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ABSTRACT

Evidence of dynamic development of cytokeratin (CK) 18-positive die
seminated tumor cells in bone marrow of curatively resected cancer
patients has implicated a subclinical minimal residual disease as a bbobog
Ically relevant component In solid cancer. However, differentiation be
tween irrelevant shed cells and those cells potentially capable of causing

later recurrence has not yet been made. In parallel, accumulating data
show fUnctiOnalassociation of the urokinase plasminogen activator (uPA)
system and the membranous uPA receptor (uPA-R) with the capacity of a
tumor cell for invasion and metastasis.

The present study was designed to flnd descriptive evidence in vivo
concerning whether uPA-R could be one potential characteristic for met
astatically relevant phenotypes of disseminated tumor cells.

An Immunocytochemical double staining for uPA-R and CK18 (Immu
nogold/kllrablne phosphatase anU-i'Iki'Ilne phosphatase) was performed on
perioperalive and follow-up bone marrow aspirations of 78 curatIvely
resected gastric cancer patients, If positIve tumor cell status had been
shown previously with the single nlksiine phosphatase anti-sikabine phos.
phatase method. Bone marrow cells (10') were examined In each assay.
PostoperatIve qualitative and quantItatIve development of uPA.R-ex
pressing disseminated tumor cells was followed in relation to uPA-R
negative cells and correlated with later clinical relapse.

Double staining could be performed perioperatively or In follow-up, or
both, in 58 of 78 patIents. Expression of uPA-R on perloperatively die
seminated tumor cells significantly correlated with later quantItatIve in
creases of tumor cells (P 0.0009). Overall median tumor cell numbers
with uPA-R expression signifIcantly increased during follow-up from a

median value of 5,5 to 10.0 in 106cells (P 0.008), and the mean relative
percentage of uPA-R-positive, compared with uPA-R-negatlve, dissemi
nated tumor cells also Increased, from 47.9% at surgery to 68.6% in
follow-up (P < 0.001). ThIs was mainly due to patients with later tumor
relapse (increase from 63.9 to 80.7%, P 0.001). Patients without relapse
showed slight increases at lower percentage levels (5.7% at surgery, 7.4%
In follow-up). Differences for relapsing patients were significant (surgery,
P = 0.006; follow-up, P < 0.001).

Our results suggest from an in vivo model that uPA-Rmay be one
antigen that enables identification and follow-up observations of metastat

kelly relevant phenotypes of disseminated tumor cells, differentiating

their individual potential for causing relapse@

INTRODUCTION

During the past decade, the detection of disseminated tumor cells in
bone marrow has revealed the existence of minimal residual tumor
disease even in early stages of solid epitheial cancers. CK18,2 a
cytoskeletal component of simple epitheial and epitheial-derived
carcinoma cells (1), has been used as a sensitive and specific marker
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against the mesenchymal background of bone marrow cells for dem
onstration of disseminated tumor cells (2â€”6)in breast, gastrointesti
nal, and lung cancers (4, 7â€”9).Perioperative evidence of CK18-
positive disseminated cells in bone marrow was significantly
correlated with prognosis (4, 7â€”10)in these patients. Moreover, in a
recent study of 78 curatively resected gastric cancer patients, we
performed sequential follow-up bone marrow aspirations (ii) and
showed thatdisseminatedtumorcells ostensibly undergoquantitative
dynamic developments that also can indicate the later clinical out
come of individualpatients;90% of patientswith laterclinical tumor
recurrence previously showed an increase or permanently high num
bers of disseminated tumor cells in follow-up, whereas in most pa
tients without recurrence, tumor cells disappeared or significantly
decreased in number.

From these results, we raised the question whether certain mole
cules could be defined that are biologically correlated with the ability
of disseminated tumor cells to increase in number in vivo, reflected by
bone marrow analysis as a representative model for observation of
minimal residual disease. During the past several years, many inves
tigations on parametersof the uPA system (12â€”18)showed that
expression of these factors by tumor cells correlates with their ability

to aggressively degrade extracellular matrix proteins and basement
membranes, thus mediating invasion into surrounding structures and
systemic metastasis. In addition, the strong clinical relevance of this
system has been revealed (17â€”22).As a parameter of central func
tional importance, the membrane-bound uPA-R is able to concentrate

plasminogen activators (as uPA) and inhibitors (as PA!-!) at the
tumorcell surfaceand focus theiractivity at the invasive site, leading
to a potentiatedeffect on metastaticpotential (12, 13).

