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ABSTRACT

Little is yet known about the origin and protective mechanism of free nucleic acids in plasma. We investigated the possibility of
these free nucleic acids being particle associated. Plasma samples from colon cancer patients and cell culture media were
subjected to various antibody incubations, ultracentrifugation, and RNA extraction protocols for total RNA, epithelial RNA, and
mRNA. Flow cytometry using a Ber-EP4 antibody and confocal laser microscopy after staining with propidium iodide were also
performed. mRNA levels of the LISCH7 and SDHA genes were determined in cells and in culture media. Ber-EP4 antibody and
polystyrene beads coated with oligo dT sequences were employed. We observed that, after incubation, total RNA and mRNA
were always detected after membrane digestion, and that epithelial RNA was detected before this procedure. In ultra-
centrifugation, mRNA was caught in the supernatant only if a former lysis mediated or in the pellet if there was no previous
digestion. Flow cytometry determinations showed that antibody-coated microbeads keep acellular structures bearing epithelial
antigens apart. Confocal laser microscopy made 1- to 2-mm-diameter particles perceptible in the vicinity of magnetic polysty-
rene beads. Relevant differences were observed between mRNA of cells and culture media, as there was a considerable dif-
ference in LISCH7 mRNA levels between HT29 and IMR90 cell co-cultures and their culture media. Our results support the
view that extracellular RNA found in plasma from cancer patients circulates in association with or is protected in a multiparticle
complex, and that an active release mechanism by tumor cells may be a possible origin.
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INTRODUCTION

The presence of extracellular nucleic acids in human plasma
or serum is well established (Mandel and Métais 1948), but
real interest in this field began in the 1960s with the
detection of DNA in the serum of patients with Systemic
Lupus Erythematosus (Tan et al. 1966; Koffler et al. 1973).
Later studies demonstrated abnormal quantities of plasma

DNA in patients suffering from various autoimmune dis-
orders and other inflammatory conditions (Leon et al. 1981;
Fournie et al. 1993), as well as in patients with benign gas-
trointestinal processes (Shapiro et al. 1983). Finally, DNA
was also found in patients with diverse types of cancer and
in normal healthy subjects, but in higher quantities in can-
cer patients (Leon et al. 1977). Qualitative studies have shown
alterations in DNA and RNA extracted from the plasma
of patients that are similar to alterations found in primary
tumor nucleic acids, suggesting that plasma and serum
nucleic acids originate in tumor cells (Stroun et al. 1989;
Kopreski et al. 1999). Based on this assumption, and as
plasma or serum can be a subrogate source of tumor nucleic
acids, numerous studies have been carried out to establish
the potential clinical and prognostic value of this molecular
approach (Chen et al. 1996, 2000; Anker et al. 1997; Lo
et al. 1999a, b; Silva et al. 1999, 2001, 2002; Garcia et al.
2006), emphasizing its noninvasive methodology.

However, little is known about the release mechanisms of
these molecules from the tumor cells into the bloodstream.
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Apoptosis or necrosis of tumor cells at the tumor site, lysis
or apoptosis of circulating tumor cells, or an active release
of nucleic acids from the tumor, or even from degenerative
normal cells adjacent to tumor cells, are mechanisms put
forward to explain the presence of these molecules in the
blood (Anker et al. 1999; Jahr et al. 2001). Nevertheless,
some questions regarding this process remain enigmatic. It
has been determined that about 800 circulating tumor cells
per milliliter of blood would be needed to justify the DNA
quantities found habitually in plasma from cancer patients
(Sorenson 2000), a number that is far greater than has ever
been found (Ghossein et al. 1999; Cristofanilli et al. 2004).
Several studies on apoptosis showed that plasma DNA
often has a ladder pattern after electrophoresis, which is
reminiscent of the pattern shown by apoptotic cells
(Giacona et al. 1998; Jahr et al. 2001). However, apoptosis
is a mechanism that is lost by proliferating tumor cells
(Kaufmann and Earnshaw 2000). In tumor necrosis, it has
been described that plasma DNA levels decreased consid-
erably in patients with nasopharyngeal carcinomas and
with a good response after radiation therapy (Leon et al.
1977), whereas an increase of this molecule would be
expected as a result of necrosis induction following radio-
therapy. Finally, lymphocytes have been described as
spontaneously releasing DNA (Anker et al. 1975), a phe-
nomenon that might occur in human tumor cells. In
this way, exosome liberation by different human cells is a
known mechanism involved in several cell functions, such
as reticulocyte maturation (Rieu et al. 2000), antigen pre-
sentation (Wolfers et al. 2001), development of tolerance
(Karlsson et al. 2001), and genetic exchange between cells
(Valadi et al. 2007). Moreover, RNA-containing vesicles
shed by carcinoma cells had already been described in ‘‘in
vitro assays’’ (Rosi et al. 1988; Ceccarini et al. 1989; Masella
et al. 1989; O’Driscoll 2007).

