
XAGE-1, a Cancer Testis Antigen: 
Potential Use as a Molecular Target 

for Ewing’s Sarcoma
By Kristi A. Egland, PhD, and Tapan K. Bera, PhD

The identification of cancer antigens provides new opportunities for the
development of therapeutic strategies against cancer. During the last several years,

researchers have developed two major approaches to identify human tumor antigens that are
recognized by cytotoxic T lymphocytes (CTL). The first approach is based on direct bio-
chemical purification of tumor antigen peptides from the peptide-MHC complexes, which
are recognized by the CTL.1 The second is a traditional genetic approach to identify tumor
antigens; it relies on the generation of a genomic or cDNA library from the tumor cell line.
The DNA library is transfected into cells expressing the appropriate MHC molecule. Cells
that present peptides derived from proteins encoded by the cDNA library are isolated on the
basis of the ability to stimulate cytokine release from CTL.2 Melanoma antigen (MAGE-1)
was the first tumor antigen identified from a human melanoma using the traditional genetic
approach.2

Subsequently, several cancer antigens have been identified using other approaches, and
some of these antigens have been recognized as candidates for cancer vaccines.3 MAGE-1 is
a member of the family of cancer testis (CT) antigens, which is the best characterized group
of antigens so far. CT antigens are a distinct class of antigens that are expressed in many types
of cancers, yet they have a restricted expression pattern in normal tissues.4-6

These genes primarily are expressed in the primitive germ cells, spermotogonia, and nor-
mal testis.7 Some extensively studied CT antigens are MAGE, GAGE, BAGE, and GnT-V
and their family members. Although the previously mentioned CT antigens were identified
from cDNA libraries derived from a single melanoma tumor cell line, malignant transforma-
tion often is associated with activation or depression of silent CT antigens in a wide range of
human tumors.3
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EST Database Mining and Identification of
Novel Cancer Antigens

Our laboratory is using a functional genomics
approach to discover new genes that are associated with
cancer.8 The cancer genome anatomy project of the
National Cancer Institute uses laser-captured microdis-
ection techniques to generate EST libraries. ESTs are
partial sequences of cDNA clones randomly selected
from various cDNA libraries. Because each of these
clones is generated from a single transcript, the number
of ESTs for a particular gene from the same library pro-
vides valuable information on the expression patterns of
genes in different tissues. These EST sequences can be
clustered and sorted to identify genes that are preferen-
tially or exclusively expressed in malignant tissues. We
have reported a computer screening strategy to identify
genes that are preferentially expressed in prostate
tumors. By using this screen, we have identified several
novel genes, including PAGE-4, which is homologous
to the GAGE family of cancer testis antigens.8,9 To dis-
cover additional new tumor antigens, we used a
“homology walking” program and identified three novel
PAGE-GAGE-related genes, including XAGE-1. (See
Figure 1.)

XAGE Expression in Different Tissues
The computer-based screening strategy developed by

our group lead to the identification of the novel gene
XAGE-1.9 The XAGE-1 cluster contains ESTs from
testis, alveolar rhabdomyosarcoma, Ewing’s sarcoma,
and germ cell tumor cDNA libraries. (See Figure 2.) The
XAGE-1 expression pattern in normal tissues was exper-
imentally determined.10 A RNA dot blot analysis
revealed that XAGE-1 is expressed in normal testis. A
reverse transcriptase-polymerase chain reaction (RT-
PCR) analysis, using a human rapid-scan panel contain-
ing cDNAs from 24 different tissues of the body, con-
firmed the high expression of XAGE-1 in normal testis,
but also showed that XAGE-1 was expressed at low lev-
els in lung and peripheral blood lymphocytes (PBL). 

However, Northern blot analysis, using a fragment of
XAGE-1 as a probe, revealed a single transcript of
approximately 700 bp in testis; no signal was detected in
lung or PBL. (See Figure 3.) Because Northern blot
analysis is less sensitive than RT-PCR, the above results
all consistently showed that XAGE-1 is abundantly
expressed in the normal testis only, and weakly
expressed in lung and PBL. Based on sequence similari-
ty and expression pattern, XAGE-1 is a member of the
family of CT antigens. The XAGE-1 gene is located on
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Figure 1

Relatedness of the amino acid sequences of
XAGE, PAGE, and GAGE proteins

The rooted phylogenetic tree was constructed using the AllAll pro-

gram from the Computational Biochemistry Research Group

(accessed at cbrg.inf.ethz.ch./section3_1.html). 



the X chromosome,10 which is consistent with the loca-
tion of other CT antigen genes.12

XAGE Expression in Ewing’s Sarcoma 
and Other Cancers

The Ewing’s family of tumors include: Ewing’s tumor
of bone; extraosseus Ewing’s (tumor growing outside of
the bone); primitive neuroectodermal tumor (PNET), also
known as peripheral neuroepithelioma; and Askin’s tumor