Using an immunocytochemical double-staining method (2), we
investigated the expression of uPA-R on disseminated tumor cells in
bone marrow of gastric cancer patients. In this study, we present a
descriptive analysis of the development of uPA-R-expressing tumor
cells compared to those without uPA-R months after curative tumor
resection, establishing the setting as an in vivo model for obtaining
evidence that this antigen may be associated with the biological
development of minimal residual disease and its fatal clinical impact.
From the results of this descriptive model, we suggest uPA-R as one
antigen that characterizes potentially metastatic phenotypes of mini
mal residual tumor cells in solid epitheial cancer.

PATIENTS AND METHODS

Patients and Clinical Follow-Up. Seventy-eight patients with primary
gastric cancer were curatively resected and had neither macroscopic nor
microscopic tumor residue at the resection margins. Mean age was 61.8 years
(28â€”87years). Clinical follow-up was done at 6, 12, 18, and 24 months, and
then once a year after surgery. Follow-up consisted of physical examination,
abdominal ultrasound, gastroscopy, and thoracic X-ray. Blood samples were
examined for tumor markersCEA, Ca 19-9, and Ca 72-4 in addition to
hematological studies (hemogram, liver function tests, electrolytes, and lipids).
Diagnosis of recurrence was done by biopsy or imaging procedures if biopsies
could not be obtained.

Bone marrowaspirationswere performedperioperatively.During follow
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up, first control aspirates were taken from all of the 78 patients at a median of
7 months postoperatively. A second control puncture was obtained in 28
patients (median 14 months), and a third in six patients (median 25 months
postoperatively). Follow-up bone marrow aspirations were all taken before
clinical relapse and were not continued after diagnosis of recurrence. Mean
time of clinical follow-up was 42 months (range, 9â€”61).All bone marrow
aspirateswere takenonly after informedconsent was given.

Bone Marrow Aspirates. Perioperatively and under local anesthesia in
follow-up, bone marrow was taken from both iliac crests into a heparinized
syringe with a mean volume of 5 ml. After immediate Ficoll-Hypaque density
centrifugation (Ref. 23; density, 1.077; Biochrom, Berlin, Germany) to isolate
mononuclear cells (2000 g/25 mm), the interphase fraction was washed twice
in PBS, resuspended at a concentration of 10@cells/ad, and cytocentrifuged to
glass slides (l0@cells/slide). Specimens were air dried for 12â€”24h and stained
immediately or stored at â€”80Â°C.

Algorithm of Immunocytochemical Staining. Bone marrow cells (106
cells, 10 slides) ofeach aspirate perioperatively and in follow-up were initially
stained with the single APAAP method for CK18-positive cells. if dissemi
nated tumor cells were detected with this method and another l0@cells were
left for further screening, immunocytochemical double staining was performed
for uPA-RJCK18.In patients with more than one CK18-positive follow-up
bonemarrowaspirateandin whomadequatecells were left, randomlyone was
additionally screened with the double-staining technique.

Immunocytochemlcal APAAP Staining. Staining was done in a moist
chamber according to the established APAAP method (24). Bone marrow
cytospins were fixed in acetone for 7 rain and incubated with 20% AB
serum/PBS for 25 mm to reduce unspecific staining. Antibodies were diluted

in 10% AB serum/PBS. mAb CK2 against CK18 (Boehringer, Mannheim,
Germany) was applied for 45 mm (4 @.&g/ml,IgG 1), followed by 30 rain of
rabbit anti-mouse bridging antibody (3 mg/mI, 1:25; DAKO, Hamburg, Ocr
many) and 30 rain of monoclonal APAAP complex (0.17 mg/mi, 1:100;
DAKO). Each incubation step was followed by thorough washing in PBS.
Specifically marked cells were visualized by 0.2 mg/mI naphthol-AS-MX
phosphate(dissolved in dimethylformamide;Sigma, Deisenhofen,Germany),
1% fast blue BB salt 1 mg/mi (Sigma), 0.1 MTris buffer (pH 8.2), and 0.25
mg/ad levamisole (Sigma). Each assay was negatively controlled replacing
CK2 antibody by nonspecific IgGi (MOPC21, Sigma) on one slide, and a slide
of bone marrow from a healthy donor was stained for CK18. Tumor cell lines
HT-29 and KATO III (American Type Culture Collection, Rockville, MD)
served as positive controls.

