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Abstract

Background: Human biological material has become an important resource for biomedical research. Tumor
Biobanks are facilities that collect, store and distribute samples of tumor and normal tissue for further use in
basic and translational cancer research. mRNA-translation has been demonstrated to modulate protein levels
and is considered a fundamental post-transcriptional mechanism of gene expression regulation. Thus, determining
translation efficiencies of individual mRNAs in human tumors may add another layer of information that contributes to
the understanding of tumorigenic pathways. To analyze the RNAs actively engaged in translation, RNAs associated with
ribosomes (polysomes) are isolated, identified and compared to total RNA. However, the application of this technique
in human tumors depends on the stability of the polysomal structure under Biobank storage conditions that usually
consists of ultra-low temperature. Since the effect of freezing on the stability of the polysomal structure in stored
tumor samples is not known, it is essential to evaluate this factor in the frozen samples, validating the use of biobank
samples in studies of translational efficiency.

Methods: Xenograft tumors were divided in two parts, half was subject to immediate processing, and half was frozen
for posterior analysis. Both parts were subject to polysomal separation, RNA extraction and identification through RNAseq.

Results: It was possible to successfully extract and identify total and polysomal RNA from both fresh and frozen tumoral
tissue. The quantification of the polysome profile indicated no difference in the translational efficiency estimated in fresh
versus frozen tissue. Gene expression data from the fresh versus frozen tissues were compared and the correlation
between the polysome associated fresh x frozen (R = 0,89) and total fresh x frozen (0,90) mRNAs was calculated. No
difference was identified between the two conditions.

Conclusions: We demonstrated that tissue freezing does not affect the polysomal structure, consequently validating the
viability of the use of biobank stored tissue for polysome associated RNA analysis.
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Background
Human biological material obtained through common
diagnostic procedures or surgery has become an import-
ant resource for biomedical research. In oncology, tumor
tissue samples represent a precious tool for both clinical
and experimental research. Tumor banks are facilities
that are organized to collect, store and distribute

samples of tumour and normal tissue for further use in
fundamental and translational cancer research [1, 2].
The A.C.Camargo Cancer Center biobank was esta-
bished in 1997, and is considered as a national reference
for stored tissue samples and isolated macromolecules.
It is known that gene expression is modulated at mul-

tiple levels and each layer dynamically contributes to the
final proteome [3]. In particular, mRNA-translation has
been suggested to modulate protein levels to a similar ex-
tent as transcription and thus it is considered a fundamen-
tal post-transcriptional mechanism affecting the proteome
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[4, 5]. In addition, mRNA translation can be selectively
modulated, thus changing the levels of specific subsets of
proteins [6, 7]. Thus, determining translation efficiencies
of individual mRNAs in human tumors may add another
layer of information that contributes to a more complete
understanding of tumorigenic pathways. To analyze the
RNAs actively engaged in translation, the population of
mRNAs associated to ribosomes, in a structure called
polysome, can be experimentally isolated and identified
through RNAseq or microarray technologies [8, 9]. How-
ever, the stability of the polysomal structure in the condi-
tions used to store samples (ultra-low temperature) in
Biobanks must be determined in order to allow for the
use of this technique in biobank samples. To our know-
ledge, the determination of polysome stability in tissues
has not been evaluated. Thus, in this work we analyzed
the polysomal stability in fresh and frozen xenograft
tumors, evaluating both translational rates and gene
expression profiles.

Methods
Cell culture
LN-229 cells (ATCC CRL-2611) were maintained in
DMEM High Glucose medium (Thermo) with 10% fetal
bovine serum (Thermo) in a humid incubator at 37 °C
and 5% CO2.

Injection of LN-229 cells into nude mice for tumor
formation
LN-229 cells (5 million cells/mice) were injected into
the flank of three nude mice. After 4 weeks, when the
tumors achieved 1cm3, the animals were euthanized and
the tumors were removed and divided in two: half was
lysed immediately and half was frozen in liquid nitrogen.
After 15 days of freezing, these other halves of the
tumors were lysed. This experiment was approved by
the Animal Ethics Committee (057/13).

Isolation of polysomes
Tissue lysis
Tissues were lysed with 20 mM Tris-HCl buffer pH 7.5
(Sigma), 100mM KCl (Sigma), 10mM MgCl 2 (Sigma), 1%
Triton X-100 (Sigma), 1mM DTT (Sigma), 100 μg/mL
cyclohexemide (Sigma) and protease inhibitor (Promega) in
Polytron, and centrifuged for 10,000 xg for 10min. A
fraction of the supernatant (50 μl) was separated for the
analysis of total RNA and the remaining was seeded into a
linear sucrose gradient.

Polysomal profile
The extract was fractionated in a linear gradient of 7–
47% sucrose prepared in 20 mM Tris-HCl pH 7.5
(Sigma), 100mM KCl (Sigma), 10mM MgCl 2 (Sigma), 1
mM DTT (Sigma) and centrifuged by 2,5 h at 187,813 xg

Fig. 1 Fresh and frozen xenograft tumors display similar polysome profilesFresh and frozen xenograft tumors display similar polysome profiles.
Fresh (b, d, f) and frozen (a, c, e) xenograft tumor extracts were separated on a 7–47% sucrose gradient and the absorbance was measured at
254 nm. The fractions corresponding to the polysomes were collected for further RNA extraction
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in an ultracentrifuge with the SW41Ti (Beckman Coulter)
rotor at 4 °C. The absorbance at 254 nm was detected in a
continuous stream and the fractions (1ml each) were
collected. To measure the translational efficiency we com-
pared the area under the curve from polysomal and 80s
peaks from each group, using ImageJ software. To com-
pare the groups we used One Way ANOVA test.

mRNA extraction
The RNA was extracted with Life Technologies TRIzol
reagent according to manufacturer’s instructions. To
purify the messenger RNA from the samples, the Qiagen
Oligotex™ kit was used, according to the protocol sug-
gested by the manufacturer. All the extracted RNAs had
RNA Integrity Number above 9 (Agilent Bioanalyzer).

