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PGP9.5 Promoter Methylation Is an Independent Prognostic Factor
for Esophageal Squamous Cell Carcinoma
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Abstract
PGP9.5/UCHL1 is a member of the carboxyl-terminal ubiquitin
hydrolase family with a potential role in carcinogenesis. We
previously identified PGP9.5 as a putative tumor-suppressor
gene and methylation of the promoter as a cancer-specific
event in primary cancer tissues. In this current study, we
analyzed PGP9.5 methylation in 50 esophageal squamous cell
carcinoma (ESCC) primary tumors with well characterized
clinicopathologic variables including patient outcome. Two
independent modalities for methylation analysis (TaqMan
methylation-specific PCR and combined bisulfite restriction
analysis) were used to analyze these samples. The two data
sets were consistent with each other, as the 21 patients (42%)
with highest methylation levels by TaqMan analysis all
showed visible combined bisulfite restriction analysis
bands on acrylamide gels. Using an optimized cutoff value by
TaqMan quantitation, we found that patients with higher
PGP9.5 methylation ratios in the primary tumor showed
poorer 5-year survival rates than those without PGP9.5
methylation (P = 0.01). A significant correlation was also seen
between PGP9.5 promoter methylation and the presence of
regional lymph node metastases (P = 0.03). Multivariate
analysis subsequently revealed that PGP9.5 methylation
was an independent prognostic factor for ESCC survival
(P = 0.03). These results suggest that PGP9.5 promoter
methylation could be a clinically applicable marker for ESCC
progression. (Cancer Res 2005; 65(11): 4963-8)

Introduction
Esophageal cancer is the eighth most common cancer (1), and
sixth leading cause of cancer death worldwide (2). The two
predominant forms of esophageal cancer, which differ both epidemiologically and pathologically, are squamous cell carcinoma
and adenocarcinoma. Globally, squamous cell carcinoma accounts
for >90% of esophageal cancers (3). Most esophageal squamous cell
carcinoma (ESCC) is diagnosed at an advanced stage, and even
superficial ESCC, which seems to extend no further than the
submucosa, metastasizes to the lymph nodes in 50% of cases (4).
For localized ESCC, surgery is the primary therapeutic option. The
ability to predict ESCC outcomes after surgical resection is critical
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for clinicians, as it would impact the use of adjuvant chemotherapy
and radiation therapies. An independent prognostic indicator of
ESCC survival would therefore be invaluable to physicians and
patients in selecting treatment options.
Hypermethylation of gene promoters has been explored as both
a mechanism and marker of tumorigenesis (5, 6). We previously
identified novel cancer-specific methylated genes by pharmacologic unmasking and subsequent microarray analysis for ESCC and
head and neck squamous cell carcinoma (7, 8). Among the
methylated genes identified in the screen was PGP9.5. PGP9.5 is a
neuron-specific protein with opposing functions as both a
ubiquitin carboxyl-terminal hydrolase and ligase (9, 10). Currently,
there is conflicting evidence regarding the role of PGP9.5 in
carcinogenesis. PGP9.5 overexpression has been implicated as a
marker for pancreatic (11) and ESCC (12). Conversely, PGP9.5 has
been identified as a methylated gene in a cancer-specific manner
in pancreatic (13) and head and neck squamous cell carcinoma (8).
In this study, we tested PGP9.5 methylation status in primary
ESCC. We found that PGP9.5 promoter methylation correlated
strongly with lymph node metastases and poor prognosis. By
multivariate analysis, we show that PGP9.5 promoter methylation
is an independent prognostic indicator of ESCC survival.

