
Abstract. In this study, we aimed to optimize the isolation
procedure of circulating RNA from large volumes of plasma.
Simultaneously, the stability and integrity of RNA from
plasma samples were examined. To investigate the isolation
of circulating RNA, reverse transcription-PCR analysis in
combination with capillary electrophoresis was used. The
presence of amplifiable RNA in plasma from healthy
volunteers and from breast cancer patients was analyzed. We
found that circulating RNA in plasma was highly fragmented
and degraded. Plasma RNA was most efficiently isolated
from large volumes of samples after introducing the step of
plasma concentration by evaporation and by using TRIzol LS
reagent. A single freeze/thaw process had no significant effect
on RNA integrity and quantity of plasma RNA. The average
amount of RNA in plasma from breast cancer patients
was lower than in plasma from healthy volunteers. The
concentrating of large volumes of plasma facilitates isolation
of plasma RNA and yields amplifiable RNA for at least
fragments that are up to 310 bp long. 

Introduction

The discovery of circulating nucleic acids in the plasma and
serum of cancer patients as well as healthy individuals has
led to the potential use of circulating DNA and RNA for
diagnostic purposes. More recently, the detection of circulating
RNA has been reported as a potential approach for gene
expression profiling in cancer patients. Circulating tumor-
derived RNA was first reported to be detectable in the plasma/
serum of cancer patients with nasopharyngeal carcinoma (1)
and melanoma (2). Since then, a number of RNA targets
have been detected in the plasma/serum of cancer patients,
including the RNA species associated with the various
telomerase components in patients with breast cancer (3,4),
colorectal cancer, follicular lymphoma (5) and hepatocellular
carcinoma (6). Tyrosinase mRNA was reported to be detected

in metastatic melanoma patients (7). Additionally, cytokeratin
19 and mammoglobin mRNAs were detected in the plasma
of breast cancer patients, and were associated with poor
prognosis (8). In the plasma of colorectal carcinoma patients,
the recognition of ß-catenin mRNA has recently been
reported (9).

Considering the fact that plasma contains potent ribo-
nucleases capable of destroying any free RNA, it was rather
surprising that circulating RNA could be found preserved in
the blood. In this regard, it has been proposed that circulating
RNA in plasma is somehow protected from degradation by
nucleases. Today, it is more or less accepted that RNA is
protected by inclusion within apoptotic bodies (10-12).

According to the above reports, circulating RNA is a
potentially promising substrate for the detection, tracking and
prediction of cancer progression. However, there is still a
huge limitation related to demanding and inconsistent
extraction methods of low RNA amounts from plasma/serum.
For this reason the extracted RNA is rather insufficient in
quantity and quality for clinical applications (10). Therefore,
the aim of this study was to improve the isolation of RNA
from large volumes of plasma samples using TRIzol LS.
A new step was introduced in the isolation procedure -
concentrating the plasma by evaporation prior to RNA
isolation. The effectiveness of the new isolation protocol and
its influence on RNA integrity was evaluated by direct
determination of reverse transcriptase RT-PCR transcripts for
porphobilinogen deaminase (PBGD) and glyceraldehyde
3-phosphate dehydrogenase (GAPDH). In addition, the effect
of freezing and thawing of plasma samples on RNA quantity
and integrity, as well as the differences between healthy
volunteers and breast cancer patients, were evaluated.
However, this article describes only the improvement of the
RNA isolation procedure with no intention of evaluating its
applicability in the case of cancer or other disease-related
genes.

Materials and methods

Healthy volunteers and patients. Our study was approved by
the Committee for Protocols and the Ethics Committee at the
Institute of Oncology Ljubljana. Informed consent was
obtained from all volunteers and patients included in the study.

Twenty-four healthy volunteers (14 females and 10
males), aged 24 to 57 years, and 28 female early breast
cancer patients undergoing surgery (ranging in age from 34
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to 85 years) were included in the study. Pathological TNM
classification of the tumors in our patients was as follows: 8
patients had stage I tumors (pT1c, N0, M0), 8 patients had stage
IIA tumors (pT1c, N1a, M0), 6 patients had stage IIB tumors
(pT2, N1, M0), 4 patients with stage IIIA tumors (pT2, N2, M0;
pT1c, N2, M0; pT3, N1, M0) and 2 patients had stage IIIC tumors
(pT2, N3, M0). Blood samples from the breast cancer patients
were collected on the day of surgery, and 1 and 10 days after.