Immunocytochemical Double Staining. An immunogold/alkaline phos
phatase method was performed according to Ailgayer et a!. (2) in a moist
chamber. mAb CK2 was biotinylated by dissolving 1 mg/mI CK2 in 25 @xgof
D-biotinyl-â‚¬-aminocaproyl-N-hydroxy-succithmide (Boehringer) and 50 @lof
dimethylformamide, with overnight incubation followed by membrane ultra
filtration (Centricon 30 microconcentrator, Amicon, Danvers, MA).

Cytospins were fixed in acetone (7 rain) and incubated with 20% AR
serum/PBS (25 mlii). Antibodies were diluted in 10% AR scram/PBS, and

preparations were carefully washed three times in PBS after each incubation

step. Mouse mAb against uPA-R, recognizing intracellular and membrane
bound receptors (10 @tg/ml,IgG2a; American Diagnostica, Greenwich, CT),
was applied for 60 mm, followed by goat anti-mouse-antibody conjugated with
1 am gold particles(0.08 mg/ad, 1:50;AuroprobeOne Reagent,Amersham,
Braunschweig, Germany) for 30 rain and 10% mouse serum/PBS (DAKO) to
avoid cross-reactions (25 mm).

As a second step of double staining, biotinylated mAb CK2 was incubated
for 45 miii (10 @g/ml),followed by alkalinephosphatase-conjugatedstrepta
vidin (1.1 mg/mI, 1:100; Jackson ImmunoResearch, West Grove, PA) for 30
mm. Specifically bound CK2 was visualized by newfuchsin dye (0.4 mg/ad;
Serva, Heidelberg, Germany), sodium nitrite (0.04 mg/mI; Merck, Darmstadt,
Germany), levamisole (0.36 mg/mI; Sigma), 0.2 M Tris buffer (pH 8.7), and
naphthol-AS-BI-phosphate (0.08 mg/nil; Sigma) dissolved in dimethylform
amide (Sigma).

For completion of the immunogold step, slides were thoroughly washed in
bidistilled water. Equal volumes of inducer and enhancer of a silver enhance

ment kit (Amersham) were mixed and incubated at room temperature for
visualization of specifically bound gold particles under microscopic control
(maximum time, 40 mm). After 20 miii, the silver kit was completely cx
changed to avoid unspecific precipitation of silver granules. After development

of silver staining, slides were washed in bidistilled water and mounted with
Kaiser's glycerol gelatin (Merck).

Slides of colon cancer cell lines SW-403 and HT-29 (American Type
Culture Collection) were stained under the same conditions as positive con
trols. Equimolar replacement of CK2 by nonspecific IgGi (MOPC21, Sigma)

and mAb against uPA-R by IgG2a (UPC 10, Sigma) served as isotype- and
cross-controls, respectively. Two other slides were stained, leaving out the first
bridge and the second primary antibody, and vice versa, two slides without the
first and second bridge. Bone marrow of healthy donors was stained as another
control after informed consent. All slides were coded and blindly evaluated by

two independent investigators.

Determination of Biological Tumor Characteristics of Primary Tu
more. Biological parameters of corresponding primary tumors of our gastric
cancer series (parameters ofthe uPA system: UPA, uPA-R, and PAl-I; pT, pN,
G, Lauren'sclassification, lymphangiosiscarcinomatosa,and vessel infiltra
lion) and inimunohistochemical semiquantitative staining for uPA system

parameters (scores 0, negative, 1+ , 2+ + , 3 + + +) were done according to
Heiss et a!. (18).

Statistical Analysis. x@analysis was done for determination of correla
tions. if there was a significant correlation with more than one parameter,
logistic regression was performed. Wilcoxon tests for dependent and mdc
pendent values were applied for analyzing significance of differences in
numbers and percentages of uPA-R-expressing tumor cells, using the EDA
statistical software package (Department of Medical Information, Biometry
and Epidemiology, Klinikum Grosshadern, Munich, Germany). This program
was also used for calculation of means, medians, SDs, and SE. All statistics
were performed in two-sided tests, and the level of significance was P < 0.05
for all statistical analyses.

RESULTS

Patients and Staining Results. CK18-positive cells in bone mar
row could be identified easily by blue (APAAP) and brownish-red
(double staining) marking of the cytoplasm. UPA-R expression was
seen as black-granulated staining of the cellular membrane (Fig. 1), as
well as perinuclear staining.

