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Abstract: Increasing evidence indicates that long non-coding RNAs (IncRNAs) can act as crucial regulators of tumor
progression. In the present study, UXT-AS1 was found to be significantly upregulated in colorectal cancer (CRC) and
high expression levels of UXT-AS1 were significantly associated with poor prognosis in CRC patients. In addition,
upregulation of UXT-AS1 resulted in inhibition of cell apoptosis and the promotion of cell proliferation. Moreover, by
regulating the alternative splicing of UXT, upregulation of UXT-AS1 decreased the UXT1 transcript which promoted
cell apoptosis and increased the UXT2 transcript which promoted cell proliferation. Thus, aberrant high expression
of UXT-AS1 can promote CRC progression by changing the alternative splicing of UXT from the UXT1 transcript to the
UXT2 transcript. In conclusion, our findings suggest that the regulation of CRC progression is by UXT-AS1-induced
alternative splicing of UXT, and the expression level of UXT-AS1 may be a potential prognostic biomarker and therapy

target in CRC patients.
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Introduction

Colorectal cancer (CRC) is a common disease
worldwide, and has one of the highest morbidi-
ty and mortality rates of all cancers [1]. As more
and more people pursue an unhealthy diet and
lifestyle, which are regarded as risk factors, the
occurrence of CRC has increased and the mor-
bidity and mortality rates have increased rap-
idly each year [2]. The primary tumor is unlikely
to kill, but tumor progression and metastasis
result in mortality [3]. In CRC, over 90% of
patients fail treatment and mortality is due to
tumor progression and metastatic spread.
However, the mechanisms underlying progres-
sion of CRC are still poorly understood [4-6].

Recently, it was found that long non-coding
RNAs (IncRNAs) play important roles in cancer
and help to understand the mechanism of
tumor progression, although research on Inc-
RNAs is still in the exploratory stage [7, 8].
LncRNA, which is a non-coding RNA of more
than 200 nucleotides in length, has been found
to play important roles in cell proliferation, cell
differentiation and in the regulation of other

biological functions, and dysregulation of Inc-
RNAs are associated with many human diseas-
es including cancer [9, 10]. According to recent
research, IncRNAs can affect the development
of cancer as oncogenes or tumor suppressor
genes depend on their regulatory functions [11,
12]. In cancer, the abnormal structure and
expression of IncRNAs, such as mutation, copy
number variation, and expression dysregulation
can result in disorder of cell function which pro-
motes tumor progression and leads to metasta-
sis [13-15].

In the present study, using RNA microarray chip
analysis, we found that the expression of UXT-
AS1 was upregulated in CRC tissues compared
with paracarcinoma tissues. High expression of
UXT-AS1 in CRC tissues was significantly asso-
ciated with advanced tumor stage. Moreover, in
CRC cells, upregulation of UXT-AS1 resulted in
inhibition of cell apoptosis and promotion of cell
proliferation. In addition, in CRC tissues, the
correlation between UXT-AS1 and UXT1 expres-
sion was strongly negative but the correlation
between UXT-AS1 and UXT2 expression was
strongly positive, suggesting that upregulation
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of UXT-AS1 changed the alternative splicing of
UXT from one transcript UXT1 to another tran-
script UXT2. Consequently, downregulation of
UXT1 and upregulation of UXT2, which were
induced by aberrant high expression of UXT-
AS1, resulted in progression of CRC. These find-
ings demonstrated that UXT-AS1-induced alter-
native splicing of UXT was involved in the
regulation of tumor progression, and UXT-AS1
is a potential biomarker and target for the prog-
nosis and therapy of CRC.

Materials and methods
Cell lines and cell culture

A normal human colonic epithelial cell line,
CCD841CoN, and human colonic carcinoma
cell lines HT29, HCT116 and SW480 were cul-
tured in RPMI 1640 medium supplemented
with 10% fetal bovine serum at 37°C in a
humidified atmosphere with 5% CO,,.

Tissue sample collection

Thirty-seven samples of CRC tissue were ob-
tained during surgery or biopsy from the Cancer
Center of Guangzhou Medical University
(Guangzhou, China) with informed consent and
Institutional Review Board (IRB) permission.
The following criteria were met: patients with
primary CRC; a histological diagnosis of CRC
with at least one measurable lesion; a TNM
clinical stage of | to IV. Fresh CRC tissues were
immediately snap-frozen and stored in liquid
nitrogen until use. All clinical and biological
data were available for these samples.