Cell culture. Human breast adenocarcinoma cells MCF7
(American Type Culture Collection ATCC, Rockville, MD)
were grown in Eagle's minimal essential medium (EMEM)
supplemented with 10% fetal calf serum (FCS) (Sigma, St.
Louis, MO), penicillin (100 units/ml; Pfizer, NY), strepto-
mycin (100 μg/ml; Pfizer) and gentamycin (11 μg/ml;
Invenex, Chagrin Falls, OH).

Isolation of mononuclear cells (MNC) from peripheral blood.
Mononuclear cells (MNC) were isolated from 10 ml of
peripheral blood obtained from healthy volunteers using
Fiqoll-Paque (Amersham Pharmacia Biotech AB, Uppsala,
Sweden) according to the manufacturer's instructions.

Sample collection and processing of blood and plasma
samples. Peripheral blood (10 ml) was collected by vene-
section from each participant into EDTA-containing tubes
(BD Vacutainer, Plymouth, UK). All blood samples were
kept at 4˚C and centrifuged within 2 h at 880 x g for 10 min
at 4˚C. Plasma was collected and again centrifuged at 880 x g
for 10 min at 4˚C to eliminate any remaining cells.

Plasma samples from healthy volunteers were aliquoted
into three aliquots. RNA was isolated immediately from the
first plasma aliquot. The second aliquot was stored at -80˚C
until use. The third aliquot was concentrated and stored with
TRIzol LS (Invitrogen, Life Technologies, Paisley, UK) at
-80˚C. Plasma from the breast cancer patients was stored at
-80˚C until use.

Optimization of RNA isolation from plasma
Concentration of plasma samples by evaporation. Plasma
samples were concentrated at 4˚C in a concentrator
(Eppendorf-Netheler-Hinz, Hamburg, Germany). One-half of
each plasma sample (2 ml) was separated into two aliquots
and separately concentrated to 500 μl. The concentrated
plasma was then mixed with TRIzol LS reagent. RNA was
isolated from the other half of the plasma sample without
applying the concentration step before isolation (unconcen-
trated plasma aliquot). 

RNA isolation from plasma. Total RNA was isolated from
106 MCF7 cells, 106 MNC, or from fresh and only once-
frozen/thawed plasma using TRIzol LS reagent (a mono-
phasic solution of phenol and guanidine isothiocyanate). The
plasma was mixed with TRIzol LS (1:3 ratio), and after
5 min of incubation at room temperature, chloroform was
added to each sample, followed by 15 sec of shaking and 10 min
of incubation at 4˚C. The samples were then centrifuged at
12000 x g for 15 min at 4˚C. The upper aqueous phase was
carefully transferred into a fresh tube and incubated for 16 h
at -20˚C with isopropyl alcohol, 3 mM Na-acetate, and with

RNase-free glycogen to allow the RNA precipitation. The
mixture was then centrifuged at 12000 x g for 30 min at 4˚C,
and the supernatant was removed, while the pellet was washed
by centrifugation (7500 x g, 5 min, 4˚C) with 75% ethanol.
Finally, the supernatant was discarded, and the RNA pellet
was dried for 5-10 min at room temperature, dissolved at
60˚C for 10 min in 30 μl of DEPC-treated water in the case
of unconcentrated plasma or dissolved in 15 μl of DEPC-
treated water, joining the aliquots in a final volume of 30 μl
in the case of concentrated plasma and stored on ice.

Plasma samples stored with TRIzol LS. Concentrated
samples frozen with TRIzol LS were quickly thawed and left
at room temperature for 5 min. The RNA was isolated as
described above. 

