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Abstract
Environmental exposures, including tobacco smoke and occupational exposure to aromatic amines,
have been implicated in bladder cancer etiology. However, the pathogenesis of urinary bladder
transitional cell carcinoma remains incompletely defined. In epidemiologic studies, family history
confers a two-fold increase in bladder cancer risk, but it is uncertain whether this represents evidence
of a genetic and/or a shared environmental basis for familial aggregation. Polymorphisms in genes
involved in the metabolism of environmental toxins (e.g., NAT2) clearly modify individual
susceptibility to bladder cancer. A genetic predisposition has also been suggested by case reports
describing multiple-case families, and the development of bladder cancer in association with several
well-described Mendelian disorders (e.g., HNPCC, retinoblastoma). Here we update a previously-
reported family, report a new multiple-case kindred, critically review previously-reported bladder
cancer families and the epidemiologic literature related to family history of transitional cell
carcinoma of the urinary tract (TCCUT) as a risk factor, as well as provide a brief summary of genetic
factors that have been implicated in TCCUT risk. We conclude that familial TCCUT is either very
uncommon or significantly under-reported, perhaps on the assumption that this is an environmental
rather than a genetic disorder. The interaction between multiple genetic and environmental factors
has made it challenging to identify genetic components responsible for many common diseases;
therefore, a proposed genome-wide association study (GWAS) for urinary bladder cancer may help
to clarify the etiologic role of the candidate genetic pathways reviewed here, as well as characterize
gene/environment interactions that contribute to TCCUT carcinogenesis.
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INTRODUCTION
Bladder cancer is the fifth most common cancer in the US, accounting for 5–10% of all
malignancies; it primarily affects individuals over age 65. The incidence in white men is twice
that of black men, and four times that of white women. Since 1975, bladder cancer incidence
has continued to rise modestly at approximately the same rate in all sexes/races, but mortality
rates are declining.[1,2] Lifetime bladder cancer risks are 3.6% (1 in 28) and 1.1% (1 in 87) in
men and women, respectively.[3] More than 90% of bladder tumors are epithelial transitional
cell carcinomas (TCC); squamous cell and adenocarcinoma comprise the remainder.
Approximately 55–60% of newly-diagnosed bladder cancers are low-grade, superficial, non-
invasive papillary TCC. However, the recurrence rate is high (up to 80% of patients have ≥1
recurrence, 16% to 25% of which are higher-grade, muscle-invading tumors). Most urinary
tract TCC originate in the bladder; a minority arise in the renal pelvis or ureter.[4] We will use
the term transitional cell carcinoma of the urinary tract (TCCUT) to describe these three sites
in the aggregate.

Numerous environmental exposures have been implicated in the etiology of bladder cancer.
Cigarette smoking is universally regarded as the most prevalent risk factor, with an estimated
65% of male, and 20 to 30% of female bladder cancers attributed to smoking, whereas smoking
cessation has been associated with a 30 to 60% reduction in risk.[2,5] Cigarette smoke contains
more than 60 carcinogens, including aromatic amines.[6] Occupational exposure to aromatic
amines has been a known bladder cancer risk factor for more than a century; polycyclic
aromatic hydrocarbons (PAHs) have also been implicated in bladder carcinogenesis. Estimated
proportions of bladder cancer attributable to all occupational exposures combined range from
10 to 25%. Exposure to aromatic amines and PAHs occurs in various occupations, including
dye, rubber, textile, chemical, leather, aluminum, iron and steel, and transport industry workers.
Other environmental exposures implicated as bladder cancer risk factors include arsenic in
drinking water, low fluid consumption, chronic Schistosoma haematobium urinary tract
infections, acidic urine pH, urinary stasis, and cyclophosphamide chemotherapy. However,
only a small fraction of individuals exposed to these risk factors actually develop bladder
cancer.[2,7]

Common variants in low-penetrance genes involved in the metabolism of environmental toxins
have been shown to modify individual susceptibility to bladder carcinogens.[2] Furthermore,
a genetic predisposition to bladder cancer is suggested by the occurrence of TCCUT in several
Mendelian disorders[8–11], epidemiologic studies showing that a positive TCCUT family
history increases bladder cancer risk[12–24], and a limited number of case reports describing
multiple-case TCCUT families.[25–41] Therefore, both genetic and environmental factors play
a role in the development of bladder and related urinary tract cancers. Here we update a
previously-reported family, report a new multiple-case kindred, critically review the familial
TCCUT literature, and provide a brief summary of genetic factors that have been implicated
in TCCUT risk.

