When associatededitary multiple exostoses. Am J Med Genet 1995;55:43-6.

with multiple hemangiomas, the disorder is called Maffucci syn-

drome (OMIM number: 166000), nearly all cases of which arg,

sporadic. The genetic basis for Maffucci syndrome is unknown.
Surveillance strategies:It may be useful to obtain baseline OMIM number: 260350.

radiographs of the pelvis and shoulder girdle in young affected Inheritance pattern: Uncertain, but likely autosomal domi-

adults for the purposes of later comparison. Affected individuatant.

should be instructed to report any rapidly enlarging exostosis orGene and chromosomal locationUnknown.

a new onset of pain in a pre-existing lesion. The risks and ben-Mutations: No gene cloned.

efits of cancer screening in this syndrome have not been estabincidence: Rare families have been reported with multiple

lished. individuals affected with pancreatic cancer. A family history of
Comments: The Langer-Giedion syndrome is a rare disordgrancreatic cancer was reported by approximately 7.8% of indi-

characterized by laxity of skin in infancy, dysmorphic faciesjiduals with the disease but by only 0.6% of control subjects

mental deficiency (in 70% of affected individuals), sparse haiwho did not have the disease. Lynch et al. (1995) estimated tha

and multiple exostoses indistinguishable from those seen 3%—5% of pancreatic cancers had a hereditary origin, but trans

EXT1 families. This disorder has been shown to be associataission appears to be complex and familial pancreatic cance

with a large deletion in the 8924 region that contains EXT1 amday not truly be a single-gene mendelian disorder.

a number of other genes (McKusick, 1994). Similarly, Mc- Diagnosis:Two or more first-degree relatives with pancreatic

Gaughran et al. (1995) reported a patient with the WAGR syadenocarcinoma and no evidence for alternative explanation:

drome pee “Wilms’ Tumor (Nephroblasoma)” section] plus (see*“Comments” sectionbelow).

. Pancreatic Cancer, Familial
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Laboratory features: None diagnostic. Mutations: Gene not yet cloned.

Associated malignant neoplasmsPancreatic adenocarci- Incidence: Very rare. Nine kindreds with 38 affected mem-
noma. bers seen at the Mayo Clinic from 1950 to 1992. Grufferman et

Associated benign neoplasmdJnknown. al. (1980) reviewed case reports for 916 carotid body tumors anc

Surveillance strategies:We suggest consideration of imagfound 88 tumors that were believed to be familial. In the familial
ing studies of the pancreas for those at risk, beginning at an ageup, 31.8% were bilateral (compared with 4.4% of the pre-
that is 10 years younger than the age of diagnosis for the yousgmed sporadic group). van Baars et al. (1981) found bilaterality
est affected family member. Periodic assessment of amylaseifoB7.5% of familial paragangliomas.
those at risk should also be considered. The efficacy of theseDiagnosis: No criteria. Should be considered in any indi-
recommendations is unknown. vidual with multiple paragangliomas, glomus tumor, or chemo-

Comments: Exclusion of von Hippel-Lindau syndrome, he-dectoma or in an individual with a single paraganglioma, glomus
reditary breast cancer (BRCA2), ataxia-telangiectasia, heretlimor, or chemodectoma with a relative who reported having a
tary nonpolyposis colon cancer, familial dysplastic nevugaraganglioma, glomus tumor, or chemodectoma and in whor
melanoma syndrome, multiple endocrine neoplasia type 1, amul other disorder was evident, such as von Hippel-Lindau dis-
hereditary pancreatitis as causes of familial pancreatic canceedse, multiple endocrine neoplasia, neurofiboromatosis, or Car
important 6eeTable 4). A genetic basis for pancreatic cancerey’s triad §ee “Comments” section under “Carney Syn-
has been suspected on the basis of frequent somatic mutatiordrame”).
both tumor suppressor genes and oncogenes, including KRASLaboratory features: Linkage to 11q on a research basis
p53, DCC, MTS1, and DPC4, but germline mutations in camnly. Clinical gene testing is not routinely available. This dis-
didate genes have not yet been demonstrated. order has been associated with a combined deficiency in clotting
factors VIl and X in one large family.

Associated malignant neoplasmsParagangliomas can be
Appel MF. Hereditary pancreatitis. Review and presentation of an additior@inically malignant despite being histologically benign.

kindred. Arch Surg 1974;108:63-5. Associated benign neoplasm<Carotid body tumors in 89%
Ehrenthal D, Haeger L, Griffin T, Compton C. Familial pancreatic adenocargsf gffected individuals, with glomus jugulare or glomus vagale

noma in three generations. A case report and a review of the literatuye. ,o¢ : ;
Cancer 1987:59:1661_4. ffi-38% and adrenal paragangliomas (pheochromocytomas) in ai

Evans JP, Burke W, Chen R, Bennett RL, Schmidt RA, Dellinger EP, et éf.nknown percent.
Familial pancreatic adenocarcinoma: association with diabetes and earlySurveillance strategies:We suggest ultrasound imaging of
molecular diagnosis. J Med Genet 1995;32:330-5. the carotid region annually beginning at age 18, screening of
Hahn SA, Schutte M, Hoque AT, Moskaluk CA, da Costa LT, Rozenblum E, Efrinary metanephrines annua"y beginning at age 18, and imag.

al. DPC4, a candidate tumor suppressor gene at human chromos : - . ;
180211, Saionce 1996, 271:350.3 91§ of the adrenals if metanephrines are high, blood pressure i:

Hruban RH, Petersen GM, Ha PK, Kern SE. Genetics of pancreatic cancer. FJE!HEJh, or a family history of intra-abdominal tumors exists. The
genes to families. Surg Oncol Clin N Am 1998;7:1-23. risks and benefits of cancer screening in this syndrome have no
Lumadue JA, Griffin CA, Osman M, Hruban RH. Familial pancreatic cancer arfgeen established.
the genetics of pancreatic cancer. Surg Clin North Am 1995;75:845-55.
Lynch HT, Fusaro L, Smyrk TC, Watson P, Lanspa S, Lynch JF. Medical genefifeferences
study of eight pancreatic cancer-prone families. Cancer Invest 1995;13:
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unique parent of origin effect is consistently reported. Offspring

of female gene carriers do not develop disease, whereas 50% ©f Peutz-Jeghers Syndrome (PJS)

offspring of male gene carriers do develop disease. This obser-

vation indicates genomic imprinting of the associated gene. = OMIM number: 175200.
Gene and chromosomal location:PGL gene located at Inheritance pattern: Autosomal dominant.

11923 by linkage analysis in all families except one, in which a Gene and chromosomal locationA serine threonine kinase

locus at 11g13.1 has been suggested. gene, STK11, at 19p13.3.

24. Paraganglioma, Familial
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Mutations: Mutations found in five PJS families or individu- plan for those with known PJS: 1) every other year upper gas-
als, including a deletion, three nonsense mutations, and one tagintestinal endoscopy from age 10, sooner if clinically indi-
ceptor splice site mutation (Jenne et al., 1998). cated, and removal of any polyp larger than 1 mm; 2) every third

Incidence: One in 120000 births. year colonoscopy from age 25, sooner if clinically indicated, and

Diagnosis: Based on the presence of numerous pigmentegimoval of any polyp larger than 1 mm; 3) small-bowel follow-
spots on the lips and the buccal mucosa and multiple gastrainrough screening from age 10, sooner if clinically indicated; 4)
testinal hamartomatous polyps (most commonly in the jejununireast surveillance from age 25 with mammography beginning
Malignant transformation of these polyps is not common but cah age 35; 5) annual abdominal and pelvic ultrasound from age
occur and may account for the increased risk of colon can@%; and 6) every other year cervical smear.
reported in patient with PJS. Pigmentation begins in infancy or In addition, we advise regular breast and gynecologic screen
childhood, with 1- to 5-mm melanotic macules, most often ong for at-risk and affected women; pelvic ultrasound could be
the lips and buccal mucosa but also on the face, forearms, palowsidered after the age of 20. Regular testicular examination i
soles, digits, and perianal area and rarely on the intestinal nagvised for at-risk and affected men. Periodic colon cancer
cosa. The pigmentation may fade with age. Pigmentation of tlsisreening by colonoscopy after the age of 35 may also be rea
type occurs in greater than 95% of affected individuals. Defindonable. Mammography should be offered to at-risk or affected
tion of this syndrome, proposed by Giardiello et al. (1987)yomen who are 20-30 years of age and should be repeated eve
requires histopathologic confirmation of hamartomatous gasti®-3 years. These recommendations will likely need revision as
intestinal polyps and two of the following three features: l13dditional information is gained about the tumor spectrum and
small-bowel polyposis; 2) family history of PJS; and 3) pigrisks associated with PJS.
mented macules of the buccal mucosa, the lips, fingers, and toes.

