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SUMMARY: The suitability of “real-time” quantitative reverse transcriptase polymerase chain reaction (RT-PCR) for the detection
of isolated carcinoma cells in bone marrow was investigated by evaluating the expression of cytokeratin (CK)7, CK8, CK18, CK19,
and CK20 in 17 gastrointestinal cancer cell lines, 64 control bone marrow specimens from noncancer patients, and 30 bone
marrow specimens from patients with gastric or colorectal cancer. RT-PCR products for CK8 and CK18 were detected in all
cancer cell lines, but only 16, 5, and 11 cell lines provided evidence for CK19, CK7, and CK20 transcription. Variable numbers
of bone marrow specimens from noncancer patients demonstrated background transcription of CK8 (78.1%), CK18 (95.3%),
CK19 (35.9%), CK20 (29.6%), and CK7 (16.7%). Maximal background transcription for CK8, CK18, and CK19 ranged from 52.2
to 56.1 copies/103 copies glyceraldehyde-3-phosphate dehydrogenase (GAPDH), the corresponding values of 0.06 and 0.76
copies for CK7 and CK20 being distinctly lower. When maximal background values were used as a threshold value to define
positivity in tumor cell dilution experiments, sensitivity levels of one tumor cell in 104 bone marrow cells were determined for CK7
and CK20 RT-PCR assays. Maximal background expression values of the different CKs as obtained in the control series were
exceeded once (CK20), twice (CK18 and CK19), and 18 times (CK7) in bone marrow specimens from cancer patients, with none
of these specimens exceeding the maximal background expression value of CK8. We conclude that RT-PCR for CK8, CK18, and
CK19 cannot be recommended for the detection of isolated tumor cells in bone marrow of cancer patients. On the other side,
the limited number of gastric and colorectal cancer cell lines expressing CK7 and CK20 indicates that assay sensitivity for these
CKs might be limited because of their selective expression by carcinoma cells. (Lab Invest 2001, 81:1351–1361).

T he utility of reverse transcriptase polymerase
chain reaction (RT-PCR) assays designed for the

detection of isolated tumor cells by the use of tissue
specific primers, eg, cytokeratins (CKs), is controver-
sially discussed. High sensitivity has been claimed to
be one of the major advantages of RT-PCR when
compared with immunocytological techniques (Degu-
chi et al, 1993; Noguchi et al, 1994; Smith et al, 2000).
In cancer cell dilution experiments, RT-PCR assays
with primers for CKs, prostata-specific antigen, and
surfactant proteins have been capable of detecting up
to one cancer cell in 107 normal cells (Betz et al, 1995;
Ghossein et al, 1995). This sensitivity level is 10- to
100-fold higher than that of comparable immunocyto-
logical assays. Technical feasibility and cost effective-

ness of the RT-PCR technique are other arguments for
introducing this technique as a clinically relevant
methodology for the detection of isolated tumor cells
in common epithelial cancers (Lockett et al, 1998).
On the other side, inherent methodological prob-

lems of RT-PCR with tissue-specific primers are still
unresolved. In contrast to RT-PCR assays based on
the amplification of tumor-specific mRNA sequences
as used in the molecular diagnosis of leukemias and
sarcomas (Athale et al, 2001; Fischmeister et al, 1999;
Hochhaus et al, 2000; van Dongen et al, 1999), false-
positive results in RT-PCR assays with tissue-specific
primers may be caused by the coamplification of
pseudogenes (Ruud et al, 1999; Savtchenko et al,
1988) but also by illegitimate background transcription
of the target genes by the nonneoplastic cells of the
sample. Amplification of pseudogenes often results
from contamination of the mRNA probes by traces of
genomic DNA and can be identified by control exper-
iments in which parallel samples are processed with-
out reverse transcription (Dingemans et al, 1997). It
can be avoided by choosing intron-overlapping primer
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sets and/or by DNAse treatment of the mRNA probe
before reverse transcription proceeds. Illegitimate
background transcription poses a much more serious
methodological disadvantage than pseudogenes. The
phenomenon was firstly identified by Chelly and col-
leagues (1989) and has so far been described for
almost all of the candidate tissue-specific target
genes, including CK8 (Traweek et al, 1993), CK18
(Traweek et al, 1993), CK19 (Dingemans et al, 1997),
prostata-specific antigen (McIntyre et al, 2000; Smith
et al, 1995), and surfactant protein B (Betz et al, 1995).
Only a few quantitative evaluations of illegitimate
transcription in bone marrow have been performed so
far (Salbe et al, 2000; Slade et al, 1999). Like previ-
ously performed semiquantitative evaluations, they
report on rather unstable levels of background tran-
scription for each target gene and primer set. For
some of these target genes, like CK19 and carcino-
embryonic antigen (CEA), inflammation and cytokines
have been shown to up-regulate background tran-
scription in bone marrow (Jung et al, 1998). This
variability further exaggerates the problem of discrim-
ination between amplification products obtained from
tumor cells and false-positive results obtained from
background transcription.

