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PGP9.5 Methylation as a Marker for
Metastatic Colorectal Cancer
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Abstract. Background: Recently, it has been proven that
protein gene product 9.5 (PGP9.5) hypomethylation might
play an important role in re-expression of the PGP9.5 gene
in gallbladder cancer. We previously examined the expression
of PGP9.5 in primary colorectal cancer using immunohisto-
chemistry and found that PGP9.5 expression is related to
tumor progression and may be useful as a marker for
invasive colorectal cancer. These results prompted us to
examine the methylation status of the PGP9.5 gene in
colorectal cancer. Materials and Methods: The methylation
status of the PGP9.5 gene in primary tumors derived from
49 patients with colorectal cancer using a quantitative
methylation-specific polymerase chain reaction (gMSP) and
the association between the methylation status and the
clinicopathological findings was evaluated. Results: An
aberrant methylation of the PGP9.5 gene was detected in 36
out of 49 (73%) primary
Subsequently, clinicopathological data were tested for their

colon cancer samples.
association with the methylation results. Lymph node
metastasis was significantly associated with a lower
frequency of methylation (p=0.029). Conclusion: These
findings indicated that PGP9.5 was less frequently
methylated in metastatic colorectal cancer, suggesting that
PGP9.5 hypomethylation might play an important role in re-
expression of the PGP9.5 gene in colorectal cancer.

There is now solid evidence that a series of genetic
alterations in both dominant oncogenes and tumor suppressor
genes are involved in the pathogenesis of human colorectal
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cancer. The activation of oncogenes, such as the ras gene,
and the inactivation of tumor suppressor genes such as the
APC and p53 genes, have been identified in colorectal cancer
(1-3). In addition, we also found several other genes to be
related to the pathogenesis of colorectal cancer (4, 5). An
investigation of genetic changes is important in clarifying the
tumorigenic pathway of colorectal cancer (6).

Recently, it was proven that protein gene product 9.5
(PGP9.5) hypomethylation could be a reliable marker for
gallbladder cancer and that DNA hypomethylation might
play an important role in re-expression of the PGP9.5 gene
in gallbladder cancer (7). We previously examined the
expression of PGP9.5 in primary colorectal cancer using
immunohistochemistry and correlated the result with the
clinicopathological features (8). Of 74 colorectal cancer
specimens examined, 33 cases (46% ) showed positive
staining with PGP9.5 in most tumor cells, while no PGP9.5
expression was detected in adjacent normal epithelium.
Subsequently, we correlated PGP9.5 expression in tumors
with the clinicopathological features of affected patients and
found two significant positive correlations with maximal
tumor size and the extent of tumor (p=0.035 and 0.019,
respectively). These results suggests that PGP9.5 expression
is related to tumor progression and may be useful as a
marker for invasive colorectal cancer. These results prompted
us to examine the methylation status of the PGP9.5 gene in
surgically removed colorectal cancer specimens.

In the present study, we examined the methylation status of
the PGP9.5 gene in primary tumors derived from 49 patients
with colorectal cancer and evaluated the association between
the methylation status and the clinicopathological findings.

Materials and Methods

Sample collection and DNA preparation. Forty-nine primary tumor
specimens were collected consecutively at Showa University
Fujigaoka Hospital from colorectal cancer patients during colorectal
surgery. All specimens were confirmed histologically. Written
informed consent, as required by the Institutional Review Board,
was obtained from all patients. Collected samples were stored
immediately at —80°C until analysis. DNA was prepared as
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Table 1. Clinicopathological features and PGP9.5 promoter methylation
in colorectal cancer.

