
Abstract. Background: Reliable serum biomarkers for
differential diagnosis of conventional renal cell carcinoma
(RCC) are highly desirable. Recent studies have confirmed
the stability of circulating RNA in serum of cancer patients.
The purpose of our study was to evaluate whether the
amounts of circulating RNA could discriminate between
conventional renal cancer patients and healthy individuals
as a tumor marker. Patients and Methods: A total of 71
patients with conventional RCC, 12 with renal oncocytomas
and 44 healthy individuals entered into this study. Serum
samples were taken and subjected to RNA extraction. The
amount of RNA was quantified spectrophotometrically.
Additionally, 9 serum samples from conventional RCC were
also studied one week after nephrectomy. Diagnostic
performance of RNA concentration was calculated through
the receiver operating characteristic (ROC) curve to
distinguish between conventional RCC and healthy
individuals. Results: The mean level of RNA in conventional
RCC (1414.19±91.95 ng/ml) was significantly higher than
that in healthy individuals (520.49±39.75 ng/ml, p<0.0001)
and these with renal oncocytomas (560.71±69.54 ng/ml,
p<0.0001). Among the conventional RCC, there was no
significant difference in circulating RNA levels in terms of
tumor stage, grade or size. The area under the ROC curve
was 0.956 (95% confidence interval, 0.923 to 0.989),
indicating an acceptable sensitivity and specificity as a tumor
marker. For conventional RCC, the RNA level was reduced
significantly (p<0.0001) one week after nephrectomy.
Conclusion: The data suggest that elevated circulating RNA
may be a valuable diagnostic tool for discriminating

conventional RCC patients from normal individuals or from
these with renal oncocytoma. Elevated serum circulating
RNA provides a new research area as biomarker for the
diagnosis of conventional RCC.

The wide use of ultrasound and computed tomography has
been successful in detecting renal tumors. As a result, many
renal tumors without symptoms are found. However, nearly
30% of patients present with metastatic disease at the time
of diagnosis, and 30-40% of patients will metastasize after
surgery. The percentage of benign renal masses, such as
renal oncocytoma, is equally rising. There is an apparent
need to find serum markers to improve the differential
diagnosis and monitoring of renal cancer after operation.
Unfortunately, as yet there is no serum marker available. 

Identification and characterization of the genetic changes
that drive renal cancer development and progression have
provided us with a variety of molecular markers. Specific
genetic changes have been found in renal tumors. The VHL
gene is known as a gatekeeper gene for conventional RCC
(1). In a high percentage of conventional RCC, one inherited
allele of the VHL gene is mutant, while the second allele is
deleted. These findings have greatly advanced our
understanding of renal tumor growth and progression.
However, these markers have not transformed into clinical
use for diagnosis of renal cancers, either because they lack
sensitivity, or because the molecular assays are too
cumbersome. To date there is no molecular marker that can
be used in the clinic for renal cancer diagnosis.

Circulating cell-free nucleic acids have attracted much
interest. Recent results have confirmed that the presence
of cell-free circulating RNA is a ubiquitous phenomenon
(2-6). Serum or plasma RNA has emerged as a potential
biomarker for cancer detection and monitoring. In this
study, we quantified the circulating RNA level in
conventional RCC. The purpose of our study was to
evaluate whether the amounts of circulating RNA could
discriminate between renal cancer patients and healthy
individuals as a tumor marker for detection of
conventional RCC.
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Patients and Methods 

Study participants. A total of 71 patients with conventional RCC
and 12 with renal oncocytomas entered into this study. All
patients with a renal tumor had pathological diagnosis.
Conventional RCC was graded and staged according to the UICC
system (7, 8). Forty-four healthy individuals were used as
controls. Their clinical data are summarized in Table I. There was
no statistical difference in age between the conventional RCC
patients and the healthy individuals.

This study was approved by the local institutional ethic
committee. The patients received the necessary information
concerning the study and their consent was obtained.

Collection of serum samples. Blood samples were collected before
surgical operation. Five milliliters of blood were collected and
managed within 5 hours. The blood tube was centrifuged at 1200 xg
for 10 minutes at 4ÆC, followed by careful separation of the serum.
The serum was stored at –80ÆC before use.