Because background transcription for most of the
target genes is unavoidable, quantification of the
amplification product and subsequent definition of
cut-off points for each target gene is the only way to
improve specificity of tissue-specific RT-PCR assays.
In the present study, we have addressed this problem
by developing quantitative RT-PCR assays for all CKs
that are expressed by adenocarcinomas. The quanti-
tative assays were performed using the fluorometric
“real-time” quantitative RT-PCR technique and the

TaqMan technology. Levels of illegitimate transcrip-
tion were evaluated in 64 control bone marrow spec-
imens and cut-off points were defined for each CK
separately. The sensitivity of the technique was eval-
uated by comparing the cut-off points obtained in the
control series with values obtained in dilution experi-
ments with CK-positive cancer cell lines. Subsequent
evaluation of CK gene expression in immunocytologi-
cally positive bone marrow specimens from patients
with gastrointestinal cancer clearly demonstrates that
variable background transcription of CK mRNA by
nonneoplastic bone marrow cells and differential CK
expression by carcinoma cells are both important
limiting factors for the use of the CK RT-PCR assay in
the detection of isolated tumor cells.

Results

CK Expression in Gastrointestinal Cancer Cell Lines

The quantitative expression values obtained for the
different CKs are listed in Table 1. Expression of CK8,
CK18, and CK19 was demonstrated in nearly all cell
lines. Colo320 was the only cell line with almost no CK
expression. With one exception CK18 expression val-
ues were always higher than the corresponding values
for CK8 or CK19. Only in cultures of the Colo201 cell
line were expression values for CK19 shown to be
higher than for CK18.

CK7 and CK20 were expressed in a nearly comple-
mentary manner by gastric and colorectal cancer cell
lines. Expression of CK7 was mainly restricted to the
three gastric cancer cell lines. Only two of the colo-
rectal cell lines demonstrated low levels of CK7 ex-
pression (�15 copies/103 copies glyceraldehyde-3-

Table 1. Cytokeratin Transcription in Gastric and Colorectal Cancer Cell Lines

Cell line ATCC No.

Cytokeratin (molecules per 1000 molecules GAPDH)a

7 8 18 19 20

23132/87b — 89 � 88 146 � 49 1000 � 679 180 � 96 823 � 427
MKN45b — 264 � 164 22 � 14 1963 � 934 189 � 106 0
Katolllb HTB-103 1989 � 1309 127 � 53 1794 � 633 146 � 78 0
CaCo2c HTB-37 6 � 6 88 � 47 661 � 377 186 � 149 69 � 47
Colo201c CCL-224 0 99 � 25 871 � 254 1548 � 997 94 � 49
Colo320c CCL-220 0 2 � 1 51 � 28 0 9 � 5
HCT116c CCL-247 14 � 7 35 � 12 647 � 295 278 � 138 11 � 7
HCT15c CCL-225 0 124 � 98 462 � 225 98 � 54 0
HCT8c CCL-244 0 162 � 129 898 � 622 222 � 175 28 � 17
HT29c HTB-38 0 351 � 298 1123 � 570 246 � 145 2749 � 1800
LoVoc CCL-229 0 96 � 15 1090 � 768 99 � 86 5 � 3
SW1116c CCL-233 0 122 � 42 947 � 304 275 � 146 811 � 432
SW403c CCL-230 0 43 � 24 490 � 105 100 � 53 142 � 85
SW480c CCL-228 0 61 � 32 650 � 330 135 � 71 0
SW620c CCL-227 0 52 � 19 972 � 339 116 � 50 0
SW948c CCL-237 0 87 � 47 856 � 351 166 � 122 485 � 154
WIDRc CCL-218 0 87 � 3 669 � 135 39 � 21 489 � 380

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ATCC, American Type Culture Collection.
a Data are means � standard error of the mean of values obtained from 4 separate cultures.
b Gastric cancer cell line.
c Colonic cancer cell line.
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phosphate dehydrogenase [GAPDH]) in addition to the
expression of CK20. CK20 was detected in 11 of 14
colorectal cancer cell lines; only one gastric cell line
demonstrated an additional expression of CK20 be-
sides the expression of CK7. In 3 of 11 CK20-positive
colorectal cancer cell lines, expression levels for CK20
were very low, not exceeding a mean value of 15
copies/103 copies GAPDH.

