b, {LFEESCBUOTREEORIABAIZL D, QOL
RO AL OIERDSTREL 252 &b HEY
DOEDTH 5D,

&<z, EE, UBRARHEERBEICTLT, S
ZRNEDEHE S T vy B irinotecan, oxaliplatin 72
EDOFBPUERNC L0, YU REEIERIC BT,
BRI LD & ARREOLMIIRIVFETE 5,

—77, BEETMOEE, T L 5 F8AEREC
S AR, EEUIE, ALILMERRIC L 5 FiivRsE
12& D, WROPER - YHE - HAEREREE O T > b —
N7z, BRI/ RBEE W) e, &%
RERBIIEETH), ZOZELIZREOWHED
QOL #EFFIT K& 5T 5,

B=Eos0-7y Trzosncen

EBRMR 7+ 0—7 v TOMREERR, M2 -2
£ (B, Witk (EE~—»h—), MEREM X
WU, REEREE IR, CT, MRI, PET, KA
BSRRRELS DI L NS,

1. FRARER, B2%

BRI RE S T b A BRI, ERHETE
BHIC X 2IBMEEKR, WEEBEFIC L 2PHEFIED
AL MR, NI L 2SR CmEiRE, &
22 E03H b, FTERTE, Mifaie & & oEBERE I
BEhEY A FERIZIE, BEREW R B B08, o
DFERVHE U7 & &0, IGRDGA oS R 2 0%
2\,

EBRZIL, SR TEEICT) T L DOTEZBEE
THY, ERENROYEEESRE, BirEsE EEE
FEFHZETO Douglas SIEEOSBMICERI TH L. £ 72,
AR T D BRMT 2 OW & ERDIRREZ MR L, finger
bougie |2 & » T EERFEDZET - FRIZb % 5,

2. BE<v-—H-

EEEOEE~— 77— LTho L hPHSIN T
% D iE, HAIE Carcinoembryonic Antigen (CEA) T
&5, Graham i, HEWURLERRE LRI LA
e LT CEA BIZED S > & b cost-effective TH 5
LEELTWVDY,

3. BEEBEUH X iR
BB ORTRSSE, FI & HB L C RO L 7R

bo GEIOHETTYH, HHETIE, MEREEIX2.8%
THol=bS, EEECTIX7.6%TH-o72, UL, 74
O—7v 7B A X BIEEOEREIL, con-
troversial Td 5, MER X IR LD @J[‘ﬁ‘?_ﬂ_ﬁ‘é&ﬂﬂi
HERBRETERTELRIIOIB L VIFELH Y Y,
Bk i, Sl 7 4+ 10— 7 v THRANCHER L 2w
25 5%, —H, Tke HiE, 2HHTEDCEA W
EL 6 HHIT L O X AR CHER S Wz
SEFIH, YIBRTTREREBI42B DMETCid, 5 AT
63.7% TH Y, MER X A % & intensive 7 +
O—7 v TOFHERE L T 59,

4. [EERERE ST

JEAREE PR, MEBRAL & IE4 L, MR
HZaBETH Y, RBRNERERBOR 7YY —= 7
BAELELTho & biThlT\ns, Makela Hid, 6
AR & ORBEFERESNERORMFERICAEHTS
HERELTWSET,

5. CT

CTIE, NUHNVCTRINVFATALACTIZLD,
SR DIFE I 2 BB R 3 RITE RS REE 72 o
726 TIVF AT A A CT TIIERBIEEDSE FHFINFRAH
WHes 72, MRIBEBEFBOLZNDDIZE->TE
Twbd, LaL, CTRXEEREZTH—D/NT A—
¥ — b7, REMBOEREIR L, ERER
FESEOBW L LCRRYH 5, EECT Th
FEFALMR & JEE OB ROZEIT D2,

6. MRI

MRIZAE T > P I 2 P25 S he9 <, BREH
WO EREDSEED S, ERRBRITEREOBRTICE
WC, CTHELY IFENL TS, —MEAZE, BS
F TUEFABECRES, T&FAE CRIMEREDE,
EWE) S FIEREERELTRT, —F, MM
FHEARRRE T1, T2X BIESZET B DL
FEHITE B L INTVS, LaL, EBEOER I
AR D S TS LETHELRL, B & REERE
AHRRANRIET 5 & 9 EFTIZERIPEEETH 5 Y,

7. PET (positron emission tomography)

KRG DOHEFEZWTIZBT 5 FDG-PET DR/
BRIZDOWTIRE L OBMEBIFDH Y, Figsts, i,
TR BEREOBMICENESE S Il ko Tw

26 THALERIR B0 15 20064E 1 A

—316—



"7 WMRINIEBRENEEAN I3 0—T v T X5 4
e 3 E£fE 3~ 5 FH 5 FLIE
% =B 3HA 6 1B 12HR
[EREE R 6HA 6718 12 HHA
BB~ —%—~ (CEA) 35R 6 7R 125R
FAER X fftads 678 12 7R 124K
PEERHB S AR 348 6 7 H 1248
i CT 8T 678 1258 12 48
KBARERE 12 7R 24 5 B 24 /7B

B0, &4, CT, MRI TIHEskEE L shTwn
TR DORR R PIZEAAME & BT B 38 0124 A
T, TOZWREORE SHEIEETX %, Huebner 50
ey TiX, FDG-PET MZEDEBEMBBIEISD
FRREIZ94.5%, HREMEE7.7%, IEZE95.9% & L Tw»
%11)

ERERMTR O RTESEIC 4 5 FDG-PET #8230
L, OMMORTEE CIMBSIEEOMNE, TR50
TRARMR DA X b B WTOSIREE 7292 1ot L C ofe
BT (FAERSWT, EOBW, WEOEEHEOZRD
DHEETH D, QT DOWHIET, M CLEED
AT N =2V THRTED, FDC DEFEE I EEMR
WIS RE 2 7=, AbEBR R ORI DR B 5 S
WREE %%, Lo, BAEDE 5, (EBESEES
RONTNT, FEMEBTIVEMTH 2 L5,
RGO T O —T v FOHOKEE LT
&, NUREREETH Y, CT, MRI ik mgk
FEBNIBR - TR SNERETHS S,

8. AIBrYiIRIIRE

TEIEREAT 2k, AU EEBE L SRS
ZEDG, WY+ H—T v 7L LT ORISR
EALETHS ',

Wreecnammmines - 0—7 7%

RTIVEBBM®R T + 0 —7 v 7L LT, inten-
sive follow-up @ 1 Bl %R¥, EEBEORE, BHE
EORMZMFEECH 2, BETHEEISS % 0H
B ERERTHY, WERZESTLREICERS
%if%%ﬂ%ﬁﬁ%éoit,%%ﬁ%w%wa
% stagella, Wb FEHIL, FOMERYIZEHE CT 2470s,
R e ZBIZILE 512 MRI ®° PET %2868 L T,
%%ﬁ%%&%&<$%,%ﬁW%&%%K%ﬁT%
CEVEELRIETH L,

L x ik l

1) Engstrom, P. F, Benson, A. B., 3rd, Cohen, A.,
Doroshow, J., Kiel, K., Niederhuber, J., Roh, M. and Tem-
pero, M. ! NCCN Colorectal Cancer Practice Guidelines.
The National Comprehensive Cancer Network. Oncology
(Williston Park), 10 : 140~175, 1996

2)  Smith, T. J. and Bear, H. D. ! Standard follow-up of
colorectal cancer patients . Finally, we can make practice

guidelines based on evidence. Gastroenterology, 114
211-~213, 1998.

3) ABBWIEER  KBEFHEOF—~A 522,
KIGREGHI A ¥ 54 > (ERTH20054E4R), €5 H,
BE, 2005, p. 40~45.

4) Graham, R. A., Wang, S., Catalano, P. ]. and Haller, D.
G. ! Postsurgical surveillance of colon cancer : Preliminary
cost analysis of physician examination, carcinoembryonic
antigen testing, chest x-ray, and colonoscopy. Ann. Surg.,
228 1 59~63, 1998.

5) Schoemaker, D., Black, R., Giles, L. and Toouli, J. :
Yearly colonoscopy, liver CT, and chest radiography do
not influence 5~year survival of colorectal cancer patients.
Gastroenterology, 114 : 7~14, 1998,

6) Ike, H., Shimada, H., Ohki, S., Togo, S., Yamaguchi, S
and Ichikawa, Y. ! Results of aggressive resection of lung
metastases from colorectal carcinoma detected by inten-
sive follow-up. Dis. Colon Rectum, 45 | 468 ~ 473 , dis-
cussion, 473~465, 2002.

