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Although expression of non-protein-coding RNA (ncRNA) can be
altered in human cancers, their functional relevance is unknown.
Ultraconserved regions are noncoding genomic segments that are
100% conserved across humans, mice, and rats. Conservation of
gene sequences across species may indicate an essential functional
role, and therefore we evaluated the expression of ultraconserved
RNAs (ucRNA) in hepatocellular cancer (HCC). The global expres-
sion of ucRNAs was analyzed with a custom microarray. Expression
was verified in cell lines by real-time PCR or in tissues by in situ
hybridization using tissue microarrays. Cellular ucRNA expression
was modulated with siRNAs, and the effects on global gene ex-
pression and growth of human and murine HCC cells were evalu-
ated. Fifty-six ucRNAs were aberrantly expressed in HepG2 cells
compared with nonmalignant hepatocytes. Among these ucRNAs,
the greatest change was noted for ultraconserved element 338
(uc.338), which was dramatically increased in human HCC com-
pared with noncancerous adjacent tissues. Although uc.338 is
partially located within the poly(rC) binding protein 2 (PCBP2)
gene, the transcribed ncRNA encoding uc.338 is expressed inde-
pendently of PCBP2 and was cloned as a 590-bp RNA gene, termed
TUC338. Functional gene annotation analysis indicated predomi-
nant effects on genes involved in cell growth. These effects were
experimentally demonstrated in both human and murine cells.
siRNA to TUC338 decreased both anchorage-dependent and an-
chorage-independent growth of HCC cells. These studies identify
a critical role for TUC338 in regulation of transformed cell growth
and of transcribed ultraconserved ncRNA as a unique class of
genes involved in the pathobiology of HCC.

liver cancer | hepatocarcinoma | exaptation | transposon

H epatocellular carcinogenesis involves a complex interaction
of genes resulting in variable modulation of key pathways
involved in tumor cell growth. By using molecular techniques
for global genomic profiling, the transcriptome in hepatocellular
cancers (HCCs) has been described, and several genes that are
differentially activated have been identified. The major focus of
attention in these efforts has been on the characterization of ex-
pression of protein-coding genes and their use for determining
clinical outcomes (1-9). However, the majority of the human ge-
nome consists of non—protein-coding RNA (ncRNA). Increasing
evidence points to an important functional or regulatory role of
ncRNA in cellular processes as well as a contribution of aberrant
ncRNA expression to disease phenotypes.

Along with the highly abundant transfer and ribosomal RNAs,
ncRNAs include microRNAs that modulate mRNA expression,
small nucleolar RNAs that guide chemical modification of RNA
molecules, siRNAs that account for the interference pathway,
Piwi-RNAs that are linked to transcriptional gene silencing of
retrotransposons, and long ncRNAs, whose role is still unknown
(10, 11). The role played by the ncRNA genome in malignant
transformation and tumor growth in HCC is being increasingly
recognized. We and others have recently provided data from
profiling studies in which several microRNAs were identified and
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shown to be involved in the modulation of cell proliferation and
apoptosis (12-15). Recent studies revealing the presence of
several hundred long transcribed ncRNAs raise the possibility
that many ncRNAs contributing to cancer remain to be discov-
ered (16). Other than microRNAs, however, only a handful of
ncRNAs have been implicated in hepatocarcinogenesis (17-20).
For the most part, the function of these ncRNAs is unknown.
Sequence conservation across species has been postulated to in-
dicate that a given ncRNA may have a cellular function (21, 22).
A genome-wide survey identified several hundred ncRNAs with
a size >200 bp that showed a remarkable conservation with 100%
identity across the human, mouse, and rat genomes (23). These
highly conserved ncRNAs have been named ultraconserved ele-
ments and are conserved across many other species as well, with
99% of these RNAs showing high levels of conservation within
the dog, 97% within the chicken, and 67% within the fugu
genomes. Their wide distribution in the genome and lack of
natural variation in the human population suggested that these
ultraconserved regions have a biological function that is essential
for normal cells (24, 25).