In this study we tested several molecular approaches for
examining the possibility that an important fraction of the
mRNA detected in plasma or culture media of tumor cells
is highly protected, and that its origin could be an active
release mechanism similar to that described for exosome
secretion.

RESULTS

Particle-associated nature of circulating RNA

The medians of RNAs extracted were: 120 ng/mL from
plasma samples (minimum 47, maximum 236), 81.5 ng/mL
from culture media (minimum 39, maximum 158) from
the HT29 cell line, and 90 ng/mL from culture media from
co-culture (minimum 32, maximum 172).

Once the presence of RNA in the plasma sample was
confirmed, the incubation processes showed that: (1) After
incubation of plasma samples with DEE, all the RNA was
captured in the Dynabeads fraction; and (2) after incuba-

tion of the plasma with polystyrene beads coated with oligo
dT sequence, the RNA remained in the supernatant plasma.
However, when this last plasma sample was previously
digested, all RNA was detected in the polystyrene beads
fraction (Fig. 1).

Second, we ultracentrifuged two aliquots of plasma
samples, one of which had previously undergone a diges-
tion protocol, while the other had not been treated. After
extraction of mRNA from the supernatant (10 mL) and
pellet samples, as well as epithelial RNA from supernatant
samples (10 mL), and amplification of succinate dehydro-
genase complex subunit A (SDHA) as an indicator of the
presence and quality of this RNA, we detected RNA in the
pellet only from the sample that was not previously
digested and in the supernatant from the digested aliquot
(Fig. 2). Additionally, 1 mg of RNA from HT29 cell lines,
which express liver-specific bHLH-Zip transcription factor
(LISCH7), was added to 9 mL of a donor plasma sample,
where no LISCH7 mRNA was previously detected, and to
9 mL of an RNAase-free water sample. After ultracentrifu-
gation and LISCH7 mRNA amplification from RNA ex-
tracted from the pellet and supernatant of each one of
the samples, no HT29 RNA was detected either in the
supernatant or in the pellet from the plasma sample. HT29
RNA was detected solely in the supernatant from RNAse-
free water.

Third, Ber-EP4 antibody expression was found in fresh
plasma by flow cytometry, with the positive events being
smaller in size and granularity than platelets (defined as the
CD41 positive events). However, when a previous preincu-
bation of plasma from the same patients with DEE was
performed, no positive events for the Ber-EP4 antibody
were observed. In addition to this phenomenon, detectable
RNA was present in the aliquot of plasma before micro-
sphere preincubation, while this RNA disappeared after this
preincubation. At the same time, we detected RNA in the
microsphere fraction (Fig. 3).

Lastly, confocal laser examination of microscope slides
containing microspheres showed a monolayer distribution
of these structures. Unstained microspheres from both PBS
and plasma samples showed slight autofluorescence with
the HeNe (543-nm) excitation laser (Fig. 4A,C). Interest-
ingly, microspheres from plasma samples showed a strong
fluorescent signal following cytochemical staining for
nucleic acids with propidium iodide (PI) (Fig. 4D). A slight
nonspecific signal was observed in microspheres from PBS
samples, which are free of associated nucleic acids (Fig. 4B).

Extracellular total RNA is enriched in mRNA
and in small RNAs

In this assay we measured the proportion of mRNA present
in the total RNA extracted from cell line HT29 and from
the culture media of these cells. The purpose of the assay
was to test whether any RNA species are overrepresented in
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extracellular media, as a possible indicator of the existence
of an active release mechanism.