7) Makela, J. T., Laitinen, S. O. and Kairaluoma, M. I. :
Five-year follow-up after radical surgery for colorectal
cancer . Results of a prospective randomized trial. Arch.
Surg., 130 . 1062~1067, 1995,

8) Ebner, F., Kressel, H. Y., Mintz, M. C., Carlson, J. A.,
Cohen, E. K., Schiebler, M., Gefter, W. and Axel, L.:
Tumor recurrence versus fibrosis in the female pelvis !
Differentiation with MR imaging at 1.5 T. Radiology,
166 : 333~340, 1988.

9) Takeuchi, 0., Saito, N.,, Koda, K., Sarashina, H. and
Nakajima, N. . Clinical assessment of positron emission
tomography for the diagnosis of local recurrence in colo-
rectal cancer. Br. J. Surg, 86 : 932~937, 1999.

10) Truant,S., Huglo, D, Hebbar, M., Ernst, O., Steinling, M.
and Pruvot, F. R. ! Prospective evaluation of the impact
of [18F] fluoro-2-deoxy-D-glucose positron emission
tomography of resectable colorectal liver metastases. Br.

HALERSNEL 45203815 200641 B 27

—317—



J. Surg., 92 : 362—~369, 2005. 12)
11) Huebner, R. H., Park, K. C., Shepherd, J. E., Schwimmer,

J., Czernin, ]., Phelps, M. E. and Gambhir, S. S. I A meta-

analysis of the literature for whole-body FDG PET de- colorectal cancer surveillance guidelines by the Amer-

tection of recurrent colorectal cancer. J. Nucl. Med., 41 © - ican Society of Clinical Oncology. J. Clin. Oncol.,, 17 :
1177~1189, 2000. 1312, 1999.

Desch, C. E., Benson, A. B., 3rd, Smith, T. ]J., Flynn, P.
J., Krause, C., Loprinzi, C. L., Minsky, B. D., Petrelli, N.
J., Pfister, D. G. and Somerfield, M. R. ! Recommended

=a\

\

4045 ’
BEARP - B R

information

5510 @ BRRFEIMASODCEREBBRREDHHS €

# B 200646 A17HD
& B IEEaY Ty ALy —RHEE
T102-8112 WEHTCHXFHEES-13-1 ANV A TERRELV2F
TEE 03-5214-2020 FAX 03-5214-2021
WIAMEE A REET (SHEARER - REHEETE)
BESEDE REEFELEVLEIT. BEIrL0EHOTINHELBEL LT
BhET,

B EIEY 20064 4 A17H (AMEH) EFLE |

1. {EERFASR
EHEOBLAKL, T2, WERHENE) EEFAEHO e-mail 7 FLALLS
3 AT

BEEAEHRT ML A | clinical-anatomy@mitsuihosp.or. jp |

X

5|6
o}

]

i
2. BB
g, EE, EREEE, B, EF, BEES, FAXES, email T KL A
B L UPHEER (BHEAIEMAB0FLUA) OTXTEATLTIES W,
3. EESZTGEMN
W e-mail THEHR, e-mail K TREVZZLET,. 1LEAMUPHGRED W
BEETREEFRH T TBHVWEDLET S,

M&HEE | BI0EBERBHFEESEER

T101-8643 FRFLHERT(UHI X AEATR AT 1 Fity

MEBHHEAN  EHEEARE - BRI

RI&YEHT KL A 2006jrsca @mitsuihosp.or.jp

28 HALER R 42085 15 20064E 1 A
—318—



ANTICANCER RESEARCH 25: 1237-1242 (2005)

Expression of Dihydropyrimidine Dehydrogenase, Thymidylate
Synthase, p53 and p21 in Metastatic Liver Tumor from
Colorectal Cancer after 5-Fluorouracil-based Chemotherapy

SHIGERU YAMAGISHI, HIROSHI SHIMADA, TAKASHI ISHIKAWA, SHOUICHI FUJII,
KUNIYA TANAKA, HIDENOBU MASUI, SHIGEKI YAMAGUCH]I,
YASUSHI ICHIKAWA, SHINJI TOGO and HIDEYUKI IKE

Yokohama City University Graduate School of Medicine,
Department of Gastroenterological Surgery, Yokohama, Japan

Abstract. Background: The expression of genes thought to be
related to 5-FU chemosensitivity has been extensively
investigated. However, little data is available on the expression
patterns of these genes after chemotherapy. Patients and
Methods: We investigated the expression of four genes, DPD,
TS, p53 and p21, in the metastatic liver lesions obtained from
colorectal cancer patients who had been treated with hepatic
arterial infusions of S-fluorouracil(5-FU)-based chemotherapy.
Results: Expression of DPD, TS and p53 in the metastatic liver
lesions was significantly higher in the chemotherapy-response
group than in the no response group. In the response group,
viable cancer cell nests were seen in confined spaces
surrounded by fibrous tissue. It was of interest that these cancer
cells in the response group showed conspicuous
immunoreactivity of DPD, TS and p53. Conclusion: An
analysis of genes involved in 5-FU sensitivity revealed that
surviving tumor cells exhibited resistance characteristics,
indicating that the chemotherapy regimen should be altered,
even in partially responding cases, unless the response is
pathologically complete.

Pharmacogenetic markers of tumor cells have been
intensively investigated using molecular biology technologies
to predict chemosensitivity to 5-fluorouracil (5-FU) in
colorectal cancer patients. Among them, dihydropyrimidine
dehydrogenase (DPD) and thymidylate synthase (TS) are the
most promising genes that have been used clinically in
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Center, Yokohama City University Medical Center, 4-57 Urafune-cho,
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Key Words: Colorectal cancer, liver metastasis, chemotherapy,
gene.
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gastrointestinal cancer treatment. However, none of these
genes are absolute predictors of 5-FU sensitivity.

Neoadjuvant chemotherapy has been proposed as an
alternative approach to conventional surgery as an initial
management strategy with the aim of improving the outcome
of cancer patients. Strategies aimed at downstaging large or
multifocal tumors and the control of micrometastases to
enable curative resection by neoadjuvant chemotherapy have
attracted much attention. Recently, in the field of breast
cancer research, a sub-analysis of the National Surgical
Adjuvant Breast and Bowel Project B-18 (NSABP B-18) trial
revealed that a pathological complete response was the only
reliable marker for selecting cases that were sensitive to a
specific drug, resulting in an improved survival period (1).

In our institution, the resection of liver metastases for
colorectal cancer has been actively performed after 5-FU-
based chemotherapy via hepatic artery infusion. Although
the survival advantage of hepatic arterial infusion over
systemic therapy has been debated, the efficacy of this
treatment with regard to tumor reduction was shown to be
advantageous. We have used this procedure to treat patients
with primarily unresectable metastases confined to the liver.

In this study, we examined the expression of DPD, TS,
p53 and p21 in surgical specimens of liver metastases
obtained from patients after chemotherapy.

Patients and Methods

Samples. Surgical specimens of synchronous or metachronous
bilobular multiple liver metastatic tumors from 12 patients were
obtained at Yokohama City University, Japan. The patients
comprised 5 males and 7 females with a median age of 57.8 years
(range, 41-74 years) (Table 1). Since none of the 12 patients exhibited
metastases at sites other than the liver, surgical resection was
performed after 5-FU-based chemotherapy via hepatic arterial
infusion. The treatment regimen was as follows: an infusion of 5-FU
(500 mg/body) or 5-FU (500 mg/ body) + I-Leucovorin (150 mg/
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Table I. Patient characteristics.