All patients provided written informed consent.
This study was approved by the ethics commit-
tee of Cancer Center of Guangzhou Medical
University (Approval no. (2014) 59).

RNA extraction and RT-PCR

Total RNA was extracted by Trizol (Invitrogen,
USA) and used for cDNA synthesis according to
the manufacturer’s instructions. cDNA was th-
en used for quantitative real-time RT-PCR (re-
verse transcription polymerase chain reaction)
using the SYBR Green Real-time PCR Master
Mix Kit (Toyobo, Japan) on an ABI ViiATM7Dx
Real-Time PCR System (Life Technologies,
USA). The expression level of mRNA was nor-
malized using GAPDH.
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The mRNA RT-PCR primers were designed as
follows:

UXT-AS1: Forward 5-CCAGCAAGAATGGGCCTT-
TG-3’; Reverse 5-AGGGCTTAACTTGCTTGGG-
T-3". UXT1: Forward 5-TGAACTGTGTGTGAGG-
CCAA-3’; Reverse 5-TAGCTTCCTGGAGTCGCT-
CA-3’. UXT2: Forward 5-CGGCCTGAGGAGCC-
CAT-3"; Reverse 5-TGTTGCTGAGCTCTGTGAG-
G-3. GAPDH: Forward 5-AGAAGGCTGGGGCT-
CATTTG-3’; Reverse 5-AGGGGCCATCCACAGT-
CTTC-3..

Western blotting

Total proteins were extracted from the cells and
loaded onto 15% SDS-PAGE for analysis. The
primary antibody was rabbit polyclonal anti-
UXT1 or anti-UXT2 (Cell Signaling USA, 1:1000
dilution). The secondary antibody was goat-
anti-rabbit 1gG conjugated with HRP (horserad-
ish peroxidase) (1:1000 dilution). The bound
antibodies were detected using the ECL Plus
Western Blotting Detection system (GE Heal-
thcare). B-actin was used as an internal
control.

Construction and transfection of expression
plasmids and siRNAs

The expression plasmids of UXT-AS1, UXT1 and
UXT2 (pCDNA-UXTAS1, pCDNA-UXT1 and pCD-
NA-UXT2) were constructed by inserting cDNA
into the pCDNA3.1 plasmid. The siRNA of UXT-
AS1 (si-UXTAS1) was purchased from company.
According to the manufacturer’s protocol, 50
ng plasmids or 100 nM siRNAs were transfect-
ed into cells using Lipofectamine Transfection
Reagent (Invitrogen).

Cell growth assay

The cell proliferation assay was performed as
follows: 48 hours after the transfection of plas-
mids and siRNAs, the medium was removed
and 90 pL of medium plus 10 uL CCK-8 solu-
tion were added to each well of the plate. The
plates were then incubated for 3-6 hours in an
incubator. The absorbance at 450 nm wave-
length was measured using an automated
reader (Tecan, Switzerland).

Cell apoptosis assay

Cell apoptosis was detected using the Annexin
V-FITC apoptosis detection kit (BD, USA). Forty-
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Figure 1. UXT-AS1 was upregulated in CRC. A. Clustering of IncRNAs in five pairs of CRC samples (carcinoma tis-
sues: C and paracarcinoma tissues: NC). The vertical axis corresponds to the expression difference in IncRNAs. The
expression levels of INcCRNAs are depicted by color variation from red (high expression) to green (low expression)
according to the color bar scale. B. Upregulation of UXT-AS1 in microarray experiments was validated by RT-PCR
analysis. C. The expression level of UXT-AS1 in one normal colonic epithelial cell line CCD841CoN and three human
colonic carcinoma cell lines HT29, HCT116 and SW480. (n = 3, *P < 0.05).

Table 1. Patient characteristics

Clinicopathological factors

Total
N 37
Gender, n (%)
Male 20 (54.1%)
Female 17 (45.9%)
Age, years (range)
Mean 57.9 (34-78)
TNM Clinical stage, n (%)
| 7 (18.9%)
Il 10 (27.1%)
1 11 (29.7%)
% 9 (24.3%)

eight hours after the transfection of plasmids
and siRNAs, the cells were collected and fixed
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in 70% ethanol overnight at 4°C. Subsequently,
single-cell suspensions were labeled with
Annexin V-FITC and propidium iodide and ana-
lyzed using flow cytometry. The cell apoptosis
ratio was analyzed using FlowJo software.

