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Identification of carcinoembryonic antigen-
producing cells circulating in the blood of patients
with colorectal carcinoma by reverse transcriptase
polymerase chain reaction

S Jonas, S Windeatt, A O-Boateng, C Fordy, T G Allen-Mersh

Abstract
Background-Application of the reverse
transcriptase polymerase chain reaction
(RT-PCR) to identification of circulating
tumour cells in colorectal cancer.
Aims-To assess whether circulating ma-
lignant cells in patients with colorectal
liver metastasis could be identified by
RT-PCR recognition ofmRNA coding for
the tumour marker carcinoembryonic
antigen (CEA).
Patients-A total of31 with colorectal liver
metastases and 22 no-cancer controls.
Methods-Specific cDNA primers for
CEA transcripts were used to apply RT-
PCR to tissue biopsy specimens, colon
carcinoma celi lines, and peripheral blood
samples from patients with colorectal
liver metastases. A strongly CEA-express-
ive HT115 colorectal carcinoma celi line
was used to spike blood samples from
no-cancer control subjects.
Results-The limit for detection of CEA
cDNA by Southern blotting using HT115
celis was 50 cells per 14 ml of spiked
blood. There was a significant difference
(p=0.007) in RT-PCR positive expression
between patients with liver metastasis
(26/31) compared with controls (5/22).
There was no significant relation be-
tween the prevalence of CEA cDNA
amplification and serum CEA level or
metastasis volume in patients with liver
metastasis.
Conclusions-This is the first study to
suggest that identification of circulating
colorectal cancer cells using RT-PCR for
detection ofCEA cDNA is feasible.
(Gut 1996; 39: 717-721)

been developed using various epithelial protein
markers for identification of circulating
melanoma,l prostate,2 hepatocellular,3 and
colon4 carcinoma cells.

Proteins expressing tumour associated anti-
gens are produced in large amounts by some
cancers, and increased amounts of mRNA
coding for these proteins may therefore also be
present within tumour cells. RNA coding for
prostate specific membrane antigen and cx
fetoprotein has previously been identified in
the blood of patients with prostate5 and
hepatocellular6 cancer respectively. In this
paper we have developed this approach in
colorectal cancer where increased levels of the
epithelial cell surface glycoprotein carcino-
embryonic antigen (CEA) are released into the
circulation in 80% of patients with advanced
disease.7 CEA is not thought to be produced
by cells normally found in the circulation, and
identification ofcDNA implies circulating cells
of epithelial origin which are most likely to be
tumour cells. Colorectal liver metastases are
thought to develop by haematogenous spread
from primary colorectal cancer.8 Therefore as
circulating malignant cells would be most likely
to be present with colorectal liver metastases,
these patients were studied.
Using specific cDNA primers for CEA

transcripts,9 we applied RT-PCR to tissue
biopsy specimens, colon carcinoma cell lines,
and peripheral blood samples from patients
with colorectal liver metastases. The relation
between CEA RT-PCR positivity and both
serum CEA level and extent of liver metastases
was then examined.

Methods

Department of
Surgery, Charing
Cross and Westminster
Medical School,
Chelsea and
Westminster Hospital,
London
S Jonas
S Windeatt
A O-Boateng
C Fordy
T G Allen-Mersh
Correspondence to:
Mr T G Allen-Mersh,
Department of Surgery,
Chelsea and Westminster
Hospital, 369 Fulham Road,
London SW10 9NH.

Accepted for publication
1 1 June 1996

Keywords: RT-PCR, carcinoembryonic antigen,
colorectal cancer, liver metastases, circulation.