Isotype and cross-match controls of double staining were always
negative; in positive controls, almost 100% of cells were CK18
positive, and 15â€”80%were uPA-R positive. Bone marrow of healthy
donors never showed CK18-positive cells.

From 78 curatively resected patients, 47 showed CK18-positive
cells in bone marrow perioperatively and underwent double staining
for uPA-R and CK18. In 44 ofthese cases, double staining reproduced
the presence of CK18-positive cells. Of these 44 patients, 20 (45%)
revealed expression of uPA-R on one or more tumor cells in the bone
marrow. The remaining 24 patients did not show uPA-R staining of
CK18-positive cells.

In 42 of the positive 44 patients, one corresponding follow-up bone
marrow aspirate (CK18-positive in single APAAP) could be reinves
tigated with the double-staining technique, and in 33 cases CK18-
positive cells were detected again.

In an additional 16 cases with intraoperatively negative CK18-
results, a positive tumor cell status was seen in follow-up bone
marrow, and an additional screening with the double-staining method
was performed.

In summary, 58 of 78 patients with follow-up bone marrow aspi
rations could be investigated for uPA-R expression on disseminated

CK18-positive cells either perioperatively or in follow-up, or both.
Table 1 summarizes the staining results of these patients. The fol
low-up bone marrow aspirations screened with our double-staining
technique had been taken after a median follow-up time of 13 months
(range, 6â€”55).

In 23 of 58 patients, tumor recurrence was seen after a mean time
of 34.5 months (SD, 19.4). Fifteen of them died after a mean of 39.9
months (SD, 15.5) ofrecurrence-free survival. Median time of clinical
follow-up was 42 months (range, 5â€”65).
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Bone marrow
statusat surgeryBone

marrow
status infollow-upuPA-R-expressing

disseminatedtumorcellsNo

disseminated tumor cells16 (28%)1 1(19%)Exclusively
uPA-R-negative tumor24 (41%)22(38%)cellsi

tumor cell expressing uPA-R18 (31%)25(43%)Cases
with positive tumor cellstatusNumber

of disseminated
tumor cells in 106Median

9.0 (1â€”53)Median 11.5(1â€”210)Number

of disseminatedMean
8.9, SE 1.8

Median 53 (0-43)Mean
13.8, SE 4.1

Median 10.0(0-150)tumor
cells expressinguPA-RPercentage

of uPA-R-expressingMean
9.3, SE 0.6

Mean 47.9%,Mean
11.3, SE 3.6

Mean 68.6%, SE10.9tumor
cellsSE 9.7

(range, 0-100%)(range, 0-100%)

METASTATIC PHENOTYPES IN MINIMAL RESIDUAL CANCER

Fig. 1. UPA-R-expressing disseminated tumor cell
inbonemarrow.CK18is markedby redcytopbasmatic
staining, uPA-R by black membranous staining.

from a median of 5.5 to 10.0 in 106 cells (Table 1), and the differences
in cell numbers were significant with P = 0.008 (Wilcoxon test for
dependent values).

The most interesting finding, however, was that the mean relative
percentage of uPA-R-expressing, compared with uPA-R-negative,
tumor cells significantly increased from 47.9% at surgery to 68.6% in
follow-up (P < 0.001, Wilcoxon test for dependent values, Table 1).
Analyzing patients according to later tumor recurrence, we found that
this relative increase of uPA-R-positive tumor cells was found mainly
in those patients with clinical relapse, who revealed an increase of
uPA-R-expressing tumor cells from a mean of 63.9% at surgery to
80.7% in follow-up (P = 0.001, Table 3). In patients without recur
rence to date, however, the percentage of uPA-R-expressing cells
compared with uPA-R-negative cells was much lower at surgery
(5.7%), and has shown only a slight increase to 7.4% (P = 0.627,

Table 3). Differences between mean percentages of uPA-R-positive
tumor cells in patients with and without recurrence were significant at

Table 1 Overview of staining results concerning detection ofdisseminated tumor cells
and expression of uPA-R at surgery and in follow-up (58 curatively resected patients)

The second part of the table selects those patients with positive tumor cell status and
demonstrates increase of uPA-R-expressing tumor cells in follow-up in those patients, in
absolute number and in relative percentage.