SUMMARY OF NCI FAMILIAL BLADDER CANCER FAMILIES
We have updated the family first reported by Fraumeni and Thomas in 1967.[28,31] As of
1991, a father, three of seven of his offspring, and a niece had been diagnosed with TCCUT
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(Figure 1). Another son was diagnosed with squamous cell carcinoma of the bladder. Lung
cancer had developed in two male bladder cancer cases, and the niece also developed lung
cancer. All affected individuals reported substantial tobacco smoke exposure; no other proven
or suspected environmental bladder cancer risk factors were documented.

The rapid acetylation phenotype (based on NAT-2, N-acetyltransferase) is associated with
accelerated detoxification of arylamines; it would be expected to protect against bladder cancer.
[2] Recent meta-analyses indicate that the slow acetylation phenotype is associated with
increased bladder cancer risk, particularly in smokers (see section on Low-Penetrance Genes).
[42] However, it was previously reported that all bladder cases in this family were rapid
acetylators, whereas an unaffected sibling was a slow acetylator (Table 1). The N-
acetyltransferase phenotype for individuals III-10,-11,-12, and -13 was determined by
administering a standard 10 gram dose of sulfamethazine orally; timed urine and blood
collections were obtained and excretion products were measured according to a previously-
published protocol.[43] We have since evaluated six additional unaffected offspring, among
whom one male offspring developed prostate cancer at age 64. Due to the relative safety of
caffeine, the N-acetyltransferase phenotype for these individuals was determined by measuring
urinary caffeine metabolites in a timed urine collection following a 300mg oral dose of caffeine.
[44,45] All those newly tested with adequate samples were rapid acetylators. Debrisoquine
hydroxylase is a Phase 1 enzyme; its poor metabolizer phenotype has been associated with
reduced bladder cancer susceptibility in some, but not all, studies.[46,47] We evaluated the
debrisoquine hydroxylase metabolizer phenotype by measuring urinary debrisoquine
metabolites after administration of 10 mg of debrisoquine in these newly-tested family
members, and found no consistent relationship between metabolizer phenotype and cancer
incidence.[46–49]

In addition, we evaluated a previously-unreported family comprised of a father and two sons
with bladder cancer (Figure 2), diagnosed at ages 71, 45 and 47, respectively. Smoking history
was unavailable on the father; both sons reported substantial tobacco exposure. Their mother
developed breast cancer at age 81. An unaffected sibling and the offspring of the affected sons
were also evaluated; all who had adequate samples were rapid NAT2 acetylators. The
debrisoquine phenotype was unrelated to affection status (Table 2).

CASE REPORTS OF FAMILIAL TCCUT
A literature review revealed 16 multiple-case TCCUT reports, documenting 32 families with
86 affected individuals (Table 3).[25–41] The number of cases per family was two (n=15),
three (n=15), six (n=1), and one family with 5 TCCUT and one squamous cell bladder cancer.
When tumor site was specified, eleven families had bladder TCC only, nine included TCC of
the bladder and renal pelvis/ureter, and one presented only ureteral cancer. Nine individuals
had more than one urinary tract TCC. The average ages at TCCUT diagnosis were 56.6, 55.8,
and 58.4 among all cases, males, and females, respectively.

