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ABSTRACT

In order to test the contention that metastasis is a selective process
and that therefore mÃ©tastasesmight show a more restricted pattern of
phenotypic and genotypic characteristics than primary tumors, we com
pared the expression of carcinoembryonic antigen, Ca 19-9, secretory
component, serotonin, and mucin production as well as flow cytometric
data on DN A content and percentage of S-phase cells in 87 primary large
bowel carcinomas and their lymph node mÃ©tastases.

In a majority of the cases primary tumors and their mÃ©tastaseswere
largely identical with regard to the examined phenotypic features. In
discrepant cases, however, mÃ©tastasesdid not invariably show a more
restricted pattern than primary tumors, indicating high differentiational
plasticity of primary and metastatic colorectal cancer cells. In contrast,
in a number of cases genotypic discrepancies were observed.

We conclude that phenotypic characteristics of colorectal cancer cells
cannot be used to study the pathogenesis of lymph node metastasis.
Genotypic studies, however, suggest that lymphogenic metastasis may be
a selective event.

INTRODUCTION

Most human tumors are known to consist of multiple sub-
populations differing in genotypic and phenotypic characteris
tics (1). From animal experiments there are indications that
metastasis is a selective process, in which some clones have the
ability to metastasize whereas others do not (2, 3).

It is conceivable that clones with and without metastatic
potential differ in genotypic and phenotypic characteristics and
that as a consequence of selection, metastasized clones show a
more restricted spectrum of these features. Description and
comparison of genotypic and phenotypic characteristics in pri
mary tumors and mÃ©tastasesmay therefore be of value to type
tumor cells with metastatic potential and eventually even allow
the identification of these cells in a primary tumor. To investi
gate this hypothesis the expression of several antigens associ
ated with normal and neoplastic large intestinal epithelium was
compared in an analysis of phenotypic characteristics on a
series of primary large bowel carcinomas and their lymph node
mÃ©tastases.To this effect two antigens known to be particularly
associated with adenocarcinoma, CEA3 (4) and Ca 19-9 (5), as

well as the relevant products of the three differentiated cell
types, SC (6) for the columnar cells, mucin for the goblet cells,
and serotonin (7) for the enterochromaffin cells, were chosen.
In addition, we compared flow cytometric data on DNA content
as genotypic features and S-phase cell percentage.
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MATERIALS AND METHODS

Material. Material for this study was derived from a multicenter
prospective controlled clinical trial conducted to compare the Turnbull
no-touch surgical procedure with the conventional approach. Details of
the design of the study have been reported previously (8, 9). From a
total of 311 patients included in this trial 87 Dukes' C cases were

available for the study.
Antigen Expression and Mucin Histochemistry. One 5-Â¿tmsection of

routinely formalin-fixed and paraffin-embedded tissue sample of the
primary tumor and one section of a regional lymph node metastasis
were subjected to immunostaining for SC, Ca 19-9, serotonin, and
CEA. The source of the antibodies applied in the immunoperoxidase
procedure and the details of the methods used have been reported
previously (8-11). Briefly, the SC antiserum was purchased from Dak-
opatts (Copenhagen, Denmark) and used in an unlabeled peroxidase-
antiperoxidase technique after trypsinization of the sections. The anti-
serum to serotonin was obtained by immunization of rabbits with a
formalin-condensed serotonin/bovine serum albumin complex and used
in an indirect immunoperoxidase procedure (12). The CEA-reactive
monoclonal antibody, Parlam I, has been generated in our institution
and the characteristics of this monoclonal antibody have been reported
extensively (13). The Ca 19-9 monoclonal antibody was kindly provided
by Dr. Z. Steplewski, Wistar Institute, Philadelphia, PA. Both the
CEA-reactive and the Ca 19-9 monoclonal antibodies were applied in
an indirect immunoperoxidase technique.

Immunoreactivity of the different antigens was semiquantitatively
scored as positive when over 80% of the tumor cells expressed the
antigen, negative when less than 5% of the neoplastic cells displayed
immunoreactivity, and focal ly positive when 5 to 80% of the carcinoma
cells showed antigen expression.

Mucin production was examined using the high-iron-diamine/Alcian
blue stain (14) allowing the distinction between sulfated and sialated
mucins. Tumors were designated according to the type of mucin ob
served: sulfomucin tumors when predominantly sulfomucins were de
tected; sialomucin tumors in case of predominant sialomucin detection;
and mixed sialo-sulfomucin tumors when both mucin types were ob
served.