Laboratory features: None are specific. Clinical genetic References
testing not yet available. Boardman LA, Thibodeau SN, Schaid DJ, Lindor NM, McDonnell SK, Burgart

Associated malignant neoplasmsThe overall risk of any  LJ, et al. Increased risk for cancer in patients with the Peutz-Jeghers syn:
cancer is estimated at 50%, with 60% of deaths over the age ofdrome. Ann Intern Med 1998;128:896-9.

30 attributed to cancer in one study (Spigelman et al., 1989). F’%‘}Stsiffifc'\’}':'-vbe"(izzgn‘i‘ft{‘g‘;%fECtS encyclopedia. Oxford (U.K.): Blackwell Scien-
is thought tq be aSSOCIated. with breaSt. cancer (b_llateral o-Iey TR}JMcGarrity; TJ, Abt AB. Peutz-Jeghers syndrome: a clinicopathologic
ported), cervical cancer, benlgn and mallgnant ovarian tumors survey of the “Harrisburg family” with a 49-year follow-up. Gastroenter-
(especially granulosa cell cancer), testicular cancer, and pancreology 1988;95:1535-40.
atic cancer. Boardman et al. (1998) reported that 26 noncuta@esdiello FM, Welsh SB, Hamilton SR, Offerhaus GJ, Gittelsohn AM, Booker
ous cancers developed in 18 (53%) of 34 PJS patients, yieIdingSV' et al. Increased risk of cancer in the Peutz-Jeghers syndrome. N Engl .
a relative risk for cancer of 18.5 in women and 6.2 in men. Ilgen':"nfi‘:]kligfﬁiﬁiﬁ_f',vlarkie 5. Jarvinen H. Sistonen P. Biorkavi

. . . . , , , , , Bjorkqgvist AM,
that series, there were 10 gastromtestlnal cancers (mCIUdmget al. Localization of a susceptibility locus for Peutz-Jeghers syndrome to
seven in the colon with a mean age of 39 years at diagnosis) andiop using comparative genomic hybridization and targeted linkage analysis.
16 extra-intestinal cancers (including six breast cancers with aNat Genet 1997;15:87-90.
mean age of 39 years at diagnosis). Jenne DE, Reimann H, Nezu J, Friedel W, Loff S, Jeschke R, et al. Peutz-Jegher

; ; Al . syndrome is caused by mutations in a novel serine threonine kinase. Na
Associated benign neoplasmg¥viultiple hamartomatous pol Genet 1908.18:3843.

yps _thrOUQhOUt the gas'FromtestlnaI tra(_:t’ |nclud|n_g the ileum aR%éKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
the jejunum, are found in nearly all patients and in the colon and London: Johns Hopkins University Press, 1994.

rectum in one third of patients. These polyps range in size fropigelman AD, Murday V, Phillips RK. Cancer and the Peutz-Jeghers syndrome.

1 mm to 4 cm. They can also occur in the nose, bronchi, renal Gut 1989;30:1588-90.

pelvis, ureters, and bladder. The polyps may cause Symptomgllgnos;)_nlllP, Houlston RS. Peutz-Jeghers syndrome. J Med Genet 1997;34

beginning in or before the third decade of life, with the averaggs,nomiya J, Gocho H, Miyanaga T, Hamaguchi E, Kashimure A. Peutz-

age at diagnosis being 22.5 years. Jeghers syndrome: its natural course and management. Johns Hopkins Me
Ovarian tumors in affected individuals are “sex cord tumors J 1975;136:71-82.

with annular tubules,” which are now considered characteristic

of PJS, and are present in almost all affected females.
Surveillance strategies:The optimal screening strategy for

PJS has not been determined. Substantial morbidity arises fromOMIM numbers: 176807 (PRCAL); 601518 (HPC1).

short-gut syndrome, which is related to recurrent intestinal re- Inheritance pattern: Autosomal dominant.

sections for intussusception; therefore, removal of polyps, if Gene and chromosomal locationsPRCA1 on 10925 and

feasible, is advised. Upper and lower gastrointestinal endoscdiyC1 on 1g24—q25see”Comments” sectionbelow).

with polypectomy and small-bowel x-ray examination should be Mutations: Germline mutations unknown.

performed when gastrointestinal symptoms develop in an indi- Incidence: Prostate cancer is the most common cancer in

vidual at risk for PJS. Surgery has been recommended for t&S. males and the number 2 cause of cancer mortality. A seg

moval of symptomatic small-bowel polyps or small-bowel polregation analysis (Carter et al., 1992) has suggested that a highl

yps larger than 1.5 cm. Some have advised intra-operative smp#netrant autosomal dominant mutant gene might account fol

bowel endoscopy, when laparotomy is necessary, to remove®b of all prostate cancers and 40% of early-onset (age <5&

possible polyps. After reviewing the PJS literature, Tomlinsoyears) prostate cancers. The frequency of such a gene is est

and Houlston (1997) have offered the following surveillancamated to be 0.003. The estimated cumulative risk for gene car-

26. Prostate Cancer, Familial
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riers is 88% by age 85, compared with 5% for noncarriers. Tw{African-American men), it is intermediate in intermediate-risk
studies support the hypothesis that genetic factors are importahite men, and it is longest in low-risk Asian men.
in prostate cancer (Gronberg et al., 1994).

Diagnosis:Based on three or more first-degree relatives wi
prostate cancer. Men with one second-degree relative with pregreer BS, Beaty TH, Steinberg GD, Childs B, Walsh PC. Mendelian inheritance
tate cancer have a relative risk of prostate cancer equal to 1.7 of familial prostate cancer. Proc Natl Acad Sci U S A 1992;89:3367-71.
The risk increases with the number and the degree of relatedrfegggiey KA, McCarthy JD, Lange E, Huang L, Miesfeldt S, Montie JE, et al.
of affected family members. For one first-degree relative. the Prostate cancer susceptibility locus on chromosome 1q: a confirmatory

lati isk is 2- for t fi t d lati th lati ' study. J Natl Cancer Inst 1997;89:955-9.
_re alve nsk 1S 2, 1or WO_ rst-degree re a ves, the re a Ive_ rISIéagle LR, Yin X, Brothman AR, Williams BJ, Atkin NB, Prochownik EV.
is 5; for more than two first-degree relatives, the relative risk is Mutation of the MXI1 gene in prostate cancer. Nat Genet 1995:9:249-55.
11. Schaid et al. (1997) reported that cumulative risk for prostatenberg H, Damber L, Damber JE. Studies of genetic factors in prostate cance
cancer to age 80 in men with a first-degree relative with prostate in @ twin population. J Urol 1994;152:1484-7; discussion 1487-9.
cancer was 35%, 30%, and 23% when the proband was digéqnberg H, Isaacs SD, Smith JR, Carpten JD, Bova GS, Freije D, et al. Char-

cteristics of prostate cancer in families potentially linked to the hereditary
nosed under the age of 60, between the ages of 60 and 70, an§rostate cancer 1 (HPC1) locus. JAMA 1997:278:1251-5.

over the age of 70, respectively. Irvine RA, Yu MC, Ross RK, Coetzee GA. The CAG and CGC microsatellites
Laboratory features: Unknown. of the androgen receptor gene are in linkage disequilibrium in men with
Associated malignant neoplasmsProstate cancer. An in-  prostate cancer. Cancer Res 1995;55:1937-40. _

creased risk of central nervous system tumors has been obself§S SD: Kiemeney LA, Baffoe-Bonnie A, Beaty TH, Walsh PC. Risk of

in families exhibiting Iinkage to the HPC1 allele (Isaacs et al cancer in relatives of prostate cancer probands. J Natl Cancer Inst 1995;87

lJﬁeferences

' 991-6.
1995). Kupelian PA, Kupelian VA, Witte JS, Macklis R, Klein EA. Family history of
Associated benign neoplasmsNone known. prostate cancer in patients with localized prostate cancer: an independen

Surveillance strategies:Regular screening by digital rectal ~ predictor of treatment outcome. J Clin Oncol 1997;15:1478-80.
examination, measurement of serum prostate-specific anti usick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
. London: Johns Hopkins University Press, 1994.
Ieyel, f"md trar?sreCtal UItraS,Olmd WOU'P' be prUdent !n membersSQF]aid DJ, Thibodeau SN, Blute ML, McDonnell SK. Genetic epidemiology of
high-risk families. The efficacy of this approach is unproven, prostate cancer [abstract]. American Urological Association, 1997 annual
and appropriate screening intervals and starting ages are unmeeting, New Orleans, LA.
known. Screening annually beginning at age 40 may be reasémith JR, Freije D, Carpten JD, Gronberg H, Xu J, Isaacs SD, et al. Major

able in high-risk families. The role of random sextant biopsies of susceptibility locus for prostate cancer on chromosome 1 suggested by ge
nome-wide search. Science 1996;274:1371-4.

the prostate is being explored; clearly, this technique will deteghi,nerq Gp, carter BS, Beaty TH, Childs B, Walsh PC. Family history and the
otherwise occult cancers, but whether there is a net benefit t0yisk of prostate cancer. Prostate 1990;17:337-47.

this approach remains to be determined.