Primary  Age Gender  Response Depth n DPD DPD TS TS ps3 p33 p2l  p2l
tumor pri meta pri meta pri meta Copri meta
rectuim 59 F PD+NC se { 2 0 0 0 0 0 1 0
rectum 41 F PD+NC sS 4 2 0] 0 0 4 0 0 0
colon 55 M PD+NC se 1 0 2 0 0 0 0 0 0
colon 45 M PD+NC se 1 2 0 2 0 6 0 0 0
colon 51 F PD+NC mp 1 - 3 - 1 - 3 - 0
colon 74 M PD+NC si 0 1 3 I 1 0 0 0 0
colon 67 F PR ss 2 2 6 1 4 0 0 2 2
colon 65 F PR se 4 0 4 0 2 12 8 0 0
colon 54 F PR ss 2 1 4 1 1 9 9 2 I
rectum 69 M PR ss 0 0 4 2 6 9 12 6 l
colon 59 M PR sS 2 0 9 L i 9 6 1 0
colon 55 F PR ss 1 4 4 0 3 0 0 1 0

pri: primary lesion
meta: metastatic lesion

body) + Cisplatinum (10 mg/ body) was administered every day for 5
days, and this cycle was repeated every 2 weeks for up to 4 cycles.
None of the patients had received any other chemotherapy or
radiotherapy treatments prior to the hepatic arterial infusions of
5-FU. Paraffin-embedded archival samples of their primary colorectal
lesions were also examined. The study was approved by the
institutional review board of the Yokohama City University School
of Medicine, Japan.

Clinical evaluation. The chemotherapy response was determined by
comparing the volume of the liver metastases before and after
chemotherapy. A CT scan was performed after the 4 treatment cycles
had been completed, and the results were evaluated using the World
Health Organization (WHO) criteria (2). A complete response (CR)
was defined as the complete disappearance of all intrahepatic tumor
formation, and a partial response (PR) was defined as a reduction in
the tumor volume by 50% or more, measured as the sum of the
products of the two largest perpendicular diameters of all visible
lesions. No change (NC) was defined as a reduction in tumor volume
of less than 50% or an increase of less than 25%. An increase in
tumor volume of 25% or more or the appearance of new liver lesions
was defined as progressive disease (PD).

Antibodies. Rabbit anti-recombinant human DPD polyclonal
antibody (dilution=1:500; The Second Cancer Laboratory, Taiho
Pharmaceutical Co, Saitama, Japan.), TS polyclonal antibody
(RTSSA, dilution=1:800; The Sccond Cancer Laboratory, Taiho
Pharmaceutical Co.), mouse monoclonal antibody against p53
protein (DO-7, ditution = 1:100; DAKO, Glostrup, Denmark) and
p21 protein (OP64, dilution=1:100; Oncogene Research Products,
Cambridge MA, USA) were used as the primary antibodies for the
immunohistochemical staining.

Immunohistochemistry

(i) DPD. Tissue sections (4 wm thick) were cut from each block,
deparaffinized in xylene, rchydrated with graded ethanol and
immersed in TBS. Endogenous peroxidase activity was quenched
with 3% hydrogen peroxide in distilled water for 13 minutes. DPD

protein expression was evaluated using the avidin-biotin complex
immunohistochemical technique and a rabbit polyclonal antibody
to recombinant human DPD. To block the nonspecific binding of
the primary antibody, a normal rabbit serum (DAKO X901)
dilution in TBS was used for 20 minutes. After removing the
blocking solution, the DPD antibody (2 mg/ml) was applied for 60
minutes in a humidified chamber at room temperature. The
sections were then incubated with biotin-conjugated swine anti-
rabbit immunoglobulins for 20 minutes (DAKO-E353), followed by
avidin-biotinylated peroxidase complex for 30 minutes. After
developing the color reaction product with a freshly prepared 3,3'-
diaminobenzidine chromogen solution for 5 minutes, the sections
were counterstained with light hematoxylin for 10 seconds,
dehydrated in a series of ethanols, cleared in xylene, mounted and
covered with glass coverslips. Positive and negative controls were
included in each experiment.

(ii) TS, p53 and p2l. Tissue specimens (4 um thick) were fixed in
formalin and embedded in paratfin wax. After dewaxing, the
sections were treated with 3% hydrogen peroxidase solution in
methanol for 20 minutes to block endogenous peroxidase activity.
The sections were then heated in a 0.01 M citrate butfer (pH 6.0)
for 3-minute periods in a microwave oven for antigen retrieval.
Non-specitic antibody bindings were blocked using 10% normal
bovine serum in PBS at 37°C for 15 minutes for the p53 and p2/
staining procedures and normal goat serum for the TS staining
procedure. The sections were then incubated with the primary
antibodies described in the previous section. The sections were
incubated at room temperature for 10 minutes with a byotinylated
anti-mouse [gG + IgA + IgM (for monoclonal primary antibody)
for p53 and p2! staining, and with a biotinylated anti-rabbit IgG
for TS staining. The sections were then incubated at room
tempgrature with peroxidase conjugated streptavidin and Elite
ABC solution, respectively. The peroxidase reaction was developed
using a 3,3-deaminobenzidine tetrahydrochloride solution (Sigma
Chemical Co, St. Louis, MO, USA) and 0.03% hydrogen peroxide.
The sections were counterstained with hematoxylin, dehydrated
and mounted in a routine fashion. Positive controls and negative
controls were always included in all experiments,
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Foa
Figure L. Typical expression of DPD, TS, p53 and P21 genes after chemotherapy in suigical specimens of liver metastases. A: Expression of DPD, B:
Expression of TS, C: Expression of P33, D: Expression of p21 (magnification, x400).

(tii) Quantitation. Three representative fields were examined, more
than 1000 tumor cells were randomly selected and the number of
positive cells was counted at magnification x200. The expression of
these proteins were evaluated according to the method described
by Sinicrope et al. (3). In brief, positive-staining tumor cells were
expressed as a percentage of the total number of tumor cells and
assigned to one of the following five categories: class 0, £5%; class
L, 5% t0 25%; class 2, 25% to 50%: class 3, 50% to 75%;: and class
4, =75%. The intensity of the immunostaining was scored as
follows: I, weak; 2, moderate: 3, intense. These two sCOres were
then multiplied. When heterogeneous levels of protein expression
were found within a tumor (in multiple sections from different
paratfin-embedded blocks of the same tumor), the highest protein
expression score obtained for that lesion was used.

Statistical analyses. Dr. SPSS software for Windows was used tor
the statistical analyses: statistical significance was defined as
p<0.05.

Results

Chemotherapy via hepatic arterial infusion was successfully
performed in all 12 cases with no severe complications. The
total 5-FU dosage was 32001500 mg (mean=SD). Clinical
evaluations revealed that the liver tumors in 6 of the 12
patients partially responded to the treatment, although no
complete responses occurred, In the remaining 6 cases, the
tumors did not change in size or progressed after treatment
(Table I).

Immunohistochemistry for the 4 genes was successfully
performed in all 12 cases. DPD and TS were clearly
observed in the cytoplasm of the cancer cells, while p53
and p21 were observed in the nuclei of the cancer cells.
Representative cases are shown in Figure 1. Since half of
the patients exhibited partial responses to the treatment,

1239
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Figure 2. Comparison of metastatic liver lesions in the PR group and the NC+PD group. The expression levels of DPD, TS and p33 were significantly

higher in the PR group than in the NC+PD group (p<0.03).
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Figure 3. Comparison of primary lesions in the PR and NC+PD groups. No significant differences in the expression levels of the 4 genes were seen

berween the PR and NC+PD groups.

we compared the expression levels of these 4 genes in the
chemotherapy response and no response groups. The
mean scores for DPD, TS and p53 immunoreactivity were
significantly higher in the response group than in the no
response group. All of the differences were statistically
significant, as shown in Figure 2. However, the scores for
p21 were not significantly different between the two
groups.

In the response group, viable cancer cell nests were seen
in confined spaces surrounded by fibrous tissue. It was of
interest that these cancer cells in the response group showed
conspicuous immunoreactivity of DPD, TS and p53.

When the primary colorectal lesions from the archival
samples were examined, no significant differences in the
scores for any of the 4 genes were found between the
response and no response groups (Figure 3).

—322—



Yamagishi et al: DPD, TS, p53

and p21 after Chemotherapy

Discussion

The expression of genes thought to be related to 5-FU
chemosensitivity has been extensively investigated in the hope
that methods for predicting 5-FU sensitivity might be
established. However, little data is available on the expression
patterns of these genes after chemotherapy. In our institute,
the hepatic arterial infusion of 5-FU-based chemotherapy is
routinely performed in patients with multiple liver metastases
to improve the curative resection rate. Using surgical
specimens, we examined the expression of 4 genes in liver
tumors obtained from patients after chemotherapy. Although
the number of cases in this study was limited, the expression
rates of DPD, TS and p53 were significantly higher in the
response group than in the no response group. These findings

- suggest that the surviving tumor cells have both malignant
and 5-FU-resistant characteristics.