Flow Cytometry. In 44 of 87 Dukes' cases sufficient material was

available for flow cytometric analysis. Ploidy levels and percentage of
S-phase cells were measured on nuclei isolated from paraffin-embedded
tissue as described previously (15).

Briefly, small tissue fragments were dewaxed in xylene and rehy-
drated in a graded series of ethanol.

Nuclei isolated by trypsin digestion of the tissue fragments were
stained with propidium iodide and analyzed on a FACS IV cell sorter
(Becton/Dickinson, Sunnyvale, CA). A tumor with a single (., peak
was considered to be diploid, whereas evidence of an additional ( i, peak
was taken to indicate the presence of aneuploidy. The DNA index was
calculated as the ratio of the d peak with the highest DNA content to
the d peak with the lowest DNA content. The proliferaiive activity
was calculated by counting the number of cells with a DNA content
between GÃ¬and G2-M values. In cases with less than 30% admixture
of diploid cells the percentage of aneuploid S-phase cells was calculated
without corrections for the presence of diploid S and (i ..-M phase cells.

RESULTS

Phenotypic Features. In 45 cases (52%) no difference was
observed between primary tumors and their lymph node mÃ©tas
tases with regard to the expression of CEA, Ca 19-9, SC, and
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serotonin as well as the production of mucin. The remaining
42 cases (48%) showed a difference in expression of one to
three antigens and mucin production. These results are sum
marized in Table 1. The lymph node mÃ©tastaseswere uniformly
rather small, allowing the analysis of an entire cross-section of
the lesion in one section. In discrepant cases additional sections
of the primary tumor were analyzed for intratumor heteroge
neity. Heterogeneity between different sections, however, never
exceeded that between different areas within one section.

In Tables 2 and 3 expression patterns of the antigens and the
production of mucin are further detailed. It appeared that the
mode of expression of the individual antigens and mucin pro
duction most frequently is identical in primary tumors and
lymph node mÃ©tastases,the percentages of concurrence being
94, 75, 83, 94, and 74 for CEA, Ca 19-9, SC, serotonin, and
mucin type, respectively.

CEA was observed in almost all tumors and their mÃ©tastases.
The five cases in which a difference in expression was noted
demonstrated more expression in primary tumors in two cases
and more expression in mÃ©tastasesin three cases.

Serotonin appeared to be only scarcely expressed in primary
tumors and even less in mÃ©tastases.In three cases, however,
serotonin was detectable in both the primary tumors and their
mÃ©tastases.

Ca 19-9 and SC demonstrated a comparable distribution of
positive, focally positive, and negative tumors over the tumor
population and a comparable number of cases in which the
expression differed between primary tumors and mÃ©tastases.
No striking discrepancy was observed in the number of cases
expressing more of the antigens in either primary tumors or
mÃ©tastases.

The type of mucin production also appeared to be remarkably
constant. In seven mucin-producing primary tumors no mucin
was detectable in the mÃ©tastases,but in seven cases in the
mÃ©tastasesmucin was seen despite its absence in the primary
tumors. In nine cases loss of production of either sulfomucin
or sialomucin was found in the metastatic lesion. In three cases
more than one metastasis could be studied. No differences in
antigen expression were found between different mÃ©tastases
from one original tumor with exception of one case in which
SC was positive in one metastasis but only focally expressed in
another metastasis.

Table I Difference in antigen expression and/or mucin production between
primary large bowel carcinomas and lymph node mÃ©tastases

No. of differing
antigens"0I23No.

ofcases4526133%5230153

' Including mucin production.

Genotypic Features. In the majority of cases (33 of 44) the
DNA index was identical in primary tumors and lymph node
mÃ©tastases,as indicated by the highly significant correlation
shown in Fig. 1. In three cases the primary tumor was diploid,
but the metastasis was aneuploid. In three other cases the
primary tumor was aneuploid, but the metastasis was diploid.
In four cases the primary tumor contained two aneuploid stem
lines of which only one recurred in the metastasis. Strikingly
enough only the stem line with the lowest DNA index recurred
in the metastasis. In one case an aneuploid primary tumor
resulted in an aneuploid metastasis with a different DNA index.
Fig. 2 shows the correlation of percentage of S-phase cells
between primary tumors and mÃ©tastases.Only those cases were
considered in which no difference in ploidy level was observed.
A statistically significant correlation (P < 0.001) was found
between the S-phase fractions of primary and metastatic tu
mors, indicating that in general metastatic tumors are not more
actively proliferating than primary tumors.