Colony formation assay

The colony formation assay was performed as
follows: 24 hours after transfection of plasmids
and siRNAs, the cells were trypsinized and plat-
ed for clonogenic survival (1000 cells per well
in six-well plates). After 7 days of colony forma-
tion, the cells were stained with Giemsa and
counted using ImagelJ software.

Statistical analysis

All values are expressed as the mean * stan-
dard deviation (SD) of at least three separate
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Figure 2. The expression level of UXT-AS1 in 37 CRC tissues. RT-PCR analysis of
UXT-AS1 in carcinoma tissues (C) and paracarcinoma tissues (NC). The positions of
overexpression are drawn as a solid line. The small picture shows scatter plots of
the expression levels of UXT-AS1 in C and NC tissues. (**P < 0.01).

Table 2. Correlation between the expression of UXT-AS1 and the clinico-

pathological features of CRC patients

noma tissues: NC). Acc-
ording to the results of
chip analysis, 496 Inc-
RNAs showed statisti-
cal differences in the
expression of UXT-AS1
between C tissues and
NC tissues (fold change
>2or<0.5; P<0.001)
(Figure 41A). Interesti-
ngly, of the significantly
changed IncRNAs, the
expression of UXT-AS1
was upregulated in C
tissues compared with
NC tissues (fold change
= 2.236; P < 0.001).
Using RT-PCR, we mea-
sured the expression
level of UXT-AS1 in the

Expression of UXT-AS1*

five pairs of CRC sam-

Clinicopathological factors ~ Downregulation Upregulation value P value ples, one normal colo-
(n=12) (n=25) nic epithelial cell line
Gender Male 6 14 0.729 0.119 CCD841CoN, and three
Female 6 11 human colonic carcino-
Age (years) <60 8 14 0.538  0.378 ma cell lines HT29, HCT-
> 60 4 11 116 and SW480. Com-
TNM Clinical stage I/l 10 7 0.001 10.012 pared with NC tissues
/v 5 18 and CCD84'1CoN cells,
Tumor size (cm) <3 9 4 <0.001 12.362 the expression of UTX-
AS1 was upregulated in

>3 3 21 . .
) C tissues and in HT29,
Invasion depth T1/T2 4 4 0.229 1.448 HCT116, and SW480
T3/T4 8 21 cells (Figure 1B and
Lymph node 0 10 13 0.066 3.383 1C). These findings sug-
metastasis 1 2 12 gested that UXT-AS1 is
Distant metastasis 0 11 16 0.076 3.139 abnormally upregulated

1 1 9 in CRC.

experiments. Student’s unpaired t-test, the chi-
square test and Spearman’s correlation were
performed using SPSS 21.0 statistical soft-
ware (IBM). A two-tailed P value test was used
in all analyses, and differences were consid-
ered statistically significant if the P value was
less than 0.05 (P < 0.05).

Results
UXT-AS1 was upregulated in CRC tissues
Using microarray chip assay, we performed

RNA expression profiling in five pairs of CRC
samples (carcinoma tissues: C, and paracarci-
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Upregulation of UXT-
AS1 indicated poor prognosis of CRC

In order to investigate the relationship between
abnormal upregulation of UXT-AS1 and CRC, we
analyzed the correlation between the expres-
sion levels of UXT-AS1 and clinicopathological
factors in CRC patients. The clinical information
and demographic characteristics of the 37 CRC
patients included in this study are shown in
Table 1. Compared with NC tissues, UXT-AS1
was significantly upregulated in C tissues (P =
0.0023) (Figure 2). The clinical correlation
between UXT-AS1 and CRC is listed in Table 2.
The expression level of UXT-AS1 was signifi-
cantly associated with the TNM clinical stage