Course of uPA-R-expressing Disseminated Tumor Cells in Fol
low-Up. As alreadyshownby Heisset a!. (11),expressionof uPA-R
of disseminated tumor cells was significantly correlated with increas
ing or constantly high tumor cell counts in follow-up (16 of 20 cases,
or 80%), whereas the 24 patients without uPA-R detection on tumor
cells in 75% of cases (18 of 24) showed a decrease or even disap
pearance of tumor cells in follow-up (P = 0.0009, f analysis).

As a next step, the qualitative course of uPA-R-positive dissemi
nated tumor cells was analyzed comparing perioperative and fol
low-up bone marrow aspirates. Therefore, 58 patients (see â€œPatients
and Staining Resultsâ€•)were classified into nine groups resulting from
the combination of one of three possible findings at surgery [(a)
negative tumor cell status in bone marrow; (b) CK18-positive cells in
bone marrow without uPA-R; and (c) CK18-positive cells with at least
one cell expressing uPA-RJ with one of those possibilities in fol
low-up (32)â€¢

Table 2 demonstrates our results within these nine groups. It shows
perioperative tumor cell status, status in follow-up, number of pa
tients, number of clinical recurrences, mean time of recurrence-free
survival, number of deaths, and mean survival time for each group.

As this table shows, patients developing uPA-R-expressing tumor
cells during follow-up or with continuous evidence of uPA-R-positive
tumor cells ostensibly are at higher risk for recurrence, and reveal
shorter recurrence-free and overall survival times than patients with
negative cell status or evidence of CK18-positive cells without
uPA-R. In 5 of the 16 patients with uPA-R-positive cells in follow-up,
all of the disseminated tumor cells detected revealed expression of
uPA-R (tumor cell counts between 6 and 16 in 106cells), and all of
these patients exhibited recurrence (after 5â€”16months) and died (after
12â€”37months).

Absolute and Percent Change of uPA-R-expressing Dissemi
nated Tumor Cells. Next, we analyzed the percentage of uPA-R
expressing tumor cells in our 58 patients investigated with double
staining. Comparing the number of perioperatively detected dissem
mated tumor cells with follow-up in cases with positive tumor cell
status (Table 1), a slight increase from a median value of 9 to 11.5
CK18-positive cells in 106 cells was observed. The median number of
uPA-R-expressing disseminated tumor cells also increased in parallel,
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Most recurrences and deaths are seen inpatients continuously showing or developinguPA-R positivetumorcells.Bone

marrowstatusat surgeryBone
marrow status in
follow-upNo.

of
patientsNo.

of clinical
recurrencesMRTâ€•(months)Â±SDNo.

of
deathsMSTâ€•(months)Â±SDNo

disseminatedtumorcells

Exclusively uPA-R-negative tumor cells

uPA-R-expressing tumor cellsuPA-R-expressing

tumor cells
Exclusively uPA-R-negative tumor cells
Notumorcells
uPA-R-expressing tumor cells
ExclusivelyuPA-R-negativetumorcells
Notumorcells
uPA-R.expressing tumor cells
ExclusivelyuPA-R-negativetumorcells
No tumor cells9

5
2
0

16
8

16
1
17

(77.8%)
1 (20.0%)
0(0%)

2 (12.5%)
0(0%)

13(87.5%)
0(0%)
0(0%)24.0

Â±16.2
39.0 Â±15.6
55.0Â±10.0

44.0Â±17.3
46.0Â±11.1
19.7 Â±14.2

64 Â±0
45 Â±03

(33.3%)
1 (20.0%)
0(0%)

1 (6.3%)
1(12.5%)
9 (52.9%)
0 (0%)
0(0%)31.7

Â±13.7
42.0Â±10.3
55.0 Â±10.0

47.6 Â±13.1
46.0Â± 11.1
27.9 Â±12.3

64Â±0
45 Â±0

58 23 34.5Â±19.4 15 39.9Â±15.5

Table 3 Analysis ofpercent increase ofuPA-R-expressing disseminated tumor cellsinfollow-up
compared with surgery in patients with and without tumorrecurrenceMean

percentage of uPA-R-positive tumor cells is significantly higher inrelapsingpatients,
but also in nonrelapsing patients, a slight increase of percentage of uPA-R

expressing tumor cells is seen.Percentage

of PercentageofuPA-R-expressing
uPA-R-expressingcells

at surgery cellsinfollow-upPatients

with clinicalrecurrenceNo.
of patients 1523Mean,

SEM 63.9%, SE 14.9 80.7%, SE15.4Median
33.3%80.0%Minimum,

maximum 0-100%0-100%Wilcoxon
test fordependentvalues:P

=0.001Patients
without recurrence up tonowNo.