Recent genome-wide expression profiling studies showed that
transcribed ultraconserved RNAs (ucRNAs) exhibit distinct
profiles in various human cancers (26, 27). Aberrant expression
of specific ucCRNA has been linked with leukemia and several
solid tumors. The ultraconserved element 73 (uc.73), for exam-
ple, modulates apoptosis and cell proliferation in colorectal
cancer cells (26). A correlation of some ucRNA with clinical
prognostic factors, such as Myc amplification, has been reported
in neuroblastoma (28). Although rare, single-nucleotide poly-
morphisms in ultraconserved regions have been reported in
familial breast cancer, chronic lymphocytic leukemia, and co-
lorectal cancer (29, 30). The functional role of ucRNAs in hu-
man cancer behavior and development is unknown, and our aims
were to evaluate their expression and potential involvement in
growth regulation in human HCC.

Results and Discussion

Aberrant Expression of Selected ucRNAs in Malignant Hepatocytes.
Genome-wide expression profiling identified 56 ucRNAs, rep-
resenting 11% of all ucRNAs analyzed, that were aberrantly and
significantly (P < 0.05) expressed in malignant HepG2 cells
compared with nonmalignant human hepatocytes (Fig. 14). Of
these, 33 were increased by 1.3- to 6.9-fold, whereas 23 were
decreased by 0.8- to 0.3-fold in malignant hepatocytes. Exonic
ucRNAs were not selectively enriched in malignant cells, and the
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Fig. 1. ucRNAs are aberrantly expressed in malignant hepatocytes. (A)

Genome-wide expression profiling was performed in HepG2 malignant cells
and normal human hepatocytes (HH). Fifty-six ucRNAs were aberrantly ex-
pressed in malignant hepatocytes with P < 0.05, with 12 ucRNAs increased
and 7 decreased by greater than twofold. The ratio of expression of these
ucRNAs in malignant cells relative to nonmalignant cells is plotted against the
P value. Selected ucRNAs with a greater than threefold change in expression
are annotated. (B) The genomic locations of the ucRNA as exonic, nonexonic,
or possibly exonic relative to protein-coding genes is depicted for all ucRNAs
and for the group of ucRNAs that are aberrantly expressed in malignant
hepatocytes. Selective enrichment of a specific group of ucRNA based on
their genomic relationship to known protein-coding genes was not observed.

proportion of exonic regions in aberrantly expressed ucRNA
(29% exonic, 42% nonexonic) was similar to those of all ultra-
conserved regions (Fig. 1B). The greatest change was noted for
ultraconserved element 338 (uc.338), which was increased in
expression by 6.9 + 0.9-fold (P = 0.001), and we thus focused our
attention on this ucRNA.

uc.338 Is Increased in Expression in HCC Cell Lines. By real-time PCR,
a striking increase in uc.338 expression by 2.2- to 5.1-fold was
observed in several HCC cell lines compared with nonmalignant
human hepatocytes (Fig. 2). We next determined uc.338 expres-
sion in a panel of human cancer cell lines, including biliary,
pancreatic, colorectal, prostatic, and breast cancers. In most cells,
the expression of uc.338 was reduced or comparable to the expres-
sion in normal hepatocytes. Interestingly, all cholangiocarcinoma
cells showed very low levels of uc.338 expression, suggesting that
uc.338 may differentiate between primary liver cancers arising from
different liver epithelia. Thus, uc.338 is increased in HCC cells and
might be a promising marker for HCC.

