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Influence of the c-erb B-2, nm23, bcl-2 and p53 protein

markers on colorectal cancer

C-erb B-2, nm23, bcl-2 ve p53 protein belirteclerinin kolorektal kanser tzerine olan

etkileri
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Background/aims: Under stringent intra-laboratory conditi-
ons we evaluated the relationship between the expression of fo-
ur protein markers and clinicopathologic characteristics of co-
lorectal tumors. Methods: 124 patients with colorectal cancer
from 1999 to 2002 were assessed. Results: The expression of c-
erb B-2, nm23 and p53 was mostly determined in tumors loca-
ted in the rectum. However, about 20% of the rectal lesions had
bcl-2 expression. p53 and c-erb B-2 expression was significantly
demonstrated in the lesions with vascular and lymph node in-
volvement. However, the difference between the markers and
staging was not statistically significant (p=0.388, p=0.301). C-
erb B-2 and p53 were more frequently expressed in the patients
with large tumors (more than 5 cm) with moderate and poor dif-
ferentiation grade. About half of the tumors expressing c- erb B-
2 and p53 had vascular invasion and more than 70% had N1
and N2 lymphatic invasion as well. In the patients with tumors
expressing c-erb B-2 and p53, recurrences often occurred and
both disease-free survival (DFS) and overall survival (OS) in
the first two years after surgery were shorter than of the patients
with tumors expressing nm23 and bcl-2. Conclusion: In this
study, c-erb B-2 and p53 were frequently expressed in the Ast-
ler-Coller stage C large tumors located in the rectum and a high
degree of vascular and lymphatic invasion was observed. In the
patients with tumors expressing c-erb B-2 and p53, recurrences
were determined more frequently and DFS and OS were shor-
ter than in patients with tumors expressing nm23 and bcl-2.
Thus, two different protein markers should be taken into consi-
deration when evaluating the clinical outcome of patients with
colorectal cancer.
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INTRODUCTION

Colorectal cancer (CRC) is the sixth most common
cancer and persists as a significant cause of cancer
mortality in Turkey (1). Prognosis remains poor
despite the considerable number of cancer researc-
hes and depends on the stage of cancer at the time
of presentation. Colorectal carcinogenesis is comp-

Amacg: Kolorektal kanserli hastalarda prognostik degeri olan
belirli klinikopatolojik ozellikler ile c-erb B-2, nm23, bcl-2 ve
pb3 protein belirtegleri uygun laboratuvar sartlart altinda kar-
silastirildi. Yontem: 1999-2002 tarihleri arasinda 124 kolorek-
tal kanserli hasta ¢alismaya alindi. Bulgular: C-erb B-2,
nm23, p53 varligy gosteren tiimorlerin stklikla rektumda yerle-
sim gosterenler oldugu goriildii. Ama rektal lezyonlarin ancak
%20 sinde bel-2 goriilmiistii. p53 ve c-erb B-2, damarsal ve len-
fatik nod yayilimi gosteren tiimorlerde daha fazla bulundu. Bu
protein belirtegler ile tumor evreleri arasinda bulunan fark ise
istatistiksel olarak anlamli degildi (p=0.388, p=0.301). C-erb
B2 ve p 53 stklikla hem 5 cm’den biiyiik hemde orta ve kétii di-
feransiyasyon derecesi gosteren tiimorlerde gosterildi. C-erb b-2
ve p53 gosteren tiimorlerin yaklasik yarisi damarsal yayilim
gosterirken bunlarin %70%inden fazlast ise lenfatik yayilim gos-
termekteydi. Ayni zamanda bu belirtegleri gosteren tiimorlerde
rekiirrens sik olarak gozlenirken, 2 yillik hastaliksiz yasam ve
tiim yasam stireleri oransal olarak daha kisa bulundu. Sonug:
Calismada c-erb B-2 ve p53 iin siklikla Astler-Coller evreleme-
sine gore C evresinde bulunan, rektumda yerlesmis ve diferan-
siyasyon derecesi orta ve kétii olan biiyiik tiimérlerde bulun-
maktadir ve bu tiimorler de belirgin damarsal ve lenfatik yayi-
lim gostermektedir. Bu durum ayni 6zellikli tiimorlerde, rekiir-
rensin ilk iki yil icerisinde istatistiki olarak belirgin olmasa da
gorece sik olarak karsimiza ¢tkmasina ve hastaliksiz yasamin
daha kisa olmasina neden olan bir etmen olarak belirmektedir.
Anahtar kelimeler: Kolo-rektal kanser,
karsinogenez, c-erb B ailesi