Identification of circulating viable tumour cells
in the blood could be useful for cancer staging
and surveillance. The reverse transcriptase
polymerase chain reaction (RT-PCR) method
allows small amounts of the RNA coding for
a tumour cell protein to be identified. RNA
identification implies that a viable cell is
producing the protein coded for, because
extracellular RNA is rapidly degraded if it is
not within an intact cell. In the absence of a
truly cancer specific protein, this approach has

RNA extraction from tissues and cells
Tumour biopsy specimens from patients with
colorectal liver metastases were snap frozen in
liquid nitrogen at the time of operation and
stored at -70°C. The biopsy specimens (50
mg) were homogenised and the RNA was
extracted using RNAzol B (Biogenesis) by
a modified method of Chomczynski and
Sacchi.`0 Cells from colorectal carcinoma
cell lines were counted and subjected to
RNAzol B treatment which extracts total RNA.
All glassware used was rinsed in diethyl
pyrocarbonate (DEPC)-treated water and
autoclaved. Solutions were made up in DEPC-
treated water.
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Extraction ofRNA from blood
Blood was stored on ice after venepuncture and
processed within two hours. The plasma was
removed after centrifugation at 1000 rpm for
15 minutes. The volume was replaced by
sterile phosphate buffered saline (PBS) and the
blood mixed. Cell fractionation was achieved
by layering the blood on to Histopaque-1077
(Sigma Chemical Co). After a 40 minute
centrifugation at 1400 rpm (200 g) the plasma-
Histopaque interface containing lymphocytes,
and any possible epithelial or tumour cells was
collected from the remaining blood cells and
washed with PBS.

Cell lines and blood spiking
An aliquot of 106 cells taken from each of
four colorectal cancer cell lines (COLO20 1,
HT1 16, HT29, and HT1 15, obtained from
the European Collection of Animal Cell
Cultures) was examined for its expression of
CEA cDNA. Blood obtained from healthy
volunteers was spiked with varying numbers of
HT1 15 cells prior to blood separation, RNA
extraction, and RT-PCR.

Patients
All patients had colorectal liver metastases
confirmed by biopsy associated with a serum
CEA increase above the upper limit of normal.
The extent of increase in serum CEA and
volume of liver metastases"' was recorded at
the time of blood sampling. A 14 ml sample of
venous blood was collected, by standard
transcutaneous needle venepuncture into 7 ml
vacutainers containing sodium EDTA. Simi-
larly collected blood samples from patients
with no cancer history who were being treated
for varicose veins or groin hernias were also
analysed and used as 'no-cancer' controls. All

1 2 3

5L L/N Al B1 A2 B2 A3 B3 M/3 3'

-2-15 620-639
FPr CEAPr RPr

641 bp

Figure 1: Schematic representation ofhuman CEA showing positions ofprimers and probe
used. Boxes represent exons as described in Schrewe et al.'6 FPr, forward primer; RPr,
reverse primer; CEAPr; CEA probe.

TABLE I Primer and probe sequences used to detect CEA and GAP cDNA

patients were categorised as positive if any
result was positive, even if repeated sampling
had also yielded negative results.

RT-PCR
Total RNA (1-2 jug) was used for reverse

transcription to cDNA. cDNA was prepared
using reverse transcriptase (Gibco BRL) and
including RNAse inhibitor (Gibco BRL)
according to methods given by Clontech
Laboratories and primed using random
hexamer priming (Clontech Laboratories).
Samples were stored at -70°C. The sequence
data and full length of CEA cDNA and its
related genes have been reviewed else-
where.'2 13 We used CEA specific primers,9
which give rise to a 641 bp fragment that does
not include amplification of other related CEA
family members. A volume of 10 ,ul of cDNA
product was used for PCR. The conditions for
PCR amplification were 94°C for four minutes,
80°C for four minutes during which time two
units of Taq polymerase (Gibco BRL) were

added. The total volume of reaction was 50 pAI.
This single cycle was followed by 33 cycles of
94°C for 30 seconds, 56°C for 30 seconds, and
72°C for 3 minutes. The final elongation step
was for 13 minutes at 72°C. Aliquots of PCR
products were run on 1.5% agarose gels.
Samples that had not been transcribed did not
give rise to a 641 bp fragment (Fig 1). The
presence of cDNA in all the samples studied
was verified by RT-PCR of glyceraldehyde-
3-phosphate dehydrogenase (GAP) mRNA
with agarose gel electrophoresis and staining
with ethidium bromide. The primer sequences
are shown in Table I and the product yielded
a 381 bp fragment.