uc.338 Expression Is Increased in Human HCC Tissues. We next
studied uc.338 expression in HCC tissues with in situ hybridiza-
tion. We analyzed 221 HCC samples in two tissue microarrays.
The arrays also included 169 cases of adjacent noncancerous
liver tissue, with cirrhosis present in 97 cases. uc.338 expression
was classified based on the percentage of cells with detectable
expression as follows: negative (<5%), weak (5-19%), moderate
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Fig. 3. uc.338 is overexpressed in human HCC tissues. uc.338 expression was
evaluated in a total of 221 HCCs, 72 cases of noncirrhotic liver tissues, and 97
cases of cirrhotic adjacent liver tissues. Paraffin-embedded, formalin-fixed
liver tissues were incubated with LNA-anti-uc.338. (A) uc.338 expression was
classified as negative, weak, moderate, or strong based on the percentage of
cells with detectable staining for uc.338. The proportion of cases of HCC,
cirrhotic liver, or noncirrhotic liver within each class is depicted in the col-
umns. (B) The mean and 95% confidence intervals of uc.338 expression in
noncirrhotic liver, cirrhotic liver, and HCC tissues is shown. *P < 0.05. (C)
uc.338 expression was compared between 156 HCCs and their corresponding
adjacent liver tissues. Picture of representative cases are shown. (D) An ex-
pression score was derived as the ratio of the difference in expression be-
tween HCC and adjacent liver tissues to the SD of uc338 in all tissues and
plotted with the size of the bubble representing the number of cases.

(20-49%), or strong (>50%) (Fig. S1). uc.338 expression was
detected in 170 cases (77%), with a moderate to strong expres-
sion in 62% of these cases (Fig. 34). The mean uc.338 expression
was 4.0 + 1.5% in noncirrhotic liver, 15.0 + 4.5% in cirrhotic
liver, and 24.0 + 5.7% in HCC tissues (Fig. 3B). Adequate paired
tumoral and adjacent nontumoral tissue for analysis was avail-
able from 156 cases. Of these, uc.338 expression was increased in
62%, was unchanged in 24%, or was decreased in 14% of HCC
compared with adjacent tissues (Fig. 3C). Consistent increases in
uc.338 expression (score > 2.0) were noted with HCC although
a reduction in uc.338 expression (score < —2.0) occurred spo-
radically (Fig. 3D). Within tumor cells, uc.338 expression was
predominantly nuclear (Fig. 44). Similarly, the nuclear/cyto-
plasmic ratio of uc.338 expression in HepG2 and Huh-7 cells was
17 and 27, respectively (Fig. 4B).

uc.338 Expression Is Regulated Independently of the Poly(rC) Binding

Protein 2 (PCBP2) Gene. uc.338 consists of 223 nt that are highly
conserved throughout the species. In humans, the uc.338 ultra-
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Fig. 2. uc.338 is overexpressed in HCC cells lines. RNA
was extracted from different cell lines and uc.338 ex-
pression evaluated by quantitative real-time-PCR. The
expression of uc.338 was normalized to that of RNU6.
Bars represent the mean and SEM of four samples.
uc.338 expression was increased in all HCC cell lines
compared with normal human hepatocytes (HH). *P <
0.05 relative to human hepatocytes. Nonmalignant
epithelial cells (hatched bars): HE, hepatocytes; BE,
biliary epithelia; PE, prostatic epithelia. Malignant
cells (solid bars): CCA, cholangiocarcinoma; PaC, pan-
creatic cancer; CRC, colorectal cancer; PC, prostate
cancer; BC, breast cancer.
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Fig. 4. Nuclear expression of uc.338 in HCC cells. (A) Paraffin-embedded,
formalin-fixed liver tissues were incubated with LNA-anti-uc.338. uc.338 was
frequently detected in nuclei of HCC in situ. (B) RNA was extracted from the
nuclear and the cytoplasmic fraction of liver cells and uc.338 expression eval-
uated by real-time-PCR. Bars represent the mean and SEM of relative expres-
sion of uc.338 from two experiments performed in four replicates. *P < 0.05.

conserved region is located partly within the exon of the PCBP2
gene on chromosome 12 (Fig. 54). To evaluate the potential
interrelationships between PCBP2 and uc.338 transcription, we
first examined the expression of PCBP2 by real-time PCR in
normal and HCC cell lines. The primers used spanned a genomic
region in exons 10-13 of PCBP2 that was distant from that of
uc.338 (Fig. 54). PCBP2 expression was not increased in any of
the HCC cell lines, with the exception of Huh-7 cells, and PCBP2
expression did not correlate with that of uc.338 in all samples
tested (Fig. 5B). Furthermore, uc.338 expression was unchanged
in HepG2 cells transfected with siRNA against PCBP2 despite
an 85% reduction in PCBP2 mRNA expression (Fig. 5C). We
next evaluated the effect of uc.338 on PCBP2 expression in
HepG2 and Huh-7 cells but did not observe any effect of redu-
ction in uc.338 expression on PCBP2 mRNA expression (Fig.
5D). These observations confirm that uc.338 is not expressed as
part of the PCBP2 gene.