With this objective we first isolated total RNA from the
two sources and then isolated the mRNA fraction from the
total RNA extracted from the two sources. The total RNA
quantification on a NanoDrop ND-1000 Spectrophotom-
eter (NanoDrop Technologies, Inc.) from HT29 cells was
1088 ng/mL, and from culture media (9 mL) was 2.61 ng/mL
(78.3 ng/mL). Subsequent mRNA isolation and quantifica-
tion showed 15.6 ng/mL (1.4%) in the case of HT29 cells
and 1.3 ng/mL (49.8%) in the case of culture media from
these same cells.

We also performed an experiment in which the HT29
cell line was cultured in the presence of human fibroblasts,
a situation where the release of exosome-like vesicles is
expected, in order to find whether, in addition to this

phenomenon, the release of RNA was
also affected. LISCH7, which is ex-
pressed in epithelial cells and that IMR90
fails to express, was used as a marker
for the presence of RNA of epithelial
origin in the culture media. We ob-
served a 17.47% LISCH7 mRNA expres-
sion increase in the HT29 cell line in
the presence of fibroblasts. However, the
LISCH7 mRNA increase reached 74.67%
in the culture media from the co-
culture, compared with the culture
media from the HT29 cell line growing
alone (Fig. 5).

Finally, after analysis in a bioanalyzer
to assess the RNA samples extracted
from the HT29 cell line and from
plasma from a colon cancer patient,
we observed the expected pattern for
RNA from the cell line; while in the
plasma sample, a large amount of small
RNA was detected, as well as a compar-
atively very low amount of ribosomal
RNA, as has been previously described
(Valadi et al. 2007; Fig. 6).

DISCUSSION

In this study we subjected plasma and
culture media samples to various RNA
extraction protocols in order to analyze
the nature and origin of these molecules.
At the same time, these processes were
accompanied by imaging techniques,
such as confocal microscopy and flow
cytometry. After this, the results suggest
that most, if not all, of the RNA detected
in plasma as free nucleic acids could be
protected.

We show that, after incubation of plasma or culture
media samples with super-paramagnetic beads coated with
an epithelial antibody, all the mRNA detected is joined
to these microspheres through putative epithelial antigens,
demonstrating their particle-associated nature. Moreover,
after this assay in plasma samples, we did not detect RNA
that was not joined to the microspheres. In other words,
all the RNA in this sample is epithelial-marker related.
Furthermore, in the confocal study, small rounded masses
of amorphous material, 1- to 2-mm in diameter, were
joined to the DEE after PI staining, when the plasma
sample was incubated with these microspheres. These
vesicles were not observed without PI marking in plasma
samples, and they were never found, with or without PI
marking, in PBS incubated with microspheres. These results
support the presence of complexes formed by nucleic acids

FIGURE 1. (A) Representative outline of the incubation processes of different aliquots from a
plasma sample. Step 1, Total RNA extraction; step 2, epithelial RNA extraction after incubation
with DEE; step 3, total RNA extraction after withdrawal of DEE microspheres; steps 4 and 6,
mRNA extraction after incubation with the Dynabeads mRNA DIRECT kit; steps 5 and 7, total
RNA extraction after withdrawal of the oligo dT sequence-coated microspheres. Steps 6 and 7,
unlike steps 4 and 5, were carried out after lysis of the plasma sample. (B) Electrophoresis of
the SDHA amplification products in each of the previous incubation processes. Each number
corresponds to the same number in panel A. DEE, Dynabeads Epithelial Enrich (Epithelial
Antigen-coated polystyrene beads); Poli T, polystyrene beads coated with oligo dT sequence;
MW, molecular weight marker; magnet symbol, magnetic isolation.
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and, at least, by some membrane glycopeptides, molecules
that are specifically joined to the DEE. Moreover, based on
their size characteristics, those masses observed in the con-
focal microscopy assay do not look like apoptotic bodies or
cellular remains coming from degenerative processes such
as necrosis or lysis mechanisms. Additionally, the results
after ultracentrifugation processes show that RNA as free
nucleic acid is soon degraded in plasma and cannot be
plated by ultracentrifugation, results that support the view
that RNA extracted from plasma or culture media must be
protected in the multiparticle complex.

Indeed, the particle-associated nature of these molecules
was postulated by Ng et al. (2002), who demonstrated that,
after filtration of a plasma sample through filters with
different pore sizes, the quantity of filterable RNA dimin-
ishes in accord with the reduction in size of the pore.