Materials and Methods
Esophageal squamous cell carcinoma tissues and cell lines. ESCC
and paired normal mucosa specimens were obtained from 50 patients
who underwent surgery at the Medical Institute of Bioregulation
Hospital, Kyushu University and the Saitama Cancer Center. All the
patients had undergone a potentially curative resection of the primary
carcinoma. The patients included 43 males and 7 females, and informed
consent was obtained. The tumor was located in the upper esophagus
(n = 3), the middle esophagus (n = 28), or the lower esophagus (n = 19).
Eleven tumors were well-differentiated squamous cell carcinomas, 27
were moderately differentiated and 12 were poorly differentiated. Three
were submucosal carcinomas and 47 were more advanced lesions with
invasion in the muscularis propria (n = 7) or adventitia (n = 40). The
presence (n = 41) or absence (n = 9) of lymph node metastasis were
noted. Among the 50 cases, 12 patients survived for more than 5 years
after surgery, whereas 26 patients died within 5 years after surgery. In
the remaining 12 cases, patients were alive at the last follow-up or died
from causes unrelated to ESCC. Specimens were obtained from tumors,
avoiding necrotic centers, immediately after resection. Corresponding
normal mucosa specimens, which were at least 5 cm away from the
tumor edge, were also obtained by sharply dissecting the mucosa off the
muscularis propria. All specimens were quick-frozen in liquid nitrogen
and stored at 80jC until processing.
Seven ESCC cell lines (TE3, TE4, KYSE30, KYSE70, KYSE140, KYSE410,
and KYSE520) were obtained from the Cell Response Center for Biomedical
Research Institute of the Department of Aging and Cancer, Tohoku
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University (Sendai, Japan), or kindly provided by Dr. Shimada of the
Department of Surgery and Surgical Basic Science, Graduate School of
Medicine, Kyoto University (Kyoto, Japan). These cell lines were maintained
in RPMI1640 supplemented with 10% fetal bovine serum.
Re-expression of PGP9.5 by 5V-aza-2V-deoxycytidine treatment of
esophageal squamous cell carcinoma cell lines. Cells were split to low
density (1  106 per T-75 flask) 12–24 hours before treatment. Cells were
then treated for 5 days with 1 or 5 Amol/L 5-aza-2V-deoxycytidine (Sigma,
Inc., St. Louis, MO), and 300 nmol/L trichostatin A (Sigma) was added to
the medium ( final 24 hours) as described previously (7).
RT-PCR of esophageal squamous cell carcinoma cell line DNA. RNA
extraction was done from cell lines using Trizol (Invitrogen Inc., Carlsbad,
CA) as previously described (7). Eight micrograms of each total RNA were
reverse-transcribed with Moloney murine leukemia virus reverse transcriptase (Invitrogen), and 1:100 of the reaction mixture was amplified by PCR
and analyzed as reported previously (7). PCR was done for 1 minute at 95jC
(denaturation), 1 minute at 61jC (annealing), and 1 minute at 72jC
(elongation) for 28 cycles. Oligonucleotide primer pairs for PGP9.5 were
purchased from Invitrogen. The forward primer sequence was 5VTGATGGACGAATGCCTTTTCC-3V and was located at position +590
relative to the PGP9.5 transcription start site. The reverse primer sequence
was 5V-ACTGGGGAGAATGCTTCACCA-3V and located at position +947.
Glyceraldehyde-3-phosphate dehydrogenase primers were as previously
described (7).
Bisulfite treatment for DNA. For DNA denaturing, 2 Ag of genomic
DNA was incubated with 5 Ag of salmon sperm DNA in 0.3 mol/L NaOH
for 20 minutes at 50jC. The DNA sample was then diluted with 500 AL of
a 2.5 mol/L sodium metabisulfite/125 mmol/L hydroquinone/0.4 mol/L
sodium hydroxide solution, and placed at 70jC for 1 hour. After 1 hour,
the sample was applied to a column (Wizard DNA Clean Up System,
Promega Inc., Madison, WI), incubated with 0.3 mol/L NaOH for
10 minutes, and then treated with 3 mol/L ammonium acetate for 5
minutes. ETOH was added (2.5-fold volume of 100%), and DNA was
allowed to precipitate for 1 hour at room temperature. DNA was
resuspended in 100 AL water and stored at 80jC.
PCR amplification of bisulfite-treated DNA for combined bisulfite
restriction analysis and sequencing. We extracted genomic DNA from
Trizol (Invitrogen)-treated samples and performed bisulfite modification of
genomic DNA as described (7). The primers were designed to recognize the
DNA alterations caused by the bisulfite treatment. The primer sequences
were 5V-ACTCAAAAAACACCCACCAACAAAT-3V (PGP9.5 F1-sense sequence
from positions 223 to 198 relative to PGP9.5 transcription start site)
and 5V-GTAGAAATAGTTTAGGGAAGA-3V (PGP9.5 R-antisense sequence
from positions +50 to +29 relative to PGP9.5 transcription start site). PCR
amplifications were done as follows: a 5-minute 95jC incubation step was
followed by 45 cycles of 1 minute at 95jC, 1 minute at 54jC, and 2 minutes
at 72jC. A 7-minute elongation step at 72jC completed the PCR
amplification program.
Combined bisulfite restriction analysis and sequencing analysis.
PCR amplification products were run on a 1% agarose gel stained with
ethidium bromide and visualized under UV light. Amplified bands were
excised, purified (spin column, Denville Scientific, Inc., Metuchen, NJ), and
resuspended in 30 AL water. Fifteen microliters of DNA was digested in a
mix containing 1  NEB buffer 2 and BstUI (New England BioLabs, Inc.,
Beverly, MA). The mix was covered with mineral oil and placed at 60jC
overnight. Following digestion, the samples were loaded on a 6%
acrylamide gel, stained with ethidium bromide and visualized under UV
light. Sequencing was done using F1 primers as previously described (7).
Real-time quantitative PCR. For quantitative methylation analysis,
PCR primers were designed to hybridize to regions of the PGP9.5 that we
previously determined to be methylated in the ESCC cell line (KYSE30) by
sequencing. In addition, a fluorescent probe was designed to hybridize to
the amplified region of DNA. The PGP9.5 primers had the following
sequences: 5V-CGGCGAGTGAGATTGTAAGGTT-3V (PGP9.5 TAQF) and 5VGAACGATCGCGACCAAATAAATAC-3V (PGP9.5 TAQR). The probe design
was 6FAM 5V-TTCGGTCGTATTATTTCGCGTTGCGTAC-3V TAMRA. The
h-actin primer sequences were previously described (8). For all reactions,
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3 AL of bisulfite-treated DNA was added to a final volume of 20 AL.
Amplifications were carried out in a 384-well Clear Optional Reaction Plate
(Applied Biosystems, Inc., Foster City, CA) with Optical Adhesive Cover
(Applied Biosystems) as described previously (8). Serial dilutions of human
leukocyte DNA treated as in vitro methylated were used to construct a
calibration curve, and all reactions were done in triplicate. The methylation
ratio was defined as quantity of fluorescence intensity derived from PGP9.5
promoter amplification divided by fluorescence intensity from h-actin
amplification, multiplied by 100 (we designated this value as TaqMan
methylation value: TaqMeth V).
Multivariate analysis for patient prognosis. We first computed
bivariate associations between each putative confounder variable and
survival, and between each putative confounder and PGP9.5 methylation
status. The only variable that was independently associated with survival,
other than PGP9.5 methylation status, was tumor location (Table 1).
Consequently, we constructed a Cox proportional hazards model with
PGP9.5 methylation status and tumor location as the covariates. The
significance level used was 0.05 and all statistical analyses were
conducted using STATA Version 8 (STATA, Inc., College Station, TX).
In our search for independent clinicopathologic factors, we did not
include tumor-node-metastasis (TNM) staging as a variable factor from
our multivariate analysis because TNM staging itself depends upon depth
of tumor invasion, lymph node metastasis, and the presence of distant
metastasis.