RNA integrity
Determination of integrity of isolated RNA by capillary
electrophoresis. The RNA samples were analyzed for total
RNA quality and level of degradation using an Agilent 2100
bioanalyzer and RNA 6000 Pico LabChip according to the
manufacturer's instructions (RNA 6000 Pico assay kit,
Agilent Technologies, Waldbronn, Germany). RNA integrity
was determined using a micro-fluidic and fluorescence
detection system, where sample components were electro-
phoretically separated and detected by their fluorescence
after dye incorporation. Briefly, 1 μl of each denatured RNA
sample was added into the sample well loaded with gel-dye
mix and buffer. The chip was vortexed for 1 min and run on
the bioanalyzer. Total RNA sample integrity was determined
against internal standards using the 2100 expert software tool
(Agilent Technologies). Electropherograms showed the
electrophoretic trace of the RNA sample, including the
presence of 18S and 28S subunits and degradation products.  

Amplification
RT-PCR amplification of PBGD and GAPDH. After RNA
isolation, reverse transcription (RT) of RNA to cDNA was
performed using a GeneAmp RNA PCR Core kit (Applied
Biosystems, Roche Molecular Systems, Branchburg, NJ,
USA) according to the manufacturer's instructions with a
slight modification for plasma samples (3). PCR amplifi-
cation was performed in a thermocycler (Perking-Elmer,
Applied Biosystems). The presence of amplifiable cell-free
circulating RNA in the tested plasma sample was verified
using two housekeeping genes; glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (NCBI, accession no. XR_018317)
and porphobilinogen deaminase (PBGD) (NCBI, accession
no. NM_000190). The amplification primers were synthesized
by TIB MolBiol (Berlin, Germany). GAPDH-forward, 5'-
CGG AGT CAA CGG ATT TGG TCG TAT-3'; GAPDH-
reverse, 5'-AGC CTT CTA CAT GGT GGT GAA GAC-3';
PBGD-forward, 5'-TGT CTG GTA ACG GCA ATG CGG
CTG CAA C-3'; and PBGD-reverse, 5'-TCA ATG TTG CCA
CCA CAC TGT CCG TCT-3'. PCR amplification was
performed in the same reaction tube as the RT by adding new
reagents and adjusting the final concentration for all reagents
in the reaction mixture. The final mixture volume for the
GAPDH or PBGD PCR was thus increased to 100 μl. In the
case of GAPDH the mixture consisted of 1X PCR buffer II,

CERKOVNIK et al:  OPTIMIZATION OF RNA ISOLATION294

293-300  27/7/07  15:46  Page 294



2.5 U AmpliTaq DNA polymerase (Applied Biosystems),
1.7 mM MgCl2 and 0.075 μM of GAPDH primers. For PBGD
amplification, the final mixture consisted of 1X PCR Gold
buffer, 2.5 U Gold polymerase (Applied Biosystems), 2 mM of
MgCl2 and 0.1 μM of PBGD primers. The PCR conditions
were as follows: initial incubation at 94˚C for 2 min for
GAPDH (94˚C for 12 min in the case of PBGD), followed by
50 cycles of amplification: 94˚C for 30 sec, 65˚C for 1 min,
72˚C for 1 min for GAPDH; and 94˚C for 50 sec, 59˚C for
1 min, 72˚C for 1 min in the case of PBGD, and final
elongation at 72˚C for 10 min.

PCR product analysis. The PCR products were analyzed by
capillary electrophoresis using the bioanalyzer and a DNA
1000 assay kit (Agilent Technologies), according to the
manufacturer's instructions. This method allowed the
determination of size (in bp) and concentration (ng/μl) of the
PCR products. Briefly, 1 μl of sample was added into the
sample well loaded with gel-dye mix and buffer. The chip
was vortexed for 1 min and placed in the bioanalyzer. After
chip run, the samples (PCR products) moved through the
micro-channels and were electrophoretically separated. The
fluorescence of the PCR products was detected and translated
into electropherograms. Quantification of PCR products was
automatically determined against internal standards using the
2100 expert software tool. 

