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Abstract
AIM: To study changes in characteristics of colorectal
carcinoma during the metastatic process and to investigate
the correlation between cell proliferation activity and
metastatic ability of patients with Dukes’ stage C or D.

METHODS: Formalin fixed and paraffin embedded materials
of primary tumors and corresponding lymph node metastases
resected from 56 patients with Dukes’ stage C or D of
colorectal carcinoma were stained immunohistochemically
with proliferating cell nuclear antigen (PCNA) and CD44
variant exon 6 (CD44v6).

RESULTS: Thirty-one of 56 patients (55.4 %) expressed
PCNA in the primary sites and 36 of 56 patients (64.3 %)
expressed PCNA in the metastatic lymph nodes. A significant
relation in PCNA expression was observed between the
primary site and the metastatic lymph node (0.010<P<0.025).
Forty-one of 56 patients (73.2 %) expressed CD44v6 in the
primary site and 39 of 56 patients (69.6 %) expressed
CD44v6 in the metastatic lymph node. There was also an
significant relationship of CD44v6 between the primary site
and the metastatic lymph node (0.005<P<0.010). No
difference was observed between expression of CD44v6 and
PCNA in the primary site (0.250<P<0.500).

CONCLUSION: This study partially demonstrates that tumor
cells in metastatic lymph node of colorectal carcinoma still
possess cell proliferation activity and metastatic ability of
tumor cells in primary site. There may be no association
between cell proliferation activity and metastatic ability in
colorectal carcinoma.
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INTRODUCTION
Colorectal carcinoma appears to be increasing in Chinese
populations and is characterised by an aggressive course and
frequent metastases resulting in death. To reduce morbidity
and mortality, identification of those patients with a high
propensity to develop distant metastases is of great importance,
since they might benefit from adjuvant chemotherapy and/or
radiotherapy[1,2]. Although Dukes’ classification is still
considered as the most accurate predictor of prognosis after
resection, even within a group of tumors of a specified stage,
tumor behaviour and prognosis of the disease is not uniform[3-5].
For this reason, additional markers that predict tumor metastatic
behaviour are needed[6-9]. At present, PCNA has been described
as a significant factor in the prognosis of colorectal carcinoma
in several studies[10-12]. On the other hand, many studies
demonstrated that expression of CD44v6 correlated with poor
survival and was an independent prognosticator in patients who
underwent radical surgery[13-17]. However, to our knowledge
questions concerning metastases, characteristic changes that
occur during the metastatic process, and the correlation between
tumor characteristics have to be clarified in detail[18-20]. To our
knowledge, there has been neither any study regarding patients
with Dukes’ stage C or D analyzing both primary sites and
corresponding metastatic lymph nodes genetically or
immunohistologically nor a study assessing their relationship.
     We examined the expression of these two factors in both
primary sites and metastatic lymph nodes to elucidate the
characteristic changes of the tumor during metastases and to
evaluate the correlation between cell proliferation activity and
metastatic ability of the tumor in patients with  Dukes’ stage C
or D of colorectal carcinoma.

MATERIALS AND METHODS

Materials
175 consecutive patients with colorectal carcinoma admitted
to our department underwent resection between 1989 and 1996.
The total rate of lymph node metastasis was 33.7 %, 77.2 %,
of which lymph node metastasis next to the colorectum was,
17.9 % and 4.9 % mesentery and mesenteric artery ligation
point respectively. Of these 175 patients, 62 (35.8 %) were
diagnosed with Dukes’ stage C or D. Among these 62 patients,
56 whose primary site and metastatic node tissues were
immunohistochemically evaluable were enrolled in the study.
They were comprised of 30 males and 26 females with a mean
age of 51.3±14.2 years. Forty nine patients with Dukes’ stage
C underwent a complete tumor resection with lymph node
dissectioned and 7 patients with Dukes’ stage D underwent a
palliative tumor resection with lymph node dissectioned in the
Department of Gastroenterology, Shannxi Provincial Cancer
Hospital in Xi’an, China. The patients had not been treated
before. Their respective clinical data were collected through
the review of their medical records. Histologic typing revealed
12 papillary adenocarcinomas, 27 tubular adenocarcinomas,
10 mucinous adenocarcinomas, 5 signet-ring cell carcinomas