Commen.ts.The.rlsk of prostaj[e cancer is increased threefo%_ Renal Cell Carcinoma (RCC) (Includes Familial
to fourfold in carriers of mutations in BRCA1 and BRCA2, . - ;

. . . ; A Papillary and Familial Nonpapillary Types, the Latter
which are associated with hereditary breast and/or ovarian cgn- 4 )

. ... . Also Known as Clear Cell Adenocarcinoma of the Kidney)

cer. The family tree should be evaluated for these possibilities.
The HPC1 gene locus at 1g24—q25 was identified by linkage OMIM numbers: 144700 (nonpapillary); 179755 (papillary).
analysis of 91 families with at least three affected first-degree Inheritance pattern: Autosomal dominant.
relatives (Smith et al., 1996). In that study, prostate cancer sus-Gene and chromosomal locationMET proto-oncogene at
ceptibility in 34% of the families was linked to this locus, indi-7q31.1-34 for papillary RCC; 3p14.2 for nonpapillary/clear cell
cating that other genes accounted for disease susceptibility in R@C.
remainder of the families. Prostate cancers developing in fami- Mutations: Mutations have been found in four of seven fami-
lies exhibiting linkage to the HPC1 allele are characterized tigs with papillary RCC (Schmidt et al., 1997). The gene for the
younger age at diagnosis, higher grade tumors, and more adnpapillary/clear cell type has not yet been cloned, but it is
vanced clinical stage when compared with cancers in noncariieought to be distinct from the von Hippel-Lindau gene, which
families (Gronberg et al., 1997). A study of treatment outcome involved somatically in most clear cell renal carcinomas.
in patients with localized prostate cancer suggested that familialincidence: Papillary renal cell cancer accounts for 15%—20%
prostate cancer may have a more aggressive clinical course tbhall RCCs and can be sporadic or familial, the proportions of
nonfamilial prostate cancer (Kupelian et al., 1997). A confirmavhich have not been determined. The incidence of the familial
tory study (Cooney et al.,1997) suggested that Africamonpapillary/clear cell type is unknown.
American families contributed disproportionately to the evi- Diagnosis: For papillary RCC, either bilateral or multifocal
dence of linkage. The gene encoding MAX-interacting protein iymors and no family history or a single tumor or multifocal
which has been mapped to 10925, has been shown to be delatetbrs and a first- or second-degree relative with papillary renal
in some prostate cancers, and mutations have been identifiedeti cancer. Zbar et al. (1995) studied 10 families with hereditary
the retained allele, suggesting a tumor suppressor role for thapillary RCC, showing male-to-male transmission. The diag-
gene. The androgen receptor gene has also been implicateddsis of familial nonpapillary/clear cell RCC is also based on
prostate cancer pathogenesis; the level of receptor activity mstory, family history, and ruling out von Hippel-Lindau dis-
creases with decreases in the length of exon 1 CAG and C@&&se and tuberous sclerosis.
microsatellite sequences in the encoding gene. MicrosatelliteLaboratory features: RCC can be divided into papillary and
length is shortest in populations at highest risk of prostate cano@npapillary/clear cell tumors (adenocarcinomas). Clear cell
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RCC is characterized genetically by frequent abnormalities of Gene and chromosomal locationRB1 at 13q14. This gene
chromosome 3p, whereas papillary RCC does not show 3p Iss 27 exons, extending over 180-kilobases (kb) of genomic
of heterozygosity. A specific translocation between chromosor®®A and producing a 4.7-kb transcript that encodes a protein of
X and chromosome 1, t(X;1)(p11.2;g21.2), has been report@@8 amino acids. The RB1 gene product is a negative regulatol
(Meloni et al., 1993) as a recurrent rearrangement in papillaoy cellular growth; it does so by sequestering various nuclear
RCC. This translocation fuses a transcription factor, TFEBroteins (DNA transcription factors) that are required to move
which is located on the X chromosome, with a novel genthe cell forward through the cell cycle.
PRCC, located on chromosome 1. Mutations: An array of large and small deletions and point
Associated malignant neoplasmsPapillary RCC. Informa- mutations that are distributed widely across the gene has bee
tion is too limited at present to state whether or not gene carrieeported. Lohmann et al. (1997) reported finding germline mu-
are at increased risks for other site-specific tumors. The followations in 17% of patients with isolated unilateral retinoblasto-
ing cancers were reported in seven papillary RCC families Inya, including one patient with somatic mosaicism. A rare, low-
Zbar et al. (1994): A gene carrier had stomach cancer at age génetrance mutation (61% disease in gene carriers) has bee
bilateral papillary renal carcinoma at age 56, and rectal cancergported by Bremner et al. (1997).
age 60; other gene carriers had breast cancer (one individual)|ncidence: Retinoblastomas have an incidence of one in
squamous cell cancer of the lung (one individual), pancreafi@ 500 to one in 25000. Approximately 60% are unilateral and
cancer (two individuals), and adenocarcinoma of the bile dumbnhereditary, approximately 15% are unilateral and hereditary.
(one individual). and approximately 25% are bilateral and hereditary. Males anc
In familial nonpapillary/clear cell RCC, cancer occurs at thiEemales are equally affected. Approximately 20%—-30% of indi-
average age that is 10 years younger than that observed foruiskials with germline mutations have new germinal mutations.
sporadic counterpart (which occurs between the ages of 50 arek frequency of gene mutation carriers in the general popula-
70 years), and the cancers are often multifocal and bilateral.tion is unknown.
Associated benign neoplasmdNone known. Diagnosis:Based on strabismus and/or leukocoria. However,
Surveillance strategies:von Hippel-Lindau disease and tu-various atypical presentations have been recorded. Approxi-
berous sclerosis should be ruled out in cases of nonpapillanyately 90% of all retinoblastomas are diagnosed before the ag
clear cell RCC. We suggest consideration of renal imaging evexy3 years, with the average age at diagnosis of 12 months in the
1-2 years, beginning at age 35 or at an age that is 10 yeease of bilateral disease and 18 months in unilateral disease
younger than the age at which the youngest member of tBenetic testing, including direct mutation analysis and linkage-
family was diagnosed with renal cancer. The risks and benefitased testing, is clinically available.
of cancer screening in this syndrome have not been established._aboratory features: Chromosomal deletions of 13q14 have
been reported in a minority of families and as a mosaic abnor-
References mality in some affected individuals, although no deletion is usu-
ally evident by examination of G-banded metaphase chromo-

Cohen AJ, Li FP,.Berg S, Marchetto.DJ, Tsai S, Jacobs SC, et gl. Hereditar me spreads or by fluorescant situ hybridization with an
renal-cell carcinoma associated with a chromosomal translocation. N En e
1-specific probe.

Med 1979;301:592-5. ) - ) )
Gnarra JR, Tory K, Weng Y, Schmidt L, Wei MH, Li H, et al. Mutations in the ~ Associated malignant neoplasmsHereditary retinoblasto-

VHL tumour suppressor gene in renal carcinoma. Nat Genet 1994;7:85-f0a iS an autosomal dominant disorder with more than 90%
Li FP, Marchetto DJ, Brown RS. Familial renal carcinoma. Cancer Genet szienetrance. Approximately 49% of the offspring of bilaterally
togenet 1982;7:271-5. affected parents develop retinoblastoma, whereas 42% of th

Mancilla-Jimenez R, Stanley RJ, Blath RA. Papillary renal cell carcinoma: 6} . . . . .
clinical, radiologic, and pathologic study of 34 cases. Cancer 1976;3@.f8p”ng of umlatera”y affected parents with heredltary disease

2469-80. are affected, suggesting variability in gene penetrance. Age a
McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore andnset has some predictive value with respect to the developmer
London: Johns Hopkins University Press, 1994. of bilateral disease, with bilateral disease developing in 85% of

Meloni AM, Dobbs RM, Pontes JE, Sandberg AA. Translocation (X;1) in papéases that present under the age of 6 months. in 82% of case

illary renal cell carcinoma. A new cytogenetic subtype. Cancer Genet Cy- .

toggnet 1993:65:1-6. yiog P that present between the ages of 6 and 11 months, in 44% o
Motzer RJ, Bander NH, Nanus DM. Renal-cell carcinoma. N Engl J Med 1996ases that present between the ages of 12 and 23 months, and

335:865-75. 6% of cases diagnosed over the age of 24 months.

Schmidt L, Duh FM, Chen F, Kishida T, Glenn G, Choyke P, et al. Germline and Second ma”gnam tumors were originally attributed to radia-
somatic mutations in the tyrosine kinase domain of the MET proto—oncogeﬂgn induction: however. in some analyses they occurred with
in papillary renal carcinomas. Nat Genet 1997;16:68-73. . ' ! L. . ) . .