Similar results were obtained by these investigators when
the plasma sample was ultracentrifuged. However, in this
experiment Ng et al. (2002) still found small quantities of
mRNA in the supernatant samples, whereas we did not find
traces of it, except when the hypothetical protective struc-
tures were degraded; this is probably due to differences in
technical approaches.

Finally, we showed that this particle-associated RNA is
mRNA enriched. Indeed, we observed that the mRNA
proportion of the total RNA extracted from culture media
(49.8%) was considerably bigger than the mRNA pro-
portion found in the total RNA extracted from our own
cells of the culture (1.4%); whereas a similar ratio would be
expected if the extracellular RNA found in the culture media
came from a passive release mechanism such as any cellular
death mechanism. This argued in favor of an active release

FIGURE 2. SDHA real-time PCR results from the ultracentrifugation assay. ‘‘Pellet’’ represents mRNA extraction from the pellet after
ultracentrifugation; ‘‘Supernatant’’ represents mRNA extraction from the supernatant after ultracentrifugation; and ‘‘Epithelial Enrich’’ represents
epithelial RNA extraction from the supernatant after ultracentrifugation. Before ultracentrifugation, one of the samples was subjected to lysis (SD,
sample digested), whereas the other was not (SND, sample non-digested). (A) Fluorescence acquisition. (B) Melting curves from serial dilution of
cDNA (1–3) and positive sample (4). (C) Melting curves from positive sample (4) and non-digested samples (5). (D) Melting curves from the
positive sample (4) and digested samples (9). Retro-transcription of an H2O sample (H2O RT), or an H2O sample was used directly as a negative
control (H2O).
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mechanism. In addition, we found more LISCH7 mRNA
copies or, alternatively, fewer mRNA copies of the house-
keeping gene outside the cell than inside it. In summary,
there was unbalanced distribution of the two genes, which
can be explained, again, only by the existence of a dif-
ferential release mechanism. Moreover, tumor cells actively
recruit stromal cells, such as inflammatory cells, vascular
cells, and fibroblasts, into the tumor. This recruitment is
essential for the generation of a microenvironment that
actively fosters tumor growth (Bhowmick et al. 2004a,b),
wherein the intestinal epithelial cells release exosome-like
vesicles (van Niel et al. 2001). In our study, the relative
increment of LISCH7 mRNA levels over SDHA mRNA
levels in the culture media is evident when HT29 cells are in
the presence of fibroblasts, suggesting the existence of a
possible release mechanism that is stimulated under deter-
mined microenvironmental conditions. Finally, the bio-
analyzer analyses showed that the RNA extracted from a
plasma sample is enriched in small RNAs, which, as in the
previous mRNA enrichment demonstration, is consistent
with the findings of Valadi et al., who tested it in mouse
and human mast cell lines (Valadi et al. 2007).

Our results lead us to believe that these molecules are
highly protected and that such materials are actively

released, without discarding the exis-
tence of other sources such as necrosis,
lysis, or apoptosis (Jahr et al. 2001). In
the future, it will be important to es-
tablish the proportion of free nucleic
acids coming from cellular death mech-
anisms, as an indicator of good prog-
nosis, and those coming from an active
release mechanism, expressing the activ-
ity and proliferation capacity of the
tumor and, as a consequence, serving
as a hypothetical poor prognosis factor.

MATERIALS AND METHODS

Plasma samples

Seven patients diagnosed with colon adeno-
carcinoma were recruited sequentially in our
Medical Oncology Department before sur-
gery, and 20 mL of blood was taken from
each for this study. A blood sample from
a healthy donor was also obtained at the
hematology unit of our hospital. They were
informed about its nature and gave their
informed consent, as recommended by the
Research Ethics Board of our hospital, which
approved the study.

To obtain plasma and supernatant culture
media free of cells, blood and cell culture
media were centrifuged at 300g for 10 min. A
second centrifugation to 2000g for 20 min to

eliminate remaining cells was performed. All centrifugation steps
were carried out at 4°C. After determination of SDHA mRNA in
plasma (see below), we found amplifiable RNA in six of the seven
patients: Two of them were used in ultracentrifugation experi-
ments, while the four remaining patients were used for subsequent
analyses. Finally, the samples were divided into aliquots and
processed immediately without freezing. Plasma from the healthy
donor was used in the assay performed to prove the stability of the
hypothetical free RNA in a sample of these characteristics.