Results
Methylation of the promoter DNA of PGP9.5 in esophageal
squamous cell carcinoma cell lines and their consistency with
gene silencing. We first examined PGP9.5 promoter methylation
in seven ESCC cell lines by combined bisulfite restriction analysis
(COBRA) analysis (Fig. 1A). Methylated alleles were cleaved by the
enzyme BstUI, which cleaves the sequence CGCG. The size shift
due to this cleavage can be visualized on a gel after separation. Of
the seven cell lines examined by this method, five ESCC cell lines
were found to be methylated. Among these, KYSE30 was
completely methylated by direct sequencing (Fig. 1B), suggesting
that PCR products were only partially digested by Bst UI.
KYSE140 did not harbor any methylated alleles by direct
sequencing (Fig. 1B).
We then sought to determine the RNA expression of PGP9.5 in
the ESCC cell lines. RT-PCR analysis of ESCC cell line cDNA
indicated that in cell lines where PGP9.5 was methylated (Fig. 1C),
PGP9.5 was absent or expressed at low levels. Upon administration
of 5-aza-2V-deoxycytidine and/or trichostatin A, PGP9.5 expression
increased robustly. Conversely, cell lines in which the PGP9.5
promoter was unmethylated showed a consistently high level of
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Table 1. Relationship between variables and prognosis
Variables
PGP9.5
High methylation versus low methylation
Location
Lower versus upper
Lymph node metastasis
Metastasis versus nonmetastasis
TNM staging
Stages III and IV versus stage I and II
Depth of invasion
Without wall versus within wall