Am J Cancer Res 2017;7(3):462-472
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Figure 3. UXT-AS1 regulated cell growth, cell apoptosis and colony formation capacity. A. The expression level of
UXT-AS1 was decreased after transfection with si-UXTAS1 and increased after transfection with UXTAS1 plasmid in
HCT116 cells. B. Silencing of UXT-AS1 decreased cell growth and overexpression of UXT-AS1 increased cell growth
in HCT116 cells. C. Silencing of UXT-AS1 increased cell apoptosis and overexpression of UXT-AS1 decreased cell
apoptosis in HCT116 cells. D. Silencing of UXT-AS1 decreased colony formation capacity and overexpression of UXT-
AS1 increased colony formation capacity in HCT116 cells. (n = 3, *P < 0.05).

and tumor size in CRC patients (P < 0.01). CRC likely to have stage lll and IV disease (72.0% vs.
patients with UXT-AS1 upregulation were more 16.7%) and large tumor size (84.0% vs. 25.0%)
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tion of UXT-AS1 identified in
CRC tissues, several bio-
chemical assays were per-
formed to evaluate the bio-
logical effects of UXT-AS1 on
CRC cells. Here, we used siR-
NAs to silence UXT-AS1 and
expression plasmids to en-
hance UXT-AS1 in HCT116
cells (Figure 3A). Cell Counting
Kit-8 assays indicated that
cell growth was decreased by
the downregulation of UXT-
AS1 and increased by the
upregulation of UXT-AS1 com-
pared with control cells (Fi-
gure 3B). Using flow cytomet-
ric analysis, cell apoptosis
was increased by the down-
regulation of UXT-AS1 and
decreased by the upregula-
tion of UXT-AS1 compared
with control cells (Figure 3C).
According to colony formation
assays, compared with con-
trol cells, the colony forma-
tion capacity of HCT116 cells
LI was decreased by the down-
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Figure 4. UXT-AS1 induced alternative splicing of UXT. A. Silencing of UXT-
AS1 increased UXT1 and decreased UXT2, and overexpression of UXT-AS1
decreased UXT1 and increased UXT2. B. RT-PCR analysis of UXT1 and UXT2
in carcinoma tissues (C) and paracarcinoma tissues (NC). The positions of
overexpression are drawn as a solid line. The small picture shows scatter
plots of the expression levels of UXT1 and UXT2 in C and NC tissues. C. Cor-
relation between the relative expressions of UXT-AS1 and UXT41, UXT-AS1 and
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regulation of UXT-AS1 and
increased by the upregulation
of UXT-AS1 (Figure 3D). Thus,
these data indicated that
upregulation of UXT-AS1 re-
sulted in inhibition of cell
apoptosis and promotion of
cell proliferation.

UXT2 in specimens from 37 CRC patients expressed using linear regression

(solid line). (n = 3, *P < 0.05).

than CRC patients with UXT-AS1 downregula-
tion. Moreover, CRC patients with UXT-AS1
upregulation were more likely to have lymph
node metastasis (48.0% vs. 16.7%) and distant
metastasis (36.0% vs. 8.3%) than CRC patients
with UXT-AS1 downregulation, although the
clinical correlation between UXT-AS1 and
metastasis was not significant. These data indi-
cated that abnormal upregulation of UXT-AS1
was closely associated with poor prognosis in
CRC patients.
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UXT-AS1 regulated the alter-
native splicing of UXT

UXT-AS1 is a conserved natural antisense tran-
script corresponding to the 5’ end of UXT which
has two alternative splicing isoforms, UXT1 and
UXT2. As shown by the RT-PCR and western
blotting results, plasmid-induced upregulation
of UXT-AS1 decreased the expression of UXT1
and increased the expression of UXT2 (Figure
4A). In contrast, siRNA-induced downregulation
of UXT-AS1 increased the expression of UXT1
and decreased the expression of UXT2 (Figure
4A). In order to further confirm the correlation

Am J Cancer Res 2017;7(3):462-472
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Figure 5. UXT-AS1 regulated cell function by inducing the alternative splicing of UXT. A. Overexpression of UXT1
decreased cell growth and overexpression of UXT2 increased cell growth in HCT116 cells. B. Overexpression of
UXT1 and UXT2 reversed the effect of UXT-AS1 on cell growth in HCT116 cells. C. Overexpression of UXT1 increased
cell apoptosis and reversed the effect of UXT-AS1 on cell apoptosis in HCT116 cells. D. Overexpression of UXT2
increased colony formation capacity and reversed the effect of UXT-AS1 on colony formation capacity in HCT116

cells. (n =3, *P < 0.05).