Identification of the Transcript Encoding uc.338. Having shown that
uc.338 is transcribed independently of PCBP2, we proceeded to
clone the transcript encoding this ultraconserved element. Rapid
amplification of cDNA ends (RACE) was performed to charac-
terize the 5’ end and the 3’ end of this transcript, which we termed
TUC338. HepG2 RNA was retrotranscribed with the SMAR-
TerScribe RT that exhibits terminal transferase activity upon
reaching the end of an RNA template and adds residues to the
first-strand cDNA. The SMARTer oligo contains a terminal
stretch of modified bases that anneal to the extended cDNA tail,
allowing the oligo to serve as a template for the RT. Thus,
a complete cDNA copy of the original RNA with an additional
SMARTer sequence at the end is generated. To study TUC338,
we used intronic primers that would not recognize the PCBP2
coding sequence (Fig. S2). No products were produced with the
antisense intronic (ASI) primer, suggesting that TUC338 is not
encoded in antisense. Conversely, a few bands were produced
after amplification with sense intronic (SI) primer, with the larger
bands being ~500 nt. A nested PCR with the nested sense intronic
(nSI) primer produced a single defined band of ~500 nt that was
further sequenced, leading to the characterization of the 5" end of
TUC338. As control, we used the sense exonic (SE) primer that
produced a >800-nt band by recognizing coding sequence PCBP2
(Fig. S3). These findings further showed that the TUC338 tran-
script is different from the PCBP2 transcript and characterized
the 5" end of TUC338. The 3’ RACE studies identified 130 nt at
the 3’ end downstream of the ultraconserved sequence identified
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Fig. 5. uc.338 and PCBP2 are independently regulated. (A) Schematic rep-
resentation of the partial exonic location of uc.338 within the PCBP2 gene.
The exons of PCBP2 are indicated by dark gray boxes, and uc.338 is depicted
as the light gray box. The location of the uc.338 forward (F) and reverse (R)
primers used for real-time-PCR and probe used for in situ hybridization are
shown. With the exception of the forward primer, these primers are located
within the PCBP2 intronic region. Of the siRNAs targeting uc.338, siRNA-1 is
entirely intronic, whereas siRNA-2 overlaps a few nucleotides of the coding
sequence of PCBP2. F' and R’ indicate primers used for detection of PCBP2.
(B) Expression of uc.338 is plotted against PCBP2 mRNA expression in sam-
ples of normal and HCC cell lines. There is no linear correlation between
uc.338 and PCBP2 gene expression (P = 0.08). (C) HepG2 cells were trans-
fected with siRNA against PCBP2 or siRNA control. Bars represent the mean
of two independent experiments performed in four replicates. *P < 0.05
compared with control siRNA. (D) The expression of uc.338 was decreased in
HepG2 and Huh-7 cells by using two different siRNAs against uc.338. After
48 h, RNA was collected and uc.338 and PCBP2 expression were evaluated by
real-time PCR. Bars represent the mean and SEM of two experiments per-
formed in four replicates. *P < 0.05 relative to siRNA control. These data
indicate that uc.338 does not regulate the expression of PCBP2 and that the
expression of uc.338 is independent of PCBP2.

by Bejerano et al. (23) (Fig. S4). In conclusion, the uc.338 ultra-
conserved element is part of a 590-nt-long transcript, TUC388,
that is transcribed independently on PCBP2 (Fig. 6).