DPD is the initial, rate-limiting enzyme in the catabolism
of fluoropyrimidines, through which more than 80% of
administered 5-FU is eliminated. Thus, the activity of this
enzyme limits the efficacy of 5-FU treatment and is
associated with tumor resistance to 5-FU (4,5). The
intratumoral expression level of TS is considered a
prognostic factor for survival in patients with colorectal
cancer (6-8), although the ability of this marker to predict
5-FU chemosensitivity is controversial (9). The main
pathway by which anticancer drugs induce apoptosis is a
p53-dependent pathway (10,11). Normal p53 protein has
tumor-suppressing properties, and mutations in the p33
gene result in the disruption of critical growth-regulating
mechanisms (12-14). p53 is also related to the malignancy
of tumors and/or tumor resistance to chemotherapy. We
previously reported that p27 expression was correlated with
the inhibiting activity of 5-FU (15), suggesting that p2/ may
be a marker of 5-FU sensitivity.

These findings suggest two hypotheses: 1) cells that are
sensitive to 5-FU undergo apoptosis, but those that are
resistant survive after chemotherapy, and ii) 5-FU exposure
induces a mechanism that leads to drug resistance. The first
hypothesis is feasible, but no direct evidence has been
obtained to support this idea. However, Michael et al.
examined TS expression in colorectal liver metastases after
chemotherapy and found that previous fluorouracil
exposure seemed fo increase the resistance of the tumor
cells to regional floxuridine via TS up-regulation (16).
Nishiyama et al. performed an in virro study on 5-FU
exposure to examine changes in the expression of various
genes, including TS, DPD and MRP. Although the results
were very complicated, making their interpretation difficult,
DPD and TS expression tended to increase in 5-FU-resistant
cell lines after exposure to 5-FU (17). The mechanism of
5-FU chemoresistance is impossible to explain using the
results of the present study alone.

However, the present findings may support the data
obtained by the NSABP B-16 study on preoperative
chemotherapy in patients with breast cancer (1). The
outcome of chemotherapy was better in women whose
tumors showed a pathological complete response than in
women whose tumors exhibited a clinical partial response
or a clinical no-response (relapse-free survival rates, 85.7%,
76.9% and 63.9%, respectively). Unless the cancer cells are
totally killed by the drugs, remnant tumor cells survive and
the prognosis of the patient does not improve. These
findings strongly suggest that the initial chemotherapy
treatment should be changed to one with a different
mechanism, such as switching anthracycline to taxane, in
patients with breast cancer who exhibit anything but a
pathological complete response.

We also examined the expression of the 4 genes in the
primary colorectal cancers obtained from this patient series,
because liver metastases specimens obtained before
chemotherapy were not available. No significant differences
in the immunoreactivity of the 4 genes were seen between
the response and the no response groups. Some differences
in gene expression between the primary colorectal tumor
cells and the metastatic liver tumor cells may exist.
Therefore, it is not clear whether the 5-FU administration
altered the expression of the 4 genes in the metastatic liver
tumors after chemotherapy in the 2 groups.

Cancer chemotherapy has gradually improved with the
production of new drugs exhibiting unique mechanisms and
modifications. Hepatic resection after chemotherapy
provides useful information enabling  second-line
chemotherapy treatments to be optimized. The results of
this study suggest that a partial response may not be
sufficient to improve the prognosis of colorectal cancer.
Single-drug use limits the efficacy of treatment, while
combination or sequential usage, like modified 5-FU,
camptothecin and taxane regimens, may improve the
prognosis of colorectal cancer patients.
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Feasibility of autonomic nerve-preserving surgery for advanced
rectal cancer based on analysis of micrometastases

T. Matsumoto!, M. Ohue?, M. Sekimoto!, H. Yamamoto!, M. Ikeda! and M. Monden!

‘Department of Surgery and Clinical Oncology, Graduate School of Medicine, Osaka University, and ?Department of Surgery, Osaka Medical Centre for

Cancer and Cardiovascular Diseases, Osaka, Japan

Correspondence to: Dr M. Ohue, Department of Surgery, Osaka Medical Centre for Cancer and Cardiovascular Diseases, 1-3-3, Nakamichi, Higashinari

Osaka 537-8511, Japan (e-mail: ohue-ma@mc.pref.osaka.jp)

Background: Autonomic nerve preservation has been advocated as a means of preserving urinary and
sexual function after surgery for rectal cancer, but may compromise tumour clearance. The aim of this
study was to determine the incidence of micrometastasis in the connective tissues surrounding the pelvic
plexus.

Methods: The study included 20 consecutive patients who underwent rectal surgery with bilateral
lymph node dissection for advanced cancer. A total of 78 connective tissues medial and lateral to the
pelvic plexus and 387 lymph nodes were sampled during surgery. All connective tissue samples and 260
lymph nodes were examined for micrometastases by reverse transcriptase-polymerase chain reaction
(RT-PCR) after operation. All patients were followed prospectively for a median of 36-0 months.
Results: Of 245 histologically negative lymph nodes, 38 (15-5 per cent) were shown by RT-PCR to
harbour micrometastases. However, micrometastases to tissues surrounding the pelvic plexus were
detected in only two (3 per cent) of 78 tissues, that is in two of 20 patients, Clinical follow-up showed
that the two patients had a poor prognosis owing to distant metastases.

Conclusion: Autonomic nerve-preserving surgery may be feasible for advanced rectal cancer, but study
of more patients positive for micrometastases is required.
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Introduction

The complex flow patterns of lymphatic fluid around
the rectum were investigated in 1951 by Sauer and
Bacon'. They regarded the lateral ligament as the tissue
in which the inflow of lymphatic fluid from the rectum
first occurs en route to the internal iliac artery. However,
the high incidence of urinary and sexual dysfunction
after rectal cancer surgery gradually led surgeons to
realize that the lateral ligament plays an important
role in postoperative urinary and sexual function?. The
pelvic autonomic nerve system is comprised of the
superior hypogastric plexus, hypogastric nerves, pelvic
plexus (inferior hypogastric plexus) and pelvic splanchnic
nerves’. The lateral ligament of the rectum consists
of a neurovascular bundle derived from the combined
redistributing sympathetic and parasympathetic nerves of
the system, and dissection injury to these nerves may cause
problems.

Copyright © 2005 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

Inclusion of total mesorectal ‘excision (TME) in
rectal cancer surgery can improve the rate of cure?.
Dissection of the rectum at the layer of TME allows
preservation of the pelvic autonomic nerves, reducing
postoperative urinary and sexual morbvidity5 -7, Extensive
pelvic lymphadenectomy involving resection of both pelvic
autonomic nerves and lateral lymph nodes was employed
in Japan from the 1970s to the early 1980s with the aim
of reducing local recurrence of rectal cancer8. However,
postoperative urinary and sexual dysfunction invariably
ensued, leading to marked reduction in quality of life.
More recently, efforts have been made to preserve urinary
and sexual function and to achieve local control of cancer,
by a combination of autonomic nerve-preserving surgery
and lateral lymph node dissection®-12.

Recent pathological studies have warned against auto-
nomic nerve preservation because histologically proven
cancer foci might exist in the autonomic nerves

British Journal of Surgery 2005; 92: 14441448
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and surrounding connective tissues, and lead to local
recurrence'1%. To aim of the present study was to exam-
ine the incidence of micrometastases in the region of the
pelvic plexus by reverse transcriptase—polymerase chain
reaction (RT-PCR) analysis, which is more sensitive than
conventional histological diagnosis!*+16.

Patients and methods

The study included 20 consecutive patients who underwent
rectal cancer surgery with bilateral lymph node dissection
at the Graduate School of Medicine, Osaka University
between October 1999 and May 2001. Demographic data
are shown in Table 1. Tumours were located 0—10 (median
6-5) cm above the anal verge and diagnosed before surgery
as advanced cancer (T2,T3 and T4)!. The operative

Table 1 Clinical characteristics of patients

Median (range) age (years) 63.5 (35-92)
Sexrati> {(M:F) 15:5
Surgica! procedure

Low anterior resection 9

Abdominoperineal resection 7

Hartmann resection 3

Total pelvic exenteration 1
Autonomic nerve preservation

Bilateral 18

Unilateral 2
TNM stage

| 4

i 7

] 6

\Y 3
Histological type

Well differentiated 1

Moderately differentiated 16

Poorly differentiated 2

Mucinous 1
Tumour location (cm)*

<6 9

>0 11

*Distance from anal verge. TNM, tumour node metastasis.