Culture media

The HT29 cell line and IMR90 fibroblasts were cultured at 37°C in
Dulbecco modified Eagle medium (DMEM; Gilco Life Technol-
ogies) containing 10% heat-inactivated fetal calf serum (FCS),
2 mM L-glutamine (Invitrogen), penicillin (100 units/mL), strep-
tomycin (100 ng/mL), and fungizone (0.25 mg/mL) in a humid-
ified atmosphere of 5% CO2, 95% air. For co-culture, 2 3 105

HT29 cells and 4 3 105 IMR90 fibroblasts were mixed and seeded
under the conditions previously explained. Under these condi-
tions and after 4 d, the co-cultures achieved confluence at 80%
in a 3:1 ratio of fibroblasts:HT29. At this point, the HT29 cells
and IMR90 fibroblasts were released from the culture tissue plate
by trypsinization, and then the epithelial cells were isolated
from fibroblasts using DEE (Pena et al. 2005). Finally, RNA
was extracted from HT29 and fibroblasts growing alone or in

FIGURE 3. (Left panel) FACS analyses of plasma incubated with monoclonal antibody mouse
anti-human epithelial antigen, clone Ber-EP4, filled trace, prior to DEE incubation or after
incubation and withdrawal DEE (right panel). A mouse IgG1-FITC irrelevant Ab was used as a
negative control of staining in both cases (open trace). (Bottom panel) SDHA real-time PCR
results from RNA extracted from plasma before incubation with DEE (lane 1), DEE fraction
(lane 2), and plasma after incubation and withdrawal DEE (lane 3).
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co-culture as well as from their respective culture media. This
assay was repeated four times.

Protocols of RNA extraction

Total RNA from plasma or culture media samples was extracted
using a commercial kit (RNeasy Mini Kit; Qiagen, Inc.) according
to the manufacturer’s protocol (isolation of total RNA from
animal cells) but with the following modifications: Each milliliter
of sample was mixed with 200 mL of buffer RLT and 2 mL of
b-mercaptoethanol; the mixture was vortexed for 30 sec; it was
finally mixed with a volume of 70% ethanol and applied to an
RNeasy mini-column in aliquots of 700 mL, following the
manufacturer’s protocol. Total RNA was eluted in 30 mL of
RNase-free water per milliliter of processed sample. Total RNA
from the cell line was extracted in line with the manufacturer’s
protocol in the same commercial kit for isolation of total RNA
from animal cells.

For epithelial RNA extraction, we first subjected each milliliter
of plasma and culture media to an incubation with super-para-
magnetic polystyrene beads coated with the Ber-EP4 antibody
(Ab), as described above. Then, these polystyrene beads were
magnetically separated from the rest of the sample and processed
according to the protocol for isolation of total RNA from animal
cells (RNeasy Mini Kit; Qiagen, Inc.). Total RNA was eluted in
30 mL of RNase-free water per milliliter of processed sample. For
the Bioanalyzer assay, total RNA, small RNA included, was extracted
according to recommendations for total RNA extraction in the
mirVana miRNA isolation kit (Ambion, Inc.).

Specific extraction of mRNA from plasma and culture media
was performed by incubation of the samples with super-para-
magnetic polystyrene beads coated with oligo dT sequence, and
processed according to the manufacturer’s protocol for viral poly
A+ RNA isolation (Dynabeads mRNA DIRECT kit; Dynal Bio-

tech). Finally, mRNA was eluted in 30 mL of 10 mM Tris-HCl per
milliliter of processed sample. After ultracentrifugation, the pellet
was treated according to the manufacturer’s protocol for cultured
cells and cell suspensions (Dynabeads mRNA DIRECT kit; Dynal
Biotech) and finally eluted in 30 mL of 10 mM Tris-HCl.

Ultracentrifugation

Once cells were eliminated and the presence of RNA in plasma
was demonstrated, as stated, 9 mL of plasma sample from two
colon cancer patients was first mixed and then divided into two
aliquots. The first aliquot was digested with 9 mL of RLN buffer
(50 mM Tris-Cl, pH 8.0; 140 mM NaCl; 1.5 mM MgCl2; 0.5% [v/
v] Nonidet P-40 [1.06 g/mL]) and adjusted with RNase-free water
to a 20-mL final volume. The second aliquot was directly adjusted
to 20 mL with RNase-free water. Both samples were ultracentri-
fuged at 65,000g for 2.5 h using a Beckman Type-70 Ti (Beckman
Coulter). After ultracentrifugation, mRNA from the pellet and
supernatant samples, as well as epithelial RNA from supernatant
samples, were extracted as described in the section on Protocols of
RNA extraction. In an additional assay, 1 mg of RNA from the
HT29 cell line was added to 9 mL of donor plasma sample and to
9 mL of RNAase-free water and subjected to the same ultracen-
trifugation conditions.