and 2 undifferentiated carcinomas. Of these patients, there were
49 patients with Dukes’ stage C, whose average number of
metastatic lymph nodes was 5.3±2.1 and 7 patients with Dukes’
stage D, whose average number of metastatic sites including
lymph node, liver, greater omentum and peritoneum was
8.7±2.6. The paraffin-embedded blocks and histological slides
were taken from the Department of Pathology, Shaanxi
Provincial Cancer Hospital (Table 1).

Table 1  Characteristics of patients with Dukes’ stage C or D
colorectal carcinoma

Gender Male 30
Female 26

Age(yrs) (mean±SD) 51.3±14.2
Histology Papillary adenocarcinoma 12

Tubular adenocarcinoma 27
Mucinous adenocarcinoma 10
Signet-ring cell carcinoma   5
Undifferentiated carcinoma   2

Dukes’ classification Stage C 49
Stage D   7

Methods
Formalin fixed, paraffin embedded sections of samples were
stained immunohistochemically with labeled streptavidin-
biotin (LSAB) using a LSAB Kit (Doctor Biotechnology
Company, Wuhan, Hubei Province, China). The samples were
thinly sectioned (4 µm thick). After deparaffinization, the
sections were hydrolyzed with ethanol and endogenous
peroxidase activity was inhibited with 0.3 % hydrogen
peroxide-containing methanol at room temperature for 15
minutes. For antigen retrieval, the sections were mounted in
300 mL 0.01 M sodium citrate buffer (pH 6.0) in a container
and microwaved for 15 minutes at maximum power in a Sharp
microwave oven (850 W). Nonspecific binding sites were
blocked with 10 % nonimmune goat serum. For PCNA, PC10
(Zymed Laboratories, California) whose optimal dilution was
1:150 was used for the first antibody and allowed to react at
4  for 12 hours. For CD44v6, CD44 variant exon 6 (VFF-
18; Bender Co.) whose optimal dilution was 1:100 was used
for the first antibody and allowed to react at 4  for 12 hours.
After the second antibody was made to react, peroxidase-
labeled streptoavidin was finally allowed to react as an enzyme
reagent. Diaminobenzidine was used for coloring. Sections of
human tonsils and submucosal lymphoid follicles were used
as positive control for PCNA. Positive control of CD44v6 was
normal human stratified squamous epithelium which could be
strongly stained by anti-CD44v6 antibodies[15]. Sections stained
by omitting the primary antibody were used as their negative
controls. At least 5 visual fields of the immunohistochemically
stained sample were observed at random at ×100 or ×400
magnification. More than 1000 tumor cells were counted by
two investigators who were blinded to the clinical outcome.
The number of positive cells was counted and expressed as
percentage. For PCNA, when the percentage of positive cells
was 50 %, the specimen was diagnosed as negative, and
when >50 %, the specimen was diagnosed as positive. We
also determined the percentage of cells positively stained for
CD44v6, as well as the intensity of this staining. Negative,
10 % of cells were positively stained, and positive, >10 %
cells were positively stained[21]. The data were analyzed using
χ2 text and a P value <0.05 was considered significant.

RESULTS
Immunohistochemical staining with PCNA showed a selective
nuclear pattern (Figures 1,2). Thirty-one of 56 patients (55.4 %)
expressed PCNA in the primary site and 36 of 56 patients (64.3 %)

expressed PCNA in the metastatic lymph node. Among these
56 patients, twenty-four expressed PCNA in both the primary
site and metastatic lymph node, seven patients expressed
PCNA in the primary site but did not express it in the
metastatic lymph node, whereas twelve patients did not
express PCNA in the primary site but expressed it in the
metastatic lymph node, thirteen patients expressed PCNA in
neither the primary site nor metastatic lymph node (Table 2).
For expression of PCNA in these 56 patients, a significant
relation was observed between the primary site and the
metastatic lymph node (0.010< P<0.025).