Environmental exposures were infrequently reported: 38% (33 of 86 familial cases) were
known smokers, and 34% (29 of 86) had an occupational exposure that may have increased
their TCCUT risk. Occupational exposures could potentially contribute in 13 (41%) of the 32
families. Another family had a potential environmental etiology: one affected member received
cyclophosphamide (a known bladder carcinogen) to treat leukemia.[32,50]

Schoenberg et al. reported a 29-year-old male with bladder and renal pelvis TCC with a
balanced germline translocation, 46,XY,t(5;20)(p15;q11).[40] His mother died at age 65 with
metastatic bladder TCC, his father died of prostate cancer (age 68) and his brother of metastatic
melanoma (age 27). Only the proband was karyotyped. Subsequent analysis of the breakpoints
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determined that CDC91L1 at 20q11 was the only gene whose expression was affected by the
translocation. It encodes CDC91L1 (also called phosphatidylinositol glycan class U or PIG-
U), and its role as a potential oncogene in bladder cancer remains unclear, as a subsequent
study did not confirm these findings.[51,52]

This and several additional multiple-case families included relatives with other cancer types,
raising the possibility that familial TCCUT may include a predisposition to other malignancies.
But there was no clear site-specificity, mode of inheritance, or ethnic predilection among
families with non-TCCUT cancers which might have suggested a distinct familial TCCUT
syndrome. However, TCCUT has been implicated as part of the hereditary nonpolyposis
colorectal cancer (HNPCC) cancer spectrum[53,54], and 9 (28%) of the previously-reported
families presented features suggestive of HNPCC (Table 3).

As can be seen from this literature review, there are no uniform, widely-accepted criteria as to
what constitutes familial TCCUT. Although almost half the reported families had only two
affected family members, all but one family had at least one affected member under the age of
65 (TCCUT primarily affects individuals over age 65). Younger-than-usual age at cancer
diagnosis is a widely-recognized clue to the presence of an underlying genetic susceptibility
disorder. The remaining family had one member who had multiple primary tumors (prostate
cancer), also indicative of a hereditary predisposition to cancer. Ultimately, all of these families
may not represent valid examples of pure site-specific TCCUT familial aggregations, clearly
highlighting the importance of recognizing the strengths and limitations of the criteria used to
explore the underlying genetic predisposition to bladder cancer in families.

EPIDEMIOLOGY OF FAMILIAL TCCUT
Table 4 summarizes pertinent details of 9 case-control and 4 cohort studies in which family
history of TCCUT was quantitatively evaluated as a bladder cancer risk factor.[12–24] These
studies varied widely in sample size, quality of design and analysis, inclusion/exclusion of
upper urinary tract sites, and the extent to which reported cancers were objectively documented,
but are surprisingly similar in their estimated risk ratios. These range from 1.2 to 6.1 among
male and female cases combined, with most of the results clustering between 1.4 and 1.9. The
confidence intervals from the adequately-powered studies generally excluded 1.0. The largest
case-control study (2900 cases; 5684 controls) demonstrated a RR = 1.5 (95% CI 1.2–1.8).
[17] Familial risks tended to be higher among males (a finding not consistent among studies),
younger probands (< age 45) and smokers.[17,20]

No significant differences in risk emerged when case-control and cohort studies were
compared. Among the cohort studies, an analysis of the Mormon genealogy data base yielded
a familial RR = 1.5 (95% CI 1.0–2.2);[16] the RR was 5.1 (95% CI 1.0–12.5) among probands
<age 60. In one study, the risks to siblings were higher (SIR = 3.0) than the risks to offspring
(SIR = 1.6) (a pattern suggestive of autosomal recessive inheritance), with the highest familial
risk (SIR 7.3) seen in the brothers of bladder cancer cases diagnosed before the age of 45.
[24] Higher familial risks among younger-than-usual affecteds is often cited as a clinical clue
to possible underlying inherited cancer susceptibility.[55] In general, this literature suggests a
modest familial component to TCCUT risk, with relative risks at the lower end of the range
observed for other common adult solid tumors. These observations are consistent with either
hereditary and/or shared environmental exposures as the basis for familial clustering.

However, in the highest-quality data set currently available, 1193 population-based TCCUT
patients and 853 controls were ascertained; family history was obtained, and verification
attempted (60% successful) for all cancers reported among first- and second-degree relatives.
[12] In this large Dutch cohort, at least one affected relative was reported in 95 (8.0%) bladder
cancer proband families compared with 36 control families (4.0%). These authors reported a
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significantly increased smoking-adjusted risk associated with a positive family history (hazard
ratio = 1.8; 95% CI = 1.3–2.7), suggesting that familial aggregation cannot be fully explained
by shared tobacco consumption habits and genetic susceptibility factors remain to be identified.