Background Transcription in Bone Marrow Aspirates from
Noncancer Patients

Background transcription of CK8, CK18, and CK19
was detected in 78.1% (n � 50/64), 95.3% (n �
61/64), and 35.9% (n � 23/64) of the noncancer bone
marrow specimens, respectively. Levels of expression
were highly variable (Fig. 1A). Mean values of back-
ground transcription were shown to be rather high for
CK18 (6.42 copies/103 copies GAPDH) and lower for
CK8 (4.96 copies/103 copies GAPDH) and CK19 (3.21
copies/103 copies GAPDH). In contrast, maximal
background expression levels for all three CKs were
nearly the same; the maximal values ranged between
56.1 and 52.2 copies/103 copies GAPDH.

In most aspirates no background expression was
obtained for CK7 and CK20. Only 9 of 54 specimens
(16.7%) demonstrated minimal expression of CK7,
with a mean expression value of 0.03 copies/103

copies GAPDH (Fig. 1B). Slightly higher expression
levels were also obtained in 16 of 54 control speci-
mens (29.7%) for CK20, with mean expression levels
of 0.18 copies/103 copies GAPDH (Fig. 1B).

Sensitivity Assays with MKN45 and HT29 Cells

When CK background transcription of individual bone
marrow samples was used to define the sensitivity of

the CK8, CK18, and CK19 RT-PCR assays, sensitivity
levels of up to one tumor cell in 107 bone marrow cells
were evaluated (Fig. 2). However, when base lines of
background transcription were defined by the maxi-
mal value obtained from the whole series of control
bone marrows, no carcinoma cells were detectable by
CK8, CK18, and CK19 expression, even at a minimal
dilution of one tumor cell in 103 bone marrow cells
(Fig. 2).

No background expression of CK7 and CK20 mRNA
was measurable in both bone marrow specimens with
which the tumor cell dilutions of MKN45 and HT29
cells were performed (Fig. 2). mRNA of CK7 was
detected by RT-PCR at a tumor cell density as low as
one MKN45 cell in 105 bone marrow cells. A similar
tumor cell density of one HT29 cell in 105 bone marrow
cells was detectable by the RT-PCR assay for CK20.
When maximal background transcription levels of the
control bone marrow series (compare Fig. 1) were
used as a threshold to define positivity of the CK7 and
CK20 RT-PCR assays, only sensitivity levels of one
tumor cell in 104 bone marrow cells were evaluated for
both assays.

Detection of Carcinoma Cells by CK RT-PCR in Bone
Marrow Aspirates from Patients with Gastric or
Colorectal Cancer

The CK-positivity rate of bone marrow specimens
from patients with colonic and gastric carcinoma was
extremely low when maximal background transcrip-
tion levels of CKs were used as a threshold to discrim-
inate background transcription from tissue-specific
CK expression by carcinoma cells. In none of the
samples from cancer patients were transcription levels
of CK8 higher than the maximal level of background

Figure 1.
Background transcription of cytokeratin (CK)8, CK18, CK19, CK7, and CK20 in bone marrow aspirates from noncancer patients. Each triangle represents the value
obtained from a single aspirate. For each type of CK, mean values (bars), the total number of aspirates analyzed (n), and the number of aspirates without detectable
CK transcription (n0) are indicated. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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transcription obtained in the control series (Fig. 3).
From the 30 samples that were analyzed in the same
manner for CK18 and CK19, two samples were always
positive for each of these CKs (Fig. 3). Only one further
sample provided a distinct positivity for CK20 (Fig. 4).
On the other hand, a high positivity rate was evaluated
for CK7, with 60% of the cases (n � 18) providing
higher CK7 transcription values than the correspond-
ing maximal background transcription level obtained
in the control series (Fig. 4). Even when the cut-off
level for CK7 was arbitrarily defined as a value twice as
high as the maximal background transcription level,
positivity was still detectable in 50% of the cases (n �
15/30).

Comparison of Immunocytology and Quantitative RT-PCR

The positivity rate in bone marrow aspirates from
patients with gastrointestinal cancer was distinctly
higher when immunocytology was applied instead of
quantitative RT-PCR for CK8, CK18, and CK19. Fif-
teen of the 30 aspirates were positive by the use of the
anticytokeratin monoclonal antibody A45-B/B3 (Con-
rad et al, 1988; Stigbrand et al, 1998), but only three
samples of the same series were proven to be positive
with CK8, CK18, and CK19 RT-PCR (Fig. 3). Only two
of these three specimens were shown to be positive
by the use of both methodologies.

Besides its proven reactivity for CK8-18 and
CK8-19 (Stigbrand et al, 1998), A45-B/B3 is also
supposed to react with CK7 (Conrad et al, 1988).
Comparing A45-B/B3-positivity with the data obtained
by CK7 RT-PCR (Fig. 4), 10 of the 18 CK7 mRNA-
positive specimens were also proven to be positive by
the use of immunocytology.