Hazard ratio

P

2.5

0.01

2

0.04

1.98

0.05

1.98

0.05

1.53

0.13
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Figure 1. Methylation of PGP9.5 promoter in ESCC cell lines and gene silencing. A, COBRA analysis was done for seven ESCC cell lines (TE3, TE4, KYSE30,
KSYE70, KYSE140, KYSE410, and KYSE520). With the exception of KYSE70 and KYSE140, the PGP9.5 promoter was methylated in the remaining cell lines.
M, methylated band; U, unmethylated band. COBRA does suffer from partial digestion of Bst UI. KYSE30, which was confirmed to be completely methylated by direct
sequencing, was not digested completely by BstUI. B, direct sequencing in representative ESCC cell lines. KYSE30 showed complete methylation in the tested
region, whereas KYSE140 showed no methylation. All guanines (arrows ) present after sequencing represent methylated cytosines (protected) on the complementary
strand. C, RT-PCR for ESCC cell lines. One or 5 Amol/L 5-aza-2V-deoxycytidine treatment and/or trichostatin A reactivated PGP9.5 at the mRNA level.
Glyceraldehyde-3-phosphate dehydrogenase expression was used as a loading control of each lane. Note that, in cell lines where PGP9.5 was methylated,
PGP9.5 was absent or expressed at low levels. Upon administration of 5-aza-2V-deoxycytidine and/or trichostatin A, PGP9.5 expression increased robustly. Conversely,
in cell lines in which the PGP9.5 promoter was not methylated, PGP9.5 expression was recognized both before and after treatment. Of the five ESCC cell lines
that harbored PGP9.5 promoter methylation, only TE3 cells expressed PGP9.5 at the mRNA level. However, the methylation level in this cell line was quite low,
suggesting that these cells contain only a small methylated population.

PGP9.5 expression both before and after pharmacologic treatment.
Thus, in all ESCC cell lines, PGP9.5 promoter methylation was
consistent with PGP9.5 expression.
Combined bisulfite restriction analysis of PGP9.5 promoter
methylation in esophageal squamous cell carcinoma primary
tumors. ESCC primary tumor DNA was then bisulfite-treated,
PCR-amplified, and digested with the restriction enzyme BstUI. Of
the 50 primary ESCC tumors, 21 (42%) were found to have PGP9.5
promoter methylation (Fig. 2A and B). The tumors with
detectable PGP9.5 promoter methylation had a significantly
worse prognosis and a higher frequency of lymph node metastasis
than ESCC primary tumors without methylation (P = 0.01, data
not shown).
TaqMan methylation-specific PCR analysis of PGP9.5 promoter methylation in esophageal squamous cell carcinoma
primary tumors. We also evaluated the 50 tumor samples using
TaqMan methylation-specific PCR analysis, and quantified them
in order of increasing methylation ratios (TaqMeth V; Fig. 2B).
Interestingly, all the top 21 patients (42%) with higher levels of
methylation by TaqMan quantitation showed visible COBRA

www.aacrjournals.org

bands in an acrylamide gel. This result suggests that TaqMan
quantitative analysis is consistent with actual methylation status,
and reflects the true quantity of PGP9.5 methylated alleles in
primary cancers.
Clinicopathologic correlation with methylation status by
TaqMan methylation-specific PCR in primary esophageal
squamous cell carcinoma. We quantified tumor methylation
ratios by using TaqMeth V as described in Materials and Methods.
Using this value, methylation values ranged from 0 to 228.3 (mean
value 41.8, and median value was 10.0). Cases with higher PGP9.5
TaqMeth V showed poorer prognosis than those with lower PGP9.5
TaqMeth V. We investigated several cutoff lines for TaqMeth V
using either P value or hazard ratio for patient prognosis to
determine the best optimized cutoff line (Fig. 3A). The most
accurate cutoff line for predicting patient prognosis was 20.0, but
values from 10 to 40 were also statistically significant (Fig. 3A).
Drawing a cutoff line at 20.0, there were 22 cases with higher
methylation ratios (PGP9.5 TaqMeth V >20.0) and 28 cases with
lower methylation ratios (PGP9.5 TaqMeth V V20.0; see Fig. 2B).
The higher PGP9.5 methylation group included 1 (11%) of the
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9 patients with no lymph node metastasis, and 21 (47%) of the 44
patients with lymph node metastasis. This difference for lymph
node metastasis was statistically significant (P = 0.03). No other
clinicopathologic factors showed a significant correlation with
PGP9.5 methylation status (Table 2). Student’s t test analysis of
TaqMeth V and lymph node metastasis also showed a significant
difference (P = 0.05; Fig. 3B). Finally a Kaplan-Meier survival curve
for the 50 patients with ESCC was constructed to analyze survival
discrepancies between patients with PGP9.5 methylation levels
above or below the 20.0 cutoff line. The statistical difference was
determined to be 0.01 by a Cox-Mantel model (hazard ratio, 2.5).
Kaplan-Meier curves, by stage, lymph node status, and/or PGP9.5
methylation are shown in Fig. 4.
Multivariate analysis of PGP9.5 methylation for patient
prognosis. Results of multivariate Cox-proportional hazards
modeling indicated that PGP9.5 methylation was associated with
a 147% increase in the hazard for death (hazard ratio, 2.47; 95%
confidence interval, 1.09-5.58), with a P value of 0.03. The only
variable that was independently associated with survival, other
than PGP9.5 methylation status, was tumor location, however, it
was not significant (P = 0.06).