Table 2  Expression of PCNA in colorectal carcinoma at primary
sites and metastatic lymph nodes

          Primary sites
Metastatic lymph nodes

 - +

    - 13 7
    + 12 24

Note: χ2=5.21, 0.010<P<0.025.

     Intensely positive staining with CD44v6 mainly occurred
on the cell membrane surface of tumor cells (Figure 3). Forty-
one of 56 patients (73.2 %) expressed CD44v6 in the primary
site and 39 of 56 patients (69.6 %) expressed CD44v6 in the
metastatic lymph node (Figure 4). Among these 56 patients,
thirty-three expressed CD44v6 in both the primary site and
metastatic lymph node, eight expressed CD44v6 in the primary
site but did not express it in the metastatic lymph node, whereas
six did not express CD44v6 in the primary site but expressed
it in the metastatic lymph node, nine expressed CD44v6 in
neither primary site nor metastatic lymph node (Table 3). For
expression of CD44v6 in these 56 patients, there was also an
significant relationship between the primary site and the
metastatic lymph node (0.005< P<0.010).

Table 3  Expression of CD44v6 in colorectal carcinoma at pri-
mary sites and metastatic lymph nodes

             Primary sites
Metastatic lymph nodes

-  +

      - 9   8
      + 6 33

Note: χ2=6.71, 0.005<P<0.010.

Table 4 Expression of PCNA and CD44v6 in colorectal carci-
noma at primary sites

  CD44v6
     PCNA

 -  +

-   5 20
+ 10 21

Note: χ2=1.06, 0.250<P<0.500

     To evaluate the correlation between cell proliferation activity
and metastatic ability, we studied expression of PCNA and
CD44v6 in the primary site. Among these 56 patients, twenty-
one expressed both PCNA and CD44v6 and 5 expressed neither
PCNA nor CD44v6 in the primary site, twenty expressed
CD44v6 but did not express PCNA, whereas ten did not express
CD44v6 but expressed PCNA in the primary site (Table 4).
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No difference was observed between expression of CD44v6
and PCNA in the primary site(0.250< P<0.500).

Figure 1  Positive expression of PCNA in primary colorectal
carcinoma tissue (LSAB×100).

Figure 2  Negative expression of PCNA in primary site
(LSAB×100).

Figure 3  CD44v6 was observed on the cell membrane of tu-
mor cells (LSAB×100).

Figure 4  Expression of CD44v6 in corresponding metastatic
lymph node, showing that tumor cells were invading lymph
node from periphery. (LSAB×100).

Cell morphology
Immunohistochemical staining with PCNA showed a selective
nuclear pattern (Figures 1,2). Intensely positive staining with
CD44v6 mainly occurred on the cell membrane surface of
tumor cells (Figure 3). Expression of CD44v6 in corresponding
metastatic lymph node showed that tumor cells were invading
lymph node from periphery (Figure 4).