onkoproteinler,

lex and probably matched by dependent genetic al-
terations. In recent decades researchers have tri-
ed to identify biological markers in order to indivi-
dualize chemotherapy and predict clinical outco-
me and tumor sensitivity (2).
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Widespread genetic mutations in colorectal carci-
nogenesis exist on chromosomes 17, 18 and 5. As
tumor-suppressor genes, p53, nm23 and proto-on-
cogene c-erb B-2 are located on these chromosomes
(3). Rather few data exist for epithelium-derived
tumors regarding bcl-2 protein. bcl-2 protein pro-
longs survival of a variety of cells by blocking
apoptosis. Particularly in CRC, there have been
few investigations regarding the role of bcl-2 (4, 5).
p53 is a DNA binding cell cycle-regulating transc-
ription factor and participates in the balance bet-
ween cell survival and death. Losses, deletions,
and mutations of p53 have been determined in the
pathogenesis of a wide range of tumors including
CRCs (4, 6). nm23 is a possible tumor metastasis
suppressor gene. nm23-H1 and nm23-H2 are two
different genes which encode nucleoside phospha-
te proteins, demonstrate approximately 90% ami-
no acid sequence identity, and are involved in cell
proliferation and differentiation, as well as base-
ment membrane formation and growth arrest (7-
9). C-erb B-2 proto-oncogene on chromosome
17921 produces a transmembrane glycoprotein in
the type I kinase receptor family which interferes
in a number of cellular proliferations in normal
circumstances (10, 11). Clinically, c-erb B-2 ove-
rexpression has been associated with poor progno-
sis in a number of breast, ovarian, gastric and
CRCs (12-14), but it has not been recognized as a
prognostic indicator in large studies.

In this study, we aimed to determine the frequ-
ency of overexpression of these four proteins and
compared each protein as a marker in the clinico-
pathologic features in patients with stage B-C
CRC.

MATERIALS AND METHODS

Archived paraffin-embedded samples were ava-
ilable for 124 of 132 patients in the database of our
surgical clinic who underwent elective surgery for
CRC from 1999 to 2002. Detailed pathologic data
was retrospectively verified for each specimen em-
bedded in paraffin block. Pathologic and clinical
data [patient gender and age, site of primary tu-
mor, degree of differentiation, size of tumor, stage
according to Astler-Coller classification, and some
clinical findings such as recurrence, disease-free
survival (DFS) and overall survival (OS) in the fol-
low-up period] were assessed (Table 1). Ninety-
eight of 124 suitable patients were all alive with a
median follow-up of 27 months (11-55 mos).
Thirty-three patients (26.6%) had recurrence du-
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Table 1. Clinicopathologic characteristics of the pati-
ents enrolled

Patient characteristics No. Pts.
Sex Male 58
Female 74
Age <50 28
51-60 49
>61 55
Localization Cecum & ascending 24
Transverse colon 19
Descending & sigmoid 53
Rectum 36
Differentiation Well 39
Moderate 34
Poor 59
Astler—Coller B1 22
B2 31
C1 47
C2 32

ring the first two years of follow-up. Eight patients
were lost to follow-up.

Histopathologic procedure and pathologic analysis
entailed routine microscopic examination of the
tumor, margins and lymph nodes (LNs). A single
section was routinely performed. Slices were sta-
ined with hematoxylin-eosin (H&E). Slices from
paraffin blocks were sectioned in multiple slices 4
microns thick and were also stained with H&E in
the pathological evaluation. The formalin-fixed,
paraffin-embedded specimens were examined im-
munohistochemically using a standard immuno-
peroxidase method using respective antibodies to
c-erb B-2 (Clone CB11) (1:10 dilution; Biogenex
Corporation, CA), nm23 (Clone 37.6) (1:50 diluti-
on; Biogenex Corporation, CA), bcl-2 (Clone 100)
(1:200 dilution; Biogenex Corporation, CA), and
p53 (Clone Bpb53-12-1) (1:40 dilution; Biogenex
Corporation, CA). Positive controls were selected
cases known to be positive for the primary anti-
body, such as breast carcinoma for nm23, c-erb B-
2, and p53 and normal LN for bcl-2. Negative cont-
rols were stained with a nonspecific Ig G (normal
rabbit Ig G) and Tris-buffered saline.