Extraction and measurement of RNA. The serum was centrifuged
again before the extraction of RNA; 700 Ìl of serum was used. The
extraction of total RNA was performed using an RNeasy mini kit
according to the manufacturer's instructions with some
modifications (Qiagen S.A., Courtaboeuf, France). Briefly, 700 Ìl
GITC-containing solution (RLT buffer) was used to dissolve the
serum. 700 Ìl of 70% ethanol was added. The solution was washed
twice using buffer provided in the kit. The RNA was eluted in 30 Ìl
RNase-free water and then quantified using UV
spectrophotometry at 260 nm. The amount of RNA was calculated
as ng/ml. The RNA specimens were stored at –80ÆC until reverse
transcription-polymerase chain reaction (RT-PCR).

RT-PCR. To examine if the RNA was feasible for RT-PCR, RT-
PCR of GAPDH using serum samples from conventional RCC
cancer and healthy individual was performed. Ten microliters of
RNA was reversely transcripted into cDNA using the
SuperScriptì First-Strand Synthesis System for RT-PCR
(Invitrogen, Paisley, UK). PCR was performed in a 25 Ìl reaction
mixture containing 1 Ìl of cDNA, 5 Ìl 10X PCR buffer, 1 Ìl of 10
mM dNTP mix, 1.5 Ìl of 50 mM MgCl2, 100 ng of both sense and
antisense primers, and 1.25 U of Taq polymerase (Eppendorf,
Hamburg, Germany). We designed GADPH primers (109 bp):
sense primer 5'-AAA GGA CAT TTC CAC CGC AAA-3' and
antisense primer 5'-GGT CGG GTC AAC GCT AGG CT-3'.
These primers were designed to span the splice junction so that
genomic DNA contamination could be monitored. After a
denaturing step at 94ÆC for 3 min, PCR was performed with
denaturing temperature at 94ÆC for 1 min, annealing temperature
at 57ÆC for 1 min and extension at 72ÆC for 1 min. Thirty-five
cycles were performed. For each PCR, a positive control and a
negative control without cDNA were used. PCR products were
separated by electrophoresis on a 1.5% agarose gel. DNA
fragments were visualized and photographed under UV light with
ethidium bromide staining. The expected band for GADPH was
identified by a co-migration of a DNA marker ladder
electrophoresed in an adjacent lane. 

Statistical analysis. Statistical analysis was based on the SPSS v13
software package (Chicago, USA). Statistics were carried out using

Mann-Whitney and non-parametric Kruskal-Wallis tests to
compare RNA levels of two or more groups and explore the
relationship of RNA levels with gender, age, tumor stage, grade
and size, respectively. T-tests of paired samples were performed to
compare the difference between pre- and postoperation groups. A
p<0.05 was considered significant. The receiver operating
characteristic (ROC) curve was used to test the diagnostic
performance. The area under the ROC curve is a measure of the
overall ability to distinguish between the conventional RCC
patients and the healthy individuals.

Results

The characteristics of the study population are summarized
in Table I. The median age was 66 years for the
conventional RCC patients, 58 years for patients with renal
oncocytomas and 64 years for the healthy individuals. Table
II summarizes the levels of circulating RNA in different
groups. Age and gender were not associated with serum
RNA amounts. Among the conventional RCC patients, no
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Table I. Characteristics of study population. 

No. of cases (%)

Conventional RCC patients (N=71)
Gender

Male 45 63.4%
Female 26 36.6%

Age (years)
Range 35-86
Median 66

TNM
T1 30 42.3%
T2 5 7.0%
T3 36 50.7%

Grade
G1 12 (16.9%)
G2 32 (45.1%)
G3 22 (31.0%)
G4 5 (7.0%)

Renal oncocytoma patients (N=12)
Gender

Male 4 33.4%
Female 8 66.6%

Age (years)
Range 27-76
Median 58

Individuals without a tumor (N=44)
Gender

Male 36 81.8%
Female 8 18.2%

Age (years)
Range 50-80
Median 64



significant association was observed between the RNA
amounts and gender, age, tumor stage, grade or size. 