1445

procedures are summarized in Tgble 1. Curative resection
was performed in all patients. Tumour stages determined
by postoperative histological examination are shown in
Table 1'7. Two patients with lateral node metastasis
without distant organ metastasis were included in stage
IIT (Table 2). Nine patients with stage III or IV tumours
were treated with 5-fluorouracil-based chemotherapy but
none had radiation therapy. The patients were reviewed
at least every 3 months after operation with blood tests
such as measurement of carcinoembryonic antigen (CEA),
and underwent computed tomography (CT) or magnetic
resonance imaging (MRI) every 6 months. The study
protocol was approved by the Human Ethics Review
Committee of Osaka University Graduate School of
Medicine and a signed consent form for the study was
obtained from each patient.

All patients underwent radical resection with autonomic
nerve preservation and lymph node dissection'!. The
following is a brief description of the surgical procedures,
with schematic presentation in Fig. I, focusing on the
collection of specimens. After isolating the sigmoid colon,
the mesorectum was dissected from the parietal fascia of
the sacrum at the layer of TME to preserve the hypogastric
nerves, and the medial side of the pelvic plexus was exposed.
At this stage, the connective tissues of the medial and lateral
sides of the pelvic plexus were meticulously sampled taking
care not to injure the plexus, with four specimens being
obtained from each patient. However, if the tumcur had
macroscopically infiltrated the pelvic plexus, only tissue
from the lateral side was collected because the infiltrated
pelvic plexus was dissected en bloc with the tumour. The
specimens were promptly frozen in liquid nitrogen and
stored at —70°C pending RINA extraction. A total of 78
connective tissues were obtained from 20 patients (Table 2).

After removing the tumour and performing lateral
node dissection, the lymph nodes were sampled from
the mesorectum and the lateral area along the internal
iliac artery and the obturator nerve outside the boundaries
of TME (Fig. I). In 12 padents, each of the 260 lymph

Table 2 Metastasis to lymph nodes and tissues surrounding pelvic plexus

w oo o

0(16)
0 (28)
0(24)
2(10)

[= 3¢ >IN

Values in parentheses are number of tissues; HE metastasis detected by histological examination with haematoxylin and eosin staining. TNM, tumour

node metastasts.

Copyright © 2005 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd
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External
iliac
artery

Bladder

Pelvic
plexus

Internal
iliac
artery

Lateral side Middle
of the pelvic plexus rectal
_ artery
Pelvic
Medial side splanchnic

of the pelvic plexus nerve

Mesorectum

Fig. 1 Schematic presentation of the pelvic autonomic nerve
system and connective tissues surrounding the pelvic plexus. The
connective tissues comprise fat and lymphatic vessels including
the middle rectal artery. The medial tissue is equivalent to the
lateral ligament and the lateral tissue is located outside the
boundaries of total mesorectal excision, between the plexus and
internal iliac artery

node samples was halved, with one part being subjected to
conventional histological diagnosis and the other being
frozen in liquid nitrogen and stored at —70°C until
extraction of RNA. In the other eight patients, 127 samples
were collected and subjected to histological diagnosis only.
Total RNA was extracted by a single-step method
as described previously'®. Complementary DNA was
generated with avian myeloblastosis virus RT using
the procedure outlined by the supplier (Promega,
Madison, Wisconsin, USA). CEA and cytokeratin 20
(CK-20) transcripts were used as sensitive markers for
micrometastases, and phorphobilinogen deaminase (PBGD)
transcript was used to check for the presence of mRNA in
samples!®. PCR products were analysed by electrophoresis
on 2 per cent agarose gels stained with ethidium bromide.
The reproducibility of cDNA products was checked by
repeated RT-~PCR and gel electrophoresis. The sensitivity
of PCR was determined by detecting CEA and CK-20
transcripts in serial dilutions of a human colonic cancer cell
line (HT29) mixed with human lymphocytes; the detection
sensitivity was 100 H'T29 cells among 106 lymphocytes.

Results

The presence of PBGD products was confirmed in ll
78 connective tissue specimens and 260 lymph nodes
examined for micrometastases by RT~PCR. The diagnosis

Copyright © 2005 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

was positive if bands specific for CEA or CK-20 were
present!s.

The 260 lymph nodes were collected from 12 patients
(median 22 per patient). The appearance of both CEA and
CK-20 mRINAs was verified in all 15 histologically positive
lymph nodes. Of the 245 histologically negative lymph
nodes, 38 (155 percent) harboured micrometastases
(Tuble 3).

Metastases were identified histologically in the upper
lymph nodes within the mesorectum in nine of 20 patients,
and in the lateral lymph nodes along the internal iliac
artery and the obturator nerve in five of 20, suggesting that
many patients had very advanced cancer. Direct tumour
invasion into the right or left pelvic plexus was observed
macroscopically in two patients with stage IV disease. The
pelvic plexus on the affected side was therefore resected en
bloc with the tumour, whereas that on the other side was
preserved.

Eighteen of 20 patents had neither CEA nor CK20
mRNA in the four connective tissues surrounding the
bilateral pelvic plexus. Two of three patients with stage
IV disease were positive for both CEA and CK20 mRNA
in the lateral tissue from the resected pelvic plexus, but
all other tissues surrounding the preserved pelvic plexus
were negative. Micrometastases were identified in two
(3 per cent) of 78 samples of connective tissue surrounding
the pelvic plexus, that is in two of 20 patients (Tuble 2). All
five patients with lateral node metastasis had metastasis to
the upper lymph nodes, but only two had micrometastases
to the connective tissues surrounding the pelvic plexus.

Median follow-up after surgery was 36-0 months. By
1 year after surgery, five of 20 patients had developed
local recurrence or distant metastases, despite undergoing
curative surgery and postoperative chemotherapy, and
three had died from cancer (Tuble 2). Of three patients
with pelvic recurrence, one patient showed relapse in the
lateral area of the pelvis despite lateral node dissection,
and two patients developed recurrent tumour in the
rectum after a Hartmann’s procedure. The autonomic

Table 3 Lymph node metastases detected by reverse
transcriptase~polymerase chain reaction and histological
examination with haematoxylin and eosin staining -

Haematoxylin and eosin
Positive 15 0 15
Negative 38 207 245

RT-PCR, reverse transcriptase—polymerase chain reaction.

www.bjs.co.uk British Journal of Surgery 2005; 92: 14441448
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nerve system was preserved completely in 18 patients and
unilaterally in two; no recurrence was found in this region
by repeated follow-up CT and MRI. The overall survival
rate, estimated by the Kaplan-Meier method, of the 18
patients without micrometastases surrounding the pelvic
plexus was 94 per cent at 1 year and 88 per cent at 3 years.
Neither of the patients with micrometastases was alive at
1 year after surgery.

Discussion

The lateral ligament is still regarded as a pathway of
lymphatic vessels (middle lymphatic flow) from the lower
rectum towards the lateral lymph nodes'!®. However,
in the present study micrometastases to the connective
tissues, including the lateral ligament, were identified by
highly sensitive RT-PCR analysis in only two patients with
distant metastases. Three of five patients with both upper
and lateral lymph node metastases had no micrometastases
in the connective tissues. A partial explanation for
the discrepancy between the presence of lymph node
metastases and the very low incidence of micrometastases
to the connective tissues might be that lateral lymph node
metastases developed via lower lymphatic flow rather than
via middle lymphatic flow through the lateral ligament!?.

The autonomic nerve system was completely preserved
in all but two patients in the present study, However,
no local recurrence in the region of the preserved nerve
system was observed by CT and MRI during follow-up.
Contrary to expectation, micrometastases to the connective
tissue surrounding the pelvic plexus were rare, verifying
the feasibility of nerve preservation without oncological
compromise in most patients.