QRT-PCR

Liver-specific bHLH-Zip transcription factor (LISCH7) mRNA
expression in each sample was measured as a ratio against the
expression of one reference housekeeping gene, succinate dehy-
drogenase complex subunit A (SDHA). The relative concentra-
tions of the target and the reference gene were calculated by
interpolation, using a standard curve of each gene plotted from
the same serial dilution of cDNA from positive tumor tissue.
SDHA was amplified to test the presence of RNA. For the

FIGURE 5. LISCH7 mRNA levels in HT29 cells growing alone or in
the presence of IMR90 fibroblasts (A), 14.7% increase; or their
respective culture media (B), 74.67% increase. Standardized mean
values and standard deviations obtained in four independent experi-
ments are shown.

FIGURE 4. Result of confocal laser examination of different samples
incubated in the presence of super-paramagnetic polystyrene beads
coated with Ber-EP4 Ab. (A) PBS without staining with propidium
iodide (PI). (B) The same sample stained with PI. (C) Plasma from a
colon cancer patient without PI staining. (D) The same sample stained
with PI, showing small masses in the vicinity of the microbeads.
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synthesis of cDNA, RNA was retro-transcribed using the Gold
RNA PCR Core Kit (PE Biosystems), according to the manufac-
turer’s instructions. Random hexamers were used as primers for
cDNA synthesis.

Real-time PCR was performed in a Light-Cycler apparatus
(Roche Diagnostics), using the LightCycler-FastStartPLUS DNA
Master SYBR Green I Kit (Roche Diagnostics), according to the
manufacturer’s instructions.

The primers used were: SDHA– 59-TGGGAACAAGAGGGCA
TCTG-39 forward (F) and 59-CCACCACTGCATCAAATTCATG-
39 reverse (R); LISCH7– 59-GCCAAGGCTCCTATGTACCC-39F
and 59-CCTGAATCCTGTAGCCACTGC-39R. The annealing tem-
peratures were 59°C. At the end of the PCR cycles, melting curve
analyses were performed to confirm the generation of the specific
PCR product expected. The PCR products were sequenced in an
ABI Prism 377 DNA sequencer apparatus (PE Applied Biosystems).

Gel electrophoresis detection

The final 10 mL of the PCR product was mixed with 3 mL of
loading buffer (0.02% xylene cyanol and 0.02% bromophenol

blue) for a total volume 13 mL. Electropho-
resis was run on nondenaturing 8% poly-
acrylamide gels for 2 h at 500 V. After gel
electrophoresis, band intensity was detected
by a non-radioisotopic technique using a com-
mercially available silver-staining method
(Oto et al. 1993).

Incubation processes

The plasma samples from three patients with
positive plasma RNA were divided into three
aliquots (2 mL each). One aliquot of each
patient was incubated with 15 mL of super-
paramagnetic polystyrene beads coated with
Ber-EP4 (antibody specific for two glycopo-
lypeptide membrane antigens expressed in
most normal and neoplastic human epithe-
lial tissues [Dynabeads Epithelial Enrich;
1.5 3 106 beads in PBS/0.1% BSA/0.6%
Na Citrate; Dynal Biotech ASA]) per milli-
liter of plasma for 20 min, in line with
the Dynabeads Epithelial Enrich (DEE) pro-
tocol. After this process, epithelial RNA
was extracted from the Dynabeads fraction
by magnetic separation, and total RNA was
extracted from the remaining plasma with
the RNeasy Mini Kit protocol, as described
above in the Protocols of RNA extraction.

A second aliquot of each was incubated
with 15 mL of super-paramagnetic polysty-
rene beads (z5 mg/mL in phosphate-buff-
ered saline, PBS) coated with oligo dT
sequence, Dynabeads mRNA DIRECT kit
(Dynal Biotech), per milliliter of plasma.
After incubation, mRNA was extracted from
magnetically separated microspheres, and
the total RNA was extracted from the re-
maining plasma as described above.