Quantitative Analysis

The degree of expression of these four protein
markers was estimated by classifying according to
two-grade scoring: O=no staining, 1=focal and we-
ak staining and 2=moderate and strong staining.
Sections with grade 2 were considered positive
(34). Sections with no or weak expression were
considered negative for c-erb B-2 protein marker.
For the other markers, defect in any cell structure
was considered positive. Figures 1 through 4 de-
monstrate expression of the four markers in the
cell.
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Figure 1. C-erb B-2 (membranous) expressed by intrahepatic
cholangiocytes

using intrahepatic cholangiocytes

Figure 3. Nm-23 expressed in nucleus as demonstrated by
staining with intrahepatic cholangiocytes

Statistical Analysis

Pearson’s chi-square analysis was used for the va-
riables. P values <0.05 were considered signifi-
cant.

15

Figure 4. Demonstration of nuclear p53 expression

RESULTS

The relation of each protein marker to tumor size
and localization, differentiation, staging, and vas-
cular and lymphatic invasion is summarized in
Table 2. In patients with CRC, c-erb B-2, nm23,
bcl-2, and p53 were expressed at rates of 44.3%,
41.1%, 20.2% and 58.9%, respectively. In this seri-
es the size of tumors classified in three sequential
subgroups were compared with the expression of
c-erb B-2 and p53 (X?=5.190, X*=8.731, in general
p<0.001). The majority of the patients had the tu-
mor size of 5 cm or more. The expression of c-erb
B-2, nm23 and p53 was mostly determined in the
patients with tumor located in the rectum; only
20% of the tumors located in the rectum had bcl-2
expression. The relationship between the expres-
sion of protein markers and tumor localization
was statistically significant (X*=5.301, p=0.023).
p53 and c-erb B-2 protein marker expression was
significantly observed in the lesions located in the
rectum with vascular and LN involvement (about
53-56% and 72-74%, respectively). Tumors with
positive expression of c-erb B-2 and p53 protein
markers were demonstrated more frequently in
patients with Astler-Coller Stage C1 and C2 lesi-
ons, but the difference between the markers and
staging was not statistically significant (X*>=1.591,
p=0.207). In Table 2, it can be seen that c-erb B-2
and p53 protein markers were expressed in the
patients with tumors with moderate and poor dif-
ferentiation. The relation between the expression
of these two protein markers and tumor differen-
tiation was statistically different (X*=16.697,
p<0.001). As shown in Table 2, more than 50% of
patients with tumors expressing c-erb B-2 and p53
had vascular invasion (Pearson X’=6.200,
p=0.013). Lymphatic invasion was frequently de-
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Table 2. Comparison of the variables between the four protein markers and patient characteristics

§  Tumor size (cm) Location Diff. Stage Vascular Lymphatic p value
% (Astler-Coller) Invasion Invasion MvsD
£ (n=41) (n=62)
£ <1 L1535 C R W M P Bl B2 C1C2 + - N1 N2 MyvsVI
2‘ (n=36) (n=11) Mvs S
]+ 55 31 4 5 2719 22 6 32 11 <0.001
'}E 44.3% 8 15 32 24 56.4% 5 19 31 53.5% 72.6% =0.021
o - 69 8 5 p=0.388 X*=5.190
fQ + 51 32 14 19 11 7 15 5 13 4
g 41.1% 19 23 9 19 62.7% 19 21 11 36.6% 27.4%
“ - 73 14 7 X?=14.574
P 25 5 16 7 2 1 5 17 4 2
o 20.2% 11 9 5 20 20% 17 6 2 12.2% 9.6%
i 99 8 11 X*=8.569
<0.001
” + 73 47 6 13 21 33 23 3 35 11 <0.001
: 58.9% 7 24 42 26 64.4% 11 29 33 56.1% 74.2% X*=8.731
- 51 13 2 p=0.301 _
X?=37.063
<0.001