Functional Expression Analysis of TUC338-Regulated Genes. To gain
insight into the functional role of TUC338, we performed gene
annotation enrichment analysis of genome-wide mRNAs that
were changed in expression after TUC338 inhibition using siRNA.
Functional annotation analysis identified the top four significantly
overrepresented cellular process gene classifications (and number
of genes) as transcription (569), cell cycle (248), ubiquitin cycle
(225), and cell division (115), whereas the top four overrepresented
molecular function classifications were ligase activity (159), protein
binding (1,810), nucleotide binding (774), and ATP binding (638).
The top four significantly overrepresented GenMAPP pathway
gene classifications were cell cycle/KEGG (56), mRNA processing
reactome (63), RNA transcription reactome (28), and G1 to S cell-
cycle reactome (41). These data suggested that TUC338 could
modulate cellular processes involved in cell growth.

TUC338 Modulates Cell Growth in Human Hepatocytes. We assessed
anchorage-dependent cell growth after transfection with either
siRNA to TUC338 or scrambled nucleotide control siRNA.
Compared with control siRNA, siRNA-1 and siRNA-2 reduced
cell proliferation in HepG2 as well as in Huh-7 cells (Fig. 74).
Compared with controls, there was a reduction of cells in S phase
(P <0.0001) in cells transfected with siRNA to TUC338 (Fig. 7B).
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Fig. 6. Cloning of the transcript including uc.338. (A) Schematic represen-
tation of the transcript including uc.338 (TUC338) in relation to PCBP2 gene.
By performing 5’ and 3’ RACE, we identified 237 nt upstream and 130 nt
downstream of the ultraconserved region that was reported by Bejerano
et al. (23). The complete sequence of the TUC338 transcript is reported. (B)
Northern blotting analysis for TUC338 and PCBP2 was performed as de-
scribed in Materials and Methods. TUC338 was expected to be 590 nt long,
and PCBP2 was ~1,200 nt long.

Cancer is characterized by the acquisition of cellular traits that
enhance cell growth under adverse microenvironmental con-
ditions. Therefore, we examined anchorage-independent growth
by examining growth in soft agar assays. Compared with controls,
siRNA to TUC338 reduced soft agar growth of HepG2 cells by
40.0 + 2.0% (Fig. 7C).

TUC338 Modulates Cell Growth in Mouse Hepatocytes. The sequence
conservation of ucRNAs across diverse species suggests that
these RNAs may participate in essential roles that may be similar
across species. To examine cross-species similarities in the effects
of TUC338, we studied the effect of this gene in modulating
transformed cell growth in murine cells. First, we examined the
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effect of cell transformation on TUC338 expression in BNL-
CL.2 embryonic mouse hepatocytes. Compared with parental
BNL-CL.2 cells, the expression of TUC338 was increased by 2.1-
fold in BNL-SVA.8 cells, which are derived from BNL-CL.2 by
SV40 transformation (Fig. 84). BNL-SVA.8 cells have increased
anchorage-dependent and anchorage-independent growth in soft
agar compared with BNL-CL.2 cells (Fig. 8 B and C). Knock-
down of TUC338 in BNL-SVA.8 cells with siRNA caused
a dramatic reduction in cell proliferation. At 72 h, cell pro-
liferation was reduced by 65.0 + 2.0% (P = 0.0001) in BNL-
SVA.8 cells transfected with siRNA to TUC338 compared with
control siRNA (Fig. 8D). These data, indicating a relationship
among TUC338 expression, cell transformation, and cell growth
in mouse hepatocytes, are similar to those observed in humans.