(PNET of the chest wall). These
tumors are rare diseases in which
cancer cells are found in the bone
and soft tissues.13 This family of
tumors has specific chromosomal
translocations that result in the
fusion of the EWS and FLI1
genes. The FLI1 gene encodes a
member of the ETS family of
transcription factors,14 while the
widely expressed EWS gene
encodes a protein of unknown
function. The site disrupted by
the chromosomal translocation
found in the Ewing’s sarcoma
group of tumors is located in the
EWS gene.15 Chromosomal
analysis of Ewing’s sarcoma has
demonstrated that about in 90-

95% of cases a t(11;22)(q24;q12) translocation generates
an EWS-FLI1 fusion protein, and the precise exon com-
position of the fusion transcript has been found to be a
prognostic marker in this group of tumors.14 Although the
EWS-FLI1 chimeric protein may have therapeutic poten-
tial as a molecular target, other tumor-specific targets for
Ewing’s sarcoma need to be identified.

Our EST database analysis predicts that XAGE-1 is
expressed in alveolar rhabdomyosarcoma and Ewing’s

sarcom.9 Consistent with this prediction,
XAGE-1 was expressed in one of one
patient samples with alveolar rhab-
domyosarcoma and one of three patient
samples with embryonal rhabdomyosarco-
ma. In addition, the XAGE-1 transcript was
present in two of five osteosarcoma cell
lines.10 We also investigated the expression
of XAGE-1 in Ewing’s sarcoma. Northern
blot analysis revealed an XAGE-1 transcript
in seven of eight Ewing’s sarcoma cell lines.
(See Figure 4A.) Interestingly, the one cell
line that does not express XAGE-1 also
lacks the EWS-FLI-1 chromosomal translo-
cation. XAGE-1 also was expressed in four
of nine human patient Ewing’s sarcoma
samples. (See Figure 4B.) We found a corre-
lation between the presence of the EWS-
FLI-1 or EWS-Erg chromosome transloca-
tion and the presence of the XAGE-1 tran-
script. However, XAGE-1 was not expressed
in every patient sample that contains the
chromosome translocation. The signifi-
cance of this correlation, and the possibility
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Figure 2

Composite cluster of EST sequences for XAGE-1

The compiled EST cluster is approximately 410 bp in length and contains 14 ESTs from testis, alveolar

rhabdomyosarcoma, Ewing’s sarcoma, and germ cell tumor cDNA libraries as indicated. Horizontal

lines represent the range of the EST sequences. The EST names are shown on the right.

Figure 3

Northern blot analysis of XAGE-1 expression in normal tissues

Northern blots containing polyA RNA generated from 16 different normal tissues as indi-

cated were probed with an XAGE-1 fragment followed by an actin probe. The RNA ladder

is shown on the left. PBL stands for peripheral blood lymphocytes. The XAGE-1 transcript

is approximately 700 bp and is only observed in the testis.



that XAGE-1 expression could be under the
control of the EWS-FLI-1 fusion protein,
still remains to be determined. 

Implications
The ideal cellular target for immunother-

apeutic treatment of cancer, such as cancer
vaccines or immunotoxins, is one that pre-
dominantly has restricted expression in dis-
eased tissues, with some expression in dis-
pensable organs. By using such targets,
engineered immunotherapies can kill the
tumor cells while sparing the normal tis-
sues. As of yet, good molecular targets for
the Ewing’s family of tumors still need to
be identified. Because XAGE-1 is expressed
in testis and in a large number of Ewing’s
sarcomas, as well as other cancers, it has
good potential for use as a target for various
kinds of immunotherapies. (Dr. Egland  is
Postdoctoral Fellow and Dr. Bera is Staff
Scientist in the Laboratory of Molecular
Biology, National Cancer Institute, Nation-
al Institutes of Health, Bethesda, MD.)   ❖
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Figures 4A and B

Northern blot analysis of XAGE-1 expression in Ewing’s sarcoma

Northern blots containing

total RNA from eight

Ewing’s sarcoma cell lines

(A) and nine Ewing’s sarco-

ma patient tumor samples

(B) were probed with a frag-

ment of XAGE-1 and an

actin probe separately. 



Magnetic Resonance 
Spectroscopy Imaging, 
a Diagnostic Tool 
in Prostate Cancer 
By Ryan C. Handzlik, MS, 
and David A. Corral, MD

The human prostate remains one of the most
frequently diseased organs.1 Prostate cancer has

been identified as the most common malignancy in males.
Treating prostate cancer at an early stage may be the most
effective means of achieving long-term survival, and a
number of diagnostic methods have been used to detect
and monitor early-stage malignancies. The previously
available noninvasive techniques that have been used to
diagnose this disease do not adequately differentiate
prostate cancer from benign prostatic hyperplasia (BPH)
and normal prostatic tissues.2 The only definitive measure
for distinguishing cancer of the prostate from BPH and
normal tissue remains a histological analysis of biopsy
samples.