C: Entire colon except rectum, R: Rectum, Tumor differentiation, W: Well, M: Moderate, P: Poor, M vs D (Markers vs Differentiation), M vs VI

(Markers vs. Vascular Invasion; M vs S (Markers vs Size)

monstrated, in 62 specimens. It was shown that in
the tumors expressing c-erb B-2 and p53, N1 and
N2 lymphatic invasion was observed in about
70%. Thirty-six of 47 patients had N1 and 11 had
N2 lymphatic invasion according to the specimen
reports. Moreover, tumors invading the vascular
and lymphatic basin had no trace of expression of
bcl-2 protein marker. Nevertheless, the variables
were not measured as statistically significant
(p=0.388, p=0.301). When recurrences were evalu-
ated, 33 relapses (26.6%) were determined in the
follow-up. Twenty of 33 recurrences occurred in
patients with CRC expressing c-erb B-2 and p53.
DFS in the first two years and OS during the fol-
low-up period are shown in Table 3. The differen-
ce between the four tumor markers and DFS and
OS was not statistically significant (X*=3.526,
p=0.060). We also made a comparison between
postoperative complications and marker expressi-
on, as also seen in Table 3. In this series, early
postoperative complication ratio was 13.7%.

DISCUSSION

Our aim was to review the significance of the com-
bined expression of four protein markers believed

to play a vital role in the carcinogenesis of CRC.
When considering the four markers separately,
both c-erb B-2 and p53 protein marker expression
was positively related to vascular invasion and tu-
mor size in general. In other words, patients with
tumors expressing nm23 and bcl-2 had an estima-
ted low probability of having adjacent tissue inva-
sion. In this study, nm23-H1 was expressed in
41.1% of patients with CRC stage B and C. More-
over, in the patients with stage B and C, tumors
more than 5 c¢cm in size expressing both c-erb B-2
and p53 were mostly observed (p<0.001). But we
were unable to determine a positive relationship
between those protein markers and lymphatic in-
vasion. Campo and Tannapfel in their studies
(16,17) stated that nm23-H1 protein was expres-
sed at rates from 35 to 45% in late-staged tumors
with poor differentiation. Messinetti (18) reported
expression of nm23-H1 protein as 73% in 41 enrol-
led patients in the study, but no significant relati-
on could be determined between nm23-H1 protein
expression and stage, size differentiation, vascu-
lar and perineural invasion, localization and agg-
ressiveness of the tumor. Dusonchet et al. (19) re-
ported that no association was observed between
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Table 3. Expression of protein markers in relation with PO morbidity and disease-free and overall survival

C-erb B-2 Nm23 Bel-2 P53 Overall
N=55 N=51 N=25 N=73 N=124
Pulmonary Complication 1 3 2 4 8.1%
Early PO morbidity Leakage 1 3 2 4.8%
Mechanical Bowel Obstruction 1 0.8%
Involved surgical margin 2 5 5 14 26
(3.6%) (9%) (20%) (19.2%) (20%)
Recurrence in 2 years 7 3 3 2 1 4 9 4 26.6%
Disease free survival in 2 years 88.7% 94.4% 99.2% 87% 67.4%
Overall survival (about 27 months) (N=exitus in months) N=9 92.7% N=2984% N=3975% N=1290% N=2679%

PO: Postoperative

nm23-H1 protein expression and clinicopathologi-
cal features and survival of patients with either
moderate or strong nm23-H1 expression. They al-
so stated that the results indicate that nm23-H1
activity is tissue-specific, and that in CRCs the
expression of the protein is not associated with tu-
mor progression or patient prognosis. Dursun et
al. (20) stated that the well-differentiated adeno-
CRC showed strong expression of nm23-H1, yet
advanced tumor stages were associated with redu-
ced nm23-H1 expression. They also noticed an in-
verse correlation with angio-lymphatic invasion,
nodal metastasis and liver metastasis. In this
study, tumors expressed nm23 in 41.1% of pati-
ents with CRC mostly located in the rectum. The
tumors more often had well and moderate diffe-
rentiation and were classified in stage B CRC; less
vascular and lymphatic invasion was observed
than in patients with tumors expressing c-erb B-2
and p53 protein markers.