Neither patient with micrometastases in the tissues
surrounding the pelvic plexus survived for 1year after
surgery. Ueno et al1* performed complete dissection of
the autonomic nerve system and pelvic lymph nodes with
the aim of achieving local control in 61 patients with
rectal cancer. They reported spread of cancer cells to
the autonomic nerves in nine patients (15 per cent), six
with Dukes’ C and three with Dukes’ ‘D’ lesions. The
patients with Dukes’ C tumours underwent curative radical
resection, but all developed recurrence within 1 year and
none survived for 4 years. The circumferential resection
margin for TME is located inside the pelvic plexus whereas
the pelvic nerve plexus and the lateral tissue are situated
outside the margin. It has also been documented that TME
in patients with tumour involvement of circumferential
resection margin is associated with a poor prognosis®®.

The present results indicate that any patients with
micrometastases in the preserved pelvic plexus already have

Copyright © 2005 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd
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advanced cancer, so their prognosis is unlikely to be affected
by local recurrence that might develop if the autonomic
nerves are preserved. Management of such patients should
focus on maximizing the quality of remaining life.

The follow-up period in the present study was
relatively short (median 36-0 months). However, some
50-80 per cent of local recurrences occur within 2 years
after rectal cancer surgery, with a peak at 612 months?!.
The follow-up period should therefore have been sufficient
for the analysis.

Based on examination of micrometastases, these results
suggest that the autonomic nerve system should be
preserved wherever possible, even in surgery for advanced
rectal cancer. However, study of more patients positive for
micrometastases is needed.
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Methylation and expression of p16™"%4 tumor suppressor gene
in primary colorectal cancer tissues
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Abstract. It is known that p16™* tumor suppressor gene
expression in colon cancer cells is repressed by methylation
at the CpG island of promoter, but in vivo silencing of pl6
gene is not fully understood. Some studies showed that
primary colorectal cancer (CRC) tissues often overexpress
the p16 protein, while others showed the high incidence of
p16 methylation. The aim of this study was to clarify p16
gene regulation in vivo. We used real-time methylation-
specific PCR (MSP) to examine density of pl16 methylation,
and immunohistochemistry, Western blot analysis to determine
p16 protein expression. Methylation was detected in 5 CRC
cell lines tested and 9 of 21 (42.9%) CRCs. Four of 5 CRC
cell lines did not express pl6 mRNA, but 6 of 9 CRCs did
express pl6 mRNA even with methylation. Real-time MSP
showed that CRC tissues had a wide variety in methylation
density (methylation index: 0.28-0.91) and that highly
methylated CRC tissues displayed significantly lower p16
mRNA expression than those with no-methylation or low-
methylation. Immunohistochemistry showed that the majority
of CRCs (53 of 55: 96.4%) overexpressed the p16 protein.
Low pl6 expression was associated with lymph node meta-
stasis (p=0.003) and large tumor size (p=0.048). Western
blot in a subset of non-tumor and tumor samples showed a
consistent overexpression of the p16 protein. These results
showed that CRC tissues displayed variable methylation
density, which may be characteristics of p16 gene methylation
in vivo. Our data suggest that a low pl6 expression due to
methylation may contribute to tumor enlargement and
expansion of CRC.
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Introduction

The progression of the cell c¢ycle is controlled by the cyclin-
dependent kinase (CDK)/cyclin complex countered by
CDK inhibitors (CKIs) (1,2). Cyclin D1/CDK4, CDK6 and
cyclin E/CDK2 control the progression from the G1 to S phase
of the cell cycle. Based on their structural and functional
characteristics, CKIs are classified into two groups, the p21%#/!
family, which includes p27%r! and p57¥ir2, and another group,
which consists of pl6™K4 (hereafter designated p16), p15Mhar,
p18INKde and pl9™NK4 The pl6 gene is localized on chromo-
some 9p21 and the p16 family can form complexes with CDK4,
CDK6 and D-type cyclins (3-5). Overexpression of INK4
proteins can arrest cells in the G1 phase through inhibition of
cyclin D/CDK activity (6). On the other hand, p16-deficient
mice develop spontaneous tumors at an eatly stage and are
highly sensitive to carcinogens, suggesting that p16 is a tumor
suppressor gene (7). Indeed, deletions and mutations of the
pl6 gene are frequently present in primary cancers of the brain,
biliary tract, lung, pancreas and esophagus (8-12), although a
panel of cancer cell lines tends to retain pl6 gene alterations
more frequently (3). There is also evidence that p16 expression
is down-regulated by de novo methylation of 5" CpG islands in
the p16 promoter region (13,14).

In colorectal cancer (CRC) cell lines, expression of the
p16 protein was reported to be undetectable and inactivation
of pl6 is thought to be a common alteration in CRC (15). It
appears that deletion or loss of the pl6 gene is rare in CRC
(13,16,17) and the alternative pathway for inactivation of the
p16 gene is thought to be methylation of its promoter (13,14).
In CRC tissues, there is evidence that the pl16 gene promoter
is methylated in 29-55% of primary cancer tissues (13,18-22),
whereas in non-neoplastic colonic mucosa the p16 promoter is
hardly methylated (18,23). These findings invoke the notion
that p16 gene inactivation via methylation may be involved
in carcinogenesis of the colorectum.

However, recent immunohistochemical studies have shown
that the majority of CRC tissues (64-82%) expressed the p16
protein, while normal mucosa displayed negative or very low
expression (24,25). This overexpression of p16 in CRC tissues
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is somewhat paradoxical in view of the possible role of pl6 as
a tumor suppressor gene, indicating that the above scenario on
human CRC tumorigenesis via p16 inactivation may not be
quite as simple in vivo. The question then arises as to how
methylation and overexpression of the p16 gene can coexist
in a significant fraction of CRC tissues? One clue to thig
puzzle might be the difference in'methylation density of .the
CpG island in the p16 promoter between cell culture systems
and primary CRC tissues, since it is reported that the level of
transcriptional repression is dependent on methylation density
(26,27). Although many studies have examined the incidence
of p16 methylation alone or p16 expression alone in vivo
(18-23), no study has yet simultaneously examined the degree
of methylation and p16 gene expression.in CRC tissues, To
address this question, we examined p16 methylation and p16
gene expression in CRC tissue samples together with control
experiments using CRC cell lines. Real-time methylation-
specific PCR (MSP) was also performed in methylation-
positive CRC tissue samples. An extended immunohisto-
chemical analysis was conducted to elucidate the functional
significance of the p16 protein in CRC tissues. Our data
provide a rationale for methylation-associated regulation of
p16 expression in primary CRC tissues.

Materials and methods

Cell lines and tissues. The human breast epithelial cell line
HBL100, human CRC cell lines HCT1 16, SW480, LoVo,
HT29, DLDI, human breast cancer cell line MDAMBA468,
and human glioblastoma cell line T98G were obtained from
the Japanese Cancer Research Resources Bank and ATCC
(American Type Culture Collection). These cells were cultured
in RPMI-1640 (Nissui, Tokyo, Japan) or DMEM medium
(Nikken Bio Medical Laboratory, Kyoto, Japan), sﬁpplemented
with 100 units/ml penicillin,. 100 tg/ml streptomycin and
10% fetal bovine serum at 37°C in 5% CO,.

A total of 55 samples of CRC tissues together with adjacent
non-neoplastic mucosa were obtained from patients who
underwent surgery at the Department of Surgery and Clinical
Oncology, Osaka University, between 2000 and 2001, The
age of the patients ranged from 28 to 81 years (mean age: 61
years). The resected surgical specimens were fixed in 10%
buffered formalin, dehydrated in graded ethanol, and embedded
in paraffin. Tissue sample of sufficient quantity was frozen
immediately in liquid nitrogen and stored at -80°C until use
for reverse transcription-polymerase chain reaction (RT-
PCR), methylation assay or immunoblotting. Samples of
non-neoplastic mucosa were excised at least 5 ¢m lateral to
the tumor, The study protocol was approved. by the Human
Ethics Review Committee of Osaka University, Graduate
School of Medicine.

Immunostaining. The tissue specimens fixed in 10% buffered
formalin were sliced into 4-{tm thick sections, deparaffinized
in xylene and rehydrated with graded concentrations of
ethanol. Immunostaining was performed using the Vectastain
ABC peroxidase kit (Vector Laboratories, Burlingame, CA)
after boiling for antigen retrieval, as described in our previous
studies (28,29). Anti-p16™K4 polyclonal antibody, which
was raised against a full-length recombinant GST-pl16 fusion
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protein, was purchased from PharMingen (San Diego, CA).
The primary antibody was applied to the sections at a dilution
of 1:400. The human breast epithelial cell line HBL100, which
expresses’ a high level of pl6, and the glioblastoma cell line
T98G in which the p16 gene is inactivated by homozygous
deletion, were used as positive and negative controls,
respectively (30). For the absorption test, the immunogen
was obtained from PharMingen.