Magnetic resonance spectroscopic imaging (MRSI) has
been proposed as a noninvasive, diagnostic approach for
defining the presence and spatial extent of prostate cancer.3

The technique potentially can differentiate prostatic adeno-
carcinoma from BPH and normal prostatic zonal anatomy
based on observable metabolite levels present in the
prostate. MSRI can be used to measure the distribution of
choline and citrate throughout the normal and diseased
prostate in an effort to define the presence, extent, and ori-
entation of prostate cancer.2

Background
The ability to differentiate areas of prostate cancer

from BPH and normal prostatic tissue via a noninvasive
approach is important in terms of every aspect of patient
care, early cancer staging, and follow-up. Studies using
animal models and tissue extracts have identified low
levels of citrate and high levels of choline in regions of
prostate cancer.2 Levels of citrate and choline in regions
of normal peripheral zone and BPH were used as a base-
line for tracking metabolite levels. The differences in
metabolite levels in cancer, BPH, and the normal periph-
eral zone are the focus of the investigations, as 68% of
all prostatic cancers occur in the peripheral zone. 

The combined use of both localized MRSI and high-
resolution MRI of the in situ human prostate has demon-
strated lower mean levels of citrate within regions that
have been identified as cancerous. It has been proposed

that malignant epithelial cells have a diminished capacity
for synthesizing and secreting citrate and developing glan-
dular ducts for citrate storage.2

Prior to the study by Kurhanewicz and colleagues,
changes in choline levels in prostatic cancers were never
measured. Choline remains an important metabolite
because choline compounds have been implicated in cell
membrane synthesis and degradation.4 Elevations of
choline peaks in MR spectra have been reported in a num-
ber of human cancers to date. However, the range of
metabolite levels associated with normal prostate anato-
my, BPH, and cancers of varying grades have not been
studied. MRSI has the advantage of providing MR spectra
from more than one region, as well as stipulating the exact
size and spatial position of the area under investigation.
The technique, along with MRI, allows the investigator to
measure the distribution of choline and citrate throughout
the normal and diseased prostate.

Magnetic Resonance Spectroscopic Imaging 
of the in situ Human Prostate

In an investigation by Kurhanewicz et al, 3D MRSI, in
combination with endorectal MRI techniques, was used to
determine the spatial extent of prostate cancer by generat-
ing metabolite images and comparing metabolite ratios to
normal peripheral zone values present in the prostate. The
study was composed of nine healthy volunteers younger
than age 40 (ages 28-36), five patients with BPH (ages 63-
77), and 85 patients with biopsy-positive prostate cancer
(ages 55-75). The results were collected by aligning 3D
MRSI data with MRI data, then comparing the results
with the pathological findings from biopsy tissue samples.
The results of the study identified higher levels of choline
and lower levels of citrate in regions of cancer when com-
pared to BPH and normal tissues.2 Upon completion of
MRSI in the 85 prostate cancer patients, significantly
lower mean levels of citrate (P = 0.0001), and higher
mean levels of choline (P = 0.001) were detected in
regions of cancer when compared to the normal peripheral
zone in the same patient.2

Hahn and coworkers performed a similar study that dis-
played potential for the possibility of an in vivo analysis of
the prostate using MRSI.5 They ultimately identified six
spectral subregions as having diagnostic potential in
prostate tissue. However, in the investigation they found it
difficult to integrate only choline resonance in its spectral
region because peak overlaps were present in this region of
the spectrum. Particularly, this spectral region includes,
among other metabolites, creatine resonance. Citrate levels
between cancer and BPH were found to be statistically sig-
nificant. Several hypotheses have been proposed for these
findings that have identified an increased amount of the
enzyme aconitrase in cancer cells, which contributes to the
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break down of citrate.5 In addition, increased levels of the
enzyme ATP-citrate lyase in malignant cells is proposed to
contribute to citrate breakdown during lipid synthesis. 

The classification of BPH vs. cancer in the Hahn et al
study provided MRSI diagnoses that are consistent with
histopathology results. These results were directly indica-
tive of the high sensitivity of the technique employed in
the study.5 The results ultimately show that MRSI pro-
duces high sensitivity and specificity that can reliably be
used for distinguishing between benign and malignant
prostatic tissue (100% sensitivity, 95.5% specificity).5

Approaches to Prostate Cancer Using Magnetic
Resonance Spectroscopy Imaging

Zaider and colleagues describe a method that corre-
lates MRSI data to intraoperatively-obtained ultrasound
images and incorporates these data into a treatment plan-
ning system for brachytherapy.6 After MRSI data are
obtained, regions of high risk for cancer cells were iden-
tified based upon elevated peaks in the MR spectrum.
These peaks were then mapped on a spatial grid covering
the entire prostate tissue. This technique is followed by
an integer-programming procedure in which optimal
radioactive seed distribution is determined, and tissue is
then implanted within the prostate. This technique is
potentially effective, as it may spare surrounding healthy
tissues from radioactive dose escalations employed dur-
ing the course of treatment. 