DISCUSSION
One of the first steps in multistage colonic carcinogenesis is
increased cell proliferation. PCNA, which is a nonhistone
nuclear protein of 36 kilodaltons, also is known as cyclin and
an auxiliary factor in DNA polymerase, plays a very important
role in DNA replication[22]. Because of this direct relation
with cell proliferation, PCNA is considered to be an important
factor in prognosis. In fact, it has been described as a
significant factor in the prognosis of colorectal carcinoma in
several studies[10-12]. CD44, a glycoprotein of the membrane
penetration type, functions as an extracellular matrix glycan
receptor and a hyaluronate receptor[23]. As a consequence of
studies in rats showed that CD44v6 could confer metastatic
potential to rat pancreatic carcinoma cell lines[24], studies
addressing the prognostic and biological significance of CD44
variant expression in human cancer have largely been focused
on CD44v6. Overexpression of CD44v6 has been demonstrated
in colorectal neoplasia by immunohistochemistry, RT-PCR and
in situ hybridization. Their expression was found to correlate
with tumor stage[13-17]. As for prognosis, it was shown that
expression of CD44v6 correlate with poor survival rate and
was an independent prognosticator in patients who underwent
radical surgery. Hence, it identifies individuals with a high
propensity to develop metastases. These patients might benefit
from adjuvant therapy[16].
    Despite intensive research in recent years, very little is
known about the characteristic changes of malignant colorectal
tumor cells during the process of metastases. We examined
expression of these two factors in both primary site and
metastatic lymph node. Among these 56 patients, twenty-four
expressed PCNA in both the primary site and metastatic lymph
node and thirteen expressed PCNA in neither the primary site
nor metastatic lymph node. The concordence rate of PCNA
expression in the primary site and in the metastatic lymph node
was 66.1 % (0.010< P<0.025). That is to say, compared with
primary site, PCNA expression in metastatic lymph node had
no significant change. This suggests that cell proliferation
activity revealed by PCNA still exists in the tumor cells of
metastatic lymph nodes. Similarly, the concordence rate of
CD44v6 expression in the primary site and in the metastatic
lymph node was 75.0 % (0.005<P<0.010). This also means that
metaststic ability revealed by CD44v6 still exists in the tumor
cells of metastatic lymph nodes.
   Although cell proliferation and metastasis are a very
complicated problem involving many molecular mechanisms
and biologic factors, our study partially showed that tumor
cells in metastatic lymph node of colorectal carcinoma still
possessed cell proliferation activity and metastatic ability of
tumor cells in primary site. However, Kimball et al[25] isolated
a cellular subpopulation from a human colonic carcinoma cell
line and Brattain et al[26] reported that malignant cells from a
human colonic carcinoma possessed heterogeneity. A question
rises: do tumor cells of colorectal carcinoma not possess
heterogeneity between the primary site and the metastatic
lymph node? It is well known that cancer cell population, either
as a solid tumor mass in vivo or as a continuous cell line in
vitro, is an ever-changing entity due to their genetic instability
and selective environmental pressure. A tumor mass consists
of different cell clones, a phenomenon known as tumor
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heterogeneity[27,28]. Based on this phenomenon, tumor cell
clones with different biological properties have been isolated
from a number of human and animal tumor cell lines. The
differences included a variety of biological characteristics such
as tumor cell morphology, karyotypes, in vitro and in vivo
growth patterns[29,30], DNA ploidy[31] tumorigenicity, metastatic
patterns and metastatic potentials[32]. Cancer metastasis is the
ultimate display of complex interactions between the malignant
cells and the host defense mechanism. The process of metastasis
consists of selection and sequential steps that include
angiogenesis, detachment,motility, invasion of the extracellular
matrix, intravasation, circulation, adhesion, extravasation into
the organ parenchyma and growth[28]. The ability of cancer
cells to form metastasis depends on a set of unique biological
properties that enable the malignant cells to complete all those
steps of metastatic cascade. But this basically biological theory
is not in contradiction with our present study, because our
results are a clinicopathologic outcome depending upon
experiment.
     Our study showed that there was no significant association
between expression of CD44v6 and PCNA in the primary site
(0.250< P<0.500). This result partially indicated that there
existed no absolute association between cell proliferation
activity and metastatic ability in colorectal carcinoma. At
present, whether tumor cell growth rate is directly related to
metastasis is not clear yet. Yasoshima et at[33] using metastatic
gastric cancer cell line, and Samiei et al[34] using metastatic
mammary clones found that metastasis was independent of
tumor cell growth, while other works[35-37] showed a close
association between tumor cell growth rate and metastasis.
Further study of the correlation between cell proliferation
activity and metastatic ability in colorectal carcinoma is
therefore needed.
     In conclusion, we have partially demonstrated in the present
study that tumor cells in metastatic lymph node of colorectal
carcinoma still possess cell proliferation activity and metastatic
ability in primary site. There may be no association between
cell proliferation activity and metastatic ability in colorectal
carcinoma.
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