GENETICS AND TCCUT
High-Penetrance Genes

Mutations in high-penetrance genes that confer very high cancer risk upon affected individuals,
and result in familial aggregation of malignancy, are rare genetic alterations. However, they
offer powerful research opportunities to clarify carcinogenesis mechanisms. TCCUT has been
implicated as part of the cancer spectrum associated with several hereditary cancer syndromes.
Most notably, hereditary nonpolyposis colorectal cancer (HNPCC), is a syndrome with high
lifetime probabilities of colorectal, endometrial, ovarian, renal pelvis/ureteral TCC, and other
cancers (OMIM numbers: 120435, 120436, 114500, 114030, 600887). HNPCC is caused by
germline mutations in the mismatch repair genes MLH1, MSH2, MSH6, and PMS2.[56] The
Revised Bethesda Guidelines, which were introduced to facilitate determining which families
warrant genetic assessment for HNPCC, include TCC of the renal pelvis and upper ureter, but
not urinary bladder, among the syndrome-defining malignancies.[57] However, a
simultaneous publication by several of the same authors does include bladder cancer as an
HNPCC-related tumor.[54] There have also been several reports of bladder cancer in families
with Muir-Torre syndrome, a variant of HNPCC which includes sebaceous gland tumors.
Unfortunately, these families were reported prior to the availability of genetic testing.[8,58,
59] A recently-reported family with MSH2-related HNPCC included a mutation carrier with
multifocal TCC, involving the bladder.[11] An analysis of the Dutch HNPCC cohort
documented a renal pelvis/ureter TCC relative risk of 14.0 (95% CI 6.7–29.5; p <0.05), with
a cumulative lifetime risk of 2.6%, among first-degree relatives of mutation carriers.[60] The
risk of urinary bladder cancer in this cohort was not increased. The current consensus suggests
that TCC of the upper urinary tract are clearly part of HNPCC, while the association with
bladder cancer is unproven.

Prior to the availability of genetic testing for mutations in RB, bladder cancer was reported in
hereditary retinoblastoma families (OMIM 180200), including an 11 year-old girl with bilateral
retinoblastoma and multiple osteosarcomas, whose mother had unilateral retinoblastoma. Her
maternal grandfather and uncle had TCC of the bladder at ages 60 and 47, respectively.[61–
64] Aherne reported two siblings with retinoblastoma whose mother developed bladder cancer
at age 40, and another retinoblastoma patient whose father died from bladder cancer at age 50.
[65] The elevated risk of second primary bladder cancer among retinoblastoma survivors has
been attributed to radiation treatment or cyclophosphamide chemotherapy[66–68]. However,
Fletcher et al., found that hereditary retinoblastoma survivors who were not exposed to high-
dose radiation or chemotherapy had a substantially higher mortality from bladder cancer
versus the general population (standardized mortality ratio [SMR] = 26.3; 95%, CI 8.5–61.4).
[9] Therefore, bladder cancer appears to be part of the hereditary retinoblastoma cancer
spectrum, independent of late effects of cancer treatment.

Costello syndrome (OMIM 218040) is a rare, autosomal dominant, multiple congenital
anomaly syndrome with a predisposition to rhabdomyosarcoma, neuroblastoma, and
transitional cell carcinomas of the urinary bladder.[10,69] Mutations in the HRAS proto-
oncogene have been reported in the individuals with bladder cancer, thus expanding the list of
major genes implicated in TCCUT etiology.[70] A recent report describes a 4 year-old girl
with Apert syndrome (OMIM 101200), a germline mutation in FGFR2, and low-grade
TCCUT.[71] Apert syndrome is one of eight autosomal dominant FGFR-related
craniosynostosis/multiple congenital anomaly syndromes (OMIM 123500, 101600, 123510,
602849, 123790)
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Interestingly, somatic mutations in HRAS and FGFR3 occur in 30% and 70% of low-grade
TCCUT, respectively; over 50% of high-grade tumors display defects in RB and/or p53. It has
been suggested that TCCUT arises and progresses along two distinct genetic pathways,
involving either HRAS/FGFR3 or p53/RB, characterized by low-grade or high-grade
histology, respectively; successive genetic abnormalities (e.g. chromosome aberrations,
somatic mutations of other oncogenes/tumor suppressor genes, epigenetic alterations)
ultimately pave the way for tumor progression and, ultimately, metastasis.[73,74] Cytogenetic
and molecular genetic studies have identified large-scale structural and numerical chromosome
abnormalities as predictors of bladder tumor recurrence and cancer progression. Loss of 9q is
the most commonly seen abnormality in low- and high-grade tumors, suggesting that it may
be a primary event in the genesis of TCCUT, but the underlying genetic mechanisms (e.g.
possible tumor suppressor gene in this region) remain unclear. The use of high-throughput
technologies has expanded the genomic regions of interest
(http://www.progenetix.de/~pgscripts/progenetix/I81203/index.html), which will help to
elucidate the genetic pathways of tumor progression, which may, in turn, increase our
knowledge of genetic susceptibility.