Current treatment-planning algorithms have been
developed to determine the ideal placement of radioac-
tive seeds in the prostate. However, uncertainties about
tumor position force the delivery of a maximum dose of
radiation to the entire prostate gland, which may result in
unnecessary dose escalations to the urethra. In the end,
the side effects following dose escalation can have an
overall effect on the patients’ quality of life and adversely
result in urinary side effects.6 MRSI mapping of citrate
and choline levels within the prostate can identify regions
associated with prostate carcinoma. Ultimately, this
approach facilitates the localization of tumors to specific
regions within the prostate, and radioactive seeds prefer-
entially can be placed in areas identified with tumor, thus
minimizing radiation doses to normal regions. 

The results of the study by Zaider et al indicate that
the incorporation of clinical data from MRSI into a
brachytherapy treatment-planning optimization system
is feasible.6 The findings revealed that dose escalation is
critical for improved outcome. The treatment-planning
model may lead to local control. In essence, the MRSI-
guided treatments direct an increased dose of 125I
radioactive seeds to individual target areas in the
prostate without adversely affecting healthy tissue sur-
rounding the prostate and the urethra.

Conclusion
The MRSI techniques described enable identification

of more sites of carcinoma of the prostate than does
prostate biopsy. These results indicate that a larger vol-
ume of cancer normally is present upon diagnosis than is
indicated by biopsy alone. In patients with detectable
elevated prostate specific antigen (PSA), MRSI identi-
fied, location-for-location, all foci of prostate carcinoma
and benign prostatic tissue that were identified on
prostate biopsy.7 Ultimately, MRSI is superior to tran-
srectal ultrasound and MRI for differentiating carcinoma
of the prostate from BPH.7 In the future, the combined
use of endorectal magnetic resonance imaging and
MRSI will serve as an invaluable diagnostic tool for dif-
ferentiating normal from carcinomatous prostate. (Dr.
Corral is Editor-in-Chief of Cancer Research Alert and
is in the Department of Urologic Oncology, Roswell
Park Cancer Institute; Mr. Handzlik is a Graduate Stu-
dent in the Natural Sciences Program at Roswell Park
Cancer Institute, Buffalo, NY.)   ❖
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Genetics of Hamartomatous
Polyposis Syndromes
By John M. Carethers, MD

Hamartomatous polyposis syndromes are a
group of clinically distinct but perhaps genetically

related disorders in which the predominant finding is multi-
ple hamartomatous polyps in the gastrointestinal tract. All
of these syndromes are transmitted in an autosomal domi-
nant fashion; however, sporadic forms with germline muta-
tions of a gene that is absent from the biological parents
have been described. Hamartomatous polyps are character-
ized by mature but disorganized tissues that are indigenous
to the site of origin, and that are not dysplastic. In spite of
the benign appearance of the histologic characteristics, each
hamartomatous syndrome has an elevated risk for cancer
formation at specific organ sites that cannot be fully
explained by germline mutations in specific genes because
of genetic overlap between the syndromes.

Clinical Features of the Hamartomatous 
Polyposis Syndromes 

Bannayan-Riley-Ruvalcaba syndrome (BRRS), also
known as Bannayan-Zonana syndrome, Ruvalcaba-Myhre-
Smith syndrome, and Riley-Smith syndrome because of its
phenotypic variability, is a rare, congenital syndrome with
features that include intestinal juvenile polyps, macro-
cephaly, subcutaneous and visceral lipomas and heman-
giomas, cognitive and motor developmental delay, lipid
storage myopathy, Hashimoto’s thyroiditis, and pigmentary
spotting of the penis in males.1 Although the prevalence of
BRRS syndrome is unknown, patients reported with this
syndrome represent sporadic as well as familial occurrences
with an autosomal dominant pattern of inheritance.2

Juvenile polyposis syndrome (JPS) is a congenital
syndrome in which 10 or more juvenile polyps occur in
the gastrointestinal tract. Unlike solitary sporadic juve-
nile polyps, familial juvenile polyps almost always recur
after removal. Patients present by age 30, with a mean
age of presentation of 9.5 years.3 The classical symptom
is rectal bleeding, but because of the large number of
polyps, patients can present with protein loss, malnutri-
tion, cachexia, and failure to thrive.

Both BRRS and JPS patients harbor juvenile polyps
within their intestines. Cowden’s disease, a syndrome in
which multiple hamartomas develop on the skin and
mucous membranes (its hallmark is facial trichilemmo-
mas), causes polyps that are distinct from juvenile polyps.
While polyps in Cowden’s disease may demonstrate a
broad range of histology, the most common polyp appears

to be a protuberance of cytological normal epithelium that
is indigenous to the region from which the polyps arose.4,5

Hyperplastic polyps also are common. There may be cys-
tic dilation of the glands, fibrosis of the lamina propria,
and extension of the muscularis mucosae into the lamina
propria. The occurrence of these features allows Cow-
den’s disease polyps to often be histologically confused
with juvenile polyps.