Clinicopatho- Variable No.of PGP9.5 methylation p-Value
logical feature cases
+ -_—
Gender Male 25 20 5 0.2902
Female 24 16 8
Age (year®) 49 63.2+33 669+2.0 0.3562
Maximal tumor 49 51.0+49 47.8+5.1 0.724b
size (mm)
Extent of tumor  <mt 7 6 1 0.4282
>mt 42 30 12
Lymph node <Nl 40 32 8 0.0292
metastasisd =N2 9 4 5
TNM stageb LI 22 16 6 09154
1, IV 27 20 7
Total 49 36 13

aChi-square test; bStudent’s r-test; mean + S.D; mt, muscular tunic; dby
TNM classification.

described elsewhere (9). The clinicopathological profiles of the
patients enrolled in the study are shown in Table I.

Sodium bisulfite modification. One pg of the genomic DNA
extracted from the colorectal cancer specimens was subjected to
bisulfite treatment using an Epitect Bisulfite Kit (Qiagen, Hilden,
Germany) as described elsewhere (10).

gMSP. The bisulfite-treated DNA was amplified with quantitative
methylation-specific PCR (qMSP) conducted in a Thermal Cycler
Dice® Real-time System TP800 (Takara Bio Inc., Otsu, Japan).
Thermocycling was carried out in a final volume of 25 pl containing
1.0 pl of the DNA sample, 100 nM each of the PGP9.5 or 3-actin
primers (forward and reverse) and 12.5 pl of SYBR Premix Ex Taq
II (Takara Bio Inc., Otsu, Japan), which consists of Taqg DNA
polymerase, reaction buffer and deoxynucleotide triphosphate
mixture. The qPCR primer sequences for PGP9.5 have been
described elsewhere (11) and were: PGP9.5 MS (sense),
5’-CGGCGAGTGAGATTGTAAGGTT-3’, and PGP9.5 MAS
(antisense), 5’-GAACGATCGCGACCAAATAAATAC-3’. The PCR
amplification consisted of 40 cycles (95°C for 5 s and 60°C for
30 s) after an initial denaturation step (95°C for 10 s). The bisulfite-
treated DNA obtained from L132 cells that was fully methylated by
SssI methylase was used as a positive control. To correct for
differences in both quality and quantity between samples, [3-actin
was used as an internal control. The targets were obtained from the
same bisulfite-treated DNA.

PGP9.5 methylation scores. The relative amounts of PGP9.5
methylated DNA in the colorectal cancer samples normalized to the
internal control B-actin were calculated. The PGP9.5 methylation
score in each tissue was defined as follows:
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Figure 1. The distribution of PGP9.5 methylation scores in colorectal
cancer (average was 9.26+0.50).

Methylation score = relative amount of PGP9.5 methylated DNA /
relative amount of fully methylated L132 DNA.

PGP9.5 methylation was considered positive when the methylation
score was more than 1.0.

Statistical analysis. The associations between PGP9.5 methylation and
clinicopathological parameters were analyzed using Chi-square tests
or Student’s r-tests. A p-value <0.05 indicated statistical significance.

Results

The methylation status of the PGP9.5 in primary colorectal
cancer samples was examined. An aberrant methylation of
the PGP9.5 gene was detected in 36 out of 49 (73%)
primary colon cancer specimens. Figure 1 shows the
distribution of PGP9.5 methylation scores. Our results show
that the aberrant methylation of the PGP9.5 gene was
frequent in colorectal cancer samples.

No significant associations were observed between the
presentation of abnormal methylation in the colorectal cancer
and patient gender or age, maximal tumor size, extent of
tumor or TNM stage (Table I). A significant difference was
observed in lymph node metastasis (p=0.029) (Table I),
indicating that PGP9.5 was less frequently methylated in
metastatic colorectal cancer.

Discussion

Colorectal cancer is one of the most aggressive types of
cancer and occurs at a high incidence in most countries (12).
In order to eradicate this fatal cancer from patients, we
perform surgical operations and subsequent chemotherapy
and radiotherapy. For this purpose, it is important to identify
the occurrence of genetic alterations as a new parameter to
estimate the malignancy of the cancer.
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PGP9.5, a ubiquitin hydrolase, is widely expressed in
neuronal tissues and has been suggested as a neuroendocrine
marker (13, 14). The ubiquitin-proteasome pathway degrades
cytosolic and nuclear proteins via an ATP- and ubiquitin-
dependent mechanism, which involves the regulation of cell
cycle genes (15, 16).