Discussion

CKs are the most reliable markers of epithelial differ-
entiation and have therefore been widely applied to

identify the epithelial differentiation of neoplastic cells
(Moll, 1993; Moll et al, 1982). For the same reason
most of the immunocytological studies dealing with
the detection and prognostic significance of occult
tumor cell dissemination in common epithelial cancers
have been performed with monoclonal antibodies
specific for CKs (Braun et al, 2000; Heiss et al, 1995;
Pantel et al, 1996). In these studies, single CK-positive
cells were also infrequently detected in control bone
marrow specimens from noncancer patients; the per-
centage of such false-positive specimens in the large
control series from noncancer patients ranged be-
tween 1% (Pantel et al, 1996) and 2.8% (Braun et al,
2000). This low frequency of CK-positive control bone
marrows did not pose a serious problem for the
specificity of the tumor cell detection assays and has
so far gained only little attention by the investigators.
Explanations that have been proposed by some inves-
tigators for such a false positivity include false cross-
reactivity of the antibodies applied and false positivity
caused by incomplete blocking of the endogenous
alkaline phosphatase activity, especially when the
alkaline phosphatase, antialkaline phosphatase stain-
ing technique was applied to visualize the positive
cells (Borgen et al, 1998).

In contrast to the infrequent detection of CK-
positive bone marrow cells by immunocytochemistry,
background transcription, at least for the common
“primitive” CK8, CK18, and CK19, has rather com-
monly been detected in bone marrow specimens from
noncancer patients (Traweek et al, 1993). Positivity
values of up to 100% have so far been reported for
CK8 and CK18. This rather high frequency poses a
major problem for RT-PCR assays designed to identify
carcinoma cells in bone marrow specimens.

The aim of the present study was to evaluate the
suitability of a quantitative RT-PCR approach in such
a way that discrimination between CK background
transcription by the bone marrow cells and tissue-

Figure 2.
Sensitivity of the real-time quantitative reverse transcriptase polymerase chain reaction (RT-PCR) for the different CKs was tested by preparing serial dilutions of the
cancer cell lines MKN45 (CK8�, CK18�, CK19�, CK7�; black bars) and HT29 (CK8�, CK18�, CK19�, CK20�; gray bars) in bone marrow aspirates from patients
without epithelial cancer. Each cell line was seeded in one bone marrow aspirate of a single patient. Each bar is the mean value of three measurements. The solid
gray line and the interrupted black line indicate CK background transcription of the two individual bone marrow specimens with which the dilutions were performed.
The solid black line indicates maximal CK background transcription as it was evaluated in the control experiment performed with a total of 64 aspirates from noncancer
patients (compare also Fig. 1).
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Figure 3.
Transcription of CK8, CK18, and CK19 in bone marrow aspirates from patients with gastric (Nos. 1–9) and colorectal (Nos. 10–30) cancer. Each bar represents the
value of a single bone marrow aspirate and is the mean of three measurements. The interrupted black line indicates maximal background transcription as it was
evaluated in the control experiment with bone marrow aspirates from noncancer patients (compare also Fig. 1). �, Indicates bone marrow specimens with
A45-B/B3-positive cells as detected by the use of immunocytochemistry (ICC).
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specific CK expression by disseminated carcinoma
cells would become possible. Adequate sensitivity of
such an assay is a decisive prerequisite for its clinical
validity and requires a minimum difference in expres-
sion levels of the target transcript in the tumor cells
compared with the surrounding normal tissue. To
address this problem we have developed a quantita-
tive RT-PCR assay by using the fluorometric real-time
PCR technique, the TaqMan technology, and primer
pairs specific for a panel of CKs that are all differen-
tially expressed by adenocarcinomas.

Because pseudogene coamplification was previ-
ously identified to be a major source of false positivity
in RT-PCR assays (Dingemans et al, 1997), the exper-
imental design of the present analysis was modified in
such a manner that coamplification of pseudogenes
could largely be excluded. In a preliminary experiment
with control bone marrow specimens from noncancer
patients, we have shown that significant coamplifica-
tion of CK8, CK18, and CK19 pseudogenes was

unavoidable if mRNA probes were not pretreated with
DNAse before being further processed by reverse
transcriptase (data not shown). Consequently, all
mRNA sample aliquots in the main experiment that
were used for CK8, CK18, and CK19 RT-PCR assays
were treated with DNAse, thus avoiding contamination
of the cDNA samples by genomic DNA from pseudo-
genes. On the other hand, no DNAse treatment was
necessary for samples processed for CK7 and CK20
RT-PCR assays. Besides the fact that no CK7 or CK20
pseudogenes have been described so far (compare
GenBank sequence database), the number of the
amplicons obtained in the control experiments by
amplification of mRNA aliquots without reverse tran-
scription has always been negligible, because it never
accounted for more than 5% of the total amplification
product after reverse transcription. In our opinion, this
minimal observed amplification of genomic DNA using
intron-spanning primers for CK7 and CK20 is not
necessarily indicative for the existence of CK7 and/or

Figure 4.
Transcription of CK7 and CK20 in bone marrow aspirates from patients with gastric (Nos. 1–9) and colorectal (Nos. 10–30) cancer. Each bar represents the value
of a single bone marrow aspirate and is the mean of three measurements. The interrupted black line indicates maximal background transcription as it was evaluated
in the control experiment with bone marrow aspirates from noncancer patients (compare also Fig. 1). �, Indicates bone marrow specimens with A45-B/B3-positive
cells as detected by the use of immunocytochemistry.
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CK20 pseudogenes and could also be interpreted as a
result of the known reverse transcriptase-activity of
the Taq- polymerase (Tse and Forget, 1990).