Peutz-Jeghers syndrome, with its characteristic mucocu-
taneous pigmentary spots that appear in association with
intestinal hamartomatous polyps, causes a polyp that is dis-
tinctive. Peutz-Jeghers polyps demonstrate an arborizing
pattern of growth, with the muscularis mucosa extending
into branching fronds of the polyp.3 Benign glands within
the polyp may be surrounded by smooth muscle and may
extend into the submucosa or muscularis propria (pseudoin-
vasion). Hereditary mixed polyposis syndrome is a recently
described syndrome in which affected family members
have atypical juvenile polyps, hyperplastic polyps, colonic
adenomas, and colonic adenocarcinomas.6 Although this
syndrome can present with atypical juvenile polyps, its
gene has been linked to chromosome 6q in one extended
family,7 and not to the chromosomal sites that have been
implicated for BRRS, JPS, and Cowden’s disease.

Genes Involved with the Hamartomatous 
Polyposis Syndromes 

Germline mutations in three genes are associated with
the hamartomatous polyposis syndromes. The first is
SMAD4, which encodes a key intracellular signal transduc-
er and transcriptional regulator for the TGFβ superfamily
of ligands and receptors. In the colon, the effect of TGFβ
action is growth suppression. Thus, uncoupling TGFβ
action by mutational inactivation of SMAD4 would have
the net effect of cellular proliferation. The second is PTEN,
which encodes a dual-specific phosphatase (phosphoser-
ine/phosphothreonine and phosphotyrosine residues) that
can dephosphorylate proteins (FAK and others), but more
importantly lipids (PIP3 and PI3,4P2). PTEN is a tumor
suppressor protein which, by its dephosphorylating ability,
contributes to programmed cell death and inhibits the cell’s
ability to migrate and invade. Thus, mutational inaction of
PTEN would remove these phenotypes, and have the net
effect of cellular proliferation and enhancing cell migration
and invasion. The third is STK11, which encodes a protein
with homology to serine/threonine kinases. The
pathway(s) that involve STK11 have not been elucidated.

A total of 87 germline mutations of PTEN have been
described for Cowden’s disease, BRRS, and JPS at the
end of the year 2000.8 Fewer mutations of SMAD4, all of
them causing truncation of the protein, have been
demonstrated solely in the germline of JPS patients.
Mutations in STK11 exclusively occur in the germline of



patients with Peutz-Jeghers syndrome. There is no clear
genotype-phenotype correlation in these syndromes.

BRRS, JPS, and Cowden’s Disease:
One Disease or Multiple Syndromes? 

BRRS and JPS might be variants of each other because
they share the common feature of intestinal juvenile poly-
posis, and are both transmitted in an autosomal dominant
fashion to offspring. Patients with JPS are predisposed to
juvenile hamartomatous polyps and gastrointestinal can-
cer, with a 15% incidence of colorectal carcinoma in
young patients and a cumulative risk of 68% by age 60.9-12

Since the lifetime risk for sporadic colorectal cancer in the
United States is about 5%, patients with JPS have a four-
to 12-fold elevated risk of developing colorectal carcino-
ma. Peutz-Jeghers and Cowden’s disease do not carry an
increased risk for colorectal cancers, although Peutz-
Jeghers syndrome does have a higher incidence of early-
onset cancers of the stomach, duodenum, and pancreas,
and Cowden’s disease patients have a propensity for
breast and thyroid cancers.3

DNA microsatellite markers were used to genetically
map a BRRS patient by deletional analysis with an aberra-
tion involving chromosome 10q, between 10q23.2 and
10q24.1.2 This area matched an area of deletion also
described for a JPS patient with multiple congenital abnor-
malities,13 and the Cowden critical region linked to chro-
mosome 10q23.14 Some phenotypic features of BRRS
have been described that overlap with those commonly
found in Cowden’s disease. Facial trichilemmomas have
been described in BRRS,15 and three BRRS kindreds have
been described in which some members developed thyroid
follicular neoplasms.15,16 These phenotypic descriptions,
along with Cowden’s disease and BRRS and some patients
with JPS commonly mapping to chromosome 10q23, orig-
inally supported the possibility that the same gene may be
responsible for all of these described syndromes.

The mapped region on chromosome 10q23 that is com-
mon to these syndromes was found to contain the PTEN

tumor suppressor gene, also known as
MMAC1 and TEP1.17-19 Thereafter, two
BRRS families demonstrated germline
mutations in PTEN (one family demon-
strated a missense mutation, and one
showed a truncating mutation).20 Thus,
loss of chromosome 10q23 and germline
mutations of PTEN can cause the pheno-
type of BRRS. Germline PTEN mutations
also have been identified in four of five
families with Cowden’s disease,21 and in
four families with JPS.22,23 Genetically,
germline mutations in PTEN make BRRS,
Cowden’s disease, and JPS allelic with

each other, at least in some families. PTEN encodes a dual-
specificity phosphatase with homology to tensin and aux-
illin, and has two potential tyrosine phosphate acceptor
domains.17,19 Identical germline mutations in PTEN at
codon 233, which cause a truncation mutation at one poten-
tial tyrosine phosphate acceptor site, have been reported in
one family with BRRS and one with Cowden’s disease.20,21

Additionally, a mother with Cowden’s disease had a child
with BRRS, with expected identical germline mutations in
PTEN.24 As mentioned, BRRS, JPS, and Cowden’s disease
appear clinically distinct. Although BRRS and JPS share
juvenile polyps as common features and may be variants of
each other, juvenile polyps are not common lesions in Cow-
den’s disease.4,5 In addition, the risk of colon cancer is ele-
vated four- to 12-fold in JPS but not in Cowden’s dis-
ease,10,11 and has not been ascertained in BRRS.