Evaluation of immunohistochemistry. Inflammatory cells
served as positive internal controls and nuclear staining for
p16 was considered positive as reported previously (30-32).
Ten fields in each specimen were randomly selected and
examined under high power magnification and >500 cells
were counted in order to determine the labeling index (LD,
which represented the percentage of cells that were ple6-
positive. The samples were then classified into three groups
according to the value of LI group A consisted of tissue
samples that contained >50% pl6-positive cells, group B
contained 10-50% pl6-positive cells, and group C contained
<10% p16-positive cells. Staining was repeated at least twice
to eliminate possible technical errors, and the results were
reproducible. o

Western blot analysis. App‘roxifnately 5x10% cells or 100 mg
of tissue were homogenized and lysed in 1.0 ml of lysis
buffer containing 50 mM Tris (pH 8.0), 150 mM NaCl, 0.5%
NP40, I mM PMSF, 10 pg/ml aprotinin and 10 Lg/ml
leupeptin, and then placed on ice for 10 min. The lysates
were clarified by centrifugation at 15,000 x g for 25 min at
4°C. The protein samples were subjected.to SDS-PAGE
(15% gels) and immunoblotting was performed as described
in our previous studies (28-30). The final dilution of the
bi‘imary antibody was 1:1,000. ‘ '

RNA extraction and RT-PCR analysis. Total RNA was
extracted with a single-step method using TRIzol reagent
(Invitrogen Corp., Carlsbad, CA), and ¢cDNA was generated
using avian myeloblastosis virus reverse transcriptase
(Promega, Madison, WI). Semi-quantitative analysis for
expression of p16 mRNA was performed by the multiplex RT-
PCR technique, using GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) as the internal standard (33,34). To minimize
the inter-PCR difference, PCR was performed with GAPDH
and p16 primers in identical tubes under unsaturated conditions,
as described in our previous studies (33,35,36). PCR reactions
were performed in a total volume of 25 ul of reaction mixture
containing 2 ul of cDNA template, 1X Universal PCR buffer,
2 mM deoxynucleotide triphosphates, 20- pmol of primer for
p16, 4 pmol of each primer for GAPDH, and 1 unit of Taq
DNA Polymerase (AmpliTaq Gold; Roche Molecular Systems,
Inc., Alameda, CA). The primer set for p16 was designed to
be localized in exon 1 and exon 2 of the pl6 gene, flanking
intron 1 and tested to ensure amplification of cDNA only, so
that amplification of potentially contaminating genomic DNA

~ could be avoided. The sequences of these PCR primers were

as'follows: p16 sense primer; 5-AGC CTT CGG CTG ACT
GGC TGG-3'; p16 antisense primer, 5'-CTG CCC ATC
ATC ATG ACC TGG A-3'. The primers for GAPDH were
synthesized as described previously (34). The sizes of the
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Figure 1. Methylation-specific PCR (MSP) using serial dilutions of methylation control DNA. (A), MSP was performed using 10-fold serial dilutions of
methylation control genomic DNA from 2 ng to 2 pg. The PCR products were monitored by the fluorescence of dsDNA-specific dye SYBR Green 1. (B), Based
on the amplification results of (A), a standard curve was drawn using LightCycler software. Similar curves were drawn for unmethylated pl6 DNA products,

using bisulfite-converted unmethylated control genomic DNA (data not shown).

amplicons for p16, and GAPDH were 139 and 181 bp,
respectively. The PCR conditions were as follows: a) initial
denaturing at 95°C for 12 min; b) 35 cycles of 94°C for 1 min,
56°C for 1 min, and 72°C for 1 min; and c) a final extension at
72°C for 10 min. Each PCR product (10 pl) was electro-
phoresed on 2% agarose gels and stained with ethidium
bromide. The PCR products were assayed by densitometry.

Methylation-specific PCR (MSP). To detect methylation at the
5' CpG island in the p16 promoter region, MSP was performed
using the CpGenome™ DNA Modification kit (Chemicon
International, Inc., Temecula, CA), as recommended by the
supplier (30). Briefly, genomic DNA was modified by
treatment with sodium bisulfite, which converts all un-
methylated cytosines to uracils while 5-methylcytosines
remain unaltered. PCR amplification was then carried out
using primers specific for either methylated or unmethylated
DNA (CpG WIZ™ Amplification Kit, Chemicon International,
Inc.). The PCR mixture contained Gene-Amp 10X Universal
PCR buffer, 2.5 Wl of 2.5 mM dNTPs, 1.0 pl of primer pairs,
2 Wl of template DNA, and 0.2 pl of AmpliTaq Gold (Roche
Molecular Systems, Inc., Alameda, CA) for a final volume
of 25 pl. Amplification was performed in a temperature
cycler (Takara, Shiga, Japan) for 35 cycles (45 sec at 95°C,
then at annealing temperature for 45 sec, and finally 60 sec
at 72°C), followed by a final 5-min extension at 72°C. The
PCR samples were loaded onto a 2% agarose gel, stained
with ethidium bromide, and directly visualized under UV
illumination.

Quantitative real-time MSP using LightCycler™. Quantitative
PCR was performed using LightCycler system (Idaho Techno-
logy Inc., Salt Lake City, UT), as described in our previous
studies (36,37). Briefly, 10 1 PCR reaction contained 0.2 tM
of each primer, LightCycler-DNA Master SYBR Green 1
(Roche Molecular Systems, Inc.), 4 mM MgCl, and 2 pl of
template DNA, PCR conditions were set up as follows: one
cycle of denaturing at 95°C for 2 min, followed by 50 cycles
of 95°C for 0.1 sec, 62°C for 5 sec and 72°C for 18 sec.
Fluorescence was acquired at the end of each 72°C extension
phase. The melting curves of the final PCR products were
analyzed after 50 cycles of PCR amplification by cooling
samples to 65°C, increasing the temperature up to 99°C at a
rate of 0.1°C/sec, and monitoring fluorescence at each 0.1°C.
Quantification data from each sample were analyzed using
LightCycler™ analysis software. Two real-time quantitative
PCR reactions were performed for the detection and
quantitation of the bisulfite-unconverted methylated version
of the p16 gene and the bisulfite-converted unmethylated
version of the p16 gene. Serial dilutions of methylated or un-
methylated control genomic DNAs (CpG WIZ™ Amplification
kit, Chemicon International, Inc.) were used for constructing
the standard curves (Fig. 1).

The methylation index (MI) in each sample was calculated
using the following equation (38):

M
x 100

Methylation index =
M+U



1220

MDAMB HBLI100 HCT
468 116
B
GAPDH .
ple =&
MDAMB HBL100 HCT
468 116

Figure 2. (A), Methylation of the p16 promoter region in cell lines. The breast ¢
a band when amplified with primers for unmethylated DNA (lanes | and 2).
methylated DNA (lane 3). The CRC cell lines, SW480, LoVo, HT29 and DL
methylated DNA. (B), pl6 mRNA expiession by RT-PCR assay in cell lines.
mRNA (lanes 1 and 2). HCT116 cells expressed a modest band for pl6 mRN

mRNA (lanes 4-7). GAPDH served as internal control in duplex PCR.

Statistical analysis. Contingency tables were used to determine
correlations between the expression of p16 protein and clinico-
pathologic parameters. Statistical association was determined
by Fisher's exact test and mean values were compared by the
Mann-Whitney U test using the Statview J-5.0 program (SAS
Institute Inc., Cary, NC).

Results

Methylation and p16 gene expression in cell lines. Seven cell
lines were examined for the presence of methylation in the
p16 promoter region using MSP. The breast cancer cell line
MDAMB468, which retains only the unmethylated p16 gene,
was used as a negative control, while the SW480 CRC cell
line served as a positive control for hypermethylation of the
pl6 gene, as described previously (30). The HBL100 breast
epithelial cell line and the MDAMB468 cell line displayed a
band only when amplified with primers for unmethylated
DNA (Fig. 2A, lanes 1 and 2). By contrast, like the SW480
cell line, the CRC cell lines, LoVo, HT29 and DLDI1 displayed
a clear band of methylated DNA but not unmethylated DNA
(Fig. 2A, lanes 4-7). The HCT116 cell line alone displayed
bands of both methylated DNA and unmethylated DNA
(Fig. 2A, lane 3).