Zbar B, Tory K, Merino M, Schmidt L, Glenn G, Choyke P, et al. HereditanyCr€ased frequency both within and outside the field of irradia-
papillary renal cell carcinoma. J Urol 1994;151:561-6. tion in individuals with hereditary retinoblastoma, and they oc-

Zbar B, Glenn G, Lubensky I, Choyke P, Walther MM, Magnusson G, et aturred with increased frequency even in those who had not
Hereditary papillary renal cell carcinoma: clinical studies in 10 families. dacejved radiation therapy. The incidence of second nonoculal
Urol 1995,153:907-12. tumors in hereditary bilateral retinoblastoma has been reportec

as 4.4% at 10 years, 18.3% at 20 years, and 26.1% at 30 yeat

28. Retinoblastoma after diagnosis (Roarty et al., 1988). Among those who develop
second nonocular tumors, 10% do so by 10 years, 50% do so b

OMIM number: 180200. 20 years, and 90% do so by 30 years after being treated fol
Inheritance pattern: Autosomal dominant. retinoblastoma. The second nonocular tumor observed mos
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commonly was osteosarcoma (risk increased by 500-fold). Bimoaku WM, Willshaw HE, Parkes SE, Shah KJ, Mann JR. Trilateral retino-
brosarcomas, chondrosarcomas, epithelial malignant tumors,t"as“’};“at-)AI:r)ecpoét of f"l’le \F;S‘_tl'e”tsM‘J:aS?Zr 1936/;1818%8;"5:3-“/' —
Ewing’s sarcomas, leukemias, lymphomas, melanomas, br&fgmne" R. Bu DC. Connolly-Wilson M), Bridge P, Ahmad KF, Mostachfi H,

. . ‘etal. Deletion of RB exons 24 and 25 causes low-penetrance retinoblastoma
tumors, a_md plnealqblastomas were aI;o reported. The combinaam j Hum Genet 1997:61:556-70.
tion of bilateral retinoblastoma and pinealoblastoma has beg®p, Abramson DH, Tarone RE, Kleinerman RA, Fraumeni JF Jr, Boice JD Jr.
referred to as “trilateral retinoblastoma.” Moll et al. (1997) Hereditary retinoblastoma, lipoma, and second primary cancers. J Natl Can-
reviewed 11 different studies on second primary tumors in plg-hcer '”Séégg;ggf;_‘g 4B Oelschiager U. Lorenz B. P E otal
. . . . . . ohmann , Geric , bran , Oelschlager U, Lorenz b, Passarge k, et al.
tients with re_tmOblaStoma and reported the cumulative inciden € Constitutional RB1-gene mutations in patients with isolated unilateral reti-
of second primary tumors as 15.7% by_age 20 years and 19% by,opjastoma. Am J Hum Genet 1997:61:282—94.
age 35 years. Among the second primary tumors, 37% waeleKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
osteosarcomas, 7.4% were melanomas, 6.9% were soft-tissuéondon: Johns Hopkins University Press, 1994.

sarcomas, and 4.5% were brain tumors; other individual turTM?” AC, Imhof SM, Bouter LM, Tan KE. Second primary tumors in patients
types occurred less frequently with retinoblastoma. A review of the literature. Ophthalmic Genet 1997;18:

X . . . . 27-34.
Associated benign neoplasmdRetinomas, benign retinal tu- rimoin bL, Connor Im, Pyeritz RE, editors. Emery and Rimoin’s principles and

mors, and lipomas (Li et al., 1997). practice of medical genetics. 3rd ed. New York: Churchill Livingstone,
Surveillance strategies:According to expert opinion (not  1996. _ . _
controlled trials), high-risk individuals should have an ophthaRoary JD. McLean IW, Zimmerman LE. Incidence of second neoplasms in

. . . . - patients with bilateral retinoblastoma. Ophthalmology 1988;95:1583-7.
mologlc examination at birth and every 8-12 weeks thereaﬂ§crriver CR, Beaudet AL, Sly WS, Valle D, editors. Metabolic and molecular

up to the age of 2 years. Examination requires pupillary dilation, pasis of inherited disease. 7th ed. New York: McGraw-Hill, 1995.
and the patient may need anesthesia during this procedure. After

age 2 years, examinations should be repeated every 6 months

until the age of 12 years, and then they should be repea®@ Rothmund-Thomson Syndrome

annually. A high index of suspicion should exist for sarcomas in

individuals at risk or who have had retinoblastomas. The role of OMIM number: 268400.

genetic testing in at-risk individuals should be considered. In Inheritance pattern: Autosomal recessive.

patients with a negative family history, the parents and all sib- Gene and chromosomal locationUnknown.

lings should undergo a baseline examination. Sometimes a parMutations: Not yet identified.

ent will show evidence of a spontaneously regressed tumor (alncidence: Very rare; around 200 cases worldwide have been
well-documented occurrence in retinoblastoma), in which cassported.

the prognosis and screening guidelines will be modified accord- Diagnosis: Based on clinical gestalt. Skin atrophy, marble-

ingly. A high index of suspicion for second primary tumors is&zed pigmentation (“poikiloderma”), and telangiectasia, espe-
warranted, but specific screening is not advised. The risks atidlly of extensor surfaces, begin appearing in the 3rd to 6th
benefits of cancer screening in this syndrome have not bemonth of life; cataracts may develop in the 4th to 7th year.

established. Hypogonadism is observed in 25% of affected individuals, and
Comments: The following empiric risks of recurrence arenail dystrophy is observed in 25%. Short stature and normal
used for genetic counseling: intellect are observed. Some individuals have radial ray anoma:

lies, and microdontia may be found.

Laboratory features: No consistent findings. Five patients
were reported (McKusick, 1994) with clonal and nonclonal cy-
togenetic rearrangements, often involving chromosome 8, rep:
resenting acquired mosaicism. There are inconsistent reports c
reduced DNA repair after exposure of cells to ultraviolet C and
v-irradiation. Lindor et al. (1996) have reported a normal re-
sponse to mitomycin Gn vitro, normal sister chromatid ex-
change, normal bleomycin-induced breakage, no evidence o
microsatellite instability, and normal p53 expression.

Associated malignant neoplasmsAmong the 200 or so
individuals described in the world’s literature, eight cutaneous
cancers have been reported; they include four squamous ce
carcinomas (diagnosed at the ages of 32, 32, 91, and 92 years
two Bowen'’s disease (diagnosed at the ages of 14 and 49 years
one basal cell carcinoma (diagnosed at age 25 years), and or
spinocellular carcinoma (diagnosed at age 32 years).

Approximately 12 individuals with Rothmund-Thomson syn-
drome have had osteosarcomas reported (tibiss B; calca-
References neous, n= 1; humerus, n= 2; fibula, n = 1; and femur, n=
Abramson DH, Ellsworth RM, Kitchin FD, Tung G. Second nonocular tumors ig)’ including an 18—year-o|d with three metac_hronous lesions.

retinoblastoma survivors. Are they radiation-induced? Ophthalmology 198khe other cases were diagnosed at the following ages: 5, 6, 11

91:1351-5. 11, 12, 13, 14, 19, 19, 31, and 32 years. One case has bee

1) For offspring of an individual with unilateral dis-
ease where the family history is clearly negative
and before any affected children have been born,
the risk is one in 20.

2) For the siblings of an individual with sporadic uni-
lateral disease where the family history is clearly
negative, the risk is one in 20.

3) For the offspring of an individual with bilateral
disease where the family history is positive or
negative, the risk is two in five.

4) For the siblings of an individual with sporadic bi-
lateral disease where the family history is clearly
negative, the risk is one in 10.

5) For the additional siblings of an individual with
bilateral or unilateral disease where a second
member of the sibship is also affected (either uni-
laterally or bilaterally) but no other relatives are
affected, the risk is two in five.
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reported for each of the following: parathyroid adenoma (diagest that monthly testicular self-examination and annual clini-
nosed at age 36 years), Hodgkin’s “sarcoma” (diagnosed at agjan examination plus testicular ultrasound starting 10 years
16 years), fibrosarcoma (age at diagnosis unknown), and gasprior to the age at diagnosis of the youngest case in the family
carcinoma (diagnosed at age 28 years). may be prudent. The role of tumor markers, suchoeas
Associated benign neoplasmsiVarty dyskeratosis. fetoprotein and human chorionic gonadotrofinis undefined.
Surveillance strategies:None known. There should be an
increased index of suspicion for cancer, especially involving tfeéferences
skin and bones. The risks and benefits of cancer screening in #jgnan b, oliver RT, Brett AR, Marsh SG, Moses JH, Bodmer JG, et al.
syndrome have not been established. Familial testicular cancer: a report of the UK family register, estimation of
Comments: Reduction of standard chemotherapy doses was risk and an HLA class 1 sib-pair analysis. Br J Cancer 1992;65:255-62.
required in the siblings reported by Lindor et al. (1996) becauseéimdal KI Olsson H, Tretli S, F'Oc(‘jgfe” Ev Bo”esed” AL, Fossa SD. Familial
of excessive marrow suppression. With no diagnostic criteria or ;%sﬁg ar cancer in Norway and southern Sweden. Br J Cancer 1996;73:
laboratory marke_rs, it is d|ﬁ!cul'§ to know_lf all patients reporteq gapy MG, Tonks S, Moses JH, Brett AR, Huddart R, Forman D, et al. Can-
have the same disorder or if this group is heterogeneous. Accu-didate regions for a testicular cancer susceptibility gene. Hum Mol Genet
rate risks for cancer are not known because this disorder may bel995;4:1551-5.
underdiagnosed on the one hand, and there may be ascertdiity VV, Renault B, Falk CT, Bosl GJ, Kucherlapati R, Chaganti RS. Physical
ment bias for reporting the cases with cancer. Lindor et al. mapping ofacommonly.deleted region, the site of a candidate tumor sup-
ressor gene, at 12922 in human male germ cell tumors. Genomics 1996
(1996) have speculated that Rothmund-Thomson syndrome ma£5:562_70_
be biologically related to, or perhaps even allelic with, Wernerisatel SR, Kvols LK, Richardson RL. Familial testicular cancer: report of six
syndrome, the gene for which has been recently cloned. cases and review of the literature. Mayo Clinic Proc 1990;65:804-8.