Discussion
Figure 2. Demonstration of methylation in primary ESCC tissues by two
independent modalities (COBRA and TaqMan PCR analysis). A, COBRA
analysis was done for primary ESCC tissue specimens and the corresponding
normal mucosa specimens. M, methylated band; U, unmethylated band; C1-C4,
primary ESCC tissues with methylation of the PGP9.5 promoter; C5-C8, primary
ESCC tissues without any methylation of PGP9.5. Corresponding normal
mucosa samples (N1 and N2) were not methylated. B, TaqMan quantitative
analysis was consistent with COBRA analysis. The figure is in descending order
of TaqMeth V as described in Materials and Methods. (.) methylated or (o)
unmethylated by COBRA. Note that 21 patients with the highest levels of
methylation by TaqMan quantitation showed visible COBRA bands on
acrylamide gels.

In this study, we found that PGP9.5 methylation in primary
cancers was significantly correlated with lymph node metastasis
and patient prognosis. We showed such relevance using quantitative TaqMan methylation-specific PCR. This suggests that within the
ESCC primary tumor, cancer cells with PGP9.5 promoter methylation comprise a dominant clone with highly malignant potential.
Our selected patients were successive surgical archival samples,
resected with curative intent. Currently, the presence or absence of
lymph node metastases is the strongest independent prognostic
factor for ESCC survival (14). Of the 50 cases analyzed in this study,

Figure 3. Clinical relevance of PGP9.5 methylation in primary ESCC tissues. A, identification of the best optimized cutoff point using the Cox-Mantel prognostic
analysis. The best cutoff point for TaqMeth V is 20.0, whereas statistical significance (P < 0.05) remained between 10 and 40. B, Student’s t test analysis for lymph
node metastasis using TaqMeth V. The methylation ratio level of PGP9.5 significantly correlated with lymph node metastasis (P = 0.05). C, Kaplan-Meier curves in
primary ESCC comparing cases with higher TaqMeth V (z20.0; n = 22) and those with lower TaqMeth V (<20.0; n = 28). The Cox-Mantel analysis comparing the two
groups revealed a significant difference (P = 0.01), namely, the group with higher methylation yielded a poorer prognosis than the group with lower methylation of
PGP9.5.
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only 9 cases had no lymph node metastases. As a consequence of
this patient distribution, any marker found to be significantly
correlated with ESCC prognosis in our selected patients must be
relatively independent of lymph node metastases status. In
accordance with our hypothesis, PGP9.5 was confirmed to be an
independent prognostic factor by multivariate analysis (P = 0.03).
An independent prognostic factor’s clinical utility is its ability to
more accurately predict patient survival when used in combination
with other known prognostic factors. Such a marker would be
invaluable to surgeons and patients selecting treatment options.
Our data showed that PGP9.5 promoter methylation, in combination with lymph node metastases, more accurately predicted
patient prognosis (Fig. 4B) than lymph node metastases alone.
From our present data, we propose several designs to study the
feasibility of PGP9.5 methylation as a clinical tool. We must
increase the sample size of node-negative ESCC patients, to
determine if PGP9.5 methylation can accurately predict curability
(>5 year survival) in this patient population (Fig. 4B). Interestingly,
the one case with negative-lymph node metastasis and higher
PGP9.5 methylation died of ESCC 34 months after surgical
resection. Although such cases were small in number (n = 8), in
Table 2. Clinicopathologic variables and PGP9.5 methylation in primary ESCC
PGP9.5 TaqMan
methylation analysis