Sequencing of PCR products. The amplified PBGD products
were sequenced by Sequieserve GmbH (Vaterstetten,
Germany), while the amplified GAPDH products were
sequenced in our laboratory using the ABI PRISM® 310
Genetic analyzer (Applied Biosystems, London, UK). The
data were collected with ABI PRISM 310 software (Applied
Biosystems), and the results were analyzed with the ABI
PRISM DNA sequencing analysis software (Applied
Biosystems). Sequence data were analyzed utilizing the Gene
Runner software tool, version 3.05.

Statistical analysis. Statistical analysis was performed using
SigmaStat SPSS, version 3.0. Results were presented as the
means and corresponding standard deviations (SD). The
statistical significance of the difference between the
differently treated aliquots of plasma from healthy volunteers
was evaluated using one-way ANOVA. The student's two-
tailed t-test was used for the evaluation of the statistical
significance of the difference between groups of healthy
volunteers and breast cancer patients. P<0.05 was considered
as statistically significant.

Results

In practice, the isolation of RNA from a large volume of
plasma involves certain critical steps: general handling of the
plasma samples, precipitation of low concentrations of RNA
from excessively large aqueous phase volumes, as well as
collection of slight RNA pellet. To improve the plasma RNA
isolation procedure in the classical protocol for RNA isolation
using TRIzol LS, a step to reduce the initial plasma sample
volume was introduced. To investigate the influence of some
of the critical steps during isolation, RNA integrity and

quantity was checked after concentrating the plasma samples,
and after the freezing and thawing of plasma samples prior to
RNA isolation. 

Effect of freezing and thawing on plasma RNA. To determine
whether the freezing of plasma samples affects RNA
concentration, we analyzed aliquots of fresh and once-frozen
plasma samples from healthy volunteers. RNA concentrations
were determined by quantifying the amounts of PBGD
transcripts after reverse transcription and PCR amplification
of the isolated RNA. Quantification was performed using a
semi-quantitative method on the Agilent 2100 bioanalyzer.
This capillary electrophoresis procedure allowed high
resolution (±5.00%), sizing (±10.00%) and quantification
(±30.00%) accuracy. It was determined experimentally that
the amount of isolated RNA critically influenced the PCR
reaction. The RNA isolated from cells was amplified
exponentially to 35-40 cycles. However, when the plasma
RNA was amplified, the exponential PCR amplification
phase was prolonged to 45-50 cycles. Therefore, the
quantified PCR products of the plasma samples still reflected
the starting cDNA quantities (Fig. 1). Among samples
collected from 24 healthy volunteers, 23 (95.80%) had
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Figure 1. Quantification of PCR products after different numbers of cycles.
(A) Comparison of the concentrations of PBGD transcripts after 30, 40, 50
and 60 PCR cycles of cDNA obtained with reverse transcription of RNA
from plasma samples, MCF7 cells or MNC. The RNA isolated from cells
was amplified exponentially to 35-40 cycles. RNA isolated from plasma
samples was exponentially amplified to 45-50 cycles. (B) Electro-
pherogram of PBGD transcripts after 30, 40 and 50 cycles of RT-PCR
amplification of RNA isolated from plasma.
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detectable levels of PBGD in fresh and once-frozen plasma,
either with or without TRIzol LS. In 1 of 24 plasma samples
(4.20%), we failed to detect the presence of PBGD
transcripts in all 3 aliquots of differently pre-treated plasma.
In Fig. 2, one of the 23 successfully amplified RNA plasma
samples is presented. The PBGD fragment (127 bp long) was
amplified in all 3 aliquots of plasma sample. No significant
difference was found for average concentrations of PBGD
transcripts among fresh and once-frozen plasma, with or
without TRIzol LS (P=0.51).