References .
31. Tuberous Sclerosis

B ML itor. Birth defi | ia. f .K.): Blackwell Scien-
yse M. edior, Birth defects encyclopedia. Oxford (U.K.): Blackwell SClen” - oMM numbers: 191100 for TSC1; 191092 for TSC2.

Drouin CA, Mongrain E, Sasseville D, Bouchard HL, Drouin M. Rothmund- Inheritance pattern: Autosomal dominant.
Thomson syndrome with osteosarcoma. J Am Acad Dermatol 1993;28: Gene and chromosomal locationAccording to Povey et al.
301-5. (1994), approximately 50% of families show linkage to TSC1 at
Lindor NM, Devries EM, Michels VV, Schad CR, Jalal SM, Donovan KM, et aI9q34 and the remainder show Iinkage to TSC2 at 16p13.3. Link-
Rothmund-Thomson syndrome in siblings: evidence for acquimedvo . .
mosaicism. Clin Genet 1996:49:124-9. ages. to both 11g and 12p were reported earller, but. there is
McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore anfOWiNg consensus that no tuberous sclerosis-associated gen
London: Johns Hopkins University Press, 1994. are encoded on either of these latter chromosomes and that th
Vennos EM, Collins M, James WD. Rothmund-Thomson syndrome: review fdentified sites account for all tuberous sclerosis. The TSC1 gene
the world literature. J Am Acad Dermatol 1992;27:750-62. has 23 exons, encoding a protein called “hamartin.” Most re-

ported mutations have been of the protein-truncating type. The

30. Testicular Carcinoma, Familial TSC2 gene at 16p13.3 encodes a widely expressed transcrif

whose gene product, “tuberin,” shows homology to the guano-

OMIM number: 273330. sine triphosphatase-activating protein GAP3. Wienecke et al.

Inheritance pattern: Possible autosomal dominant. (1995) reported that the loss of tuberin leads to constitutive

Gene and chromosomal locationGene unknown. Involve- activation of Rapl, an RAS-related protein. Wilson et al. (1996)

ment of 12922 is suggested by cytogenetic studies. reported finding germline TSC mutations in nine of 26 appar-
Mutations: No information. ently sporadic cases of tuberous sclerosis.

Incidence: Rare. Surveys have documented a positive family Mutations: Various mutations scattered throughout these
history of testicular cancer in 2%—-6% of cases. Standardizgenes have been reported. Most TSC1 mutations have been trul
incidence ratios were 10.2 for brothers, 4.3 for fathers, and ZEdting in type.
for sons. Incidence: Estimated at approximately one in 30000 indi-

Diagnosis: Based on clinical history only. Bilateral cancerwiduals under the age of 65 years and one in 15000 under the ag
are three to four times more common in familial cases than @i 5 years. Up to 60% of cases represent new mutational diseas
nonfamilial cases. The median age at diagnosis is significantly Diagnosis: Genetic testing is not yet clinically available.
younger in familial cases than in nonfamilial cases. The cumtiable 7 shows the diagnostic criteria currently used for the tu-
lative risk to a brother of a case patient is reported variably to berous sclerosis complex (Gomez, 1988).

2.2% by age 50 years and 4.1% by age 60 years. Laboratory features: Linkage-based predictive testing has
Laboratory features: None. limited availability. Mutational analysis is not yet available on a
Associated malignant neoplasmsBoth seminomatous and clinical service basis.

nonseminomatous germ cell tumors occur in high-risk families. Associated malignant neoplasmsThere is a 5%—14% inci-

Several families have included females with ovarian germ celénce of childhood brain tumors in patients with tuberous scle-

tumors. rosis, of which more than 90% are subependymal giant-cell as-:

Associated benign neoplasmsNone known. trocytomas. Tuberous sclerosis is associated with renal cel

Surveillance strategies: The risks and benefits of cancercancer, which was diagnosed in three of 139 patients assessed |
screening in this syndrome have not been established. We sGgek et al. (1996). (This observation does not imply a known
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Table 7. Diagnostic criteria for tuberous sclerosis complex (TSC) Surveillance strategiesThe general management of patients
) with tuberous sclerosis is beyond the scope of this handbook
Primary features e . .
Facial angiofibromas* Specific cancer screening has not been defined, and the value c
Multiple ungual fibromas* , recurrent imaging of the head and the kidneys in an individual
Cortical tuber (histologically confirmed) with known tuberous sclerosis is unknown and perhaps shoulc

Subependymal nodule or giant cell astrocytoma (histologically confirmed) A . .
Multiple calcified subependymal nodules protruding into the ventricle b€ reserved for individuals with new signs or symptoms sugges-

(radiographic evidence) tive of a change in the organs. A survey (Gomez, 1988) of 355
Multiple retinal astrocytomas patients at the Mayo Clinic showed that 49 were deceased, nine
SeXf?Q?taerX ffier::tt_tér:;ee elative from causes unrelated to tuberous sclerosis, 13 from status ep
Cardiac rhabdomyoma (histologic or radiographic confirmation) lepticus or pneumonia with severe mental retardation, four from
Other retinal hamartoma or achromic patch* pulmonary lymphangiomyomatosis, one from cardiac rhabdo-
Cerebral tubers (radiographic confirmation) myoma, one from thoracic artery rupture, 10 from brain tumors,
Noncalcified subependymal nodules (radiographic confirmation) . .
Shagreen patch* and 11 from renal disease that included two cancers.
Forehead plaque* o ' o Comment: Evaluation and care of individuals with tuberous
Pulmonary lymphangiomyomatosis (histologic confirmation) sclerosis require a multidisciplinary approach, involving neu-
Renal angiomyolipoma (radiographic or histologic confirmation) logiist hthalmologists. d tologist ticist di
Renal cysts (histologic confirmation) rologists, ophthalmologists, dermatologists, genetcists, cardl-
Tertiary features o!oglsts, nephrologists, developmental specialists, pulmonolo-
Hypomelanotic macules* gists, and others.

“Confetti” skin lesions*

Renal cysts (radiographic evidence)

Randomly distributed enamel pits in deciduous and/or permanent teeth References
Hamartomatous rectal polyps (histologic confirmation)

Bone cysts (radiographic evidence)

Pulmonary lymphangiomyomatosis (radiographic evidence) Bjornsson J, Short MP, Kwiatkowski DJ, Henske EP. Tuberous sclerosis-
Cerebral white-matter “migration tracts” or heterotopias (radiographic associated renal cell carcinoma. Clinical, pathological, and genetic features.
evidence) Am J Pathol 1996;149:1201-8.
Gingival fiboromas* Cook JA, Oliver K, Mueller RF, Sampson J. A cross sectional study of renal
Hamartoma of other organs (histologic confirmation) involvement in tuberous sclerosis. J Med Genet 1996;33:480—4.
Infantile spasms Gomez MR. Tuberous sclerosis. New York: Raven Press, 1988.
Definite TSC: One primary feature, two secondary features, or one seconddByether P, Carnevale A, Pasquel P. Wilms’ tumor in an infant with tuberous
feature plus two tertiary features sclerosis. Ann Genet 1987;30:183-5.
Probable TSC: One secondary feature plus one tertiary feature or three ~ Povey S, Burley MW, Attwood J, Benham F, Hunt D, Jeremiah SJ, et al. Two
tertiary features loci for tuberous sclerosis: one on 9934 and one on 16p13. Ann Hum Genet

1994;58:107-27.

van Baal JG, Fleury P, Brummelkamp WH. Tuberous sclerosis and the relation
with renal angiomyolipoma. A genetic study on the clinical aspects. Clin
Genet 1989;35:167-73.

van Slegtenhorst M, de Hoogt R, Hermans C, Nellist M, Janssen B, Verhoef S,
et al. Identification of the tuberous sclerosis gene TSC1 on chromosome

lifetime risk.) The age at diagnosis of renal cell cancer has been9a34. Science 1997,277:805-8. _

reported to be younger than that of sporadic renal cell canc&enecke R, Konig A, DeClue JE. Identification of tuberin, the tuberous scle-
- . rosis-2 product. Tuberin possesses specific Rap1GAP activity. J Biol Chem