Some authors, like Lee, Osako, Nakae (21-23), ha-
ve reported a relationship between c-erb B-2 pro-
tein marker expression and histopathologic diffe-
rentiation and staging. Kay et al. (24) also noticed
a correlation between c-erb B-2 gene and poor
prognosis of CRC like in breast, ovarian and sto-
mach cancers. Yang (25) in his study determined
that metastasizing CRC and liver metastases exp-
ressed the c-erb B-2 protein marker. All authors
have reported expression of c-erb B-2 as varying
from 11 to 95%, and associated with the advanced
stage of cancer and the prediction of metastases.
We determined the expression of the c-erb B-2 pro-
tein marker as 44.3% for the tumors mostly loca-
ted in the rectum and more than 5 cm in size. The
significant overexpression was consistent with
histological differentiation and vascular invasion.
The tumors expressing c-erb B-2 demonstrated a
higher percentage of N1 and N2 lymphatic invasi-
on, though the variables were not statistically sig-

nificant (Table 2). Considering the relationship
between behavior of the tumor expressing c-erb B-
2 and recurrences, DFS and OS, recurrences were
seen in nine patients (27.3%) of 33; 88.7% of the
patients had DFS in two years; and about 92% of
patients with CRC expressing c-erb B-2 were alive
during the follow-up, which covered a reasonable
(27 months) time period.

Mutations in p53, a tumor suppressor gene located
on chromosome 17p, are the most frequent genetic
alterations found in human cancers. Increased int-
racellular concentration of p53 has been projected
to be associated with poor prognosis in some tu-
mor types. In CRC, this significance is still a mat-
ter of debate (26). Diez (27) reported that p53 exp-
ression was more common in distal than in proxi-
mal tumors. p53 positivity and distal localization
are significantly correlated with high recurrence.
p53 exhibited different prognostic values in the
distal versus proximal colon. Tumors located in
the rectum have loss of heterozygosity (LOH)+
phenotype, but the replication error (RER) + phe-
notype is rare (28, 29). Although Sauter (30) high-
lighted the suggestion that p53 expression may
serve as a marker of improved survival in patients
with upper gastrointestinal tract tumors, in the
study performed by Kinki Cooperative Study Gro-
up of Chemotherapy for Colorectal Carcinoma
(KCSGCCC), Tomita et al. (31) emphasized that
p53 LOH was positive in 40% of cases and they ex-
posed it as having a significant association with
left-sided localization and histology (well to mode-
rate differentiation). When we assessed p53 prote-
in marker expression, the majority of tumors were
located in the rectum (64.4%), more than 5 cm in
size, had dreadful histology with moderate to poor
differentiation and were Astler-Coller C2 stage.
Although the relationship between staging and
p53 expression was not significant, a statistical
difference between tumor size and p53 expression
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was determined. The tumor expressing p53 de-
monstrated significant vascular invasion. Altho-
ugh 74.2% of cases with p53 expression had inva-
sion to LNs, the relation was not statistically sig-
nificant in that series (p=0.301). In this series, we
found 11 patients (33%) of 33 had recurrences in
the first two years after the surgical procedure. In
the same time period, 87% of patients with CRC
were disease-free. During 27 months when OS
was evaluated, 90% of the patients were living.

bcl-2 protein marker expression was determined
in 20.2% of cases. In the literature, bcl-2 has been
frequently investigated in adenomas and was exp-
ressed at rates from 5 to 55% of tumors, with poor
prognosis, which was not related to advanced-sta-
ged tumors (32). Pereira (33) stated that there was
no correlation between bcl-2 expression and sta-
ging, grading and vascular invasion. Bossari (5) in
his study stressed that bcl-2 protein marker exp-
ression played a role in the early colorectal carci-
nogenesis but had no prognostic value. In our
study, we did not find any significant characteris-

REFERENCES

1. Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide
incidence of eighteen cancers in 1985. Int J Cancer 1993;
54: 594-606.