Concentration of plasma samples by evaporation. Concerning
the unsuitability of isolation of small amounts of RNA from
a large volume of plasma, we concentrated one-half of the
initial plasma samples in the concentrator. The empirically
determined minimal volume of concentrated samples using
the evaporation method was 500 μl. The additional evaporation
of samples resulted in too high a protein content, which
prevented efficient RNA isolation. The isolated RNA from
concentrated aliquots was compared for quantity and quality
with the RNA isolated from unconcentrated aliquots from the
same plasma samples obtained from healthy volunteers.
Quality and quantity were assessed by determination of PBGD
and GAPDH transcripts after RT-PCR. Our results showed
that the concentrating procedure performed on the plasma
samples did not affect RNA integrity, since the characteristic
products were observed in both concentrated and un-
concentrated aliquots of the samples (Fig. 3). There was no
significant difference in the amount of PBGD and GAPDH
transcripts between the concentrated and unconcentrated
aliquots of the same plasma sample (P=0.32). The amplified
PBGD and GAPDH products were confirmed by sequencing.

Integrity of plasma RNA in healthy volunteers. We determined
plasma RNA integrity in 24 samples from healthy volunteers
using the capillary electrophoresis described in Materials and
methods. As expected, the RNA in the plasma was highly
fragmented and degraded in comparison with the RNA
extracted from MNC (Fig. 4). Despite the high fragmentation
(degradation) of plasma RNA, the isolated RNA was still
transcribed and amplified for PBGD in 95.80% of the plasma
samples (Fig. 5A-C). In 4.20% of the plasma samples, the
extracted RNA was too degraded for efficient reverse
transcription to cDNA and amplification of PBGD (Fig. 5D).
There was no significant difference in RNA integrity after
the freezing of plasma samples (Fig. 5A-C). 

Isolation of plasma RNA from breast cancer patients. To
determine whether there was any difference in the quality
and quantity of plasma RNA in breast cancer patients, we
compared the results of RT-PCR for PBGD amplification in
these patients with the results obtained from healthy
volunteers. Since there was no significant difference in the
number of successfully RNA-isolated samples from healthy
females and healthy males (as well as in their PBGD concen-
trations), females and males were included in the control group
(P=0.73). Only once-frozen plasma samples were used in this
part of the study. PBGD was amplified in 54 of 67 tested
samples from breast cancer patients (80.60%). As previously
indicated, PBGD was detected in 23 of 24 plasma samples

from healthy volunteers (95.80%). There was a significant
difference in average RNA concentration between breast
cancer patients and healthy volunteers (mean 1.87 ng/μl,
95.00% CI 1.15-2.59, DF=92 and P<0.001). Cancer patients
had a lower average RNA concentration (1.78±1.48 ng/μl)
compared to healthy volunteers (3.65±1.45 ng/μl) (Fig. 6).
As in plasma from healthy volunteers, the RNA in plasma
from breast cancer patients was also highly degraded (Fig. 4).
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Figure 2. Determination of the quality and quantity of RNA isolated from
the plasma samples of 24 healthy volunteers. (A) Electropherograms of
PBGD transcripts after RT-PCR amplification of RNA isolated from fresh
plasma and once-frozen plasma samples with or without TRIzol LS. (B)
Average amounts of PBGD transcripts (mean ± SD) determined in fresh and
once-frozen plasma samples, with or without TRIzol LS.
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Figure 3. Effect of plasma concentrating on PBGD and GAPDH RT-PCR amplification. PBGD (127 bp) and GAPDH (309 bp) transcripts after RT-PCR
amplification of RNA isolated from unconcentrated (A) and concentrated (B) aliquots of the same plasma sample. The concentrating of plasma samples was
found to have no significant effect on RNA integrity. 

Figure 4. Integrity of RNA isolated from plasma samples, MNC or MCF7 cells. The integrity of RNA samples isolated from the plasma of a healthy
volunteer, breast cancer patient, MNC from a healthy volunteer and MCF7 cells was analyzed using capillary electrophoresis. The right electropherograms
show total RNA isolated from MNC (above) or MCF7 (below). RNA of acceptable quality exhibits the 18S and 28S subunit as two distinct bands. The left
electropherograms show highly degraded total RNA from one representative plasma sample from a healthy volunteer (above) and a breast cancer patient
(below). In these samples the typical 18S and 28S subunits were not detectable, but the whole RNA was grouped around the marker band.
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Figure 5. Example of integrity of RNA obtained from fresh and once-frozen plasma. Determination of RNA integrity by capillary electrophoresis and
determination of the RT-PCR-amplified PBGD in a plasma sample obtained from the same healthy volunteer. Right electropherograms show PBGD
transcripts after RT-PCR in differently pre-treated plasma aliquots. The amplification of PBGD was not possible (in 1 sample) on account of overly degraded
RNA (D). 