Southern blot hybridisation
Blotting and hybridisation was performed
according to Sambrook et al.'4 After denatur-
ation and neutralisation, the cDNA bands were

transferred to nylon membranes (Hybond N+,
Amersham) using a vacuum blotter. The
membranes were probed using a CEA specific
oligoprobe which lies in between two primers
used (Fig 1 and Table I).9 The probe was 5'
end labelled using [y_32P] ATP (Amersham
International) in the presence of polynucleo-
tide kinase (Sigma Chemical Co). Hybrid-
isation was carried out at 48°C overnight and
a final wash at 60°C in 6XSSPE/0. 1% SDS was

carried out as described by Churchill and
Gilbert.15
The RT-PCR and blotting were carried out

without knowledge of whether samples were

taken from controls or patients with liver
metastasis.

Results

Detection ofCEA cDNA in tumour tissue
Tumour biopsy specimens from nine patients
with colorectal liver metastases were studied.
Amplification of the region ofcDNA for which
primers were selected occurred in all cases.

Sequence Product size (bp)

CEA forward primer 5'-CCATGGAGTCTCCCTCG-3'
CEA reverse primer 5'-GTAGCTTGCTGTGTCATTTC-3' 641

CEA probe 5'-GGGATGCACCATCTGTGGG-3'
GAP forward primer 5'-TCCCATCACCATCTTCCA-3'
GAP reverse primer 5'-CATCACGCCACAGTTTCC-3' 381
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RT-PCR identification ofCEA-producing cells
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Figure 2: RT-PCRfor CEA cDNA with ethidium bromide staining (A) and Southern blot
hybridisation (B) of liver metastases (LM) from nine patients (lanes 3 to 11), producing a
641 bpfragment run against a 100 bp ladder (lanes 1 and 13). Lane 7 is negative, but was
also negative with GAPprimers (results not shown) indicating an absence ofany cDNA in
this sample.

Although the same quantity (50 mg) of starting
material was used in all these samples, the
intensity of both the PCR products and
subsequent Southern blot hybridisation varied,
with a good correlation in intensity between
ethidium bromide staining and Southern
blotting (Fig 2).

Cell lines
All the cell lines tested were positive for CEA
cDNA although the degree of expression
varied (Fig 3). HT29 and HT1 16 were both
negative by PCR amplification as assessed by
ethidium bromide staining, but were weakly
positive using Southern blot hybridisation.
Signals from both COLO201 and HT1 15 were
intense after Southern blot hybridisation.

Spiking ofcontrol blood with colon cancer cell lines
The cell line producing the most intense signal
(HT1 15) was used for spiking control blood
samples. This was carried out to test whether
the procedure was capable of detecting CEA-
producing cells in blood. RT-PCR analysis of
14 ml ofblood spiked with decreasing numbers
(from 106 down to 10) of HT1 15 cells,
suggested a detection threshold of 103 cells
when products were detected by ethidium
bromide staining and 50 by Southern
hybridisation (Fig 4). Additional weaker bands
also appeared using our oligoprobe suggesting
that the HT1 15 cell line may produce further
subclones or splice variants of CEA which
hybridises with the same oligoprobe.

Fifty three patients were studied. There was
a significant (2X2 contingency table, p=0.007)
in the prevalence of RT-PCR positivity in
patients with colorectal liver metastasis
compared with controls (Table II). Some
control samples were negative when visualised
by ethidium bromide staining, but were
positive after Southern hybridisation (Fig 5).
To establish whether epithelial cell contamina-
tion at venepuncture could produce a false
positive result, the extent to which epidermal
cells expressed CEA cDNA was assessed in a
skin biopsy specimen from one control patient
(Fig 5).
Repeat blood samples from 12 patients with

liver metastasis were assessed at between one
and four weeks (six patients) or more than four
weeks (six patients) from the initial blood
sample. Results are shown in Table III.

HT HT COLO HT
29 116 201 115

Figure 3: Detection ofCEA cDNA by Southern blot
hybridisation offour colorectal carcinoma cell lines (HT29,
HTI 16, COL0201, HT1 15) demonstrating variability in
degree ofCEA expression. A total of 106 cells ofeach cell
line were subjected to RT-PCR andprobed with a specific
CEA oligoprobe.