TUC338 Modulates Progression Through the Cell Cycle. The func-
tional genomic expression analysis showed enrichment in genes
involved in cell-cycle progression from phase G1 to phase S in
response to inhibition of TUC338. Moreover, inhibition of
TUC338 in HCC reduced the number of cells in S phase (Fig. 7).
Thus, we assessed the effect of TUC338 inhibition on expression
of several proteins involved in the G1/S checkpoint in HepG2 and
Huh?7 cells. S-phase progression can be modulated by CDK4/6-
cyclin D1 mechanisms, and alterations in cyclin D are prominent
in HCC. After inhibition of TUC338, we observed an increase in
expression of the tumor suppressor p16INK4a and an associated
reduction of CDK4, CDK®6, and cyclin D1 (Fig. 9). Indeed, altered
expression of these cell-cycle regulatory proteins is associated with
HCC growth (31-33). Although S-phase progression can also be
modulated by CDK2/cyclin E, effects on cell growth after in-
hibition of TUC338 were noted in Huh7 cells, which do not ex-
press p21 and cyclin E (34-36), making it unlikely that the effects
of TUC338 on cell-cycle progression involved these proteins.

Conclusions

We hope that this demonstration of a functional role of ucRNAs
in epithelial cell growth modulation will stimulate exploration of
similar roles and functions of other ncRNA transcripts that are
being reported in increasing numbers from the FANTOM studies
and other sequencing and bioinformatic genomic analyses (37).
Although transcribed ucRNAs were described several years ago,
and sequence conservation across species is highly suggestive of
functional roles, elucidation of the potential physiological roles of
these ncRNAs has remained elusive. Much of the attention in the
field has focused on the evolutionary significance (38, 39). Recent

* Fig. 7. TUC338 modulates cell growth in HCC cells. (A) HepG2
and Huh-7 cells were transfected with siRNAs against TUC338
or control siRNA for 48 h and then plated. After 24, 48, and
72 h, cells were counted by trypan blue staining. Mean values
of three independent experiments with SEM are represented.
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distribution was performed by flow cytometry. Compared
with controls, there was a reduction of 30% in S phase and of
12% in G2/M phase for cells transfected with siRNA against
TUC338. Bars represent the mean and SEM of three experi-
ments. *P < 0.05 compared with controls. (C) HepG2 cells were
transfected with siRNA anti-TUC338 or control siRNA by nu-
clear transfection for 48 h and then plated in agar in 96-well
plates. Anchorage-independent growth was assessed fluoro-
metrically after 7 d. Bars represent the mean and SEM of two
experiments performed in seven replicates. *P < 0.05.
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studies have identified the involvement of these ucRNAs and
other ncRNAs in human cancers (26). We have extended these
studies to identify aberrantly expressed ucRNAs in HCC as an
initial step to examine and understand their cellular role in he-
patic neoplasia. Our data indicate an important contribution of
ucRNAs to tumor cell growth in hepatic epithelia and implicate
these RNAs as a previously uncharacterized group of genes that
are involved in liver cancers.

Our studies identified a ncRNA transcript, TUC338, that in-
corporates the highly ultraconserved region designated as uc.338.
The sequence of TUC338 overlaps with that of PCBP2, an RNA
binding protein involved in mRNA processing in humans (40-42).
Interestingly, exonic ultraconserved regions are frequently asso-
ciated with RNA processing, such as RNA binding or RNA
splicing, suggesting a potential role as regulators of RNA. Despite
the exonic location of TUC338 within PCBP2, these two genes are
independently expressed. We speculate that TUC338 functions as
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Fig. 9. TUC338 expression modulates expression of cell-cycle regulatory
proteins. HepG2 and Huh7 cells were serum-starved for 48 h before trans-
fection with either control siRNA or anti-TUC338 siRNA. Cells were collected
48 h after transfection, and protein lysates were obtained. Lysates were also
obtained from untransfected cells and normal human hepatocytes (HH).
Western blotting was performed for the indicated cell-cycle-associated
proteins, and their expression was quantitated by densitometry and nor-
malized to that of vinculin. The expression relative to cells transfected with
a control siRNA is reported along with representative immunoblots. PCNA,
proliferating cell nuclear antigen.

790 | www.pnas.org/cgi/doi/10.1073/pnas.1011098108

a component of a self-regulating gene network that participates in
development or in the fine-tuning of regulation of expression of
several genes or proteins. The nuclear localization of TUC338 is
consistent with such a role as a modulator of gene expression.
Based on our findings showing a role for TUC338 in human
cancer, further investigation into the potential roles of TUC338
and effects on hepatic gene expression are clearly warranted.