of patients 2724Mean,
SEM 5.7%, SE 2.7 7.4%, SE2.9Median

0%0%Minimum,
maximum 0â€”33%0â€”50%Wilcoxon

test for dependentvalues:P
= 0.627

METASTATICPHENOTYPESIN MINIMALRESIDUALCANCER

Table2 Classificationof58 curativelyresectedgastriccancerpatientsaccordingto qualitativecourseofdissensinatedtumorcellsregardingexpressionof uPA-Rduring
follow-up

Total

a MRT, mean recurrence-free survival time.
MST mean survival time.

P = 0.006 (perioperatively) and P < 0.001 (follow-up, Wilcoxon test
for independent values).

Correlationof uPA-R-expressingTumorCell Coursewith Bi
oIo@ Parametersof the PrimaryTumor. Biologicalcharacter
istics of corresponding primary tumors of our gastric cancer series had
been investigated and classified in Heiss et a!. (18). Correlation
analyses were done considering uPA-R expression (yes/no) in fol
low-up bone marrow and uPA-R positivity in follow-up reflecting
either continuous evidence or new development of uPA-R-expressing
disseminated tumor cells, respectively. This was significantly corre
lated with high levels of PAl-i in the primary tumor (P = 0.0489,@
P = 0.0250, logistic regression) and with a tendency for high levels
of uPA (P = 0.0577). No correlation was seen with uPA-R expression
in the primai@rtumor itseif (P = 0.1848); 92% of the primaries had
revealed expression of uPA-R.

Depth of infiltration (pT) correlated significantly (P = 0.0028, f,
P < 0.0001, logistic regression).No correlationwas seen with pN
(P = 0.7872), G (0.9784), Lauren'sclassification(P = 0.7330),
lymphangiosis carcinomatosa (P 0.1889), and vessel infiltration
(P = 0.5177).

DISCUSSION

As early as 1896, Paget (25) postulated that conditions of the
environment of a tumor cell (â€œsoilâ€•),as well as its functional capac
ities (â€œseedâ€•),should be prerequisites for establishment as manifest
metastasis. Investigations ofFidler and Kripke (26) on sublines cloned
from murine malignant melanoma further revealed that tumors osten

sibly consist ofheterogeneous cells with varying metastatic capacities.
Because tumor-associated proteases and the urokinase system are
supposed to be functionally correlated with metastatic capacity (12,
13, 27, 28), we chose uPA-R, the membrane-bound â€œcenterâ€•of this
system (13), as an antigen to investigate this as a potential character
istic of metastatic phenotypes of disseminated tumor cells.

It must be emphasized that not only membranous, but also perinu
clear, stainingpatternsfor uPA-Ron disseminatedtumor cells were
observed, and that tumor cells with perinuclear staining patterns were
counted as uPA-R positive. Recent discussions, initiated by Jankun et
al. (29), have indicated that perinuclear evidence of uPA-R may be a
decisive characteristic of the malignant phenotype, because holo
nuclear immunoperoxidase staining patterns for uPA-R could be seen
in breast carcinomas, but not in benign mammary tumors. Basthoim et
al. (30) confirmed these observations by paranuclear fluorescence
patterns for uPA-R in the breast cancer line MDA-MB-231.

Our results demonstrate significant correlations of uPA-R expres
sion of disseminated tumor cells in bone marrow with increases in
tumor cell number. This statistical association is corroborated by
experimental studies on aggressivity and expansion of tumor cell lines
with high expression of uPA-R (31, 32). Eder et al. (33) could
demonstrate correlation of quantitative uPA-R levels with in vitro
aggressivity of 15 mamma carcinoma cell lines investigated with
cRT-PCR.

In parallel, we could show in our descriptive in vivo model that the
percentage of uPA-R-expressing disseminated tumor cells overall is
increasing during follow-up, regardless of later clinical outcome of
individual patients. Even in patients without clinical recurrence, a
slight increase of uPA-R-expressing tumor cells (from a mean of 5.7
to 7.4%) in bone marrow was seen, however, at much lower percent
age levels compared with relapsing patients. This might indicate
positive selection of tumor cells with this marker during postoperative
development after systemic dissemination.