Figure 1 shows the mean values of circulating RNA. The
mean value of circulating RNA in conventional RCCs
(1414.19±91.95 ng/ml) was significantly higher than that in
healthy individuals (520.49±39.75 ng/ml, p<0.0001) and
that in patients with renal oncocytomas (560.71±69.54
ng/ml, p<0.0001). The mean values were not significantly
different between healthy individuals and patients with renal
oncocytomas (p=0.617). 

Figure 2 shows that the area under the ROC curve was
0.956 (95% confidence interval, 0.923 to 0.986), suggesting a
strong discriminatory power between the conventional RCC
patients and healthy individuals. Table πππ lists few
circulating RNA level cut-offs used to generate the curves
with their sensitivity and specificity.

Figure 3 shows the reduction of circulating RNA of
patients with conventional RCC one week after nephrectomy.
The mean values before surgery (1301.39±184.81 ng/ml)

were significantly reduced one week after nephrectomy
(815.47±188.50 ng/ml, p<0.0001).

The circulating RNAs were amplifiable by RT-PCR.
Results were confirmed by specific intron-spanning primer
of GADPH with a product size of 109 bp visualized in 1.5%
agarose gel for cancer and control serum (Figure 4). The
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Table II. RNA levels in different groups.

No. of Serum RNA P-value
cases (ng/mL)

Patients
Age 0.397

≤50 11 1682.14±301.78
51-69 33 1423.92±151.95
≥70 27 1293.12±95.71

Gender 0.821
Male 45 1478.02±139.10
Female 26 1303.71±70.23

Stage 0.905
T1 30 1476.19±170.26
T2 5 1225.71±195.27
T3 36 1388.69±111.69

Grade 0.793
1 12 1264.29±122.79
2 32 1440.85±165.95
3 22 1360.71±81.24
4 5 1838.57±648.19

Tumor size 0.182
<4 cm 23 1365.06±208.47
4-8 cm 32 1441.41±89.21
>8 cm 16 1430.36±224.09

Renal oncocytoma patients
Gender 0.808

Male 4 625.25±182.84
Female 8 512.95±57.07

Individuals without a tumor
Gender 0.445

Male 36 503.79±43.13
Female 8 595.67±102.67

Figure 1. Box-and-whisker plots of RNA levels in conventional RCC,
those with renal oncocytoma and healthy individuals. The Mann-Whitney
test was performed. The mean value of serum circulating RNA in patients
with conventional RCC was significantly higher than that in healthy
individuals or patients with renal oncocytoma. 

Figure 2. Receiver operating characteristic (ROC) curve for serum RNA
level. The area under the curve (AUC) was 0.956 (0.923-0.986).



bands observed from serum from patients with
conventional RCC were generally more intensive than
those observed in healthy individuals, indicating the
difference in amounts of RNA.

Discussion

Conventional RCC is solely diagnosed by imaging
examinations. There is no serum marker. Circulating nucleic
acids are being studied as a potential powerful tool for
detection of cancer. Circulating DNA is studied in several
cancers (9-12). Traditionally, circulating RNA was thought
to be unstable or degraded by RNase in serum (13, 14).
However, recent pioneers have demonstrated the stability
of circulating RNA in serum although the mechanism is not
completely clear (2-6). Li and Lo have confirmed the
unexpectedly stable RNA in serum of cancer or other
patients (4, 5). Several authors have claimed that analysis of
cell-free circulating RNA has offered new promises for
noninvasive diagnosis (2-6). We thought to investigate
whether the serum level of circulating RNA could be used
as a molecular marker for conventional RCC.

To our knowledge, this is the first report to provide
straightforward evidence that the circulating RNA was
significantly elevated in the serum of conventional RCC
patients. To evaluate the accuracy of RNA quantification
assays, we constructed a ROC curve. The test discriminated

between conventional RCC and healthy individuals. The
measurement of circulating RNA produced an acceptable
sensitivity and specificity for the diagnosis of conventional
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Table III. Screening performance of serum RNA level. 

RNA (ng/ml) Sensitivity (%) Specificity (%)

696 100 79
889 87 89

1023 70 93
1200 52 100

AUC ROC=0.956 (95% confidence interval, 0.923-0.989).

Figure 3. Serum pre- and post-operative RNA levels. The pre- and postoperative serum RNA values in nine conventional RCC patients are shown.