Wilms’ tumor has been reported in the context of tuberous scle- 1995.270:16400-14.

rosis, but whether this is a true association or not is unknowison PJ, Ramesh V, Kristiansen A, Bove C, Jozwiak S, Kwiatkowski DJ, et

Hurtle cancer of the thyroid has also been reported. al. Novel mutations detected in the TSC2 gene from both sporadic and
Associated benign neoplasmsCortical tubers, subependy- familial TSC patients. Hum Mol Genet 1996;5:249-56.

mal nodules, retinal hamartomas, and facial angiofiboromas (the

latter in 80% of postpubertal patients; also called “adenoma

sebaceum”). Cook et al. (1996) reported renal lesions in 2. von-Hippel-Lindau (VHL) Disease

(61%) of 139 patients. Among these 85 patients with renal le-

sions, 40 had only angiomyolipomas, 17 had only renal cysts, OMIM number: 193300.

and 28 had both. The angiomyolipomas were multiple in 91% Inheritance pattern: Autosomal dominant.

and bilateral in 84%. Cardiac rhabdomyomas may present pre-Gene and chromosomal locationVVHL gene at 3p25—p26,

natally or perinatally. (It is estimated that 51%—86% of cardiaghich contains three exons and encodes a 213-amino acid prc

rhabdomyomas may be associated with tuberous sclerosisil product. This protein appears to play a role in the transduc-

Shagreen patches are present in 54%—55% of affected indivilan of growth signals generated by changes in ambient oxyger

als. Ungual fiboromas are usually not present in children undemnsion.

the age of 5 years; however, they are found in 23% of affected Mutations: In one series of 469 VHL families, 137 distinct

children between the ages of 5 and 14 years and in 88% miitations were found, including a variety of missense, non-

patients older than 30 years of age. Multiple dental enamel pésnse, and deletion mutations.

in secondary dentition are seen in 71% of patients with tuberousincidence: One in 36 000, with nearly complete penetrance

sclerosis, compared with 0.88% in control subjects. Adrenal doy the age of 65 years and an average life expectancy of 4¢

giomyolipomas, adrenal adenomas and paragangliomas, pangears. The age at onset of symptoms ranges from 11 to 65 year:

atic adenomas, and parathyroid adenomas are also reportedwith means ranging from 23 to 33 years in different studies.

Suspect TSC: One secondary feature or two tertiary features

*Histologic confirmation is not required the lesion is clinically obvious.
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Diagnosis: Based on clinical criteria as follows: cluding simple cysts (in 76%, most often multiple and bilateral),
hemangiomas (in 7%), benign adenomas (in 14%), and malig-
nant renal cell carcinomas (in 35%—75% in autopsy series, ofter
multiple and bilateral).

Pheochromocytomas occur in 3.5%-17% of VHL patients,
but they tend to cluster in certain kindreds; 26%—-34% of these
lesions are bilateral, with an average age at diagnosis in variou:
studies between 25 and 34 years. Malignant pheochromocyto
mas are very rare in VHL. Benign adenomas and paraganglio-
mas of the sympathetic chain are infrequently found in VHL.

Epididymal cysts are found in 7%—27% of patients and range
in size from 0.5 cm to 2.0 cm. Benign epididymal papillary
cystadenomas are found in 3%—-26% of males on autopsy serie:
Hepatic cysts (in 17% of patients), hemangiomas (in 7% of
patients), and adenomas (in 3% of patients) have been reporte
in autopsy series. Angiomas and cysts of the spleen have bee
reported in 3%—7% of autopsied patients. Endolymphatic sac

Laboratory features: Mutation analysis is now available ontumors have been reported to cause hearing loss. In genera
a clinical basis. Linkage analysis is clinically available in suittysts and hemangiomas can occur in a wide variety of tissues ir
able pedigrees. In some cases, these tests render clinical critenia patients with VHL.
unnecessary. Surveillance strategies:We suggest the following guide-

Associated malignant neoplasmsThree distinct cancer lines: 1) annual physical examination with neurologic evaluation
phenotypes have been identified as follows: 1) renal cell caréor signs of cerebellar or spinal cord lesions; 2) annual ophthal-
noma without pheochromocytoma, 2) renal cell carcinoma withologic examination; 3) red blood cell count for polycythemia
pheochromocytoma, and 3) pheochromocytoma alone. Mal{gaused by erythropoietin from renal cysts and cerebellar he-
nant renal cell carcinoma occurs in 35%-75% of affected indinangioblastoma); 4) annual urinalysis, urine cytologic exami-
viduals in autopsy series and in 25%—-38% in clinical series; thation, urinary metanephrine analysis, and vanil mandelic acid
renal cell cancers are often multiple and bilateral. The mean ageasurement; 5) initial imaging of the central nervous system
at diagnosis in various studies was 41-45 years (range, 20-26@ the spinal cord by magnetic resonance imaging with gado:
years). The average age at death from renal cell cancer is 4ihkum around age 11 years (the value of further imaging in
years. Pancreatic cystadenocarcinoma or islet cell tumors tendsymptomatic individuals is unclear; biennial imaging may be
cluster in certain families, where the incidence ranges from 7.5%asonable); 6) annual imaging for the kidneys and the pancrea
to 25%. APUDomas (a tumor composed of APUD [amine préy computed tomography and/or ultrasound beginning no later
cursor uptake and decarboxylation] cells) that produce vaso#itan age 18 years. The optimal screening program in VHL dis-
tive intestinal peptide and cause hypercalcemia have beenease and the risks and benefits of cancer screening in this syr
ported. Overall, pancreatic cancer is not common in VHIdrome have not been established.

Carcinoid has been reported in at least two VHL patients (one in Comments: All affected patients should have genetic coun-
the common bile duct) (Michels, 1987). seling, and evaluation of all first-degree relatives is advised. The

Associated benign neoplasmsRetinal angiomas may resultage at which screening of at-risk family members can be safely
in visual loss. These angiomas have been detected in childremizsontinued has not been determined. The VHL locus has re:
young as the age of 4 years, but typically they become evidexntly been shown to be involved in patients with the constitu-
between the ages of 21 and 28 years. tional chromosome translocation t(3;8)(p14;g24) who have renal

Also found are central nervous system hemangioblastomesll cancer only.
retinal angiomas, and renal cysts and adenomas, as noted above.
In addition, pancreatic cysts, which can be multiple and occgéferences
sionally Iarge_, are_ detected in 9%_29_% of patients by CompUtﬁgKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
tomography imaging; pancreatic angiomas or cystadenomas are ondon: Johns Hopkins University Press, 1994.
found in 7% of patients; and hemangioblastomas are rare. C#irchels VV. von Hippel-Lindau disease, chapt 4. In: Gomez M, editor. Neuro-
tral nervous system hemangioblastomas, which are histologi-cutaneous diseases. Boston: Butterworth, 1987:53-66.
cally benign tumors, occur in 50%—79% of autopsy_conﬁrme%ortmeyer AO, Choo D,_ Pack SD,_ Oldfiel_d E, Zhuang Z. von Hippel-Lindau
cases and in 18%—44% of patients in clinical series; they are thedlsease gene alteratlo.ns .assouated with endolymphatic sac tumor [letter]. .

. . Natl Cancer Inst 1997;89:970-2.

cause of the first symptoms of VHL in 40% of cases and cauggxr , Kishida T, Chen F, Schmidt L, Maher ER, Richards FM, et al. Germline
more than 50% of the deaths. The average age at the first sSympmutations in the Von Hippel-Lindau disease (VHL) gene in families from
tom of hemangioblastoma is 30 years (range, 9-62 years). TheNorth America, Europe, and Japan. Hum Mutat 1996;8:348-57.
location of the hemangioblastomas is cerebellar in 60%—75% of
affected individuals, but spinal heman.gioblastomas (_)ccur.é%' Werner's Syndrome (“Adult Progeria”)
10%-35% of cases (can be asymptomatic). Supratentorial lesions
are rare (rule out metastatic renal cell carcinoma if lesion seen). OMIM number: 277700.

Twenty percent to 100% of patients have renal lesions, in- Inheritance pattern: Autosomal recessive.