While the majority of Cowden’s disease families
demonstrate germline mutations in PTEN,25 this has not
been the case for JPS and BRRS. Linkage mapping in
eight informative JPS families excluded chromosome
10q22-24 as the susceptibility locus for JPS. Furthermore,
14 families with JPS and 11 sporadic JPS cases lacked
PTEN mutations by denaturing gradient gel electrophore-
sis and direct DNA sequencing.26,27 A large Iowa kindred
with JPS demonstrated linkage to chromosome 18q21.1.27

Subsequently, three familial and two sporadic JPS cases
out of a total of nine demonstrated germline mutations in
the SMAD4 gene at chromosome 18q21.1,28 whose gene
product is a critical component of TGFβ1 signal transduc-
tion. The most common SMAD4 mutation was a four-bp
deletion from codons 414-416; a 2 bp deletion from codon
348 and a 1-bp insertion at codon 229 also were reported.
All of these mutations are predicted to cause a truncated
SMAD4 protein and prevent homotrimerization at its car-
boxyl terminus. Moreover, we failed to demonstrate any
deletion of chromosome 10q23 and any germline muta-
tion in PTEN in three BRRS patients.29 The frequency of
finding PTEN germline mutations in BRRS is much lower
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Table

Hamartomatous polyposis syndromes 
and their associated germline-mutated genes

Hamartomatous Syndrome Chromosomal Mutated Gene Frequency in 
Location Germline

Hereditary Mixed Polyposis 6q unknown —
Syndrome

Juvenile Polyposis (JPS) 18q21.1 SMAD4 21-50%
10q22.3-24.1 PTEN/MMAC1/TEP1 < 10%

Bannayan-Riley-Ruvalcaba 10q23 PTEN/MMAC1/TEP1 50%
(BRRS)

Cowden’s Disease (CD) 10q22-23 PTEN/MMAC1/TEP1 > 80%

Peutz-Jeghers Syndrome 19p13.3 STK11 > 90%



than that observed for Cowden’s disease.25 Thus, the
reports of BRRS and JPS patients demonstrating germline
PTEN mutations constitute only a portion of the genetic
etiology for these diseases. The discovery of a perturba-
tion in the TGFβ1 signaling pathway in JPS implicates
other components of this transduction pathway in causing
JPS and BRRS. SMAD2, another component of the
TGFβ signaling pathway and one that heterodimerizes
with SMAD4, and SMAD4 appear not to be mutated in
the three BRRS patients without germline PTEN muta-
tions above (our unpublished observations). 

Conclusions 
The hamartomatous intestinal polyposis syndromes

are inherited as autosomal dominant diseases. The genes
involved in these syndromes are predicted to act in a
recessive manner in the “target” tissue (i.e., they are
tumor suppressor genes and require inactivation of both
alleles), in accordance with the Knudson hypothesis.
Germline mutations reported for the hamartomatous
polyposis syndromes are listed in the Table. 

Germline mutations in STK11 appear to cause the phe-
notype of Peutz-Jeghers syndrome exclusively. Likewise,
germline mutations of SMAD4 appear to only cause the
phenotype of JPS. Germline mutation of PTEN, however,
is associated with the phenotypes seen in Cowden’s dis-
ease, BRRS, and in some JPS patients. Thus, genetic simi-
larity exists and causes phenotypic heterogeneity (i.e.,
mutations in PTEN are associated with three hamartoma-
tous syndromes), and genetic heterogeneity exists and
causes phenotypic similarity (i.e., mutations in PTEN and
SMAD4 are associated with JPS). There are likely other
factors that affect these genes to modify the phenotype and
each syndrome’s cancer risk. Additional genes likely are
involved in at least BRRS and JPS families, as the
described mutations in PTEN and SMAD4 do not account
for all of the patients with these syndromes. (Dr. Carethers
is Staff Gastroenterologist, VA San Diego Healthcare Sys-
tem, GI Section, University of California, San Diego.) ❖
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Potentiation of 
Photodynamic Therapy 
by Ursodeoxycholic Acid
By Michelle Castelli and David Kessel, PhD 