between the expression of UXT-AS1 and the
two alternative splicing isoforms of UXT, we
also determined the expression of UXT1 and
UXT2 in the same 37 pairs of CRC tissues (C
tissues) and paracarcinoma tissues (NC tis-
sues). Compared with NC tissues, UXT2 was
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significantly upregulated in C tissues (P =
0.047), but UXT1 was significantly downregu-
lated in C tissues (P = 0.025) (Figure 4B). Si-
gnificant negative correlations were observed
when the UXT1 expression level was plotted
against UXT-AS1 expression level (two-tailed

Am J Cancer Res 2017;7(3):462-472
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Spearman’s correlation, R = -0.618, P <
0.0001), whereas significant positive correla-
tions were observed between the expression
levels of UXT2 and UXT-AS1 (R = 0.532, P =
0.0007) (Figure 4C). Therefore, UXT-AS1 can
serve as an “on-and-off switch” to change UXT
expression from the UXT1 transcript to the
UXT2 transcript, and UXT-AS1-mediated alter-
native splicing of UXT was associated with CRC
development.

Finally, given that the alternative splicing of UXT
can be regulated by UXT-AS1, several biochemi-
cal assays were performed to evaluate the cel-
lular biological effects of UXT1 and UXT2. Here,
UXT1 or UXT2 expression plasmids were used
to determine the function of UXT1 and UXT2,
respectively. In HCT116 cells, overexpression
of UXT1 decreased cell growth; however, over-
expression of UXT2 increased cell growth (Fi-
gure 5A). Moreover, both UXT1 and UXT2 par-
tially reversed the effect of UXT-AS1 on cell
growth (Figure 5B). On the one hand, UXT1 but
not UXT2 regulated cell apoptosis, as only over-
expression of UXT1 resulted in the promotion of
cell apoptosis and reversed the effect of plas-
mid-induced upregulation of UXT-AS1 which
inhibited apoptosis (Figure 5C). On the other
hand, UXT2 but not UXT1 regulated colony for-
mation capacity, as only overexpression of
UXT2 resulted in the promotion of colony for-
mation capacity and reversed the effect of siR-
NA-induced downregulation of UXT-AS1 which
inhibited colony formation capacity (Figure 5D).
These findings indicated that downregulation of
UXT1 inhibited cell apoptosis and upregulation
of UXT2 promoted cell proliferation. Thus, up-
regulation of UXT-AS1 regulated the progres-
sion of CRC by inducing downregulation of UXT1
and upregulation of UXT2.
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Discussion

Although the molecular mechanism of CRC has
been widely studied, it is still not fully under-
stood what determines tumor progression [16,
17]. Recently, abnormal expression of INncCRNAs
has been found to be directly involved in the
occurrence, development and prognosis of
human cancers, and IncRNAs can affect tumor
progression by different molecular mecha-
nisms, such as protein activity and location,
gene expression, and genomic imprinting [18,
19]. It has also been found that IncRNAs are
associated with the pathogenesis of CRC.
HOTAIR, MALAT-1 and H19, which have a close
relationship with many types of human malig-
nant tumors, also play important roles in cell
proliferation, invasion and metastasis of CRC
[20-22]. Moreover, more and more novel
IncRNAs are also involved in the initiation and
progression of CRC [23-25]. In the present
study, abnormal upregulation of UXT-AS1 was
found to be significantly associated with poor
prognosis of CRC, suggesting that UXT-AS1 may
act as a novel IncRNA regulator of tumor pro-
gression in CRC. UXT-AS1 is a conserved natu-
ral antisense transcript corresponding to the 5’
end of UXT, and it was interesting to find that
UXT-AS1 can serve as a switch for the alterna-
tive splicing of UXT.

UXT, which is located on the Xp11.23-p11.22
chromosome, was found to be widely expressed
in different human tissues [26]. In addition to
gene mutation, research has demonstrated
that alternative splicing is also disordered in
human cancers and the abnormal alternative
splicing of genes also results in cancer progres-
sion [27-29]. Through alternative splicing, dif-
ferent transcripts are produced from the splic-