Selection of tumor cells according to antigenetic properties was
also suspected by Pantel et a!. (5) for the tyrosine kinase receptor
ErbB2, a marker potentially associated with aggressive tumor cell
growth (34). In that study, because only 10-30% of primary breast
and gastrointestinal carcinomas exhibited ErbB2 in contrast to almost
70% of corresponding primary disseminated tumor cells in bone
marrow, a selection process was postulated for the initial step of
systemic dissemination. In our present study, however, a parallel
phenomenon was not observed for uPA-R, because only 45% of
primary disseminated tumor cells exhibited uPA-R in contrast to 92%
of tumor cells in the corresponding carcinomas, and uPA-R on dis
seminated tumor cells did not correlate with uPA-R expression in
corresponding tumors. From these data, it may be hypothesized that
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selection processes occur not only at the time of systemic tumor cell
dissemination, but also in later development of the systemic dis
ease component and its interaction with the microenvironment.
Criteria for selection may be different for the two steps, because
invasion-associated antigens (proteases, ErbB2), proliferation an
tigens such as p120 or Ki67 (5), loss of MHC class I as a
mechanism of â€œimmunological escapeâ€•and protection from cyto
toxic T-cells (35â€”37),or reduction of apoptotic rate (38) may be of
different relevance for initial dissemination, â€œhomingâ€•in certain
organs, and, finally, metastatic establishment. However, our data
also show for the first time that the phenotype of disseminated
tumor cells probably can change, as indicated by individual cases
changing uPA-R status in the follow-up aspirates (Table 2). Rca
sons for this observation may, on the one hand, be methodological
through limitations of sensitivity. However, because these pheno
typic changes are correlated to the clinical course, it may be
speculated that the observed phenotypic dynamics are biologically
relevant. Further investigation of this phenomenon is necessary.

The relevance of uPA-R expression for establishment and out
growth of disseminated tumor cells is also supported by clinical
observations shown in our present study. As Table 2 demonstrates,
patients with low and high risk for recurrence can be identified by
analysis of uPA-R development on disseminated tumor cells. Most
recurrences occur in those groups that either continuously show
uPA-R-positive tumor cells in bone marrow or develop them in
follow-up. These patients also had shorter survival times. In contrast,
patients with uPA-R-negative cells at surgery or in follow-up exhib
ited fewer recurrences, and patients with tumor cell elimination or
those with continuously negative evidence for disseminated tumor
cells revealed the longest survival times.

The question what biological information expression of uPA-R on
disseminated tumor cells may give is also a mauer of speculation. In
contrast to uPA-R-negative cells, they probably represent viable,
biologically activated tumor cells that may already have extravasated.
With an activated uPA-R cycle described by Blasi (12) and Moller
(13), these disseminated tumor cells may already have started to
induce a new primitive stroma by uPA-R-bound action of PAI-l, a

specific uPA inhibitor balancing overwhelming proteolytic activity

and promoting angiogenesis (12, 14â€”16,28). This aspect is supported
by a statistical correlation found for uPA-R-positive tumor cell de
velopment with PAI-l and by a tendency for uPA presence in primary
tumors, indicating an association with dynamic intra- and extratu
moral degradation and remodeling and with parameters that both
induce and enhance transcellular circulation of uPA-R (12). Lacking
correlation with established histopathological parameters such as pN,
0, Lauren'sclassification,lymphangiosis,orvesselinfiltration,may
emphasize the unique biological impact of uPA-R-associated activi
ties on individual tumor cells.

Our data indicate that expression of uPA-R, as a center of tumor
associated proteolysis allowing tumor cells to invade surrounding
matrix and, probably, also to establish metastasis, is a potential
antigen for positive selection of disseminated tumor cells during
postoperative time course. The compartment of the bone marrow, in
contrast to liver or peritoneum, is only subject of rare metastatic
events in gastric cancer. This indicates that environmental conditions
are important cofactors allowing metastatic outgrowth. Nevertheless,

we believe that bone marrow can be a model for observation of
establishment of a systemic disease component, easily available for

investigation in outpatient settings, that indicates the momentary
results of the interaction between tumor cells, the immune response of
the patient, and other influencing parameters. Identification of tumor
cell-specific conditions allowing survival may be one of the most
important tools in determining their individual risk for causing recur

rence, long before it is macroscopically detectable. Our study suggests
that uPA-R is one potential antigen useful for characterizing meta
statically relevant phenotypes of systemically disseminated tumor
cells. It may also suggest that uPA-R is a biological target for
antimetastatic cancer therapy.
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