We previously examined the expression of PGP9.5 in
primary colorectal cancer using immunohistochemistry and
found that PGP9.5 expression was significantly related to
tumor progression (8). In this study, PGP9.5 was less
frequently methylated in metastatic colorectal cancer,
suggesting that PGP9.5 hypomethylation might play an
important role in re-expression of the PGP9.5 gene in
colorectal cancer. These results were concordant with each
other.

Previously, we also evaluated the expression of PGP9.5
using immunohistochemistry in 69 resected ductal
carcinomas of the pancreas as well as in normal pancreatic
tissue (17). A significant negative correlation was found
between overexpression of PGP9.5 and postoperative
survival. Multivariate analysis also suggested PGP9.5,
along with tumor stage and extrapancreatic plexus invasion,
as strong predictors of the outcome of the disease. The
study suggests that PGP9.5 expression may be used as a
marker for predicting the outcome of resectable pancreatic
cancer patients. Using the serial analysis of gene expression
(SAGE) method, Hibi er al. found that the PGP9.5
transcript was highly expressed in lung cancer (18). They
further examined PGP9.5 status in lung cancer and found
that PGP9.5 expression was closely associated with the
advanced stages of lung cancer (19). Taken together,
PGP9.5 expression is closely related to the malignant
progression of colorectal, pancreatic and lung cancer. On
the other hand, Mandelker et al. reported that PGP9.5
methylation was an independent prognostic factor for
esophageal squamous cell carcinoma (11). These results
suggested that PGP9.5 might play different roles depending
on the tissue type.

In the present study, we observed the frequent methylation
of PGP9.5 in colorectal cancer. We also compared the
methylation status of PGP9.5 in colorectal cancer patients
with their clinicopathological features and demonstrated that
PGP9.5 in patients with earlier staged colorectal cancer was
more frequently methylated than in metastatic cases.
Therefore, PGP9.5 methylation could be used as a tumor
marker in clinical samples such as serum and stool for the
early detection of colorectal cancer (20, 21).

References

1 Bos JL, Fearon ER, Hamilton SR, Verlaan-de Vries M, van
Boom JH, van der Eb AJ and Vogelstein B: Prevalence of ras
gene mutations in human colorectal cancers. Nature 327: 293-
297, 1987.

2 Nishisho I, Nakamura Y, Miyoshi Y, Miki Y, Ando H, Horii A,
Koyama K, Utsunomiya J, Baba S, Hedge P, Markham A, Krush
AlJ, Petersen G, Hamilton SR, Nilbert MC, Levy DB, Bryan TM,
Preesinger AC, Smith KJ, Su LK, Kinzler KW and Vogelsteen
B: Mutations of chromosome 5q21 genes in FAP and colorectal
cancer patients. Science 253: 665-669, 1991.

3 Baker SJ, Markowitz S, Fearon ER, Willson JK and Vogelstein
B: Suppression of human colorectal carcinoma cell growth by
wild-type p53. Science 249: 912-915, 1990.

4 Hibi K, Nakamura H, Hirai A, Fujikake Y, Kasai Y, Akiyama S,
Ito K and Takagi H: Loss of H19 imprinting in esophageal
cancer. Cancer Res 56: 480-482, 1996.

5 Hibi K, Taguchi M, Nakamura H, Hirai A, Fujikake Y, Matsui T,
Kasai Y, Akiyama S, Ito K and Takagi H: Alternative splicing of
the FHIT gene in colorectal cancer. Jpn J Cancer Res 88: 385-
388, 1997.

6 Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC,
Leppert M, Nakamura Y, White R, Smits AM and Bos JL:
Genetic alterations during colorectal-tumor development. N Engl
J Med 379: 525-532, 1988.