Because incidental coamplification of pseudogenes
was largely excluded by the experimental procedure
we have chosen, amplification of CK transcripts in the
control series from noncancer patients was always
interpreted as “illegitimate” background transcription.
In accordance with previous investigations by
Traweek et al (1993), background transcription of CK8
and CK18 was very often detected in control bone
marrow specimens. Levels of expression in the indi-
vidual specimens demonstrated high variability, with
mean values of CK8 and CK18 expression sometimes
being as high as the corresponding transcription levels
of CK8 and CK18 in carcinoma cell lines with low or
even intermediate CK expression levels. So far, it is
not surprising that cut-off levels based on the maximal
background expression levels of CK8 and CK18 in the
control series obviously preclude detection of carci-
noma cells in the dilution assays, even in specimens
with the highest tumor load of one MKN45 cell in 103

bone marrow cells. Likewise, in accordance with the
data obtained in the dilution experiments, none of the
bone marrow specimens from patients with gastric or
colonic carcinoma demonstrated levels of CK8 ex-
pression higher than the level of maximal background
expression in the control series. With respect to CK18,
only 2 of 30 bone marrow specimens yielded values
higher than the threshold value, as defined by the
maximal level of CK18 background transcription. In
the same series of bone marrow specimens from
cancer patients, immunocytological examination us-
ing the pan-cytokeratin antibody A45-B/B3 (Stigbrand
et al, 1998) revealed CK-positive cells in 15 of 30
cases, thus indicating that CK immunocytology might
be more suitable for the detection of CK-positive cells
than quantitative RT-PCR.

Several investigators have used CK19 transcripts as
a tissue-specific marker for the detection of metastatic
epithelial cancer in lymph nodes (Van Trappen et al,
2001), bone marrow (Datta et al, 1994; Krüger et al,
1996), and blood specimens (Datta et al, 1994; Dinge-
mans et al, 1997). However, the variable positivity
rates in a series of control specimens obtained by
different investigators have led to a controversial dis-
cussion regarding the suitability of this marker for the
detection of isolated cancer cells. In a control series of
bone marrow specimens analyzed by Traweek et al
(1993), no transcription of CK19 was observed in all 7
specimens. Low positivity rates, with 1 positive spec-
imen in a series of 29, were observed by Datta et al
(1994), and 2 positive specimens were evaluated in a
series of 52 cases by Moscinski et al (1996). Higher
positivity rates in the control series were obtained by
Slade et al (1999) (n � 12/30) and Jung et al (1998) (n
� 8/31). In the present series, which to our knowledge
is the largest series from noncancer patients exam-
ined by RT-PCR assays so far, false positivity was
detected in 23 out of 64 cases (35.9%), the results
being comparable to the data of Slade et al (1999) and
Jung et al (1998). The levels for CK19 transcription in

the present series ranged from 0.002 copies/103 cop-
ies GAPDH to maximal levels of 52.18 copies/103

copies GAPDH; the mean values of CK19 background
transcription were distinctly lower than the corre-
sponding levels for CK8 and CK18. When maximal
background transcription levels were used as a
threshold level to discriminate background transcrip-
tion from tissue-specific transcription by carcinoma
cells, only three specimens from patients with gastric
or colonic cancer provided values indicative of an
“occult” carcinoma cell dissemination in the bone
marrow. Finally, in the dilution experiments with
MKN45 and HT29 cells, even the highest tumor cell
density of one carcinoma cell in 103 bone marrow cells
provided CK19 transcription levels lower than the
threshold level, which was defined as the maximal
level obtained in the control series. So far, the data in
the present investigation do not encourage the appli-
cation of a CK19 RT-PCR for the analysis of dissem-
inated carcinoma cells in bone marrow.

In contrast to the results obtained for CK8, CK18,
and CK19, illegitimate transcription of CK7 and CK20
by bone marrow cells does not seem to be a major
problem for the detection of isolated tumor cells in the
present series. Only 9 of 54 control bone marrow
samples from patients without cancer demonstrated a
background transcription for CK7. These levels were
very low and never exceeded a maximal value of
about 0.062, which is nearly 104 times as low as the
corresponding maximal background expression levels
for CK8, CK18, and CK19. The corresponding maxi-
mal background expression level for CK20 was also
nearly 103 times as low as the maximal CK8, CK18,
and CK19 values; only 16 of 54 control bone marrow
specimens demonstrated a CK20 background tran-
scription at all.