Effect of tumour volume and serum CEA level on
RT-PCR positivity in patients with liver
metastasis
There was no significant difference (Mann-
Whitney U test) in serum CEA among RT-
PCR positive compared with RT-PCR
negative patients with liver metastasis. Simi-
larly, there was no significant difference
between liver metastasis volume in patients
whose blood was RT-PCR positive compared
with those who were negative (Table IV).

Discussion
This is the first reported application of RT-
PCR to identifying CEA cDNA in the blood
of patients with advanced colorectal cancer.
Studies in CEA-producing tumour biopsy
specimens confirmed that the primer and
probe sequences used were capable of CEA
mRNA detection. We then used an in vitro
spiking method to estimate the lower detection
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Figure 4: Ethidium bromide staining (A) and corresponding Southern blot hybridisation
(B) of blood spiked with increasing dilutions of the HT15 cell line. The lower threshold of
detection for ethidium bromide was 103 cells andfor Southern hybridisation 50 cells in 14 ml
of blood. Results for less than 50 cells are not shown here.

TABLE II Prevalence ofCEA RT-PCR positive cases in
bloodfrom patients with colorectal liver metastasis and
no-cancer controls

n Positive p *

Liver metastases 31 26 (84%) 0.007
Control 22 5 (23%)

Venous blood samples (14 ml) from patients with colorectal
liver metastasis, primary colon cancer, and controls with no
known cancer were analysed by RT-PCR and subsequent
Southem blotting using CEA specific primers and a CEA
specific oligoprobe.
*X2 test compared with controls.

TABLE in Reproducibility of repeat RT-PCR cDNA
assessments after less or more than four weeks

1-4 weeks >4 weeks

Negative to positive* 2 0
Positive to negative* 0 5
Unchanged 4 1

Blood from six patients with liver metastasis was taken twice at
either one to four week intervals or after four weeks.
*Change of RT-PCR result from negative to positive or vice
versa.

CO SK

Figure 5: Ethidium bromide staining (A) and
corresponding Southern blot hybridisation (B) ofcDNA
synthesisedfrom blood ofpatients with colorectal liver
metastasis (LM). Also included (C) are nine examples of
control patient blood samples (CO) where all were negative
by ethidium bromide staining (not shown) but three were

positive (one weakly) by Southern blot hybridisation. The
lane marked SK (below) shows the single band obtained on
testing a skin biopsy specimen from a no-cancer control
patient. The additional band appearing at 450 bp in lane 4
of the LM suggests the presence ofa further subclone of
CE4 in this particular sample similar to that detectedfor
HTI 15 cells.

limit of out method. This suggested that CEA
cDNA from HT115 colon carcinoma cells
distributed in 14 ml blood could be detected
down to a level of 50 HT1 15 cells by Southern
blotting. This is within the range previously
reported using RT-PCR to detect tumour
associated cDNA in melanoma.' 17 The preva-
lence of RT-PCR detected CEA-producing
cells in the circulation of patients with
colorectal liver metastasis was more than three
times that in no-cancer controls. This suggests
that our method was capable of detecting
circulating CEA-producing carcinoma cells in
patients with colorectal liver metastases.
Of the no-cancer control group, 23% were

positive by RT-PCR for CEA cDNA. One
explanation for these false positive results
could be that the blood sample was con-

taminated by CEA-producing epithelial cells
cored from the skin into the venepuncture
needle. In support of this our results suggested
that CEA cDNA could be detected in normal

TABLE IV Liver metastasis volume (measured by CT) and serum CEA by RT-PCR positivity in patients with colorectal
liver metastases

CT volume Serum CEA

n Median (ml) iqr p* Median (,ug/l) iqr p*

RT-PCR positive 26 178 18-1005-2 4 75 23-297
RT-PCRnegative 5 481-5 0-1-1200 0 188-5 8-472 08
CT volumes of metastases were assessed by measuring the tumour area using an image analyser. iqr, interquartile ranges; the data
are not normally distributed.
*Mann-Whitney Utest.
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RT-PCR identification ofCEA-producing cells 721

skin epithelium. Another explanation is that
there may have been CEA-producing cells
within the circulation of some control subjects.
Although this has not to our knowledge been
described, the cDNA of cytokeratins which
were originally thought to be confined to
epithelial tissue, have been identified in non-
epithelial tissue'8 and peripheral blood4 from
healthy individuals.