Figure 6. Average concentration (mean ± SD) of PBGD RT-PCR products
amplified from total RNA isolated from plasma samples of healthy
volunteers and breast cancer patients. The significant difference of PBGD
concentrations between healthy volunteers and breast cancer patients was
determined (P<0.001). PBGD was amplified from RNA isolated from
concentrated and once-frozen plasma samples (24 from healthy volunteers
and 67 from breast cancer patients). The concentrations of the PCR-
amplified product were determined using capillary electrophoresis. 
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Discussion

Accurate and early detection of cancer, as well as of its
differential diagnosis, is a prerequisite for successful treatment.
Since cancer cells are genetically unstable, it is reasonable to
anticipate that techniques of molecular biology will provide
some useful information about cancer development at an
early stage of carcinogenesis. Unfortunately, the collection of
samples for molecular diagnostics is quite often connected to
invasive procedures, thus limiting the wider application of
these methods. In the last few years, considerable interest has
been focused on the evaluation of circulating nucleic acids in
the plasma/serum of cancer patients. 

Various studies report the use of plasma/serum DNA and
RNA for prognostication and diagnosis of different types of
malignancies (13-20). Circulating DNA exhibits tumor-related
alterations, such as decreased strand stability (21), Ras or p53
mutations, microsatellite alterations and aberrant promoter
hypermethylation of tumor suppressor genes, rearranged
immunoglobulin heavy-chain DNA, mitochondrial DNA
mutations and tumor-related viral DNA (22). 

Unexpectedly, circulating plasma/serum RNA was also
found to be detectable in patients with breast cancer, colon
cancer, lung cancer and malignant melanoma (1-9). The
advantage of plasma/serum RNA-based assays over plasma/
serum DNA-based assays is that the RNA in plasma/serum
has been shown to be tumor and tissue-type specific, thus
potentially indicating the presence of a tumor as well as the
tissue where the tumor cells emerge (19,20). RNA-based
assays are, on the other hand, limited by the tedious and
demanding isolation methods required, and by the lesser
stability of RNA compared to DNA.

The special interest of this study was to improve the
procedure of RNA isolation from a large volume of plasma.
In this manner, prior to RNA isolation using TRIzol LS, the
step of plasma concentrating was introduced. Because of the
potential influence of this additional step, RNA quality and
quantity were investigated. Concomitantly, the effect of
freezing/thawing of plasma samples on RNA quality and
quantity was evaluated. The question of whether plasma RNA
is still amplifiable after the freezing/thawing of plasma samples
is highly important for at least two reasons: handling of
plasma/serum samples obtained at different times and in
different hospitals, and because of the application of pre-
banked samples stored at -80˚C. We have demonstrated that
the freezing/thawing of plasma did not significantly change
RNA concentrations and integrity in comparison with fresh
plasma. There was also no difference in the frozen samples
with or without TRIzol LS. This finding is in agreement
with the results reported by others who showed that the
concentration and integrity of circulating RNA remain
unaffected by freezing and thawing (10,12). These data also
indicated that plasma RNA is not as labile as previously
assumed and that it is protected against ribonuclease activity.
According to various authors, it seems that the major protection
of RNA in plasma derives from its inclusion within apoptotic
bodies. One line of empirical evidence corroborating this
statement was provided by Ng et al, who demonstrated the
presence of filterable and non-filterable RNA species in
plasma after filtration of plasma samples through filters with

different pore sizes (11). Also related were the findings of
Tsui et al, who verified that endogenous RNA in plasma is
more stable than exogenous RNA (12). In favor of the idea
that RNA is protected in lipid-containing vesicles such as
apoptotic bodies are El-Hefnawy et al, whose results showed
that plasma RNA is more degraded after the addition of
detergents SDS or Triton-X (10).