DISCUSSION

Recent studies in animal models suggest that metastasis is
not a random but a selective process, in which only a limited
number of clones from a heterogeneous primary tumor are
involved (2, 3). If mÃ©tastasesare of monoclonal origin, the
genotypic and phenotypic characteristics of such lesions would
be restricted to those of the metastasizing clonogenic cell. It
has been shown, however, that mÃ©tastases,although clonal in
origin, diverge during progression to reform phenotypically
heterogeneous populations (16). Our finding, that primary tu
mors and their mÃ©tastasesusually share the same phenotypic
features, is in line with this observation. The various lines of
differentiation in colorectal carcinomas, which correspond with
those in normal colonie epithelium, apparently reemerge in the
lymph node mÃ©tastases.These may either not be clonal or, if
they are clonal, are subject to rapid phenotypic divergence. In
either case it is clear that phenotypic characteristics, such as
expression of antigens or production of mucins, cannot be used
as evidence in studies concerning the pathogenesis of lymph
node mÃ©tastases,which is not in keeping with the observations
ofKellokumpu(17).

This may be different, however, with regard to the genotype.
Although flow cytometric DNA analysis allows only a rough
estimate of genotypic variability the fact that 40 of our 44 cases
contained only one stem line indicates that gross genotypic
divergence is a much less frequently occurring phenomenon in
colorectal cancer. We therefore chose the genotype as a second
tumor cell characteristic.

In 33 cases the DNA index of the primary tumor was identical
to that of the lymph node metastasis. AH those cases, however,
had only one stem line and were therefore not heteroclonal

Table 2 Expression patterns of CEA, Ca 19-9, SC, and serotonin in primary and metastatic large bowel carcinomas

No. ofcasesPrimary/metastasisNegative/negativeFocal/focalPositive/positivePositive/negativePositive/focalFocal/negativeNegative/positiveNegative/focalFocal/positiveCEA5994%6801

2%100

4%3Ca

19-92730

75%g04

10%506

15%7SC3331

83%802

9%631

8%3Serotonin79394%000

6%500

0%0Difference

inpatternIdentical

patternMore

expression in primarytumorMore

expression in mÃ©tase.IS
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Table 3 Type of mm in production in primary and metastalic large bowel
carcinomas

Primary/metastasis*Negative/negative

Su* + Si/Su + Si

Su/Su
Si/SiSu/Si/Su

Su + Si/Si
Su/Su +SiSu/nÃ©gative

Si/nÃ©gative
Su +Si/nÃ©gativeNÃ©gative/Su

NÃ©gative/Si
NÃ©gative/Su+ SiNo.

of
cases29Â¡>

93

5 10%
14

2 8%
13

1 8%
3Differences

of
pattern/typeIdentical

pattern/typeReduction

in one type of
mucin in either primary
ormetastasisMucin

present in primary,
absent inmetastasisMucin

present in me
tastasis, absent in
primary

" Only the observed combinations are compiled.
* Su, sulfomucin; Si, sialomucin.
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Fig. 1. Correlation between ploidy levels in primary tumors and mÃ©tastases(n
- 33). For convenience only S of IS diploid tumors are shown. A highly significant
correlation (/' < 0.001) was observed.

from a genotypic point of view. In four cases, however, the
primary tumor contained two stem lines, of which only one
recurred in the lymph node metastasis. This finding would
support the selective nature of the metastatic process. In seven
cases a primary tumor with a single stem line gave rise to a
lymph node metastasis with a different DNA index. In these
cases the variant (metastasizing) cells could have belonged to a
minority population which escaped detection by flow cytometry.
An alternative explanation could be that they emerged during
the early stages of the development of the metastasis which,
however, then might have shown more than one stem line.

In summary our results show that phenotypic characteristics
of colorectal carcinoma cells cannot be used to study the palh-
ogenesis of lymph node mÃ©tastases.Our flow cytometric obser
vations are compatible with the hypothesis that metastasis is a
selective clonal event. Which mechanisms are involved in the
process of selection, however, remains unclear.
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Fig. 2. Correlation between percentage of S-phase cells of primary tumors and
mÃ©tastases(n = 19). A significant correlation (I" = 0.001) was observed.
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