Photodynamic therapy (PDT) is a procedure used
to bring about selective photodamage to neoplastic

tissues. PDT involves the use of photosensitizing agents
that tend to localize somewhat selectively in neoplastic tis-
sues, tumor vasculature, and other sites that are spared
from toxicity, since irradiation is needed to “activate” these
agents. The determinants of localization are not yet clear.
PDT also has been used for treatment of vascular diseases,
e.g., atherosclerotic plaque and macular degeneration. A
general review of the field was recently published.1 Several
photosensitizing agents have been identified with the suffi-
cient selectivity for pathologic vs. normal tissues to be clin-
ically useful. Irradiation of cells treated with one class of

sensitizers results in a rapid loss of the mitochondrial
membrane potential (∆ψm). This is accompanied by the
translocation of cytochrome c to the cytosol, followed by
the prompt initiation of an apoptotic response.2 The result-
ing mode of cell death is mediated by the pathway leading
to caspase 3 activation initially identified by Wang’s
group.3 We reported that an important target for this class
of photosensitizing agents is the anti-apoptotic protein bcl-
2.4 A recent report indicated that the efficacy of this group
of photosensitizers could be promoted by a bile acid in cur-
rent clinical use for other indications.5 Another group of
photosensitizing agents targets lysosomes for photodam-
age.6 Preliminary studies indicate that the photodynamic
properties of these agents are not promoted by bile acids.

Background
The bile acid UDCA (ursodeoxycholic acid) commonly

is used for the solubilization of gallstones and in the treat-
ment of biliary cirrhosis.7 UDCA has been shown to protect
hepatocytes, hepatoma, osteogenic sarcoma, and HeLa
cells from apoptosis induced by a variety of stimuli, includ-
ing okadaic acid, hydrogen peroxide, ethanol, and deoxy-
cholic acid.8 In the latter case, UDCA prevented both loss
of ∆ψm and release of cytochrome c from mitochondria into
the cytosol.9,10 These results suggest that UDCA can protect
mitochondria from adverse effects that may lead to the
opening of the mitochondrial pore and the release of
cytochrome c, a trigger for the apoptotic program. 

Deoxycholate is a more hydrophobic analog of
UDCA. The ability of deoxycholate to elicit an apoptotic
response10 could be a result of the amphipathic properties
of this agent, since exposure of cells to detergents such as
Triton X-100 also results in apoptotic death.11 If the
release of cytochrome c is mediated by chaotropic inter-
actions with the mitochondrial membrane, the protective
effect of UDCA could be derived from competition with
more hydrophobic agents for mitochondrial binding sites.
Such a competition could not, however, explain the pro-
tection from hydrogen peroxide and ethanol.

Based on the ability of UDCA to protect mitochondria
from stimuli that lead to an apoptotic response, we consid-
ered it highly probable that this agent also would protect
cells from apoptosis induced by photodynamic therapy.

Experimental Approach
To evaluate the potential for UDCA-induced changes

in PDT phototoxicity, we carried out studies using two
different murine neoplastic cell lines, the L1210 lym-
phoblastic leukemia, and the 1c1c7 hepatoma.5 In contrast
to data previously reported, we found that UDCA
enhanced the cytotoxic response to PDT. At levels as low
as 20 µM, a substantial increase in PDT efficacy by
UDCA was observed when cells were sensitized with
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agents that target bcl-2 for photodamage.6 Treatment with
UDCA enhanced caspase-3 activation, appearance of
apoptotic morphology, and loss of cell viability after irra-
diation. UDCA promoted loss of ∆ψm and release of
cytochrome c into the cytosol after photodamage. Con-
trols were carried out to demonstrate that UDCA alone, at
levels as high as 100 µM, did not result in cytochrome c
release into the cytosol or any loss of cell viability. 

It is known that the administration of UDCA in man
results in a substantial conversion of UDCA to the glycine
and taurine conjugates GUDCA and TUDCA, respective-
ly.12 We considered it important to evaluate these potential
detoxification products for activity. Neither GUDCA nor
TUDCA was cytostatic or cytotoxic to L1210 cells, but
both conjugates were as active as UDCA in potentiating
the cytotoxic effects of PDT.5 Such a result is interpreted
to mean that UDCA catabolism will not decrease the
effectiveness of the product.

The promotion of PDT efficacy could be explained if
UDCA acted to lower the threshold for photodamage to
bcl-2. This could occur if an interaction between UDCA
and bcl-2 resulted in a conformational change such that
certain regions of the protein were better exposed to the
photosensitizers. A second possibility is that UDCA alters
the mitochondrial pore, resulting in an enhanced interac-
tion with the pro-apoptotic protein bax. It has been estab-
lished that bax is not affected by PDT under conditions
where bcl-2 is sufficiently altered so as not to be
detectable on Western blot.4 It also is possible that the
interaction between UDCA and the mitochondrial mem-
brane results in the promotion of sensitizer binding. In this
case, direct photodamage to the membrane could result in
release of cytochrome c without any intermediate steps.