7 Lee YM, Lee JY, Kim MJ, Bae HI, Park JY, Kim SG and Kim
DS: Hypomethylation of the protein gene product 9.5 promoter
region in gallbladder cancer and its relationship with
clinicopathological features. Cancer Sci 97: 1205-1210, 2006.

8 Yamazaki T, Hibi K, Takase T, Tezel E, Nakayama H, Kasai Y,
Ito K, Akiyama S, Nagasaka T and Nakao A: PGP9.5 as a
marker for invasive colorectal cancer. Clin Cancer Res 8: 192-
195, 2002.

9 Hibi K, Nakayama H, Koike M, Kasai Y, Ito K, Akiyama S and
Nakao A: Colorectal cancers with both p/6 and p/4 methylation
show invasive characteristics. Jpn J Cancer Res 93: 883-887, 2002.

10 Hibi K, Sakata M, Sakuraba K, Shirahata A, Goto T, Mizukami H,

Saito M, Ishibashi K, Kigawa G, Nemoto H and Sanada Y:

Aberrant methylation of the HACEI gene is frequently detected in

advanced colorectal cancer. Anticancer Res 28: 1581-1584, 2008.

Mandelker DL, Yamashita K, Tokumaru Y, Mimori K, Howard

DL, Tanaka Y, Carvalho AL, Jiang W, Park HL, Kim MS, Osada

M, Mori M and Sidransky D: PGP9.5 promoter methylation is

an independent prognostic factor for esophageal squamous cell

carcinoma. Cancer Res 65: 4963-4968, 2005.

12 Greenlee RT, Murray T, Bolden S and Wingo PA: Cancer
statistics, 2000. CA Cancer J Clin 50: 7-33, 2000.

13 Wilkinson KD, Lee KM, Deshpande S, Duerksen-Hughes P,
Boss JM and Pohl J: The neuron-specific protein PGP9.5 is a
ubiquitin hydrolase. Science 246: 670-673, 1989.

14 Day IN and Thompson RJ: Molecular cloning of cDNA coding
for human PGP9.5 protein. A novel cytoplasmic marker for
neurons and neuroendocrine cells. FEBS Lett 270: 157-160, 1987.

15 Hochstrasser M: Ubiquitin-dependent protein degradation. Annu
Rev Genet 30: 405-439, 1996.

16 Diehl JA, Zindy F and Sherr CJ: Inhibition of cyclin D1
phosphorylation on threonine-286 prevents its rapid degradation
via the ubiquitin-proteasome pathway. Genes Dev /7: 957-972,
1997.

17 Tezel E, Hibi K, Nagasaka T and Nakao A: PGP9.5 as a prognostic
factor in pancreatic cancer. Clin Cancer Res 6: 4764-4767, 2000.

18 Hibi K, Liu Q, Beaudry GA, Madden SL, Westra WH, Wehage
SL, Yang SC, Heitmiller RF, Bertelson AH, Sidransky D and Jen
J: Serial analysis of gene expression in non-small cell lung
cancer. Cancer Res 58: 5690-5694, 1998.

1

—

2699



ANTICANCER RESEARCH 28: 2697-2700 (2008)

19 Hibi K, Westra WH, Borges M, Goodman S, Sidransky D and 21 Nakayama H, Hibi K, Taguchi M, Takase T, Yamazaki T, Kasai

Jen J: PGP9.5 as a candidate tumor marker for non-small cell Y, Ito K, Akiyama S and Nakao A: Molecular detection of p/6

lung cancer. Am J Pathol 155: 711-715, 1999. promoter methylation in the serum of colorectal cancer patients.
20 Hibi K, Robinson CR, Booker S, Wu L, Hamilton SR, Sidransky Cancer Lett /188: 115-119, 2002. . .

D and Jen J: Molecular detection of genetic alterations in the Received April 14, 2008

serum of colorectal cancer patients. Cancer Res 58: 1405-1407, Revised June 18, 2008

1998. Accepted June 26, 2008

2700