The reason for the extremely high conservation of uc.338 across
species as divergent as rat, mouse, human, dog, and fugu remains
enigmatic. uc.338 shows 80% similarity to a short repeat within
the Sarcopterygii, which is also present in the “living fossil” coe-
lacanth, showing a remarkably ancient conservation of this ge-
netic element (23). Mobile elements, or transposons, drive
genome evolution, and at least 50% of our genome originates
from characterized transposon-derived DNA (23, 24). Thus,
uc.338 may have originated as a result of exaptation, in which an
evolutionarily ancient transposable element became fixed within
the genome, in this case, within the TUC338 ncRNA. The extent
to which ultraconserved regions or exapted repeats contribute to
cancer pathogenesis remains unknown. Our findings suggest that,
at least in the case of uc.338, exaptation can mediate a cellular
role important in cancer cell behavior. It is tempting to speculate
that exaptation of the uc.338 ultraconserved element resulted in
acquiring a function that served the host that may be unrelated to
tumorigenesis but that the enhanced expression of uc.338 after
cell transformation promotes cell growth. Further investigation
into the potential role of exapted genes and transposons in the
pathogenesis of human HCC and in other diseases is clearly
warranted. The discrepancy in expression of TUC338 between
normal and malignant hepatocytes and cholangiocytes, the two
major hepatic epithelial cell types, is noteworthy. These differ-
ences indicate tissue specificity in TUC338 expression within the
same organ. These differences suggest that functional effects of
TUC338 may be specific to hepatocytes, thereby increasing the
attractiveness of exploring TUC338-mediated cellular growth
regulatory pathways as therapeutic targets to modulate HCC
growth. In conclusion, our studies showing the aberrant expres-
sion of TUC338 in transformed hepatocytes and its functional
role in modulating growth may form the basis for further in-
vestigation of this previously uncharacterized ncRNA as a thera-
peutic target for selected HCC.

Materials and Methods

Additional materials and methods are available in S/ Materials and Methods.

ucRNA Expression Profiling. RNA was extracted from three separate biological
samples for each analysis by using TRIzol reagent (Invitrogen). Total RNA (5 pg)
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was reverse-transcribed with biotin end-labeled random oligonucleotide pri-
mers, and cDNA was hybridized to a custom microarray (OSU-CCC 4.0), which
includes sense and antisense probes to all 481 human ultraconserved se-
quences reported by Bejerano et al. (23), each spotted in duplicate. Biotin-
containing transcripts were detected with streptavidin-Alexa647 conjugate
and scanned and analyzed by using an Axon 4000B scanner and GenePix 6.0
software (Axon Instruments). The mean fluorescence intensity of replicate spots
were subtracted from background and normalized by using the global median
method. We selected ucRNAs measured as present in all of the three samples.
Differentially expressed ucRNAs were identified by using the Class Comparison
Analysis of BRB tools version 3.6.0 (http:/linus.nci.nih.gov/BRB-ArrayTools.
html). The criterion for inclusion of a gene in the gene list was P < 0.05.

In Situ RNA Hybridization. A locked nucleic acid (LNA) probe with comple-
mentarity to a 22-bp section of uc.338 identical to that used for Northern blot
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analysis was labeled with 5'-digoxigenin and synthesized by Exiqon. Tissue
sections on the tissue microarray were digested with 2 mg/mL pepsin and in
situ hybridization performed as described (43). Negative controls included
omission of the probe and the use of a scrambled LNA probe. Each sample
was classified by two independent reviewers based on the percentage of
cells with detectable uc.338 expression as follows: negative (<5%), weak (5-
19%), moderate (20-49%), or strong (>50%). An expression score was de-
rived as the difference in percentage of cells that expressed uc.338 in HCC
and in the corresponding adjacent liver divided by the SD of the percentage
of uc.338 expression across all samples analyzed.
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