However, even these low background expression
levels have led to a decreased sensitivity of the
RT-PCR assays in the dilution experiment. Only den-
sities of up to one tumor cell in 104 bone marrow cells
remained detectable when threshold levels were
defined by the maximal levels of background
transcription.

Also surprisingly low was the CK20-positivity rate
among the bone marrow specimens from 9 gastric
and 21 colonic cancer patients. This finding is surpris-
ing because most of the human colonic carcinomas
and at least some of the gastric carcinomas are
supposed to be CK20-positive, at least by the use of
immunohistochemistry (Moll et al, 1993). On the other
side, only 9 of 14 colorectal cancer cell lines (64%)
and only 1 of 3 gastric cell lines (33%) demonstrated
CK20 transcription levels of more than 10 copies per
103 copies GAPDH by the use of RT-PCR. The reason
for the discrepancy between the known high immuno-
histochemical CK20-positivity rate of primary colorec-
tal cancers and the low positivity rate for CK20 mRNA
in disseminated carcinoma cells and cancer cell lines
is unclear and requires further investigation. One pos-
sible mechanism that might explain this disparity is the
down-regulation of CK20 mRNA expression in dis-
seminated carcinoma cells when compared with the
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expression of CK20 within the primary tumor. An
alternative explanation could be a differential and
disparate expression of CK20 mRNA and protein
within the carcinoma cells, as has already been de-
scribed for CK14 in prostatic epithelia (Yang et al,
1997). To our knowledge, no studies concerning post-
transcriptional regulation and half-lives of CK20
mRNA and protein exist so far. The data from the
present investigation seem to suggest, however, that
the low detection rate of carcinoma cells by CK20
RT-PCR is more a result of a selective and differential
expression of CK20 by carcinoma cells and, only to a
lesser degree, a result of insufficient discrimination
caused by elevated CK20 background expression by
bone marrow cells. Candidate cells for such a back-
ground expression are the neutrophil granulocytes
that have previously been demonstrated to express
CK20, at least at the level of mRNA (Jung et al, 1999).

The highest positivity rates in the series of bone
marrow specimens from patients with gastrointestinal
cancer were obtained by the use of the CK7 RT-PCR.
Eighteen of 30 patients demonstrated CK7 transcrip-
tion levels higher than the maximal level of back-
ground transcription. This is obviously due to the very
low background transcription levels of CK7, which
have been the lowest among the CKs tested in this
series. However, similar to CK20, CK7 is also selec-
tively expressed by carcinoma cells; ie, immunohisto-
chemically CK7 is only sometimes detectable in gas-
tric cancer (Chu et al, 2000) and rather seldom in
colorectal carcinomas (Berezowski et al, 1996; Lag-
endijk et al, 1999; Loy and Calaluce, 1994; Loy et al,
1996). So far, the CK7-positivity rate in 13 of 21 bone
marrow specimens from patients with colorectal can-
cer in the present series seems to be unexpectedly
high. Whether this high positivity rate at the mRNA
level also reflects CK7-positivity of the disseminated
cells at the protein level cannot be answered with
certainty because of the broad spectrum reactivity of
the antibody applied (Conrad et al, 1988; Stigbrand et
al, 1998). Nevertheless, with 10 of 18 of the immuno-
cytologically positive cases also demonstrating a CK7
mRNA-positivity, it seems to be at least a partial
correlation of the CK7 mRNA-positivity and the immu-
nocytological results. Based on the known CK-
reactivity pattern of A45-B/B3, which may also react
with CK7 (Conrad et al, 1988), and considering the
finding of an almost completely missing mRNA-
positivity for CK8, CK18, and CK19 in the same series,
one could speculate that the immunocytological CK-
positivity obtained in the present investigation might
partially depend on the CK7-positivity of the tumor
cells. Further investigations with antibodies that spe-
cifically react with CK7 are required to confirm or
exclude a CK7-positivity of disseminated tumor cells
from patients with colorectal cancer at the protein
level. Finally, sampling errors or, alternatively, an un-
balanced expression of CK7 mRNA and protein could
be two different explanations for the missing immuno-
cytological positivity in eight CK7 mRNA-positive mar-
row specimens in this series.

In summary, the data presented here suggest that
high and variable levels of CK8, CK18, and CK19
illegitimate transcription by bone marrow cells obvi-
ously preclude detection of isolated carcinoma cells in
the bone marrow by the use of CK8, CK18, and CK19
RT-PCR assays. In contrast, rather low levels of CK7
and CK20 background transcription may have an
influence on the sensitivity of the RT-PCR assays but
do not principally exclude CK7 and CK20 RT-PCR
assays as a detection method for isolated carcinoma
cells. The restricted expression of CK7 and CK20 by
carcinoma cells has an additional adverse effect on
the sensitivity of the CK7 and CK20 assays, which,
however, might be partially overcome by the use of
multiplex RT-PCR assays with primers for both CKs
and, perhaps, also other molecular markers with low
levels of illegitimate background transcription.