Cytogenetic abnormalities have led to the localization of several hereditary cancer syndrome
genes (e.g. retinoblastoma).[75,76] Aben et al. attempted to identify constitutional cytogenetic
abnormalities in thirty of the 95 multiple-case families from the large Dutch bladder cohort
described previously.[25] The thirty families selected were those in which there were 2 or 3
affected individuals who were diagnosed at a relatively young age, and did not meet the criteria
for known familial cancer syndromes. Chromosome analysis was performed only on affected
probands. All 30 cases (23 male, 7 female) had normal Giemsa-banded karyotypes. Spectral
karyotype analysis (SKY) on 4 TCCUT cases from families more suggestive of an inherited
etiology (>2 cases and/or ≥1 early-onset case) was also normal. These two techniques detect
genetic alterations from 2 to 10 Mb in size; therefore, small deletions, duplications, or single
base-pair mutations were below the assays’ level of resolution. This same cohort was studied
with high-resolution, array-based comparative genomic hybridization (CGH).[33] Ten cases
from families most consistent with an inherited etiology were analyzed; no genomic regions
were identified as likely locations for bladder cancer susceptibility genes.

A complex segregation analysis was also performed on this large Dutch bladder cancer cohort
(1193 affecteds), which included all 95 multiple case families, with sex and smoking status
incorporated as covariates; neither environmental nor single gene models fit the data
significantly.[77] The ‘no major gene’ hypothesis did not significantly characterize the data
either, but it was the most parsimonious model. Overall, these findings suggest that a major
gene is unlikely to account for familial TCCUT but, since none of the Mendelian single gene
models could be statistically rejected, an inherited form of TCCUT cannot be excluded. The
power of this analysis was constrained by the very small number of affected first-degree
relatives in the subset of multiple-case families; a segregation analysis of a larger cohort, with
a special effort aimed at identifying and documenting TCCUTs among more distant relatives
(permitting their inclusion in the analysis), could more definitively rule in or out the possibility
of a major bladder cancer gene.

Low-Penetrance Genes
The analysis of low-penetrance, common genetic variants in genes thought to be biologically
plausible candidates for genetic modifiers of human cancer susceptibility comprises one of
today’s most active areas of cancer genetics research. Although these genetic alterations confer
only small-to-modest levels of risk, their high prevalence potentially explains a significant
proportion of a given cancer’s etiology. Numerous single nucleotide polymorphisms in many
genes involved in genetic pathways such as carcinogen metabolism, DNA repair, and cell cycle
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control have been studied as candidate bladder cancer risk modifiers, but results have been
inconsistent and meta-analyses have typically not been performed [2,73,78]. A complete
review of these studies is beyond the scope of this manuscript; however the references cited
above provide additional detail on this subject.