Figure 4. Detection of GADPH of serum samples. GADPH (109 bp) was
detectable in serum of conventional RCC and normal controls. Lanes 1
and 2 were for conventional RCC, lanes 3 and 4 for healthy individuals.
Lane M was for the molecular marker, P for positive control and N for
negative control.



RCC. Sensitivity and specificity were better when the levels
of cell-free DNA were used as a tumor marker in other
cancers (10-12). There was no difference in circulating RNA
level in terms of tumor size, tumor stage or tumor grade.
Our data indicated that elevated serum RNA levels
appeared in early stage, low-grade and small tumor-sized
conventional RCC. Taken together, we thought that
quantification of RNA amounts in the serum of renal cancer
patients, once a cut-off value is established, may be a
valuable tool to distinguish between conventional RCC
patients and unaffected individuals and may be proposed as
an early detection test. Increased serum RNA might prompt
more accurate and specific clinical examination.

To further evaluate the clinical potential of circulating
RNA as a tumor marker for conventional RCC, we also
analyzed the level of serum RNA after nephrectomy. A
significant reduction of serum-circulating RNA was
observed one week after operation. The significant
reduction after tumor removal provides grounds that the
increased RNA may originate from the tumor itself. This
result also provides evidence that the RNA level may serve
as a tumor marker for monitoring after operation. It would
be of interest to perform a follow-up study on these patients
to investigate the relationship between the RNA level and
tumor recurrence.

One of the difficulties in differential diagnosis of renal
tumors is between conventional RCC and renal oncocytoma.
Renal oncocytoma becomes a commonly encountered
benign renal tumor. Surgery, i.e. a radical or partial
nephrectomy, should be performed in conventional RCC,
while a partial nephrectomy or watchful waiting can be
applied to the benign oncocytoma. It is obvious that the
distinction of each subtype is clinically meaningful. However,
the differentiation of some solid renal tumors can be
impossible in spite of imaging advances. Recent publications
suggest a possible role of preoperative biopsy for
management of these renal tumors (15). Our data suggested
that the amounts of serum RNA in conventional RCC was
significantly higher than that in renal oncocytomas. The
meaurement of circulating RNA in serum may be potentially
used as a marker for the differential diagnosis. On the
contrary, we observed no difference in serum RNA levels
between patients with renal oncocytomas and healthy
individuals. Our observation indicated that different tumor
types may result in different levels of serum RNA. Further
studies are necessary to elucidate the mechanism of
discharge of RNA from tumors into the circulation.

Our finding is important because our methods are
routinely used in clinical laboratories. Quantification of
RNA is commonly performed using spectrophotometry in
clinical laboratories. Several studies have used sensitive
quantitative PCR of a housekeeping gene to quantify the
circulating nucleic acids (16-20). Although the technique of

quantitative PCR is promising, it is not a standard assay.
The major problems include variability of RNA templates
and assay designs and protocols. We emphasized our efforts
in the serum RNA extraction process. As a result, the total
RNA can be quantified easily and correctly by
spectrophotometry. Kamm and Smith reported in 1972 an
RNA concentration of 144±22 ng/ml in the plasma of
healthy individuals (21). We used a new RNA extraction
method, which may significantly increase the yield. If our
results are confirmed by other groups, this simple technique
can easily be implemented into clinical application for
cancer diagnosis. 

Further characterization of serum-circulating RNA is
necessary to improve our understanding and to increase
clinical applications (20-23). Firstly, the present study and
others have shown that circulating RNAs in serum are
perfectly feasible for RT-PCR amplification (16-20). This
will certainly open new avenues for cancer detection and
follow-up since serum samples are easily obtainable and
non-invasive. Secondly, our findings raise the possibility that
an elevated serum RNA level may also appear in other
types of cancers. This would have potential effect in the
diagnosis of many cancer types that are currently without
specific molecular markers. 

Conclusion

We believe that the serum-circulating RNA is highly elevated
in conventional RCC. The elevated circulating RNA in serum
in conventional RCC may be a valuable diagnostic tool for
discriminating conventional RCC patients from unaffected
individuals and those with renal oncocytoma. The analysis of
serum RNA provides a new research area as a biomarker for
diagnosis of conventional RCC.
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