1) Central nervous system plus retinal hemangioblas-
toma
or
2) Central nervous system or retinal hemangioblas-
toma plus one of the following:
(a) Multiple renal, pancreatic, or hepatic cysts
(b) Pheochromocytoma
(c) Renal cancer
or
3) Definite family history plus one of the following:
(a) Central nervous system or retinal hemangio-
blastoma
(b) Multiple renal, pancreatic, or hepatic cysts
(c) Pheochromocytoma
(d) Renal cancer
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Gene and chromosomal location:WRN gene, which en- References
codes a DNA helicase, at 8p12—p11.2 (identified in both Japa-
nese and Caucasians). The gene has 35 exons, and the encoeted/. Miller RW, Ishikawa Y, Sugano H. Excess of rare cancers in Werner

protein contains 1432 amino acids. Mutations in WRN trigger syndrome (adult progeria). Cancer Epidemiol Biomarkers Prev 1996;5:
) 239-46.

premature expression of inhibitors of DNA synthesis and inhibjigen, H, Bryant EM, Au K, Norwood TH, Boman H, Martin GM. Variegated
tors of the expression of other genes. The net result is earlytranslocation mosaicism in human skin fibroblast cultures. Cytogenet Cell
cellular senescence. Genet 1975;15:282-98.

Mutations: Ten distinct mutations have been reported (Yu McKusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
. ; London: Johns Hopkins University Press, 1994.
al., 1997); all of these mutations create a stop codon of CalﬁlfsueCE, Oshima J, Fu YH, Wijsman EM, Hisama F, Alisch R, et al. Positional

frame_Sh'ftS’ Iead!ng to prematu_re polypeptlde te_rm'nat'on' cloning of the Werner’'s syndrome gene. Science 1996;272:258-62.
Incidence: Estimated at one in 50000 to one in 1000 000. Ku CE, Oshima J, Wijsman EM, Nakura J, Miki T, Piussan C, et al. Mutations
may be more common in Japan. in the consensus helicase domains of the Werner syndrome gene. Werner’

Diagnosis: Clinical gestalt. Growth arrests at puberty; cata- Syndrome Collaborative Group. Am J Hum Genet 1997;60:330—41.
racts occur in the second and third decades. Premature graying
and balding, scleroderma-like changes of the limbs, Qiminuti%_ Wilms' Tumor (Nephroblastoma)
of muscle mass and of subcutaneous tissue, chronic pressure
ulcers over the feet and ankles, premature arteriosclerosis, adulOMIM numbers: 194070 (WT1); 194071 (WT2); 194090
onset diabetes (in 44% of cases), endocrine failure, and localif@dr 3).
soft-tissue calcification also occur. The average lifespan is 47 Inheritance pattern: Autosomal dominant.
years. Intellect is normal. Old age appearance is evident by ageGene and chromosomal location:At least three different
30-40 years. genetic entities are associated with Wilms’ tumor, i.e., the WT1
Laboratory features: No diagnostic finding. Chromosomalgene at 11p13, a second predisposing locus (WT2) at 11p15.5
variegated translocation mosaicism has been reported (Hoeharat a third locus (WT3) that is suggested by the existence of
al., 1975). Microsatellite instability is absent. familial cases with no linkage to the other two sites.
Associated malignant neoplasmsGoto et al. (1996) re-  Mutations: The WT1 gene has been cloned, and the protein
ported on 34 non-Japanese case patients with WRN (13 from Hieds p53 and suppresses transcription initiated from the epider
United States) with 30 cancers and on 124 Japanese case patimatsgrowth factor receptor 1 and insulin-like growth factor-II
with WRN with 127 cancers. The cancers were diagnosed hromoters. Mutation analysis is not yet available as a clinical
tween the ages of 25 and 64 years, except for one 20-year-tast.
with osteosarcoma and a 24-year-old with acute myelogenousTumor development requires two “hits” to the WT1 gene;
leukemia. one is inherited (germline), and the other is somatic (acquired).
Among the 124 Japanese, there were 23 soft-tissue sarcorbadike other tumor suppressor genes, which do not manifest &
21 melanomas (which occurred in unusual locations, especidthgs of function in the heterozygous state, hemizygosity for WT1
intranasally and on the feet), nine osteosarcomas, and 14 heozaises developmental anomalies of the genitourinary tract, in:
tologic disorders. In addition, there were 63 epithelial cancetkiding cryptorchidism or hypospadias. (Aniridia, which dem-
recorded, including 20 thyroid cancers (10 follicular, eight papnstrates a nonrandom association with Wilms’ tumor, is due to
illary, and two anaplastic), six gastric cancers, six breast cancex$erations involving a homeobox gene that is contiguous with
three hepatocellular cancers, four biliary cancers, and a vari®f1.) The cause of the retardation in WAGR (Wilms’ tumor—
of other tumors reported less frequently. aniridia—genitourinary anomalies—retardation) syndrome is un-
Among the 30 cases among non-Japanese, there were séwenwn.
soft-tissue sarcomas, four osteosarcomas, three melanomas, art€ertain point mutations in the zinc-finger domains of WT1
four hematologic disorders. Eleven nonepithelial tumors wetleat affect the DNA-binding domains have a dominant negative
reported, the most notable including seven nonmelanotic skiffect, producing severe genitourinary malformations, with
cancers and two thyroid cancers. The ratio of epithelial (cargiseudohermaphroditism and mesangial sclerosis of the kidne)
noma) and nonepithelial (sarcoma) cancers in Werner's syhat may lead to renal failure in early childhood (Drash syn-
dromeis 1:1, in striking contrast to the 10: 1 ratio in the generdiome).
population. The gene(s) at 11p15 related to Wilms’ tumor predisposition
Associated benign neoplasmsSixteen of the 124 Japaneséhave not yet been clearly identified. Candidate genes in this
case patients had benign meningiomas (multiple in only onegion include p57F? H19, and IGF2.
patient), and seven of the 30 non-Japanese case patients hddcidence: Wilms’ tumor occurs in one in 10000 children.
benign meningiomas (multiple in one patient). Among these, 10%-30% are thought to have a germline muta:
Surveillance strategies: The risks and benefits of cancertion in WT1 (one in 30000 to one in 100000). Overall, it has
screening in this syndrome have not been established. On tigen estimated that less than 1% of all cases of Wilms’ tumor
basis of the new observations of Goto et al. (1996), we suggessult from a gene mutation inherited from a parent. Most germ-
that regular clinical surveillance for melanomas (including irine mutations, therefore, are due to new germline mutations.
tranasal examination) and thyroid masses is warranted beginningAniridia occurs in one in 70000, but Wilms’ tumor occurs in
in adolescence. Regular hematologic surveys may also be usefak in 70 children with aniridia.
A high index of suspicion for neoplasia in general should be Diagnosis: Ten to thirty percent of affected children with
maintained. Wilms’ tumors present with bilateral or multifocal disease, sug-
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gestive of a predisposing genetic lesion. However, it appears tHagree relatives of children with Wilms’ tumor have been
the familial tumor is rare, so the majority of bilateral/multifocateported (Hartley et al., 1994) in a population-based series of
cases appear to represent new mutation dominant disease.2BB children with renal tumors, including 192 with Wilms’ tu-
lateral tumors have an age of onset that is 1-2 years earlier thaor, suggesting some common underlying genetic factors evelr
that of unilateral cancers, and they may be associated withngamilies without more than one case of Wilms’ tumor.
positive family history for Wilms’ tumors. Wilms’ tumors are  Associated benign neoplasmaNone known.
usually seen under the age of 5 years, but they are also reporte@urveillance strategies: For Beckwith-Wiedemann syn-
in young adults. Males and females are equally at risk fdrome, some have advocated abdominal palpation, abdomine
Wilms’ tumors. ultrasound, and serum-fetoprotein measurement every 6
In individuals with a diagnosis of Wilms’ tumor, evidence fomonths until the age of 6 years.
a genetic predisposition should be carefully sought, i.e., a family For others believed to be at risk for the development of first
history of Wilms’ tumor or other embryologic tumor, aniridia, aor recurrent Wilms’ tumors, renal ultrasound every 4—6 months
genitourinary disorder, the presence of multifocal disease, amtlough age 6 years may be reasonable. The risks and benefits ¢
consideration of Beckwith-Wiedemann syndromsed beloyx  cancer screening in familial Wilms’ tumor of any type have not
In 2% of cases, Wilms’ tumor arises in the context of thbeen established.
WAGR syndrome, which is a contiguous gene-deletion syn-
drome incorporating the 11p13 locus. References
Wilms’ tumor is also seen in association with Beckwitheartiey AL, Birch JM, Blair V, Kelsey AM, Harris M, Jones PH, et al. Geni-
Wiedemann syndrome, a disorder characterized by hemihyper-tourinary tumors in the families of children with renal tumors. Cancer Genet
trophy or generalized macrosomia, enlarged organs (particularly Cytogenet 1994;72:28-32.
the tongue and the abdominal viscera), umbilical hernia, prorﬂP_nes_KL. In:_Smith’s recognizable patterns of human malformation. 4th ed.
. . . . . Philadelphia: WB Saunders, 1988.
.ne.nt eyes, posterior helical pits and _other Crar_HOfaC'al CharaCtﬁE'Kusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
istics, and neonatal hypoglycemia in one third to one half of | ondon: Johns Hopkins University Press, 1994.
cases (related to pancreatic overgrowth). A 7.5% incidence @Keefe D, Dao D, Zhao L, Sanderson R, Warburton D, Weiss L, et al. Coding
cancer in patients with Beckwith-Wiedemann syndrome has mutations in p57KIP2 are present in some cases of Beckwith-Wiedemann
been reported (Scriver, 1995); these cancers include hepatoblas%{’f;égmse()g“t are rare or absent in Wilms tumors. Am J Hum Genet 1997,
tomas, adrenc_'cortl(_:al carcinoma, gonadqblastoma, and Wllrggr’iver CR, Beaudet AL, Sly WS, Valle D, editors. Metabolic and molecular
tumor. Beckwith-Wiedemann syndrome is related to complex pasis of inherited disease. 7th ed. New York: McGraw-Hill, 1995.
events involving a second locus on chromosome 11pl5. The
precise gene or genes_have_ not been determined. On the bas§§9erroderma Pigmentosum (XP) and Its Multiple
family studies, Beckwith-Wiedemann syndrome appears to he :
. ) : . omplementation Groups (A-G)
caused by gene mutations inherited from a carrier mother, by
segmental paternal uniparental disomy, or by paternally derivedOMIM numbers: 278700 (XPA gene in group XP-A);
duplications of the 11p15 region. (The underlying theme in thi33510 (ERCC3 gene in group XP-B); 278720 (XPC gene in
disease is a relative excess of paternally contributed genes ingheup XP-C); 278730 (ERCC2 gene in group XP-D); 278740
Beckwith-Wiedemann syndrome-associated region.) The re(XPE gene in group XP-E); 278760 (ERCC4 gene in group
tive contribution of Beckwith-Wiedemann syndrome to all case§P-F); 278780 (ERCC5 gene in group XP-G).
of Wilms’ tumor is unknown because this condition is underdi- Inheritance pattern: Autosomal recessive.
agnosed and is not usually diagnosable with currently availableGenes and chromosomal locationsThe genes are involved
laboratory techniques. Fig. 1 shows the relationship of Wilmsi excision repair of ultraviolet radiation-induced DNA pyrim-
tumor to the gene loci and syndrome diagnoses. idine dimers. XP is genetically heterogeneous. XP-A is on
Laboratory features: None are specific. 9934.1; XP-B is on 2g21; XP-C is on 3p25.1; XP-D is on
Associated malignant neoplasmswilms’ tumor in the case 19913.2; XP-E is on 11p12—p11; XP-F is on 16p13.2—p13.1; anc
of WT1 mutations; other embryologic tumors in BeckwithXP-G is on 13932—-g33.
Wiedemann syndrome as noted above. Increased rates of a vavutations: Various mutations have been reported in each of
riety of non-Wilms’ genitourinary tumors in first- and secondthe cloned genes, usually point mutations. Mutation analysis is
not available clinically.
Incidence: One in 1000000 in the United States, one in