2. Nanni O, Volpi A, Frassinetti GL, et al. Role of biological
markers in the clinical outcome of colon cancer. Br J Can-
cer 2002; 88: 868-75.

3. Berney CR, Fisher RJ, Yang JL, et al. Protein markers in
colorectal cancer: predictors of liver metastasis. Ann Surg
1999; 230: 179-84.

4. Pereira H, Silva S, Juliao R, et al. Prognostic markers for
colorectal cancer. Expression of p53 and bcl2. World J Surg
1997; 21: 210-23.

5. Bossari S, Momghini L, Graziani D, et al. bcl-2 oncoprote-
in in colorectal hyperplastic polyps, adenoma and adeno-
carcinomas. Hum Pathol 1995; 26: 534-7.

6. Thomas G. Advances in the genetics and molecular biology
of colorectal tumors. Curr Opin Oncol 1994; 6: 406-9.

7. Gilles AM, Presecan E, Vonica A, Lascu I. Nucleoside dip-
hosphate kinase from human erythrocytes. Structural cha-
racterization of the two polypeptide chains responsible for
heterogeneity of the hexameric enzyme. J Biol Chem 1991;
266: 8784-9.

8. Keim D, Hailat N, Meihem R, et al. Proliferation related
expression of p 19/nm23 nucleoside diphosphate kinase. J
Clin Invest 1992; 89: 919-24.

9. Howlett AR, Petersen OW, Steeg PS, Bissell MdJ. A novel
function for the nm23H1 gene: overexpression in human
breast carcinoma cells leads to the formation of basement
membrane and growth arrest. J Natl Cancer Inst 1994, 86:
1838-44.

10. Fukushige S, Matsubara K, Yoshida M, et al. Localization
of a novel c-erbB-related gene, c-erbB-2, on human chromo-

some 17 and its amplification in a gastric cancer cell line.
Mol Cell Biol 1986; 6: 955-8.

DEMIRBAS et al.

tics regarding expression of the bcl-2 protein mar-
ker predicting prognosis.

Regarding the two different carcinogenetic path-
ways for the rectum and colon, expression of some
proteins may indicate characteristics of the tu-
mors like stage, aggressiveness and invasion to
adjacent tissue and lymphatic basin. Some aut-
hors have worked on several protein markers to
define the tumor progression and the patient’s
survival. We found that c-erb B-2 and p53 were
frequently expressed in the Astler-Coller stage C
tumors, which were usually more than 5 cm in si-
ze, located in the rectum, and had a high degree of
vascular and lymphatic invasion. Moreover, when
recurrence was evaluated, it was observed more
frequently in the patients with CRC expressing c-
erb B-2 and p53 (21/26 patients, 81%). DFS and
OS of these patients were shorter than in the pa-
tients with tumors expressing nm23 and bcl-2.
Thus, two different protein markers should be ta-
ken into consideration when evaluating the clini-
cal outcome of patients with CRC.

11. Coussens L, Yang-Feng TL, Liao YC, et al. Tyrosine kina-
se receptor with extensive homology to EGF receptor sha-
res chromosomal location with neu oncogene. Science 1985;
230: 1132-9.

12. Slamon DdJ, Godolphin W, Jones LA, et al. Studies of the
Her-2/neu protooncogene in human breast and ovarian
cancer. Science 1989; 244: 707-12.

13. Berchuck A, Kamel A, Whitaker R, et al. Overexpression of
HER-2/neu is associated with poor survival in advanced
epithelial ovarian cancer. Cancer Res 1990; 50: 4087-91.

14. Yonemura Y, Ninomiya I, Tsugawa K, et al. Prognostic sig-
nificance of c-erbB-2 gene expression in the poorly differen-
tiated type of adenocarcinoma of the stomach. Cancer De-
tect Prev 1998; 22: 139-46.

15. McKay JA, Loane JF, Ross VG, et al. c-erbB-2 is not a ma-
jor factor in the development of colorectal cancer. Br J Can-
cer 2002; 86: 568-73.

16. Campo F, Miquel R, Jares P, et al. Prognostic significance
of the loss of heterozygosity of nm23-H1 and p53 genes in
human colorectal carcinomas. Cancer 1994; 73: 2913-21.