The MDAMB468 and the HBL100 cell lines expressed
an intense band for p16 mRNA (Fig. 2B, lanes 1 and 2), but
CRC cell lines SW480, LoVo, HT29, and DLD1 did not
express pl6 mRNA (Fig. 2B, lanes 4-7). In HCT116 cells, a
modest band for p16 mRNA was detected (Fig. 2B, lane 3).

Methylation and p16 gene expression in surgical specimens.
Twenty-one paired normal and cancer tissues were then
examined for the presence of p16 gene methylation using
MSP. All surgical specimens displayed a band of unmethylated
DNA that could be derived from unmethylated DNA of normal
colonic cells and cancer cells as well as normal constituents
in the stroma such as vascular endothelial cells, smooth

SW480

SW480
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ancer cell line MDAMB468 and the HBL 100 breast cpithelial cel] line displayed
The HCT116 CRC cell line displayed bands of both unmethylated DNA and
D1 yielded a band of methylated DNA (lanes 4-7). U, unmethylated DNA; M,
The MDAMBA468 and the HBL 100 cell lines expressed an intense band for p16
A (lane 3). The SW480, LoVo, HT29 and DLD] cells lines did not express p16
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Figure 3. (A), Methylation of the p16 promoter region in surgical specimens.
All surgical specimens displayed a band of unmethylated DNA. A band of
methylated DNA was found in 2 of 21 normal mucosa samples (9.5%) and 9
of 21 cancer tissues (42.9%). Three representative pairs of normal and cancer
tissues are shown here. U, unmethylated DNA; M, methylated DNA. (B),
p16 mRNA expression in surgical specimens. pl6 mRNA was undetectable
in 12 of 21 normal mucosa samples (57.1%) (lanes 1, 3 and 5). On the other
hand, p16 mRNA was detected in 10 of ]2 methylation-minus CRC tissues
(lane 2) and 5 of 9 methylation-plus CRC tissues (lane 6). GAPDH served
as an internal control in duplex PCR. N, normal mucosa; T, CRC tumor tissue.

muscles, fibroblasts, and inflammatory cells (Fig. 3A). A
band of methylated DNA was found in 2 normal mucosa
samples (9.5%) and 9 (42.9%) cancer tissues.

To confirm the conversion efficiency of bisulfite from
unmethylated cytosines to uracils, a mixing experiment was
performed. Prior to bisulfite treatment, a cancer DNA sample
displaying both methylated and unmethylated bands was
diluted serially with increasing amounts of unmethylated DNA
from HBL100 cells. As expected, methylated band gradually
decreased, resulting in an increasing ratio of unmethylated to
methylated product in the mixture (Fig. 4).
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Figure 4. Mixing experiment. Prior to bisulfite treatment, a cancer DNA
sample (1 pg) displaying both methylated and unmethylated bands (lane 1)
was diluted serially (every 5-fold, lanes 2-4) with increasing amounts of
unmethylated DNA from HBL10O cells. Then, PCR was performed. Un-
methylated DNA remained unchanged, while methylated DNA product
decreased in the mixture, enduring high conversion efficiency of bisfulfite
from unmethylated cytosines to uracils. U, unmethylated DNA; M, methylated
DNA.
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Figure 5. p16 mRNA expression stratified by the presence of methylation in
non-neoplastic tissue (A) and cancer tissue (B). When high expression of
pl6 mRNA was defined as an intensity ratio of the p16 mRNA band to the
GAPDH mRNA band of 20.5, 7 CRC tissues without methylation belonged
to this category (solid circles). There were no high expressors of p16 in non-
neoplastic tissues. Nine normal tissues devoid of methylation expressed

~weak pl6 mRNA expression (intensity ratio of p16 mRNA band to GAPDH
mRNA band <0.5, grey circles). Open circles indicate samples that did not
express plo.

pi6 mRNA was undetectable in 12 of 21 normal mucosa
samples (57.1%) (Fig. 3B, lanes 1, 3 and 5). p16 expression
was detected in 9 normal mucosa samples, all of which were
devoid of pl16 methylation; the expression Ievel was
generally weak (intensity ratio of p16 band to GAPDH band
<0.5). On the other hand, pl6 mRNA was detected in 11 of
12 methylation-negative CRC tissues (Fig. 3B, lane 2) and
6 of 9 methylation-positive CRC tissues (Fig. 3B, lane 6).
Strong p16 mRNA expression (intensity ratio 20.5) was
detected in 7 CRC tissues only in the methylation-negative
group (results summarized in Fig. 5). When expression of
pl6 mRNA was compared between paired normal mucosa and
tumor samples, only 1 of 21 cases (4.7%) showed a decrease in
pl16 mRNA expression during carcinogenesis (from normal
mucosa to cancer tissue).
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Figure 6. (A), Representative results of duplex RT-PCR for pl6 mRNA
expression and methylation index (MI). Methylation-specific real-time PCR
was performed using methylation-positive CRC tissues. The MI varied as
follows: 0.28, 0.29, 0.30, 0.32, 0.45, .66, 0.78, 0.79 and 0.91. Methylation-
negative CRC tissues were regarded as MI 0. Representative CRC samples
are shown. (B), Relationship between pl6 mRNA level and MI. The M1 value
and level of pl6 mRNA expression of methylation-positive CRC samples
were plotted. (C), Association of pl6 mRNA level and methylation extent.
CRC cases were classified into three categories; no-methylation (MI >0), low-
methylation (0< MI <0.5), high-methylation (MI 20.5). The mean expression
levels of pl6 mRNA were 0.518£0.322, 0.25+0.15, and 0.037£0.075,
respectively. NS, not significant. The units ascribed to pl6 mRNA level
represent the ratio of the p16 to GAPDH RT-PCR products.

Methylation-specific real-time PCR. We then measured the
extent of p16 methylation in methylation-positive CRC tissues
(n=9) by a methylation-specific real-time PCR method. The
MI varied widely as follows: 0.28, 0.29, 0.30, 0.32, 0.45, 0.66,
0.78, 0.79, and 0.91. The MI values were then compared
with p16 mRNA expression (Fig. 6A) and plotted (Fig. 6B).
CRC tissues with high methylation had relatively low pl6

—334—



1222

Case 1% 2 3 4

KiM eral: pl6 METHYLATION AND EXPRESSION IN COLORECTAL CANCER -

6" 7 8 g

.

NTNTNTNTNTNT

N TN T 100

it S

pi6

actin

Figure 7. Western blot and RT-PCR analysis. The positive control HBL100 cells displayed a band for the pl6 protein. Cancer tissue expressed a clear band for
p16 to various extents, while non-neoplastic tissue generally expressed none or scarce band (upper panel). Actin served as loading control of equal amount of the
protein (middle panel). RT-PCR assay for pl6 mRNA expression in the same serics of tissue sample (lower panel). Asterisk indicates cases with p16 methylation

in cancer tissue. N, non-neoplastic tissue; T, tumor tissue,

Figure 8. Immunostaining of p16 in colon cancer. In a colon cancer tissue the

p16 protein was expressed in the nuclei and cytoplasm. Representative samples of

methylation-minus and plus cancer tissues are shown. Methylation-minus groups: (A), high expression; (B), scarce expression. Methylation-plus groups: (C), high

expression; (D), faint expression. Magnification, x150.

expression. When CRC cases were classified into three
categories according to MI; no-methylation (MI = 0), low-
methylation (0< MI <0.5), high-methylation (MI 20.5), there
was a significant difference in p16 mRNA expression between
the high-methylation group and the no-methylation group
or low-methylation group (p=0.012, p=0.037, respectively,
Fig. 6C).

Expression of p16 "% protein in surgical specimens. Western
blotting of 8 pairs of the non-neoplastic colonic mucosa and

their corresponding CRC tissues showed that the intensity
of the p16 band was scarcely detected in the non-neoplastic
mucosa and an increased level of p16 expression was noted
to various extent in cancer tissues (Fig. 7). RT-PCR indicated
that p16 mRNA expression correlated well with p16 protein
expression (Fig. 7). Immunostaining of the corresponding tissue
samples showed that p16 quantity determined by Western
blot was correlated with p16 protein expression in cancer
tissues, but not in stromal cells (Fig. 8). The non-immune
rabbit serum and antibodies with preabsorbed immunogen
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