Age (years)
Sex
Male
Female
Location
Upper
Middle
Lower
Differentiation
Well
Moderately
Poorly
Depth of invasion
Submucosa
Muscularis propria
Adventitia
Lymph node metastasis
Absent
Present
Lymphatic penetration
Absent
Present
Vascular penetration
Absent
Present
TNM staging
Stages I and II
Stages III and IV

Methylation
(+), n = 22

Methylation
(+), n = 28

60 F 8.5

61 F 9.5

20 (47%)
2 (29%)

23 (53%)
5 (71%)

NS
NS

NS
2 (67%)
9 (32%)
11 (58%)

1 (33%)
19 (68%)
8 (42%)

6 (55%)
12 (44%)
4 (33%)

5 (45%)
15 (56%)
8 (67%)

1 (33%)
1 (14%)
20 (50%)

2 (67%)
6 (86%)
20 (40%)

1 (11%)
21 (51%)

8 (89%)
20 (49%)

1 (17%)
21 (47%)

5 (83%)
23 (53%)

5 (45%)
17 (44%)

6 (55%)
22 (56%)

1 (11%)
21 (51%)

8 (89%)
20 (49%)

NS

Figure 4. PGP9.5 methylation as an independent prognostic factors in primary
ESCC. A, clinical staging of selected patients according to TNM classification.
Five-year survival of each stage is 75% (stage IIA), 35% (stage III), and 25%
(stage IV). For cases with stage I (n = 3), follow-up was within 5 years. B, a
combination of PGP9.5 and lymph node metastasis is an excellent predictor of
ESCC patient survival. Patients with higher PGP9.5 methylation showed dismal
prognosis (<20% 5-year survival), whereas those with lower PGP9.5 showed
excellent prognosis (>85% 5-year survival; P = 0.01). C, for the patients with
advanced cancers (stages III and IV), PGP9.5 showed a trend towards, but not a
significant correlation with patient prognosis (P = 0.1).

NS

P = 0.03

NS
NS

Abbreviation: NS, not significant.
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P

P = 0.03

this study, the 5-year survival for patients who are both lymph
node- and PGP9.5 methylation-negative is >85% (expected results
are around 60%: 85  0.33—stage I + 50  0.67—stage II according
to the previous reports; ref. 15). Conversely, for node-positive cases
(mostly stage III and IV cancers), PGP9.5 methylation and lymph
node metastases did not show an additive effect in predicting
patient prognosis (Fig. 4B and C). For such cases, perhaps other
yet to be identified prognostic factors could be combined with
PGP9.5 methylation status to better predict patient prognosis.
Recently, we have investigated promoter DNA methylation as a
tumor marker in primary tumors and body fluids (16–20). A
combination of several methylation markers was reported to be
significantly correlated with patient prognosis in esophageal
adenocarcinoma (21). However, in this study, PGP9.5 was found
to be an independent prognostic factor as a single DNA marker.
Determining the functional relevance of PGP9.5 with respect to a
tumor’s metastatic ability is crucial to legitimizing its use as a
prognostic marker. Little evidence currently exists regarding
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PGP9.5’s potential role as a tumor suppressor. Moreover, there are
numerous reports that PGP9.5 is overexpressed in a subset of
primary cancers (11, 12). Overexpression in primary cancer tissues
could be the cause of or the result of transformation. If it is the
cause of transformation, PGP9.5 would be an oncogenic molecule,
but the clinical profile reported here does not support this notion.
We recently established four squamous carcinoma cell lines with
stably transfected PGP9.5, and none of them showed increased
tumorigenesis in soft agar.4 This result suggests that PGP9.5
overexpression in primary cancers may merely be a result of
transformation. Among the four cell lines tested, the tumorigenic
ability of two lines was dramatically suppressed for tumorigenesis
by PGP9.5 expression (data not shown). These findings suggest that
PGP9.5 may actually act as a tumor suppressor gene, a function that
is supported by its cancer-specific methylation pattern (8).
One mechanism by which PGP9.5 could act as a tumor
suppressor is through the degradation of oncogenes. The PGP9.5
gene encodes two opposing activities in the ubiquitin pathway, one
functioning as a ubiquitin COOH terminus hydrolase to generate
single ubiquitin and another demonstrating ligase activity leading
to multiple ubiquitinations (10). PGP9.5 ligase activity results in

4

Data in preparation for publication.
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