17. Tannapfel A, Kockerling F, Katalinic A, Wittekind C. Exp-
ression of nm23-H1 predicts lymph node involvement in co-
lorectal carcinoma. Dis Colon Rectum 1995; 38: 651-4.

18. Messinetti S, Giacomelli L, Fabrizio G, et al. CD44v6 and
nm23-H1 protein expression related to clinico pathological
parameters in colorectal cancer. Ann Ital Chir 2003; 74: 45-
51.

19. Dusonchet L, Corsale S, Migliavacca M, et al. nm23-H1
expression does not predict clinical survival in colorectal
cancer patients. Oncol Rep 2003; 10: 1257-63.

20. Dursun A, Akyurek N, Gunel N, Yamac D. Prognostic imp-
lication of nm23-H1 expression in colorectal carcinomas.
Pathology 2002; 34: 427-32.



Prediction of the c-erb B-2, nm 23, bcl-2 and p53 in colorectal cancer

21.

22.

23.

24.

25.

26.

21.

Lee JC, Chow NH, Wang ST, Huang SM. Prognostic value
of vascular endothelial growth factor expression in colorec-
tal cancer patients. Eur J Cancer 2000; 36: 748-53.

Osako T, Miyahara M, Uchino S, et al. Immunohistochemi-
cal study of c-erbB-2 protein in colorectal cancer and the
correlation with patient survival. Oncology 1998; 55: 548-
55.

Nakae S, Shimada E, Urakawa T. Study of c-erbB-2 prote-
in and epidermal growth factor receptor expression and
DNA ploidy pattern in colorectal carcinoma. Surg Oncol
1993; 54: 246-51.

Kay EW, Mulcahy H, Walsh CB, et al. Cytoplasmic c-erb B-
2 protein expression correlates with survival in Dukes B
colorectal carcinoma. Histopathology 1994; 25: 455-61.

Yang JL, Yu Y, Markovic B, et al. Overexpression of c-erb
B-2 m RNA and/or c-neu oncoprotein is a predictor for me-
tastases from colorectal cancer. Anticancer Res 1997; 17:
1023-6.

Hamelin R, Laurent-Puig P, Olschwang S, et al. Associati-
on of p53 mutations with short survival in colorectal can-
cer. Gastroenterology 1994; 106: 42-8.

Diez M, Medrano M, Muguerza JM, et al. Influence of tu-
mor localization on the prognostic value of p53 protein in
colorectal adenocarcinomas. Anticancer Res 2000; 20:
3907-12.

28.

29.

30.

31.

32.

33.

34.

19

Rebischung C, Laurent-Puig P, Gerard JP, et al. Analysis
of genetic disorders of cancer of the rectum: differences in
relation to cancer of the colon. Gastroenterol Clin Biol
1998; 22: 679-87.

Olschwang S, Hamelin R, Laurent-Puig P, et al. Alternati-
ve genetic pathways in colorectal carcinogenesis. Proc Natl
Acad Sci USA 1997; 94: 12122-7.

Sauter ER, Keller SM, Erner SM. p53 correlates with imp-
roved survival in patients with esophageal adenocarcino-
ma. J Surg Oncol 1995; 58: 269-73.

Tomita N, Monden M, Kikkawa N, et al. Analysis of micro-
satellite instability and p53 LOH in advanced colorectal
cancers--first report of the No. 3 protocol. Gan To Kagaku
Ryoho 2004 Mar; 31(3): 367-72 (Abstract).

Ofner D, Riehemann K, Maier H, et al. Immunohistochemi-
cally detectable bcl-2 expression in colorectal carcinoma:
correlation with tumour stage and patient survival. Br J
Cancer 1995 Oct; 72(4): 981-5.

Pereira H, Silva S, Juliao R, et al. Prognostic markers for
colorectal cancer: expression of p53 and bcl-2. World J Surg
1997 Feb; 21(2): 210-3.

Adams EJ, Green JA, Clark AH, Youngson JH. Compari-
son of different scoring systems for immunohistochemical
staining. J Clin Pathol 1999; 52: 75-7.