Only 84% of patients with liver metastases
were found to have circulating CEA cDNA
(Table II), and reproducibility of the RT-PCR
result in the same patient within four weeks
was only 66% (Table III). Reasons for this
might be that cancer cells were circulating in
clumps and were not distributed homo-
geneously within the circulation, and that
tumour shedding of malignant cells varied
from day to day. Such variations could produce
a negative result where a fall below the
detection threshold ofour assay occurred in the
sampled blood. This is supported by the lower
positivity rate using ethidium bromide staining
compared with Southern blotting (Fig 5) in
patients with colorectal liver metastasis,
suggesting that cDNA levels in the clinical
study were close to the lower limit of detection.
Colorectal liver metastases can behave non-
aggressively and roughly 10% of patients with
liver metastasis are cured by liver metastasis
resection.'9 Thus an absence of viable cir-
culating tumour cells might be expected in
some patients with liver metastasis, although
this would be unlikely to account for the
negative results in our cases.
We did not find any relation between extent

of liver metastases and prevalence of
circulating CEA-producing cells. This is in
keeping with the natural history of colorectal
liver metastases.8 Aggressive tumour biology
can produce early generalised dissemination
which may not be associated with large liver
metastases,20 and liver metastases may grow to
a large size without extrahepatic dissemination.
There was also no relation between serum
CEA and the prevalence of circulating CEA-
producing cells. This may be because the
serum level of CEA also depends on other
factors such as CEA release from the cell
surface2' and excretion by the liver.22 A similar
lack of association has been reported in an RT-
PCR study of CEA-producing cells in lymph
nodes in gastric and breast cancer.23
The additional bands detected with HT1 15

cells and in one blood sample from a patient
with liver metastasis suggest the presence of
smaller (by 200 bp or more) subclones or splice
variants of CEA which have not previously
been reported. Sequencing of the fragment or
using a full length cDNA probe is needed to
confirm this.

In summary, this study suggests that
identification of circulating colorectal cancer
cells using RT-PCR for detection of CEA
cDNA is feasible. However, difficulty with the
identification of non-malignant CEA mRNA-
producing cells is still to be resolved. In
addition it is not clear whether the reason for
the low reproducibility of a positive result is a
limitation of the method and could be

improved by decreasing the threshold of
detection or whether it is due to the stochastic
nature of metastasis. Identification of cir-
culating cancer cells may lead to improved
cancer staging and surveillance, and also to a
better understanding of metastasis.

SKJ, SW, and AOB were supported by Colon Cancer Concern,
and CF was a Macmillan nurse supported by Cancer Relief/
Macmillan. We wish to thank Dr J Thompson (Albert-Ludwigs-
Universitat Freiburg) for helpful advice.

1 Smith B, Selby P, Southgate J, Pittman K, Bradley C,
Blair GE. Detection of melanoma cells in peripheral
blood by means of reverse transcriptase and polymerase
chain reaction. Lancet 1991; 338: 1227-9.

2 Seiden MV, Kantoff PW, Krithivas K, Popert K, Bryant M,
Haltom E, et al. Detection of circulating tumour cells in
men with localised prostate cancer. Jf Clin Oncol 1994; 12:
2634-9.

3 Komeda T, Fukuda, Y, Sando T, Kita R, Furukawa M,
Nishida N, et al. Sensitive detection of circulating
hepatocellular carcinoma cells in peripheral venous blood.
Cancer 1995; 75: 2214-9.

4 Burchill SA, Bradbury MF, Pittman K, Southgate J,
Smith B, Selby P. Detection of epithelial cancer cells in
peripheral blood by reverse transcriptase-polymerase
chain reaction. BrJ Cancer 1995; 71: 278-81.

5 Israeli RS, Miller WH, Su SL Jnr, Powell CT, Samedi DS,
Huryk RF, et al. Sensitive nested reverse transcription
polymerase chain reaction detection of circulating
prostatic tumour cells: comparison of prostate-specific
membrane antigen and prostate-specific antigen-based
assays. Cancer Res 1994; 54: 6306-10.