In most of the studies, plasma RNA was isolated from
small amounts of plasma (50-500 μl), mainly because of the
difficulties of scaling-up the method of RNA isolation from
larger volumes (2,4,5). However, small amounts of plasma
could contribute to poor sensitivity of the entire method for
cancer detection. To improve RNA isolation from larger
volumes of plasma, El-Hefnawy et al concentrated the RNA
by capturing it on 0.22-μm filters (10). In our study, we
introduced the step into the protocol for isolation of RNA
by concentrating the plasma by evaporation at 4˚C in a
concentrator. In this way, we eliminated water from the
samples, thus reducing the initial sample volume before RNA
precipitation. We presumed that concentration of a larger
plasma volume by this method could increase the yield of
isolated RNA and reduce the costs of isolation. Indeed, our
results showed that the integrity of RNA and the amount of
RNA transcripts were not affected by concentrating the plasma
in comparison with unconcentrated plasma samples. Using
this procedure, we were able to isolate and amplify RNA
from 95.80% of healthy volunteers, irrespective of the pre-
treatment procedure of the plasma samples (fresh or frozen
samples). To confirm the results, we amplified two different
housekeeping genes, PBGD and GAPDH, differing in the
length of the amplified fragments (PBGD transcripts are 127 bp
long, while GAPDH transcripts are 309 bp long). In both
cases the amplification of isolated RNA from concentrated
and unconcentrated plasma aliquots was successful, and the
RNA concentrations did not differ. An even higher percentage
of samples allowing RNA isolation and amplification was
reported by El-Hefnawy et al (100%), while most other
authors reported ~60% of samples with detectable levels of
different plasma RNAs such as ß-actin mRNA, 18S rRNA
and GAPDH mRNA (10,11,23). Therefore, our results are
completely in agreement with the results of El-Hefnawy et al
supporting the idea of plasma concentration prior to RNA
isolation, thus facilitating isolation from larger volumes of
plasma. Additionally, our results with capillary electro-
phoresis showed that endogenous plasma RNA is highly
fragmented when compared to the RNA isolated from MCF7
or MNC, which is again in accordance with the previous
report (10).  

Since our ultimate goal was determining an accurate
procedure for molecular diagnostics in oncology, we also
tested our improved isolation protocol in plasma samples
from breast cancer patients. Some previous reports indicated
that cancer patients might have significantly higher
plasma/serum RNA concentrations than healthy controls
(11,20). With regard to these studies and to the possibility
that apoptosis of neoplastic cells in cancer patients might
release apoptotic bodies loaded with RNA, we expected the
plasma/serum RNA concentrations in breast cancer patients
to be higher in comparison with healthy volunteers. However,
our results were the opposite; the RNA concentrations were
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lower in breast cancer patients. Additionally, the percentage
of samples with detectable levels of RNA transcripts among
breast cancer patients was also lower as compared to healthy
controls. As shown in one of the previous studies, this outcome
could be related to the increased concentration of blood
RNases in the plasma/serum of cancer patients (24). In view
of the fact that we evaluated RNA quality and quantity
indirectly, by quantifying the amounts of PBGD transcripts
after RT-PCR, it is also quite possible that the RNA isolated
from breast cancer patients amplified to a lesser extent
because of its lower quality. This, however, cannot be
confirmed with the methods used in our study, since the
plasma RNA was highly degraded in both breast cancer
patients and healthy volunteers. 

Our data indicate that concentrating the initial plasma
volume by evaporation did not affect RNA quality and
quantity, yet it substantially reduced the volume of TRIzol
LS needed for RNA isolation. At the same time, the small
amount of plasma RNA pellet can be more effortlessly
collected from the reduced volume of sample. In spite of the
fact that the RNA isolated from plasma is heavily degraded,
the amplification of at least 310-bp-long products is still
allowed. In general, the described modified isolation procedure
for plasma RNA using TRIzol LS has certain advantages
when compared to the unmodified procedure. In view of the
fragility of plasma RNA, one must first take into account the
length of the gene product of each specific gene prior to
considering (if this is rational at all) the optimization of its
RNA isolation procedure.
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