We will focus on the most extensively-studied variants in genes involved in carcinogen
metabolism/detoxification related to bladder cancer, N-acetyltransferase 2 (NAT2) and
glutathione S-transferase (GSTM1). The NAT2 slow acetylator phenotype, and the GSTM1 null
genotype, present in 40–60% and 50% of Caucasians respectively, are each associated with
increased bladder cancer risk.[2,79,80] A meta-analysis of 31 case-control studies confirmed
modestly-increased bladder cancer risks, with estimated odds ratios of 1.4 (95% CI 1.2–1.6)
and 1.5 (95% CI 1.3–1.6) for NAT2 and GSTM1, respectively.[42] Case-only meta-analyses
evaluating genotype-smoking interactions confirmed the absence of a multiplicative
interaction for the GSTM1 null variant (OR = 1.0; 95% CI 0.9–1.2), and provided evidence
supporting a positive interaction with the NAT2 slow acetylator phenotype (OR = 1.2; 95% CI
1.1–1.5). Furthermore, these investigators estimated that the GSTM1 null variant and NAT2
slow acetylation genotypes together might account for 31% (95% CI 20–46) of bladder cancer
among Caucasians. In their bladder cancer case-control study, Murta-Nascimento et al. showed
that, among family history-positive subjects, NAT2 slow acetylator genotype cases were at
greater bladder cancer risk (OR=4.8) than those who were rapid/intermediate acetylators
(OR=1.2) (Table 4). This study was limited by small sample size in their subgroup analyses,
but did support the hypothesis that genetic factors play a role in bladder cancer etiology. This
association is biologically plausible because NAT2 detoxifies aromatic amines, one family of
carcinogens found in tobacco smoke; and is one of the best-established examples of a gene/
environment interaction in cancer pathogenesis.

As discussed previously, debrisoquine hydroxylase (encoded by CYP2D6) is a Phase 1 enzyme
involved in metabolism of xenobiotics, and as many as 25% of all medications. It is estimated
that the extreme poor- and ultra-rapid-metabolizer debrisoquine phenotypes are present in 5–
10% and 5% of Caucasians, respectively, [81] but the poor metabolizer phenotype has been
inconsistently associated with reduced bladder cancer susceptibility.[82,83] Interestingly, it
has been suggested that the extensive metabolizer phenotype may contribute to tobacco
addiction.[84]

The presence of single low-penetrance genetic variants alone are not likely to result in familial
aggregations of TCCUT, although they could potentially act together, and/or interact with
environmental exposures, and/or modify the penetrance of a major cancer susceptibility gene.
Recently, Wu et al. used a unique pathway-based multigenic approach to examine the
association between 44 DNA repair and cell cycle control genes and bladder cancer risk in a
hospital-based case (n=696)-control (n=629) study.[85] They obtained ORs of 1.2 (95% CI
0.8–1.8), 1.6 (95% CI 1.0–2.4), and 1.8 (95% CI 1.2–2.6) for individuals with 13–15, 16–17,
and 18 or more adverse alleles, respectively. Their findings suggested that individuals with
higher cumulative numbers of adverse genetic variants in DNA repair and cell cycle control
genes are at increased risk of bladder cancer. They also showed that smokers with a larger
number of genetic variants had a higher risk of bladder cancer than nonsmokers (p < .01).

Several case-control studies have attempted to assess intrinsic genetic instability and bladder
cancer risk by inducing DNA damage using various assays [86,87], and by measuring telomere
length [88–90]. Overall there appears to be a small increased bladder cancer risk associated
with greater susceptibility to DNA damage and shorter telomere length, but the risks associated
with potential genotypes and environmental exposures such as smoking is unclear. Aben et
al. evaluated mutagen sensitivity by further classifying his cases into “hereditary” (2 TCC
patients diagnosed age < 60, or 3 TCC patients in one nuclear family), “familial” (2 TCC
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patients in one nuclear family), and sporadic (no first-degree relative with TCC) TCCUT
patients and healthy controls.[86] Mutagen sensitivity was measured by bleomycin-induced
chromatid breaks per cell, which were significantly increased among all TCCUT cases
compared with controls (p=0.001). Sporadic and “familial” TCCUT patients had the highest
mutagen sensitivity, while “hereditary” TCCUT patients were similar to controls. The authors
hypothesized that mutagen sensitivity increased the risk of “non-hereditary” TCCUT, and that
“hereditary” TCCUT evolves as a consequence of a germline high-penetrance mutation
conferring TCCUT risk regardless of carcinogen exposure. This study was limited by small
sample size, possible misclassification of TCCUT risk groups, and a high prevalence of
smoking, which prevented a stratified analysis by smoking status.