Materials and Methods

Cell Lines

Three gastric and 14 colorectal cancer cell lines were
included in this study (Table 1). They were all provided
by the American Type Culture Collection (Rockville,
Maryland), except 23132/87 (Vollmers et al, 1993) and
MKN45 (Naito et al, 1984), which were purchased from
the Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH (Braunschweig, Germany).

Bone Marrow Aspirates

After giving informed consent, 9 patients with gastric
and 21 patients with colorectal adenocarcinoma were
recruited for this study. They underwent bone marrow
aspiration from the posterior iliacal crest before the
removal of the primary carcinoma. Specimens from 64
patients, who underwent bone marrow aspiration be-
cause of a nonneoplastic hematologic or inflammatory
disease, were used as a control series for the evalua-
tion of CK background transcription. None of the
control patients had evidence of epithelial cancer. The
volume of all aspirates ranged from 3 to 15 ml (mean,
5 ml). The cell suspension was diluted in 2 volumes of
PBS. Mononuclear cells were isolated by density
centrifugation through Ficoll-Hypaque (Biochrom,
Berlin, Germany). The interphase cell fraction was
collected and washed twice in PBS. The mononuclear
cells were counted and aliquoted for immunocyto-
chemistry, quantitative RT-PCR for CK8, CK18, and
CK19 (RNA isolation combined with DNAse treat-
ment), and quantitative RT-PCR for CK7 and CK20
(RNA isolation without DNAse treatment) on the basis
of at least 2 � 106 cells for each methodology.
Aliquots for immunocytochemistry were obtained only
from the aspirate series of cancer patients and not
from the specimens of the control series.

Immunocytochemistry

The monoclonal antibody A45-B/B3 (Epimet Kit; Bax-
ter, Unterschlei�heim, Germany), which is directed
against a common epitope of cytokeratin polypep-
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tides, including the cytokeratin hetertodimers 8-18
and 8-19 (Stigbrand et al, 1998) and CK7 (Conrad et
al, 1988), was used to detect carcinoma cells in bone
marrow cytospin preparations. After cytocentrifuga-
tion, cells were air-dried and fixed for 10 minutes with
acetone at �20° C. Visualization of the antibody reac-
tion was performed using the indirect alkaline phos-
phatase technique. No counterstain was performed.
HT29 cells served as a positive control. An appropriate
dilution of a monoclonal antibody with irrelevant spec-
ificity (anti-FITC) served as an IgG isotype control. For
each bone marrow specimen, 2 � 106 cells were
screened by bright-field microscopy.

RNA Isolation and Reverse Transcription

Total cellular RNA was extracted from the cell lysates by
the RNeasy Kit (Qiagen, Hilden, Germany), as described
in the manual. Aliquots that were subsequently pro-
cessed for the evaluation of CK8, CK18, and CK19
transcription always underwent treatment with DNAse
(RNeasy kit). In contrast, no DNAse treatment was per-
formed with aliquots used for the evaluation of CK7 and
CK20 transcription. The RNA was eluted in 30 �l of
RNAse-free water. First-strand cDNA was synthesized
using Superscript II RNAse H-Reverse Transcriptase
(Life Technologies, Karlsruhe, Germany). Four microliters
of RNA-elute was added to 0.5 �l enzyme (100 units).
One microgram of dT15 primer (TIB-Biomol, Berlin, Ger-
many), 1�M random hexamers (Promega, Heidelberg,
Germany), �1 first strand buffer (Life Technologies,
Karlsruhe, Germany), 10 mM DTT (Life Technologies),
and 0.5 mM deoxynucleotide triphosphate (Carl Roth,
Karlsruhe, Germany) were combined to form a total
reaction volume of 10 �l. After annealing for 10 minutes
at 70° C, the reaction was allowed to proceed for 50
minutes at 42° C, followed by 15 minutes at 70° C to
inactivate the enzyme. After cDNA synthesis, distilled
water was added to achieve a final volume of 200 �l in
each probe.

Real-Time PCR

TaqMan-PCR was performed with the ABI Prism 7700
Sequence Detection SystemR (Perkin Elmer Applied
Biosystems, Foster City, California). After target am-
plification, an oligonucleotide probe containing a flu-
orescent dye (6-carboxyfluorescein) at its 5'-end and a
quencher (6-carboxytetramethylrhodamine) at its 3'-
end annealed to the amplicon and was displaced and
cleaved between the reporter and quencher dyes by
the nucleolytic activity of the recombinant Taq-
Polymerase. The amount of product resulting in de-
tectable fluorescence at any given cycle within the
exponential phase of PCR was proportional to the
initial number of template copies. The number of PCR
cycles needed to detect the amplicon was therefore a
direct measure of template concentration.