Beckwith-Wiedemann  related Sporadic Disease 40000 in Japan, and higher where consanguinity is high.
(11p15) g (unilateral) Diagnosis: Based on childhood onset of photosensitivity
Wilms Tumor I (blistering in 50%) and/or freckling (in 50% by 18 months), with
progressive degenerative changes leading to poikiloderma, ir-
‘“”(1”:"1'?)3" T n 15 fyeed regular pigmentation, telangiectasia, photophobia, and early de
velopment of skin and eye cancers. Skin changes in sun-expose
Unilateral or brash areas are evident in 50% of affected individuals by age 18
e stomas WaGR syndrome months, in 75% by age 4 years, and in 95% by age 15 years.
only syndrome Approximately 20% of reported patients with XP have asso-
ciated neurologic abnormalities. In a series of 154 neurologically
Fig. 1. Depiction of the Wilms’ tumor association detailed in the text. abnormal patients, the following characteristics were reported
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(Scriver et al., 1995): mental subnormality, often progressive (fitaemer KH, Lee MM, Scotto J. Xeroderma _pigmentosum. Cutaneous, ocular,
80%); microcephaly (in 25%); progressive sensorineural deaf- i\gg giiroslggic abnormalities in 830 published cases. Arch Dermatol 1987;
ness (m 20%);. hyporeerX|a or aref_IeX|a (In 20%)’, Spa‘StICIt)ﬂlchusick VA, editor. Mendelian inheritance in man. 11th ed. Baltimore and
late-onset ataxia, and choreoathetoid movements in a few; and gngon: Johns Hopkins University Press, 1994.

abnormal electroencephalogram (in 11%). Other XP featuresnalispikel T, Lalle P, Leadon SA, Cooper PK, Clarkson SG. A common muta-
these patients were not different from the features of patientstional pattern in Cockayne syndrome patients from xeroderma pigmentosum
without neurologic abnormalities. Neurologic abnormalities are 9roup G: implications for a second XPG function. Proc Natl Acad SciU S A

. . 1997;94:3116-21.
present in four of the XP complementatlon groups and are g%?:-river CR, Beaudet AL, Sly WS, Valle D, editors. Metabolic and molecular

erally absent in groups C, E, and F. _ basis of inherited disease. 7th ed. New York: McGraw-Hill, 1995.
Recently, complementation studies have assigned a few

Cockayne’s syndrome patients to the rare XP groups B, D, a@ 0SSARY

G. Cockayne’s syndrome is characterized by cachectic dwarfism

with microcephaly; premature aged appearance; progressiveComplementation: In genetics, refers to restoration of the
mental, neurologic, and retinal degeneration; and pronouncgitd-type function (normal function) due to the presence of two
photosensitivity, with the onset of symptoms prenatally (type I8istinct mutations. If two same-type mutations were present in a
or after 6-12 months of normal development (type I). cell, the cell would be homozygously defective for the corre-

Laboratory features: Cellular hypersensitivity to ultraviolet sponding gene product.
radiation, with defective DNA excision repair. This hypersensi- Exon: Transcribed region of a gene that is present in mature
tivity is the basis for laboratory confirmation of XP, which ismessenger RNA and that usually contains protein-coding infor-
performed in only a few specialized laboratories. Chromosomahtion.
analyses are generally normal; heterozygotes are not detectableésermline mutation: A change in a gene that was present in

Associated malignant neoplasmsThere is a 2000-fold in- the zygote (fertilized ovum) and in all subsequent cells arising
creased frequency of basal cell and squamous cell carcinomag e that zygote. The offspring of carriers of germline mutations
the skin, often with multiple tumors, by age 20 years. The mere at risk for inheritance of that mutation.
dian age of onset of first skin neoplasm is 8 years, nearly 50 Intron: Transcribed region of a gene that is spliced out in
years younger than that found in the general population. A 58ature messenger RNA and, thus, does not contribute in forma
risk of malignant melanoma is reported. Occasional sarcomtia to the final gene product.
are observed. Ocular melanomas have been reported. The inciKnudson two-hit hypothesis: General concept involving tu-
dence of squamous cell carcinoma of the sun-exposed tip of ther suppressor genes, in which both genes must be incapaci
tongue is increased 10 000-fold. tated (“hit”) for loss of growth suppressor function to be im-

A 10-fold to 20-fold increased risk of internal neoplasmsortant. In inherited cancer-predisposing syndromes, such a
including brain tumors, lung cancers, gastric cancers, and lé¢iereditary retinoblastoma, the first hit is the inherited (germline)
kemias, has been reported. mutation, which is present in every cell of the body. The second

Associated benign neoplasm<Conjunctival papillomas, ac- hit could be a point mutation, a chromosomal nondisjunction, or
tinic keratoses, lid epitheliomas, keratoacanthomas, angiomasother event that could occur anytime in a person’s life (and
and fibromas. would be classified as a somatic mutation).

Surveillance strategiesRigorous protection from ultraviolet  Linkage: Co-inheritance of two or more nonallelic genes;
light exposure; regular examination of the skin and eyes kgcause their loci are in such close physical proximity on the
parents and physicians, with baseline photography and eaime chromosome, they remain associated after meiosis mor
excision of tumors. Cultured cells from patients with XP areften than 50% of the time, the probability for physically un-
hypersensitive to certain DNA-binding chemical carcinogentinked genes.
including derivatives found in cigarette smoke and in char- Proto-oncogene:Normal growth-promoting genes that are
broiled foods. Avoidance of these exposures may be desiraliund in normal eukaryotic cells and are concerned with various
The risks and benefits of cancer screening in this syndrome hagpects of cell division. If amplified, mutated, or rearranged,
not been established. they may give rise to carcinogenic oncogenes.

Comments: Survival is generally reduced because of neo- Somatic mutation: A change in a gene that occurred after
plasms, with a 70% probability of survival to the age of 40 yearspnception and that involves only some of a person’s cells; e.g.
which represents a 28-year reduction in lifespan relative to teematic mutations may be found in tumor cells. The offspring of
general population of the United States. Improved survival maydividuals with somatic mutations (i.e., a somatic APC [ade-
be achievable with early diagnosis and modern means of ultresmatous polyposis coli] gene mutation in a tumor) are not at
violet light protection. risk for inheritance of that mutation because it does not involve

the person’s germ cells (egg or sperm).
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