DISCUSSION
TCCUT is an environmentally-driven cancer, with tobacco exposure accounting for two-thirds
and one-third of cases in men and women, respectively. Other environmental exposures (e.g.,
aromatic amines) have also been clearly implicated in its pathogenesis. Epidemiologic studies
show that family history of TCCUT is associated with an approximately two-fold increase in
bladder cancer risk that cannot be fully explained by smoking, but it is currently uncertain how
genes and environment contribute to the origin of these familial clusters.

Genetic determinants of TCCUT risk have been less systematically investigated. It is not widely
appreciated that TCCUT is a component of several rare, hereditary cancer susceptibility
disorders, including HNPCC, hereditary retinoblastoma, Costello syndrome and, possibly,
Apert syndrome. Furthermore, reports of multiple-case TCCUT families are infrequent in the
literature compared with the other common adult solid tumors, e.g., breast, ovary, colon, and
melanoma. Our review revealed only 32 unique families.

A complex segregation analysis of a large cohort provided no support for a major TCCUT
susceptibility gene, but was inadequately powered to definitively exclude this possibility.
Linkage analyses of multiple-case families have not been performed, likely reflecting the
limited number of families available, and the fact that most families consist of only two affected
family members. Cytogenetic studies of multiple-case families employing sequentially higher
resolution analytic strategies have failed to identify candidate gene locations. [25,33]

Our research program is actively considering a major new research effort aimed at recruiting
a large number of multiple-case, site-specific TCCUT families to clarify the basis for familial
TCCUT aggregation. However, the limited number of families reported which might be
appropriate for such studies led us to speculate that this may not be an optimal approach for
TCCUT, particularly if shared environmental exposures and the known genetic disorders (e.g.,
HNPCC, etc.) account for some of these familial clusters. We initiated a recruiting campaign,
based on mailings to members of the American Urological Association, American Society of
Clinical Oncology and the National Society of Genetic Counselors. In the 10 months since the
mailing, we have identified only 5 new families (although we continue to accept new referrals:
Clinical Genetics Branch Family Studies Referral Nurse at 1-800-518-8474). Either such
kindred are exceedingly uncommon, or they are under-reported, perhaps in the mistaken belief
that TCCUT is an environmental rather than a genetic disorder. Among all familial TCCUT
aggregations, a major gene might still account for a meaningful (perhaps site-specific) subset,
as illustrated by the genetic disorders reviewed above, each of which includes a predisposition
to bladder/ureteral cancer. This important question can only be answered by additional studies
targeting extended multiple-case families.

The most provocative genetic observations related to TCCUT derive from the analyses of low-
penetrance, common variants in carcinogen metabolism and detoxification genes. The most
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striking being the NAT2 slow acetylator phenotype as both a primary bladder cancer risk factor
and a mediator of the relationship between tobacco smoking and bladder cancer risk. However,
our attempt to correlate the acetylation (NAT2) and debrisoquine (CYP2D6) metabolic
phenotype with familial bladder cancer risk in two families yielded no useful etiologic clues.
It is likely that other genetic variants will be identified that impact TCCUT risk.

Common low-penetrance genetic factors likely contribute to familial TCCUT, and may act in
concert with shared environmental exposures. While a traditional linkage analysis might
employ several thousand to tens of thousands of genetic markers, genome-wide association
studies (GWAS) now routinely employ 500,000 to 1,000,000 genetic markers. Thus, the
genome is much more densely covered, facilitating the identification of new disease
susceptibility loci. The study design, computational and biostatistical challenges of the GWAS
strategy are enormous, but this approach is now yielding substantial numbers of high-impact,
novel genetic observations for many different diseases, both malignant and non-malignant. A
complete discussion of this new analytic approach is beyond the scope of the current
manuscript, but numerous reviews are available for the interested reader.[91–92] The
International Bladder Cancer Consortium is considering a GWAS, which has the potential to
clarify the etiologic role of the candidate genetic pathways reviewed here, as well as
characterizing gene/environment interactions that contribute to TCCUT carcinogenesis.
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Figure 1.
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Figure 2.
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