CK- and GAPDH-intron overlapping primers and
corresponding oligonucleotide probes were designed
by use of the Primer Express software, Version 1.6

(Perkin Elmer Applied Biosystems). The sequences of
primers and probes were as follows:

CK7 (Genbank accession no. X13320, amplicon 75
bp): forward primer (exon 4): 5'-TGAATGATGAGATC-
AACTTCCTCAG-3'; reverse primer (exon 5): 3'-TG-
TCGGAGATCTGGGACTGC-5'; probe (exon 4 � exon 5):
5'-FAM-ACCCTCAATGAGACGGAGTTGACAGAGCT-
G-TAMRA-3'.

CK8 (Genbank accession no. BC000654, amplicon
101 bp): forward primer (exon 7): 5'-CTGGGATGCAG-
AACATGAGTATTC-3'; reverse primer (exon 8): 3'-GT-
AGCTGAGGCCGGCTTGT-5'; probe (exon 7 � exon
8): 5'-FAM-ACCAGCGGCTATGCAGGTGGTCTG-TA-
MRA-3'.

CK18 (Genbank accession no. BC000180, amplicon
86 bp): forward primer (exon 5): 5'-GAGACGTACAGT-
CCAGTCCTTGG-3'; reverse primer (exon 6): 3'-
CCACCTCCCTCAGGCTGTT-5'; probe (exon 5 � exon 6):
5'-FAM-CTCCATGAGAAATCTGAAGGCCAGCTTGG-
TAMRA-3'.

CK19 (Genbank accession no. Y00503, amplicon
103 bp): forward primer (exon 4): 5'-TGAGTGACATG-
CGAAGCCAATAT-3'; reverse primer (exon 5): 3'-GC-
GACCTCCCGGTTCAAT-5'; probe (exon 4): 5'-FAM-
TCATGGCCGAGCAGAACCGGAA-TAMRA-3'.

CK20 (Genbank accession no. X73502, amplicon
105 bp): forward primer (exon 5): 3'-TCCCAGAGCC-
TTGAGATAGAACTC-5'; reverse primer (exon 6): 5'-
GTTGGCTAACTGGCTGCTGTAAC-3'; probe (exon
5 � exon 6): 5'-FAM-CTCCAAAGACTCTTTCATGC-
TGAGATGGGACT-TAMRA-3'.

GAPDH (Genbank accession no. AF261085, ampli-
con 226 bp): forward primer (exon 2): 5'-GAAGG-
TGAAGGTCGGAGTC-3'; reverse primer (exon 3): 3'-
GAAGATGGTGATGGGATTTC-5'; probe (exon 3):
5'-FAM-CAAGCTTCCCGTTCTCAGCC-TAMRA-3'.

Each PCR assay was repeated three times for each
cDNA sample. The 25 �l total PCR volume consisted
of 5 �l cDNA, 0.3 units Taq polymerase (Eurogentec,
Seraing, Belgium), �1 amplification buffer (Eurogen-
tec), 6.5 mM MgCl2, 200 �M deoxynucleotide triphos-
phate, 1.2 �M ROX (Perkin Elmer Applied Biosystems),
and specific double-labeled probes (Eurogentec) to a
final concentration of 100 nM, as well as forward/
reverse primers (MWG-Biotech, Ebersberg, Germany)
in the following concentrations: 200 nM each (CK7),
900 nM each (CK8), 50/300 nM (CK18), 300/900 nM

(CK19), 300 nM each (CK20), and 600 nM each
(GAPDH). After denaturation for 4 minutes at 95° C,
PCR assays were carried out for 40 cycles, with
denaturation at 95° C for 15 seconds and extension at
65° C for 1 minute.

Accurate amplification was achieved through the
generation of standard curves by serial dilutions of the
different CK- and GAPDH-cDNAs. The RT-PCR re-
sults were expressed as the ratio of CK:GAPDH. To
monitor amplification of genomic DNA, samples of
distilled water and RNA-aliquots without reverse tran-
scription were always amplified as negative controls.
Samples with more than 5% of the RT-PCR signal in
the negative control were excluded from further
analysis.
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Sensitivity Assay

Sensitivity of CK RT-PCR was determined by perform-
ing serial dilutions of MKN45 gastric cancer cells and
HT29 colorectal cancer cells in noncancer control
bone marrow samples. The bone marrow sample of
one patient was always used to prepare the serial
dilutions of the MKN45 and HT29 cell lines. Two
sample mixes were prepared at each dilution and CK
expression levels were evaluated in three aliquots of
this sample by real-time RT-PCR.
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