RNAseq
For the sequencing, the Ion Personal Genome Machine
(PGM™) System was used. The construction of the
cDNA library follows the Ion Total RNA-Seq Kit v2
protocol. Briefly, RNA is mixed with spike-in internal
controls. RNAs are fragmented with RNAse III for 3 min,
and then purified. The RNAs were subjected to a reverse
transcriptase PCR for the construction of the cDNA
library, which is amplified. The fragments are annealed to
the specific beads of each kit by means of an emulsion
PCR.

Analysis
The raw reads were filtered for contaminants (18S, 28S,
45S, 5S, C_elegans, Ciona_intestinalis, E.coli, Phix, S_

cerevisiae, SalmonellaTyphi, Shigellaflexneri, Yersinia_pes-
tis, ALU, BACT1, BACT2, BACT3, BACT4, Virus) with
Fastq-Screen 0.5.2 [10]. The single-end reads were mapped
to the hg19 reference genome with TopHat v.2.0.2 [11],
gene expression and differential expression analyses were
done with Cuffdiff 2.2.1 [12]. For each comparison, the nor-
malized FPKM expression of each gene was plotted, under-
scoring the agreement between the groups at this level.

Results
To evaluate the effect of freezing on tumor samples,
glioblastoma cells (LN-229) were injected subcutane-
ously into 3 mice to obtain xenografted tumors. When
the tumors reached 1cm3 of volume, the animals were
euthanized and the tumors removed and divided into
two parts: half subjected to immediate extraction and
the other half frozen for 15 days before processing. Both
halves were subjected to polysomal separation (Fig. 1).
The translational efficiency of each sample was mea-

sured by the area below the 80S peak curve and the
polysome peak. It can be observed that the ratio between
the 80S and the polysomes peak remains constant
between fresh and frozen tissues (Fig. 2), suggesting no
dissociation of the polysomes.
To confirm that there is no alteration in gene expres-

sion levels in either total or polysome associated RNA
given by the low-temperature storage, we performed
RNAseq of total and polysome associated RNAs from
one set of paired samples of fresh and frozen. RNAseq
was successfully performed for all samples, with at least
5 million mappable reads per sample (Table 1). The

Fig. 2 Fresh and frozen xenograft tumors show equivalent translation ratesFresh and frozen xenograft tumors show equivalent translation rates.
The area under the 80S and polysome peaks was measured from fresh and frozen profiles. The peak area remained constant between fresh and
frozen tissue. No statistically significant differences (Kruskall-Wallis test)

Table 1 Sequencing results for total and polysomal, fresh and frozen samples

# of reads total fragments after screen filter filtered % mapped mapped %

Total fresh 9.664.395 6.389.255 33,89 5.364.338 83,96

Total frozen 18.776.432 14.213.322 24,30 12.784.196 89,95

Poly fresh 8.589.258 6.064.213 29,40 5.073.423 83,66

Poly frozen 29.057.797 17.194.539 40,83 15.479.920 90,03
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expression value of each mapped gene in fresh and fro-
zen samples was plotted and a correlation index was cal-
culated (Fig. 3). We observed a high concordance among
fresh and frozen samples (R > 0.89), for both total and
polysomal samples.
Together, our data indicate that storage in ultra-low

temperature does not affect the polysomal structures,
enabling the use of Biobank samples for the study of
translational regulation.

Discussion
The study of translational control is essential to uncover
dysregulation of several aspects involved in cancer devel-
opment. For example in colorectal cancer in vitro
models, more gene expression alterations are observed
in the translational level than in transcriptional
levels [13]. Also in in vitro models of epithelial-mesen-
chymal transition, a substantial amount of gene expres-
sion alterations were observed only at the translational
level [14]. In addition, cellular stress frequently found in
tumors, such as hypoxia, inhibits general translation
while induces translation of a subset of genes important
for stress response [15]. Thus, the determination of
translational rates and differentially translated RNA in
human samples has the potential to boost our know-
ledge of gene expression regulation in cancer.
However, the study of differentially translated genes

in human samples depends on sample availability. Bio-
bank storage is thus essential to improve sample collec-
tion, especially on rare tumors. Biobank storage is
already a reality in several hospitals and cancer centers
around the world, including the AC Camargo Cancer
Center. One possible limitation of the identification of
differentially translated genes, is the dependence of the
conservation of the polysome structure, which could be
affected by ultra-low temperature conservation. Fortu-
nately, our data demonstrated that the freezing of the
PDX tissues does not have an impact on translational
rates and affects the detection of only a very small

number of genes. Thus, we demonstrated the viability
of ultra-low freezing stored samples for polysomal ana-
lysis, suggesting that this analysis is viable in Biobank
stored tissues.

Conclusions
In this work we evaluated polysomal stability under
freezing, demonstrating no interference of this storage
method in translational rates or gene expression profiles
for total and polysome associated RNA. Our data thus
validate the use of Biobank stored samples for the study
of differentially translated RNA.
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