Conclusions
Photodynamic therapy currently is being investigated

as a means for selective tumor eradication.1 It has been
demonstrated that UDCA can promote the phototoxic
response to PDT when used in conjunction with photo-
sensitizing agents that initially catalyze alterations in the
bcl-2 molecule. A variety of clinically-useful agents fall
into this class, including Photofrin, protoporphyrin
derived from administration of 5-aminolevulinic acid,13

m-tetrahydroxyphenyl-chlorin (mTHPC), and the etiopur-
purin SnET2.1 These agents have either received FDA
approval for photodynamic therapy or are in clinical trials.

Several other procedures have been suggested for
enhancing the efficacy of PDT, including fractionated
light dose14 and hyper-oxygenation of tissues.15 The use
of UDCA may be a simpler approach to this same end.
Since UDCA has a long history of clinical safety,7 addi-
tion of this agent to a clinical protocol might present mini-
mal challenge with regard to potential adverse reactions,

although the effect on selectivity remains to be estab-
lished. It is noteworthy that the taurine and glycine conju-
gates of UDCA also enhance PDT efficacy, since metabo-
lism of UDCA to these conjugates readily occurs in
man.16 Further studies with animal models are underway
to determine whether UDCA pharmacokinetics will be
suitable for promotion of PDT responses.

Photodynamic therapy is known to cause loss of viability
of malignant cells by several mechanisms.1 These include
direct cell kill, vascular shutdown, and the evoking an
enhanced immunologic response. Direct cell kill can eradi-
cate, at best, two tumor logs, meaning that seven doublings
will restore the initial tumor mass. Vascular shutdown likely
provides the additional cell kill that accounts for the tumor
eradication commonly seen after PDT. Immunologic phe-
nomena are now being examined as an additional factor in
PDT efficacy. At this stage in the investigation, it is appar-
ent that one effect of UDCA is the enhancement of the
direct tumor cell kill after PDT. Effects on vascular shut-
down and immune effects remain to be explored. (Dr.
Kessel is a Professor of Pharmacology and Medicine, and
Ms. Castelli is a graduate student in the Cancer Biology
Program, Department of Pharmacology, Wayne State Uni-
versity School of Medicine, Detroit, MI.)   ❖
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Funding News
Department of Defense Ovarian 
Research Program

The U.S. Department of Defense will once again con-
tinue funding its Ovarian Cancer Research Program in
2001. This program encourages scientific inquiry of ovar-
ian cancer and peritoneal carcinoma focusing on the
aspect of etiology, early diagnosis, therapeutics, and qual-
ity of life. Two areas that are being emphasized this year
include prevention in behavioral studies. Institutions that
do not already have an Ovarian Cancer Research Pro-
gram project award will be given preference. Research
project grants are limited to $300,000 per year for three
years. Those wishing to apply must submit a letter of
intent as soon as possible but definitely prior to July 3,
2001; the deadline for final application is July 18, 2001.
Funding will be awarded in three areas: 1) Research pro-
ject grants; new investigator research award; and idea
awards. Further information is available at the website
http://mrmc-rad6.army.mil/funding/default.htm#ocrp.

Mesothelioma Applied Research Foundation
Mesothelioma Research Grant

The Mesothelioma Applied Research Foundation
(MARF) was established after recognition that funding for
this disease has been disproportionately low compared to
other diseases. The foundation has enlisted basic science

and clinical experts in this field to advance research in this
area. The MARF offers researchers grants of up to
$500,000 over a two-year period for mesothelioma treat-
ment research, contingent upon funds being available. The
MARF currently is accepting applications for the funding
of both basic science and clinical research grants. The cur-
rent proposal allows funding of up to $50,000 per year for
up to two years. This grant is intended to support mesothe-
lioma treatment research, and investigations into the dis-
ease’s etiology will not be supported by this particular
grant mechanism. The deadline for application is June 15,
2001. Applications will be limited to 10 pages. There is a
very rapid turnover time for processing these grant applica-
tions, with review to be completed by the MARF by July
31 and awards to be activated by Aug. 31, 2001. More
information can be obtained from MARF by calling (805)
560-8942 or by accessing the MARF website at
http://www.marf.org\Grants\Grants.htm.   ❖

CME Questions 
21. Magnetic resonance spectroscopy imaging (MRSI) of prostate

cancer has identified high levels of:
a. pyrophosphate.
b. citrate.
c. choline.
d. acetate.

22. Hamartomatous polyposis syndromes are characterized by:
a. multiple polyps in the gastrointestinal tract.
b. autosomal dominant transmission fashion; however, sporadic

forms with germline mutations of a gene absent from the bio-
logical parents have been described. 

c. polyps with mature but disorganized tissue. 
d. All of the above

23. The XAGE-1 gene is located on which of the following 
chromosomes?
a. 7
b. 8
c. 10
d. X

24. Other than its potential use in photodynamic therapy,
ursodeoxycholic acid is commonly used for:
a. the solubilization of kidney stones and in the treatment of

renal disease.
b. the solubilization of gallstones and in the treatment of biliary

cirrhosis.
c. the treatment of hemolytic anemia.
d. the treatment of HIV infection
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