Finally, the third aliquot of each was
processed like the second aliquot was, but, prior to incubation,
digestion with the lysis buffer of the Dynabeads mRNA DIRECT
kit was added, according to the manufacturer’s protocol.

These processes are outlined in Figure 1.

Bioanalyzer

Total RNA, including small RNA, extracted from the plasma
sample after incubation with DEE and from the HT29 cell line,
was analyzed using an Agilent 2100 Bioanalyzer (http://www.chem.
agilent.com) equipped with an RNA 6000 pico LabChip kit,
following the manufacturer’s recommendations.

Flow cytometry

One aliquot of 100 mL of plasma sample of each of the three
previous patients was preincubated with super-paramagnetic
polystyrene beads coated with Ber-EP4 Ab, as described in the
Incubation processes. After this preincubation time, the poly-
styrene beads were magnetically separated. Then this plasma
sample, together with another 100 mL of plasma sample from

FIGURE 6. (Top panel) RNA from the HT29 cell line and from plasma from colon cancer
patients, detected using a bioanalyzer. (Bottom panel) No or very low ribosomal RNA levels are
present in the RNA from the plasma sample, as well as more small RNAs than in the RNA
obtained from HT29 cell line.
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the same patients, none of them subjected to the previous process,
were incubated with 10 mL of monoclonal antibody mouse anti-
human epithelial antigen, clone Ber-EP4 (DAKO Cytomation),
conjugated with fluorescein isothiocyanate (FITC), for 20 min at
room temperature (RT). A mouse IgG1-FITC irrelevant Ab was
used as a negative control of staining. Plasma samples in both
conditions were also labeled with a phycoerythrin (PE)-conju-
gated anti-CD41 monoclonal Ab that was specific for platelets.
Labeled samples were then analyzed in a FACScalibur flow
cytometer with CellQuest software (BD Biosciences). Forward
and side-scatter parameters were set to logarithmic amplification,
and events smaller than the CD41-positive cells were analyzed.

Simultaneously, total RNA extractions of plasma samples and
epithelial RNA from magnetically separated Dynabeads Epithelial
Enrich were done in each patient.

The epithelial Ab used here, Ber-EP4, can be obtained under
two formats: free, or incorporated to microspheres. Thus, to
ensure specificity of the two Ab forms, the cell lines used in this
study, HT29 cells and IMR90 fibroblasts, were incubated with free
Ab (DAKO Cytomation) or with a mouse IgG1-FITC irrelevant
Ab for 20 min at RT. After this, HT29 cells and IMR90 fibroblasts
were incubated with DEE, microbeads coated with Ber-EP4 Ab.
As a control, HT29 cells and IMR90 fibroblasts were directly
incubated with DEE without previous incubation with free Ber-
EP4 Ab. DEE did not join IMR90 fibroblasts under any con-
ditions, but specific binding of HT29, not previously incubated
with free Ber-EP4, was observed. After incubation with free Ab
and as a result of epithelial antigen blockage, the DEE did not bind
HT29 cells. This result shows that both forms of Ber-EP4 Ab have
affinity for the same epithelial marker.

Confocal microscopy

Both 100 mL of PBS and 100 mL of plasma from the same patients
incubated with super-paramagnetic polystyrene beads coated with
the Ber-EP4 Ab were cytospin-fixed and marked with propidium
iodide (PI). Samples containing microspheres were centrifuged
with cytospin to fix microspheres to microscope slides. Then,
these slides were fixed with 3.7% paraformaldehyde in PBS and
washed in PBS for 15 min at RT. Some microscope slide pre-
parations containing microspheres were stained with PI (2.5 3

10�4 mg/mL), a fluorescent cytochemical staining for nucleic
acids, for 10 min at RT. All microscope slide preparations were
mounted with the antifading medium Vectashield (Vector) and
were examined with a BioRad 1024 confocal laser microscope,
equipped with a HeNe laser (543 nm) to arouse PI staining.
Images were recorded using a 63 3 (1.4 NA) PlanApochromat (c.
Zeiss Microimaging, Inc.) objective and with the same confocal
settings. TIFF images were transferred to Adobe Photoshop 7.0
software for processing and presentation (Fig. 4).
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