6 Matsumura M, Niwa Y, Kato N, Komatsu Y, Shiina S,
Kawabe T, et al. Detection of alpha-fetoprotein mRNA,
an indicator of hematogenous spreading hepatocellular
carcinoma, in the circulation: a possible predictor of
metastatic hepatocellular carcinoma. Hepatology 1994;
20: 1418-25.

7 Allen-Mersh TG. Serum CEA in the follow-up of colorectal
carcinoma: experience in a district general hospital. Ann
R Coll Surg Engl 1984; 66: 14-6.

8 Allen-Mersh TG. Improving survival after large bowel
cancer: surgeons should look for the occult leader. BMJ
1991; 303: 595-6.

9 Thompson JA, Mossinger S, Reichardt V, Engles U,
Beauchemin N, Kommoss F, et al. A polymerase-chain-
reaction assay for the specific identification of transcripts
encoded by individual carcinoembryonic antigen (CEA)-
gene family members. IntrJCancer 1993; 55: 311-9.

10 Chomczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidium thiocyanate-phenol-
chloroform extraction. Anal Biochem 1987; 162: 1556-9.

11 Dworkin MJ, Burke D, Earlam S, Fordy C, Allen-Mersh
TG. Measurement of response to treatment in colorectal
liver metastases. BrJ Cancer 1995; 71: 873-6.

12 Beauchemin N, Benchimol S, Cournoyer D, Fuks A,
Stanners CP. Isolation and characterisation of full-length
functional cDNA clones for human carcinoembryonic
antigen. Mol Cell Biol 1987; 7: 3221-30.

13 Zimmermann W, Ortlieb B, Friedrich R, von Kleist S.
Isolation and characterisation of cDNA clones encoding
the human carcinoembryonic antigen reveal a highly
conserved repeating structure. Proc Natl Acad Sci USA
1987; 84:2960-4.

14 Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a
laboratory manual. 2nd ed. Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory Press, 1989: 9.31-9.57.

15 Churchill MC, Gilbert W. Genomic sequencing. Proc Natl
Acad Sci USA 1984; 81: 1991-5.

16 Schrewe H, Thompson J, Bona M, Hefta LJF, Maruya A,
Hassauer M, et al. Cloning of the complete gene for
carcinoembryonic antigen: analysis of its promoter
indicates a region conveying cell type-specific expression.
Mol Cell Biol 1990; 10: 2738-48.

17 Foss AJE, Guille MJ, Occleston NL, Hykin PG, Hungerford
JL, Lightman SL. The detection of melanoma cells in
peripheral blood by reverse transcription-polymerase
chain reaction. BrJ Cancer 1995; 72: 155-9.

18 Traweek ST, Liu J, Battifora H. Keratin expression in non-
epithelial tissues. AmJPathol 1993; 142: 1111-8.

19 Steele G, Ravikumar TS. Resection of hepatic metastases
from colorectal cancer. Ann Surg 1989; 210: 127-38.

20 Dworkin MJ, Earlam S, Fordy C, Allen-Mersh TG.
Importance ofhepatic artery node involvement in patients
with colorectal liver metastases. J7 Clin Pathol 1995; 48:
270-2.

21 Ohiwa K, Harada T, Morikawa 5, Nakamura T. Immuno-
electron microscopic localisation of carcinoembryonic
antigen in gastric adenocarcinoma cell lines. Pathologry
International 1994; 44: 635-44.

22 Thomas P, Zamcheck N. Role of the liver in clearances and
excretion of circulating carcinoembryonic antigen (CEA).
Dig Dis Sci 1983; 28: 216-24.

23 Mori M, Mimori K, Inoue H, Barnard GF, Tsuji K,
Nanbara 5, et al. Detection of cancer micrometastasis in
lymph nodes by reverse transcriptase-polymerase chain
reaction. Cancer Res 1995; 55: 3417-20.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.39.5.717 on 1 N

ovem
ber 1996. D

ow
nloaded from

 

http://gut.bmj.com/