Am J Cancer Res 2017;7(3):462-472
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ing of a single gene to generate proteomic and
functional diversity [30]. UXT has two alterna-
tive splicing isoforms: UXT1, the coding tran-
script which encodes 169 amino acid proteins
and is predominantly expressed in the cyto-
plasm and UXT2, the coding transcript which
encodes 157 amino acid proteins and is pri-
marily expressed in the nucleus. According to
our results, UXT-AS1 regulated the alternative
splicing of UXT and changed the expression of
UXT from the UXT1 transcript to the UXT2 tran-
script. In CRC tissues, the expression of UXT1
was downregulated and the expression of UXT2
was upregulated. It was also found that the cor-
relation between UXT-AS1 and UXT1 was
strongly negative and the correlation between
UXT-AS1 and UXT2 was strongly positive.
Therefore, it is suggested that upregulation of
UXT-AS1 changed the expression of these two
UXT isoforms from UXT1 to UXT2 by alternative
splicing.

It has been reported that UXT1 and UXT2 regu-
late different cell functions as UXT1 is expre-
ssed in the cytoplasm and UXT2 is expressed
in the nucleus. On the one hand, UXT1 is asso-
ciated with TNF-induced apoptosis [31], and on
the other hand, UXT2 can interact with tran-
scription factors, such as the AR (androgen
receptor) and NF-kB (nuclear factor kB), and
regulates the transcription factor-responsive
genes as a transcriptional cofactor [32, 33].
Moreover, a recent study showed that UXT1
and UXT2 elicited dual opposing regulatory
effects on SARM-induced apoptosis [34]. As
shown in the present study, UXT1 regulated cell
apoptosis and UXT2 regulated cell proliferation
in CRC cells, indicating that UXT1 and UXT2
regulated different cell functions and had the
opposite effect on the progression of CRC.
Thus, it is suggested that abnormal upregula-
tion of UXT-AS1, which resulted in downregula-
tion of UXT1 and upregulation of UXT2, can pro-
mote progression of CRC by inhibiting cell
apoptosis and promoting cell proliferation.

Alternative pre-mRNA splicing, which creates
different combinations of exons, is a funda-
mental regulatory process that results in multi-
ple transcript variants from a single gene locus
[35, 36]. It is known that numerous human
genes are predicted to generate alternatively
spliced transcripts by several basic patterns of
alternative splicing: exon skipping (cassette
alternative exon), intron retention, mutually
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exclusive, alternative 5'SS, alternative 3'SS,
alternative initiation sites, and alternative poly-
adenylation sites [37]. Normally, pre-mRNA
splicing is performed by the spliceosome, which
is composed of four small nuclear ribonucleo-
proteins (snRNPs; U1, U2, U4/U6, and U5) and
a number of non-snRNP auxiliary proteins [38].
Recently, it was also found that IncRNAs can
participate in the regulation of alternative pre-
MRNA splicing and determine the splicing out-
come during development and in response to
environmental cues [39]. According to the
structures of UXT1 and UXT2, the UXT1 isoform
is translated from the first AUG; however, the
UXT1 isoform is translated using the second
AUG as the UXT2 transcript lost a part of the &’
end through alternative splicing compared with
the UXT1 transcript. Moreover, UXT-AS1 is a
conserved natural antisense transcript and
depends on the activation of a different pro-
moter located at the 5’ end of UXT. Accordingly,
it is hypothesized that UXT-AS1 could promote
splicing of the UXT 5’ end by binding with UXT
pre-mRNA resulting in translation of the UXT2
isoform from the second AUG (Figure 6).
Therefore, during the development of CRC,
abnormal upregulation of UXT-AS1 promoted
splicing of the UXT 5 end and changed the
expression of UXT from the UXT1 transcript to
the UXT2 transcript, which finally resulted in the
progression of CRC.

In summary, this study found that IncRNA UXT-
AS1-induced alternative splicing was a post-
transcriptional regulatory mechanism to fine-
tune homeostatic expression of UXT. We
provided clinical evidence to show that UXT-
AS1-induced alternative splicing of UXT was
closely associated with progression of CRC.
Moreover, we showed that abnormal upregula-
tion of UXT-AS1, which mediated downregula-
tion of UXT1 and upregulation of UXT2, was a
novel post-transcriptional regulatory mecha-
nism to promote CRC development by inhibiting
cell apoptosis and promoting cell proliferation.
Thus, this newly identified UXT-AS1-induced
alternative splicing of UXT provided novel
insight into the molecular mechanisms which
regulate the progression of CRC and a promis-
ing strategy for future therapy of CRC.
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